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Highlights

e Gender plays a role in knowledge spillover.

e Related and Unrelated Variety does not consider gender. A three-stage decomposition to
capture gender knowledge spillovers is provided.

e Theoretical results highlight that gender and the share of females and males in industries
play an essential role in knowledge spillovers.

e Increasing females' employment is an important aim, but increasing females' employment
in an industry where the females' share is low can be more effective in labor growth.

Abstract

Evolutionary Economic Geography (EEG). EEG aimed to understand why industries concentrate in
the space, how networks evolve, and why some regions grow more than others using three key
concepts: proximities, capabilities and routines, and industries relatedness. This literature does not
consider gender even though gender can play an important role. Gender differences in social
behaviour can impact knowledge's proximities and diffusion, especially when females and males are
not equally distributed between industries and firms. Industries relatedness and knowledge spills-over
are captured through the Related and Unrelated Variety. The Variety index will be decomposed into
Related and Unrelated Variety using a three-stage decomposition to consider gender. The properties
of these measures will be investigated using a theoretical approach. The results highlight that RV and
UV measures have different behaviour when females' (males) employment increases.

Furthermore, RV and UV will depend on the females' (males) share in the industry, and they exhibit
increasing returns to scale when females' share in an industry is lower than the males' share. This
finding has significant consequences in terms of policies. Increasing females' participation in the
labour market is essential, but it is also crucial in which industries females will be employed.
Increasing females in industries in which the females' share is already high are less effective for labour
growth than increasing females' share in industries in which the females' share is low.

1. Introduction
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Following the definition provided by the World Health Organization, gender is used to describe the
characteristics of women and men that are socially constructed. At the same time, sex refers to those
that are biologically determined. For example, people are born female or male but learn to be girls
and boys who grow into women and men. This learned behavior makes up gender identity and
determines gender roles. The economic theory included gender in the analysis starting from the
contributions of Hakim (2000), in which the author uses the preference to explain females' behavior
and choices between employment and family work. Outset from this pioneering contribution, a
growing body of economic literature aims to investigate the different behavior of females and males
in the job market and its consequences on gender segregation®. Gender segregation, actual dominance
of one sex in a particular occupation or the higher share of one sex relative to the expected share, can
be horizontal such as vertical. The first one is generally pictured as women and men's disparate
concentration across industries and occupations. In contrast, the second one refers to gender
disparities in positions and roles with different statuses or employment advancement potential.
Employment segregation often constraints females' labor force participants. However, higher
participation rates may not imply greater gender equality or female empowerment. This unequal
distribution of females and males between industries means that an increase of females in the labor
market will be not equally distributed between industries. As a result, females have a greater
probability of falling in some industries than others. Ngai and Petrongolo (2017) pointed out that
females' have a comparative advantage in producing services. The evolution of production structure,
the de-specialization process taking place in Italy since 1995 (Martini 2020), has increased the service
share and, consequently, the females' employment in service sectors (Olivetti and Petrongolo 2016,
Petrongolo and Ronchi 2020). Addressing employment segregation is central to reducing the gender
wage gap, improving job quality and earnings, and increasing female labor force participation.
Employment segregation has significant consequences for overall economic growth, household
welfare, firm performance, and intergenerational social mobility. Efforts to reduce employment
segregation can create a virtuous cycle in which increased female participation in high return
occupations creates more extensive networks of women and changes social norms (Das and Kotikula
2018). Female participation in the job market is also conditioned by national institutions such as
welfare regimes, social policies, employment protection legislation (Hall et al., 2019), and cultural
norms (Alesina et al., 2011).

Despite this increasing interest in including gender in the analysis of different fields, gender has not
yet been considered in Evolutionary Economic Geography (EEG). EEG aimed to understand why
industries concentrate in the space, how networks evolve in the space and why some regions grow
more than others (Boschma and Frenken 2015) using three key concepts: proximities, capabilities
and routines, and industries relatedness. Proximities play a central role in understanding interactive
learning and innovation (Boschma 2005). Following Boschma (2005), five forms of proximity can
be identified: cognitive, social, institutional, organizational, and geographical. These proximities
influence the diffusion of knowledge and, consequently, innovation. Gender differences in social
behavior have been explained by the social role theory (Eagly 1987; Eagly and Wood 2012). Females
and males have different behavior due to the roles they are engaged in are usually associated with
diverse requirements (Eagly 2000). Consequently, they have different skills and capabilities and
different behavior in the structure of social networks and the attitude toward them (Collischon and

Chapter 1 EIGE https://eige.europa.eu/thesaurus/terms/1304



Eber 2020, Emmerik 2006, Brashears 2008). For example, females focus on ties that provide
friendship and emotional support, while males focus on job-related information. These different
attitudes can impact skill-relatedness connectivity, proximities, and the diffusion process of
knowledge, especially when females and males are not equally distributed between industries and
firms.

Furthermore, EEG deals with the uneven distribution of economic activities across space, and it
focuses on the historical process that produces these patterns, and the Nelson and Winter (1982)
organizational routines are taken as a unit of analysis (Boschma and Frenken 2011). As Ter Wal and
Boschma 2007 pointed out, firms broadly differ in their capabilities, strategies, and routines.
However, Nelson and Winter's routines assume homogeneity of human capital (Eber 2018).
Nevertheless, individuals are not homogeneous in organizations. They can have different values,
beliefs, preferences and, different gender (Felin et al., 2012). These differences are central to
understanding the organization's outcome level (Abel et al., 2008, Grant 1996, Simon 1991). Gender
diversity in the organizations can enhance knowledge outcome (Maes et al., 2012, Valentine and
Collins 2015) and gender diversity among teams' members can enhance the innovation process by
offering various diverse ideas and mindsets. It can promote innovation and creativity within the
groups generating informal advantages (Sastre 2015, Ostergaard et al., 2011, Jackson et al., 1995,
O'Reilly et al., 1997, Xie et al., 2020). In addition, gender diversity yields social benefits to
organizations by introducing various value systems and behavioral modes. For example, males tend
to be more assertive and task-oriented, whereas females tend to be friendly, agreeable with others,
and process-oriented (Karakowsky and Siegel 1999, Myaskowsky et al., 2005, Wood et al., 1987).
Finally, meta-analytic studies highlighted that gender-mixed groups outperform homogeneous groups
(Bowers et al., 2000, Williams and O'Relly 1988, Wood et al.,1987). Consequently, the hypothesis
that individuals are homogeneous in an organization should be relaxed when gender is included in
the analysis.

For which concern the industries relatedness and knowledge spills-over, the question at the core of
these studies is whether firms learn more from local firms in the same industry —regional
specialization; or from local firms in other industries — regional diversity. In other words, are the most
innovative and fast-growing regions sectoral specialized or diversified? (lammarino 2011). Even
though regional diversification is recognized as a critical factor in creating new growth paths and
offset stagnation (Boschma and Gainelle 2014), there is no univocal causal relationship between
regional industrial structure and economic growth. In contrast with Marshall Arrow Romer
externalities (MAR) generated by firms in the same industry, Jacobs' externalities refer to externalities
generated by different industries. Under this point of view, knowledge spills over across industries
are the most critical source of innovation, and economic diversity is a key to urban prosperity. As
Jacobs (1969) pointed out, diversity does not imply knowledge spillovers and growth. "To reap the
benefits from diversity, 'various efficient economic pools of use' are needed, and that in districts or
regions lacking the ability to create such effective pools of use and economic interactions, diversity
may be associated with stagnation and decline” (Jacobs, 1961, 194). Knowledge spillover exists when
complementarities exist among industries in terms of shared competencies and capabilities (Jacobs,
1969). As recognized by Jacobs herself, knowledge spills over effectively only when
complementarities exist among industries in terms of shared competencies and capabilities. Sufficient
knowledge spillovers for innovation will not exist in cases where cognitive distance is too large (i.e.,



regional diversity is too high). When the cognitive distance is too high, knowledge has difficulties
being reorganized (Aarstad et al., 2016). Knowledge spills over between related sectors facilitate the
recombination of knowledge in entirely new ways and, thereby, innovation. Knowledge will spills-
over from one industry to another only when the industries are complementary in shared
competencies. The crucial point is the right balance between cognitive distance and proximity,
allowing for innovation and interaction (Noteboom 2000). Literature captured industry-relatedness
through the Related and Unrelated Variety (Boschma, 2005; Frenken et al., 2007; Boschma et al.,
2009; Boschma and lammarino, 2009) based on Theil index (1965, 1967). Related Variety would
support innovation as it spreads within industries and captures Jacobs' externality. The Unrelated
Variety captures the diversity between industries, and, according to the portfolio theory, it can be
considered a strategy to protect the region from asymmetric shock and, consequently, protect the
labor market from unemployment. The variety decomposition used by Frenken et al. (2007) is based
on a two-level hierarchical structure where the first level represents the industries at 2-digit and the
second level represents the industries at 5-digit. The literature has explored the relationship between
gender, diversity, and innovation with mixed results. Some studies have found a negative link
between them (Beghetto, R. 2010), while others (Hernandez-Lara et al., 2021, Torchia et al., 2018)
highlight a positive and significant difference contribution of women managers in R&D and
organizational innovation. And that firms with gender-diverse boards have more patents, more novel
patents, and higher innovative efficiency (Griffin et al., 2019). Consequently, the process of
knowledge spill over and the complementarities can be hindered by gender.

In conclusion adding the gender dimension in EEG means rethinking the literature from its micro-
foundations relaxing the assumption that individuals are homogeneous in an organization.
Furthermore, proximities can be affected not only by gender but also by gender segregation. Females
and males are not employed in the same industries, consequently the proximities can be influenced
by differences in terms of gender. Finally, the industry relatedness needs to be rethanked. Innovation
and knowledge spillovers can be affected by gender and the growth can be faster or slower also by
the presence of a more equal or unequal females labor force participation or a lower gender
segregation.

In this contribution, we examine the concept of Related and Unrelated Variety when gender
dimension is added. The entropy measures proposed by Frenken et al., (2007) need to be modified to
include gender in the analysis. The novelty of the contribution is a three-stage decomposition which
allows us to investigate regional knowledge spillovers also in terms of gender. As result five entropy
measures will be obtained. The first one will capture the diversity between gender in the whole
economy while the other four are Related and Unrelated Variety by gender. These measures are a
decomposition by gender of Unrelated and Related Variety measure proposed by Frenken et al.,
(2007) and they capture the gender differences between and within industries. To our knowledge, this
is the first contribution in literature exploring the relationship between gender, knowledge spillovers,
and labor growth.

The paper is organized as follows. The next section provides a conceptual framework while the next
summarizes the Related and Unrelated Variety obtained when a one-stage decomposition is used. A



two-stage variety decomposition, including the gender dimension into the analysis, is presented next,
followed by the study of the results obtained. The last section concludes and discusses policy
implications.

2. Conceptual framework

EEG literature captured the proximity between and within industries through the Related and
Unrelated Variety. However, the approach followed by Frenken et al., (2007) is based on total
employment in 5-digit and 2-digit levels and, it does not include gender in the analysis. Nevertheless,
females and males can have uneven distribution and the whole economy, as shown in Figure 1.
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Figure 1: Share of females and males in the whole economy

Figure 1 depicts the females' and males' share in the whole economy. In casel, the males' share is
90% while the females' share is 10%. In case 2, females' share is 90%, and males' share is 10%.
Finally, in Case 3, females and males are equally distributed. All three cases have the same number
of employed, but they describe very different situations in terms of gender. Following the previous
discussion, gender can be a source of differences in terms of knowledge spillovers and growth.
Therefore, a diversity measure able to capture the diversity between gender in the whole economy is
needed. Furthermore, there may also be differences in terms of gender between 2-digit industries, as
shown in Figure 2:
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Figure 2: Shares of females and males between the 2-digit industries

Figure 2 describes three different cases. In Case 1, the females' share in the whole economy is 10%,
while the males' share is 90%. Females and males are equally distributed between 2-digits industries.
In Case 2, the females' and males' share in the whole economy equals 50%. Furthermore, females and
males are equally distributed between 2-digits industries. Finally, in Case 3, the females' share in the
whole economy is equal to the males' share across the entire economy (50% males and 50% females),
but females and males are not equally distributed between 2-digits industries. Cases 1-3 depicted a
different situation in terms of gender and, following the literature previously described, knowledge



spillover can differ from case to case due to gender. Therefore, the Unrelated Variety between
industries needs to be modified. The new measure should be able to capture the diversity between the
2-digit industries considering gender. Finally, the same example can be applied to the 5-digit
industries. In conclusion, Related and Unrelated Variety (Frenken et al., 2007) need to be modified
to include gender dimension.

3. From Variety to Related and Unrelated Variety: one stage decomposition

Related and Unrelated Variety (Boschma, 2005; Frenken et al., 2007; Boschma and lammarino, 2009)
are based on Theil index (1967) that is an inequality measure related to Shannon (1948) entropy. The
antilog of Shannon's entropy possesses three properties that support its use as an index of industrial
Variety (Straathof 2006). First, the index reduces to the number of industries if all industries have the
same weight. Second, the index can be decomposed. Third, it ensures that adding or removing an
industry with a zero weight does not change the value of the variety index. Variety has the
characteristics of being decomposable. It can be decomposed into Variety between sectors -Unrelated
Variety-, at a higher level of aggregation (usually at 2-digits), and variety within the sectors -Related
Variety- at a lower level of aggregation (commonly at 5-digits). The higher is the Related and
Unrelated Variety, the lower is the industry concentration. Related Variety would support innovation
as it spreads within industries and captures Jacobs' externality. The Unrelated Variety captures the
diversity between industries, and, according to the portfolio theory, it can be considered a strategy to
protect the region from asymmetric shock and, consequently, protect the labor market from
unemployment. By Frenken et al., (2007), economic activities can be classified as a two-level
hierarchical structure that is a tree structure with two layers: the roots, level A, and level B. The first
level, the root node, includes only one node. It represents all the economic activities. Level A
represents the industries at 2-digit (division by NACE Rev.2)? while level B represents the industries
at 5-digit (the category by Ateco 2007) as shown in Figure 3:
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Figure 3: Two levels hierarchical structure

2 https://ec.europa.eu/eurostat/documents/3859598/5902521/KS-RA-07-015-EN.PDF



Following Attran (2006), the variety measure -VAR- will compare the regional employment
distribution against a uniform employment distribution where the employment is equiproportional in
all the sectors. The measure of industrial Variety in each region is:

VAR(Py, Py, .....B) = = YN P/ log,(P;) (2.1)

where P; = % , E;; represents the number of employed at 5-digit in industry i in region j, E; is the
J

total employment in region j, and N is the number of industries at the 5-digit level. The equation (2.1)
can be rewritten as®:

VAR(P;,P,,.....B) = =YN. P, In(P) (2.2

Moreover, 0 < VAR < In(N) where VAR=0 corresponds to the highest concentration, and it occurs
when E;; = 1 i.e when all the employment is concentrated in only one industry while VAR = In(N)
represents the greatest level of dispersion and corresponds to an equi-proportional distribution in all
the sectors. VAR depends only on N, P;, P,, ..... B, and is a symmetric continuous function of the p's
depending only on their relative magnitude and not on their order. If one industry, the n™, was
subdivided into two sub-industries with relative share q: and gz, the new measure of Variety is the
original measures plus the conditional diversity within the industries (Hackbart and Anderson 1975).
Nevertheless, VAR does not highlight which is the optimal combination i.e. different combinations
can have the same Variety.

Using a pre-given hierarchical classification, as provided by the Nace_2 Rev classification, the
Variety index can be decomposed into Related and Unrelated Variety. The one-stage decomposition
is provided in Appendix 1 and the Variety in (2.2) becomes:

VAR = RV + UV (2.3)

UV varies from 0, all employment is concentrated in only one two-digit industry, to In(G), all the
industries employ an equal number of employees. RV can range from 0 (employment in each two-
digit sector is concentrated in only one of its five-digit industries) to In(I) — In(G) when all five-
digit industries within a two-digit industry have an equal employment share (Castaldi et al., 2015,
Fritsch and Kublina 2016).

4. Including gender into the analysis: the two-stage variety decomposition.

Variety and its decomposition in Related and Unrelated Variety previously analyzed do not consider
gender. Including gender in the analysis means including another dimension. Consequently, entropy
decomposition will be based on a three-level hierarchical structure (Akita 2001, Wu et al., 2018). The
hierarchical structure previously described needs to be modified, and Figure 2 previously showed
becomes:

3 Shannon builds its index taking into consideration 2, 10 and e as logarithm bases.
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Figure 4: Three levels hierarchical structure

Economic activities are now classified as a three-level hierarchical structure that is a tree structure
with three layers: the roots, level A, level B, and level C. Under Figure 4, the total employment in
region j, E;j, will be divided into K subgroups with K=1,2; where K=1 represents the numbers of males

employed in region j and K=2 represents the number of females employed in region j; P, = % is
J

the share of females/males employed in region j on the total employment in region j with

Y%-1 P = E;. Furthermore, Py, = % represents the share of females/males employed in 2-digit
J
industry g in region j on total employment in region j with Z§=1 P4 = Py. The employment in 2-
Egij

digit industry g is distributed between 5-digit industries i. Py; = - represents the share of
]

females/males employed in the 5-digit industry i in region j on total employment in region j with
>N P = P,. By the decomposition provided in Appendix 2 the Variety measure can be
decomposed as follows:

VAR = UV, + Ung + RV +RVy (3.1)
uv RV



This new decomposition provides five different measures. UV, represents the diversity by gender
between all the economic activities, and it captures the disparities between females and males in the

whole economy. UV varies from 0 to In(K). UVk=0 when % = 1 i.e when all employed belong to

the same gender. When UVk= In(K) females and males are equally distributed between economic
activities. The term UV is symmetric to the females' (males’) and it reaches its maximum in
correspondence of In(2). The term UVyg, with K=M;F, represents the Unrelated Variety between
industries at a 2-digit level considering the females/males’ share in the industry at a 2-digit level. The
sum of UV and UV\g gives the UV as in Frenken at al., (2007). Finally, the term RV, K=M;F, is
the Related Variety (RV) at a 5-digit level in each industry, considering the females/males' share in
the industry at a 5-digit level.

5. Exploring Related and Unrelated Variety measures

The previous analysis highlighted that knowledge spillovers between and within industries could be
influenced by gender. Furthermore, the shares of females and males in different industries differ.
Therefore, we aim to investigate the RV and UV behavior when the females' share increases to
examine if and how RV and UV measures can be affected by the gender share. Three different cases
will be considered. The first one analyzes the RV changes when the females' increase in only one 5-
digit industry, considering all the others unchanged. The second one will investigate the change of
UV at the 2-digit level when the females' employment increases in only one 2-digit industry. Finally,
the UV between females and males will be inspected when the females' employment increases in the
whole economy. Our analysis is based on the hypothesis that the males' employment is constant and
remains unchanged.

Question 1: How does RV change when the numbers of females increase in only one 5-digit
industry?

The results obtained in Appendix 3 highlight that if females' employment increases in only one 5-
digit industry, all the other things being equal, this change will impact the RV measure. Nevertheless,
RV, under our decomposition, is the sum of RVe and RVm where RVE captures the differences within
industries at the 5-digit level for females and RV captures the differences within industries at the 5-
digit level for males. Furthermore, our results highlight that RVr and RVw display different behavior.
When the females' employment in one 5-digit industry increases- EF11- the RVF increases only if the
share of females in the industry is lower than the equal distribution. Once the equal distribution is
reached, an increase in females' employment will cause a decrease in RVE, as shown in Figure 5.1.
This result highlights that spillovers effects depend not also on the gender share. Increasing the
females' employment in one industry will positively affect Related Variety, but this effect can exhibit
decreasing return depending on the females' share in the industry.

Furthermore, as male employment is constant, an increase in females' employment will cause a
decrease in RV, as depicted in Figure 5.2. RVwm exhibits a trend represented by a branch of
hyperbole. Finally, RV behavior, the sum of RVr+RV, is shown in Figure 5.3. This investigation
allows us to draw two conclusions. First, gender has an impact on Related Variety. Second, the change
in RV will depend on initial conditions that matter.
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Question 2: How does UVrg changes when the numbers of females increase in only one 2-digit
industry?

The results obtained for the UV\g, proofed in Appendix 4, are similar to the ones obtained for the RV.
When the females' employment in one 2-digit industry increases the UV, the share of females in the
industry at 2-digit is lower than the equal distribution, as shown in Figure 6.1. After this point, the
UV starts to decrease. Thus, UVm exhibits a trend represented by a branch of hyperbole. Finally, UV
behavior, the sum of UVE+UV, is depicted in Figure 6.3. as previously proofed gender has an impact
not only on Related Variety but also on Unrelated Variety. This impact will depend on the females'
share in the 2-digit industry.
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Figure 6.3: changes in UV when the numbers of females increase in only one 2-digit industry

Question 3: How does UVEr changes when the numbers of females increase in the whole
economy?

As proofed in Appendix 5, UVE has the same behaviors as RVrand UVrg. It increases when EF<EM

and decreases when EF>EM.

The relationship previously explored can be summarized as follows.

Assume an increase of females' employment: EF T— UV, changes. EM remains unchanged.

uv, 1 |if

EF<EM

if

uv, |

EF>EM

By hypothesis, EF will increase only the employment in one 2-digit industry:

AEF = AEpg. -1

UVMg l
UV T if Ergrgmt Erigiget
PFg;g=1 = E < PMg;g=1 = E
UVpg 1 but with | if Ergiget -
i PFg'g=1 =—07 > PMg-g=1 =
decreasmg returns ! E ’ E

By hypothesis AEr,,—,Will increase only the employment in one 5-digit industry:

AEFg;g:l = AEFi;i=1

RV |
RVg, T if Fisi=1 Misi=1
Fa Ppii=1 = lEl < Pyii=1 = Z«jl
RVpg T but with | if P _ DRiisL g _ Enmisi=1
decreasing returns FhE=1 E Mut=1 E

6. Discussion and policy implications

EEG considers knowledge spillovers as a source of regional economic growth. This approach does
not consider gender. Social and economic literature highlighted that females and males have different
approaches to innovation, inter-industry collaboration, sharing knowledge and social relation, job
preferences. These differences impact knowledge transmission and are amplified when females are
males are concentrated in different industries. Our findings highlight that when gender is added to the
analysis, the traditional RV and UV measures proposed by Frenken et al., (2007) fail because they
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cannot capture gender differences between and within industries. Based on Frenken (2007), our
contribution proposed a new decomposition in which Related and Unrelated Variety are decomposed
by gender and within and between industries. The theoretical analysis highlights that these measures
have different behavior when females' (males) employment increases. RVr and UV (as well as RVM
and UVM) exhibit increasing returns to scale when females' share in an industry is lower than the
males' share, while when females' share in an industry is higher than the males' share, they exhibit
decreasing returns to scale. This result opens a new scenario in terms of policies devoted to increasing
females' participation in the labor market. Females are more concentrated in some industries than
others. Increasing the females' employment in an industry in which the females' share is already high
is less effective than increasing the females' employment in an industry in which the females' share
is low.
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Appendix
Appendix 1: Related and Unrelated Variety using a one-stage decomposition

Following Frenken et al., (2007) the i-5-digit industry can fall exclusively under 2-digit industry g,
and P, can be defined as:

Py =XicgPi (ALL)

where P, = EE—QJ’ Is the employment at 2-digit in region j on the total employment in region j. Using

equation (Al.1), equation (2.2) can be rewritten as:
VAR = ¥5_ 1ZlEgPln( ) (A1.2)

And, multiplying for I;—g , equation (A1.2) becomes:
g

P Py 1
VAR = 5 [Sieg 12 P (In )|

Pg P;

Applying the log properties, and rearranging:
P P Pi Fg _pm(L
VAR = ¥5_; [EiEgé * Py <ln (P_i) t+in (é)>]=22=1 [Zieg Py fyln (Pi) T Lieg Piln <Pg>l (AL.3)
Using equation (Al.1), equation (A1.3) can be re-written as:
VAR = YS_, P, [zleg P‘l ] [zg P, ln(t})] (Al.9)
Defining:
H, = [zleg % In Pé)] (AL5)
RV= Zg=1 P,H, (Al.6)
uv:[zgz1 P,in é] (AL7)

The Variety in equation (Al1.4) becomes:
VAR = RV + UV (A1.8)

Appendix 2: Related and Unrelated Variety using a two-stage decomposition

By this new classification equation (A1.1) becomes:

Pkg = Zieg Py (A2.1)

and equation (Al.2) becomes:
VAR = S 361 Sieg Puln (5) (A22)

Multiplying for I;ﬂ equation (A2.2) can be rewritten as:
kg
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P 1P P
VAR = Zk 1Zg 1ZlEngl kgl ( kg) Zk 129 121(5ng1 o2 [1 <Rg>+l (Pkl)] -

Pii Pk

VAR = ey Z5es | Zicg Puln () + Zie Pr 210 (32) | (A23)

Using equation (A2.1) equation (A2.3) can be rewritten as:

VAR = B3y (£6er Pegln (7=) + Zes Py Zicg 2211 (32) ) (A24)

Equation (A1.5) now becomes:
i P
=B fin ()] 29

where Hig represents the Variety by gender within groups with Y2 _, Hygy = H, asinequation (AL.5).
Using equation (A2.5) the equation (A2.4) can be rewritten as:

VAR = Zk 1<Zg 1Pkgln< >+Zg 1Pkngg> Zk 1Zg 1Pkgln< )+Zk 129 1Pkngg (A26)
Equation (A2.6) is the sum of two components. The second one:
RV=Y4o1 X521 Peg Hig=X k=1 RVi

i.e. the sum of Related Variety by gender, while the first term
UV=5E o T Pegl (7=) =2 UV (A7)

i.e the sum of Unrelated Variety by gender.
Equation (A1.8) becomes:

VAR= Y2_. UV, +Y2_, RV, (A2.8)
Where Y2_, UV, = UV and Y2_, RV, = RV.

The equation (A2.8) is equal to equation (A1.8) used by Frenken al., (2007). The novelty is
represented by the decomposition in females and males. This new measure allows us to explore if and
how gender affects the innovation process.

The UV in equation (A2.7) can be furtherly decomposed. Indicating
Py = Y gek Prg (A2.9)
and multiplying equation (A2.7) by We obtain:

1

p P
UV = Yioa dekp_Z*Pkgln(p_kp )] Xk= 1[296k *Pkgln< )+Zg€kp_z*Pk9ln(P_k)]

Using equation (A2.1) we obtain:

UV = YRt PiSgerplin ( )+2k 1Peln (57) (A2.10)

and indicating Hy as:
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Equation (A2.10) becomes:

2 2
1
Py
k=1 k=1

where Hk represents the unrelated Variety by gender between industries at a 2-digit level. It varies
from 0 to [n(G)-In(K). Hk=0 when P, = Py, i.e all the employment of a given gender belongs to the

same 2-digit industry. When Hy=In(G)-In(K) genders are equidistributed between 2-digit
industries. The first term:

UV = Z P Hy
k=1

represents the weighted unrelated Variety by gender between industries at a 2-digit level while the

second term:
2
uv, = ZPZ (1)
k= ktn Py
k=1

represents the diversity by gender between all the economic activities and it captures the disparities
between females and males in the whole economy. UV varies from 0 to In(2). UV«=0 when % =1

i.e when all employed belong to the same gender. When UVk= In(2) females and males are equi-
distributed between economic activities. The term UV is symmetric to the females' (males’) and it
reaches its maximum in correspondence of In(2). The sum of UVk and UVg gives the UV as in
Frenken at al., (2007). Finally, equation (A2.8) can be rewritten as:

VAR = Ung + UV, + RV + RV, (A2.11)
uv RV

Appendix 3: RV changes when the numbers of females increase only in one 5-digit industry.
In accordance with the previous decomposition the RV is given by:
RV= Zi=1 ZZ=1 Py Hkg:212c=1 RV (A3.1)

Where Hy is given by equation (A2.5). RV can be rewritten as:

RV = 25:1 PFg HFg + 22:1 PMg HMg Zg 1 PFg [Zleg i In (PFg)] + Zg 1PMg [ZlEg PMl In (PMQ)] (A32)

Pmi

Where:

EFi. Erg. Emi. _ Emg.
Ppi = =7 Prg = —/ Pui = =73 Pug = —

Equation (A3.2) can be rewritten as:

RV = 6. 1EFg [Zleg Eri 1) (EFg)]+ e 1EMg [Zleg Emi g, E,ﬁ)] (A3.3)

EFpi

RVFE RVym
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Remembering that: E = Eg + Ey; Er = X111 Epi; Epg = Yieg EF; equation (A3.3) can be
rewritten as:

RVp = s {861 [Bieg Erin (52)]} - (A34)

RVy = G {2 [Zieg Ewiln (22) ]} (A34.2)

To investigate the RV changes when the females increase in only one 5-digit industry the RV
derivative with respect to the females' change needs to be calculated. We suppose that females'
employment increase while males' employment remains unchanged. Consequently, the term

(EM+EF)

Zgzl [Zieg Eyiln (@)] = cost. Our aim is to investigate the changes in RV when the females'
Mi

employment changes only in one of the i industries belonging to g with g=1. Indicating with x the
females' employment in industry i=1 (Er1), equations (A3.4.1) (A3.4.2) can be rewritten as:

RV = m{zg 1 [Zleg Epiln (ZLLILEFL)]} (A3.5.1)

cost
X+Zl —2 EFitEMm

RV, = (A3.5.2)

The terms XN, Ex; + E) in equation (4.4.1) are constant with respect to the change of Er;.
¢, = X, Epy + Ey

— (251 [Zieg Britn (XL)]} (A35.2 bis)

EFi

RV, =

xX+cCq

By hypothesis industry i=1 can fall exclusively in one g. Suppose that i=1€g=1. The content of the
square brackets in equation A.1 can be rewritten as:

Xg=1 [Zieg Epiln (Zi%pfn)}:Zg:z [Zieg;gil Egiln (@)]"‘[Zieg;gq Epiln (—Zieg;g:lE”)]

Fi Ep;

Moreover, term ¥.5_, [Zieg;gil Egiln (EE—Z)] is constant with respect to Er1, so:

G
C2: E E Epiln<le'g Fl)
Fi

g=2|ieg;g*1

1 Yooy En
RVF = Cy + Z EFiln M
X+ Er;

ieg;g=1

The term can be rewritten as:

[Zieg;g=1 Epiln (Z—ieg;gzlEH)]:

EFpi

x+ ) .g=1 EFi X+ .0=1 Epi
x*ln< Zlileg,g 1 Fl)_l_ Z EFl-*ln< i#+1€g;9=1 Fl)

x Ep;

i#1leg;g=1

Where ¥.;.1¢g4,9=1 EF; is constant with respect to x:
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Consequently:

R = gl e () ren (7))
= *
F x+c Crxrm x Caint Er;

Applying the log properties to the term:

We obtain:
cs[in(x + c3) — In(Eg;)]=cs3ln(x + c3) — c5 In(Eg;)
Moreover, the term c5 In(Eg;) is constant with respect to x. We indicate it as ¢, = c5 In(Eg;);

Finally,

xX+c
c3ln( EFiB):c3ln(x +c3) —cy

RVE is equal to:

1 x+C3
RVp=x+ {CZ+[x*ln( . >+c3ln(x+c3)—c4]}

1

RVp = ; {Zg=z [Zieg:gil Epiln (M)] + [x * In (x—+2i$lei;g=lEFi) +

— x+3IN L Epi+Em EFpi
[ln(x + Ziileg;g=1 EFi)] Ziileg;g=1 Ep; — (Ziileg;g=1 EFi)ln(EFi)]} (A3.6)

To study how RV changes when EF: changes, the first derivative needs to be investigated. RVm
derivatives respect to EF; is:

Yieg Emi
ARV, Zg=1 [Zieg Ey;ln ( Ews >]
0Ep, (x+ XN, Ep; + Ey)?
JRV)y,
li =0
xl—>ngo aEFl

YiegEmi
Zg=1[2ieg EMim(leEgTil)]

forx=0 RV, =—

2
(Z{\lzz EFi+EM)

RVE derivatives respect to EF is:

*+Yiz1eg;9=1EFi\ oN N N G LiegEFi
(f (Ziz2 EpivEm)~n(x+3iL; EFi+Em)(Zizz EFitEM)~2g=2|Siegg#1 EFiln Ep

- +Xiz1eg;g=1Eri M(EF})

ORVE __

OEF1 (X+Z€V=2EF1'+EM)2
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L ORVe
xl—>nolo aEFl

I aRVF
xl—r}(l) aEFl

(0]

ORV
—E =0 for x=x*.
AEF,

£ increases while for x* < x < o aEFF decreases. x* represent the point in which
1

ForO0 < x <x*
6EF1
females and males are equidistribuited between gender.

Appendix 4: UVkg changes when the numbers of females increase in only one 2-digit industry

In accordance with the previous results UViq is given by

P Pg P P
UVig = Pr *zgzlpipgl (E)+PM x X6 Mgl (pf;g)

UVE,

UV

Where Pr = E; E=Er+Ewm,; Er = 22=1 Erg. UVyg4 can be rewritten as

—_ Er __Em Em
Uiy = gopto 5 36 1 Ergln (£2) el & 1 Engln (£ (A4.)
UVng

UVrg
The term Zg 1Emg ln( ) is constant with respect to Er,, consequently,
Eym

c = Zg 1E,\,,gln< ) furthermore, the term Zg 1 Erg4 can be rewritten as Erq + Zg 2 Epg. Equation

(A4.1) becomes:

Epl*ln< )+Zg 2 pgln( )
UVig = LY 1 (A4.2)
Ep1 4355 2 Erg+Em Ep1+¥g—2Erg+Em
UVig

UVEg

The terms Zg — EFgln( ) and Zg =2 Erg + E) are constant with respect to Ep; .

Cy = Z§=z Epg +Ey; c3= 23=z Epgln (@)

Equation (A4.2) becomes:
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E
E *ln(—p)+c
F1 Epq 3

— ‘1
Wi = Ep1+c; ¥ Ep1tc; (A4.3)
UVEg UVmg
aUVMg _ _C]_
8EF1 B (Cz + Epl)z
auv,
lim Y9
X—00 aEFl
6UVMg _

35, Z5E when EF; =0

E
aUVFg _ _C3 + C2 * ln (E_}fl) - EFl - C2

6EF:C, (Ep1 — €2)?
AUV,
li g =
x5 OEF,
OUVg,
= 00

y
*50 OEF,

auv
F9 =0 for x=x".

. U
Finally, 3EF
1

Appendix 5: UVFr changes when the numbers of females increase in the whole economy

2
1
= 3 ()
Kk kN P,
k=1

UV, =M (E)+EF1 (E)
= F ™"E,) " E"\E;,

E =Ey + Ep

Ey (EM+EF> Er l(EM+EF)

uv, = n
KT B+ B\ Ey Ey + Ep Ep

EM=C;EF=X

c c+x X c+x
uv, = ln( >+ ln( )
c+x c X

c+x
ovv, _ c[in(5H) - ()]
ox (c + x)?
vy
Jm 5EF =0
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LUV
= OO
*90 OEF

. auv
Finally, 6EFF

economy.

= 0 when EF=EM i.e when females and males are equi-distributed in the whole



