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Vertical Educational Diversity and Innovation Performance
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Abstract

This paper uses panel data of Swiss firms to analyze the impact of education-level diversity in the
workforce on innovation performance, addressing endogeneity by exploiting within-firm variation as
well as variation in labor supply across regions. We find that vertical educational diversity increases
the extensive margin of R&D and product innovation, particularly new product innovation. However,
the relationship with process innovation, R&D intensity, and product innovation intensity is
insignificant or even negative. These results are in line with the idea that vertical educational
diversity enhances the creative moment of the invention phase, while it might affect the
commercialization phase negatively due to the dominance of coordination and communication costs

relative to the gains in creativity.
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1. Introduction

It is often said that a nation's competitiveness is determined by the proportion of students at
universities. The following quote from the WEF Competitiveness Report stands as an example:
“While Switzerland demonstrates much competitive strength, maintaining its innovative capacity will
require boosting the university enrollment rate of 49.4 percent, which continues to lag behind that of
many other high-innovation countries.” (Sala-i-Martin et al. 2011, p. 11). However, other studies
show an imbalance between the demands on the labor market and the skills profiles of the
workforce (Allen, et al. 2011; Livingstone, 2009). We hypothesize in this article that optimizing skill-
grade-mix is a more appropriate aim than maximizing a single indicator of educational attainment. To
this end, we analyze the impact of vertical educational diversity, i.e. diversity in formal education

degrees, on the innovation performance of firms.

The relevance of analyzing the optimal mix is supported by the fact that studies on different aspects
of the diversity of the workforce emphasize the creative power on one hand and the costs on the
other hand of a heterogeneous workforce—whether that diversity be ethic, religious (see, e.g.,
Alesina and La Ferrara 2005), or educational (see, e.g., @stergaard et al. 2011). Neither theory nor
empirical investigations are clear on the influence of vertical educational diversity on the innovation
performance of firms. While, for example, @stergaard et al. (2011) identify a positive relationship
between educational diversity and the propensity to innovate, McGuirk and Jordan (2012) cannot
confirm the positive relationship for process innovations, and Parrotta et al. (2014) find little
evidence that educational diversity affects the patenting propensity or the patenting intensity of
firms. The econometric challenges, the specificities of the countries analyzed, the
comprehensiveness of the data, or the fact that the innovation process is largely collapsed into a
single stage, might be reasons for the inconclusive results on the diversity-innovation relationship.

Hence, these circumstances ask for further empirical investigations.

In looking at the cost and benefits aspects of a workforce diverse in education, the paper at hand
tries to address some of the above-mentioned issues. First, our data allows to use a wide range of
innovation measures. Hence, we do not collapse innovation performance into a single stage, but
differentiate between measures related to invention and to commercialization. We distinguish
between innovation input (R&D expenditures) and three types of innovation output: incremental
product innovations, more drastic product innovations, and process innovations. Consequently, we
can fine-grain the effect of diversity on the innovation activities of firms and emphasize the different
impacts of diversity on invention and commercialization (March 1991). Aside from differentiating

between these measures, we further provide evidence regarding potential differences between the



extensive and intensive margins, thereby extending the evidence for the impact of educational

diversity on the invention (exploration) and commercialization (exploitation) activities of firms.

Second, our models have a comprehensive control vector comprising firm size, the appropriability of
innovation results, the technological potential of a firm, the development of firm demand, and
incoming spillovers. In addition, we address the potential endogeneity of vertical educational
diversity by exploiting within-firm variation as well as instrumenting vertical educational diversity by

the labor supply available in the region.

Third, we look at vertical educational diversity—the diversity of education levels such as compulsory,
upper secondary and tertiary education—while most of the literature focuses on horizontal
educational diversity—diversity in terms of study field on the tertiary level. This directly links to
education policy issues in general, and is less related to the mix of academics from different study

fields on which most of the literature focuses.

Fourth, we provide the first evidence for Switzerland, thereby extending the scant existing empirical
literature that analyzes Danish (@stergaard et al., 2011, and Parrotta et al. 2014) and Irish firms
(McGuirk and Jordan, 2012). Switzerland is a particularly interesting case due to its strong vocational
and professional education system (OECD 2010, Hoffman and Schwartz 2015). Furthermore, its
industry structure is different compared to Denmark or Ireland, with a heavy emphasis on specific
high-tech industries like pharmaceuticals, machinery, electrical equipment, and electronics/optical
products. Switzerland is a technologically very innovative country, which presumably requires a
higher degree of technological diversity* and a high level of technological skills and formal education.
Given these circumstances, it is not clear how educational diversity affects the innovation

performance of such a country.

Based on Swiss firm-level panel data comprising five waves of the Swiss Innovation Survey covering
the period 1999 to 2011 we find that vertical educational diversity is significantly positively related to
the probability to conduct R&D and to launch new or improved products. This indicates that vertical
educational diversity increases the firm’s capability and incentives to explore new knowledge or to
develop a new product. We also find that vertical educational diversity is unrelated or even
negatively related to process innovation as well as the commercial success of new or improved

products. This means that vertical educational diversity tends to be negatively related with the

4 Leten et al. (2007), Garcia-Vega (2006), or Bolli and Woerter (2013) found that technological diversity is
positively related with new patent applications.



commercial exploitation of the results of R&D or innovative activities. This is a relatively new finding

and it pioneers improved theorizing on the diversity-innovation relationship.

The reminder of the paper is organized as follows. Section two introduces the conceptual framework
and provides a literature review. Section three describes the data used and section four informs

about the econometric models applied. Section five presents the results and section six concludes.

2. Conceptual Framework and Literature Review

From a theoretical point of view it is an unresolved question whether diversity in formal education
levels should foster innovativeness and increase the innovation output of a firm. Like other types of
knowledge diversity (see, e.g., Laurson, 2012), educational diversity has two opposite effects on

innovation ability referring to the cost and benefits of the collaboration process.

Costs and benefits of vertical educational diversity

On the one hand, vertical educational diversity might increase innovation performance. Different
types of education might provide alternative bodies of knowledge (see, e.g., Jacobsson and
Oskarsson 1995, Hong and Page 1998, Carlile 2002, Faems and Subramanian 2013) which can be
combined on the firm level and improve decision making. Collaboration of employees with different
educational backgrounds (i.e. academic or vocational education) along with different experiences,
insights, or interests might cause different interpretations of problems, enhance problem awareness,
and increase the spectrum of problem solutions. This is not least because diversity is likely to
improve the absorptive capacity of a firm (Cohen and Levinthal, 1989, 1990; Quintana-Garcia and
Benavides-Velasco 2008). This makes it easier to identify valuable knowledge surging from the
research activities of other firms and institutions, and at the same time less likely that promising new
ideas or technologies will pass by unnoticed by the firm. In cases where a firm pursues different
research projects simultaneously, cross-fertilizing spillovers across the projects might arise
(Weitzmann, 1998). Hence, decisions are improved if different perspectives are involved in the
decision making process (Alesina and La Ferrara 2005), which can improve, for example, the capacity
to develop a new prototype into a marketable innovation: this requires not only scientific views and
expertise, but also professional competences, work experience, and last but not least soft skills (Bolli

and Renold, 2015) in many different fields of knowledge.

On the other hand, vertical educational diversity might decrease innovation performance, since
vertical educational diversity can increase the level of conflicts, mistrust, and misunderstandings due

to high cognitive distances. As a consequence, vertical educational diversity is likely to increase the



communication and coordination costs of integrating available knowledge or coordinating the
innovation process (see, e.g., Wittenbaum and Stasser, 1996, Stasser and Titus, 1985, Dahlin et al.,
2005). According to social identity theory, such coordination and communication costs might arise
because individuals value members of their own social identity more highly. This indicates a potential
for competitive behavior and conflict due to vertical educational diversity (see, e.g., Joshi and
Jackson, 2003). Consequently, the risk of failure might increase. An additional opportunity cost of
vertical educational diversity stems from economies of scale in the knowledge production process.
These arise in cases where a concentration of workers with similar education level and similar
knowledge base are necessary for an efficient production process, such as when a sufficient number

of academics is required to run a laboratory.

These two opposing forces might explain the mixed empirical results provided by the literature
concerning the impact of educational diversity on the innovation performance of firms (for an
overview see Table 1). @stergaard et al. (2011) match data from the Danish innovation survey to
employee data and find that horizontal educational diversity of employees with tertiary education—
diversity in terms of thematic background at the same education level—improves the probability of
introducing an innovation. However, they claim that this positive relationship might decrease for
higher levels of horizontal diversity. Also based on Danish employer-employee data but merged this
time with patent data, Markus and Kongsted (2012) find that hiring R&D workers distant from one
another in the educational space (Jaffe 1986), improves exploratory patent applications. Their focus
on R&D workers suggests that their measure of diversity is mainly driven by horizontal diversity.
Furthermore, the benefit of hiring distant workers decreases with rising diversity in the existing
workforce. Parrotta et al. (2014) use the same dataset as Parrotta et al. (2012) to analyze the effect
of horizontal educational diversity on innovation performance. In addition to instrumenting
educational diversity by exploiting regional variation, they use pre-sample information to account for
unobserved firm characteristics. They also include measures of knowledge spillovers based on
geographic and technological distances to account for external knowledge. They find little evidence
that horizontal educational diversity affects patenting propensity, patenting intensity, or patenting
diversity. The different meta-analyses of the literature on the relationship between team-member
diversity and innovation performance provide mixed results as Williams and O’Reilly (1998), Horwitz
(2005), Horwitz and Horwitz (2007) and Hilsheger et al. (2009) suggest a positive relationship, while

the more recent paper by van Dijk et al. (2012) finds no relationship.

Soellner (2010) uses a linked employer-employee panel dataset of German firms in order to

investigate the relationship between an entropy index of occupational diversity and the propensity of



a firm to innovate. He finds a positive relationship between diversity and the introduction of a
completely new product for the manufacturing industry, and a significant relationship between
diversity and the introduction of an innovative product (improved products, new to the business, or

new to the market) for the service industries.

There are only a few papers that focus on vertical educational diversity across education levels.
McGuirk and Jordan (2012) use Irish firm data to estimate the impact of educational diversity in Irish
counties on the propensity to introduce product and process innovation. Calculating a Blau Diversity
index for each Irish county based on six categories (primary school, lower secondary school, upper
secondary school, third-level non-degree, and third-level degree or higher), they find that
educational diversity improves product innovation but not process innovation. They further find that
educational diversity on the labor market acts as a substitute for absorptive capacity, measured as

internal tertiary education share.

Subramanian et al. (2015) base their educational diversity analysis on data from the national R&D
survey in Singapore and use patents as a measure of innovation performance. They analyze vertical
educational diversity, measured by one minus the Herfindahl concentration index, but focus on
education levels within tertiary-educated employees only. They show mixed results. In their baseline
estimation they do not detect any significant differences in innovation between similar and diverse
educational level populations in the workforce of research scientists and engineers. However, when
they interact educational diversity levels with the heterogeneity of technological domains, they find a
positive moderating effect for similar educational levels, such that educational similarity (not

diversity) shows a positive effect on innovation for heterogeneous technological domains.

Similarly, Faems and Subramanian (2013) could not find any significant relationship between
diversity in terms of different types of educational degrees (PhD, master, bachelor, postgrad, or no
academic degree) among R&D manpower and their technological performance. Hence, they analyze

vertical educational diversity but focus on tertiary degrees.

On the innovation system level, Meuer et al. (2015) applied a vertical educational diversity measure
in order to characterize different types of innovation systems. They found that specialization is the

key characteristic of the “autarkic” innovation system, which shows an equal propensity to generate
radical, technological, and organizational innovations. However, the paper doesn’t address potential

endogeneity of vertical educational diversity.



Table 1: Overview of firm-level studies examining the educational diversity-innovation relationship

engineers:

- Ph.D.

- Master

- Bachelor

- Associated degree levels

Author(s) Dependent Sample Treatment of | Horizontal vs Vertical Diversity | Results
Variable Endogeneity Diversity Measure
Innovation Meta-analysis | Mostly Mostly horizontal Various Diversity increases
Williams and of Team Correlation innovation
O’Reilly (1998), Literature
Horwitz (2005),
Horwitz and
Horwitz (2007),
Hilsheger et
al.(2009)
van Dijk et al. Innovation Meta-analysis | Mostly Mostly horizontal Various No effect of diversity on
(2012) of Team Correlation innovation
Literature
Meuer et al. Intensity of Swiss firm Correlation Vertical diversity Blau Specialization
(2015) New and data 5 categories: Diversity characterizes “autarkic”
Improved -Apprentices Index innovation system,
Product -Lower Secondary which is unrelated to
Innovation -Upper Secondary innovation
and -Vocational Tertiary
Organization -Academic Tertiary
Innovation
@stergaard et Product Matched Correlation Horizontal diversity: Entropy- Positive effect of
al. (2011) innovation Danish 16 categories of tertiary Index diversity on innovation
0/1 innovation education orientation: social
survey and sciences, humanities,
employee food/health care,
data engineering, natural
sciences, high school
teacher, military officer
Markus and Exploratory Danish Lagged Horizontal diversity: HHI Educational diversity
Kongsted innovation employer- explanatory Incumbent among incumbent R&D
(2013) (Number of employee variables R&D workers’ educational workers negatively
new matched background moderates the
citation/total panel data, relationship between
citations) patent data cognitive distance and
from the EPO exploratory search.
Faems and Number of Firm survey in | Correlation Vertical diversity: HHI No effect of diversity on
Subramanian patents Singapore Education level of R&D innovation
(2013) workforce (i.e. Ph.D., master,
bachelor, post-grad, or no
academic degree)
Parrotta et al. Patenting 0/1 | Matched Fixed effect Combination of horizontal HHI No effect of diversity on
(2014) and number employer- model with and vertical diversity: innovation
of patents employee serial -4 categories of tertiary
dataset for dependence education: engineering,
Denmark humanities, natural sciences,
social sciences
-Secondary education
-Compulsory education
McGuirk and Product and Firm survey in | Irish counties | Vertical diversity: Blau Diversity increases
Jordan, 2012 process Ireland as instrument | 6 categories: Diversity product innovation but
innovation -Primary school Index not process innovation.
0/1 -Lower secondary school
-Upper secondary school,
-Third-level non degree
-Third-level degree
-Higher
Soellner, 2010 Product German firms | Correlation Horizontal diversity: Entropy Positive effect of
innovation (random Employment shares of index diversity on innovation
0/1 effects) occupations (three-digit
level)
Subramanian et | Number of Firmsin Correlation Vertical Diversity: Education HHI No average correlation.
al., 2015 patents Singapore levels of researchers and Positive (negative)

moderating effect for
similar (diverse)
educational levels in the
case of heterogeneous
technological domains.




Innovation stages

The benefits of stimulating creativity and the costs of coordination and communication might have
different weights at different stages of the innovation process. Hence, one potential reason for the
divergences observed in the empirical literature is that they collapse the innovation process into a
single stage, stopping on the level of patents as a measure for innovation and neglecting the
complexity of the innovation process. In a nutshell, the innovation process of a firm can be seen as a
continuum?®, starting with a creative process that leads to a new product or process idea, which will
be further pursued involving more routinized work processes and expertise from different
departments and employees. In the end of this process we should see a new, commercially
successful product or a more efficient production process. The creative process involves the
generation of new knowledge—frequently through a trial-and-error process—which requires a
certain level of risk-taking, experimentation, flexibility, and a good command of existing knowledge

in the field.

A number of papers suggest that the creativity benefits are relatively more relevant in the early
stages, while coordination and communication costs are more important for later stages in the
innovation process (see, e.g. Mansfield and Wagner, 1975, Atuahene-Gima and Evangelista, 2000,
Danzon et al., 2005, Arora et al. 2009, Plotnikova, 2009, Bolli and Warter, 2013). These findings
suggest that the strength of diversity lies more in exploring new ideas and research paths than in
executing more routinized working processes like merchandizing a new product using existing
distribution channels and marketing methods. Hence, it is plausible to assume that vertical
educational diversity is positively related to early innovation activities and unrelated or even

negatively related to later stages of the innovation process.
Hypotheses

Our measures of innovation activities allow us to model the different innovation stages in two
dimensions. First, we differentiate between R&D activities, new or radical product innovations,
improved or incremental product innovations, and process innovations. Second, we differentiate
between the extensive margin and the intensive margin of each innovation stage respectively. We
argue that the extensive margin is more closely related to earlier innovation stages than the intensive

margin, which depends substantially on the process of commercialization in the case of product

> We refer to organizational steps and do not consider feedback mechanisms, which are very important but not
relevant for the point we want to make.



innovations and the process of implementation in the case of process innovations. As depicted in

Figure 1, we develop four pairs of hypothesis regarding these variables.

R&D activities:

Hla: Vertical educational diversity increases the extensive margin of R&D activities

H1b: Vertical educational diversity increases the intensive margin of R&D activities

New product innovation:

H2a: Vertical educational diversity increases the extensive margin of new product innovation

H2b: Vertical educational diversity increases the intensive margin of new product innovation

Incremental product innovation:

H3a: Vertical educational diversity increases the extensive margin of improved product

innovation

H3b: Vertical educational diversity has no effect on the intensive margin of improved product

innovation

Process innovation:

H4a: Vertical educational diversity increases the extensive margin of process innovation

H4b: Vertical educational diversity has no effect the intensive margin of process innovation



Figure 1: Expected relationship between vertical educational diversity and innovation measures
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3. Data

The panel data we employ stems from six waves of the Swiss innovation survey conducted by the

KOF Swiss Economic Institute (www.kof.ethz.ch) in the years t={1996, 1999, 2002, 2005, 2008, and

2011}, where t denotes the time period. The surveys are based on a disproportionately stratified
random sample of firms with more than five full-time equivalent (FTE) employees covering the most
important industries of the manufacturing, construction, and service sectors. Stratification takes
place on the industry level and in three firm-size classes. Responses were received from 1748 firms
(32.5%), 2172 firms (33.8%), 2583 firms (39.6%), 2555 firms (38.7%), 2141 firms (36.1%), and 2363
firms (35.9%) for the years 1996, 1999, 2002, 2005, 2008, and 2011 respectively. In sum, we can
make use of 13143 observations. However, depending on the specification of our model the number

of observations we use fluctuates significantly.

3.1. Measurement issues

In this section we summarize the measurement of the main variables as defined in Table 2, which are
measures for vertical educational diversity, R&D activity, new product innovation, improved product

innovation, process innovation, and control variables.

Vertical educational diversity

Science has developed a number of different measures of diversity (see, e.g, Stirling, 1998, or
Dawson 2011). However there is no consensus about how to measure it. In theoretical terms there

are two main concepts: the first concept refers to self-categorization through social identity theory,



and the second concept refers to the information/decision making perspective (Faems and
Subramanian, 2013, Dawson, 2011). The latter concept is relevant for the investigation at hand since
it is related to the variance in group composition in terms of things like skill levels and abilities
(Dawson, 2011, Faems and Subramanian, 2013). Conceptually we define diversity as the distribution
of differences among the staff of a firm with respect to a common attribute (Harrison and Klein,
2007). The common attribute in the investigation at hand is the level of education. The predominant
methods of measuring the diversity of a common attribute in the literature on relationships between
innovation and diversity in technologies or education are the “Herfindahl-Hirschman-Index” (HHI)
and an entropy index (see, e.g., @stergaard et al. 2011). The HHI shows weak properties on the lower
and upper ends of the scale. Bolli and Woerter (2013) inserted additional dummy variables to
address the weakness of the upper end of the scale, while the lower end (highly diverse firms) was
not relevant for the data used here. More sophisticated measures including multi-attribute
approaches were applied by Nehring and Puppe (2002), Stirling (2004, 2007), and Woerter (2009).
However, a multi-attribute approach is not the first choice for the paper at hand since we refer only
to one attribute—the level of education—when measuring diversity. Since calculating an entropy
index yields qualitatively the same results, we follow the literature that is more related to the

investigation at hand and apply an HHI index.

In order to calculate the vertical educational diversity measure (Diversity Index), we refer to four
categories of educational degrees: j={Lower (apprentices® and untrained), Trained (upper secondary
education), Advanced (professional tertiary education, incl. university of applied sciences), and Acad
(conventional university tertiary education)}. Following Garcia-Vega (2006), we define the vertical
educational diversity (Diversity Indexi) of firm i in period t as one minus the HHI, which is calculated

as the sum of squared formal education shares within a firm:

J

Diversitylndex, :1—[2(Njit /N, )2] (1)

Nji: denotes the number of full-time equivalent employees in education category j of firm i in period t.

Ni: refers to the number of full-time equivalent employees of firm i in period t.

® Apprenticeship status refers to an ongoing education rather than to an educational degree.



R&D activities

We apply two different measures for the R&D activities of a firm. First, based on the survey data we
apply a dummy variable for the R&D activities of a firm (R&D 0/1). If a firm pursues R&D, our proxy
for R&D activities indicates 1, otherwise 0. Second, we have data on the sales share of R&D

expenditures over a three year period, which we use to represent R&D Intensity.
Innovation activities (product and process)

Given a clear definition and examples of what product and process innovations are, we measure
innovation in the last three years based on the survey results. We distinguish three binary measures
for innovation activities, namely new product innovation (New Product Innovation 0/1), improved
product innovation (Improved Product Innovation 0/1) and process innovation (Process Innovation
0/1). Correspondingly, the quantitative measures of each innovation activity refer to the sales shares
of new products (New Product Innovation Intensity) and improved products (Improved Product
Innovation Intensity), and the cost reduction due to process innovations over sales (Process

Innovation Intensity).
Control variables

Control variables include firm size in terms of FTE employees (Size) and firm size squared (Size?). They
also include the technological potential outside the firm (Technological Potential), the appropriability
of innovation activities—captured by whether ease of copying innovations represents an innovation-
hampering factor (Appropriability)—and the importance of incoming spillovers measured by the
relevance of external sources for innovation activities (Incoming Spillovers). Furthermore, they

include a variable capturing the development of demand (Deltasales).

We control for the share of FTE employees of the education-level categories Share Trained, Share
Advanced, and Share Acad, with Share Lower as the baseline category. Controlling for these shares is
important to capture the direct effect of education level on innovation performance, allowing us to
identify the effect of vertical educational diversity itself. In addition, we include a dummy variable
indicating whether vertical educational diversity takes the value of 0 to capture the extreme cases of

firms in which all employees fall into a single education-level category.



Table 2:

Variable descriptions

Dependent Variables

R&D 0/1

Dummy variable that takes the value 1 if a firm has R&D expenditures and 0
otherwise.

R&D Intensity

R&D expenditures over total sales

New Product Innovation 0/1

Dummy variable that takes the value 1 if a firm has new product innovations and
0 otherwise.

New Product Innovation Intensity

Sales stemming from new product innovations over total sales

Improved Product Innovation 0/1

Dummy variable that takes the value 1 if a firm has improved product
innovations and 0 otherwise.

Improved Product Innovation Intensity

Sales stemming from improved product innovations over total sales

Process Innovation 0/1

Dummy variable that takes the value 1 if a firm has process innovations and 0
otherwise.

Process Innovation Intensity

Cost reduction due to process innovation over total sales

Explanatory Variables

Share Lower

Share of untrained employees and apprentices

Share Trained

Share of employees with an upper secondary education

Share Advanced Share of employers with a professional tertiary education (incl. university of
applied sciences)
Share Acad Share of employers with a conventional university (academic) tertiary education

Diversity Index

One minus the Herfindahl-Hirschman concentration index, calculated as the sum
of squared education shares

Diversity Index=0

Dummy variable that takes the value 1 if the Diversity Index is 0, and 0
otherwise.

Instrumental Variables

Region Share Lower

Mobility region share of untrained employees or apprentices

Region Share Trained

Mobility region share of employees with an upper secondary education

Region Share Advanced

Mobility region share of employers with a professional tertiary education (incl.
university of applied sciences)

Region Share Acad

Mobility region share of employers with a conventional university tertiary
education

Region Diversity Index

One minus the mobility region Herfindahl-Hirschman concentration index
(calculated as the sum of squared education shares)

Control Variables

Size

Number of full time-equivalent employees

Appropriability

Dummy variable that takes the value 1 if innovations are difficult to copy. Scores
1if they select 1 or 2 on a 5-point Likert scale capturing the extent to which ease
of copying represents an innovation hindrance, and 0 otherwise

Incoming Spillovers

Sum of the relevance of 3 external knowledge sources (Other companies,
Institutions/Consulting, Generally available information) on a 5-point Likert scale

Technological Potential

Technological potential outside the firm on a 5-point Likert scale

Deltasales

Difference of demand on the main sales market in the next 3 years and the past
3 years on a 5-point Likert scale (1=strong reduction, 5=strong increase)

Notes: All variables except dummy variables and Deltasales enter in logs, where Os are replaced by 0.1.

3.2. Descriptive information

Table 3 presents descriptive information about our dependent and independent variables. We have

between 2035 and 13143 observations depending on the variables used in our econometric models.

Variables stemming from questions related to the intensive margin of R&D and innovation activities

have a significantly lower number of observations, since only firms with R&D and innovation

activities can answer these questions. Particularly low are the number of observations for process

intensity; these figures are only available for firms with process innovations and significant

production cost reductions due to new processes introduced into the firm.




Table 3: Summary statistics of dependent and explanatory variables

Variable Obs Mean Std. Dev. Min Max
R&D 0/1 13143 0.401887 0.490298 0 1
New Product Innovation 0/1 13143 0.478125 0.49954 0 1
Improved Product Innovation 0/1 13143 0.476756 0.499478 0 1
Process Innovation 0/1 13143 0.437039 0.496039 0 1
R&D Intensity* 5097 3.252473 6.507942 0.00009 98.72554
New Product Innovation Intensity* 6284 34.83085 27.18615 1 100
Improved Product Innovation Intensity* 6266 34.83126 27.16087 1 100
Process Innovation Intensity* 2035 10.2286 7.242676 1 60
Share Lower* 13143 0.327925 0.240771 0 1
Share Trained* 13143 0.472663 0.230823 0 1
Share Advanced* 13143 0.143538 0.144874 0 1
Share Acad* 13143 0.055865 0.119482 0 1
Diversity Index=0 13143 0.021532 0.145156 0 1
Diversity Index* 13143 0.498828 0.151103 0 0.75
Technological Potential* 13143 2.678536 1.136104 1 5
Incoming Spillovers* 13143 7.109979 1.939901 3 15
Deltasales 13143 -0.00053 0.543672 -2 2
Appropriability 13143 0.580689 0.493465 0 1
Size* 13143 239.2996 1574.276 1 60000

Notes: *Summary statistics display values before taking logs

We observe R&D activities in 40% of the sample (R&D 0/1). 48% of firms have launched a new
product (New Product Innovation 0/1), and also around 48% of firms have launched essentially
improved products (Improved Product Innovation 0/1). Process innovations (Process Innovation 0/1)
have been introduced by 44% of firms. Referring to the intensity measures, we see that firms spent
on average 3.25% of their turnover on R&D (R&D Intensity). New or essentially improved products
(New Product Innovation Intensity, Improved Product Innovation Intensity) yielded on average 34%
of the total turnover, and process innovation (Process Innovation Intensity) resulted in cost
reductions of 10% on average. About 33% of the employees in a firm are untrained or have the status
of an apprentice (Share Lower), 47% are trained and have an upper secondary education (Share
Trained), 14% of employees have completed a professional tertiary education (Share Advanced), and
only 6% have conventional university tertiary educations (Share Acad). The “Diversity Index” shows a
rather diverse composition of the workforce in Swiss firms, with an index value of 0.5 on average
where the highest value is 0.75. The Technological Potential of the sample firms amounts to a value
of 2.68 on average (maximum 5), Incoming Spillovers yield an average level of 7.11 (maximum 15),
and the Appropriability of research results is considered by 58% of firms to hinder innovation. Due to

extreme values, the average number of employees of our sample firms amounts to 239.



4. Econometric methods

In order to investigate the relationship between vertical educational diversity and innovation
performance, we apply two different types of models—one each for the extensive and intensive
margins. First, we apply a logit estimator in order to estimate the extensive margins for R&D, new

product innovation, improved product innovation, and process innovation, respectively.

{Inno 0/1;; =1, if Inno 0/1;, >0 2)
Inno 0/1;; =0, otherwise

with:

Inno 0/1;; = y,Diversity Index;; + y,Education Shares;; + x;.f + €;; (3)

where Inno 0/1;; represents dummy variables indicating whether firm i at time t has conducted
R&D activities, introduced new or improved product innovations, or has introduced process
innovations (extensive margin). The vector x;, includes a comprehensive set of control variables for
firm i at time t that might affect the propensity to conduct R&D or to have successful product or
process innovations. xi't comprises important determinants for innovation activities (Cohen 2010).
Concretely, it includes technological potential, appropriability of innovation activities, importance of
incoming spillovers, changes in demand, firm size, sector fixed effects, and time fixed effects (see

Table 2 for exact definitions of the variables). The error term ¢;; is clustered on the firm level.

Most importantly, our models also include measures of the education mix employed by the firm.
Specifically, we analyse the impact of shares of employees for trained staff (Share Trained), staff with
professional tertiary education (Share Advanced), and staff with conventional university tertiary
education (Share Acad), where the share of apprentices and untrained staff (Share Lower) serves as
the reference category. While education shares represent standard elements of an innovation
equation and hence do not need to be further explained, the inclusion of single education-level items
deserves more explanation in equations that also include vertical educational diversity (Diversity
Index). It is important to account for these shares in order to capture the direct effect of education-
level shares on innovation performance. Hence, if we do not explicitly control for the formal
education shares within a firm, the estimated diversity-innovation relationship might be biased. For
similar reasons, @stergaard et al. (2011) introduced a binary variable representing whether a firm has

tertiary-level employees in addition to their diversity measure. Likewise, Parrotta et al. (2014)



introduced controls into their model on workforce composition in terms of formal education in order

to improve the precision of the estimates on the diversity index.

Second, we estimate an OLS estimation for our quantitative dependent variables that captures the

intensive margin of innovation activities.
Inno Intensity;, = y,Diversity Index;; + y,Education Shares;; + x;.B + €;; (4)

Inno Intensity;, identifies the intensity (intensive margin) of R&D activities, new product
innovations, improved product innovations, or the quantitative success of process innovations. In
order to account for potential selection, x;, in the intensive margin equation entails the predicted
Mills ratio of the corresponding extensive margin equation in addition to the variables mentioned
above. Since we estimate the selection equation and innovation performance separately, we block-

bootstrap the standard errors on the firm level with 1000 repetitions.
Identification strategy

It is possible that the relationship we observe between vertical educational diversity and the
innovation performance of a firm is influenced by other, unobserved variables. For instance, it is
possible that the quality of management or geographical proximity to universities influences both the
vertical educational diversity of a firm and its innovation performance. Furthermore, the possibility
of reverse causality exists: higher innovation performance might induce a higher vertical educational
diversity. Consequently, the effect of vertical educational diversity on innovation performance

observed here is very likely to be endogenous.

We address potential endogeneity in two ways. First, we estimate fixed effects models. By relying on
within-firm variation across time, these models account for unobserved time-invariant

heterogeneity.

Second, we address potential endogeneity due to unobserved heterogeneity and reverse causality by
pursuing an instrumental variable approach. More specifically, following Parrotta et al. (2012) and
McGuirk and Jordan (2012), we instrument vertical educational diversity of the firm with the vertical
educational diversity of the working age population in a mobility region. There are 106 mobility

regions in Switzerland as defined by Swiss Statistics.” Since the current location of a firm is not

7 See http://www.bfs.admin.ch/bfs/portal/de/index/regionen/11/geo/analyse regionen/03.html for more
information




randomly chosen, we use the historical composition of formal education in the region a firm is

settled. In this case, we calculate the vertical educational diversity in the region in 1990.

The rationale behind this instrument is that pre-existing vertical educational diversity at the regional
level is unlikely to be correlated with the innovation performance of a firm many years later, since
firms’ innovation performances fluctuate more strongly than the educational composition of their
regions. Furthermore, the instrument is positively correlated with the diversity of formal education in
a firm located in the respective region, since it is likely that the availability of skills and competences
is a necessary condition for formal educational diversity within a firm. Moreover it is clearly beyond
the influence of a single firm to determine the workforce composition of a region. Therefore, reverse
causality does not affect the instrument. Hence, we think that historical diversity on the regional

level is a good instrument for firm-level diversity.

Once we move our estimations to the level of regions, we also measure the education shares on the
levels of the region, in order to increase the precision of the diversity measure. Since we estimate the
instrumental variable approach to the extensive margin manually by estimating a logit model of the
first stage and including the predicted values in the main equation, we account for non-simultaneity
by block-bootstrapping the standard errors on the level of mobility regions with 1000 repetitions. We
estimate the IV of the intensive margin estimations by 2SLS. However, as discussed above, we
include the inverse Mills ratio based on a non-simultaneously estimated selection equation. Hence,
we block-bootstrap the standard errors of the intensive margin equations on the level of mobility
regions with 1000 repetitions to account for non-simultaneity of the instrumental variable estimation

with the prediction of the inverse Mills ratio.

The main concern regarding the validity of the instrument is that there is unobserved heterogeneity
across regions that is related to both vertical educational diversity and innovation performance. We
address this issue with a number of robustness checks reported in Tables A2 and A3 in the appendix.
First, the industry structure across regions is different and this might determine the innovation
performance of a firm. Hence, we replace sector dummies by 2-digit industry dummies in order to
equalize differences in industry structures (see Within-Industry estimates). Second, we additionally
inserted area dummies. Following Swiss Statistics, we can divide Switzerland into seven geographical
areas: “Lake of Geneva,” “Espace Mittelland,” “North-East-Switzerland,” “Zurich,” “East-Switzerland,”
“Central-Switzerland,” and “Tessin.” It is likely that there are uncontrolled differences across regions,
like different research infrastructure or geographical proximity to an international airport. Inserting

area dummies suggests that the identification relies on within-region variation only, thereby



equalizing such area differences that might be related to diversity on the regional level and the
innovation performance of firms (see Within-Area estimates). Third, since there are firms in our
sample that were founded after 1990, their location decision could be affected by the vertical
educational diversity of the working-age population in the region. Consequently, we conduct a
robustness test excluding those relatively young firms (see Only Old Firms estimates). Fourth, we
include the average value of the dependent variable in the corresponding region in the estimation to

control for the average innovation performance in the region (see DepVar Average estimates).

Table Al in the Appendix presents summary statistics for the main instrumental variable by canton.
The table shows the means of education level shares and vertical educational diversity in the
working-age population across mobility regions in each of the 26 cantons. “Area” in Table Al refers
to the 7 greater areas as defined by Swiss Statistics. The abbreviations for the Cantons follow the
denotations of Swiss Statistics®. There are significant differences across the Swiss cantons in terms of
the average shares of formal education among employees as well as in terms of the “Diversity
Index.” The average share of untrained people or apprentices is in particularly high in the canton of
Jura (JU) and in particularly low in the cantons of Zirich (ZH) and Zug (ZG). The share of trained
population is less diverse across Cantons. Bern (BE), Schaffhausen (SH), and Zirich (ZH) show
relatively high shares of trained people, and Jura (JU) a particularly low share. The share of people
with professional tertiary education is high in Aargau (AG), Geneva (GE), and Zirich (ZH); and
relatively low in Appenzell I. Rh. (Al) and Jura (JU). Not surprisingly, the share of people with
university tertiary education is very high in urban Geneva (GE) and extremely low in more remote
areas like Appenzell I. Rh. (Al) and Uri (UR). The most diverse populations in terms of formal
education (Diversity Index) can be found in Geneva (GE), Vaud (VD), and Zug (ZG). Hence, vertical
educational diversity seems to be positively correlated with the share of conventional university
tertiary education degrees in a canton. That is not surprising, given that the share of academics is
relatively low compared to the other educational groups in the respective cantons so higher shares
of academics balances the imbalance among education groups. As a result, vertical educational

diversity increases.

8 http://www.bfs.admin.ch/bfs/portal/de/index/dienstleistungen/premiere visite/03/03 02.html




5. Results

Table 4a presents the results for the extensive margin estimations and Table 4b for the intensive
margin estimations. We show three estimations for the effects of the Diversity Index on the
probability to conduct R&D, to successfully launch a new product, to successfully launch an improved
product, and to successfully implement a process innovation. The first estimation (Logit) is a simple
logit regression, followed by a fixed effects logit estimation (FE Logit), and the instrumental variable
estimation that instruments education level diversity by the vertical educational diversity of
employed population in the mobility region (IV). The components of the Diversity Index—education
level shares—are measured on the same level of aggregation as the instrument, which is the regional
level. In addition, Tables A2 and A3 in the Appendix show the robustness checks of the IV estimates

discussed above.

The estimations in Table 4a support hypothesis 1a, suggesting that vertical educational diversity
increases the propensity to conduct R&D significantly. This finding holds in the simple logit
estimation as well as in the estimations accounting for endogeneity by exploiting within-firm
variation and instrumenting vertical educational diversity. Table A3 in the appendix shows that the IV

estimates are robust across specifications.

Similarly, Table 4a supports hypotheses 2a and 3a. Vertical educational diversity increases the
propensity to introduce both new and improved products in the logit, fixed effects logit, and IV
estimates. It should be noted that the statistical significance of the IV estimates are somewhat less
robust, particularly in the case of improved product innovation. However, the estimated marginal
effects remain unaffected by the robustness checks. Hence, we conclude that hypotheses 2a and 3a
hold, particularly since our preferred specification—the fixed effects logit estimate—support these

hypotheses.

The results regarding the introduction of process innovation, however, fail to support hypothesis 4a.
While the simple logit estimates indicate a positive relationship between vertical educational
diversity and process innovation, the fixed effects logit estimates turn insignificant. Furthermore,
though the baseline IV estimates are significantly positive, the robustness checks shown in Table A3
in the appendix suggest that the relationship between vertical educational diversity and process

innovation propensity is insignificant.

Looking at the control variables, we see that—as expected—technological potential is significantly

and positively related to the propensity to conduct R&D as well as to introduce new product



innovations, improved product innovations, and process innovations. Also, our proxy for incoming
spillovers is significant and positively correlated with the extensive margin of innovation
performance measures, though it becomes insignificant in the fixed effects and instrumental variable
estimations. Appropriability is negatively related with the dependent variables in Table 4a except for
the case of process innovations. This indicates that high appropriability increases barriers to entry
into the markets for innovative products and processes, since leakage of information or technologies
from incumbents is unlikely, which increases the costs for potential entrants. The effect of firm size
on the probability to conduct R&D or to be innovative is inverted-U-shaped: the firms most likely to

conduct R&D or be innovative are mid-sized firms.

Usually one would expect that all education shares included in the estimation increase innovation
performance compared to the reference share of employees without upper secondary education
(Share Lower). This is particularly true regarding the expectation that the share of academics is
positively related to innovation activities (see, e.g., McGuirk and Jordan, 2012). From this
perspective, it is surprising that the estimates for the share of workers with professional tertiary
education (Share Advanced) and conventional university tertiary education (Share Acad) remain
insignificant in the fixed effects logit estimations, though their estimated marginal effects remain
positive. The only exception is the positively significant effect of Share Acad on R&D propensity. The
regional Share Acad even becomes negative in the IV estimates. However, this finding reflects a
multicollinearity problem between Share Acad and Share Advanced.® Nevertheless, it should be
noted that we find a robust positive and significant relationship between the Share Trained and

innovation performance.

9 Preliminary analysis suggest that including only Share Trained and the combined Share Advanced and Share
Acad in the estimation yields a significantly positive effect of the combined share on innovation performance.
Since our analysis focuses on the impact of vertical educational diversity, we do not show these effects.



Table 4a: Impact of Vertical Educational Diversity on

Extensive Margin of Innovation

Dependent Variable R&D 0/1 New Product Innovation 0/1 Improved Product Innovation 0/1 Process Innovation 0/1
Estimation Logit FE Logit \Y, oLs FE Logit [\, oLs FE Logit \Y) oLS FE Logit \Y,
Diversity Index 0.274*** 1.478*** 4.182* 0.278*** 1.673*** 4.994* 0.287*** 1.732%** 4.835%* 0.167*** 0.564 3.403%*
(0.051) (0.564) (2.202) (0.054) (0.524) (2.749) (0.054) (0.528) (2.667) (0.055) (0.479) (2.013)
Diversity Index=0 0.131%** 0.474 1.651%* 0.121%** 0.836** 1.958* 0.126*** 0.938** 1.897* -0.016 -0.222 1.241
(0.036) (0.459) (0.864) (0.039) (0.379) (1.077) (0.039) (0.385) (1.044) (0.044) (0.383) (0.785)
Technological Potential 0.092%** 0.187** 0.100%** 0.077*** 0.214%** 0.058 0.078*** 0.215%** 0.061* 0.070%*** 0.131* 0.053*
(0.009) (0.090) (0.030) (0.010) (0.080) (0.036) (0.010) (0.080) (0.035) (0.010) (0.074) (0.028)
Incoming Spillovers 0.064*** 0.028 -0.036 0.036** -0.191 -0.101 0.037** -0.165 -0.096 0.071%** 0.141 -0.029
(0.016) (0.163) (0.066) (0.016) (0.151) (0.084) (0.016) (0.151) (0.081) (0.017) (0.135) (0.062)
Deltasales 0.008 -0.007 0.007 0.019** 0.065 0.019** 0.021%** 0.064 0.021** -0.012 -0.076 -0.015*
(0.007) (0.069) (0.008) (0.008) (0.062) (0.010) (0.008) (0.062) (0.010) (0.008) (0.057) (0.009)
Appropriability -0.039*** -0.128* -0.038*** -0.025*** -0.045 -0.028*** -0.026*** -0.035 -0.028*** 0.006 0.073 0.003
(0.008) (0.076) (0.008) (0.008) (0.072) (0.010) (0.008) (0.072) (0.010) (0.009) (0.065) (0.008)
Size 0.081*** 0.244 0.086*** 0.078*** 0.418 0.092%*** 0.073*** 0.461* 0.085*** 0.059*** 0.017 0.072%**
(0.013) (0.290) (0.020) (0.014) (0.270) (0.023) (0.015) (0.274) (0.024) (0.015) (0.251) (0.018)
Size? -0.002* 0.000 -0.006* -0.002 -0.016 -0.008* -0.002 -0.019 -0.007 0.001 0.023 -0.003
(0.001) (0.033) (0.004) (0.002) (0.032) (0.005) (0.002) (0.032) (0.005) (0.002) (0.029) (0.003)
Share Trained -0.028 0.961** 0.035 0.530 0.042 0.590* -0.040 0.694**
(0.031) (0.384) (0.033) (0.357) (0.033) (0.358) (0.033) (0.324)
Share Advanced 0.118*** -0.323 0.156%** -0.029 0.156*** -0.013 0.032 0.761*
(0.044) (0.532) (0.047) (0.491) (0.047) (0.491) (0.049) (0.456)
Share Acad 0.372%** 1.771%* 0.219%** 0.594 0.205%** 0.503 0.084 1.071
(0.053) (0.765) (0.059) (0.714) (0.059) (0.713) (0.057) (0.664)
Region Share Trained 0.151 0.489*** 0.478*** 0.477%**
(0.129) (0.148) (0.145) (0.131)
Region Share Advanced 0.017 -0.036 -0.028 -0.150*
(0.075) (0.090) (0.087) (0.077)
Region Share Acad -0.027** -0.039*** -0.043*** 0.002
(0.013) (0.014) (0.014) (0.019)
N 13142 3890 13143 13136 4610 13143 13136 4605 13143 13142 5639 13143
Kleibergen 14.958 14.958 14.958 14.958

Notes: The table displays marginal effects of logit, fixed effects logit and IV estimates that instrument vertical educational diversity by the regional average of vertical educational diversity in 1990. Standard errors in
parantheses are clustered at firm level in the Logit and FE Logit estimates and block bootstrapped at the region level in the IV estimates. All continuous variables except Deltasales enter in logs. All regressions include
time dummies. Logit estimates include 2-digit industry dummies and FE Logit and IV estimates include sector dummies. Testing for potential weak instruments, Kleibergen refers to the Kleibergen-Paap rk Wald F statistic,
which has critical value of 16.38 for 10% maximal IV size. *,** and *** denote significances at the 10%, 5% and 1% level. See Table A2 in the Appendix for robustness checks of the IV estimates.




Table 4b: Impact of Vertical Educational Diversity on Innovation Intensity

Dependent Variable

R&D Intensity

New Product Innovation Intensity

Improved Product Innovation Intensity

Process Innovation Intensity

Estimation oLS FE Region IV oLS FE Region IV oLS FE Region IV OoLS FE Region IV
Diversity Index 0.875*** 0.121 4.603 -0.096 -0.625 2.757 -0.130 -0.787 3.637 -0.547** 0.368 6.585
(0.324) (0.666) (10.924) (0.314) (0.653) (15.407) (0.314) (0.672) (23.343) (0.228) (0.854) (43.750)
Diversity Index=0 0.279 -0.026 1.994 -0.037 0.072 1.115 0.184 0.004 1.690 -0.428** 0.159 2.593
(0.248) (0.559) (4.446) (0.285) (0.669) (6.280) (0.309) (0.750) (9.499) (0.188) (0.689) (18.884)
Technological Potential 0.379%** 0.034 0.745%** 0.368*** 0.227** 0.519 0.361*** 0.196* 0.504 0.097** 0.102 -0.027
(0.058) (0.099) (0.233) (0.057) (0.100) (0.320) (0.057) (0.109) (0.428) (0.043) (0.144) (1.309)
Incoming Spillovers 0.169* 0.143 0.309 0.012 -0.047 0.047 0.012 -0.120 0.021 0.058 -0.077 -0.119
(0.091) (0.154) (0.354) (0.097) (0.181) (0.603) (0.097) (0.177) (0.691) (0.071) (0.191) (1.546)
Deltasales 0.072* 0.050 0.092 -0.028 -0.077 -0.021 -0.020 -0.049 -0.018 0.050* 0.047 0.042
(0.038) (0.054) (0.056) (0.037) (0.059) (0.094) (0.038) (0.062) (0.161) (0.030) (0.073) (0.182)
Appropriability 0.103** 0.020 0.246%** 0.065 -0.006 0.111* 0.057 -0.060 0.104* 0.037 0.091 0.074
(0.041) (0.060) (0.057) (0.043) (0.070) (0.061) (0.043) (0.071) (0.058) (0.035) (0.089) (0.213)
Size -0.275%** -0.278 -0.540%** -0.129* -0.316 -0.236%** -0.072 -0.256 -0.198* -0.163*** -0.138 -0.270
(0.079) (0.347) (0.081) (0.075) (0.408) (0.085) (0.073) (0.406) (0.115) (0.063) (0.504) (0.366)
Size? 0.020%** 0.024 0.037%** 0.011 0.028 0.015 0.003 0.021 0.008 0.009* 0.001 0.013
(0.008) (0.036) (0.013) (0.007) (0.039) (0.015) (0.007) (0.039) (0.016) (0.006) (0.045) (0.022)
Share Trained -0.029 -0.162 0.383** 0.039 0.520*** 0.081 -0.014 0.391
(0.170) (0.397) (0.174) (0.415) (0.177) (0.387) (0.132) (0.486)
Share Advanced 0.990*** 0.122 1.669*** 0.207 1.882%*** 0.399 0.225 0.044
(0.237) (0.492) (0.268) (0.572) (0.265) (0.553) (0.196) (0.633)
Share Acad 2.324%*** 0.117 1.446*** 0.658 1.377*** 0.755 0.692%** 0.245
(0.287) (0.601) (0.335) (0.789) (0.336) (0.797) (0.230) (1.010)
Inverse Mills Ratio 0.039%** 0.011 0.025 0.119%** 0.144* 0.099 0.102*** 0.117 0.076 0.044* -0.082 -0.014
(0.011) (0.030) (0.021) (0.028) (0.084) (0.108) (0.027) (0.088) (0.107) (0.025) (0.183) (0.338)
Region Share Trained -0.398 -0.294 -0.121 -0.008
(0.631) (0.603) (1.313) (1.832)
Region Share Advanced 0.415 0.326 0.323 -0.142
(0.430) (0.423) (0.920) (1.302)
Region Share Acad 0.073 -0.100 -0.121 -0.011
(0.121) (0.131) (0.103) (0.487)
N 5097 5097 5097 6278 6278 6284 6260 6260 6266 2035 2035 2035
Kleibergen 13.144 24.877 23.967 4.997

Notes: The table displays coefficients of OLS, fixed effects OLS and IV estimates that instrument vertical educational diversity by the regional average of vertical educational diversity in 1990. Standard errors in
parantheses are bootstrapped in the OLS estimates, bootstrapped clustered at the firm level in the FE OLS estimates and block bootstrapped at the region level in the IV estimates. All continuous variables except
Deltasales enter in logs. All regressions include time dummies. OLS estimates include 2-digit industry dummies and FE and IV estimates include sector dummies. Testing for potential weak instruments, Kleibergen refers
to the Kleibergen-Paap rk Wald F statistic, which has critical value of 16.38 for 10% maximal IV size. *,** and *** denote significances at the 10%, 5% and 1% level. See Table A3 in the Appendix for robustness checks of

the IV estimates.




Table 4b presents the estimation results for the intensive margins. Again, we present three types of
estimations (OLS, FE, IV) each for R&D intensity, new product innovation intensity, improved product
innovation intensity, and process innovation intensity. The results provide little evidence that vertical
educational diversity increases the intensive margin of innovation performance. Hence, the findings
do not support hypothesis 1b and hypothesis 2b, which suggest that vertical educational diversity
increases R&D intensity and the intensity of new product innovation. Since hypotheses 3b and 4b

claim an insignificant relationship, we confirm these two hypotheses.

The effects of the control variables in the intensive margin equation are generally as expected,
though they often remain insignificant, possibly due to a lack of variation across time. Concretely,
Technological Potential is positive for innovation performance in all estimates but remains
insignificant in the fixed effects estimations for R&D intensity and process innovation intensity. While
Appropriability becomes insignificant in the fixed effects estimates, it has a positive relationship with
innovation performance in the OLS and IV estimations. If we remember the significant negative sign
for Appropriability for the extensive margin, we see exactly the opposite for the intensive margin.
This confirms the idea that high Appropriability constitutes an entry barrier to the innovation market,
and once entered it is positively related with the innovation performance of the incumbents, since
their innovation results are well protected. Incoming Spillovers are positively related with the
intensive margin of the dependent variables and we observe a non-linear relationship between firm
size and the intensive margins. Education shares generally have the expected positive sign, though

not all estimates display significance.

The overall picture of our results is in line with the theoretical framework presented in this paper.
Concretely, the framework assumes that commercialization character becomes more prevalent when
moving from the extensive margin to the intensive margin and when moving from R&D to new
product innovation to improved product innovation to process innovation. The empirical results
draw a picture that is coherent with this framework as the value of vertical educational diversity

decreases along both of these dimensions.

In sum the robustness tests confirm the positive relationship between vertical educational diversity
and the extensive margins of R&D, New Product Innovation and Improved Product Innovation.

However, the corresponding intensive margins as well as process innovation remain unaffected.

6. Policy implications

23



Our results create quite a challenging situation for education policy makers. On one hand, a highly
qualified workforce tends to have a positive impact on the innovation performance of a firm. On the
other hand, an education system that produces a workforce with similar educational backgrounds—
too many people with a conventional university tertiary education—it will ultimately decreases the
diversity of the workforce and the creative potential of the economy is likely to decrease.
Consequently, an education system should be flexible enough to generate a workforce that provides
a sufficient amount of people with different educational backgrounds. Skills gap analysis of different
institutions gives us some evidence that this is indeed a challenge in many countries (i.e. Deloitte and

the Manufacturing Institute, 2011).

The results at hand are based on Swiss data and should be interpreted against the background of the
Swiss education system, which has some unique features that contribute to the vertical educational
diversity of the country. This enables firms to have a diverse workforce, which increases the
propensity of innovation activities. And indeed, the fraction of Swiss firms with innovative activities is

one of the highest in the world.

The following paragraphs discuss features of the Swiss education system that contribute to the
positive effect of vertical educational diversity in Switzerland. First and foremost, the principle of
horizontal and vertical permeability (transition mechanisms) in the whole education system is the
basis for lifelong learning where no dead-ends exist throughout a person’s entire lifespan—no matter
their educational starting points or objectives. This is particularly important in an economy
confronted with substantial technological change where employees may need to retool their skills
several times. The high proportion of employees belonging to our Share Trained means that
Switzerland’s work force depends heavily on the upper secondary education level, which is itself
strongly linked to the needs of the labor market. In each cohort, around two out of three youngsters
chose an apprenticeship as their first entry into the labor market instead of following the purely

academic path to university education.

Second, employers are in the driver’s seat when it comes to the definition of the vocational
framework curriculum. Training companies are members of professional organizations, which are
heavily involved in curriculum design as well as providing training material for companies. The labor
market relevance of curricula not only benefits the students themselves, but contributes to
technological spillovers from firms at the technological frontier to firms operating below the

technological frontier (Rupietta and Backes-Gellner, 2012).

24



Third, regarding the application of that curriculum, students’ doing a high percentage of their training
at the workplace is a big advantage because apprentices or students at the tertiary education level
learn on the best-available technologies used in firms while picking up all the softs and behavioral
skills required for being members of high-performing teams (see, e.g., Bolli and Renold, 2015). In
addition, a high percentage of workplace learning guarantees that knowledge and skills are
encultured and encoded (Lewis, 2005), and that young people are exposed to unfamiliar and
unexpected situations for a substantial part of their education time. They are often embedded in
working teams that are actually developing innovations. This improves their problem-solving skills

and their creativity, which are prerequisites for innovation performance.

Furthermore, Swiss firms that train apprentices make a profit on average from training, which might
explain their high motivation to invest in the human capital of their employees. In Switzerland, the
benefits of apprenticeship training outweigh the corresponding costs mostly because the wages of
apprentices are low compared to what a skilled worker would earn, and because companies make
sure their apprentices are productive by the second or third year of their apprenticeship by using
occupation-specific syllabi from the professional associations (Dionisius et al., 2009, Wolter et al.,
2006). This effect is also beneficial to the government and reduces public expenditures for vocational

education.

In sum, one has to understand the particularity of the Swiss vocational and professional education
system, and the specificities behind the employer-driven approach of the Swiss system in order to
understand why and under which premises vertical educational diversity provides such a

comparative advantage for firms in Switzerland.

7. Conclusion

This paper provides an in-depth investigation of the relationship between the vertical educational
diversity of employees and the innovation performance of firms. This is a relevant question since it
emphasizes the importance not only of the mix of employees’ educational backgrounds, but also of
the combination of different qualifications for innovation. Based on a comprehensive dataset
covering the period from 1999 — 2011 for a representative sample of Swiss firms and the application
of econometric methods, we determine that there is a significant relationship between vertical
educational diversity and innovation performance during different stages of the innovation process.
Vertical educational diversity is significantly and positively related to the extensive margins of R&D,

new product innovation, and improved product innovation. However, vertical educational diversity is
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insignificantly related with process innovation and the intensive margins of R&D and product
innovations. We conducted a number of robustness tests addressing the potential endogeneity of

vertical educational diversity as observed in firms.

These results point to the favorable effect of vertical educational diversity for the generation of new
knowledge or the invention of new products. The results also show that vertical educational diversity
does not positively affect the commercial success of innovation or R&D activities. Actually, it tends to
hinder firms in their efforts to efficiently exploit their innovative findings for commercial purposes.

This poses challenges not only on the level of firms, but also to the education system of a country.

On the firm level, these results clearly challenge management systems. They should be aware of the
likely adverse effects of increased vertical educational diversity on the efficiency of turning R&D
results into commercially successful products. That is clearly a very difficult task, since it also requires
them to consider the diversity implications of a change in the education level of employees. An
increase in overall education level usually is positively related with the market success of innovative
products. However, if it also increases the vertical educational diversity, an indirect negative effect
on innovation success can be expected. This requires a change in perspective away from a focus on
single educational categories towards a perspective considering the “mix of degrees” and a more

combinatorial view of educational outcomes.

There are also implications for the education system of a country. It should provide an “optimal” mix
of educational backgrounds to increase the flexibility of firms to create their “optimal degree mix.”
This requires an attractive institutional environment and a positive attitude of the population as well
as of companies towards education activities including vocational education. Moreover, job market
prospects should be sufficiently good in order to increases peoples’ readiness to pay for formal
education. To investigate the institutional setting of the education system in Switzerland is not part
of the study at hand. However, it would be an interesting topic for future research to analyze the
interactions between the output of the education system and the demand for a diverse workforce by
industry. We also leave in-depth investigation of the complementarity of different formal education
levels and the meaning of commuting between regions in Switzerland or migration from other

countries for future research activities. The influence of international labor mobility on the diversity

of the national workforce could also be part of future investigations.
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Appendix

Table Al: Summary Statistics of Regional Instrumental Variable by Canton

Share Lower Share Trained Share Advanced Share Acad Diversity Index

Canton N Area | Mean Std.Dev  Min Max Mean  Std.Dev  Min Max Mean Std.Dev  Min Max | Mean Std.Dev  Min Max | Mean Std.Dev  Min Max
AG 974 3 0.33 0.04 0.26 0.42 0.54 0.02 0.48 0.59 0.09 0.01 0.07 0.11 0.04 0.01 0.02 0.06 | 0.58 0.01 0.57  0.60
Al 33 5 0.48 0.04 0.33 0.49 0.45 0.02 0.44 0.53 0.05 0.01 0.05 0.07 0.02 0.01 0.02 0.07 | 0.56 0.01 0.56  0.60
AR 93 5 0.40 0.01 0.35 0.41 0.49 0.01 0.49 0.54 0.07 0.00 0.07 0.08 0.03 0.00 0.02 0.04 | 0.59 0.00 0.57  0.59
BE 1598 2 0.32 0.06 0.25 0.48 0.56 0.03 0.43 0.59 0.08 0.01 0.05 0.10 0.04 0.02 0.01 0.07 | 0.57 0.01 0.55 0.62
BL 447 3 0.32 0.04 0.26 0.42 0.55 0.02 0.49 0.59 0.08 0.00 0.05 0.10 0.05 0.01 0.01 0.07 | 0.59 0.00 056 0.61
BS 372 3 0.37 0.02 0.25 0.52 0.49 0.02 0.41 0.58 0.07 0.01 0.05 0.09 0.07 0.01 0.02 0.07 | 0.61 0.01 0.56  0.61
FR 360 2 0.46 0.06 0.26 0.55 0.45 0.04 0.38 0.59 0.06 0.01 0.04 0.10 0.03 0.01 0.02 0.07 | 0.58 0.02 0.55 0.62
GE 520 1 0.38 0.01 0.29 0.43 0.42 0.01 0.42 0.56 0.09 0.00 0.06 0.11 0.12 0.01 0.04 0.12 | 0.66 0.01 0.59  0.66
GL 78 5 0.43 0.03 0.26 0.47 0.48 0.03 0.45 0.59 0.07 0.00 0.06 0.10 0.02 0.00 0.02 0.04 | 0.57 0.00 0.57  0.57
GR 350 5 0.37 0.05 0.28 0.53 0.54 0.04 0.42 0.63 0.06 0.01 0.03 0.09 0.03 0.01 0.02 0.07 | 0.57 0.01 0.52 0.61
Ju 156 2 0.52 0.01 0.44 0.52 0.41 0.01 0.41 0.47 0.05 0.00 0.05 0.06 0.03 0.00 0.03 0.03 | 0.56 0.00 056  0.58
LU 635 6 0.37 0.05 0.31 0.53 0.52 0.03 0.42 0.55 0.08 0.01 0.04  0.10 0.03 0.01 0.01 0.07 | 0.58 0.01 0.54  0.60
NE 301 2 0.43 0.04 0.38 0.51 0.45 0.02 0.42 0.46 0.07 0.01 0.05 0.09 0.05 0.02 0.03 0.12 | 0.60 0.02 0.56  0.66
NW 85 6 0.34 0.03 0.25 0.38 0.54 0.01 0.53 0.58 0.08 0.00 0.07 0.09 0.03 0.01 0.03 0.07 | 0.58 0.00 0.57  0.58
ow 53 6 0.42 0.03 0.31 0.43 0.49 0.02 0.49 0.54 0.07 0.01 0.06 0.10 0.03 0.01 0.02 0.05 | 0.58 0.00 0.58  0.60
SG 1066 5 0.38 0.04 0.26 0.47 0.52 0.03 0.45 0.59 0.07 0.01 0.06 0.10 0.03 0.01 0.02 0.07 | 0.58 0.00 0.57  0.60
SH 164 5 0.32 0.01 0.26 0.43 0.56 0.01 0.47 0.59 0.09 0.00 0.06 0.10 0.04 0.00 0.03 0.07 | 0.58 0.01 0.57  0.60
SO 489 2 0.37 0.02 0.25 0.42 0.53 0.01 0.49 0.58 0.07 0.01 0.05 0.09 0.03 0.01 0.01 0.07 | 0.58 0.01 0.56  0.61
Sz 222 6 0.42 0.04 0.27 0.48 0.49 0.02 0.45 0.56 0.07 0.01 0.05 0.11 0.03 0.00 0.02 0.06 | 0.58 0.01 0.57  0.60
TG 458 5 0.36 0.02 0.26 0.38 0.53 0.01 0.52 0.59 0.08 0.00 0.07 0.10 0.03 0.01 0.02 0.05 | 0.58 0.00 0.57  0.60
Tl 692 7 0.42 0.04 0.25 0.54 0.47 0.02 0.42 0.58 0.06 0.01 0.03 0.09 0.05 0.01 0.02 0.07 | 0.59 0.02 0.54  0.60
UR 45 6 0.48 0.02 0.35 0.49 0.44 0.02 0.44 0.54 0.06 0.00 0.06 0.08 0.02 0.00 0.02 0.04 | 0.57 0.00 0.57  0.58
VD 766 1 0.39 0.05 0.25 0.54 0.46 0.02 0.39 0.59 0.08 0.01 0.05 0.11 0.07 0.03 0.02 0.12 | 0.62 0.02 0.56  0.66
'S 398 1 0.47 0.03 0.35 0.52 0.44 0.03 0.41 0.54 0.06 0.01 0.04  0.09 0.03 0.01 0.02 0.12 | 0.58 0.01 0.55 0.66
G 246 6 0.31 0.01 0.27 0.44 0.54 0.01 0.48 0.57 0.10 0.00 0.06 0.10 0.05 0.00 0.02 0.06 | 0.60 0.00 0.57  0.60
ZH 2542 4 0.29 0.03 0.23 0.49 0.56 0.03 0.42 0.59 0.09 0.01 0.06 0.11 0.05 0.02 0.02 0.12 | 0.58 0.02 0.57  0.66
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Table A2: Robustness of IV Estimates: Extensive Margin

Dependent Variable R&D 0/1 New Product Innovation 0/1
Within- Within- Only DepVar Within- Within- Only DepVar
Baseline Industry Area Old Firms  Average Baseline Industry Area Old Firms  Average
Diversitv Index 4.182* 4.404* 4.336* 4.538** 2.480* 4.994* 4.997* 4.850* 5.191 3.105
(2.202) (2.274) (2.430) (2.310) (1.424) (2.749) (2.974) (2.935) (3.274) (1.903)
Diversity Index=0 1.651* 1.718* 1.712% 1.782%* 0.983* 1.958* 1.942%* 1.899* 2.071 1.217
(0.864) (0.877) (0.950) (0.906) (0.557) (1.077) (1.150) (1.149) (1.281) (0.745)
Technological Potential 0.100***  0.072***  0.096***  0.091***  (0.119*** 0.058 0.051** 0.059 0.047 0.081***
(0.030) (0.019) (0.033) (0.031) (0.020) (0.036) (0.024) (0.039) (0.042) (0.026)
Incoming Spillovers -0.036 -0.036 -0.041 -0.063 0.016 -0.101 -0.087 -0.098 -0.118 -0.045
(0.066) (0.058) (0.073) (0.075) (0.046) (0.084) (0.078) (0.090) (0.105) (0.059)
Deltasales 0.007 0.004 0.007 0.003 0.009 0.019** 0.014 0.019* 0.017 0.021**
(0.008) (0.008) (0.009) (0.009) (0.008) (0.010) (0.010) (0.010) (0.011) (0.009)
Appropriability -0.038*** -0.035*** -0.038*** -0.038*** -0.036*** | -0.028***  -0.023** -0.028***  -0.025** -0.027***
(0.008) (0.008) (0.008) (0.009) (0.008) (0.010) (0.010) (0.010) (0.011) (0.010)
Size 0.086***  0.090***  0.086***  0.122***  0.074*** | 0.092***  0.092***  0.090***  0.131***  0.080***
(0.020) (0.017) (0.021) (0.028) (0.017) (0.023) (0.022) (0.023) (0.035) (0.018)
Size? -0.006* -0.007** -0.006 -0.010** -0.004 -0.008* -0.008 -0.007 -0.012* -0.005
(0.004) (0.003) (0.004) (0.005) (0.003) (0.005) (0.005) (0.005) (0.006) (0.003)
Region Share Trained 0.151 0.242 0.065 0.153 0.093 0.489***  (0,582%** 0.317* 0.491***  (0.310***
(0.129) (0.169) (0.157) (0.136) (0.089) (0.148) (0.219) (0.175) (0.164) (0.117)
Region Share Advanced 0.017 -0.035 0.079 0.021 -0.008 -0.036 -0.084 0.032 -0.021 -0.050
(0.075) (0.076) (0.076) (0.079) (0.051) (0.090) (0.104) (0.079) (0.100) (0.058)
Region Share Acad -0.027** -0.008 -0.045*%*  -0.031** 0.004 -0.039*** -0.013 -0.050**  -0.046*** -0.007
(0.013) (0.015) (0.021) (0.013) (0.011) (0.014) (0.020) (0.022) (0.015) (0.014)
Region Average DepVar 0.340%*** 0.366***
(0.053) (0.087)
N 13143 13142 13143 11307 13143 13143 13136 13143 11307 13143
Kleibergen 14.958 10.673 12.305 9.960 14.532 14.958 10.673 12.305 9.960 14.532
Dependent Variable Improved Product Innovation 0/1 Process Innovation 0/1
Estimation Within- Within- Only DepVar Within- Within- Only DepVar
Baseline Industry Area Old Firms  Average Baseline Industry Area Old Firms  Average
Diversitv Index 4.835* 4.888 4.767 5.038 3.032 3.403* 2.934 3.222 2.423 2.173
(2.667) (3.219) (2.942) (3.189) (1.874) (2.013) (2.059) (2.370) (2.170) (1.348)
Diversity Index=0 1.897* 1.902 1.868 2.014 1.190 1.241 1.054 1.167 0.883 0.757
(1.044) (1.243) (1.153) (1.248) (0.732) (0.785) (0.791) (0.921) (0.851) (0.527)
Technological Potential 0.061* 0.053** 0.061 0.049 0.083*** 0.053* 0.054*** 0.054* 0.060**  0.068***
(0.035) (0.026) (0.037) (0.040) (0.025) (0.028) (0.019) (0.032) (0.030) (0.021)
Incoming Spillovers -0.096 -0.083 -0.095 -0.113 -0.042 -0.029 -0.005 -0.026 -0.008 0.007
(0.081) (0.083) (0.090) (0.102) (0.057) (0.062) (0.055) (0.075) (0.068) (0.044)
Deltasales 0.021** 0.017 0.020** 0.018 0.022%** -0.015* -0.015* -0.015* -0.018** -0.014*
(0.010) (0.010) (0.010) (0.011) (0.009) (0.009) (0.009) (0.009) (0.009) (0.008)
Appropriability -0.028***  -0.023**  -0.029***  -0.025** -0.028*** 0.003 0.006 0.003 0.006 0.003
(0.010) (0.010) (0.010) (0.011) (0.010) (0.008) (0.008) (0.008) (0.009) (0.008)
Size 0.085***  0.086***  0.084***  0.124***  0.074*** | 0.072***  0.069***  0.069***  0.091***  0.064***
(0.024) (0.023) (0.023) (0.035) (0.019) (0.018) (0.017) (0.020) (0.024) (0.015)
Size? -0.007 -0.007 -0.007 -0.011* -0.004 -0.003 -0.003 -0.003 -0.004 -0.002
(0.005) (0.005) (0.005) (0.006) (0.003) (0.003) (0.003) (0.004) (0.004) (0.002)
Region Share Trained 0.478***  (0.571** 0.306* 0.485%**  0.306*** | 0.477***  0.502***  0.273**  0.417***  (0.284***
(0.145) (0.232) (0.179) (0.156) (0.113) (0.131) (0.168) (0.127) (0.127) (0.091)
Region Share Advanced -0.028 -0.075 0.037 -0.019 -0.045 -0.150* -0.148* -0.087 -0.112 -0.108**
(0.087) (0.107) (0.082) (0.096) (0.056) (0.077) (0.082) (0.066) (0.075) (0.051)
Region Share Acad -0.043%** -0.018 -0.053**  -0.049*** -0.010 0.002 0.004 -0.001 -0.000 0.008
(0.014) (0.021) (0.021) (0.015) (0.014) (0.019) (0.019) (0.025) (0.017) (0.013)
Region Average DepVar 0.362%** 0.361%**
(0.086) (0.067)
N 13143 13142 13143 11307 13143 13143 13136 13143 11307 13143
Kleibergen 14.958 10.673 12.305 9.960 14.532 14.958 10.673 12.305 9.960 14.532

Notes: Each block of the table shows the results for the extensive margin of one of the four innovation measures, i.e. R&D, new product

innovation, improved product innovation and process innovation. The table displays marginal effects of IV estimates that instrument

vertical educational diversity by the regional average of vertical educational diversity in 1990. Standard errors in parantheses are block
bootstrapped at the region level. All regressions include time and sector dummies. Within-Industry and Within-Area estimations entail

dummies for 2-digit industries and 7 large areas, respectively. Only Old Firms estimations exclude firms founded after 1990 from the

sample. DepVar Average estimates control for the regional average of the innovation measure. Testing for potential weak instruments,
Kleibergen refers to the Kleibergen-Paap rk Wald F statistic, which has critical value of 16.38 for 10% maximal IV size. *,** and *** denote
significances at the 10%, 5% and 1% level.
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Table A3: Robustness of IV Estimates: Intensive Margin

Dependent Variable

R&D Intensity

New Product Innovation Intensity

Within- Within- Only DepVar Within- Within- Only DepVar
Baseline Industry Area Old Firms  Average Baseline Industry Area Old Firms  Average
Diversitv Index 4.603 4.391 7.417 2.069 2.712 2.757 2.645 3.226 -0.891 3.609
(10.924) (38.693) (10.007) (35.265) (6.626) (15.407) (14.101) (8.360) (15.408) (19.198)
Diversity Index=0 1.994 1.703 3.151 1.073 1.166 1.115 0.994 1.303 -0.366 1.459
(4.446) (15.925) (4.054) (14.728) (2.705) (6.280) (5.623) (3.356) (6.199) (7.820)
Technological Potential 0.745%** 0.387 0.682*** 0.810 0.743*** 0.519 0.370* 0.511%** 0.580* 0.484
(0.233) (0.500) (0.206) (0.677) (0.155) (0.320) (0.210) (0.198) (0.334) (0.376)
Incoming Spillovers 0.309 0.166 0.223 0.359 0.361* 0.047 0.009 0.030 0.173 0.030
(0.354) (0.908) (0.346) (0.906) (0.215) (0.603) (0.372) (0.302) (0.562) (0.687)
Deltasales 0.092 0.074 0.082 0.090 0.099** -0.021 -0.033 -0.023 -0.015 -0.027
(0.056) (0.184) (0.052) (0.110) (0.044) (0.094) (0.072) (0.066) (0.117) (0.119)
Appropriability 0.246%** 0.130 0.246***  0.252***  (0.245*** 0.111* 0.086 0.110** 0.097 0.116**
(0.057) (0.160) (0.050) (0.070) (0.050) (0.061) (0.069) (0.054) (0.065) (0.059)
Size -0.540*** -0.410 -0.536***  -0.488*** -0.553*** | -0.236*** -0.244*** .(0.233*** -0.098 -0.251%**
(0.081) (0.258) (0.081) (0.142) (0.072) (0.085) (0.086) (0.088) (0.096) (0.081)
Size? 0.037*** 0.029 0.035*** 0.036 0.040%*** 0.015 0.019 0.015 0.007 0.016
(0.013) (0.050) (0.011) (0.035) (0.009) (0.015) (0.015) (0.010) (0.019) (0.021)
Inverse Mills Ratio 0.025 0.026 0.022 0.024 0.022 0.099 0.084 0.100 0.115 0.092
(0.021) (0.062) (0.019) (0.037) (0.015) (0.108) (0.080) (0.064) (0.103) (0.137)
Region Share Trained -0.398 -0.461 -0.970 -0.605 0.251 -0.294 -0.138 -0.251 -0.822 0.472
(0.631) (2.558) (0.711) (0.868) (0.328) (0.603) (0.848) (0.708) (0.615) (0.469)
Region Share Advanced 0.415 0.303 0.535 0.488 -0.121 0.326 0.167 0.305 0.640 -0.134
(0.430) (1.084) (0.410) (1.016) (0.198) (0.423) (0.407) (0.324) (0.476) (0.415)
Region Share Acad 0.073 -0.046 0.049 0.090 0.166** -0.100 -0.060 -0.087 -0.140 0.060
(0.121) (0.134) (0.159) (0.481) (0.075) (0.131) (0.071) (0.137) (0.103) (0.168)
Region Average DepVar 0.626%** 0.621***
(0.090) (0.153)
N 5097 5097 5097 4422 5097 6284 6278 6284 5443 6284
Kleibergen 13.144 11.376 13.502 11.106 12.643 24.877 21.955 23.076 21.067 23.800
Dependent Variable Improved Product Innovation Intensity Process Innovation Intensity
Estimation Within- Within- Only DepVar Within- Within- Only DepVar
Baseline Industry Area Old Firms  Average Baseline Industry Area Old Firms  Average
Diversitv Index 3.637 3.259 4.922 0.755 3.917 6.585 6.141 7.004 3.060 1.728
(23.343) (24.253) (14.825) (28.196) (8.662) (43.750) (44.834) (45.700) (77.842) (13.087)
Diversity Index=0 1.690 1.469 2.208 0.653 1.797 2.593 2.390 2.747 1.167 0.457
(9.499) (9.652) (6.010) (11.230) (3.528) (18.884) (19.581) (19.698) (33.913) (5.692)
Technological Potential 0.504 0.349 0.475* 0.552 0.482%** -0.027 -0.041 -0.034 0.050 0.124
(0.428) (0.382) (0.255) (0.495) (0.169) (1.309) (1.157) (1.348) (2.541) (0.419)
Incoming Spillovers 0.021 -0.010 -0.021 0.132 0.018 -0.119 -0.102 -0.130 -0.001 0.042
(0.691) (0.699) (0.479) (1.002) (0.278) (1.546) (1.529) (1.671) (3.420) (0.504)
Deltasales -0.018 -0.030 -0.027 -0.036 -0.020 0.042 0.044 0.038 0.033 0.054
(0.161) (0.129) (0.107) (0.137) (0.068) (0.182) (0.136) (0.188) (0.437) (0.053)
Appropriability 0.104* 0.081 0.104* 0.097 0.109** 0.074 0.067 0.077 0.073 0.060
(0.058) (0.083) (0.056) (0.164) (0.049) (0.213) (0.217) (0.256) (0.516) (0.089)
Size -0.198* -0.204** -0.198* -0.037 -0.208** -0.270 -0.251 -0.274 -0.198 -0.217
(0.115) (0.098) (0.105) (0.131) (0.086) (0.366) (0.490) (0.399) (0.873) (0.155)
Size? 0.008 0.012 0.007 -0.002 0.009 0.013 0.012 0.013 0.011 0.012
(0.016) (0.018) (0.018) (0.025) (0.009) (0.022) (0.026) (0.027) (0.036) (0.008)
Inverse Mills Ratio 0.076 0.053 0.072 0.094 0.075 -0.014 -0.006 -0.011 0.017 0.026
(0.107) (0.154) (0.079) (0.233) (0.046) (0.338) (0.399) (0.346) (0.583) (0.136)
Region Share Trained -0.121 -0.051 -0.315 -0.599 0.495 -0.008 0.003 -0.041 0.051 0.461
(1.313) (1.389) (0.737) (1.452) (0.521) (1.832) (2.729) (2.653) (3.445) (0.546)
Region Share Advanced 0.323 0.177 0.337 0.566 -0.121 -0.142 -0.133 -0.113 -0.111 -0.161
(0.920) (0.759) (0.404) (1.443) (0.364) (1.302) (1.226) (1.178) (3.010) (0.256)
Region Share Acad -0.121 -0.081 -0.109 -0.142 0.040 -0.011 -0.011 -0.087 0.047 0.063
(0.103) (0.116) (0.149) (0.164) (0.054) (0.487) (0.461) (1.177) (0.785) (0.166)
Region Average DepVar 0.594%** 0.809***
(0.063) (0.190)
N 6266 6260 6266 5420 6266 2035 2035 2035 1730 2035
Kleibergen 23.967 20.776 22.105 20.668 23.016 4.997 3.568 4.501 5.137 4.021

Notes: Each table block shows the intensive margin results of the four innovation measures, i.e. R&D, new product innovation,and

improved product innovation and process innovation. The table displays coefficients of IV estimates that instrument vertical educational
diversity by the regional average of vertical educational diversity in 1990. Standard errors in parantheses are block bootstrapped at the
region level. All regressions include time and sector dummies. Within-Industry and Within-Area estimations entail dummies for 2-digit
industries and 7 large areas, respectively. Only Old Firms estimations exclude firms founded after 1990 from the sample. DepVar Average
estimates control for the regional average of the innovation measure. Testing for potential weak instruments, Kleibergen refers to the
Kleibergen-Paap rk Wald F statistic, which has critical value of 16.38 for 10% maximal IV size. *,** and *** denote significances at the 10%,

5% and 1% level.
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