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Abstract

This paper analyses the relationship between horizontal educational diversity 
(HED) and firm innovation performance, both in the propensity to innovate 
and the intensity of innovation in firm performance. Moreover, we hypothesise 
that the organizational structure of the firm moderates this relationship. Using 
panel data from the Uruguayan Innovation Survey 2006-2012, econometric 
estimates show that HED is barely associated with innovation performance in 
products and processes. We found that advanced organisational structures of the 
firm positively moderate the former relationship, but only for firms achieving 
radical innovations.
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Resumen

Se analiza la relación entre la diversidad educativa horizontal (DEH) y el de
sempeño innovador de las empresas, considerando el efecto de la DEH tanto 
en la propensión a innovar como en la intensidad innovadora de la empresa. 
Asimismo, se contrasta la hipótesis de que la estructura organizativa de la 
empresa modera dicha relación. Se usan datos de panel de la Encuesta de 
Actividades de Innovación de Uruguay entre 2006 y 2012. La DEH tiene escasa 
asociación con el desempeño innovador de la empresa. Las formas avanzadas 
de organización de la empresa tienen un efecto moderador positivo en dicha 
relación solo cuando se trata de empresas que alcanzan innovaciones radicales.

Palabras clave: Diversidad educativa, estructura organizacional, desempeño 
innovador, Uruguay.
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1.	 Introduction

In recent years, the study of workforce diversity and its implications for the 
economics and management of organisations has been a topic of great debate and 
on-going discussion (Choi et al., 2016). Race, gender, age, sexual orientation, 
national origin, tenure, and educational and functional backgrounds have been 
the dimensions of workforce diversity most studied in social sciences (Laursen 
et al., 2006; Shore et al., 2009; Bell et al., 2011; Díaz-García et al., 2013). In 
particular, the literature on innovation is focusing much effort on the study of 
workforce diversity as a determinant of innovation outcomes (Östergaård et al., 
2011; Díaz-García et al., 2013; Parrotta et al., 2014; Pfeifer and Wagner, 2014; 
Garcia-Martinez et al., 2017; Bolli et al., 2018). A positive correlation between 
workforce diversity and innovation outcomes is often expected since diversity 
might broaden the innovation search space of the firm and improve the firm’s 
capacities to recognise and use new ideas through the interaction between dif-
ferent types of competencies and knowledge (Östergaård et al., 2011). However, 
diversity is also a challenge for firms since it might also lead to conflict, distrust 
and negative effects for out-group members (Shore et al., 2009; Li, 2014).

The relationship between firm innovation and educational workforce diversity 
shows some specific features. In particular, this is because the formal educational 
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background of the workforce is one of the main indicators of a firm’s internal 
capabilities. It may be the most important source of knowledge and expertise 
in firms (Pelled, 1996; Dahlin et al., 2005) and it is a determinant of innovation 
behaviour (Schneider et al., 2010; De Winne and Sels, 2010; D’Este et al., 2014).

This paper aims to contribute to this research topic, by analysing the relation-
ship between HED and innovation performance in Uruguay. This case is one of 
a small medium-income country that has built an incipient innovation system, 
but which still has critical weaknesses, mainly related to major scale constraints 
(Aboal et al., 2014) and system coordination (Berrutti and Bianchi, 2017).

Firms in small developing contexts face specific challenges related to con-
ducting innovation paths which involve a highly qualified workforce. First, 
there is a challenge related to the rigidities of the professional workforce supply. 
Firms face the challenge of attracting and retaining highly qualified workers. 
Second, the value of educational diversity is related to the value of knowledge 
variety as a critical input in innovation processes. In less developed contexts, 
characterised by a relatively undiversified production structure and low average 
innovation, the demand for knowledge from productive activities is usually limited 
(Arocena and Sutz, 2010; Pagés, 2010). Hence, this paper aims to contribute to 
the understanding of the specific features of the relationship between education-
al diversity and innovation performance in small developing countries, which 
have been barely studied (Ruiz-Mejías and Corrales-Mejías, 2015a and 2015b).

Workforce diversity and innovation have a complex and controversial 
relationship (Yang and Konrad, 2011). This is because the development of 
effective working relationships is more complex in diverse workplaces than 
in homogeneous ones (van Knippenberg et al., 2004). Hence, a question for 
further attention is the potential curvilinear relationship between workforce 
diversity and performance outcomes (Horwitz and Horwitz, 2007). According 
to Katz and Du Preez (2008), a varied knowledge base can generate many new 
promising ideas but may fail in the midst of implementation because they lack 
sufficient depth of knowledge to transform it into a radical innovation (Zahra 
and George, 2002). Furthermore, conflict associated with different views may 
increase with the diversity in education (e.g. number of different categories of 
professionals). However, according to these views, this type of relationship would 
only be observed among firms with relatively high diversity. Even though it is 
hardly the situation of firms in small developing countries, we checked for the 
existence of an inverted U-shape in the relationship between HED and innova-
tion performance in Uruguay.

On the other hand, researchers have suggested that favourable outcomes 
from workforce diversity are conditioned by the organisational structure of the 
firm, which ultimately determines how people interact in the decision making 
process (Harrison and Klein, 2007; Bresman and Zellmer-Bruhn, 2013). In this 
vein, Faems and Subramanian (2013) make a call to consider how the work-
force is structured and managed to analyse the impact of educational diversity 
in innovation outcomes. Li (2014) highlights the need to establish a govern-
ance mechanism to manage the potential impact of team diversity. In addition, 
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García-Martinez et al. (2017) highlight organizational capabilities to leverage 
diversity as strategic resources to foster innovation and creativity. As a result, 
in this paper we consider that the organizational structure of the firm moderates 
the relationship between HED and innovation performance.

The relationships between workforce educational diversity and innovation 
performance have gained attention among innovation studies. Many studies 
have analysed the relationship between vertical educational diversity of the firm 
workforce (Bolli et al., 2018; Subramanian et al., 2016; Parrotta et al., 2014; 
Garcia-Martinez et al. (2017) by differentiating the workforce composition by 
educational attainment. Other recent works have studied the effects of HED on 
innovation performance (Östergaård et al., 2011; Dahlin et al., 2005) by ana-
lysing the effects of educational background variety as a proxy of knowledge 
variety of firms. This paper follows the last approach, and aims to contribute 
to understanding of the specific features of the relationship between HED and 
innovation performance in a small developing country.

The next section presents a brief theoretical review of the economics of the 
firm (resource based view) and social analysis (social identities) to summarize 
the main arguments on the positive and negative effects of workforce diversity 
on innovation performance. These arguments are discussed in light of empirical 
evidence from previous research. Moreover, in this section we elaborate on the 
expected moderating effect of the organizational structure of the firm on the 
relationship between HED and innovation performance. The third section pre-
sents the stylised features of the Uruguayan innovation system and the research 
hypotheses. The following section presents the empirical strategy. Section five 
discusses the main results of the econometric exercise and, finally, the main 
conclusions are presented in section six.

2.	 Literature review

2.1.	 Workforce diversity and innovation performance

The understanding of the expected relationship between educational diversity 
and innovation performance in less developed contexts is supported by several 
complementary theories.

The resource-based view (RBV) theory posits that internal firm resources are 
determinants of firms’ competitive advantage (Wernerfelt, 1984). Specifically, 
the knowledge-based view (KBV) theory of the firm considers knowledge as the 
most important resource of a firm (Grant, 1996). Knowledge-based resources 
are usually difficult to imitate. According to this theory, educational diversity 
increases the knowledge base of the firm, which in turn contributes to developing 
distinctive capabilities; for instance, identifying and exploiting new and differ-
ent sources of information (Zahra and George, 2002) or broadening viewpoints 
(Berliant and Fujita, 2011). Highly qualified workers with different professional 
profiles have a broader variety of techniques and methods to tackle a particular 
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technological challenge, improving the likelihood of success in innovation 
(Baldwin and Clark, 2000). For example, diversity of in-group composition in 
terms of skills, information use and knowledge encourages firms to engage in 
innovation activities and may contribute to achieving innovation results in terms 
of new products and processes (Cohen and Levinthal, 1990; Östergaård et al., 
2011). This fact is particularly important in small developing countries where 
professionals and highly qualified workers are one of the more relevant sources 
of information and knowledge (Sutz, 2012; Bianchi et al., 2011).

Early studies focusing on KBV affirm that the breadth of the knowledge 
base positively affects innovation (De Carolis and Deeds, 1999). Moreover, 
more recent investigations assert that a firm’s knowledge base is its most unique 
resource for radical innovation (Zhou and Li, 2012).

However, the relationship between workforce diversity and firm performance 
is complex and gradual, with different forms depending on the degree of diversity 
degree and the specific case under study.

From the social identity approach, diversity can be contrary to the effective-
ness of a group since more similar individuals are assumed to be more effective 
when working together. As a result, workers’ social identities not being aligned 
might cause conflict, unproductive forms of competitive behaviour, and less 
cooperation and communication than in homogeneous groups (Schneider and 
Northcraft, 1999). In such a context, communication and coordination costs are 
likely to be higher to manage the diverse education of qualified workers (Dahlin 
et al., 2005). Contrary to this view, it has been stated that the more interpersonal 
congruence in a group, the more the group is open to experience. This allows 
members to achieve harmonious and effective work processes by expressing rather 
than suppressing the attributes that make them unique (Ely and Thomas, 2001).

Empirical works have analysed the impact of workforce educational diversity 
on different measures of innovation performance (e.g. number of patents achieved, 
radical and incremental innovations), but without showing conclusive results. 
Bantel and Jackson (1989) analysed the relationship between the characteristics 
of the top management team and innovation in banking and found that more 
educated and varied teams managed the more innovative banks. Dahlin et al. 
(2005) showed that team vertical educational diversity (diversity in educational 
level or attainment) provides information processing benefits that outweigh 
limitations associated with social categorisation processes to achieve innovation 
performance. García-Martínez et al. (2017) found a positive association between 
workforce educational diversity and both radical and incremental innovation. 
Along these lines, Bolli et al. (2018) found that vertical educational diversity 
increases the extensive margin of R&D and new product innovation.

Contrary to these findings, based on the social categorization perspective 
and the information/decision-making perspective, Faems and Subramanian 
(2013) found that informational benefits from educational diversity do not have 
statistically significant relationships with patent applications. Similarly, Parrotta 
et al. (2014) found a weak association between diversity in education and patent 
applications in Denmark.
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Related evidence from Latin America is practically non-existent. Firms in Latin 
American countries are typically engaged in innovation through the acquisition 
of knowledge embedded in capital goods (Goedhuys and Veugelers, 2012). In 
the same vein, Pagés (2010) found a dominance of adaptation and incremental 
innovations rather than radical innovations in Latin American countries. It has 
been stated that firms with a large number of highly skilled workers are able to 
differentiate through new developments or through the intensive exploitation of 
innovations incorporated into goods and services (Duryea et al., 2008). Evidence 
from Brazil indicates that product innovation appears to be more intensive in its 
use of highly skilled (secondary and post-secondary qualified) workers, raising 
the probability of being a product innovator, while process innovators demand 
fewer workers with high skill levels (Goedhuys and Veugelers, 2012).

In sum, economic and social theories offer arguments in favour, and some 
against, the positive association between educational diversity and innova-
tion performance. Empirical evidence shows that the benefits of educational 
diversity, associated with new knowledge generation, outweigh the high cost 
of coordination and communication arising workforce diversity management. 
Coordination costs associated with highly skilled workers are low in less devel-
oped contexts, largely due to the fact that there are simply fewer of such workers 
in the labour supply of the economy (Pagés, 2010). In addition, the empirical 
evidence observed in developed contexts is expected to also be observed in a 
small developing country.

2.2.	 The role of firm organizational structure

The relevance of management practices, their effects on the organizational 
structure of firms and their effects on firm performance have been widely high-
lighted in economics and management research (Bloom and Van Reenen, 2010; 
Black and Lynch, 2004).

Based on this literature, we point out that the relationship between HED and 
innovation performance can be moderated by the structure of the organization 
and the way work is routinely organised (Sapprasert and Clausen, 2012). More 
advanced organizational structures (explicitly defined for purposes of the pres-
ent paper in section 4.3 ) promote the interaction of employees with different 
profiles, reduce vertical differentiation among hierarchies and usually organize 
people in inter-functional groups (Leiponen, 2005). These structures favour the 
development of new ideas or complex problem solving processes, which are 
usually associated with the decision to engage in innovation activities and in 
particular the internal development of them (Bresman and Zellmer-Bruhn, 2013).

Empirical evidence on educational diversity as pertains to organizational and 
innovation performance suggests that favourable outcomes from diversity are 
conditioned by whether employees participate in the decision making process 
(Harrison and Klein, 2007). The development of effective working relation-
ships is more difficult in diverse workplaces than in homogeneous ones (van 
Knippenberg et al., 2004). Moreover, advanced organizational structures allow 
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various professional backgrounds to be effectively deployed, by promoting 
routines which are amenable to building technological innovation capacity 
(Camisón and Forés, 2010).

Regarding the context under study, Latin American countries show some 
peculiarities that condition the way firms are managed (e.g. culture, institu-
tionalism, level of development, infrastructures). The presence of traditional 
organizational patterns can limit the processes related to creativity and development 
of products and processes (Erbes et al., 2011). For example, vertical organiza-
tions are characterized by the existence of social inequalities, the acceptance of 
high power distance, and paternalism between non-management and managers 
(Osland et al., 1999; Pellegrini and Scandura, 2008). The presence of advanced 
organizational structures in less developed contexts allows professionals to as-
similate useful information to expand their own knowledge and experience and 
to make better decisions.

In sum, the theoretical and empirical background show that the way the firm 
is organized is critical for internal dynamic knowledge flows. The evidence for 
Uruguay on this topic is scarce, but there is significant evidence that modern 
organizational forms positively affect innovation propensity (Barbeito and Bianchi, 
2016) and some performance measures (Bello-Pintado, 2011) as observed in 
other contexts. In the meantime, organizations being more advanced favours 
the creative and learning capabilities of heterogeneous employees (Bresman 
and Zellmer-Bruhn, 2013). The fact of being more advanced may allow firms 
to achieve both radical and incremental innovations.

3. 	 The Uruguayan innovation system: Stylised facts

Over the last 30 years, the Uruguayan innovation system has experienced 
several changes. One of the milestones was the process of rebuilding research 
capacities and institutional infrastructure, initiated in 1985, after the dictatorship 
government (1973-1984), which practically destroyed the national research 
infrastructure. Another crucial change has been the recent public policies that 
since 2005 have changed the Uruguayan NSI. New instruments and programs 
have been implemented under a new institutional framework. Moreover, public 
investment in innovation activities has grown sixfold since 2008. However, the 
national effort for innovation support and the amount of regular innovation 
projects are regionally low (Aboal et al., 2014).

The innovation activity rate among industrial firms has not grown since 
1985. Since the first innovation survey, around 30% of firms have self-reported 
at least one innovation activity - technological or organisational (Bianchi et al., 
2015). The Uruguayan NSI shows chronic weakness in innovation activities, 
agent coordination and knowledge demand from production activities (Arocena 
and Sutz, 2010). Have been the cycles of the national economy, rather than the 
innovation strategies of the firms, that explain the industrial dynamics throughout 
this period (Bittencourt, 2012).
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This does not mean that innovation does not exist in Uruguayan industry. 
Recent studies show that innovation activities have had a positive impact on 
labour productivity (Crespi and Zuniga, 2012) and that product innovation 
has influenced the creation of skilled jobs (Aboal et al., 2011). These recent 
empirical works used data from different waves of the Uruguayan Innovation 
Industrial Survey (UIS), but none analysed either workforce diversity or or-
ganisational structure. 

In a nutshell, innovation in Uruguayan manufacturing can be characterised 
as an atypical activity; it is mainly concentrated on upgrade activities to enhance 
competitiveness through capital goods acquisition (Cassoni, 2012). Even though 
the institutional structure of the NSI has dramatically changed, leveraging the 
first explicit national STI policy and also the public budget for research and 
innovation, the traditional manufacturing sector has not been particularly in-
volved in this processes.

In this regard, there are two main features that appear as structural constraints 
to innovation, related to the particular condition of being small middle income 
country. First, Uruguay has had chronically low investment, and scale constraints 
which impose a threshold on the financial amount destined to innovation projects 
(Aboal et al., 2014). Second, within the Latin American landscape, Uruguay 
shows a relatively developed innovation system. However, it presents strong 
coordination lacks, in particular because the traditional and more relevant eco-
nomic activities of the country –e.g. manufacturing industry– have barely been 
affected by the recent changes (Berrutti and Bianchi, 2017).

High employment rates characterised the Uruguayan labour market during the 
period considered in this study. Moreover, the share of low-skilled employment 
fell in the Uruguayan economy while professional and technical employment grew 
(Cruces et al., 2017). However, labour supply constraints nevertheless appeared 
as a potential restriction to the economic growth trend (Perazzo, 2012). The 
general growth of the workforce’s educational level observed during the period 
may contribute softening the supply of professionally trained work. However, 
worker mobility between the manufacturing and services sectors reinforce the 
above-mentioned constraint (Apella and Zunino, 2017).

Considering previous theoretical approaches and existing empirical evidence, 
we propose the following four hypotheses on the relationship between HED and 
innovation performance:

H1:	 There is a positive association between HED and the achievement of both 
radical and incremental innovation in small developing countries.

H2:	 HED is more intensely associated with radical than incremental innovations. 
H3:	 The positive association between HED and the achievement of both radi-

cal and incremental innovation is positively moderated by the presence of 
advanced organizational forms.

H4:	 The positive moderation of advanced organizational forms is higher for 
the achievement of radical innovations than for incremental innovation.
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4. 	 Empirical strategy

We use panel data from three waves of the Uruguayan Innovation Survey 
(UIS), which covers 2004-2012. The UIS is an official survey carried out by 
the National Institute of Statistics and the National Innovation and Research 
Agency of Uruguay.

The unit of analysis is the industrial firm and the structure of the dataset is 
an unbalanced panel which only includes firms that were surveyed in at least 
two waves. Our final database is comprised of 875 observations from 328 firms, 
where 75% of the firms were surveyed in all the three waves and 25% twice.

4.1.	 Dependent variable: Innovation performance

We consider three dummy dependent variables that identify: i) if the firm 
developed technological innovations in products or processes (tipp), ii) if the 
firm obtained a radical innovation or not (radical), and iii) if it obtained an 
incremental innovation or not (incremental).

According to the available information in the UIS database, radical innova-
tion is defined as a product or process that is new for the international market, 
while an incremental innovation is defined as a product or process that is new for 
the firm or for the domestic market. Therefore, these are not mutually exclusive 
categories. However, there are significant differences between the observations 
of firms that obtained incremental innovation results compared to those that 
obtained radical ones (Table 1).

It is worth keeping in mind that the sample covers only the firms that con-
ducted innovation activities, whether technological or organizational.

4.2.	 Explanatory variable: Workforce horizontal educational diversity

Measuring diversity is always complex (Stirling, 1998) and the relationship 
between workforce diversity and innovation performance involves endogeneity 
problems (Ozgen et al., 2017). To deal with such problems, recent works have 
used a mix of data from innovation surveys and other administrative sources 
(Östergaård et al., 2011) or used introduce instrumental variables (Parrotta et al., 

TABLE 1
DISTRIBUTION OF DEPENDENT VARIABLES

% of the sample N

Technological innovation in products or 
processes (TPP) 89.49 783

Incremental innovation TPP 86.40 756
Radical innovation TPP 10.40 91

Source: Authors’ calculations based on UIS data.
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2014). However, this type of data is not available for Uruguayan firms. Hence, 
we measured HED using information from the UIS. The HED variable was cal-
culated using different diversity indices comprised of indicators of educational 
specialization of the professional employees in the firm.

This methodological choice is in line with previous research. Several stud-
ies have pointed out the relevance of the formal education of employees as a 
knowledge source for a firm’s innovation process (Black and Lynch, 2004) and 
specifically for use as a measure of workforce diversity (Parrotta et al., 2014; 
Östergaård et al., 2011). In fact, studies for both developed and developing 
countries usually stress the relevance of the educational level of the workforce 
as a critical barrier to innovation (Santiago et al. 2017; D’Este et al., 2014).

There are many alternatives to measure diversity using different entropy 
and diversity indices. The literature specialised on diversity measurement has 
stressed pros and cons of each index and has emphasised the relevance of using 
multiple indices to check robustness (Ozgen et al., 2017; Harrison and Klein, 
2007; Stirling, 2007).

In our case used three diversity indices to measure HED. First, the Blau’s 
heterogeneity index (1).

(1) Blau =1− pi
2

i=1

k
∑

where k is the total number of diversity-related characteristics, i is the charac-
teristic of interest and pi is the proportion of individuals with characteristic 
i among the totality of individuals with k characteristics in the firm. Higher 
values of the Blau Index indicate higher variety in the attribute of interest, 
while the relative weight of each characteristic i is considered as an indicator 
of balance.

The variable (Blau) i considers k =10, taking into account the ten professional 
backgrounds (i) registered by the UIS: 1) Physics and Chemistry, 2) Mathematics 
and Statistics, 3) Biology, Biochemistry and Biophysics, 4) Medicine, 5) 
Engineering, 6) Architecture, 7) System Engineering, 8) Agricultural Engineering 
and Veterinary Medicine, 9) Accounting and Law and 10) Humanities and Social 
Sciences. The proportion of individuals (pi) is calculated as the ratio between the 
number of professionals with each background i over the total number of profes-
sionals in the firm’s workforce. The proportion of individuals (pi) is calculated 
as the ratio of the number of professionals with each background i divided by 
the total number of professionals in the firm’s workforce.

Second, the Simpson Index (2), which follows a similar calculus as the 
Blau Index but, is less sensitive to potential biases due to cases with only one 
professional.

(2) Simpson =1−
Pbi Pbi −1( )
Li Li −1( )b=1

B
∑
⎧
⎨
⎪

⎩⎪

⎫
⎬
⎪

⎭⎪
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Using the same professional attributes as the Blau Index, B=10: Pbi is the 
number of professional employees with background specialization b (b=1,2…,B) 
and Li (i=1,…N) is the total number of employees. The Simpson Index measures 
the likelihood that two randomly selected individuals belong to the same group 
(same professional background). When all employees share the same attribute, 
the Simpson Index is equal to 0, while it is equal to 1 when the share of each 
attribute in the total workforce is equal.

Finally, we calculated the Shannon-Weaver Index (3), using the same cat-
egories of professional education of employees:

(3) S −W =∑pi * lnpi

Where pi is the share of employees with professional background i. A high 
value of the S-W Index represents a high diversity and equal distribution of the 
attributes, while lower values represent less diversity.

The distributions of the three indices show that the Simpson Index seems 
affected by the extreme values. However, both the Blau and the Shannon-Weaver 
Index show a similar distribution with a high presence of zero value cases. Due 
to the logarithmic calculus of the S-N Index, it shows a smoother distribution 
than the Blau Index (Figure1).

A one-period lag of the independent variables was used in the model specifi-
cation. As usual, it implied losing observations (see final subsample in Table 1), 
but it allows us to control for problems involving the simultaneity of activities 
related to innovation results and the HED (Secchi et al., 2016).

It is worth highlighting that lagging explanatory and control variables does 
not completely mitigate endogeneity problems. As mentioned above, due to the 
non-availability of administrative records or instrumental variables, we only 
use data from the UIS, which means that this research is devoted to explaining 
HED as a determinant of innovation performance in terms of correlation, but it 
does not claim a causal explanation.

4.3.	 Moderating variable: Organizational structure

We understand organizational structure (advanced) as those organizational 
practices that leverage communication within the firm, offset hierarchical bar-
riers for knowledge flows and establish incentives for employees to innovate.

To analyse the moderating effects of organizational structure, we use the 
section of the UIS devoted to work organisation, adapting the classifications 
previously developed by Camisón and Villar-López (2014) and Lund and 
Gjerding (1996). Specifically, we create an additive index which counts whether 
the firm has implemented specific advanced organizational practices: continu-
ous improvement groups; inter-functional working groups; permanent internal 
communications practices; vertical differentiation (reduction in hierarchical 
levels); or process certification.
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FIGURE 1
DISTRIBUTION OF HED INDICES

Panel 1a

Panel 1b Panel 1c

Source: Authors’ calculations based on UIS data.

The index on organizational structure, OS, captures a positive effect on the 
variable of interest across its distribution (Smith et al., 2005). The descriptive 
statistics show that, on average, Uruguayan manufacturing firms with traditional 
organizational structures have an average index value of 1.832 on a 0-5 scale 
(Table 3).

4.4.	 Control variables

We introduce a number of variables to control for the potential effect of HED 
on innovation performance.

First, as previous research has stressed (Bolli et al., 2018), it is necessary 
to differentiate the effect of the presence of highly skilled employees from the 
horizontal diversity among these employees. Hence, we introduce a dummy 
variable (prof) that measures the presence of at least one professional in the 
firm’s workforce.

Second, in order to control for the effect of innovation activity on innovation 
outcomes of the firm, we use a dummy variable that takes a value of 1 if the 
firm has conducted R&D activities.
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Finally, we use a number of control variables that have been broadly anal-
ysed as determinants of innovation performance and should be considered when 
estimating the effect of WHDE (e.g. Ahuja et al., 2008).

Firm size (logSize) effects on innovation propensity have been discussed since 
the seminal works of Schumpeter. Also, previous studies about innovation in 
Latin America stressed that firm size (which tends to be small in the region) can 
affect access to the minimum financial and human resources needed to conduct 
technological innovation activities (Chudnovsky et al., 2006). Moreover, the 
empirical background on innovation in Uruguayan industry shows a positive 
relationship between the size of the firm and innovation performance (Cassoni, 
2012; Bianchi et al., 2015). We measure size as a firm’s total number of employ-
ees, using a logarithmic transformation to deal with the non-normal distribution 
of the variable.

Foreign direct investment (FDI) into the firm has been shown to have a posi-
tive relationship with innovation propensity in developed economies as well as 
in countries integrated into global investment flows (Stiebale and Reize, 2011). 
However, the evidence about the knowledge diffusion effect of FDI in develop-
ing countries is far from conclusive (Marín and Sasidharan, 2010). This work 
highlights the moderating role of internal capabilities and human resources in the 
relationship between FDI and innovative firm behaviour in developing countries. 
Hence, when controlling for education levels and organizational structure, we 
expect a positive relationship between FDI and innovation results. Regarding 
the dataset restrictions, we measured FDI as a dummy variable which takes 
positive values if the foreign capital is equal to or greater than 10% of the total 
capital of the firm.

The age of the firm (logAge) is measured as the difference between the year 
of the survey wave and the year when the firm began to operate. To address the 
non-normal distribution, we use logarithmic transformation. The relationship 
between the age and the innovation behaviour of a firm is controversial: both 
theoretical and empirical arguments stress differences by industry and context 
(Coad et al., 2016). However, there is a basic consensus that firm age nega-
tively affects innovation intensity in high tech industries in developed countries 
(Balasubramanian and Lee, 2008), while in low tech industries older firms 
may have more internal assets to conduct technological innovation activities 
(Thornhill, 2006). Hence, considering the main characteristics of Uruguayan 
industry, we expect a positive relationship between the age and the innovation 
performance of the firm.

The export propensity of the firm is measured as its exports as a percentage 
of total sales of the firm. The relationship between firm export performance and 
innovation outcomes has been extensively studied. Several works find significant 
correlation between these variables, stressing that the type of innovation –product 
or process– can affect export propensity and intensity differently, while exports 
are positively associated with the innovation performance of the firm (Becker 
and Egger, 2013). Even though there are heterogeneous results by sector and 
product, recent empirical works corroborated a positive relationship between 



Estudios de Economía, Vol. 45 - Nº 2216

process innovation and export intensity in Uruguayan industry (Peluffo and Silva, 
2016). Hence, we expect a positive effect of export intensity on innovation results.

Finally, in our estimate we control for the firm’s sector of activity. We con-
sidered seven groups of activity, and each of them is introduced as a dummy 
variable in the models: a) food, beverages and tobacco; b) textiles, clothing, 
leather and shoes; c) wood and paper; d) chemical, rubber and minerals; e) 
metallurgy and transport vehicles; f) machinery and equipment (industrial, 
office, electrical, communication and medical); and g) others (print and furni-
ture). The relevance of the activity sector as an indicator of market structure and 
technological characteristics of the firm has been emphasized by many authors 
(Ahuja et al., 2008). Even though previous empirical studies showed the high 
inter-sectoral and intra-sectoral heterogeneity, they did not find a significant 
relationship between innovation and sector of activity in Uruguay.

TABLE 2
NAME AND TYPE OF VARIABLES INCLUDED IN THE ESTIMATIONS

Variable Name Type

1.	 Technological innovation in 
products or processes (TPP) tipp Dichotomous Dependent

2.	 Radical innovation TPP radical Dichotomous Dependent
3.	 Incremental innovation TPP incremental Dichotomous Dependent
4.	 Blau Index Blau Continuous Independent
5.	 Shannon-Weaver Index S-W Continuous Independent
6.	 Simpson Index Simpson Continuous Independent
7.	 Organizational structure index OS Additive-Ordinal Moderating
8.	 Professional employees Prof Dummy Control
9.	 R&D activities RD Dummy Control
10.	Firm size (log) logSize Continuous Control
11.	FDI FDI Dichotomous Control
12.	Age logAge Continuous Control
13.	Export intensity (% of total sales) export Continuous Control
14.	Dummy of activity sector Dichotomous Control

Source: Authors.

5. 	 Econometric models and estimation results

The correlation matrix between the variables of interest (Table 3) shows 
some expected results and others that are counterintuitive. First, it shows 
significant correlations, in particular between the explanatory and the control 
variables. However, the explanatory variables are not shown to have significant 
correlation with the dependent ones. On the other hand, the indicator of orga-
nizational structure of the firm shows a strong and significant relationship with 
the dependent variables.

The distribution of the sample mirrors the structure of Uruguayan indus-
try, reflecting the high presence of traditional activity sectors, mainly in food 
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industries. Moreover, there is not a clear correlation between the sector of activity 
and the variables of interest.

To test hypotheses we used discrete choice panel data models, specifically, 
by means of logit models with random effects and robust standard errors. We 
test other specifications, e.g. firm fixed effects, but the absence of variation 
among the cases discouraged this alternative specification.

The first model, used to test H1 and H2, is specified as:

(4) P yit =1( ) = β0 +β1Indext−1+β2 zt( )+εit

where y is the dichotomous independent variable observed at time t; i refers to 
the type of innovation (tipp, radical or incremental); Indext-1 is the independent 
variable which measures HED through the three indices already mentioned, 
lagged one period; and (z) is a vector of control variables observed at time 
t. Finally, ε is the normally distributed error term. We include the square 
of the independent variables in order to test for the presence of a quadratic  
distribution.

We checked firm organisational form’s moderating effect on the relationship 
between educational variety and innovation results (H3 and H4) through the 
following specification:

(5) P yit =1( ) = β0 +β1Indext−1+β2 OSt−1+ β3 OSt−1 * Indext−1( )+ β4 zt( )+εit

where all the terms presented in equation (2) remain, while the indicator of ad-
vanced organizational structure (OS) is included with a one-period lag, as well as 
the interaction terms between the independent variables and the moderating one.

All the models were estimated in successive steps by introducing each block 
of variables in each new estimation (Tables 5-7).

Econometric estimations show robust results. The HED and innovation 
performance are barely correlated in Uruguayan manufacturing; when a qua-
dratic term is introduced, significance is lost. Therefore, H1 is only partially 
corroborated while H2 is fully verified. In other words, we identified a positive 
and significant correlation between HED and innovation performance, when 
the moderating role of firm organizational structure is tested.

In addition, as tables 4 to 6 show, the moderating effect of organizational 
structure on the relationship between HED and innovation performance is only 
significant when radical TPP innovation (technological innovation in prod-
ucts or process) is considered. In other words, H3 and H4 are only partially  
corroborated. 

Lastly, with regard to control variables, the econometric results show the 
expected positive and significant association between export performance and 
radical innovation. This result allows us to identify a specific pattern of export-
oriented innovation based on radically new products and processes.
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TABLE 5
LOGIT MODEL ESTIMATION. HED MEASURES: BLAU INDEX

TIPP Radical Incremental
(1) (2) (3) (4) (5) (6) (7) (8) (9)

Blau (t-1) Coef 2.216 1.380 0.465 –2.216 –0.543 –2.460 2.942 2.004* 1.715
SE (2.439) (1.079) (1.113) (3.553) (1.693) (1.832) (2.125) (1.107) (1.154)
Margin 0.363 0.201 0.676 0.533 0.749 0.179 0.166 0.0702 0.137

Blau_square 
(t-1)

Coef –0.150 6.637 –2.204
SE (3.365) (4.133) (2.845)
Margin 0.964 0.108 0.439

OS (t-1) Coef 0.0933 –3.49e–05 –0.576 –0.862** 0.193 0.208
SE (0.299) (0.268) (0.369) (0.416) (0.298) (0.293)
Margin 0.755 1.000 0.119 0.0382 0.517 0.477

Blau*OS (t-1) Coef 0.232 0.317 1.837*** 1.971*** –0.386 –0.447
SE (0.553) (0.539) (0.690) (0.705) (0.550) (0.542)
Margin 0.674 0.556 0.00773 0.00518 0.482 0.410

Prof (t-1) Coef –2.009 3.260 –0.737
SE (2.537) (2.249) (1.971)
Margin 0.428 0.147 0.708

RD (t-1) Coef 1.655*** 1.143** 0.564
SE (0.628) (0.513) (0.413)
Margin 0.00837 0.0259 0.172

log_size Coef 0.0151 0.107 –0.0606
SE (0.219) (0.256) (0.215)
Margin 0.945 0.675 0.778

FDI (t-1) Coef 0.105 –0.786 0.373
SE (0.461) (0.586) (0.452)
Margin 0.819 0.180 0.409

log_age Coef 0.330 0.233 0.388
SE (0.249) (0.514) (0.238)
Margin 0.185 0.650 0.104

Export (t-1) Coef –0.000544 0.0294*** –0.00688
SE (0.00565) (0.00775) (0.00531)
Margin 0.923 0.000146 0.195

machinery Coef –0.997 0.704 –0.794
SE (0.621) (0.704) (0.602)
Margin 0.108 0.317 0.187

textiles Coef –0.245 –0.0261 –0.828
SE (0.613) (0.735) (0.557)
Margin 0.690 0.972 0.137

wood Coef –0.565 –0.383 –0.345
SE (0.537) (1.335) (0.594)
Margin 0.293 0.774 0.562

chemical Coef –0.342 0.194 –0.401
SE (0.499) (0.617) (0.468)
Margin 0.493 0.754 0.392

metallurgy Coef 23.43 0.490 0.957
SE (0) (0.800) (1.082)
Margin 0.541 0.376

others Coef –0.906 –22.31 –0.660
SE (0.662) (0) (0.643)
Margin 0.171 0.305

Food (omitted) Coef –
Observations   469 469 469 469 469 469 469 469 469
Cases   329 329 329 329 329 329 329 329 329

*** p<0.01, ** p<0.05, * p<0.1.
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TABLE 6
LOGIT MODEL ESTIMATION. HED MEASURES: SIMPSON INDEX

TIPP Radical Incremental
(10) (11) (12) (13) (14) (15) (16) (17) (18)

Simpson (t-1) Coef 2.353 0.194 –0.0522 6.616 –1.632 –3.095** 0.932 0.817 1.064
SE (2.567) (1.068) (0.948) (4.709) (1.257) (1.486) (2.096) (1.061) (1.046)
Margin 0.359 0.856 0.956 0.160 0.194 0.0373 0.657 0.441 0.309

Simpson _squa-
re (t-1)

Coef –1.842 –5.154 –0.552
SE (2.491) (3.607) (2.008)
Margin 0.460 0.153 0.783

OS (t-1) Coef 0.161 0.0685 –0.153 –0.852* 0.217 0.306
SE (0.396) (0.387) (0.324) (0.461) (0.346) (0.361)
Margin 0.685 0.859 0.636 0.0649 0.530 0.396

Simpson *OS 
(t-1)

Coef 0.148 0.210 1.088** 1.724*** –0.279 –0.407
SE (0.529) (0.509) (0.499) (0.631) (0.478) (0.477)
Margin 0.780 0.680 0.0291 0.00624 0.559 0.394

Prof (t-1) Coef –2.673 4.306* –1.383
SE (2.168) (2.339) (1.881)
Margin 0.218 0.0656 0.462

RD (t-1) Coef 1.714*** 1.252** 0.551
SE (0.642) (0.508) (0.438)
Margin 0.00758 0.0138 0.209

log_size Coef –0.0426 0.266 –0.105
SE (0.226) (0.243) (0.218)
Margin 0.850 0.274 0.630

FDI (t-1) Coef –0.0452 –0.655 0.229
SE (0.507) (0.590) (0.485)
Margin 0.929 0.266 0.636

log_age Coef 0.407 0.226 0.485*
SE (0.304) (0.537) (0.284)
Margin 0.179 0.674 0.0873

Export (t-1) Coef –0.00175 0.0282*** –0.00767
SE (0.00636) (0.00838) (0.00599)
Margin 0.783 0.000773 0.200

machinery Coef –1.186* 0.630 –0.855
SE (0.666) (0.694) (0.691)
Margin 0.0749 0.364 0.216

textiles Coef –0.676 –0.308 –1.103*
SE (0.633) (0.831) (0.628)
Margin 0.286 0.711 0.0790

wood Coef 0.597 –0.360 0.919
SE (0.980) (1.329) (1.045)
Margin 0.542 0.787 0.380

chemical Coef –0.367 0.194 –0.421
SE (0.561) (0.634) (0.523)
Margin 0.513 0.760 0.420

metallurgy Coef 20.15 0.415 0.584
SE (0) (0.716) (1.122)
Margin 0.562 0.602

others Coef –0.790 –22.87 –0.433
SE (0.779) (0) (0.792)
Margin 0.311 0.584

Food (omitted) Coef – –
Observations   432 432 432 432 432 432 432 432 432
Cases   304 304 304 304 304 304 304 304 304

*** p<0.01, ** p<0.05, * p<0.1.
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TABLE 7
LOGIT MODEL ESTIMATION. HED MEASURES: SHANNON-WEAVER INDEX

TIPP Radical Incremental
(19) (20) (21) (22) (23) (24) (25) (26) (27)

S-W (t-1) Coef 1.022 0.688 0.183 1.904 0.665 –0.559 0.607 0.913* 0.641
SE (0.350) (0.440) (0.566) (0.541) (0.752) (0.940) (0.286) (0.469) (0.554)
Margin 0.00350 0.119 0.746 0.0004 0.376 0.552 0.0339 0.0517 0.247

S-W _square 
(t-1)

Coef –0.003 –0.046 –0.093
SE (0.550) (0.340) (0.480)
Margin 0.00060 0.0073 0.00210

OS (t-1) Coef 0.121 0.0577 –0.0066 –0.284 0.168 0.163
SE (0.205) (0.203) (0.273) (0.322) (0.197) (0.194)
Margin 0.555 0.776 0.980 0.377 0.393 0.401

S-W *OS (t-1) Coef 0.0941 0.103 0.462* 0.565* –0.195 –0.220
SE (0.232) (0.247) (0.269) (0.291) (0.216) (0.215)
Margin 0.685 0.678 0.0865 0.0526 0.367 0.306

Prof (t-1) Coef –1.458 3.413 –0.449
SE (2.478) (2.339) (1.911)
Margin 0.556 0.144 0.814

RD (t-1) Coef 1.718*** 1.103** 0.649*
SE (0.610) (0.504) (0.392)
Margin 0.00484 0.0285 0.0983

log_size Coef 0.180 0.0839 0.0852
SE (0.212) (0.278) (0.207)
Margin 0.395 0.763 0.680

FDI (t-1) Coef 0.149 –0.734 0.384
SE (0.446) (0.581) (0.425)
Margin 0.739 0.206 0.367

log_age Coef 0.202 0.292 0.237
SE (0.216) (0.516) (0.207)
Margin 0.350 0.571 0.252

Export (t-1) Coef –0.00267 0.0290*** –0.00789*
SE (0.00507) (0.00736) (0.00462)
Margin 0.598 8.10e–05 0.0877

machinery Coef –0.937* 0.670 –0.772
SE (0.547) (0.707) (0.513)
Margin 0.0868 0.343 0.132

textiles Coef –0.251 –0.139 –0.569
SE (0.471) (0.763) (0.457)
Margin 0.594 0.855 0.213

wood Coef –0.197 –0.330 –0.0680
SE (0.555) (1.361) (0.563)
Margin 0.723 0.808 0.904

chemical Coef –0.154 0.142 –0.229
SE (0.457) (0.625) (0.421)
Margin 0.737 0.821 0.587

metallurgy Coef 22.93 0.468 1.483
SE (0) (0.801) (1.094)
Margin 0.559 0.175

others Coef –0.633 –22.92 –0.509
SE (0.622) (0) (0.584)
Margin 0.309 0.383

Food (omitted) Coef
Observations   536 536 536 536 536 536 536 536 536
Cases   386 386 386 386 386 386 386 386 386

*** p<0.01, ** p<0.05, * p<0.1.
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6.	 Discussion and conclusions

This paper constitutes a relevant contribution to understanding the innovation 
dynamic in small developing countries, by focusing on the relationship between 
workforce educational diversity and innovation performance. In Uruguay, the lack 
of a highly qualified workforce has been stressed as one of the main restrictions 
to development of innovation processes (Bianchi et al., 2011). Results show the 
expected process of creating absorptive capacities (Cohen and Levinthal, 1990). 
Firms engaging in R&D activities show a positive and significant correlation 
between these activities and innovation performance in all the estimates. However, 
it is particularly interesting that when firms achieve radical innovation, there 
is a positive correlation between HED and advanced organizational structure. 
Therefore, firms that innovate internally also offer organizational channels to 
benefit as much as possible from educational diversity.

Overall, the most relevant result obtained appears related to the moderating 
role of modern organizational forms on the relationship between HED and 
innovation performance. As tables 4 to 6 show, the moderating effect is only 
significant when radical TPP innovation is considered. Therefore, H3 and H4 
are only partially corroborated.

In addition, the econometric results show a positive and significant associ-
ation between export performance and radical innovation. This result allows us 
to identify a specific pattern of export-oriented innovation based on radically 
new products and processes.

The presence of both breadth and variety of professional profiles constitutes 
a rich knowledge and creative base for innovation success of firms (Baldwin 
and Clark, 2000). Moreover, the potential negative effects of high HED already 
observed in developed countries (Horwitz, 2005) is not corroborated for Uruguay. 

In addition, we observe that the organizational structure of firms is very 
important to explain the achievement of radical innovations. This result indicates 
that the more innovative companies usually adopt advanced forms of work or-
ganization such as reduced hierarchical levels, inter-functional working groups 
and/or internal communication practices. We also observed that these organiza-
tional practices enhance the positive association between diversity in education 
and performance in radical innovation. This result points to a need to suggest 
considering the adoption of new organizational forms to improve performance 
among Uruguayan manufacturing firms; these forms have been suggested to be 
positively associated with the adoption of technological innovations (Camisón 
and Villar-López, 2014).

It should be noted that this paper has several limitations that should be 
addressed in further research. First, our empirical strategy has been focusing 
only on analysis of HED and innovation performance. Other diversity dimen-
sions could be explored in order to build upon the findings in this paper related 
to a process of developing absorptive capacities. Moreover, the positive and 
significant correlation between export intensity and radical innovation may be 
indicative of how the firm responds to participating in international markets 
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with strong competition requirements, which, in turn, are correlated with higher 
HED and better innovation performance. The strong association between radical 
innovation and export performance is an expected result for the manufacturing 
industry of a small developing country. However, the link between innovation 
performance and product specialization has received little attention from micro 
level studies. Also, the relationship between workforce diversity and innovation 
performance may be associated with the innovation strategy of the firm (Bogers 
et al., 2018). Hence, further study of the workforce diversity –both horizontal 
and vertical– and the degree of openness of the firm’s innovation strategy seems 
necessary to improve the understanding of workforce diversity effects. This is 
particularly important in relation to the important debate surrounding skills, 
innovation and employment, both worldwide and in Latin America (Vivarelli, 
2014; Grazzi and Pietrobielli, 2016).

Finally, the results confirm the particular feature of Uruguayan industry 
where there does not appear to be an identifiable sectoral pattern associated 
with innovation performance. Hence, in sum, a public effort to leverage innova-
tion performance should promote an increase in professional jobs throughout 
industry as a key element to increase the share of firms achieving innovations.

To conduct this research agenda, new information and multisource databases 
are necessary. The identification strategy of the HED effects on innovation per-
formance is only based on the test of significant correlation among the dependent 
variable and lagged explicative variables. Further lines of research will require an 
empirical strategy that addresses endogeneity biases in the relationship between 
workforce diversity and innovation performance, and also auto-correlations of 
workforce diversity, over time.
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