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Abstract

We explore the link between the firm’s workforce composition in terms of female, young and senior workers
and its performance. Despite extensive research, the impact of age and gender workforce diversity on firms’
growth and performance remains theoretically and empirically inconclusive. We consider two types of
approaches. We question the complementarity of considered working populations (female / male workers;
young and older workers; senior and younger workers) estimating elasticity of substitutions in the framework
of CES production functions. Then, we evaluate the effects of diversity in terms of those three working
populations on firm labor productivity using a non-linear approach, using an original instrumental variable
identification strategy to cope with endogeneity of diversity. Our econometric estimates, based on
administrative data from French companies (2009-2015), highlight several results. First, female and male
workers are at least partly complements; the same holds for young workers and other workers, and to a lesser
extent between senior workers and other workers. Second, increasing diversity in terms of female, young or
old workers is associated to greater productivity and generates often productivity gains; in particular,
productivity gains decrease as the share of female or young workers is close to the diversity situation,
confirming inverse U-shaped relation between productivity and the share of the given employed population.
Third, this positive relation between female and young workers diversity and productivity is mainly
attributable only to some industries, where the share of given working population is below or above the
diversity situation. Consequently, this article seems to indicate robust findings to inspire public policy actions
in favor of diversity in terms of female, young or old workers.
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1. Introduction

We focus on the relation between diversity of the workforce in terms of gender or age and the firm
performance. There is no shortage of calls for gender diversity in the labor market, whether promote
the integration of young people, to guarantee equal access for men and women to jobs, functions
and all levels of the hierarchy, to prevent discrimination based on origin, or to include people with
disabilities in the workplace. Every time, corporate social responsibility is at stake. Managing the
diversity of human resources in all these dimensions has become a real challenge for private and
public organizations. Indeed, for at least the past ten years, numerous reports have emphasized the
central role that workforce diversity and diversity within management teams play in firms’ growth
and performance. For instance, McKinsey Global Institute mentions that companies in the top
quartile for gender or racial and ethnic diversity are more likely to have financial returns above
their national industry medians; on the other hand, companies in the bottom quartile in these
dimensions are statistically less likely to achieve above-average returns (Hunt ef al., 2015). As
well, Hunt et al. (2018) highlight the role of diversity as a driver of firms’ success. Companies in
the top-quartile for gender diversity on executive teams were 21% more likely to outperform on
profitability and 27% more likely to have superior value creation. The importance of diversity for
firm performance seems to hold not just in terms of gender, but also ethnic and cultural, or
LGBTQ+ or age/generation in (large) companies across multiple industries. Overall, companies in
the bottom quartile for both gender and ethnic/ cultural diversity were 29% less likely to achieve
above-average profitability than were all other companies. In short, not only were they not leading,
they were lagging. Laws to increase quotas for certain population groups were thus introduced in
many countries to promote diversity.

From this perspective, crucial questions are the following. What are the effects of greater diversity,
notably in terms of gender or age, on business performance? Namely, to what extent female and
male workers, or young and older workers, are complements in the production activity and as such
contribute to output growth? Is it costly to diversify human resources considering these two
criterions? In particular is there any (non-linear) trade-off between age or gender diversity and
productivity in companies?

Research in the social sciences, psychology and management does not provide definitive answers
to these questions, which could inform the choices of human resources managers and public
decision-makers. From a theoretical point of view, the mixing of work teams is associated with
both the best and the worst. For some, it is a source of creativity, resilience and innovation. For
others, it is a breeding ground for conflict and division in organizations. From an empirical point
of view, studies emphasize the relative nature of this relationship by showing that the effects of
diversity on performance also depend on the nature, variety and difficulty of tasks, as well as work
contexts, the size of teams and companies, and the type of business sector. On all these topics, the
management science literature, which has reportedly doubled in size every five years since the late
1980s, has not produced consistent results and has even been accused of being “weak, inconsistent,
or both” (Harrison and Klein, 2007). While there is a very large number of publications on the
association between age or gender diversity and company performance, only a small proportion of
them is based on explicit empirical strategies that make it possible to account for the endogenous
nature of gender diversity in top performing companies. Some of these publications focus on the
effects of diversity on firm performance by exploiting laws introduced to promote diversity as
natural experiments. A lot of them aimed at analyzing feminizing boards and management teams.



Feminization of boards and management teams (e.g., Adams and Ferreira, 2009; Ahern and
Dittmar, 2012; Azmat (2014); Bear et al., 2010; Campbell and Minguez-Vera, 2008; Carter et al.,
2003; Dale-Olsen et al., 2013; Erhard et al., 2003; Green and Homroy, 2018; Solakoglu, 2013; Ben
Slama et al., 2019). There is no unequivocal effect on firms’ economic and financial performance,
although the proportion of women in the executive ranks of large companies does affect governance
and decision-making (Adams and Ferreira, 2009). Few articles also deal with age diversity in
boards (Darmadi, 2011; Petersson and Wallin, 2017). Far fewer works deal with the consequences
of greater diversity in the overall workforce, either in terms of age (De Meulenaere ef al. (2016);
Garnero et al., 2014; Grund and Westergaard-Nielsen, 2008; Ilmakunas and Ilmakunas, 2011;
Lovasz and Rigo (2013); Parrotta et al., 2014; Zelity, 2023), gender (Apesthegia et al., 2012;
Garnero et al., 2014; Parrotta et al., 2014) or both (Vandenberghe, 2013). Results are still
inconclusive. In this article, another strand of literature is also of interest to us. Indeed, when
studying the effects of diversity in terms of gender or age, a closely related issue concerns the
complementarity of certain categories of workers in the production process: female and male,
younger and older workers, as well as seniors and younger employees. A wide set of articles
consider the production function framework (either CES of Translog) to estimate the elasticity of
substitution between two populations of workers, and more and less macro sectoral or firm data.
The aim is to assess the extent to which the complementarity of production factors contributes to
growth. With regards to gender, a set of articles (Acemoglu et al. (2004); Bargain and Lo Bue
(2022); Ghosh (2018); Ostry et al. (2018); Pellizari et al. (2014)) show that there is no perfect
substitution between female and male workers. The same holds, but to a lesser extent, when
elasticities of substitution are estimated between different categories of workers that differ by age
(Arntz and Gregory (2014); Card and Lemieux (2001); Fitzenberger and Kohn (2006); Grant and
Hamermesh (1981); Hebbing (1993); Peters (2015); Welch (1979)). Thus, previous
macroeconomic models that consider perfect substitutability between different categories of
workers therefore underestimate the impact of gender diversity on growth, inappropriately
attributing a part of growth to unknown factors (broadly interpreted as technological change) rather
than to its real cause — past increases of the participation to the labor market of a given category
of workers. Our article lies at the intersection of these two strands of the literature.

Despite extensive research, the impact of age and gender workforce diversity on firms’
performance remains theoretically and empirically inconclusive. We consider two complementary
approaches to analyze the link between the firm’s workforce composition and firm performance.
First, we analyze to what extent female and male workers, on the one hand, and workers by age,
on the other hand, are complements in the production process. Second, we consider an original
econometric approach to evaluate the impact of gender and age diversity on firm labor productivity.
To this end, we rely on French firm tax and accounting databases with exhaustive coverage between
2009 and 2015, and two complementary econometric approaches that make it possible to overcome
usual identification troubles. In particular, we question the complementarity of female / male
workers (respectively of young (less than 30) and older workers; or of senior (older than 49) and
younger workers) in a production function framework; we evaluate elasticities of substitutions on
a sectoral panel (built at a two digits SIC level) estimating CES production functions with nonlinear
least squares (for instance, Ostry ef al., 2018); we thus do not suppose that firms pay workers their
marginal productivity and allow for potential discriminating behavior of firms (Altonji and Blank,
1999; Jarrell and Stanley, 2004). Moreover, we evaluate the effects of diversity in terms of female,
young and old workers on firm labor productivity using a non-linear approach (Chetty et al., 2014;
Dahl and De Leir, 2008); on this occasion, we use an original instrumental variable identification
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strategy to cope with endogeneity and overcome reverse causality of performance in relation to age
or gender diversity, but also unobserved heterogeneity and potential error measurement,
considering as an instrument a kind of push and pull factor adapted to the context of our study,
namely the diversity index for the given working population (female, young or old workers),
computed on the workforce composition of the other firms in its four-digit SIC code (Hanlon et al.,
2003; Lev and Sougianis, 1996). Our results are fourfold. First, female and male workers are at
least partly complements; the same holds for workers less than 30 and older workers, and to a lesser
extent for workers older than 49 and other workers. Second, increasing diversity in terms of female,
young or old workers is associated to greater productivity gains and generates often productivity
gains. Third, productivity gains decrease as the share of female, young or old workers is close to
the diversity situation, either in terms of female or young workers employed in the company,
confirming observed inverse U-shaped relation between labor productivity and the share of the
given employed population. Fourth, this positive relation between female and young workers
diversity and productivity is mainly attributable to only some industries: trade and accommodations
(female / young workers, young female workers), transportation and communications (female or
old female workers), construction (old workers), manufacturing (old female workers) or education
and social activities (female workers); real estate-rental-business services and manufacturing
industries; namely these correspond to business sectors where the share of the given working
population is below the diversity situation (transportation and communications for female workers
or old female workers), or where it is above it (trade and accommodation for female / young
workers education and social activities for female workers, construction for old workers, and
manufacturing for old female workers).

This article contributes to the literature on the relation between workforce diversity in terms of
gender and age and firm performance in several ways. To our knowledge, our paper is the first to
combine two complementary approaches to analyze the effect of gender and age workforce
diversity. One is based on evaluating to what extent production factors are complements in the
production process, considering nonlinear least squares estimation of CES production functions
and evaluating to what extent complementarity contributes to output growth. The other approach
focuses on analyzing impacts of diversity on labor productivity, allowing us to explore for potential
non linearities in the relation between diversity and productivity (like in Chetty ef al., 2014). This
method provides a common framework allowing to estimate the impact of age or gender (young,
old workers) diversity on the company’s performance, both on the distribution tails or along the
distribution of the proportions of young / old people or female workers, while it does not make any
assumptions about the presence and form of nonlinearity since it is based on estimates by quantile
of the given share. Another important contribution of our paper is that we study the age diversity
not along the whole age distribution, but considering a particular sub-group, that of workers
younger than 30 years old. We also address the potential endogeneity of our diversity indicators
and to cope with reverse causality; in particular, we distinguish an original instrument of the type
push and pull adapted to firm studies like in Garnero et al. (2016), Hanlon et al. (2003), or Lev and
Sougianis (1996). In the end, we also study the relation between workforce diversity at the industry
level; we investigate to what extent the findings for the overall economy rely on industries,
considering six main business sectors. We relate our econometric results both with the composition
of the given industry in terms of the given working population and with observed relation between
labor productivity and the share of the considered population.



In the second section we present an overview of the literature on the associations between the
gender and age composition of a company’s employment and its productivity. The third section is
devoted to the presentation of the methods used to evaluate the effects of age and gender diversity
on business performance. The fourth section presents the data. The fifth displays results and discuss
them. In the sixth section, we present extensions and robustness checks. The last section concludes.

2. Literature review

In the economic literature that analyzes the link between diversity of the labor input and firm
performance, we can distinguish (at least) two kinds of strand of literatures, one that relates
complementarity of production factors to output growth and another that relates diversity to (labor)
productivity. In what follows, we review the two strands of the literature, focusing successively on
workforce heterogeneity along gender and age dimensions.

2.1. Complementarity of production factors and growth
A first strand of literature copes with the link between heterogeneity of production factors and
output growth.

2.1.1. Female and male workers

The economic literature mentions a long-term relationship between economic development and
female labor force participation. Countries in their late development stages are supposed to mature
into modern economies where fertility rates decline, female education rates increase, and female
employment expands, notably in the service sector (Goldin, 1990, 1995).

In spite of lots of efforts from public authorities, female labor force participation (FLFP) remains
still low (Ostry et al., 2018). However, efficient arguments have been put forward to militate in
favor of policies that could improve women's position in the labor market. First, there is the
detrimental effect of gender employment gaps on the overall productivity and growth potential of
emerging economies (Klasen and Lamanna, 2009). Second, women's labor may provide a
competitive advantage in early development stages if it is cheaper than men’s (Seguino, 2008).
Third, increasing women's bargaining power at home makes them more able to invest in health and
education (Cavalcanti and Tavares, 2016). Fourth, the economy may simply benefit from larger
pools of workers and talents (Kan and Klasen, 2018; Klasen, 2018).

What about a complementarity between female and labor workers in the production process?
Women bring different skills and ideas to the economy. Reducing the participation gaps between
women and men should lead to significant economic gains (Acemoglu et al. (2004); Ostry et al.,
2018; Pellizzari et al., 2014).

This expected effect is obtained through two mechanisms: the improvement of gender diversity
through the increase of the gender mix of the labor force, and the job reallocation, both within and
across industries. The idea is that women bring new skills, have different attitudes towards risk,
different social preferences or attitudes towards a competitive environment and modes of
cooperation and different responses to incentives and modes of socialization (Alesina and La
Ferrara, 2005).

Finally, increasing female participation in the labor market should also increase the diversity of
production factors and thus increase output more strongly than an equivalent increase in male
employment.



From an empirical point of view, the importance of gender complementarity for economic growth
is often evaluated through the (estimation of the) elasticity of substitution (£S) between women
and men. When the ES is very high (technically, when it is infinite—the usual assumption in macro
models), there are no benefits from diversity and firms can substitute one worker (female or male)
for another with no effect on the level of output, however initially scarce women are. When the ES
is zero, a fixed proportion of women and men is always optimal, and any deviation from this
proportion is pure waste. The economically relevant range turns out to be one of partial
substitutability, or, equivalently, partial complementarity. Estimates of ES considering CES
production functions are given by a wide range of values considering the kind of data at hand:
clustered below 1 with macro data (Ostry et al., 2018), between 1 and 2 with sectoral data (Bargain
and Lo Bue (2022: around 2), Ostry et al. (2018: about 1.6 to 2.4), between 2 and 3 with firm-level
data (Ostry ef al. (2018: about 1.9 to 3.3). However, there is a great variability with wage and
econometric specification (Acemoglu et al., 2004; Pellizari et al., 2014).° As to economic growth,
these findings provide evidence that previous models therefore underestimate the impact of gender
diversity on growth, inappropriately attributing a part of growth to unknown factors (broadly
interpreted as technological change) rather than to its real cause — past increases in women’s
participation.

Besides, the literature report positive aspects of sectoral reallocation. Services tend to be more
gender equal in employment (Weinberg, 2000; Borghans et al., 2014). This is due to the evolution
in the economic history of countries. As they develop, agriculture’ share in employment declines,
while services’ share rises: a substantial share of past increases in FLFP can be explained by the
employment growth of the services sector. Since households become wealthier during the process
of economic development, the demand for services increases and labor is reallocated to this
growing sector. As time progresses, the development process will gradually incorporate more
women into the labor force. The argument then proceeds on the assumption that services are more
egalitarian in terms of employment than other sectors so that economies become mechanically
more inclusive (i.e. tertiarization leads to more gender balance in the labor market).

However, there may be a slowdown of this process. Barriers to FLFP (which include tax distortions,
discrimination, and social/cultural factors) slow this process, reducing output and welfare. Thus,
reducing barriers to FLFP leads to a more efficient allocation of labor and to gains in both measured
marketable output and welfare (Ostry et al., 2018). Therefore, a large heterogeneity of these gains
is found. While output and welfare effects are moderate in relatively gender-equal economies,
potential gains are much larger in more unequal countries.

2.1.2. Young vs medium or old workers

As to heterogeneity of the labor workforce in terms of age, and distinguishing young and old
workers, the question is to know where are the most productive firms.

According to decremental theory, abilities decline as workers age (Shock, 1962; Welford, 1977).
But there are examples of different jobs where older workers surpassed younger (Giniger et
al.,1983). Therefore, reduced signal-to-noise ratio in the brain and progressive loss of body cells is
not a sufficient condition that older employees are necessarily less productive.

Otherwise, there is an incomplete information about employees’ abilities at the beginning of their
career. Thus, young employees exert efforts in order to suggest high abilities levels. Employees
may avoid working together with weaker colleagues (Akerlof, 1976), or try to increase future

6 With wage data, slightly similar results are found: Acemoglu et al. (2004; about 3); Ghosh (2018: about 1.7); Pellizari
etal (2014: 1.0-1.4).



earnings, and the external labor market takes the work result as a measure for unknown talent
(Fama, 1980; Holmstrom, 1982-1999). In this way, firms with young employees are more
productive.

Exploring the effects of age complementarity implies analyzing the link between an homogenous
vs. an heterogenous workforce and productivity, while considering skill complementarities (human
capital).

According to Lazear (1998, 1999), young workers have new ideas and skills in new technologies,
but also better cognitive and physical abilities. On the other hand, old workers have knowledge
about intra-firm structures and the relevant markets and networks, as well as abilities to grasp
difficult situations as well as to use and apply existing skills (Borsch-Supan, 2013; Lazear, 1998,
1999). Usually, both kinds of human capital are necessary for firm productivity. Hence, a mixture
of age groups seems to be beneficial.

Empirical evidence examines the degree of substitution between age groups of workers. The
evaluation is often done considering three categories of workers: young, medium-aged and old
ones. Considering a CES production function, Welch (1979) shows that workers of different age
are imperfect substitutes, and Hebbing (1993) that young and old workers are complements. Grant
and Hamermesh (1981) provide evidence for complementarities between young workers and
different types of older workers, although no strong relationship seems to exists. According to Card
and Lemieux (2001), cohort-specific relative supplies of college-equivalent labor is one driving
force of a relative rise in college wage premium for younger workers. Fitzenberger and Kohn
(2006) find that employees of different age but same skill level are imperfect substitutes. More
recently, translog functions were considered while estimating ES elasticities. Arntz and Gregory
(2014) find that younger and older workers are complements in the knowledge production process,
although the degree of complementarity between younger and medium aged and between medium
aged and older workers is rather low.” Peters (2015) shows that workers who belong to different
age groups are indeed complements and that the degree of complementarity differs across the
considered age groups and by skill level.

Focusing on the relation between homogenous vs. heterogenous workforce according to age of
workers and productivity relies on the research on demographic diversity in teams and
organizations. Including age diversity builds on two competing theoretical perspectives. On the
one hand, to the extent that age diversity creates a pool of complementary age-specific knowledge
and skill-based differences, potential synergies can be realized (Horwitz and Horwitz, 2007;
Lazear, 1999; Williams and O’Reilly, 1998). According to the information/decision-making
perspective, mixing people of different ages could stimulate employee creativity, problem-solving
capacity, decision-making quality, employee productivity, and ultimately organizational
performance. Based on theories of social similarity and categorization, demography researchers
have argued that age diversity may also entail differences in values, which might hamper cohesion,
social integration, and cooperation among employees (Byrne, 1971; Carton and Cummings, 2012;
van Dijk and van Engen, 2013), ultimately reducing organizational performance.

2.2. Diversity of workforce and labor productivity

A second strand copes with effects of workforce diversity on labor productivity.

7 Note that complementarities are not analyzed within groups of workers with a comparable skill level as
suggested by Card and Lemieux (2001).



Alesina and La Ferrara (2005) provide micro foundations to the relation between diversity and firm
performances. One way is to consider a heterogeneous population. If the individual preferences are
increased by joining a group populated by individuals of its own type and decreasing by joining a
group composed of individual of other types then the preferences for homogeneous group involve
a negative relationship between diversity and firm performances. Another channel through which
diversity can affect firm performance is strategic behavior. In case of market imperfections and in
the absence of a preference for or against diversity it may be optimal from an efficiency perspective
to prefer to interact with members of the same type. In this case the diversity has a negative impact
on the firm performances. A last way to describe the relationship between diversity and firm
performances is through the production function. Lazear (1999) describe how heterogeneity in skill
can increase the productivity. He shows that the communication cost related to language, cultural,
generational, educational differences can involve a tradeoff between firm performance and
diversity.

2.2.1. Gender diversity

Several factors may explain relation between heterogenous workforce in terms of gender and labor
productivity. Mixed-gender groups can foster the impact of group efficacy on performance
according to Lee and Farh (2004). Indeed, the authors argue that gender diversity is likely to
increase the heterogeneity in the values, beliefs, and attitudes of the members of a group, which in
turn may stimulate critical thinking. On the other hand, Akerlof and Kranton (2000) introduce the
concept of identity — which corresponds to a person's sense of self — into an economic model; they
consider gender as an illustration of identity. The authors point out that social categories such as
"men" and "women" are associated with prescribed behaviors and physical prescribed behaviors
and ideal physical characteristics. As a result, women in male-dominated jobs may experience
strong hostility and discrimination from their male counterparts. They predict  that increasing
gender diversity can have a negative impact on business performance, especially if men are a
socially "dominant" group.

Corresponding empirical evidence is rather limited. In fact, the effect of gender diversity on the
economic and financial performance of companies has been extensively studied empirically with
regard to the composition of boards of directors and management teams, which is one of the area’s
best covered in the literature (Adams and Ferreira, 2009; Ahern and Dittmar, 2012; Bear et al.,
2010; Campbell and Minguez-Vera, 2008; Carter et al., 2003; Dale-Olsen et al., 2013; Darmadi,
2011; Erhard et al., 2003; Green and Homroy, 2018; Solakoglu, 2013). One of the most widely
cited studies is that of Adams and Ferreira (2009), which indicates that the proportion of women
in the executive ranks of large companies changes governance and decision-making, without
having an unequivocal effect on their economic and financial performance. This is because the
statistical methods used take into account the reverse causality of performance towards gender
diversity. The reader is also referred to the evaluation of the effects of the feminization of boards
of directors and management teams carried out by Solakoglu (2013), who uses data from large
Turkish companies.

Among the studies that rely on a research strategy to analyze the causal effect of gender diversity
on performance, the contribution of experimental economics should also be mentioned. Several
studies have proposed laboratory experiments making it possible to link the composition of work
teams by gender and age with the functioning and efficiency of these teams. These experiences are
based on a large strand of literature in psychology that highlights individual psychological traits
and preferences that differ by gender and age. For example, Azmat and Petrongolo (2014) show
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women are more altruistic and do not value competitive contexts as much as men. Therefore, the
gender composition of teams is a potential explanatory factor for team decisions, and their
performance and is a subject of study for laboratory experiments. As well, Apesteguia ef al. (2011)
consider a business game, played in groups of three teams in which each group takes the role of
general manager. Their finding is that teams formed by three women are significantly outperformed
by all other gender combinations. The reason is the following: three-women teams are less
aggressive in their price strategy, invest less in research and development, and invest more in social
sustainability initiatives than does any other gender combination.

One of the rare articles that focus on this matter is that from Garner et al. (2014). The authors
examine the effects of gender, age, and educational attainment on productivity (value added per
hour worked), wages, and firm profitability, using Belgian individual data covering the period
1999-2006. As to gender, the authors show that mixed results: the feminization of the workforce
produces beneficial effects in high-tech intensive business sectors but negative effects in more
traditional industries. More precisely, they found a difference in the result, depending on whether
the variable is introduced as an average or as a dispersion. Thus, high average age has a positive
effect on a company’s productivity, while age dispersion has a negative effect, as does gender
dispersion. For an increase of one standard deviation, productivity decreases by 4% on average.
Gender diversity is beneficial only in high-tech sectors (from + 2.5% to 6% increase in
productivity). Parrotta et al. (2014) use Danish data sources that provide information on all
companies from private business industries to form a panel for the period 1995-2005. They show
there seems to be no association between the demographic index (built from the intersection of age
and gender quartiles/quintiles) and total factor productivity.

2.2.2. Age diversity

Unlike gender, there is a link between age and productivity. Productivity evolves according to the
life cycle on an inverted U pattern: increase at the beginning of a career, stagnation, then decrease
at the end of a career. Activities involving experience and verbalization are less subject to a
decrease in productivity at the end of a career compared to activities requiring a good capacity for
problem-solving, learning or even speed. Young workers are assumed to learn faster (Skirbekk,
2004) and have better cognitive and physical skills (Hoyer and Lincourt, 1998) than their elders.
However, age is also positively correlated with work experience and knowledge of intra-firm
structures, markets and relevant networks (Grund and Westergaard-Nielsen, 2008; Leonard and
Levine, 2003).

In a macroeconomic overlapping generation model, Zelity (2023) studies the role of age diversity
in determining aggregate productivity and output, and determines an optimal amount of age
diversity. Indeed, the author shows age diversity has two conflicting effects on output. Due to skill
complementarity across different cohorts, age diversity may be beneficial. On the other hand, rapid
skill-biased technological change makes age diversity costly as up-to-date education tends to be
concentrated among younger cohorts. Investigation of whether changing age diversity can have
important macroeconomic effects. The benefit of age diversity comes from the fact that education
and experience are complementary inputs into production. This means that firms need both factors
in order to maximize output. Increasing age diversity ensures that both factors are available in the
desired quantities. On the cost side, age diversity can be detrimental because education and
experience need not be equally productive. This implies that there is an optimal amount of
education and experience that maximizes output depending on the weight of each factor. The co-
existence of a cost and a benefit to age diversity implies a hump-shaped relationship between age



diversity and output per capita. Increasing age diversity is beneficial up to a point, but is detrimental
beyond that.

From an empirical point of view, up to now, the related literature exhibits inconclusive results.
Considering linked employer-employee data of Danish private-sector firms employing at least 20
employees, Grund et al. (2008) provide evidence for a pyramidal or inverse U-shaped interrelation
is found between mean age and standard deviation of age and value added per employee,
respectively. Ilmakunnas and Ilmakunnas (2011) uses data from Finnish plants belonging to
mining, manufacturing and construction industries over the period 1990-2004, and analyze the
relation between age-education diversity and productivity or wages. In particular, they show a
positive (respectively a negative) link between age (respectively education) diversity in the
company and total factor productivity, labor productivity or wages. The dispersion of age also has
a positive effect in that people of different ages can perform the same task if they have the same
level of education. Garnero ef al. (2014) examine the effects of gender, age, and educational
attainment on productivity, wages, and firm profitability, using Belgian individual data covering
the period 1999-2006. They show that the variety of ages reduces wages and productivity, which
is strictly the opposite of the results of [Imakunnas and [lmakunnas (2011). Moreover, they find a
difference in the result, depending on whether the variable is introduced as an average or as a
dispersion. High average age has a positive effect on a company’s productivity, while age
dispersion has a negative effect. Using Belgian data, De Meulenaere et al. (2016) find that the
effect of age diversity depends on the shape of the age distribution: positive when it is
heterogeneous (i.e., variety) and negative when it is polarized (i.e., polarization). They thus unravel
previous ambiguous effects suggested by previous literature, namely both positive or negative
impacts.®

3. Identifying the effects of gender and age diversity of workforce

In the current study, we focus on diversity considering the composition of the salaried workforce
of companies in terms of female and young workers. Two types of complementary approaches.
First, question the complementarity of some production factors; to proceed, we estimate the
elasticity of substitution between production factors through the estimation of a production
function: female VS. male workers; young VS. medium-aged / old workers or old workers VS.
young-medium aged workers. We then can analyze the impact of complementarity of categories of
employees on output growth. Second, we focus on the impact of diversity on labor productivity,
using a nonlinear approach, a la Chetty et al. (2014). It allows measuring locally, per quartile of
firms, the impact of an additional diversity on labor productivity and evaluating marginal effects
of a gain of one percentage point or of one position (in the ranking of firms) for the employment
category (female; young or old workers).

3.1. Complementarity of categories of workers

In a first approach, we want to evaluate the elasticity of substitution (ES) between gender groups,
or different age groups of workers. Indeed, people may differ in their productive skills and

8 To our knowledge, few works also deal with age diversity in boards (Dagsson and Larsson, 2011; Darmadi, 2011;
Petersson and Wallin, 2017). Results seem to be also inconclusive.
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cognitive abilities in their interpretation of information and problem solving (Alesina and La
Ferrara, 2005). Our analytical framework is in line with that of the classical growth model (Solow,
1956). We consider a Cobb Douglas technology:

Y=AK"™I" (1)
with A4 being the total factor productivity, K the capital factor, L the labor factor, and a is the share
of employment in total output Y. L is specified as a constant elasticity of substitution composite of
the considered population of interest, 7 that represents the employment of female workers
(respectively young workers, less than 30; respectively old workers, more than 49) and its
complement N to overall workforce (N=L-T):

L=(517+N")" @)
where 7= F, Y, O stands for Female, Young and Old workers, N =M, MO, YM for Male, Medium-
aged / Old and Young/ Medium-aged workers. @ =! /(1=P) represents the degree of substitutability

between the category of workers of interest and other workers. It ranges from 0 (as o goes towards
minus infinity) - perfect complementarity - and infinity (as o goes towards infinity) - perfect

substitution.
Log-linearizing the complete production function y - 4k ( ST” + N”)

alp

we get the empirical model:

InY, =(1-a)nk, +=In(6T,” + N, )+TZ, +¢, 3)
0
The i index represents the unit of observation, which can be a country, sector, or firms. The ¢ index

represents the year the unit is observed. Z, includes individual (firm, regional, industry) fixed

effects, and year fixed effects (Bargain and Lo Bue, 2025); ¢, is the usual error term.

Up to now, at least two kinds of estimation methods can be considered to estimate (Ostry et al.,
2018). The first applies standard linear regression model by linking the theoretical expression for
growth:

AlnY =a(pAInT +(1-u)Aln N)+(1-a)AlnK +Aln 4,

where u=F(0L/0F)/L=0F” /L is the share of T's income 4)
To its empirical counterpart:’
AlnY, = . AlnK, +pB,AInT, + B, AN, +T'Z, +¢, (5)
Thus:
Bl By =pul(l-=pw)y=>1-1/c=In(B,/ B,)/In(dT / N) (6)

However, proceeding as such assumes that firms pay workers their marginal productivity, which
is not consistent with potential discriminating behavior of employers (Altonji and Blank, 1999;
Jarrell and Stanley, 2004) and thus with non-competitive markets. In the framework of our article,
it is important to allow for this. We thus prefer estimating ES thanks to nonlinear least squares
applied to (3).

® This also requires to use the Taylor approximation of £ related to an elasticity of substitution of 1 (that is, for values

of p close to 0), that is (Ostry et al., 2018): =3/ (1 + 5)[1—,05 ln(T/N)] .
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3.2. Impact of workforce diversity on labor productivity

A second approach consists in evaluating the effects of workforce diversity on firm productivity.
As mentioned above, corresponding studies are less common than those and remain overall
inconclusive. Research on the subject is confronted with three series of methodological issues,
which it overcomes to differing degrees.

One problem deals with the definition considered for diversity and the kind of indicator we use to
measure diversity. The first part of this sub section deals with that matter, by surveying the related
literature.

A second issue lies in the heterogeneity of firms’ situations. There is a very wide variety of business
situations in terms of the composition of the workforce by age and gender, and there is also a wide
variety of situations in terms of work organization, technology or market context. To produce
general knowledge that is representative on the scale of the productive fabric of a national
economy, it is important to use statistical approaches based on large matched samples of data from
companies and employees.

A third issue lies in the potentially endogenous nature of the diversity, which may be due at least
in part to companies’ performance. Beyond the heterogeneity in the observable characteristics of
companies and employees, a difficulty relates to the effects of unobserved determinants of
company performance, which can sometimes be correlated with the greater or lesser diversity of
their human resources. To control for the effect of this unobservable heterogeneity, the most classic
approach is to use panel data and estimates with company effects that are fixed across time, which
requires a sufficiently long-term dimension. Moreover, the researcher who wishes to identify the
causal impact of age or gender diversity on productivity must guard against the feedback effect of
productivity on age or gender diversity (reverse causality). Because a highly efficient company
generates high profits and is able to offer attractive remuneration, it may choose a proactive policy
to promote diversity. It may then automatically attract particular profiles of job applicants most
interested in these elements, who may be over-represented in certain socio-demographic groups,
leading to a statistical bias in the estimates. This is an example of one of several mechanisms that
lead to the existence of a reverse causality from performance to age or gender diversity, the
existence of which requires the researcher to implement a particular data processing strategy to
offset this type of bias (instrumental variable methods in particular).

Only a very small number of studies have faced these three difficulties head-on, using large samples
of matched employer-employee panel data, with a time dimension long enough to neutralize
unobservable heterogeneity using company fixed effects, and with an explicit identification
strategy to deal with endogeneity bias.

3.2.1. Concepts and measurements

In their article and within the context of residential segregation, Massey and Denton (1988)
consider five dimensions for diversity. According to them, diversity is a multidimensional
phenomenon varying along with five axes. First, evenness compares the relative size of the groups
across geographical units, is not measured in an absolute sense but is scaled relative to some other
group; in this case, the dissimilarity index is advised as a measurement. Second, there is the degree
of potential contact, i.e. the possibility of interaction between minority and majority groups within
a geographic area, what the authors refer as to exposure; isolation and interaction indices are
recommended. Third, Massey and Denton (1988) consider the relative amount of physical space
occupied by a minority group, that is called concentration; relevant measurements are relative
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concentration index or spatial measures. Fourth, a group may be located spatially near the center
of an urban area (centralization); the absolute centralization index may be used as a measurement.
Fifth and last, minority groups are distributed in a ‘contiguous and closely packed’ way, creating a
single ethnic or racial enclave, what is called clustering; corresponding measurement is the index
of spatial proximity.

Following the five considered dimensions, various indicators are suggested. The share of the given
population, for instance that of foreign-born in the total population; however, this seems unlikely
to be a true measure of diversity because within-group homogeneity is supposed. The
fractionalization index takes account for within-group heterogeneity: it is informative both in terms
of evenness (equiprobability/uniform) and richness (number of different diversity types). The
following indicator is proposed (Alesina et al., 2003):

Diversity, =1 —z sharei , ©)
g=1
To take account for the size of dominant groups (Dawson, 2012), two modified version of the
fractionalization index were proposed. Alesina et al. (2016) remove the influence of the dominant
group but also within group heterogeneity. Kahane et al. (2013) include a relative share variable,
constructed by the share of the non-dominant group.
Otherwise, the Shannon-Weaver entropy index was proposed, based on information theory
(Shannon, 1949; Shannon-Weaver, 1963; Theil, 1967). It allows calculation of the frequency of
each group, and also weights each group according to its frequency (Parrotta et al. (2014),
Ostergaard ef al. (2011):

Shannon, =—z Shareg” ln(shareg”) ®)
g=1
This index is more robust to extreme values, but less sensitive to intermediate values (Jost, 2007).

3.2.2. Nonlinear approach

In a widely cited article that relate to the concept of diversity is that of Harrison and Klein (2007).
The authors stress the need to conceptually distinguish between different approaches, and propose
to consider three types of diversity. Separation refers to the diversity of points of view and systems
of attitude. Variety expresses the diversity in the nature of experiences and expertise. Disparity
refers to differences in level of experience and expertise. In the current study, we adopt a more
restrictive definition of diversity by considering only the composition of the salaried workforce of
companies in terms of considered category of workers (namely: female, young and old workers).
We use the term “age-gender diversity” to qualify this composition.

The methodology must be adapted to the particularities of these two variables. Gender is a
dichotomous variable, summarized at the company level by the proportion of women in the
workforce. In addition, gender is generally assumed to be independent of productivity. Age is a
continuous variable, which can also be expressed as an ordered polytomous qualitative variable.
The age distribution may be imperfectly summarized by the share of those under 30, for example.
Unlike gender, age is correlated with productivity (Lazear, 1976). Because of these differences,
identification is carried out separately for age and sex. In this article, the methodology is first
applied to female workers and then transposed to the case of workers under 30 (“young workers”),
and then to female workers younger than 30.
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We measure business performance, considering a single synthetic indicator, the company’s
apparent labor productivity. Given the high sensitivity of this indicator to the economic situation,
we assess it on average over the duration of a business cycle.

In our article, we consider an original approach, that is inspired by Chetty et al. (2014). Quoting
Dahl and De Leir (2008), the authors use a nonlinear approach to analyze intergenerational social
mobility between parents and their children in the US.

Our aim it to measure locally, per quartile of firms as to the share of given employed population in
overall, the impact of an additional diversity on labor productivity. We focus on the marginal
effects of a gain of one percentage point for the employment category (female, young or old
workers).

We proceed in two steps. Before implementing our method, a first step consists in purging or
netting out the empirical distributions of the share of female, young or old workers in the
company’s workforce, to account for factors related to productive choice or organizational choice
not directly related to the diversity. In fact, firms gradually build up their workforce through hiring
and firing. Even if they have no particular bias in favor of a particular structure in terms of female,
young or old workers, they hire people from employment pools whose structure varies over time
and space. In these different recruitment pools, the proportion of women is not the same over time
(due to the increasing numbers of women in the workforce), and location (due to a specific
geography of female activity), and depending on the industry and profession (in a context marked
by phenomena of gendered educational orientation, school segregation and occupational
segregation of women). The same holds also for young or old workers, which is variable in the
temporal (aging workforce) and spatial dimensions.
Our first step therefore consists in neutralizing all the gender or age determinants of professional
structures which could explain the differences between companies. For example, the proportion of
women differs from one profession to another and companies recruit from various professional
structures. To neutralize these differences, ceteris paribus, it is important to reconstruct the
proportion of women in each company, by controlling all of its determinants: technological and
organizational choices, job structure by qualification, etc. It is a question of netting out the
empirical distributions of the firm workforce by sex or age. To do so, we have regressed at the level
of each company the average share (in the time dimension) of women on the average age of the
firm, its average capital intensity, and its average wage share in value added. We also take into
account the structure of jobs by adding, in the explanatory variables, the average shares of blue-
collar workers, intermediate occupations and executive workers. We include the dummies
corresponding to industries to which the company belongs (French NAF2003-rev. 2,
disaggregation according to the nomenclature in 31 levels; NAF2003). Finally, we take into
account the size of the company’s workforce by considering 7 size ranges (20-50, 50-100, 100-
250, 250-500, 500-1000, 1000-2000, 2000-5000, 5000 workers and more).
Thus, the estimated model stands as follows:
share; = a,+a firm_age, + azﬁ- + a,s_wages, + a,s_blue-collar, + a,s_inter_occup, + a,s_excutives,

B N - R _—
+ a,s_full_time, + Z pB,business, ; + Z B, firm_size ; + Z p,.s_region, ; +u, ©)]

b=1 s=1 r=1
where share; is the average (in the time dimension) share of female (or young, or old) workers;

firm age, refers to the average age of the firms over the period considered, CL to the average
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capital intensity and s_wages, to the average share of wages in value added; s blue collar,,

s_inter_occup,, s_executives,, and s_full time, to the average shares of different job categories in

the workforce of the given company; the dummies business, ,and firm_size ; correspond
respectively to the business sector b and to the size group s of company 7 (on the basis of average
workforce over the considered time period); s_region, ; the share of jobs in company i located in

region 7. In the equation for the share of female workers we add the share of those workers older
than 49, and in those relating to young or old workers we add the share of women. ; is the error
term, that is averaged in the time dimension.

This equation is estimated at the level of the economy as a whole, and for each business sector
(considering six main industries). It allows us to obtain a distribution of the variables of interest
(female, young or old workers’ share) that excludes technological choices, employment structure
and company size. For the remainder of the study, as a variable of interest, we use the estimated

error term #,, which is by definition independent of all the explanatory variables describing the

organization of the company. We call it “fixed effect” and denote it as share,. The latter

corresponds to the average share of female, of young or old workers in the company, which is not
correlated to any of the determinants of the share of female, of young or old workers that appear in
the estimated equation. It is a measure of the average (over time) residual share of female, of young
or old workers in the company.

The second step enables us to assess the marginal impact of a diversity supplement on productivity
while allowing this effect to vary along the distribution of companies in terms of gender diversity.
As noted above, this measure is inspired by the indicators used by Chetty et al. (2014) in their study
on intergenerational social mobility in the United States.

This method provides a common framework that makes it possible to estimate the impact of age or
gender diversity on the company’s performance, both on the distribution tails or along the
distribution of the proportions of young / old people or women employed. Second, it does not make
any assumptions about the presence and form of nonlinearity since it is based on estimates by
percentile of female, of young or old workers.

The “fixed effect” of companies (for the proportion of female, of young or old workers) is broken
down into quartiles. In practice, for each quartile g, (j=1,...,4), we estimate the following

equation:

B S
In(lab_prod,) = y, + y,share, + Z B, business, ; + Zé‘g firm_size
b=1

s=1

R
+ Z A,s_region, , + B.firm_age, +¢,, forieq, (10)
r=1
However, the potential nonlinearity detected during these regressions may be contingent on the
chosen specification and therefore on the interpretation of the coefficient (proportion, semi-
elasticity, for instance).
To reason in terms of semi-elasticity, the outcome variable is considered as a logarithm. However,
estimating the relationship between atypism (or diversity) and company performance by taking the
logarithm of productivity leads to the exclusion of companies with zero productivity. Moreover, it
is not necessarily the difference between the proportion of workers between two companies that
explains the difference in performance, but rather the fact that one company employs a higher
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proportion of women than another company. In other words, the relationship between atypicality
or diversity and performance is not necessarily cardinal but could be rather ordinal.

Rank regressions then make it possible to estimate the link between the rank of the company in
terms of share of a category of workers and the rank in terms of performance, without excluding
firms with zero productivity. In addition, they make it possible to account for an ordinal
relationship between the shares of female, of young or old workers in a company’s workforce and
the company’s performance. The considered equation is then:

B S R
rang [lab_prodl.] =y, +yrang [sharel. ] + z B,business, ; + z o, firm_size , + z/lr s_region
b=1 s=1

r=1
+ pfirm_age, +¢, ,foriegq; (11)
The estimated coefficient y, is plotted for each quartile (or rank quartile). For a company i
belonging to the quartile (or rank quartile) ¢, 7, measures within the quartile q; the “effect” on

productivity of increasing the proportion of the job category by one percentage point (or by one
position when considering the rank regression). We can then see how this association is distorted
when we move from one quartile (or rank quartile) to another. For example, if it is positive and

decreasing with quartiles (or rank quartiles), the sequence of 7,, is symptomatic of a decrease in

productivity gains as the share of the job category increases. Conversely, if it is negative and
decreasing with quartiles, the sequence of 7, is symptomatic of a decrease in productivity loss as

the share of the job category decreases.
3.2.3. Association VS. causal effect

Presentation

Two estimation methods are used. One is estimation through multiple regression analysis using
ordinary least squares. The other is estimation through instrumental variables.

Ordinary least squares provide us with associations between gender / age diversity and
productivity. We regress productivity on diversity while controlling for a set of variables to take
account of technological and organizational choices, and job structure by qualification, as well as
for a (potentially large) set of dummies (firm size, industries, firm location). These variables may
be correlated both with diversity and labor productivity. allows to reason ceteris paribus. It
represents a first way to analyze the link between diversity and firm performance.

On the contrary, instrumental variable estimation aims at evaluating the causal effect of diversity
on firm performance. This strategy tries to take account for endogeneity of the diversity. It requires
to find an exogenous variation in diversity, ie. at least one (or several) instrumental variable(s), a
variable that is correlated with diversity, but not with the error term of our labor productivity
equation. It is designed to isolate the effect of gender or age diversity (in terms of young or old
workers employed) on labor productivity. Thus, the choice of an instrument is based primarily both
on the results of standard statistical tests of weak instruments (Stock and Yogo, 2005), in turn
supported by theoretical and / or factual arguments. Therefore, the choice of instruments is an
important step that should be discussed. In this article, we wish here to highlight the potential
effects of gender and age diversity of the workforce on labor productivity.

Potential bias while evaluating the impact of diversity
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Biases may arise from estimating our equations through OLS if we try to uncover causal effect of
diversity thanks to multiple regression analysis.

First, we may have to account for unobserved heterogeneity related to both diversity and firm
performance (omitted variable bias). The diverse composition of firms may correlate with
unobserved factors that affect the economic performance of these cities and firms. Investment in
state-of-the-art machinery by a firm’s management may improve the productivity of both firms and
workers and could potentially correlate with the diversity of the firm workforce (Ozgen, 2021).
Second, we may face reverse causality (simultaneity bias). Usually, larger companies with high
productivity are more concerned with corporate social responsibility and thus take care for the
composition of their labor force (especially high skilled workers). Better work conditions in
performing firms may attract diverse groups of workers, while diverse workforce can affect the
level of productivity in firms through diversity of knowledge and creativity.

Third, we may have to cope with potential error measurement. Our interest variables (residual
shares) are estimated and thus induce attenuation bias.

What kind of instrument can we consider?

To face reverse causality between productivity and gender / age diversity, and as mentioned above,
we have to consider as instruments variables for which we hope to have good properties: both
exogeneity and correlation with the proportion of female, young or old workers in the firm
workforce.

In the literature that focuses on the choice for such instrumental variables, and within the residential
segregation context, Card (2001) mention that the most commonly used instruments to-date is the
historical share of immigrants. The idea is that existing groups of immigrants attract newcomers
from the same group of origin. To the extent that the existing country fellows attracting the
newcomers correlate with the increase in diversity, rather than with location-specific productivity
shocks, the effect of diversity is interpreted as causal (Ottaviano and Peri, 2005). The initial share
of immigrants by country of origin in a given region by a lagged period is used to calculate the
growth rate of each group within the whole country for the entire study period. However, such an
instrument may be invalid instrument if current economic circumstances continue to adjust to past
immigration flows or shocks. In this situation, past immigration would continue to correlate with
the current outcomes, for example wages (Jaeger et al., 2018). This issue is less of a concern though
when home country-related push factors (e.g. wars or forced migration) are the driving force behind
the inflow of immigrants rather than the economic cycles of the host country (e.g. Edo, 2020).
Moreover, the past economic conditions that determined the location choice of immigrants are
serially correlated over time (Lewis and Peri, 2015). The use of deeper lags can help to reduce the
correlation with current economic outcomes. '

A generalization of such a strategy is suggested in meso-level analyses. At the cities or regions
level, analyses frequently make use of instrumental variable estimations in which push or pull
factors are used as instruments for the level of diversity, where push factors refer to characteristics
of the sending countries (e.g. geographical and/or cultural distance between the sending and the
receiving countries), and pull factors to those of the receiving countries (e.g. number of immigrants
already residing in the receiving countries, multicultural level in the cities or regions).

10 Alternative instruments were thus suggested, like policy reforms. For instance, using the British Household Panel
Surveys, Longhi (2013) addresses the self-selection of migrants to neighborhoods by using ‘The New Deal
Programme’ of the British government as an instrument.
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Such kind of instruments is also widely used in firm-level analyses. In a first case, one considers
as an instrument the diversity index calculated at the geographical level, like in Parrotta et al.
(2014a,b). In this article, for diversity at the firm level, indices of workforce diversity in cultural
background, education and demographic characteristics, computed at the commuting area where
the firm is located (Andersen, 2002; Nevo, 2000) are considered. In a second case, diversity is
computed at the industry level. For instance, to instrument the R&R expenditures at the firm level,
Lev and Sougianis (1996) consider for the given firm the average level of R&D expenditures
(deflated by sales) of the other firms in its four-digit SIC code. It grounds on the fact industry R&D
level is obviously unaffected by firm idiosyncratic shocks (e.g., a specific managerial strategy or a
corporate control change affecting the firm's cost of capital), thereby considerably limiting its
correlation with the original regression error term. Strong reasons to believe that the correlation
between a given firm's R&D expenditures (the original variable) and the industry average (the
instrument) is generally high. Corporate activities are often evaluated by investors and financial
analysts against industry norms, deterring managers from significantly deviating from them.
Another example is given in the article by Hanlon et a/. (2003). The average employee stock option
(ESO) grant value of other firms in the same four-digit SIC code is the instrument for ESO grant
values for a given firm. It is an appealing instrumental variable because it is unlikely to be affected
by firm-specific shocks such as a shift in the firm’s corporate strategy to respond to an increase in
firm-specific product demand. Moreover, the industry-average ESO grant value is likely to be
highly associated with a firm’s ESO grant value because option grants in one firm are likely to be
influenced by industry-wide option granting practices (Murphy, 1999).

Based on those examples, what kind of instrument could we consider as to diversity of the
workforce? Garnero et al. (2016) consider the workforce composition of the other firms in the same
industry excluding the focal firm to instrument the diversity index value at the firm level. When
defining its workforce, a firm is to some extent constrained by its own technology and work content
that might require younger or more experienced workers, skilled or unskilled workers, more men
or more women.

Therefore, in context of our article, two kinds of instruments are considered for diversity index in
terms of gender or age: a diversity index computed on the workforce composition of the other firms
at the same location (city or French department) as the considered firm; a diversity index computed
on the workforce composition of the other firms in its four-digit SIC code.

What is the effect identified by our IV estimates?

- the share of female or young people among part-time employees in the company? Is it an average
effect, or is it a local effect, i.e. on a particular group of firms with female or young workers?

The instrument may only allow us to identify the effect of diversity for a sub-group of firms for
which a change in the share of female (or young workers) employed part-time (instrument) implies
an increase in the diversity of female (or young workers) which is a potentially endogenous
variable. In this case, it is more a question of a local effect contingent on these particular firms (the
"compliers" according to Angrist ef al. (1996)).

In our case, when firms increase part-time employment, the "compliers" correspond to firms which
recruit mainly women or mainly men on a part-time basis (polarized recruitment policy). In this
case, they also change the share of women in the firm. On the other hand, if a firm recruits the same
proportion of men and women part-time, the share of women will not be affected. We can see that
the first type of company corresponds more to atypical companies, whereas the second type refers
to companies that are more diversified in terms of their workforce composition (female, young
workers).
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As a consequence, the effect measured with this instrument is rather specific to the group of
companies with a polarized recruitment policy, i.e. “atypical” companies. The effect is then
qualified as the local average treatment effect (LATE) and does not correspond to the average
treatment effect (ATE) for the entire population of firms.

4. Data

4.1. Basic statistical sources

We consider data from two different administrative sources available at INSEE (the French
national institute of statistics) over 1995-2015. The first data source is the DADS (Déclarations
Annuelles de Données Sociales), which is a matched employer-employee longitudinal data source,
constructed from companies’ reports to the French administration collecting the social
contributions, URSSAF-ACOSS. The second source is another administrative source called FARE
(Fichiers Approchés des Résultats d’Esane)-FICUS (FiChiers Unifiés de Suse), which gives us
measures of sales, value-added and other economic outcomes for most French companies.

The DADS data source includes data on all workers employed in private and semi-public
establishments. INSEE receives information from URSSAF-ACOSS in order to compile statistics
on employment and wages in France. This file is exhaustive and has been available from 1995.
However, the source has grown richer over time (addition of information, number of companies,
industries represented) and has undergone several format changes, notably between 2001 and 2002,
then between 2008 and 2009, when the current format was implemented. Therefore, we use this
exhaustive data aggregated at the company level — for the years 2009 to 2015. For each year, we
have a sample of approximately 1,300,000 firms. Individual wages, employment periods, age,
gender, and the skill level of the workers are available. We thus can compute proportions of female,
young and old workers in each company.

The FARE-FICUS dataset gives information at the firm level about the parent company to which
subsidiaries belong. It results from a comparison between tax sources and the results of annual
business surveys. This information is available for all firms that are subject to the two major tax
regimes. These regimes cover virtually the entire productive system, representing roughly 95
percent of taxable companies in terms of sales. As with the DADS (French Annual Social Data
Declarations), the data source underwent format changes, particularly between 2007 and 2008-
2009, when the original FICUS source was replaced by FARE; the 2008 version thus contained
significantly fewer variables than before and after 2008. The scope of the survey was also
broadened during the implementation of FARE. The survey was stabilized in 2009. Therefore, the
data were kept for the period 2009-2015. For each year, we have a sample of approximately
2,500,000 companies. They mostly contain various economic indicators, such as value-added,
capital investment, and profits. In particular, they allow us to measure the labor productivity, capital
intensity and the labor share income of companies.

4.2. Final samples

The preliminary stage consists in netting out the share of female, young or old workers. To obtain
our study sample, we follow several steps.

First, we assume that companies' choices regarding gender and age employment structure — apart
from technological considerations, distributions by qualification and company size — vary little
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over a short time period. This hypothesis requires a time dimension long enough to estimate the
effects of diversity i.e. to get a sample characterized by a homogeneous economic situation. Given
that DADS and FICUS data are available in a stable manner between 2009 and 2015, this is the
study period that we will consider for our analysis. Second, one drawback of considering all firms,
even small ones, is the potential indivisibility of the employment categories in small firms. To
avoid this, we consider only companies with 20 workers at least.

Third, we restrict our sample to firms from non-farm and non-financial private businesses. We
therefore exclude firms from Agriculture, hunting and forestry, aquaculture and fishing industries,
because they are associated with industries that are not very competitive and are highly regulated.
Since they do not belong to the private business sectors, we drop from our sample all firms from
the public administrations . As well, we do not keep information that deal with household activities
or extra-territorial activities where we do not have all the information on labor in the DADS.
Finally, financial industries where labor productivity is not the most appropriate indicator to
measure the company’s performance are also excluded.

Fourth, since we are working with companies over the period 2009-2015, we can use a stable
sample of companies over time by considering established companies with 20 or more employees
(a so-called balanced sample). However, such a strategy implies removing from the sample
companies for which information is not available for the entire period (due to new businesses or
bankruptcies, for example), due to company demographics, and in particular companies employing
a small number of employees. It thus may introduce a potential attrition bias in the estimations.
Considering the sample—the so-called balanced sample—containing information on all companies
present over the 2009-2015 period, and not just those established over the period, allows us to
circumvent this problem, even if the information does not necessarily relate to the same companies
from year to year. This is why we will conduct our analysis by distinguishing the two types of
balanced and unbalanced samples: the first contains 56,620 firms, and the second 124,295 firms.
Fifth and finally, the reverse causality between age or gender diversity and labor productivity could
be linked to the social dimension of corporate social responsibility (CSR; Liu et al., 2018; Non et
al.,2022). This mainly concerns large companies, which are the most productive and also the most
concerned about their image and public relations. Beyond their legal obligations, these companies
can thus adopt a proactive diversity policy and increase the proportion of female, young or old
workers in the most visible positions (management teams, senior executives, boards of directors).
These positions are the most highly skilled and are generally full-time, unlike less visible jobs,
which are consequently less skilled and much more often part-time. To avoid having to deal with
this type of bias or wrongly attributing an effect of diversity rather than CSR policy to our results,
we exclude companies that have undertaken such initiatives.

In the end, our samples include 56,269 firms for the balanced one, and 111,248 for the unbalanced
one.

Appendix A display basic descriptive statistics on all variables for the balanced panel (Table A1).
It also includes features concerning our variables of interest: it contains shares of female workers,
of young workers (less than 30), old workers (more than 49), young and old female workers, for
the overall economy, as well as for six main industries: manufacturing; construction; trade and
accommodations; transportation and communication; real estate, rental and business services;
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education, health and social assistance (Tables A2 and A3).!! Both panels exhibit similar
statistics.'?

4.3. Descriptive statistics

We present some stylized facts on the relation between labor productivity and the distribution of labor in
terms of women, young, seniors, and for the intersections (young women and senior women). We represent
labor productivity against the share of the given category of workers on average over our 2009-2015 panel
of firms, for the overall economy, and by industry."

4.3.1. Overall economy

Graphs 1a plots labor productivity against deciles or quartiles of the share of female workers in the
company’s workforce. The relationship between labor productivity and the proportion of female
workers in firms in the balanced sample takes the shape of an inverted U-curve, suggesting that
productivity is higher in firms with greater gender diversity. Productivity reaches its maximum
between the second and the third quartiles (sixth and eight deciles). It means that firms employing
a small or large proportion of female workers are characterized by low labor productivity. By
contrast, productivity is highest for companies whose proportion of female workers is located in
the neighborhood of the average proportion of female workers in our sample of companies. The
same kind of shapes are observed for the unbalanced panel.'*

Graph 1a. Gender composition of firm workforce. Labor productivity against quartiles or deciles of the
share of female workers in firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the
non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to the given
quartile or decile of firms in terms of the share of female workers in the firm’s workforce.

Focusing on the share of young workers (employed people under 30), the relation between labor
productivity and the proportion of young workers (under 30) in firms in the balanced sample also

' For both panels, we only keep firms that operate in the same industry over time. Nevertheless, this does lead to drop
only a small number of firms.

12 Corresponding composition of the workforce is similar for the unbalanced panel. It is available on request.

13 Appendix A displays basic descriptive statistics concerning our variables of interest, i.e. the average composition of
the firm workforce for the considered sample. It contains shares of female workers, of young workers (less than 30)
and old workers (more than 49), for the overall economy. We also include the same shares in six main industries:
manufacturing; construction; trade and accommodations; transportation and communication; real estate, rental and
business services; education, health and social assistance. Finally, we add shares of young and old female workers.

14 Corresponding graphs are available on request.
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takes the shape of an inverted U-curve, suggesting that productivity is higher in firms with a more
balanced age composition in terms of young workers, but with a maximum for the second quartile
or the third-fourth deciles (Graph 1b'%).

15 We get almost the same findings considering the unbalanced panel. Corresponding graphs are available on request.
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Graph 1b. Composition of firm workforce in terms of workers younger than 30. Labor productivity
against quartiles or deciles of the share of young workers in firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the
non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to the given
quartile or decile of firms in terms of the share of workers younger than 30 in the firm’s workforce.

Concerning old workers (more than 49), things are less clear-cut. However, productivity peaks in
the second decile, and is lower in particular in the first and last decile.'®

Graph 1c. Composition of firm workforce in terms of workers older than 49. Labor productivity
against deciles of the share of old workers in firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the
non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to the given
decile of firms in terms of the share of workers older than 49 in the firm’s workforce.

Finally, we combine the two criteria of gender and age. We thus consider young female and old
female workers. For these two categories of workers, we find the same type of stylized facts. The
relation between productivity and the share of young female workers also takes shape of an inverted
U-curve, similar to that observed for female workers in general. Productivity peaks at the second-
third (or sixth decile, see Graph 1d).

16 The same holds with the unbalanced panel.
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Graph 1d. Composition of firm workforce in terms of female younger than 30. Labor productivity
against deciles of the share of young female workers in firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the
non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to the given
decile of firms in terms of the share of young female workers in the firm’s workforce.

Besides, the relation between productivity and the proportion of senior female workers in firms in
the balanced sample also shape of an inverted U-curve, suggesting that productivity is higher in
firms with a more balanced share of senior women (peaking in fourth quartile).!”

Graph le. Composition of firm workforce in terms of female older than 49. Labor productivity
against deciles of the share of old female workers in firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the
non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to the given
decile of firms in terms of the share of old female workers in the firm’s workforce.

In the end, for female, young or old (even if less clear-cut) workers, if we control for firm size and
capital intensity, there appears to be an inverted U-shaped relationship between labor productivity
in the firm and the share of the female, or young (resp. to a lesser extent old) worker. Therefore,
companies with the lowest productivity are characterized by a small or large proportion of female
or young workers. Companies in-between, with greater workforce diversity, are associated with
greater labor productivity levels.

17 The unbalanced panel exhibit the same kind of features, as do graphs plotting labor productivity against quartiles of
the share of the given working population (young or old female workers).
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4.3.2. By industry

What is observed at the level of the whole economy is a reflection of what is observed at the
industry and can at least be explained or corroborated by what is observed at the sectoral level. In
what follows, we focus on the balanced panel.

As to gender composition of the workforce, the economy-wide (56,269 firms) productivity
maximum observed in deciles five to seven seems to be driven by the industries that carry the
greatest weight in the economy (67% of the firms in the sample), namely manufacturing (13,460
firms; peak in deciles six to eight), trade and accommodations (15,285 firms; peak in decile eight),
and real estate or business services (9,272 firms; peak in deciles five-six). Compared with the
economy as a whole (36.68% female workers in firms employing at least workers), these industries
include both those with relatively fewer women (manufacturing; 28.82%) and those with
substantially more (trade, 43.71%; real estate, 48.5%).

Graph 2a. Labor productivity against deciles of the share of female workers in firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming
from the non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to
the given quartile or decile of firms in terms of the share of female workers in the firm’s workforce.

Focusing on the working population represented by workers younger than 30, the productivity maximum
for the economy as a whole in Q2 / D3 is driven by industries that carry the greatest weight in the economy
(59% of the firms in the sample), namely: manufacturing (peak in sixth decile), trade and accommodations
(third decile), and transportation (third quartile). Compared with the overall economy (26.14% young
workers), these industries include both those with a lower share of young employees (industry: 18.51%;
transportation: 16.98%) and those with a much higher share (commerce: 36.10%).

25



For senior workers, the productivity maximum for the economy as a whole (56,269 firms, about 22% senior
workers) in second decile is driven by the dominance of the commerce industry (26% of the sample; peak
in third decile). However, the other industries that display a bell-shaped curve (manufacturing, 24%; real
estate/business services, 16%), the distribution is rather flat (a “slight” peak in fifth decile for manufacturing,
with 27% senior workers; likewise, in second-third quartiles for real estate/business services, with 20%
senior workers).

Graph 2b. Labor productivity against deciles or quartiles of the share of young workers in firms. Balanced
panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming
from the non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to
the given quartile or decile of firms in terms of the share of young workers in the firm’s workforce.
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Graph 2c. Labor productivity against deciles or quartiles of the share of old workers in firms.
Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming
from the non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to
the given quartile or decile of firms in terms of the share of old workers in the firm’s workforce.

Finally, if we look at what happens when the employed population is young female or old female workers,
we observe the same type of inverted U-shaped relationship as at the level of the whole economy in a small
number of industries. Indeed, the peak in labor productivity for the economy as a whole in third quartile /
sixth decile is driven by industries that carry the greatest weight in the economy (68% of the firms in the
sample), namely manufacturing (peak in Q2—Q3), trade and accommodations (peak in D4), and real estate
(peak in Q2). Compared with the economy as a whole (10.49% young women), these industries include
both those with a lower share of young women (industry: 5.05%) and those with a much higher share
(commerce: 17.40%; real estate: 12.18%). As well, for old female workers, the highest labor productivity
level in the economy as a whole in Q2 / D5 is driven by the industries that carry the greatest weight in the
economy (68% of the firms in the sample), namely manufacturing (peak in D6), trade and accommodations
(D4), and real estate (D6). Compared with the economy as a whole (7.24% senior women), these industries
include both those with a lower share of senior female workers (trade: 6.38%) and those with a much higher
share (manufacturing: 7.79%; real estate: 8.24%).'8

18 The unbalanced panel gives rise to the same kind of features.
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Graph 2d. Labor productivity against deciles or quartiles of the share of young female workers in
firms. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming
from the non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to
the given quartile or decile of firms in terms of the share of young female workers in the firm’s
workforce.
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Graph 2e. Labor productivity against deciles or quartiles of the share of old workers in firms.
Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming
from the non-farm and non-financial industries.

Notes: for each point, the figure on the Y-Axis is the average labor productivity corresponding to
the given quartile or decile of firms in terms of the share of old female workers in the firm’s
workforce.

In the end, for female, young or old (even if less clear-cut) workers, if we control for firm size and
capital intensity, there appears to be an inverted U-shaped relationship between labor productivity
in the firm and the share of the female, or young (resp. to a lesser extent old) worker. Therefore,
companies with the lowest productivity are characterized by a small or large proportion of female
or young workers. Companies in-between, with greater workforce diversity, are associated with
greater labor productivity levels.

5. Results

In this Section, we provide our findings for the approaches we consider to analyze the impact of
diversity of the workforce on the firm performance. First, we deal with complementarity of
considered working populations with regards to the two dimensions that are gender and age using
a production function approach. Second, we evaluate the relation between diversity and labor
productivity, considering the non-linear approach (a la Chetty et al. (2014), distinguishing
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associations using ordinary least squares, and then the causal effects using instrumental variable
estimates.

5.1. Analyzing the substitutability of working populations in the production function
framework

In this part, we quantify the degree of substitutability in the production between: Female and male
workers; Junior workers (younger than 30) and other workers; Senior workers (older than 49) and
other workers. We also discuss the matter for Young female workers and other workers (female
workers older than 30 and male workers), as well as for Old female workers and other workers
(female workers younger than 50 and male workers).

5.1.1. Presentation

To proceed, we estimate five set of CES production functions. We use a dataset resulting from the
merge of 1/12" DADS data source and ALISSE data (aggregation of FARE files at two digits SIC
level) and consider a sectoral balanced panel, composed of 38 industries, with the exception of
farming and financial industries, over 2009-2015. Proceeding in this way, rather than considering
a panel at the firm level, avoids problems related to firm demographics (bankruptcy, mergers, new
business). However, as discussed in the literature on estimating degrees of substitutability between
factors of production, the resulting elasticities of substitution are mechanically of smaller size.'’

As usually done in the literature, we then use nonlinear least squares (NLLS) applied to equation
(3), where index i refers to the given industry in our case. As mentioned in Section 4, this allows
to take account for potential discriminating behavior of firms (Altonji and Blank, 1999; Jarrell and
Stanley, 2004). Z, includes industry dummies, and year dummies.

As initial values for NLLS, we use OLS estimates provided by the estimation of (5), notably for
the labor share (o) and p parameter. Moreover, over the period 2009-2015, the ratio of the number
of workers in the target population to that of the complementary population to the overall employed
population (7/N), as well as 0, i.e. the ratio of monthly hours of work in the target population to
that of the complementary population to the overall employed population are computed on the basis
of employment and working hours statistics reported in Appendix B (Tables B1 to B5). For
instance, over the whole 2009-2015 time period and the overall economy (except farming and
financial industries), considering firm year-end employment, companies employing at least 20
workers and focusing on female / male substitutability, 7/N=F/M is equal to 0.67 and the women's
working hours to men's is 0.87%°.

For the second non-linear approach, we consider firms employing at least 20 workers or more and
all workers (year-end employment level), whatever their hours of work. While exploring the
complementarity between production factors, we consider this case, but also distinguish three other
sets of estimates corresponding to year-end employment in all firms whatever the size of their
workforce, as well as full time equivalent workforce, either in all firms or in firms employing at
least 20 workers. Besides, for the capital stock (K), we consider tangible assets.

19 This is likely due to the fact that intra-industry heterogeneity is not taken into account (Ostry et al., 2018).

20 This ratio is close to that found in Bargain and Lo Bue (2025) with Morocco data, §=0.83, or Ostry et al. (2018),
0=0.85, with OECD data. Otherwise, across all companies, regardless of the number of employees, Ostry et al. (2018)
report F/M=0.77, to be compared with what we find on the same type of company (0.67 considering physical people;
0,97 considering full-time equivalent workers).
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5.1.2. Findings

Considering women VS. men substitutability in the production process, we consider a production
function where labor is specified as a composite factor comprising female employment F and male
employment M. Corresponding results are reported in Table 1. First, labor share is estimated to
about 70 to 90 percent, following we consider all firms or only those employing at least 20 workers;
but it does not depend on the type of employment (year-end or full-time equivalent workers).
Second, according to Table 1, since female and male workers are characterized by an ES of about
0.78 — that is significantly different from 0 — they are imperfect substitutes and thus partly
complementary. The elasticity of substitution is comparable to those other studies using panels at
industry level (thus smaller than what is found using firms’ data, like in Bargain and Lo Bue, 2025).

Table 1. Estimated elasticities of substitution between female and male workers through the estimation of a CES

production function.

(4) Full time
. . (1) Year-end 2) Year—er}d 3) F}Jll time equivalent
Structural estimates / Kind of employment workforce. Firms equivalent workforce.
and sample worktforce. All employing 20  workforce. All Firms
irms .
workers or more firms employing 20
workers or more
Constant elasticity of substitution ¢ 0.7969%** 0.7957** 0.7805%* 0.7381%**
(0.0378) (0.0897) -0.0397 (0.0969)
[0.7223;0.8714] [0.6188; 0.9726] [0.7021;0.8590] [0.5470; 0.9292]
Labor share o 0,6813** 0.8919** 0.7063** 0.9335%*
(0.0511) (0.1026) -0.0537 (0.1055)
[0.5805; 0.7822] [0.6894; 1.0943] [0.6003;0.8124] [0.7254; 1.1416]
Average female to male employment (F/M) | 0,673928536 0,692157703 0,604161532 0,620561576
Ratio of women to men working hours 6 0,874304817 0,870146505 0,975267263 0,970538026

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-

financial industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2)
Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time equivalent

workforce in firms employing 20 workers of more.

Focusing on age complementarity, Table 2 reports estimates when labor is specified as a composite
factor comprising employment level of workers less than 30 (Y), and other workers, i.e. medium-
aged (30-49) or workers older than 49 (MO). Labor share is roughly equal to 65 percent to 80-85
percent, following we consider all firms or firms employing at least 20 workers. Table 2 also
highlights a substitution elasticity between young workers and others of the order of 0.62; it is
smaller considering only firms employing at least 20 workers (0.69 for year-end employment).
This shows that the two categories are also imperfect complements. This confirms findings of past
studies.
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Table 2. Estimated elasticities of substitution between young and medium-aged or old workers through the estimation of a

CES production function.

(2) Year-end (3) Full time ) F}lll time
. . (1) Year-end . . equivalent
Structural estimates / Kind of employment and workforce. Firms equivalent .
workforce. All . workforce. Firms
sample i employing 20 workforce. All )
irms employing 20
workers or more firms
workers or more
Constant elasticity of substitution ¢ 0,7764** 0.6937%* 0.6564** 0.3789**
(0,0623) (0.2316) (0.1449) (0.1746)
[0,6535; 0,8993] [0.2370; 1.1504] [0.3707;0.9421] [0.0345; 0.7232]
Labor share a 0,6411%* 0.8546** 0,6352%* 0.7807**
(0,0511) (0.1137) (0.0576) [0.0382)
[0,5402; 0,7420] [0.6304; 1.0788] [0.5217;0.7488] [0.7053; 0.8560]
é;;;agg)e young to medium-old employment 0386064421 0319130961  0,284177661  0,235140229
Ratio of young to medium-aged or old working | 731448519 0727923794 0993967834  0,987934019

hours &

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).
Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-financial

industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2) Year-end
workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time equivalent workforce in

firms employing 20 workers of more.

In Table 3, we display results when analyzing the degree of substitutability between senior workers
and other workers. In this case, labor is specified as a composite factor comprising employment
level of workers more than 49 (O), and other workers (YM), i.e. young workers (less than 30) or
medium-aged (30-49) workers. In this case, the NLLS routine does not converge considering all
firms. Thus, there is a large difference for the labor share: roughly equal to 90 percent, considering
firms employing at least 20 workers, but to 48 considering all firms. ES are not significant in this
case, but it is difficult to interpret these results because of non-convergence. We therefore only
consider findings related to firms employing at least 20 workers. Table 3 highlights a substitution
elasticity between old workers and others of the order of 0.87, either considering year-end
employment or full-time equivalent employment. This shows that the workers older than 49 and
other workers are also imperfect substitutes and thus partial complements in the production.

All these findings confirm results provided by past studies, either considering CES (Grant and
Hamermersh, 1981; Hebbing, 1993; Fitzenberger and Kohn, 2006) or translog production functions

(Peters, 2015).
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Table 3. Estimated elasticities of substitution between old and young or medium-aged workers through the estimation of a

CES production function.

(4) Full time
(2) Year-end (3) Full time equivalent
Structural estimates / Kind of (1) Year-end workforce. Firms . .
. equivalent workforce. workforce. Firms
employment and sample workforce. All firms employing 20 )
All firms employing 20
workers or more
workers or more
Constant elasticity of substitution ¢ 8.581F10 0.8727** 1.423E15 0.8733%*
(1.908F22) (0.0534) (5.195E30) (0.0511)
[-3.76E22; 3.763E22] [0.7675;0.9780] [-1.02E31; 1.025E31] [0.7725; 0.9741]
Labor share a 0.4824%** 0.8978** 0.5566** 0.9200%*
(0.0332) (0.1029) (0.0938) (0.1044)
[0.4170; 0.5478] [0.6948; 1.1008] [0.3716; 0.7416] [0.7142; 1.1258]
Average old to young-medium aged 0,284047782 0,31438339 0,320219843 0,35023629
employment (O/YM)
Ratio of old to young-medium aged 1129394933 1,11641546 1001818138 1,00213039
working hours

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).
Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-financial

industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2) Year-end
workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time equivalent workforce in

firms employing 20 workers of more.

Finally, we deal with interactions between the gender and age criterions, what is, to our knowledge,
something new. On the one hand, we consider young female workers. In the estimated production
function, employment level of young female (YF) and other female workers and all male workers
(MOFM) are the two parts of the composite labor factor. Table 4 report corresponding estimates.
The share of labor in added value is estimated at about 60% (considering all firms or only firms
employing at least 20 workers). Besides, considering year-end employment and the sample of firms
employing at least 20 workers, young female and other female workers or all male workers are
characterized by an ES equal to about 0.73. They are therefore imperfect complements in the
production process. It is worth noting that for the same type of job and the same sample, the ES
between women and men is 0.80, while that between young people under 30 and others is 0.69. In
this case, there is therefore no super additivity linked to the two criteria (for a worker: being a
woman, being under 30).

On the other hand, the composite labor factor is composed by both old female workers and all other
workers. In this case, the labor share is 0.80. Besides, whatever the sample and the type of
employment under consideration, the ES between old female workers and other workers is 0.95. If
we consider the sample of companies with 20 or more employees and employment measured in
natural persons at the end of the year, the ES between women and men is 0.78, while that between
seniors over 49 years old and others is 0.87. There then seems to be a super additivity linked to the
two criteria (for a worker: being a woman, being over 49 years old).
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Table 4. Estimated elasticities of substitution between young female workers and medium-aged or senior female
workers and all male workers through the estimation of a CES production function.

. . (1) Year-end (2) Year—er}d ) F}lll time (izllljiuvlilgrrlr‘ie
Structural estimates / Kind of workforce. Firms equivalent .
employment and sample workforce. All employing 20 workforce. All workforge. Firms
firms workers or more firms employing 20
workers or more
Constant elasticity of substitution ¢ 0.5844** 0.6804** 0.5622** 0.6236**
(0.0768) (0.2087) (0.0215) (0.1236)
[0.4329; 0.7359] [0.2687;1.0991] [0.4409 ; 0.6835] [0.3798; 0.8674]
Labor share a 0.5325%* 0.7350%* 0.5527%* 0.7583**
(0.0297) (0.0332) (0.0309) (0.0359)
[0.4738;0.5912] [0.6695; 0.8005] [0.4917;0.6137] [0.6874; 0.8291]
Average young female to other workers
emploimim (\g(F MOF&M) 0,131202834 0,11846666 0,09241463 0,083159093
Ratio of young female workers to other | ¢9465649 0,68430411 0,98053834 0,97484494
workers working hours &

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-
financial industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2)
Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time
equivalent workforce in firms employing 20 workers of more.

Table 5. Estimated elasticities of substitution between old female workers and young or medium-aged female workers
and all male workers through the estimation of a CES production function.

(2) Year-end (3) Full time (4) Full time
Structural estimates / Kind of employment (1) Year-end . Workforce.. equivalent equlvalen.t
and sample workforce. All  Firms employing workforce. All workforce. Firms
p firms 20 workers or ﬁrms' employing 20
more workers or more
Constant elasticity of substitution ¢ 0.9696** 0.9582%* 0.9692** 0.9585%*
(0.0056) (0.0174) (0.0056) (0.0164)
[0.9586; 0.9806] [0.9239; 0.9924] [0.9581;0.9803] [0.9261; 0.9909]
Labor share a 0.6834** 0.8973%* 0.7053** 0.9210**
(0.0512) (0.1040) (0.0538) (0.1053)
[0.5825; 0.7844] [0.6922; 1.1023] [0.5992; 0.8113] [0.7134; 1.1286]
Average old female to other workers
employment (OF/YMFM) 0,096305477 0,10520231 0,09999912 0,1087907
ii?lge(r):\?vlgrﬁﬁjgaifogrzﬂgers to other 1019238062 1,00996299 098159058 0,9766501

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-

financial industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2) Year-
end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time equivalent

workforce in firms employing 20 workers of more.

34



To conclude, regardless of the couple of populations of workers under consideration (female / male
workers, young workers vs. others, old workers vs. others, or young female / old female workers),
there appears to be at least partial complementarity, even if intra-industry heterogeneity (and
therefore heterogeneity between firms) is not taken into account.?!

5.2. Exploring the non-linear impact of diversity on labor productivity

The previous sub-section provide evidence for partial complementarity between female and male
workers, as well as between young workers / old workers and other workers. However, to what
extent does greater diversity in gender and age (positively) influence the productivity of the
company's workforce? Is this effect non-linear? Is it more particularly due to what happens in some
industries?

5.2.1. Presentation

We display results provided by rank regressions estimates are displayed. Indeed, as mentioned in
Section 3, in this perspective, we consider a two-steps method. First, it consists in neutralizing all
the gender or age determinants of technological and organizational choices, job structure by
qualification, which could explain the differences between companies (see equation (9)). It is a
question of netting out the empirical distributions of the firm workforce by gender or age (young /
old workers®?). Second, for every quartile of the netted-out proportion of female or young / old
workers, we regress the rank of labor productivity on the rank of the share of female, young or old
workers and covariates as shown by equation (11).

We give estimates for associations through ordinary least squares estimator, and then for causal
effect through instrumental variables estimator, using the share of the population under study at the
same 5 digits industry level as that of the given firm, but where we exclude the share of the
considered firm. We provide results for the overall economy (considering the non-farm and non-
financial private business sector) and then explore findings for six main industries: Manufacturing;
Construction; Trade and accommodations; Transportation and communication; Real estate, renting
and business activities; Education, social and personal services. In all cases, we distinguish the
results provided using both balanced (56,269 companies) and unbalanced (111,248) samples.

5.2.2. Associations

Female workers

The distribution of the “association” coefficients of the quartiles shows a strong non-linearity in
the relation between gender diversity (within the workforce) and labor productivity, with
decreasing productivity gains as we move towards gender diversity (Graph 3a%}).2* The
associations on the "extremes" are of opposite signs, reflecting a positive association between
productivity and diversity: a positive association is obtained on the first quartile and a negative
association on the fourth quartile, but almost no significant association is detected near diversity.

21 This is likely the reason why our social enterprises are smaller than those based on firm-level data, which is consistent
with the literature (Ostry et al., 2018).

22 The overall set of estimates is given in Appendix C both all five employed population and both panels.

23 Full specification of the estimation of equation (11) using OLS are given in Appendix D for the balanced panel when
the shares of female or young workers are the variables of interest. Full set of estimates are available on request for
old, young and old female worker, as well as for the five populations for estimations considering the unbalanced panel.
24 As expected, greater precision with estimates provided on the unbalanced panel.
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Moreover, we find an asymmetrical relation: a gain of 0.32 (resp. 0.16) position in the rank of
productivity is associated to an increase (resp. a decrease) of 1 position in the rank of the share of
female workers. The relation seems to be more intensive considering the unbalanced panel. These
results are consistent with descriptive statistics provided in Section 4 where labor productivity
peaks at Q2-Q3.

Graph 3a. Associations between the proportion of female workers and labor productivity. Rank-regressions
by quartile of the share of female workers.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Focusing on what happens at the industry level, our findings are the following (Graph 3b, for the
balanced panel). The same kind of relation between gender diversity and productivity is observed
in manufacturing and in real estate/business services, two industries in which the share of female
workers is either lower (manufacturing, 29%) or higher (real estate, 48%) than in the economy as
a whole (36%). Similar patterns in terms of the relationship between the share of women and
productivity are also observed in trade and accommodations, in education/health/social services,
and, to a lesser extent, in the transportation and construction industries (Graph 3c). The results are
consistent with descriptive statistics, with similar profiles as for statistics, with productivity
maxima located in D5 (industry), Q2 (trade and accommodations), and D3-D5 (real estate and
business services). Higher labor productivity gains associated from moving towards diversity are
therefore concentrated in parts of the distribution of female workers where labor productivity is
lower (Q1 and Q4 for commerce; Q1 and Q3 for real estate).

Graph 3b. Associations between the share of female workers and labor productivity. Rank-regressions by
quartile of the share of female workers. Industry level. Balanced panel.

=

Sources: DADS (Insee) and FARE (Insee).
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Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. left (resp. right) graph refers to figures for the manufacturing (resp. real estate and business
services) sample. CI stands for confidence interval.

Graph 3c. Associations between the share of female workers and labor productivity. Rank-regressions by
quartile of the share of female workers. Industry level. Unbalanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. left (resp. center, resp. right) graph refers to figures for the trade and accommodations (resp.
transportation and communications; resp. education, health and social services) sample. CI stands for confidence interval.

Young workers

As we focus on young workers, the same kind of result holds in the relation between diversity in
terms of young workers and labor productivity (Graph 4a). Decreasing productivity gains are
associated to moving to greater diversity in terms of young workers.?> The associations on the
"extremes" are of opposite signs, reflecting still a positive association between productivity and
diversity: a positive association is obtained on the first quartile and a negative association on the
fourth quartile. Almost no significant association is found near diversity. Contrary to gender
diversity, this relation is rather symmetric: a gain of 0.24 (resp. 0.26) position in the rank of
productivity is associated to an increase (resp. a decrease) of 1 position in the rank of the share of
young workers. Once more, our results seem to be consistent with descriptive statistics.

Graph 4a. Associations between the share of young workers and labor productivity. Rank-regressions by
quartile of the share of young workers.
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Sources: DADS (Insee) and FARE (Insee).
Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

25 There is still a greater more precision with unbalanced panel characterized by more observations.
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Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Similar patterns as for overall economy are observed in manufacturing and construction, in trade
and accommodations, and in education/health/social work. However, only in the commerce are the
first (positive coefficient) and the last (negative coefficient) statistically significant. Relative to the
whole economy (share of young workers: 26%), these results are associated with three industries
whose share of young workers is either much higher (commerce/hotels/restaurants: 36%), much
lower (manufacturing: 18%), or comparable (education, health, and social work).?® The results are
consistent for both balanced and unbalanced panels, as well as with descriptive statistics displayed
in Section 4, with similar profiles as for the overall economy, notably for manufacturing or trade
and accommodations.

Graph 4b. Associations between the share of young workers and labor productivity. Rank-regressions by
quartile of the share of young workers. Unbalanced panel. Industry level.
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Sources: DADS (Insee) and FARE (Insee).
Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. center; resp. right) graph refers to figures for the manufacturing (resp. trade and
accommodations; resp. education, health and social services) sample. CI stands for confidence interval.

Old workers

Considering workers older than 49, only the unbalanced panel reveals the same kind of relation
between diversity (in terms of old workers) and labor productivity: decreasing productivity gains
are obtained as we move towards diversity in terms of old workers (Graph 5a). The associations
on the "extremes" are of opposite signs, reflecting still a positive association between productivity
and diversity: a positive association is obtained on the first quartile and a negative association on
the fourth quartile. Positive but smaller association in Q2 and 0 in Q3. This relation is rather an
asymmetric one regarding the unbalanced panel: a gain of 0.26 (resp. 0.12) position in the rank of

productivity is associated to an increase (resp. a decrease) of 1 position in the rank of the share of
old workers in Q1 (resp. Q4).”’

26 The same pattern is found in the relation between the share of young workers and productivity for manufacturing,
as well as for education, health, and social services, as in the trade and accommodation industries (Q1 > 0; Q4 <0).
27 Consistency with descriptive statistics is not clear-cut.
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Graph 5a. Associations between the share of old workers and labor productivity. Rank-regressions by
quartile of the share of old workers.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Estimates are far less precise for the balanced panel than for the unbalanced panel. Moreover, even
if findings are similar for manufacturing and real estate / business services, they are less clear-cut
for transportation/ communications or for construction and even different for trades and
accommodations; education, health and social services. Therefore, the Graph 5b reports results for
the unbalanced panel. The same patterns as for the overall economy in the relation between the
proportion of senior workers and productivity is observed in manufacturing, trade and
accommodations, real estate/business services, and education/health/social services (Q1 > 0; Q4 <
0). These results appear consistent with productivity profiles across the distribution of senior
employment, particularly in manufacturing and even more so in trade and accommodations, where
productivity is lowest in Q1.

Graph 5b. Associations between the share of old workers and labor productivity. Rank-regressions by
quartile of the share of old workers. Unbalanced panel. Industry level.

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. center, resp. right) graph refers to figures for the manufacturing (rvesp. trade and
accommodations; resp. real estate and business services) sample. CI stands for confidence interval.
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Young and old female workers

As a last analysis, we consider interactions between gender and age criterions.

First, we consider young female workers (i.e. female workers aged under 30). Both balanced and
unbalanced panels reveal the same kind of strong nonlinear relation between diversity in terms of
young female workers and labor productivity: decreasing productivity gains are obtained as we
move towards more diversity in terms of young female workers. As previously, associations on the
"extremes" are of opposite signs, reflecting still a positive association between productivity and
diversity: a positive association is obtained on the first quartile and a negative association on the
fourth quartile. Negative and smaller associations are found in Q2 and Q3. Finally, an asymmetric
relation is found for both panels. Regarding the balanced panel, a gain of 0.76 (resp. 0.27) position
in the rank of productivity is associated to an increase (resp. a decrease) of 1 position in the rank
of the share of young female workers. Those findings are rather consistent where a maximum for
labor productivity is found in Q3 or D6.

Graph 6a. Associations between the share of young female workers and labor productivity. Rank-
regressions by quartile of the share of young female workers.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Because of greater precision too, we provide results for unbalanced panel (Graph 6b). As for whole
economy, a similar pattern is observed (two industries in which the share of young women—17%
and 12%, respectively—exceeds the overall economy’s average), with gains in rank of productivity
in Q1 and Q4 when moving toward greater diversity, either through an increase in the rank of the
share of young women (Q1) or through a decrease in that rank (Q4). The same holds in
manufacturing. Manufacturing, construction and transportation industries — which employ the
fewest young women (5.8%, 2.3% and 4.4%, respectively) relative to the whole economy — also
display a similar pattern, but with greater productivity only when moving toward greater diversity
for firms in the first quartile.?®

28 These results appear consistent with productivity profiles across the distribution of employment of young women.
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Graph 6b. Associations between the share of young female workers and labor productivity. Rank-
regressions by quartile of the share of young female workers. Unbalanced panel. Industry level.
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Sources: DADS (Insee) and FARE (Insee).
Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. center; resp. right) graph refers to figures for the manufacturing (resp. trade and
accommodations, resp. real estate and business services) sample. CI stands for confidence interval.

Second, we focus on old female workers (i.e. female workers aged more than 49). Considering the
whole sample, both panels exhibit the same kind of strong non-linear relation between diversity in
terms of old female workers and labor productivity: decreasing productivity gains are obtained as
we move towards diversity in terms of old female workers (Graph 7a). Associations on the
"extremes" are still of opposite signs, reflecting a positive association between productivity and
diversity: a positive association is obtained on the first quartile and a negative association on the
fourth quartile. Almost 0 associations in Q2 and Q3. The relation between the share of old female
workers and labor productivity seems to be a rather asymmetric one for both panels. A gain of 0.8
(resp. about 0.4) position (rank of productivity) is associated to an increase (resp. a decrease) of 1
position (rank of the share of old female workers). These findings are rather consistent with
descriptive statistics (productivity is the highest for Q2 / D4).

Graph 7a. Associations between the share of old female workers and labor productivity. Rank-regressions
by quartile of the share of old female workers.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.
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In Graph 7b, a similar pattern is observed for the manufacturing, trade and accommodations, and
real estate/business services industries (except in Q4 =0, Q3 < 0). These industries employ either
the same share of women as the average in our sample (manufacturing, 8%), a lower share (trad
and accommodations, 6.6%), or a higher share (real estate/business services, 9.7%). Considering
the unbalanced panel, we also observe the same non-linear pattern for the three other industries:
construction, transportation, and education/health/social protection.?’

Graph 7b. Associations between the share of old female workers and labor productivity. Rank-regressions
by quartile of the share of old female workers. Balanced panel. Industry level.

Sources: DADS (Insee) and FARE (Insee).
Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. center; resp. right) graph refers to figures for the manufacturing (resp. trade and
accommodations; resp. real estate and business services) sample. CI stands for confidence interval.

5.2.3. Causal effects

Female workers

The distribution of the “causal effects” coefficients (i.e. IV estimates) associated to quartiles shows
a strong non-linear causal effect of gender diversity on labor productivity (Graph 8a). The full set
of estimated coefficients for the first and second stage are reported in Tables E and F for both
female and young workers.*® In particular, firms should be encouraged to increase the proportion
of female workers when they are in the first quartile, whereas they would instead be inclined to
reduce this proportion when it is high. Indeed, if the given firm belongs to the first quartile of share
of female workers, a gain of 0.61 position in the rank of productivity is expected from an increase
of 1 position of the firm in the rank of share of female workers. The contrary holds notably for the
third quartile: +1.5 position for the firm in its rank in terms of productivity) as a consequence of
the reduction in the rank of the share of female workers. Considering the unbalanced panel®!, the
magnitude of the effects appears on average smaller than for the balanced panel of firms for the
largest coefficients in absolute value (Q1 and Q3).

Graph 8b exhibits the same kind of causal relation between gender diversity and productivity is
found in the trade and accommodations industries, in the transportation and communication
industries and, to a lesser extent, in the education, health and social services industry (only for 4™

2 These results are consistent with the level of productivity across the distribution of the share of senior women.

30 The p-value for the Pseudo R2 of excluded instruments is almost equal to zero, confirming the rejection of the null
hypothesis of a ceteris paribus non-significant link between the endogenous variable and the considered instrument
(Table E). As well, Stock and Yogo tests statistics shows that our instrument — the rank in the industry share of female
workers — is not weak Table F). When available, the test statistics for the exogeneity test provide evidence for
endogeneity of the share of the given employed population, ie. female workers in the workforce. Finally, the under-
identification test leads to the rejection of the null hypothesis leading us not to reject that are model is just identified.
31 Corresponding full set of estimates for both the first and the second stages are available on request.
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quartile), as for the overall economy. They represent 45% of all non-private and non-financial
private sector businesses. Trade and accommodations one the one hand, and education, health and
social services industries on the other hand are characterized by a share of female workers (more
than 48 and 64 percent respectively) greater than in the overall economy (36 percent). In both
industries, it seems thus interesting to reduce the share of female workers for firms in the fourth
quartile of the share of female workers: in both cases, this would increase labor productivity.
Conversely, in the trade accommodations’ industries, even if the coefficient for QI is significant
at a 5-10 percent level, an increase of one position in the rank of the firm in terms of female workers
for those firms that employ initially few female workers (first quartile) induces an increase in labor
productivity of 0.5 position. Although this finding holds in the trade and accommodation industries,
where the share of female workers (48%) is above that of the overall economy, firms from Q1 are
likely to employ a share of female workers smaller than 36 percent. On the other hand, in both
retail and food services, as well as in education, health, and social services, a higher proportion of
women than in the economy as a whole may be required by the production technology in businesses
within these two sectors. Increasing the proportion of women in these two industries beyond the
proportion in all businesses with 20 employees (36%) can also be profitable as long as the given
share remains below 48% (retail and food services) or 64% (education, health, and social services).

Graph 8a. Effects of the share of female workers on labor productivity. Rank-regressions by quartile of
the share of female workers. Overall economy.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (vesp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Graph 8b. Effects of the share of female workers on labor productivity. Rank-regressions by quartile of the
share of female workers. Industry level. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the trade and accommodations (resp. education,
health and social services) industries. CI stands for confidence interval.
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Graph 8c. Effects of the share of female workers on labor productivity. Rank-regressions by quartile of the

share of female workers. Unbalanced panel. Industry level.
o

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. The graph refers to figures for the transportation and communications industries. CI stands for
confidence interval.

Considering the unbalanced panel, similar patterns in terms of the causal relation between the share
of female workers and productivity are also found in the transportation and communications
industries, but all along the distribution of female workers (Graph 8c). In this industry characterized
by a share of female workers smaller than in the overall economy (about 18 percent against 36
percent), it would in particular profitable for firms to hire more women because it will lead to an
increase in the labor productivity. This is notably the case for a firm from the 1% quartile of the
share of female workers, where a gain of two positions in the rank of the considered firm in terms
of'its labor productivity is expected from an increase of 1 position in the rank of the share of female
workers.

In conclusion, findings for the overall economy as to the effect of gender diversity on labor
productivity are consistent with and may be explained by what we found for a small number of
industries.

Young workers

The same kind of relation holds between diversity in terms of workers younger than 30 and labor
productivity (Graph 9a). Rather decreasing productivity gains are obtained as we move towards
young diversity.>? The effects on the "extremes" are of opposite signs, reflecting a positive (first
quartile) and a negative effect (fourth quartile) of diversity in terms of young workers on labor
productivity. Almost no significant effect is found near diversity (Q2). An asymmetric relation is
found between share of young workers and labor productivity: for firms of the first (resp. fourth
quartile), a gain of 0.9 to 1.2 (resp. 0.7 to 0.9) position in the rank of productivity is expected from
an increase (resp. a decrease) of 1 position of the firm rank in terms of the share of young workers,
following we consider balanced or unbalanced panels.

32 The same conclusions can be drawn from Tables E and F in Appendices E and F when testing for the weakness of
our instrumental variable, as well as for the exogeneity test and for testing for under-identification. All three tests lead
to rejection of the null hypothesis.
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Graph 9a. Effects of the share of young workers on labor productivity. Rank-regressions by quartile of
the share of young workers. Overall economy.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (vesp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (rvesp. unbalanced) sample. CI stands
for confidence interval.

Similar patterns as for overall economy in causal effect of diversity in terms of young workers are
found in trade and accommodations industries (27% of firms), with a decreasing relation between
the share of young workers and labor productivity (Graph 9b). This business sector is characterized
by a larger share of young workers than in the overall economy (36 percent VS. 26 percent).
Therefore, for a firm in the first quartile, the share of workers younger than 30 is smaller than the
industry average and it is profitable for one of the concerned firms to increase the share of the given
population of workers: increasing of 1 position the rank of the share of young workers in the trade
and accommodation industry lead to an increase of 0.8 position the rank of the considered firm in
terms of the share of young workers. The same type of reasoning can be applied as for the gender
criterion. This result for QI is expected insofar as those firms are characterized by a lower
proportion of young people than the average proportion of young people at the level of this industry,
or even at the level of the economy as a whole. Conversely, for firms from the fourth quartile,
decreasing the rank of the firm in terms of young workers increases labor productivity, a finding
that could have been expected given the larger share of young workers than for the overall
economy. Thus, the effects of workforce diversity in terms of young workers for the commerce,
hotels, and restaurants industry appear to reflect the effects found for overall economy.

Graph 9b. Effects of the share of young workers on labor productivity. Rank-regressions by quartile of the
share of young workers. Industry level. Balanced panel.
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Sources: DADS (Insee) and FARE (Insee).
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Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Graph refers to figures for the trade and accommodations industry. CI stands for confidence
interval.

Old workers

In this case, things seem quite different than for female or young workers (Graph 10a). The relation
between causal effects by quartiles of diversity in terms of old workers on the labor productivity is
rather different than for other female or young workers. (Large) productivity gains appear to be
obtained, even if smaller in Q4. The effect of an increase in the rank of the proportion aged 50 and
more remains positive, first rising between Q1 and Q3 (an increase of 2.3 to 3.5 positions in firms’
productivity rankings), and then declining (to about 2 positions). The same kind of findings hold
considering both the balanced and unbalanced panels.

Graph 10a. Effects of the share of old workers on labor productivity. Rank-regressions by quartile of the
share of old workers. Overall economy.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Looking at what happens at the industry level, a decreasing relation between diversity in terms of
old workers and its causal effects on productivity is observed only in the construction industry
(which accounts for approximately 9% of businesses) with a positive coefficient in Q1 and a
negative one in Q4. This industry is characterized by a share of old workers of the same size as the
overall economy (about 22 percent). For both firms from Q1 characterized with low share of old
workers, large productivity gains (+2.5 position in the rank of the firm) are expected from
increasing the share of workers older than 49. As well, labor productivity gains of the same size
are expected from a reduction of 1 position in the rank of the firm in terms of old workers for firms
from the fourth quartile.

In the end, in the construction industry, we find systematically productivity gains as we move
towards greater diversity in terms of senior workers.

33 In the case of the unbalanced sample, findings are less clear-cut. The same kind of patterns are found for construction
industry, but with greater uncertainty. For both manufacturing and trade/accommodations, productivity gains are
obtained whatever the considered quartiles.
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Graph 10b. Effects of the share of old workers on labor productivity. Rank-regressions by quartile of the
share of old workers. Industry level. Balanced panel.

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Graph refers to figures for the construction sample. CI stands for confidence interval.

Young and old female workers

Finally, we focus on interactions between gender and age criterions (Graphs 11a and b, 12a and b).
First, we consider young female workers. For the overall economy, the same conclusions hold as
for female or young workers (Graph 11a). As for associations, both balanced and unbalanced panels
reveal a (rather) nonlinear relation in the productivity gains due to any move to greater diversity in
terms of female workers younger than 30. As previously, a positive effect is found in the first
quartile, and negative ones in the last three. In particular, the relation is asymmetric for the balanced
panel. A gain of 0.34 (resp. 1.28) position (rank of productivity) is obtained through any increase
(resp. a decrease) of 1 position (rank of the share of young female workers) for firms from QI
(resp. Q4). Considering the unbalanced panel, rather consistent findings are, including with
descriptive statistics, even if the effect is not significant anymore for Q1. Looking at what happens
at the industry level, things are not clear-cut, mainly because of large uncertainty (Graph 11b). A
similar pattern as for the overall economy is obtained in real estate, rental and business services
(accounting for 16.5% of businesses) or transportation and communication industries (accounting
for 7.5% of businesses). In the former, the share of young female workers (about 4 percents) is
smaller than in the overall economy (10 percents); in the latter, the contrary holds (12 percents VS.
10 percents). The relation appears to be slightly decreasing only for the transportation and
communication industry. A gain in productivity is expected to more diversity for firms from Q1
through an increase in the given share in both industries, whereas only in the transportation and
communication industry productivity grains are expected from decreasing the proportion of young
female workers for firms in Q4.%*

34 Considering the balanced panel, the impact of greater diversity in terms of young female workers is positive both
in Q1 and Q4, as for the overall economy.
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Graph 11a. Effects of the share of young female workers on labor productivity. Rank-regressions by
quartile of the share of young female workers. Overall economy.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Graph 11b. Effects of the share of young female workers on labor productivity. Rank-regressions by
quartile of the share of young female workers. Industry level. Unbalanced panel.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the transportation and communication (resp. real
estate, rental and business services) industries. CI stands for confidence intervals.

Second, we focus on old female workers. Both panels exhibit the same kind of U-shaped relation
between diversity in terms of old female workers and labor productivity due to more diversity
(Graph 12a). More precision is found through the unbalanced panel. The causal effect of a move
towards more diversity in terms of old female workers is obtained for the first quartile, reflecting
a positive impact of an increase in diversity on productivity. More ambiguous et almost 0 effects
are found in Q2 and Q3. More surprising is the negative impact from increasing the diversity for
firms from Q4.3

An apparent decreasing relation is found between the causal effect of the diversity in terms of old
female workers and its consequence on labor productivity, in the manufacturing (balanced panel;
20% of businesses), and transportation and communication industries (unbalanced panel, 7.5% of
businesses). Manufacturing industry is characterized by a share of old female workers identical to

35 As for associations, the stories are quite different between the two panels. Moreover, both are not always consistent
(except for Q1).
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that of overall economy (about 8 percent), whereas transportation and communication industries
exhibit a far smaller share of old female workers than the overall economy. Productivity gains are
obtained through more diversity for firms from Q1 or Q4 only in the manufacturing (balanced
panel) or transportation and communication (unbalanced panel) industries (no impact at all is
detected for Q2 or Q3). These sectoral results at appear to be (at least partly) consistent with what
is found for the overall economy (except for Q4), in spite of large heterogeneity and uncertainty.*¢

Graph 12a. Effects of the share of old female workers on labor productivity. Rank-regressions by quartile
of the share of old female workers. Overall economy.
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Sources: DADS (Insee) and FARE (Insee).
Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Graph 12b. Effects of the share of old female workers on labor productivity. Rank-regressions by quartile
of the share of old female workers. Industry level. Balanced panel.

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Graph refers to figures for the manufacturing industries. CI stands for confidence interval.

36 The negative impact for firms from Q4 in the whole economy is due to both real estate, rental and business services,
and to education, health and social services. Corresponding graphs are available on request. As well, full sets of
estimates for old, young and old female workers for both panels are available on request. The same holds for estimates
full specification in the case of the six industries.
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Graph 12c. Effects of the share of old female workers on labor productivity. Rank-regressions by quartile
of the share of old female workers. Industry level. Unbalanced panel.

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Graph refers to figures for the transportation and communication industries. CI stands for
confidence interval.

5.3. Discussion

So far, we find three important results for female, young and old workers. First, in the context of
the production function, for all three kinds of criterions, we find significant and finite elasticity of
substitution. Female and male workers, workers younger than 30 and medium-aged or old workers,
as well as workers older than 49 and other workers, are found therefore to be partial substitutes.
For all three types of criteria, there appear to be partial complementarities between the pairs of
production factors considered. The same kinds of results hold for young or old female workers.
This confirms past literature related to this matter. Thus, for instance for female and male workers,
in spite of lot of progress to increase the female labor force participation, large gaps remain.
Increasing female participation in the labor market should still increase the diversity of production
factors and thus increase output more strongly than an equivalent increase in male employment.
Such results argue for addressing all discrimination, at least against female, young and old workers.
Furthermore, these results argue for distinguishing different categories of workers within the
composite labor factor indicator in macroeconomic growth models.

Second, we study the impact of gender and age diversity in the firm workforce, while taking
account for potential non-linear relation between diversity and its impact on labor productivity. We
highlight several empirical results demonstrating the importance of age and gender diversity for
business performance. This applies to the entire economy, excluding the public, agricultural, and
financial industries. At least for female workers, young workers or young female workers, there is
a decreasing relation between diversity in terms of those populations and the labor productivity of
firms. For companies in the lowest quartile of the population studied, increasing the proportion of
women, young people, or seniors has a positive impact on labor productivity. Conversely, and
similarly, in companies employing the highest proportions of the population studied, a decrease in
that proportion increases labor productivity.

Third, these results, which relate to firms employing at least workers from private, non-agricultural

and non-financial industries, can be attributed to a limited number of business sectors. Some
industries are inherently characterized by a lower proportion of the population employed than the
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economy as a whole, due to both organizational and technological constraints. Conversely, in other
business sectors, the average proportion is higher than the economy average. Nevertheless,
increasing the proportion of the population employed is beneficial for companies with the fewest
employees in those industries. Similar arguments can be made for companies employing a large
proportion of the population (the fourth quartile of the distribution). Considering old workers or
old female workers, the non-linear relation between causal does not seem to be of the same form
as for female, young or old female workers. However, there are still a small number of industries
where increasing the proportion of the population in question in companies with an initially low
share (eg. first quartile of the distribution), or where decreasing this proportion where it is initially
high (eg. fourth quartile of the distribution), has the effect of increasing labor productivity in the
companies concerned.

Therefore, according to us, this article produces sufficiently robust findings to inspire public policy
actions in favor of gender and young workers diversity. It indicates that actions in favor of
professional equality and gender or young worker diversity in firms do not only respond to the
ethical issues of compliance with the principle of equality.

6. Extensions and robustness

In Section 3, we present the identification methods we intend to use to analyze the relationship
between gender diversity in the workforce and firm performance in general. First, we test for
potential complementarities between female and male workers, between workers younger than 30
and older workers, and between senior workers (i.e. older than 49) and other age groups. Second,
we adopt a non-linear method, a /a Chetty ef al. (2014), to study the impacts of gender and age
diversity on firm labor productivity.

In what follows, as an extension, we provide first some estimations of elasticities of substitution
for some industries, where we have a sufficient number of observations, to see to what extent partial
complementarity / substitutability between employed population are due to some industries. Then,
we provide some alternative estimates for causal effects, considering log-linear regressions by
quartile, using equation (8), in spite of some limitations that were mentioned in Section 3.

6.1. Substitutability between job categories depending on the considered industry

In Section 5.1, estimations of ES considering the overall economy considering all private sectors,
except the agricultural and financial ones. It shows partial complementarity between any couple of
population workers under consideration, and notably between female and male workers, as well as
between young workers and medium-aged and workers older than 49.

In this sub-section, given some elements of discussion provided in Section 2, we display for two
main industries, namely manufacturing and private services. This allows us to know to what extent
our results are potentially more specifically linked to the manufacturing industries or to the private
services industries. We focus only the three main comparison groups of workers (female vs. male
workers; workers younger than 30 vs older workers; workers older than 49 vs other workers).>’

37 Since these refers to two parts of the economy, and given we consider a sectoral pseudo panel of firms at a 2 digits
level, thirty industries over the 2009-2015, we already have to face a serious reduction in the number of observations.
It is therefore difficult to consider more detailed business sectors of activity, such as those examined in our sectoral
analysis of the effects of workforce diversity on labor productivity using the rank-regressions.
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Considering female and male workers, except in the case of all firms whatever the size of its
workforce and for year-end employment, corresponding ES appears to be smaller for
manufacturing industries than for the tertiary business sector (on average 0.46 vs. 0.66 — see Tables
Gla and Glb, in Appendix G). Thus, female and male workers seems to be more complementary
production factors in the manufacturing industries than the services industries, even if the
differences are not necessarily statistically significant from zero, because there is sufficient overlap
of corresponding confidence intervals a a 5 percent level.

Looking at both workers younger than 30 and medium aged or senior workers, considering full
time equivalent workers and firms employing more than 20 workers, ES is significantly larger for
services industries than for manufacturing ones (Tables G2a and b in Appendix G). For other
combinations of types of employment variables and firm sample, convergence is not achieved
through non-linear least squares. However, allowing to minimize least squares with respect to the
delta parameter, seems to lead to greater ES for services industries than for manufacturing
industries for the sample containing all firms whatever the size of its workforce: both differences
are not statistically different from zero (see corresponding confidence intervals in Tables G2c and
d in Appendix G).*® Therefore, except in one case, the complementary degree between young
workers and other workers are not different considering manufacturing and services industries.

Finally, focusing on old workers and medium-aged or young workers, we have to also apply NLLS
with respect to the delta parameter, because is never achieved for manufacturing industries as a
first approach where delta is considered to be fixed through the information from our data sources.
Even if values of ES are also greater in the ser vices industries than in the manufacturing industries,
corresponding confidence interval show that those differences are never significant at the 5 percent
level (Tables G3a and b in Appendix G).

To conclude, whatever the comparison groups under consideration (female vs. male workers;
workers younger than 30 vs. older workers; workers older than 49 vs. younger workers), the
degrees of complementarity within the comparison groups seem to be of the same order.

6.3 Robustness to analyzing non-linear effects of diversity through log-linear regressions

In this sub-section, as an alternative to rank-regressions by quartile of the share of the considered
category of working population, we consider the aforementioned method, namely log-linear
regressions by quartile.

As mentioned in Section 3, the non-linear method a a Chetty et al. (2014) can also be applied using
equation (10). However, the potential nonlinearity detected during these regressions may be
contingent on the chosen specification and therefore on the interpretation of the coefficient
(proportion, semi-elasticity, for instance). To reason in terms of semi-elasticity, the outcome
variable is considered as a logarithm. However, estimating the relationship between atypism (or
diversity) and company performance by taking the logarithm of productivity leads to the exclusion
of companies with zero productivity. Nevertheless, in spite of these elements, it can be worth
testing the robustness of our results (Section 5.2) to such approach. Corresponding graphs are

38 Nothing can be said in the case of firms employing more than 20 workers and considering full time employment
level because convergence is not achieved.
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displayed in Appendix H. For sake of brevity, we focus on the three main categories of workers,
on results obtained causal effects of diversity of the workforce on labor productivity for firms
employing 20 workers or more included in the overall non-farm and non-financial private business
sectors.

Considering the impact of workforce diversity in terms of gender (Graphs H1 in Appendix H), log-
linear regressions exhibit similar results as those provided by the rank-regressions, except that they
seem to be less precise. Indeed, the relation between diversity in terms of gender and labor
productivity is still strongly non-linear. In particular, firms should still be encouraged to increase
the proportion of female workers when they are in the first quartile, whereas they would instead be
inclined to reduce this proportion when it is high, ie. for firms from the third quartile.

Focusing on workforce diversity in terms of workers younger than 30 (Graphs H2 in Appendix H),
we get the same kind of results, confirming those provided by rank-regressions in Section 5.2. The
relation between the distribution of the share of young workers in the workforce and the logarithm
of firm labor productivity is also strongly non-linear and rather asymmetric, with productivity gains
from increasing the share of young workers for firms from the first quartile, and from decreasing
the corresponding share for firms from the third quartile. For firms of the first (resp. fourth quartile),
a gain of 1.39-2.85 (resp. 0.68-0.84) percent in the labor productivity is expected from an increase
(resp. a decrease) of 1 pct point the share of young workers in Q1 (resp. Q4).

Finally, things are still less clear-cut for diversity of the workforce in terms of old workers. Indeed,
even if the relation between the distribution of the workforce in terms of workers older than 49 and
the size of firm labor productivity gains is still non-linear, it is not of the same type as that for
female workers or young workers (Graphs H3 in Appendix H). It is also consistent with results
from rank-regressions discussed in Section 5.2.%

7. Conclusion

This article explores the links between diversity of firm’s workforce, in terms of gender or age
(considering young and old workers), and firm performance. A wide range of literature already
addresses this topic, both theoretically and empirically. However, the issue remains unresolved.
The impact of age and gender workforce diversity on firms’ growth and labor remains theoretically
and empirically inconclusive.

We consider two complementary approaches. The first focuses on the productive
complementarities of the populations under study (female and male workers; young and medium-
aged or old workers, seniors and other workers). It estimates substitution elasticities in pairs of
employed populations within the framework of Cobb Douglas type production functions where the
labor factor is a composite aggregate with constant elasticities between the factors of production
of the pairs considered. The second analyzes the effects of diversity in terms of women, young
people or older workers on labor productivity in companies, allowing these effects to be different
depending on the distribution of these criteria in companies and depending on the type of company

39 In particular, the effect of an increase in the rank of the proportion aged 50 and more remains positive, first rising
between Q1 and Q3 (an increase of 2.3 to 3.5 positions in firms’ productivity rankings), and then declining (to about
2 positions).
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(according to industries). To take account for the potential non-linear effects of gender or age
diversity, we consider an approach a la Chetty ef al. (2014), using an original instrument to cope
with reverse causality. For both approaches, we use tax and accounting databases of French firms,
with exhaustive coverage over 2009 to 2015 time period.

Several important results can be highlighted. The study carried out on the proportion of female,
young or old workers yields a set of converging findings. First, our elasticities of substitution reveal
partial complementarities within each pair of production factors considered. In the case of the
gender criterion (for example), where the participation of women and men to the labor market is
not equal, this implies, in particular, that increasing women's participation has a greater positive
impact on firm growth than an equivalent increase in male employment would. Furthermore, from
a macroeconomic modeling perspective within endogenous growth models, our results seem to
support distinguishing different employment categories within the composite employment
indicator, for example, by considering women and men. Second, the results provided by the
estimation a la Chetty (Chetty et al., 2014; Dahl and De Leir, 2008) that aims at analyzing the
relation between gender and age diversity and labor productivity show strong non linearities. On
the one hand a greater diversity (whatever the considered criterion under consideration: female,
young, old workers or interactions) is associated with higher labor productivity for the whole
economy. On the other hand, by instrumenting the share of the employed population under
consideration with the share of the same kind of employment category, but calculated at the same
4 digits level as the company in question (but excluding the latter), we provide evident for a non-
linear relation between diversity in terms of female or young workers (as well as for young female
workers) and its impact on labor productivity. In particular, for firms belonging to the first quartile
of the distribution based on the proportion of the employed population considered (women, young
people, or young women), an increase in the proportion of this population leads to an increase in
labor productivity. Similarly, a decrease in the proportion of the employed population considered
for firms belonging to the fourth quartile of the corresponding distribution leads to the same result.
Third, the results obtained across all companies with 20 or more employees in the private, non-
agricultural, and non-financial sectors are attributable to firms belonging to some industries. While
the associations between diversity in the workforce in terms of female, young or old workers are
shared by a large proportion of business industries, the effects on labor productivity obtained
through greater diversity in terms of female or young workers reflect what is measured in a small
number of activities: namely trade and accommodations, or transportations and communications
industries for female workers; trade and accommodations for workers younger than 30. In any case,
whether it concerns industries where the proportion of the population concerned (women or young
people) is either lower or higher than in all private, non-agricultural and non-financial business
sectors, companies in the industry concerned benefit from productivity gains by increasing
(respectively decreasing) the share of the population concerned if they are among the companies
that initially employ a small share (respectively a large share) of the population concerned. Even
in the case of senior workers or old female workers, where the profile of the relation between the
diversity considered and its effects on labor productivity is different, a relation of the same type as
that observed for female or young workers is detected in two particular business sectors:
transportation and communications on the one hand (workers aged 50 and over) and manufacturing
(women over 49).

Although we have used two complementary approaches to highlight regularities in the relations
between the gender, young and old workers diversity of the workforce and the firm’s labor
productivity, some limitations of the work carried out are worth noting. We use administrative data
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sources that are exhaustive and cover all firms with more than 20 workers in France. Even if the
high number of firms allows us to highlight accurate effects, the variables in our databases do not
allow us to control for all of the determinants of labor productivity and in particular those related
to gender and age diversity in the workforce. In particular, these data do not provide information
on the organization of work in a company; they do not provide information about the size and
composition by gender and age at the work team level. It is clear that the gender / age distribution
of work groups within the company can play a role in the relation between the diversity in terms
of female, young or old workers and labor productivity.

More generally, we are not in a position to interpret the individual, organizational or contextual
causes of the relation we have been able to identify. Several mechanisms are proposed by the
theoretical and applied literature on the links between female, or young / old workers diversity and
firm labor productivity, and our data do not enable us to identify the nature of the mechanisms at
work. For example, experimental studies indicate that men are more individualistic and value
competitive contexts more, which is a potential key to interpreting the links between the proportion
of women in teams, their decisions, and their performance (Azmat and Petrongolo, 2014), although
this cannot be confirmed here.

Nevertheless, it seems to us that this study produces sufficiently robust findings to inspire public
policy actions in favor of (a greater) female, young or old workers diversity. It indicates that actions
in favor of professional equality and gender or young worker diversity in firms do not only respond
to the ethical issues of compliance with the principle of equality. The performance of some
companies can be greatly improved by actions that promote diversity of the workforce in terms of
gender or age. Moreover, we show that the most effective action in this area is probably not a
general and uniform action for all companies, but an action targeted at a some companies from a
small number of industries that can be identified precisely.
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Appendix A. Workforce composition of firms included in samples under study.

Table Al. Descriptive statistics at the company level. Balanced panel.

Variable Mean Standard
deviation
Labor productivity (€, thousands): 63,357 458,172
Total business workforce (number of workers): 130.3 1,010.3
Labor force composition (percent of business workforce):
Proportion of female workers 36.67 26.64
Proportion of workers younger than 30 26.14 16.88
Proportion of female younger than 30 10.48 12.29
Proportion of workers older than 49 22.20 12.42
Proportion of female older than 49 7.58 8.17
Other features of firm workforce (percent of business workforce):
Proportion of blue-collar workers 39.29 33.25
Proportion of employees 29.02 30.08
Proportion of intermediate workers 16.90 16.24
Proportion of executives 13.77 19.17
Proportion of full-time workers 83.50 19.73
Firm class size (percent of businesses):
20<=workforce size<50 55.21 49.73
50<=workforce size <100 23.04 42.11
100<=workforce size <250 13.70 34.39
250<=workforce size <500 4.56 20.87
500<=workforce size <1000 2.01 14.04
1000<=workforce size <2000 0.87 9.29
2000<=workforce size <5000 0.43 6.54
Workforce size >=5000 0.17 4.13
Proportion of the business workforce, by region (percent of the company’s
workforce):
11-Paris region 21.43 39.04
24-Centre-Val de Loire 3.96 18.45
27-Burgandy 4.49 19.84
28-Normandy 5.21 21.17
32-Hauts-de-France 8.39 26.61
44-Grand Est 8.37 26.72
52-Pays de la Loire 6.71 23.82
53-Brittany 5.02 20.99
75-Nouvelle-Aquitaine 8.54 26.80
76-Occitanie 7.38 24.88
84-Auvergne-Rhone-Alpes 13.60 32.83
93-Provence-Alpes-Cote d'Azur 6.42 23.23
94-Corsica 0.47 6.77
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Table Al. Descriptive statistics at the company level. Balanced panel (continued).

Variable Mean Standard deviation
Business’ age (years): 26.8 18.95
Other activity indicators of the business:
Turnover (€, thousands) 35,815 294,125
Value added (€, thousands) 9,560 103,919
Capital intensity ratio (€ per head, thousands) 92,778 560,008
Proportion of wages in value added (percent) 78.664 5.54
Business sectors (percent of firm):
A-AA-Agriculture, hunting, forestry - -
B-BA-Fishing and aquaculture - -
C-Extraction industries
CA-Extraction of energy products 0.01 0.95
CB-Extraction of non-energy products 0.37 6.08
D-Manufacturing industries
DA-Agriculture and food industries 3.71 18.91
DB- Textile and clothing industries 1.54 12.30
DC-Leather sector and footwear industries 0.26 5.07
DD-Manufacture of wood, and wood products 0.75 8.61
DE-Pulp, paper products; publishing and printing 2.57 15.83
DF-Coking, refined petroleum, and nuclear fuel 0.04 1.93
DG-Chemical and pharmaceutical industries 1.37 11.64
DH-Rubber and plastic industries 1.67 12.83
DI-Manufacturing of other non-metallic mineral products 0.92 9.51
DJ-Metallurgy and manufacture of metal products 4.80 21.37
DK-Manufacturing of machinery and equipment 3.48 18.33
DL-Manufacturing of electrical and electronic goods 1.62 12.64
DM-Transportation equipment manufacturing 1.08 10.36
DN-Other manufacturing industries 0.69 8.28
EA-Electricity, gas, and water supply 0.19 4.34
FA-Construction 11.97 32.47
GA-Wholesale and retail trade, repair of personal and household goods 22.58 41.81
HA-Hotels and restaurants 5.60 22.99
IA-Transportation and communications 8.07 27.23
JA-Financial industries - -
KA-Real estate, renting and business activities 17.19 37.73
LA-Public administrations - -
MA-Education 0.98 9.87
NA-Health and social work 5.36 22.52
OA-Community, social and personal services 3.17 17.51

PA-Activities of housholds
QA-Activities of non-governmental organizations

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the private non-

farm and non-financial industries.
Notes: figures correspond to average shares of the overall workforce.
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Table A2. Firm workforce composition by industry. Balanced panel.

Workforce population
\ Industry (number of
workers)

Female Old Young female Old female
Young workers
workers workers workers workers

Overall economy

(56,269 firms) 36.68 26.14 22.20 10.49 758

Manufacturing

(13,460 firms) 28.82 18.51 26.93 5.05 8.05

Construction (6,572

9.54 27.04 22.70 2.06 2.16
firms)

Trade, hotels and
restaurants (15,285 43.71 36.10 17.29 17.40 6.65

firms)

Transport and
telecommunications 18.41 16.98 28.38 4.02 4.05
(4,420 firms)

Real estate, rental,
and business services 48.50 25.01 19.72 12.18 9.71
(9,272 firms)

Education, health, and
social assistance 64.97 26.06 23.20 17.75 15.11
(5,250 firms)

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the private non-farm
and non-financial industries.

Notes: figures correspond to average shares of the overall workforce.
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Table A3. Firm workforce composition by industry. Unbalanced panel.

Workforce population \ Female Young Old Young female  Old female
Industry (number of workers) workers workers workers workers workers
Overall economy (124,295 36.97 28.50 20.66 11.34 7.24
firms)

Manufacturing (24,998 29.00 20.45 26.19 5.78 7.79
firms)

Construction (15,516 firms) 9.70 29.64 20.72 2.34 2.07
Trade, hO.tels and restaurants 4378 37.90 16.21 18.06 6.38
(33,435 firms)

Transport and

telecommunications (9,373 18.49 19.61 26.04 4.46 3.89
firms)

Real estate, rental, and

business services (24,033 45.13 27.68 17.78 12.59 8.24
firms)

Education, health, and social

assistance (13,286 firms) 65.00 27.06 22.83 18.31 14.91

Sources: DADS (Insee) and FARE (Insee).

Scope: 124,295 firms employing 20 workers or more over, perennial or not over 2009-2016 and coming from the
private non-farm and non-financial industries.

Notes: figures correspond to average shares of the overall workforce.
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Appendix B. Average number of workers and corresponding hours of work for the target
population over 2009-2015 and for the overall economy.

Table B1. Estimation of the elasticity of substitutions between female and male workers. Descriptive
statistics: average number of workers and corresponding hours of work over 2009-2015 for the overall
economy.

(2) Year-end ~ (3)Ful (4 Full time
- . workforce time equivalent
Statistics / Kind of employment (1) Year-end . ) . workforce.
Firms equivalent .
and sample workforce. All firms . Firms
employing 20  workforce. emplovine 20
workers or more  All firms PlOyIg
workers or more
Number of female workers (1) 7185449,1 4546529,13 4656222,9 3152067,91
Number of male workers (2) 10662034,2 6568631,85 77069172 5079379,76
Ratio of (1) to (2): T/N 0,673928536 0,6921577 0,60416153  0,620561576
Monthly hours of work of female
workers (3) 102,7137495 108,206804  158,507106  156,0770294
Monthly hours of work of male
workers (4) 117,4804799 124,354696 162,52684  160,8149555
Ratio of (3) to (4): & parameter 0,874304817 0,87014651  0,97526726  0,970538026

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).
Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the private
non-farm and non-financial industries.

Table B2. Estimation of the elasticity of substitutions between young and medium aged-old workers.
Descriptive statistics: average number of workers and corresponding hours of work over 2009-2015 for the
overall economy.

() Year-end  (3)Full time (¥ Full time
. . (1) Year-end . . equivalent
Statistics / Kind of employment workforce. Firms equivalent .
workforce. All . workforce. Firms
and sample f employing 20 workforce. .
irms employing 20
workers or more All firms
workers or more
Number of young workers (1) 4971109,8 2689037,03 2735858,4 1567064,57
Number of medium-aged
workers (2) 12876373,8 8426123,95 9627281,7 6664383,1
Ratio of (1) to (2): T/N 0,386064421 0,31913096 0,28417766 0,23514023
Monthly hours of work of young
workers (3) 88,1969265 91,7520355 160,255586 157,443822
Monthly hours of work of
medium aged-old workers (4) 120,5454863 126,04621 161,228141 159,366738
Ratio of (3) to (4): & parameter 0,731648519 0,72792379 0,99396783 0,98793402

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).
Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the private

non-farm and non-financial industries.
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Table B3. Estimation of the elasticity of substitutions between old and young-medium aged workers.
Descriptive statistics: average number of workers and corresponding hours of work over 2009-2015 for the

overall economy.

(2) Year-end (3) Full time ) F}Jll time
. . (1) Year-end . . equivalent
Statistics / Kind of employment workforce. Firms  equivalent .
workforce. All . workforce. Firms
and sample i employing 20 workforce. )
rms employing 20
workers or more All firms
workers or more
Number of old workers (1) 3948090,9 2658601,85 2998684,5 2135146,08
Number of young-medium aged
workers (2) 13899390 8456559,44 9364455,6 6096301,59
Ratio of (1) to (2): T/N 0,284047782 0,31438339 0,32021984 0,35023629
Monthly hours of work of old
workers (3) 122,4621278 127,896182 161,234563 159,251393
Monthly hours of work of
young-medium aged workers (4) 108,431625 114,559665 160,941949 158,912847
Ratio of (3) to (4): & parameter 1,129394933 1,11641546 1,00181814 1,00213039

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the private non-

farm and non-financial industries.

Table B4. Estimation of the elasticity of substitutions between young female workers and other female workers
or male workers. Descriptive statistics: average number of workers and corresponding hours of work over

2009-2015 for the overall economy.

(4) Full time
i . equivalent
. . (1) Year-end (2) Year eI.ld 3) F.u Il time workforce.
Statistics / Kind of employment and workforce. Firms equivalent .
workforce. All ) Firms
sample employing 20 workforce. .
firms employing
workers or more All firms
20 workers
or more
Number of young female workers
(1 2070044,7 1177304,67 1045880,4 631966
Number of other female workers or
male workers (2) 15777438.,9 9937856,62 11317259,7  7599481,67
Ratio of (1) to (2): T/N 0,131202834 0,11846666 0,09241463  0,08315909
Monthly hours of work of young
female workers (3) 79,8993451 83,3640644 158,139703  155,300919
Monthly hours of work of other
female workers or male workers (4) 115,6860845 121,823124 161,27845  159,308329
Ratio of (3) to (4): & parameter 0,69065649 0,68430411 0,98053834  0,97484494

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the private non-

farm and non-financial industries.
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Table BS5. Estimation of the elasticity of substitutions between old female workers and other female workers or
male workers. Descriptive statistics: average number of workers and corresponding hours of work over 2009-

2015 for the overall economy.

(4) Full
(2) Year-end time
workforce. equivalent
. . (1) Year-end Firms w?)rkforce.
Statistics / Kind of employment and sample workforce. . .
All firms employing F1rm§
20 workers employing
or more 20 workers
or more
Number of old female workers (1) 1567820,7 1058033,1 807641,14
Number of other female workers or male workers (2) | 16279662,9 10057127,88 112392273 7423806,53
Ratio of (1) to (2): T/N 0,096305477 0,10520231 0,09999912 0,1087907
Monthly hours of work of old female workers (3) 113,4892809 118,81005 158,313717 155,644596
Monthly hours of work of other female workers or
male workers (4) 111,347177 117,638023 161,282841 159,365771
Ratio of (3) to (4): & parameter 1,019238062 1,00996299 0,98159058 0,9766501

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the private non-

farm and non-financial industries.
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Appendix C. Estimation of the share of the given share of workers: female, young, old or young

/ old female workers. Full specifications.

Table C1. First step. Estimation of the share of the given share of workers: female, young, old workers and young or

old female workers. Sample: balanced panel.

Explanatory variable / Explained variable. Female Young Old Young female Old female
Average share of: workers workers workers workers workers
Firms characteristics. Activity indicators
(average lagged values)
Business’ age (years) 0.001***  -0.001***  (0.00]*** -0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)
Capital intensity -2.58e-06%*  -0.001***  0.001*** -7.29e-06*** 6.27e-06%**
(0.031) (0.000) (0.000) (0.000) (0.000)
Share of wages in value added -0.001 0.001 -0.001 -0.001 -0.001
(0.245) (0.734) (0.682) (0.469) (0.435)
Features of firm workforce (percent of
business workforce). Average (lagged) shares
of:
Blue collar workers -0.405%**  .Q0217***  (.153%** -0.238*** 0.0071***
(0.000) (0.000) (0.000) (0.000) (0.403)
Intermediate workers -0.200%**  -0.170%**  (0.081*** -0.157%** 0.006**
(0.000) (0.000) (0.000) (0.000) (0.021)
Executives -0.281%**  .0.193%**  (.037*** -0.170%** -0.042%**
(0.000) (0.000) (0.000) (0.000) (0.000)
Full-time workers -0.414%*%*  .0.100%** -0.065***  -0.166%** -0.107%**
(0.000) (0.000) (0.000) (0.000) (0.000)
Workers older than 49 0.030%** - - - -
(0.000) - - - -
Female workers - -0.029%**  (0.012%** - -
- (0.000) (0.000) - -
Firm size dummies
Between 20 and 49 workers Ref. Ref. Ref. Ref. Ref.
Between 50 and 99 workers 0.004** 0.008***  -0.008*** 0.007%** -0.002***
(0.014) (0.000) (0.000) (0.000) (0.001)
Between 100 and 249 workers 0.012%*** -0.002 -0.008*** 0.006*** -0.001
(0.000) (0.127) (0.000) (0.000) (0.871)
Between 250 and 499 workers 0.017%** -0.003 -0.010%** 0.010%** -0.001
(0.000) (0.147) (0.000) (0.000) (0.286)
Between 500 and 999 workers 0.018*** 0.001 -0.015%** 0.014%** -0.004**
(0.000) (0.917) (0.000) (0.000) (0.037)
Between 1000 and 1999 workers 0.005 -0.001 -0.014%** 0.010%*** -0.006**
(0.558) (0.983) (0.003) (0.000) (0.032)
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Between 2000 and 4999 workers

Greater than or equal to 5000 workers

Business sector dummies:
Extraction industries:

CA-Extraction of energy products

CB-Extraction of non-energy products

Manufacturing industries:

DA-Agriculture and food industries

DB- Textile and clothing industries

DC-Leather sector and footwear industries

DD-Manufacture of wood, and wood
products

DE-Pulp, paper products; publishing and
printing

DF-Coking, refined petroleum, and nuclear

fuel

DG-Chemical and pharmaceutical industries

DH-Rubber and plastic industries

DI-Manufacturing of other non-metallic
mineral products

DJ-Metallurgy and manufacture of metal
products

DK-Manufacturing of machinery and
equipment

DL-Manufacturing of electrical and
electronic goods

DM-Transportation equipment
manufacturing
FA-Construction

GA-Wholesale and retail trade, repair of
personal and household goods

-0.010
(0.300)

0.018
(0.216)

-0.088%*
(0.041)
-0.084%%%*
(0.000)

0.15 %%
(0.000)

0.226%%*
(0.000)

0.433%%*
(0.000)

-0.045%%*
(0.000)

0.079%+*
(0.000)

-0.042%*
(0.012)
0.124%%%
(0.000)
0.066%**
(0.000)

-0.035%%*
(0.000)

-0.054%%%*
(0.000)

20,107
(0.000)

0.076%**
(0.000)

-0.015%*
(0.022)

0.110%**
(0.000)

Ref.
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-0.004
(0.673)

0.016
(0.243)

0.005
(0.924)
-0.040%**
(0.000)

0.040%+*
(0.000)

-0.062%**
(0.000)

-0.043 %
(0.000)

-0.012%*
(0.033)

-0.059%*
(0.000)

-0.059%*
(0.001)

-0.032%*
(0.000)
-0.044 %%
(0.000)
-0.047%%*
(0.000)

-0.033%**
(0.000)

0.018%**
(0.000)

-0.047%%%
(0.000)

-0.035%**
(0.000)

0.061 %%
(0.000)

Ref.

-0.009
(0.191)

0.019*
(0.084)

0.177
(0.158)
0.049%+
(0.000)

-0.018%*
(0.000)

0.092%**
(0.000)

0.099%%**
(0.000)

0.013%*
(0.023)

0.03 1%+
(0.000)

0.057%%*
(0.005)

0.012%%%
(0.004)
0.007*
(0.052)

0.030%**
(0.000)

0.03 1%
(0.000)

0.037%%*
(0.000)

0.049%%*
(0.000)

0.022%%%
(0.000)

-0.022%%*
(0.000)

Ref.

0.006
(0.243)

0.013*
(0.060)

0.012
(0.658)
0.001
(0.486)

0.065%**
(0.000)

0.025%%*
(0.000)

0.074%%*
(0.000)

0.003*
(0.056)

0.003*
(0.074)

-0.012
(0.248)

0.033%%%
(0.000)
0.01 1+
(0.000)

0.003
(0.184)
-0.001
(0.490)

-0.016%**
(0.000)

-0.006%**
(0.001)

0.001
(0.846)

0.001
(0.131)

Ref.

-0.007**
(0.067)

0.007
(0.246)

-0.020
(0.327)
-0.031%%*
(0.000)

0.023%%
(0.000)

0.113%%*
(0.000)

0.163%**
(0.000)

-0.014%%*
(0.000)

0.03 1%+
(0.000)

-0.004
(0.708)

0.022%%%
(0.000)
0.020%*
(0.000)
-0.009%**
(0.003)

-0.015%%*
(0.000)

20,023
(0.000)

0.049%%*
(0.000)

-0.002
(0.477)

20,041 %%
(0.000)

Ref.



HA-Hotels and restaurants L0.134%%% L0 214%FF 0. 085%FF  0.071*FF  _0.062%**
(0.000)  (0.000)  (0.000) (0.000) (0.000)
IA-Transportation and communications “0.057% - -0.050%=% 0.030% 0.003* -0.030%
p (0.000)  (0.000)  (0.000) (0.019) (0.000)
KA-Real estate, renting and business 0.097***  -0.016%** -0.002 0.008%** 0.029%**
activities (0.000)  (0.000)  (0.162) (0.000) (0.000)
MA-Educat 0.047%%% 0. 108%F*  0.059%%*%  _0.051***  (.039%**
- ucation
(0.000)  (0.000)  (0.000) (0.000) (0.000)
. 02385 _0.090%H*  (,077%% 0.003 0.112%%
A-Health 1 work
NA-Health and social wor (0.000)  (0.000)  (0.000) (0.210) (0.000)
OA-Community, social and personal 0.010%* 0.015%**  -0.025%*** 0.020%** -0.001
services (0.041)  (0.000)  (0.000) (0.000) (0.843)
Region (percent of employed workforce):
| L-Paris resion 0.004 0.006  -0.008 0.002 0.002
& 0.694)  (0.470)  (0.170) (0.730) (0.614)
. 0.024%* 0002  -0.006 0.004 0.009%*
24-Centre-Val de Loire (0.022) 0.776)  (0.323) (0.345) (0.019)
7 Bureand 0.025%* 0.002 -0.009 0.004 0.009%*
gandy 0.017)  (0.834)  (0.163) (0.365) (0.015)
0.016 0.003  -0.015%* 0.006 0.001
28-Normandy (0.138) (0.685)  (0.018) (0.178) (0.717)
-0.017 0.009  -0.031%%* 0.004 20.013%#*
32-Hauts-de-France 0.104)  (0227)  (0.000) (0.447) (0.000)
0.011 0.002  -0.012%* 0.002 0.002
44-Grand Est 0288)  (0.814)  (0.041)  (0.607) (0.560)
53-Pavs de la Loire 0.004 0.017%%  -0.038%%* 0.007 -0.008**
y (0.680)  (0.031)  (0.000) (0.148) (0.023)
S3-Brittan 0.003 0.001  -0.028%%* 0.001 -0.004
y 0.769)  (0.919)  (0.000) (0.805) (0.307)
75 Nouvelle-Aduitaine 0.010 -0.008  -0.013%* -0.001 0.001
d (0.325)  (0.304)  (0.035) (0.774) (0.674)
T 6-Occitanic -0.014 0.003  -0.022%%*% 0005 -0.008**
(0.180)  (0.706)  (0.000) (0.322) (0.027)
) 0.007 0.009  -0.023%%* 0.003 -0.002
84-Auvergne-Rhone-Alpes 0471)  (0236)  (0.000) (0.455) (0.665)
o -0.001 0.009  -0.006 -0.004 0.003
93-Provence-Alpes-Cote d'Azur 0.970)  (0267)  (0.335) (0.382) (0.464)
94-Corsica Ref. Ref. Ref. Ref. Ref.
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Intercept 0.903 0.526 0.169 0.384 0.149
(0.000) (0.000) (0.000) (0.000) (0.000)

R2 0.619 0.439 0.279 0.608 0.365

Number of observations 56,256 56,256 56.256 56,256 56,256

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the non-farm

and non-financial industries.

Notes: figures correspond estimated coefficients through OLS applied to equation (9) using time averages of
considered variables over 2009-2015 for the balanced panel. Robust standard errors within parentheses.
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Table C2. First step. Estimation of the share of the given share of workers: female, young, old workers and young or

old female workers. Sample: unbalanced panel.

Explanatory variable / Explained variable. Female Young Old Young Old female
Average share of: workers workers workers female workers
workers
Firm characteristics. Activity indicators
(average lagged values):
Business’ age (years) 0.001***  -0.001***  0.001*** -0.001*** 0.001***
(0.000) (0.000) (0.000) (0.000) (0.000)
Capital intensity -1.40e-08  -8.56e-07 1.39e-06* -3.30e-07 4.90e-07
(0.803) (0.291) 0.077) (0.3306) 0.111)
Share of wages in value added 0.001 -0.001 7.74e-06  -5.03e-06 6.76¢e-06
(0.350) (0.135) (0.205) (0.412) (0.192)
Features of firm workforce (percent of
business workforce). Average (lagged) shares
of:
Blue collar workers -0.372%%%  .(0.195%**%  (.142%** (. 22]%** 0.001
(0.000) (0.000) (0.000) (0.000) (0.490)
Intermediate workers -0.182%** Q. 157***  (0.076%**  -(0.148%** 0.007%**
(0.000) (0.000) (0.000) (0.000) (0.002)
Executives -0.243%%*%  _0.176%**  (0.035%**  -(.159%*** -0.034%**
(0.000) (0.000) (0.000) (0.000) (0.000)
Full-time workers -0.378***  .0.067*** -0.073*** -(0.140%** -0.108%**
(0.000) (0.000) (0.000) (0.000) (0.000)
Workers older than 49 0.045%** - - - -
(0.000) - - - -
Female workers - -0.016%**  (0.013*** - -
- (0.000) (0.000) - -
Firm size dummies:
Between 20 and 49 workers Ref. Ref. Ref. Ref. Ref.
Between 50 and 99 workers 0.008*** -0.001 -0.001 0.006%** 0.001
(0.014) (0.692) (0.398) (0.000) (0.873)
Between 100 and 249 workers 0.013%**  -0.015%** 0.001 0.003%** 0.003%**
(0.000) (0.000) (0.514) (0.002) (0.000)
Between 250 and 499 workers 0.019***  -0.016*** -0.001 0.008%*** 0.001
(0.000) (0.000) (0.771) (0.000) (0.359)
Between 500 and 999 workers 0.018***  _0.010%** -0.007***  (.013%** -0.001
(0.000) (0.004) (0.009) (0.000) (0.453)
Between 1000 and 1999 workers 0.008 -0.007 -0.006 0.010%** -0.003
(0.248) (0.168) (0.172) (0.007) (0.237)

Business sector dummies:
Extraction industries:
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CA-Extraction of energy products

CB-Extraction of non-energy products

Manufacturing industries:

DA-Agriculture and food industries

DB- Textile and clothing industries

DC-Leather sector and footwear industries

DD-Manufacture of wood, and wood
products

DE-Pulp, paper products; publishing and
printing

DF-Coking, refined petroleum, and nuclear
fuel

DG-Chemical and pharmaceutical industries

DH-Rubber and plastic industries
DI-Manufacturing of other non-metallic
mineral products

DJ-Metallurgy and manufacture of metal
products

DK-Manufacturing of machinery and
equipment

DL-Manufacturing of electrical and
electronic goods

DM-Transportation equipment
manufacturing

DN-Other manufacturing industries
EA-Electricity, gas, and water supply

FA-Construction

GA-Wholesale and retail trade, repair of
personal and household goods

HA-Hotels and restaurants

-0.099%*
(0.013)

L0.117%%*
(0.000)

0.121%%*
(0.000)

0.193%*x
(0.000)

0.407% %%
(0.000)

-0.049%*
(0.019)
0.096%**
(0.000)
-0.042%*
(0.012)
0.124%%%
(0.000)
0.036%**
(0.000)
-0.061%%*
(0.000)
-0.090%%**
(0.000)
-0.138%%*
(0.000)
0.046%+*
(0.000)
-0.052%%*
(0.000)
0.165%**
(0.000)
-0.101%%*
(0.000)

20,1424
(0.000)

Ref.

-0.10]#**
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-0.054
(0.149)

-0.065%**
(0.000)

0.043%%*
(0.000)

-0.084 %%
(0.000)

-0.061#**
(0.000)
-0.015%**
(0.002)
-0.068%*
(0.000)
-0.082% %%
(0.000)
-0.044 %%
(0.000)
-0.059%
(0.000)
-0.063%**
(0.000)
-0.045%%
(0.000)

~0.028%**
(0.000)
-0.061%%*
(0.000)
-0.046%%*
(0.000)
-0.039%**
(0.000)
-0.038%**
(0.000)

0.051 %%
(0.000)

Ref.

-0.207***

0.208%*
(0.038)

0.067%%*
(0.000)

-0.015%%*
(0.000)

0.104%%%
(0.000)

0.110%**
(0.000)
0.019%**
(0.000)
0.031%%*
(0.000)
0.070%**
(0.000)
0.019%*
(0.000)
0.013%%*
(0.000)
0.039%
(0.000)
0.0397*
(0.000)

0.041%%*
(0.000)
0.057%%*
(0.000)
0.027%%*
(0.000)
0.029%%*
(0.000)
0.039%%*
(0.002)

-0.018%**
(0.000)

Ref.

-0.083#**

-0.022
(0.195)

-0.018%#*
(0.000)

0.057%%*
(0.000)

0.009%**
(0.000)

0.065%**
(0.000)
-0.014%%*
(0.000)
-0.008%*
(0.000)
-0.027%%
(0.002)
0.02 1%
(0.000)
-0.006%*
(0.000)
-0.014%%*
(0.000)
-0.019%*
(0.000)

L0.032%%*
(0.000)
L0.020%%*
(0.000)
L0.017%%*
(0.000)
0.023%**
(0.000)
L0.028%**
(0.000)

-0.019%**
(0.000)

Ref.

0.069***

-0.001
(0.936)

-0.030%**
(0.000)

0.020%%*
(0.000)

0.112%%%
(0.000)

0.164%%%
(0.000)
-0.017%**
(0.000)
0.027%%%
(0.000)
-0.002
(0.815)
0.019%**
(0.000)
0.018%**
(0.000)
-0.009%**
(0.001)
-0.017%%*
(0.000)

L0.027%%*
(0.000)
0.047%%*
(0.000)
~0.007%%*
(0.003)
0.055%%*
(0.000)
L0.017%%*
(0.000)

L0.041%%*
(0.000)

Ref.

-0.052%**



(0.000)  (0.000)  (0.000)  (0.000) (0.000)
IA-Transportation and communications -0.084%% —0.057%%%  0.031***  -0.014** -0.028
p (0.000)  (0.000)  (0.000)  (0.019) (0.000)
KA-Real estate, renting and business 0.068***  -0.019%** -0.004*** -0.001 0.022%***
activities (0.000)  (0.000)  (0.002)  (0.761) (0.000)
MA-Education 0.074%%% L0 104%FF  (.0520%%  _0.040%** (0415
(0.000)  (0.000)  (0.000)  (0.000) (0.000)
. 0.243%F%  _0088%F*  (.073%FF  0.007FFF  (.113%%
NA-Health and social work 0.000)  (0.000)  (0.000)  (0.000) (0.000)
OA-Community, social and personal 0.026***  0.006%**  -0.016%** 0.019%** 0.001
services (0.000)  (0.000)  (0.000)  (0.000) (0.758)
Region (percent of employed workforce):
| L-Paris resion -0.001 0.003  -0.012%*  0.001 -0.004
& 0.198)  (0.647)  (0.016)  (0.758) (0.350)
. 0.019%* -0.001 -0.007 0.004 0.006%*
24-Centre-Val de Loire 0.022)  (0921)  (0.160)  (0.350) (0.038)
7 Bureand 0.021%%* 0,002 -0.005 0.002 0.009%**
gandy 0.010)  (0.777)  (0.361)  (0.586) (0.002)
28 Normand 0.012 0.004  -0.014%**  0.005 0.001
Y (0.149)  (0.535)  (0.010)  (0.208) (0.725)
3 Hautsde-France L0.022%%%  0.008  -0.028*** 0,001 20,012+
(0.005)  (0.176)  (0.000)  (0.748) (0.000)
0.004 0.002  -0.011**  0.001 0.002
44-Grand Est (0.574) 0.710)  (0.036)  (0.873) (0.506)
53-Pavs de la Loire 0.005  0.018%** _0.037%*  0.007* 20,008+
y (0.516)  (0.005)  (0.000)  (0.068) (0.006)
S3-Brittan -0.001 0.002  -0.024%F*  _0.001 -0.003
y (0.946)  (0.694)  (0.000)  (0.700) (0.280)
. 0.005 20.009  -0.010%*  -0.002 0.001
75-Nouvelle-Aquitaine (0.514) (0.133)  (0.044)  (0.587) (0.848)
T 6-Occitanic -0.012 0.004  -0.019%%*% 0005 -0.007%*
(0.142)  (0.497)  (0.000)  (0.186) (0.016)
) 0.003 0.011%  -0.023***  0.003 -0.003
84-Auvergne-Rhone-Alpes 0.692)  (0.083)  (0.000)  (0.342) (0.345)
o -0.006 -0.008 -0.006 -0.005 0.001
93-Provence-Alpes-Cote d'Azur 0.183)  (0.193)  (0.235)  (0.226) (0.628)
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94-Corsica Ref. Ref. Ref. Ref. Ref.
Intercept 0.863 0.498 0.170 0.364 0.147
(0.000) (0.000) (0.000) (0.000) (0.000)
R2 0.576 0.381 0.264 0.520 0.348
Number of observations 89,329 89,329 89,329 86,329 56,256

Sources: DADS (Insee) and FARE (Insee).
Scope: 124,295 firms employing 20 workers or more over, perennial or not over 2009-2016 and coming from the non-
farm and non-financial industries.
Notes: figures correspond estimated coefficients through OLS applied to equation (9) using time averages of
considered variables over 2009-2015 for the balanced panel. Robust standard errors within parentheses.

Appendix D1. Association between the proportion of given population of workers and labor
productivity: OLS rank-regression by quartile of female and young female workers.

Table D. Association between the proportion of given population of workers and labor productivity. OLS rank-
regression by quartile of female or young workers.

Average share of female workers

Average share of young workers

First quartile

Second
quartile

Third
quartile

Fourth
quartile

First quartile

Second
quartile

Third
quartile

Fourth
quartile

Rank quartile of the
share of the given
employed population
(female or young
workers)

Firm characteristics.

Activity indicators
(average lagged
values):

Business’ age
(years)

Firm size dummies
Between 20 and 49
workers

Between 50 and 99
workers

Between 100 and
249 workers

0,327
(0.000)

(0.000)

Ref.

-1,307.0%**
(0.000)
387.3
(0.320)

-0.096%+*
(0.001)

65.8%**
(0.000)

Ref.

-131.1
(0.625)
1,430.5%%%
(0.000)

0.025
(0.405)

(0.000)

Ref.

-305.5
(0.312)
2,580, 7%
(0.000)
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-0.163%**
(0.000)

140.1%%*
(0.000)

Ref.

-2,520.6%%*
(0.000)
-1,813.2%%%
(0.004)

0.244%%%
(0.000)

142, 3%
(0.000)

Ref.

-538.4
(0.113)
5282
(0.269)

-0.039
(0.189)

101.7%%*
(0.000)

Ref.

-1280.8%**
(0.000)
987.5%%x
(0.008)

-0.075%**
(0.000)

(0.000)

Ref.

2909, 7%
(0.002)
1,043.9%%*
(0.002)

-0.264%%%
(0.000)

(0.000)

Ref.

-826.4%%%
(0.003)
398.0
(0.297)



Between 250 and
499 workers

Between 500 and
999 workers

Between 1000 and
1999 workers

Between 2000 and
4999 workers

Greater than or
equal to 5000
workers

Business sector
dummies

Extraction industries:

CA-Extraction of
energy products

CB-Extraction of
non-energy products

Manufacturing
industries:

DA-Agriculture
and food industries

DB- Textile and
clothing industries

DC-Leather sector
and footwear
industries

DD-Manufacture
of wood, and wood
products

DE-Pulp, paper
products; publishing
and printing

1,715.2%%%
(0.006)
2,493 2%%%
(0.002)
3,845.1%%%
(0.001)
883.5
(0.604)

-617.9
(0.872)

24,346.1 %+
(0.000)

5,809.3
(0.283)

5,257.8%%x
(0.000)

7723
(0.299)

1,348.5
(0.489)

-1,112.3
(0.476)

9,685.6%**
(0.000)

2,680.8%%*
(0.000)
5,668.9%#*
(0.000)
4,037.9%%x
(0.002)
8,627 5%+
(0.000)

9,050.8%**
(0.000)

17,886.5%%*
(0.000)

16,486.3%**
(0.000)

1,571.9%
(0.084)

-4,122.7%*
(0.012)

-7,427.9%
(0.064)

-1,198.6
(0.218)

4,894 4%
(0.000)

3,719.9%%x
(0.000)
4,276.9%%*
(0.000)
5,347 g
(0.000)
3,957.6%*
(0.039)

9,556.9%%%
(0.000)

30,582.8%#*
(0.000)

20,975.7%%*
(0.000)

1,300.3*
(0.099)

3,173 4%
(0.038)

-5,877.9
(0.121)

3,169.0%*
(0.044)

5,349 3%%%
(0.000)
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-351.9
(0.590)
-1,068.7
(0.268)

-4,352. 7%
(0.008)
4.302.7*
(0.057)

-8,360.1%%*
(0.009)

31,361 1%
(0.000)

14,577.1%%%
(0.000)

1,292.3%*
(0.043)

-7,073.9%%x
(0.000)

-9,037.8%**
(0.000)

-5,871.6%%*
(0.000)

158.8
(0.834)

121.9
(0.888)
3,024 7%
(0.008)
2,276.7
(0.249)
189.3
(0.948)

-6,658.1
(0.202)

23,126.9%**
(0.000)

7,733.6%*
(0.028)

-323.8
(0.650)

-10,864. 7%
(0.000)

-13,480.4%%%
(0.000)

-6,858 8%
(0.000)

6.5
(0.994)

2,985.5%%%
(0.000)
4,365.6%%*
(0.000)
4,502.9%%*
(0.000)
7,417,655
(0.002)

2,561.0
(0.524)

16,797.5%**
(0.000)

3,872.9%%%
(0.000)

-6,001 5%
(0.000)

-9,173.6%**
(0.000)

-3,136.0%*
(0.012)

2,908.0%++
(0.000)

3,044 3#
(0.000)
4,668.6%**
(0.000)
3,693.3%%x
(0.006)
6,017.2%%*
(0.000)

8,304.9%++
(0.000)

24,899.06%**
(0.000)

20,473.6%%*
(0.000)

3,299, 5%
(0.000)

-1,129.9
(0.288)

-5,097.2%*
(0.015)

2,340.3*
(0.087)

6,602.3%%%
(0.000)

240.7
(0.708)
-979.4
(0.305)
49.6
(0.977)
2,432.9
(0.301)

3,035.2
(0.157)

31,646.6%**
(0.000)

17,260.6%%*
(0.000)

-4,036.6%**
(0.000)

4,015 4%%%
(0.000)

-1,583.2
(0.515)

2,803.6%*
(0.037)

10,891.9%%**
(0.000)



DF-Coking, refined
petroleum, and
nuclear fuel

DG-Chemical and
pharmaceutical
industries

DH-Rubber and
plastic industries

DI-Manufacturing
of other non-metallic
mineral products

DJ-Metallurgy and
manufacture of metal
products

DK-Manufacturing
of machinery and
equipment

DL-Manufacturing
of electrical and
electronic goods

DM-Transportation
equipment
manufacturing

DN-Other
manufacturing
industries

EA-Electricity, gas,
and water supply

FA-Construction

GA-Wholesale and
retail trade, repair of
personal and
household goods

20,842 8%+
(0.000)

15,380.2%%*
(0.000)

4,694.7%%%
(0.000)

3,046.2%%*
(0.008)

1,186.6*
(0.056)

4,568.6%**
(0.000)

7,950.6%%*
(0.000)

-2,876.6%%*
(0.006)

4,429 9
(0.000)

14,418.8%%%
(0.000)

80.0
(0.938)

Ref.

20,335.8%%+
(0.000)

15,587.2%%*
(0.000)

4,718.2%%%
(0.000)

4,967 8%+
(0.000)

2,701.0%%*
(0.000)

5,400.8%**
(0.000)

8,261.7%%*
(0.000)

2,872 8%
(0.002)

5,022 5%k
(0.003)

12,173.0%%%
(0.000)

607.9%
(0.081)

Ref.

20,159.9%+*
(0.000)

15,801.0%**
(0.000)

5,074 5%
(0.000)

6,135.7%%x
(0.001)

6,416.6%%*
(0.000)

9,977.9%%x
(0.000)

9,355.3%%*
(0.000)

5,805.6%**
(0.000)

6.9773 4%
(0.000)

14,655.9%%%
(0.000)

3,878 8%
(0.000)

Ref.
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17,097.0%**
(0.009)

9,400.3%%+
(0.000)

1,743.5%%
(0.046)

-1,547.3
(0.276)

2,185.0%%*
(0.001)

8,198.0%**
(0.000)

1,205.8
(0.183)

2,816.8*
(0.065)

1,632.0
(0.225)

18,110.8%%*
(0.000)

4,178 4%%%
(0.000)

Ref.

13,180.0%**
(0.000)

10,742.5%**
(0.000)

-1,785.8*
(0.099)

-3,341.3*
(0.064)

-1,655.8%*
(0.012)

3,668.8%%*
(0.000)

-595.4
(0.637)

-380.1
(0.804)

-1,474.9
(0.414)

11,898.3%%%
(0.000)

-151.2
(0.715)

Ref.

19,706.4%%*
(0.000)

12,302.8%**
(0.000)

2,443 6%%%
(0.001)

3,517.7%%*
(0.000)

2,780.9%%%
(0.000)

5,690.4%%*
(0.000)

5,843 6%
(0.000)

-81.0
(0.940)

4,228.2%%%
(0.003)

14,489 8%**
(0.000)

1,474 5%%x
(0.000)

Ref.

18,008.0%**
(0.000)

14,901.9%%*
(0.000)

6,855.3%%*
(0.000)

5,548 9%
(0.000)

4,959 g
(0.000)

8,475.6%%*
(0.000)

7,525.9%%
(0.000)

5,7700.0%**
(0.000)

4.652.6%**
(0.000)

12,800.6%%*
(0.000)

2,235.9%x
(0.000)

Ref.

28,205.3%%+
(0.000)

14,362.7%%*
(0.000)

6,819, 1%
(0.000)

6,954 3%
(0.000)

5,521.6%%*
(0.000)

7,926.1%%%
(0.000)

8,075.7%%*
(0.000)

1,824.4
(0.126)

5,956.9%%*
(0.000)

15,481.7%%*
(0.000)

76.1
(0.829)

Ref.



HA-Hotels and
restaurants

IA-Transportation
and communications

KA-Real estate,
renting and business
activities

MA-Education

NA-Health and
social work

OA-Community,
social and personal
services

11-Paris region

24-Centre-Val de
Loire

27-Burgandy

28-Normandy

32-Hauts-de-
France

44-Grand Est

52-Pays de la Loire

53-Brittany

75-Nouvelle-
Aquitaine

76-Occitanie

84-Auvergne-
Rhone-Alpes

-18,718.9%**

(0.000)

-12,009.8%**

(0.000)

2,793.8%**

(0.000)

-6,935.3***

(0.000)

-17,858.8%**

(0.000)

4,066.5%**

(0.000)

3,433.4
(0.145)

-2,539.6
(0.292)
-1,925.5
(0.421)
-1,631.2
(0.496)
2,668.7
(0.261)
-621.7
(0.793)

22,7744
(0.244)

-3,326.9
(0.165)

2,794.8
(0.238)

-3,759.8
(0.115)

-493.7
(0.834)
-485.5

-16,805.6%**

(0.000)

-7,226.3%%*

(0.000)

4,625.0%%%
(0.000)

-12,664.1%%*

(0.000)

-12,399.3%**

(0.000)

2,045 7%%%
(0.001)

7,804.8%**
(0.000)

-459.4
(0.796)
7117
(0.687)
8.2
(0.996)
2397
(0.894)
921.5
(0.597)

-82.5
(0.963)

209.6
(0.906)

191.6
(0.909)

199.1
(0.910)

2,394.9
(0.167)
3,391.6*

-9,082. 1%+
(0.000)

-2,955.1%%%
(0.000)

6,616.4%%%
(0.000)

-10,921 4%
(0.000)

-8,0231.5%**
(0.000)

-290.3
(0.799)

10,542.6%**
(0.000)

762.0
(0.630)
-353.5
(0.630)
-881.5
(0.569)
-78.9
(0.958)
806.2
(0.599)

-567.4
(0.711)

829.4
(0.591)

110.4
(0.942)

847.9
(0.576)

2,554.1%
(0.090)
3,260.8%*
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-9,045 8%+
(0.000)

-1,576.0%*
(0.016)

-1,067.9%*
(0.011)

-9,092 5
(0.000)

-2,027.2%%%
(0.001)

-11,421.6%%*
(0.000)

14,145.1%%*
(0.000)

-697.6
(0.776)
-2,145.1
(0.380)
-281.8
(0.908)
3729
(0.877)
258.8
(0.914)

24274
(0.316)

179.7
(0.941)

69.6
(0.977)

363.8
(0.880)

2,676.1
(0.264)
2,587.5

-11,151.9%%*
(0.000)

-13,134.1%%*
(0.000)

-3,882.9%%*
(0.000)

-17,792.6%**
(0.000)

-17,669.0%%*
(0.000)

-5,784.6%%*
(0.000)

7,986.6%+*
(0.000)

720.6
(0.525)
-1,185.5
(0.596)
1,204.6
(0.588)
-507.2
(0.816)
731.5
(0.738)

703.7
(0.749)

2323
(0.917)

682.6
(0.754)

258.0
(0.906)

3,435.9
(0.112)
4,355.2%*

-11,663.7%%%
(0.000)

-6,125.3%%%
(0.000)

25.5
(0.959)

-12,160.3%%*
(0.000)

-9,479.7%%%
(0.000)

927.5
(0.351)

9,394 gk
(0.000)

-394.3
(0.841)
-1,521.0
(0.436)
-1,041.04
(0.595)
-602.1
(0.755)
5134
(0.790)

-1,405.5
(0.469)

-759.4
(0.697)

-779.4
(0.685)

1722
(0.929)

1,568.3
(0.412)
1,515.4

-11,098.5%%*
(0.000)

-3,726.7%%*
(0.000)

5,012.6%%*
(0.000)

-8,962.0%%*
(0.000)

-7,521.9%%x
(0.000)

-162.4
(0.853)

11,082.8%%*
(0.000)

1,168.5
(0.525)
1,493.9
(0.410)
1,823.2
(0.314)
2,024.9
(0.259)

4,031.9%*
(0.025)

1,227.1
(0.497)

1,776.5
(0.329)

1,525.3
(0.394)

1,777.2
(0.322)

4,216.6%*
(0.018)
4,207 8%*

-15,350.2%%*
(0.000)

-2,695.5%%%
(0.000)

6,613.1 %%
(0.000)

6932
(0.708)

-3,097.2%%%
(0.000)

2,339.7%*
(0.012)

7,264 8%%*
(0.001)

-3,529.9
(0.107)
-2,400.8
(0.272)
-3,033.3
(0.169)
2,928.6
(0.175)
-1,994.3
(0.355)

-4,260.0%*
(0.049)

22,2219
(0.308)

2,448.8
(0.256)

-2,165.8
(0.316)

341.1
(0.873)
3153



93-Provence-
Alpes.Cote d'Azur (0.839) (0.055) (0.034) (0.288) (0.048) (0.408) (0.020) (0.884)
94-Corsica Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Intercept 25,823.1%%%  26.986.7%%%  18769.3%%% 20420 2¥¥* | 24 607.0%%* 250867+ 20 626.8%** 3530074k
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
R2 0.283 0.224 0.213 0.191 0.160 0.179 0.210 0.287
Number of 14,066 14,065 14,066 14,065 14,066 14,065 14,066 14,065
observations

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the non-farm and
non-financial industries.

Notes: figures correspond estimated coefficients through OLS applied to equation (11) using time averages of considered
variables over 2009-2015 for the balanced panel; robust standard errors within parentheses; * (resp. **; resp. ***)
stands for significance level at a 10 (resp. 5 resp. 1) percent level.
Reading note: for any firm from the first quartile in terms of the share of female workers, an increase of 0.327 position in
the rank of a firm in labor productivity is associated to an increase of 1 position in the rank of the considered firm.
Corresponding coefficient is significant at a I percent level.
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Appendix E. Effect of proportion of the given population of workers on labor productivity. IV
Rank-regressions by quartile of proportion of female or young workers. IV first stage regression
estimates.

Table E. Effect of proportion of the given population of workers on labor productivity. IV Rank-regressions by
quartile of proportion of female (respectively young, respectively old) workers. First stage estimates. Sample:
balanced panel.

E . Female workers Young workers
xplanatory variable /
Explained variable. . . Second  Third Fourth . . Second Third Fourth
Average share of: First quartile quartile quartile quartile First quartile quartile quartile quartile
Rank quartile of the
instrument for the share of
the given employed
population (female or 0.051#** 0.050%** 0.045%%* 0.085%%* 0.043%** 0.033%%* 0.034%%* 0.064%**
young workers) in the
“ame industry as the (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
considered firms
Firm characteristics.
Activity indicators
(average lagged values):
Business’ age (years) 1.8 -11.6%%*  -(.59%** 140.1%%%* 25 5%%* 7.6%** 1.5 -18.5%**
(0.259) (0.000) (0.758) (0.000) (0.000) (0.000) (0.380) (0.000)
Firm size dummies:
Between 20 and 49
workers Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Bet 50 and 99
ok monEn 323.0%%* 7.6 04 -A0AIEEE | sug gren 2.5 193.0%%  397.g%
(0.000) (0.924) (0.996) (0.000) (0.000) (0.977) (0.024) (0.000)
Between 100 and 249
workers 359.6%*+* -182.4% 3.7 -774.9%%% 1,197.1%%* 122.6 -236.2%* -652.9% %
(0.000) (0.063) (0.972) (0.000) (0.000) (0.229) (0.019) (0.000)
Between 250 and 499
workers 349, 1k 26.7 S153.8 S7342% | 1 317,01 5.6 -336.8%* -676.4%%%
(0.018) (0.879) (0.378) (0.000) (0.000) (0.971) (0.039) (0.000)
Between 500 and 999 . " - . -
workers 713.5 409.5 138.4 1 247 %% 1,918.5 -207.3 -467.4 -381.7
(0.001) (0.085) (0.577) ’(0 0'00) (0.000) (0.355) (0.042) (0.167)
Between 1000 and 1999 09().Q*** 680.5* -718.4%* -864.9%** 1,837.5%%* -0.6 _844 4** 454.8
workers (0.002) (0.054) (0.000) (0.998) (0.021) (0.276)
(0.066) (0.009)
Between 2000 and 4999 | [ 467 4%%% 915 7%* 525.7 | 362-1*** 1,389.9%** -106.3 214.6 1,248.4%*
workers (0.000) (0.083) (0.273) ’(0 0'02) (0.005) (0.800) (0.694) (0.048)
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Greater than or equal to
5000 workers

Business sector dummies

Extraction industries:

CA-Extraction of
energy products

CB-Extraction of non-
energy products

Manufacturing industries:

DA-Agriculture and
food industries

DB- Textile and
clothing industries

DC-Leather sector and
footwear industries

DD-Manufacture of
wood, and wood products

DE-Pulp, paper
products; publishing and
printing

DF-Coking, refined
petroleum, and nuclear
fuel

1,645.4%%%
(0.006)

-68.5
(0.776)

2,148 9%+
(0.000)

2,242 6%**
(0.000)

-4,318.2%%*
(0.000)

-4,462.5%%*
(0.000)

2,000.3%%*
(0.000)

-1,256.4%%%
(0.000)

3,159, 1%
(0.006)

3312
(0.658)

519, 1%
(0.000)

3,193.2*

ok

(0.000)

434
(0.846)

672.4
(0.110)

-1,621.5
(0.132)

-534.8*
(0.066)

345
(0.892)

1,822.6
(0.268)

1,613.9%%
(0.024)

4,857 3%%*
(0.000)

-701.8*
(0.059)

469.2%*
(0.018)

4533
(0.300)

1,608.9*
(0.091)

-624.1%
(0.103)

274.1
(0.255)

-1,308.3
(0.429)

80

-1,1175.9%
(0.063)

2,519.6%**
(0.000)

2,963.1%%+
(0.007)

85,5
(0.607)

1,769 3%+
(0.000)

1,172.7%%x
(0.003)

1,036.2%*
(0.017)

-63.9
(0.763)

-1,826.7
(0.114)

-1,180.9
(0.178)

-5,561.6%%*
(0.000)

2,701 8%
(0.000)

787. 7%
(0.000)

2,765.6%%*
(0.000)

2,302.7%%*
(0.000)

1,474.6%%*
(0.000)

2,685 2%%x
(0.000)

2,453 7%
(0.000)

926.8
(0.215)

394.2
(0.403)

2554
(0.194)

-259.8
(0.312)

648.8
(0.297)

30.7
(0.932)

44.1
(0.830)

4,122.8%**

(0.000)

513.9
(0.374)

2,240.3
(0.551)

474
(0.923)

33
(0.987)

-443.1
(0.130)

-689.8
(0.235)

435.1
(0.289)

735, 1 H
(0.000)

915
(0.954)

620.9
(0.443)

1,607.8%+*
(0.000)

-964.8
(0.157)

1,112 1 %%
(0.000)

400.3
(0.178)

-73.7
(0.904)

4744
(0.254)

280.8
(0.276)

1,461.4
(0.649)



DG-Chemical and
pharmaceutical industries

DH-Rubber and plastic
industries

DI-Manufacturing of
other non-metallic
mineral products

DJ-Metallurgy and
manufacture of metal
products

DK-Manufacturing of
machinery and equipment

DL-Manufacturing of
electrical and electronic
goods

DM-Transportation
equipment manufacturing

DN-Other
manufacturing industries

EA-Electricity, gas, and
water supply

FA-Construction

GA-Wholesale and
retail trade, repair of
personal and household
goods

HA-Hotels and
restaurants

2,033 1%
(0.000)

-1,082.4%**
(0.000)

1,752.0%%+
(0.000)

2,558.6%%*
(0.000)

2,425 2%k
(0.000)

-1,767. 8%
(0.000)

2,040.8%%%
(0.000)

2,713.3%%x
(0.000)

1,956.1%*
(0.013)

2,582 0%
(0.000)

Ref.

-1,054. 5%
(0.000)

871.7%  1,120.3%%*
(0.054)  (0.003)
572.0%* 2165
(0.045)  (0.497)

632.4%% ) 300 e

©017) ™0 000)
-188.4 -504.3%*%*
(0.171) (0.007)
1,543.2% -
(0.000) (0.000)
5379 354.2
(0.132)  (0.331)
-239.9 -720.7*
(0.425)  (0.101)
227.8 941.2%*
(0.684)  (0.038)
399.0 -422.7
(0.588)  (0.437)
3,125.0% -
oK 2,173.4%**
(0.000)  (0.000)
Ref. Ref.
208.4 364.5%*
(0.266)  (0.036)

81

3483
(0.157)

599.7%*
(0.012)

2,083.2%%%
(0.000)

154.3
(0.430)

-107.9
(0.719)

1,879.7%%*
(0.000)

1,266.8%%%
(0.003)

3203
(0.387)

1,994 8%+
(0.007)

-691.2%%%
(0.002)

Ref.

-746.2%%x
(0.000)

1,832, 1 %%
(0.000)

2,648.1 %%
(0.000)

2,998 6%+
(0.064)

2,432 2%%x
(0.000)

2,010.0%%*
(0.000)

2,170.8%%x
(0.000)

1,815.7%%*
(0.000)

1,817.6%%*
(0.414)

953.0
(0.261)

727.5%%x
(0.000)

Ref.

-2,679.3%%*
(0.000)

220.9
(0.389)

972
(0.677)

129.1
(0.676)

-334.6%*
(0.043)

-179.8
(0.323)

2722
(0.246)

-695.6%*
(0.034)

-396.2%%%
(0.330)

510.7
(0.507)

-140.4
(0.260)

Ref.

21.68
(0.928)

-387.3
(0.157)

-294.1
(0.209)

-884. 7H**
(0.003)

-569.1%%*
(0.000)

-405.8%*
(0.028)

-168.8
(0.515)

-580.9%*
(0.049)

-78.6
(0.647)

-629.8
(0.351)

-146.5%%*
(0.230)

Ref.

985, 5%k
(0.000)

_44 QFk
(0.881)

-200.3
(0.260)

-325.5
(0.453)

-644. 6%+
(0.000)

-40.7
(0.838)

426.1
(0.164)

174
(0.964)

-874.9%*
(0.026)

-496.9
(0.563)

201.3*
(0.085)

Ref.

-1,579.9%%x
(0.000)



TA-Transportation and
communications

KA-Real estate, renting
and business activities

MA-Education

NA-Health and social
work

OA-Community, social
and personal services

Region (percent of
employed workforce):

11-Paris region

24-Centre-Val de Loire

27-Burgandy

28-Normandy

32-Hauts-de-France

44-Grand Est

52-Pays de la Loire

53-Brittany

75-Nouvelle-Aquitaine

76-Occitanie

84-Auvergne-Rhone-
Alpes

396. 5%
(0.029)

-3,226.6%**
(0.000)

-3,238.9%**
(0.000)

-3,531.2%%*
(0.000)

-1,142.6%%*
(0.000)

4759
(0.310)

416.2
(0.392)

430.4
(0.374)

572.1
(0.237)

752.5
(0.114)
807.0%
(0.089)

619.3

(0.196)

634.4

(0.189)
778.6*
(0.102)

982.7%*
(0.040)

752.9

(0.110)

1,292.8*

kk

(0.000)

306.5%*
(0.042)

368.8
(0.439)

837.8%%*
(0.004)

385.4%
(0.103)

281.9
(0.547)

-470.5
(0.336)

-600.7
(0.212)

-305.9
(0.523)

336.7
(0.478)
-376.4
(0.435)
198.4
(0.676)
82.1
(0.864)
35.6
(0.940)
150.9
(0.752)
-135.9
(0.771)

1,394.3%%*

(0.000)

268.0
(0.120)

474.9%%%  538.9%**

(0.000) (0.000)
954 4% 27.1
0.021) (0.909)
1,319.2%%% 3’265'.0***
(0.000) 0.000)
281.1 599, 7%+
(0.265) (0.002)
540.8 -453.8
(0.184) (0.299)
288.1 -605.9
0.511) (0.193)
288.8 =929, 1%
(0.504) (0.043)
508.3 -544.7
(0.230) 0.231)
282.5 -605.9
(0.493) (0.193)
119.5 -571.2
(0.774) (0.200)
288.1 -383.3
(0.492) (0.396)
94.9 -511.9
(0.823) (0.262)
206.7 -880.27%*
0.617) (0.048)
478.1 -823.4%
(0.250) (0.065)
75.6 -917.7%*
(0.854) (0.037)
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1,763.1%%x
(0.000)

-111.9
(0.256)

1,479.6%**
(0.000)

1,235.8%%
(0.000)

-113.6
(0.536)

3147
(0.484)

224.6
(0.636)

354
(0.940)

124.1
(0.792)

-60.9
(0.894)
-195.9
(0.669)
-507.2
(0.272)
-327.4
(0.487)
197.3
(0.668)
114.0
(0.804)
97.1
(0.830)

-188.1
(0.154)

317.8%%%
(0.007)

5279
(0.123)

-258.1
(0.106)

-185.1
(0.414)

-529.4
(0.353)

-480.3
(0.415)

-402.1
(0.495)

-464.9
(0.426)

-155.8
(0.787
-353.7
(0.540)
-565.5
(0.331)
431.1
(0.460)
-398.9
(0.489)
-521.1
(0.368)
99.2
(0.962)

-530.4%%%
(0.000)

-380.1%**
(0.001)

-1,014.1%%*
(0.007)

-188.3
(0.202)

628
(0.771)

84.7
(0.875)

61.9
(0.912)

532.6
(0.337)

94.4
(0.865)

207.4
(0.704)
2943
(0.590)
-155.3
(0.778)
549
(0.921)
2293
(0.674)
843
(0.878)
-103.4
(0.849)

143.6
(0.339)

1,030.6%**
(0.000)

1,587. 4%
(0.000)

-948.9%**
(0.000)

1,662.1%%x
(0.000)

987.4%
(0.086)

326.9
(0.581)

2142
(0.717)

148.6
(0.800)

393.8
(0.498)
501.3
(0.388)
3147
(0.589)
62.6
(0.915)
83.3
(0.886)
546.4
(0.348)
572.4
(0.321)



93-Provence-Alpes- 653.0 -113.0 450.6 -495.8 287.5 -172.3 -143.4 3143

Cote d'Azur (0.976) (0.814) (0.282) (0.268) (0.536) (0.767) (0.794) (0.591)

94-Corsica Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.

ksk ksk ek
Intercept 6,744 7x0c 19,3868 3402207 4663735 1y 657 suwn 2025795y s3g unn 46,523 5%
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)

Number of observations 14,066 14,065 14,066 14,065 14,066 14,065 14,066 14,065
R2 0.241 0.125 0.123 0.154 0.173 0.019 0.020 0.129
Partial R-squared of
excluded instruments (p- 0.000 0.000 0.000 0.000 0.000 0.013 0.000 0.000
value)

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the non-farm
and non-financial industries.

Notes: figures correspond estimated coefficients through OLS applied to the regression of the share of the considered
population on the corresponding instrument (share of the given population computed on the same industry as the
considered firm), and the control variables of the second stage as a first stage of IV, using time averages of considered
variables over 2009-2015 for the balanced panel; robust standard errors within parentheses; * (resp. **; resp. ***)
stands for significance level at a 10 (vesp. 5, resp. 1) percent level.

Reading note: for any firm from the first quartile in terms of the share of female workers, the rank of the firm in the
distribution of the overall economy (all industries, with the exception of the non-farm, non-financial and public
business sectors) is ceteris paribus positively correlated with the position in the rank of a firm in labor productivity
is associated to an increase of 1 position in the rank of the considered firm. Corresponding coefficient is significant
at a I percent level.
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Appendix F. Effect of proportion of the given population of workers on labor productivity. IV
Rank-regressions by quartile of proportion of female or young workers. Estimates of the IV second

step: estimated coefficients from the structural equation.

Table F. Effect of proportion of the given population of workers on labor productivity. IV Rank-regressions by
quartile of proportion of female (respectively young, respectively old) workers. Second stage estimates. Sample:

balanced panel.

Explanatory variable.
Average share in:

Female workers

Young workers

Rank quartile of the
share of the given
employed population
(female or young
workers)

Firm characteristics.

Activity indicators
(average lagged
values):

Business’ age (years)

Firm size dummies:
Between 20 and 49
workers

Between 50 and 99
workers

Between 100 and 249
workers

Between 250 and 499
workers

Between 500 and 999
workers

Between 1000 and
1999 workers

Between 2000 and
4999 workers

Greater than or equal
to 5000 workers

Business sector
dummies

First quartile

0.617%%*
(0.002)

93 4
(0.000)

Ref.

-1,383.5%%x
(0.000)
299.1
(0.446)
1,662.0%%*
(0.007)
2,338.2%%%
(0.004)
3,645 2%
(0.002)

554.9
(0.744)

-993.7
(0.796)

Second
quartile

1.468%**
(0.000)

(0.000)

Ref.

-160.2
(0.580)
1,144.5%%%
(0.001)
2,696.0%**
(0.000)
6,125.2%%x
(0.000)
4,946.8%%*
(0.001)

9,699.8%%%
(0.000)

9,408 3%
(0.000)

Third
quartile

S1710%%*
(0.000)

93 2k
(0.000)

Ref.

-255.9
(0.442)
2,695.9%%*
(0.000)
3,618.3%%
(0.000)
4,674 3%
(0.000)
4,376.2%%%
(0.004)

5,172.2%%%
(0.010)

12,742, 1%
(0.000)

84

Fourth
quartile

0.414%%%
(0.001)

150.3%%%
(0.000)

Ref.

2,617.6%%*
(0.000)
-2,007.2%%*
(0.004)
-538.4
(0.412)
-1,359.8
(0.163)
-4,502. 3%
(0.006)

4,039.7*
(0.074)

-8,544. 7%
(0.008)

First quartile

0.903 %+
(0.000)

125.3%%%
(0.000)

Ref.

-851.0%*
(0.019)
-220.9
(0.688)
697.6
(0.447)
1,847.0
(0.133)

-3,429 4%
(0.092)

-662.7
(0.820)

-5,703.7
(0.297)

Second
quartile

-0.722%*
(0.013)

101745
(0.000)

Ref.

-1280.8%**
(0.000)
987 5%
(0.008)
2,985.5%%%
(0.000)
4,365.6%**
(0.000)
4,502.9%%*
(0.000)

7,417.6%%*
(0.002)

2,561.0
(0.524)

Third
quartile

-1.780%**
(0.000)

(0.000)

Ref.

-1,207. 7%
(0.000)
748 8%
(0.051)

3,499, 0%
(0.000)

3,945, 1
(0.000)
2,340.1
(0.126)

6,350.0%%%
(0.000)

7,788. 1%
(0.000)

Fourth
quartile

-0.673%%
(0.000)

(0.000)

Ref.

2970, 7%
(0.001)
187.6
(0.630)
273
(0.966)
-1,027.2
(0.281)
358.6
(0.834)

3,137.8
(0.183)

3,512.7
(0.132)



Extraction industries:

CA-Extraction of
energy products

CB-Extraction of
non-energy products

Manufacturing
industries:

DA-Agriculture and
food industries

DB- Textile and
clothing industries

DC-Leather sector
and footwear
industries

DD-Manufacture of
wood, and wood
products

DE-Pulp, paper
products; publishing
and printing

DF-Coking, refined
petroleum, and
nuclear fuel

DG-Chemical and
pharmaceutical
industries

DH-Rubber and
plastic industries

DI-Manufacturing
of other non-metallic
mineral products

24,404 85
(0.000)

5,027.7
(0.350)

5,846.2%%x
(0.000)

539.1
(0.646)

-55.0
(0.980)

2,075.7
(0.217)

9,991.0%**
(0.000)

19,687.6%%*
(0.000)

16,024.6%**
(0.000)

4,890.5%+*
(0.000)

2,490.2%*
(0.039)

18,770.9%+*
(0.000)

21,5273
(0.000)

1,946.8%*
(0.036)

-2,904.9%
(0.086)

-5,070.1
(0.224)

-1,628.2
(0.128)

5,008 3%
(0.000)

23,599.5%%*
(0.000)

16,882.9%+*
(0.000)

4,418,155
(0.000)

4,315.9%%*
(0.000)

39,735. 7%
(0.000)

19,428 7%%*
(0.000)

2,030.9%*
(0.016)

3,882.3%*
(0.020)

33,4322
(0.425)

1,712.4
(0.316)

5,613.3%%x
(0.000)

17,556.1%%*
(0.000)

17,689. 4%+
(0.000)

5,517.4%%x
(0.000)

1,972.7
(0.332)
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30,428.5%%*
(0.000)

13,484 7%%*
(0.000)

-1,348.6%*
(0.035)

-6,632.9%%*
(0.000)

29,564 4%%*
(0.000)

-5,743 3%%*
(0.000)

50.1
(0.947)

16,212 3%%x
(0.013)

9,548 g+
(0.000)

1,751.3%*
(0.044)

-1,033.4
(0.456)

27,177.8%%x
(0.000)

5,7033.7
(0.297)

-198.6
(0.650)

-12,832.8%%
(0.000)

-15,009.9%+*
(0.000)

-8,030.6%%*
(0.000)

-1,978.8%
(0.089)

11,415 8%%x
(0.004)

9,322 3%
(0.000)

-3,833.6%%*
(0.004)

-5,573. 7%
(0.005)

16,797.5%%*
(0.000)

3,872.9%%*
(0.000)

-6,001.5%**
(0.000)

-9,173.6%**
(0.000)

-3,136.0%*
(0.012)

2,908.0%+*
(0.000)

19,706.4%%*
(0.000)

12,302, 8%
(0.000)

2,443 6%+
(0.001)

3,517.7%%*
(0.000)

21,772.4%%%
(0.000)

20,367.9%+*
(0.000)

2,710.1%%*
(0.001)

2,211.3%
(0.072)

-6,188.9%*
(0.021)

1,430.4
(0.355)

5,047 7%
(0.000)

17,749 2%%*
(0.000)

14,039 4%
(0.000)

6,156.4%%%
(0.000)

3,881.9%%
(0.000)

32,553 4%
(0.000)

16,613.5%%%
(0.000)

-3,632.2%%*
(0.000)

3,917.5%%x
(0.000)

-1,738.9
(0.482)

2,866.3%%
(0.030)

10,593.6%**
(0.000)

28,457, 1%+
(0.000)

14,149.8%**
(0.000)

6,482.7%%*
(0.000)

6,639.9%*
(0.000)



DJ-Metallurgy and
manufacture of metal
products

DK-Manufacturing
of machinery and
equipment

DL-Manufacturing
of electrical and
electronic goods

DM-Transportation
equipment
manufacturing

DN-Other
manufacturing
industries

EA-Electricity, gas,
and water supply

FA-Construction

GA-Wholesale and
retail trade, repair of
personal and
household goods

HA-Hotels and
restaurants

IA-Transportation
and communications

KA-Real estate,
renting and business
activities

MA-Education

NA-Health and social
work

5,293 9
(0.000)

6,928.0%%*
(0.000)

9,653.1%%x
(0.000)

4,312.3%%x
(0.006)

8,030.4%%*
(0.000)

13,709, 1 %+
(0.000)

-162.3
(0.824)

Ref.

-8,517.6%%*
(0.000)

-5,735. %%
(0.000)

7,612.4%%x
(0.000)

9,541 4%
(0.000)

-5,349.9%%x
(0.000)

-290.3

86

5,007.5%%*
(0.000)

7,762 5%+
(0.000)

7,997.5%**

(0.000)
1,655.4
(0.170)

5,387.9%%*
(0.000)

15,081.6%**
(0.000)

33.0
(0.926)

Ref.

-14,504.7%%*
(0.000)

2,724 4%%*
(0.000)

7,008.8%**
(0.000)

208.8
(0.914)

-3,587.7%%*
(0.000)

3,015.1%**



OA-Community, (0.000)
social and personal (0.000) (0.799) (0.000) (0.000) (0.351) (0.515) (0.002)
services
Region (percent of
employed
workforce):
1 Patis region 3,239.2 TATA6*%%  11265.1%%%  13,933.9%%% | 825].6%*%*%  93048%k%  12136.9%k* 7724 6%%x
¢ (0.174) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
24-Centre-Val de -2,688.5 -950.9 1,331.7 -897.9 688.1 -394.3 1,284.4 -3,301.3
Loire (0.270) (0.599) (0.454) (0.714) (0.770) (0.841) (0.549) (0.140)
7 Bureand -2,082.9 -1,351.7 125.9 -2,819.9 -1,122.3 -1,521.0 600.7 2,263.7
- rgan
weancy (0.389) (0.452) (0.943) (0.321) (0.632) (0.436) (0.778) (0.311)
. . -1,843.6 -287.9 10.8 -481.1 1,189.9 -1,041.04 1,982.4 -2,863.6
-INorman
Y (0.447) (0.872) (0.995) (0.844) (0.609) (0.595) (0.349) (0.199)
39 Hauteodo-France | 2294377 424.1 3933 -589.3 -422.9 -602.1 1,653.7 2,737.9
(0.221) (0.812) (0.817) (0.804) (0.853) (0.755) (0.431) (0.215)
Grand -904.4 612.8 982.6 -461.2 930.3 -513.4 3,525.6* -1,720.6
-rant st
(0.707) (0.729) (0.566) (0.848) (0.685) (0.790) (0.093) (0.435)
$2-Pavs de o Loire | 29992 349.9 386 -2,584.4 1,1223 -1,405.5 1,004.8 -4,094.1%
4 (0.213) (0.845) (0.982) (0.284) (0.627) (0.469) (0.634) (0.049)
S3-Brittan -3,545.9 457.6 1,019.7 7.95 507.2 -759.4 1,708.7 -2,179.9
Y (0.144) (0.799) (0.555) (0.997) (0.827) (0.697) (0.421) (0.328)
75-Nouvelle- -3,051.5 297.0 431.1 2213 621.8 -779.4 1,152.4 22,3612
Aquitaine (0.204) (0.867) (0.799) 0.927) (0.786) (0.685) (0.582) (0.284)
6 Oceitan -4,083.6* 558.8 1,655.3 90.4 267.9 -172.2 1,976.2 -1,895.4
-Qccitanie
1 (0.091) (0.754) (0.330) (0.970) (0.907) (0.929) (0.346) (0.392)
84-Auvergne- -757.4 2,3223 2,649.9 2,376.9 3,576.9 1,568.3 4,057.4%* -53.1
Rhone-Alpes (0.751) (0.185) (0.116) 0.321) (0.115) (0.412) (0.051) (0.981)
93-Provence-Alpes- 730.7 3,263.2 3,921.8%* 2,389.9 4218.6* 1,515.4 3,936.3* 497.2
Cote d'Azur (0.763) (0.170) (0.023) (0.325) (0.068) (0.408) (0.063) (0.823)
94-Corsica Ref. Ref. Ref. Ref. Ref. Ref. Ref. Ref.
Intercept 23,690.7%%%  54,956.9%*%%  80,466.7*%*  42,100.3%%* | 20,785%%*  25086.7%**  83325.7%** 55325 gk
(0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000) (0.000)
Number of 14,066 14,065 14,066 14,065 14,066 14,065 14,066 14,065
observations
R2 0.279 0.224 0.031 0.188 0.140 0.149 0.007 0.293
o 0.000 0.000 0.000 0.000 0.000 0.000 0.000 0.000
Underidentification

test
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Weak identification
test (Kleibergen-Paap 463.3(r) 321.7(r) 259.6(1) 1114.6(1) 375.6(1) 183.2(1) 188.9(1) 753.9(r)
rk Wald statistic)

16.4 16.4 16.4 16.4 16.4 16.4 16.4 16.4

10% Critical value
for Cragg-Donald
statistic and i.i.d
errors

- - - - - 0.017 0.000

Endogeneity test

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 firms employing 20 workers or more over, perennial over 2009-2016 and coming from the non-farm and
non-financial private industries.
Notes: figures correspond to estimated coefficients through 1V estimation applied to equation (11) using time averages
of considered variables over 2009-2015 for the balanced panel; robust standard errors within parentheses, * (resp. **;
resp.  ***)  stands for significance level at a 10 (resp. 5; resp. 1) percent level.
Reading note: for any firm from the first quartile in terms of the share of female workers, an increase of 1 position in
the rank of the considered firm in terms of female workers implies an increase of 0.617 position in the rank of a firm in
labor productivity. Corresponding coefficient is significant at a 1 percent level.
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Appendix G. Estimation of the elasticity of substitutions considering the three main comparison

groups. Results distinguishing manufacturing and services industries.

Table Gla. Estimated elasticities of substitution between female and male workers through the estimation of a

CES production function. Industry: Manufacturing.

(2) Year-end (3) Full time ) F}Jll time
. . (1) Year-end . . equivalent
Structural estimates / Kind of workforce. Firms equivalent .
workforce. All ) workforce. Firms
employment and sample employing 20 workforce. All )
firms employing 20
workers or more firms
workers or more
Cons‘-[ant. elasticity of 0.4714 0.8743 % 0.4714%%* 0.4617 **
substitution ¢ (0.2506) (0.0481) (0.2348) (0.2348)
[_0'0259; 0.9686] [0.7789; 0.9697] [0.0133; 0.9448] [0.0707; 0.8526]
Labor share o 0.5151%* 0.9117%* 0.5276%%* 0.7694**
(0.0450) (0.1084) (0.0462) (0.0397)

[0.4258; 0.6045]

[0.6967; 1.1268]

[0.4360; 0.6192]

[0.6907; 0.8481]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).
Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-
Sfarm and non-financial industries.
Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce
in all firms. (2) Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce
in all firms. (4) Full-time equivalent workforce in firms employing 20 workers of more.

Table G1b. Estimated elasticities of substitution between female and male workers through the estimation of a
CES production function. Industry: Services.

Structural estimates / Kind of

(1) Year-end
workforce. All

(2) Year-end

workforce. Firms

(3) Full time

equivalent

(4) Full time
equivalent

workforce. Firms

employment and sample firms employing 20  workforce. All employing 20
workers or more firms
workers or more
Constant elasticity of -0.3651 0.8919%* 0.8857%* 0.8795%*
substitution ¢
(1.2767) (0.0353) (0.0064) (0.0401)
[-2.9089;2.1787] [0.8216; 0.9620] %);9753]’ [0.7997; 0.9594)
Labor share o 0.5433%* 0.8209** 0.9980** 0.8356**
(0.0358) (0.2416) (0.0542) (0.2435)
[0.4718;0.6147] [0.3403; 1.3016] [10098%719]’ [0.3510; 1.3201]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).
Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from
the non-farm and non-financial industries.
Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end
workforce in all firms. (2) Year-end workforce in firms employing 20 workers or more. (3) Full-time
equivalent workforce in all firms. (4) Full-time equivalent workforce in firms employing 20 workers of more.



Table G2a. Estimated elasticities of substitution between young and medium-aged or old workers through the
estimation of a CES production function. Industries: Manufacturing.

(1) Year-end (2) Year-end (3) Full time (? Eiuvlilt;ﬁe
Structural estimates / Kind of workforce. All workforce. Firms equivalent workqforce Firms
employment and sample i ’ employing 20  workforce. All s
rms employing 20
workers or more firms
workers or more
Constant elasticity of sk
substitution ¢ 0.3903** 0.2669 0.3627 0.0153
(0.1720) (0.3573) (0.1622) (164.1)
[0.0490; 0.7316] [-0.4423; 0.9757] [0.0490;0.6844]  [-325.6; 325.6]
Labor share a 0.5128%* 0.8092** 0.5337** 0.8458%*
(0.0447) (0.1026) (0.0472) (0.1035)
[0.4242; 0.6014] [0.6054; 1.0126] [0.4400;0.6273] [0.6404; 1.0513]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the
non-farm and non-financial industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce
in all firms. (2) Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce
in all firms. (4) Full-time equivalent workforce in firms employing 20 workers of more.

Table G2b. Estimated elasticities of substitution between young and medium-aged or old workers through the
estimation of a CES production function. Industries: Services.

(1) Year-end (2) Year-end  (3) Full time (? Eiuvglt;rrge
Structural estimates / Kind workforce. All workforce. Firms equivalent workqforce Firms
of employment and sample f ’ employing 20 workforce. All -
rms employing 20
workers or more firms
workers or more
Constant elasticity of 0.0195 0.9583%* 0.8738%* 0,9550**
substitution ¢
(1.3735) (0.0152) (0.0087) (0,1585)
[-2.7173;2.7563] [0.9281;0.9885] [0.8565;0.8911]  [0,6394; 1,2705]
Labor share o 0.6392** 0.8012%* 0.8664** 0,8121**
(0.1742) (0.2407) (0.0387) (0,2864)
[0.2921; 0.9863] [0.3222;1.2801] [0.7894; 0.9435]  [0,2422; 1,3819]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the
non-farm and non-financial industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end
workforce in all firms. (2) Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent
workforce in all firms. (4) Full-time equivalent workforce in firms employing 20 workers of more.
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Table G3c. Estimated elasticities of substitution between young and medium-aged or old workers through the estimation of a
CES production function. Estimating also the young workers CES coefficient (5). Industry: manufacturing.

(2) Year-end

(4) Full time

Structural estimates / (1) Year-end . (3) Full time .

. workforce. Firms . equivalent workforce.
Kind of employment and | workforce. All ) equivalent workforce. . .
sample firms employing 20 All firms Firms employing 20

workers or more workers or more
Constant elasticity of o
substitution o 0.7456 0.4104 0.5880 0.0153
(0.4141) (0.8987) (0.5042) (0.7370)

Young workers CES

[-0.0760;1.5672]

[-1.3729;2.1938] [-0.4124;1.5884]

[-1.4472;1.4777]

weight coefficient & 0.4335%* 2.8083 0.5343 0.16
(0.4165) -9.2486 (0.4811) ()
[0.3929;1.2599] [-15.5453;21.1618]  [-0.4202;1.4889] [.]
Labor share o 0.5559%%* 0.8889** 0.5622%** 0.9288**
(0.0883) (0.1116) '(0.0868) (0.1550)
[0.3807;0.7312]  [0.6674;1.1104] [0.3900;0.7345] [0.6212;1.2364]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-
financial industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2)
Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time
equivalent workforce in firms employing 20 workers of more.

Table G3d. Estimated elasticities of substitution between young and medium-aged or old workers through the estimation of a
CES production function. Estimating also the young workers CES coefficient (5). Industries: services.

(2) Year-end . ) Fu Il time
Structural estimates / Kind (1) Year-end workforce. Firms o ui\(/z%elr:l}[ﬂvlvgrmkiorce Wor(ai((i‘lcl)lr\éaelelilfrms
of employment and sample | workforce. All firms  employing 20 d ’ -
workers of more All firms employing 20
workers or more
Constant elasticity of 0.8618%* 0.9770%* 0.5690 0,9550%*
substitution o (0.0845) (0.1505) (1.0322) '(0.1585)

[0.6934; 1.0302]  [0.6775; 1.2765]  [-1.4882;2.6261] [0,6394; 1,2705]

Young workers CES weight

: 17.8160 0,2602
coefficient & 1.3875 0.6369%* (219.8) (0:9260)
(1.3029) -0.3158 [-420.3; 456.0] [-1,5825: 2,1030]
[-1.2091;3.9842]  [0.0102; 1.2636]
Labor share a 0.8598%* 0.8194%* 0.7595%* 0,8121**
(0.0662) (0.2913) (0.0759) (0,2864)

[0.6082;0.9108] [0,2422; 1,3819]

[0.7278;0.9918]  [0.2398;1.3990]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-
financial industries.

Notes: standard error within parentheses,; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2)
Year-end workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time
equivalent workforce in firms employing 20 workers of more.
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Table G3a. Estimated elasticities of substitution between old and young or medium-aged workers through the estimation
CES production function. Estimating also the old workers CES coefficient (3). Industry: manufacturing.

(4) Full time
(2) Year-end (3) Full time equivalent
Structural estimates / Kind of (1) Year-end workforce. Firms . .
. equivalent workforce. Firi
employment and sample workforce. All firms employing 20 .
workforce. All firms employing 2(
workers or more
workers or mo
Constant elasticity of sk o
substitution ¢ 16196 11186 1.4123 1.0427**
(1.4474) (0.2283) (0.7073) (0.2193)
[-1.2523;4.4914] [0.6656; 1.5717] [0.0084; 2.8157] [0.6074; 1.478
Old workers CES weight -0.5842 -0.2628 -0.5107 20.1051
coefficient & (0.6368) (0.4109) -0,4818 (0.5043)
[-1.8497; 0.6813] [-1.0782; 0.5526] [-1.4667; 0.4453] [-1.1058; 0.0,89
Labor share a 0.5425%* 0.9255%* 0.5741%* 0.9496**
(0.0793) (0.1118) (0.0816) (0.1128)
[0.3852;0.6998] [0.7036;1.1474] [0.4121;0.7360] [0.7036;1.147-

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-fina
industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2) Year
workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time equivalent workfor
firms employing 20 workers of more.

Table G3b. Estimated elasticities of substitution between old and young or medium-aged workers through the estimation
CES production function. Estimating also the old workers CES coefficient (6). Industries: Services.

(2) Year end . (4) Full time equivals
Structural estimates / Kind of (1) Year end workforce. Firms G) F}lll time workforce. Firms
employment and sample Workforce. All employing 20 workers cquivalent employing 20 worker:
firms workforce. All firms |
or more more
Sclﬁ;ifliti;llaznmty of 0.8866%* 0.8907** 1,0330%* 0,0037+*
(0.0445) (0.1056) (0,0737) (0,1043)
[0.7979;0.9754] [0.6804;1.1009] [0,8861;1,1799] [0,6960;1,1113]
ggfgé’ig;‘?; CES weight 1.0873 1.0216 20,1715 0,7501
(0.6273) (1.5969) (0,3506) (1,2256)
[-0.1630;2.3376] [-2.1564;4.1996] [-0,8703;0,5272] [-1,6889;3,1892]
Labor share o 1.1163** 0.9121** 0,7878** 0,8904**
(0.1026) (0.3018) (0,1604) (0,2959)
[0.9118;1.3209] [0.3114;1.5127] [0,4681;1,1075] [0,3014;1,4793]

Sources: DADS (Insee, file 1/12th) and Alisse (FARE, Insee).

Scope: sectoral balanced panel of 38 industries over the 2009-2015 time period, using firms coming from the non-farm and non-finar
industries.

Notes: standard error within parentheses; 95% percent confidence interval in brackets. (1) Year-end workforce in all firms. (2) Year-
workforce in firms employing 20 workers or more. (3) Full-time equivalent workforce in all firms. (4) Full-time equivalent workforc
firms employing 20 workers of more.

92



Appendix H. Effect of proportion of the given population of workers on labor productivity. IV
Log-linear regressions by quartile of proportion of the considered group of workers. Results for the
overall economy (non-farm and non-financial private sectors).

Graph H1. Effects of the share of female workers on labor productivity. Log-regressions by quartile of
the share of female workers. Overall economy.
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® Coefficient =Lower bound 95% CI — Upper bound 95% CI o Coefficient — Lower bound 95% CI - Upper bound 95% CI

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (vesp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.

Graph H2. Effects of the share of young workers on labor productivity. Log-regressions by quartile of the
share of young workers. Overall economy.
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Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.
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Graph H3. Effects of the share of old workers on labor productivity. Log-regressions by quartile of the
share of old workers. Overall economy.

25 - 25 -
20 - T 20 -
. * T - ;
15 ; 15 - !
0 B 10 ; -
54 - - £
H — ]
0 : T T T = 1 5 ) -— E
'5 - O T T T 1
Ql Q2 Q3 Q4 Ql Q2 Q3 Q4
® Coefficient = Lower bound 95% CI = Upper bound 95% CI @ Coefficient —Lower bound 95% CI = Upper bound 95% CI

Sources: DADS (Insee) and FARE (Insee).

Scope: 56,262 (resp. 112, 948) firms employing 20 workers or more over, perennial (resp. perennial or not) over 2009-2016 and
coming from the private non-farm and non-financial industries.

Notes: point estimates by quartile. Left (resp. right) graph refers to figures for the balanced (resp. unbalanced) sample. CI stands
for confidence interval.
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