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Abstract 

Purpose 

Diversity of people, knowledge, and resources has been identified as a determinant of firms’ growth. This paper 

focuses on innovation propensity as a critical dimension of firm’s growth path, aiming to analyse the effects of 

the firm’s horizontal educational diversity (HED) on the propensity to conduct different technological innovation 

activities (TIAs). In addition, considering the evidence showing that these effects are neither direct nor linear, 

we analyse the moderating role of the firm’s organizational practices oriented to knowledge sharing (KS) on the 

association between HED and the adoption of TIAs.   

Design/methodology/approach  

Following the theoretical arguments of the resource based view (RBV), the evolutionary economics and the 

dynamic capabilities approach and related empirical evidences, we propose four hypothesis regarding the effect 

of HED on TIAs and the moderating role of work organization practices oriented to promote KS. Empirically, 

we calculate different HED diversity indexes capturing two basic dimensions: variety and balance. Hence, using 

instrumental variables and panel data techniques to control endogeneity biases, we test the hypothesis proposed 

using a dataset of Uruguayan manufacturing firms between 2004 and 2015.  

Findings  

In line with previous evidence, results show idiosyncratic context effects. We found a robust, linear, positive, 

and significant relationship between HED and TIAs, but the effect can be only consistently associated with the 

adoption of internal or external R&D activities. Moreover, the moderating role of work organization practices 

oriented to promote KS is positive and significant when firms engage in TIAs. For technological innovations 

that only involve the acquisition of new technologies, a positive effect is also observed but always associated to 

organizational practices oriented to promote KS.  

Originality/value  

This paper revisits the analysis of workforce diversity for a relatively less explored context. Our research 

contributes to the field by linking HED and work organization practices, to understand firm’s innovation 

propensity in a developing context. Moreover, while other studies have focused only on top management or R&D 

team diversity, we analyse the whole professional’s workforce. It allows us to discuss the effects of diversity on 

innovation propensity in the light of the ongoing debate on the effects of innovation in employment. 

Keywords: workforce diversity; technological innovation; work organization; Latin America 

JEL codes: O32 M14 L60 
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1. Introduction 

A rich, extensive, and growing research background on the determinants of firms’ 

innovation propensity has been accumulated since the second half of the 20th century. 

Research on the topic has been mostly focused on the role of competition and appropriability 

(Cohen, 2010), the effects of innovation experience and learning (Cohen and Levinthal, 1990; 

Arrow, 1962), and several observable characteristics of the firms (e.g. size, age, sector of 

activity, and R&D investment) (Ahuja et al., 2008). However, the roles of people and the way 

they organize the work inside the firms, as an explanation of innovation propensity, had 

received relatively less attention from economic researchers until more recent management 

research contributions were integrated (Nelson, 1991; Laursen and Foss, 2003; Bloom and 

Van Reenen, 2010). 

In this context, workforce diversity, e.g. in gender, age, national origin, and 

educational background, has recently emerged as a subject of intense study to explain firm 

innovation propensity (Laursen et al., 2005; Shore et al., 2009; Bell et al., 2011; García-

Martínez, et al., 2017; Bolli et al, 2018; Bogers et al., 2018; Bae and Han, 2019). Nevertheless, 

empirical evidence analysing the effects of workforce diversity on the technological 

innovation activity of firms is far from conclusive (Lund and Gjerding, 1996; Ozgen et al., 

2017; Lee and Walsh, 2016).  

This paper aims to contribute to this field analysing the effects of firms’ workforce 

horizontal educational diversity (HED) on the propensity to perform technological innovation 

activities (TIAs). In doing so, we distinguish TIAs between those based on acquisition of 

technology (AT) from those based in internal or external research and development (R&D).  

The level and type of education of the workforce are critical knowledge sources and 
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therefore, a key resource to overcome innovation barriers (D’Este et al., 2014; Barth et al. 

2017). However, while according to some previous research, educational diversity increases 

the knowledge base of the firms (e.g. Østergaard et al., 2011; Parrotta et al., 2014), other 

works have shown that workforce diversity also implies a challenge for firms’ organization, 

since it might lead to growing transaction costs, conflict, or distrust among the employees 

(e.g. Shore., et al., 2009; García-Martínez et al., 2017). Hence, the observation of non-

conclusive evidence regarding the link between HED and TIAs claims for considering the 

existence of moderating factors which, in turn, may improve the understanding of the issue. 

In this sense, the structure and the way people is organized in the firm may be an enabling 

factor for employees to use knowledge in a transformative way (Faems and Subranamian, 

2013; Camison and Villar-Lopez, 2014).  

For instance, it has been stated that decentralised knowledge management practices 

are positively associated with the effective execution of TIAs (Lund, 1996; Laursen and Foss, 

2003); complex problem-solving processes require integrative formal knowledge (Lundvall 

& Johnson, 1994), which in turn facilitates the search for and processing of information 

(Dahlin et al., 2005). These evidences give support to a quite intuitive conjecture: for people 

to apply knowledge in a creative way they must have opportunities to do so (Hao et al., 2012). 

To shed new light on this point, this study considers the moderating role of organizational 

practices oriented to promote knowledge sharing (KS) on the relationship between workforce 

educational diversity and the firm’s TIAs propensity. Following the theoretical arguments of 

the resource base view (RBV) and the evolutionary economics, we use the concept of dynamic 

capabilities to understand the relationship between workforce diversity and innovation 

propensity as a dynamic process associated to the organizational practices followed by the 

firm (Teece et al., 1997; Teece, 2017). 
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The paper contributes to the related literature in several ways. First, we carried out a 

firm-level analysis that considers the composition of the firm’s entire professional workforce 

rather than just the top management or the R&D team, typically used in previous studies on 

workforce diversity (Dahlin et al., 2005; Bell et al., 2011; García-Martínez et al., 2017; Bae 

and Han, 2019). In addition, we shed light on the relevance of work organization practices 

allowing firms to recombine its resources and exploit the benefits of KS between diverse 

employees.  

Second, in spite of the long research tradition on innovation, industry, and 

development in Latin America, there has been hardly any research on workforce diversity and 

firm innovation (Gallego and Gutiérrez, 2018; Ruiz-Mejías and Corrales-Mejías, 2015). 

Expanding the evidence on firms’ innovation patterns and the role of the workforce 

qualification in Latin America is particularly relevant seeing the current debate on the creative 

and destructive effects of innovation on employment (e.g. Aldieri and Vinci, 2018; Crepi et 

al., 2019).  

In addition, this research contributes to understand a complex relationship between the 

workforce qualitative attributes and the innovation behaviour of the firms in a developing 

context. In doing so, we follow an empirical strategy using panel data from the Uruguayan 

Innovation Survey of the manufacturing industry (2004–2015). The survey also covers 

different organizational characteristics of firms such as structure, hierarchies, and mechanisms 

adopted to promote participation and working groups. Using different HED’s measures to 

check robustness, our results show coherent but quite different results that most empirical 

background on the topic. In line with previous research, we found a significant relationship 

between HED and TIAs, but the effect can be only consistently associated with the adoption 

of R&D activities.  
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For technological innovations that only implicate the acquisition of new technologies 

(AT) a positive effect of HED is observed when the firm also conduct organizational practices 

oriented to KS. In this regard, the moderating role of KS practices is positive and significant 

when firms engage in TIAs.  

This results suggest that innovation strategies integrating R&D are more challenging 

in terms of knowledge base as stated recently by Bello-Pintado and Bianchi (2020), and shed 

some new light to explain why firms adopt innovation strategies that in the most cases only 

are in the form of technology acquisition as usually happens in less developed contexts (Crespi 

et al., 2019; Dutrenit et al., 2019).   

The paper is organized as follows. In next section we present the theoretical framework 

and develop the research hypotheses. In section 3, we expose the methodology and detail the 

empirical approach. In section 4 our findings are presented, to give the final discussion in 

section 5. 

2. Theoretical Framework 

 

Understanding complex concepts and how they are related demands the consideration 

of broad and varied theoretical perspectives (Yang and Konrad, 2011). Following this 

assertion, we revisit the main postulates on the relationship between workforce diversity and 

innovation propensity from the resource-based view (RBV) and evolutionary economics, 

while discussing the sign and the intensity of this relationship according to other theoretical 

interpretations such as social categorization and transaction cost theory (Schneider and 

Northcraft, 1999). 

The contribution of a synthesis between these streams of literature has been early 

stressed (Montgomery, 1995), identifying that they share a dynamic view of the firm, but also 
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weaknesses and strengths that complement each other (Nelson, 1991; Foss et al., 1995). Early 

evolutionary economics offered a dynamic explanation for industrial and technological 

evolution, highlighting the high diversity among firms’ behaviours and performances due to 

strategic decisions (Levinthal, 1995). However, further evolutionary approaches have been 

benefitted by the contributions of strategic management studies focused on the internal firm’s 

resources (Nelson, 1991; Laursen and Foss, 2003).   

In this sense, the seminal Penrosean concept of firms as dynamic resource collection 

allows identifying the knowledge diversity embodied in people —educational tenure— as a 

critical resource that determines the firms’ growth trajectory according to its organizational 

work practices. In this view, employees’ tacit and codified knowledge can trigger a 

competitive strategy based on specific and hardly imitable assets (Penrose, 1959; Wernerfelt, 

1984; Grant, 1996). Educational diversity increases the knowledge base of the firm by 

allowing different knowledge resource combinations according to the firm’s requirements. In 

turn, these potential combinations contribute to developing distinctive capabilities, for 

instance, identifying and exploiting new and different sources of information (Zahra and 

George, 2002). Following this reasoning, diversity in a firm’s cognitive base increases the 

ability to exploit knowledge from internal and external sources (Cohen and Levinthal, 1990; 

Østergard et al., 2011).  

Close to this view, one of the basic building blocks in evolutionary economics and 

management studies states that diversity of agents and knowledge determines the competition 

in an evolutionary selection process (Metcalfe, 2001). Firms’ survival will depend on the 

ability to reduce the environmental uncertainty by creating routines, which mobilize the firm’s 

internal competencies in a problem-solving path (Malerba and Orsenigo, 2000). In that sense, 

this stream of literature highlights that workforce diversity expands the internal competencies 
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of the firm by broadening internal points of view (Lundvall and Johnson, 1994). Moreover, 

the relation between workforce composition and the ability to deal with an uncertain 

environment is one of the key distinctive features that motivate firms to develop different 

organizational ways associated with their business strategy (Nelson, 1991).  

The concept of dynamic capabilities contributes to the matching of these theoretical 

streams by considering how firms use and combine different resources (capabilities) in a 

dynamic way, where internal mechanisms operate inside the firms in an evolutionary process, 

dynamically selecting different resource combinations across time (Teece, 2017).   

Nevertheless, the association between educational diversity and the propensity to 

innovate can be controversial. According to transaction cost theory, workforce diversity may 

lead to an increase in transaction costs related to communication and coordination of a 

heterogeneous workforce (Williamson, 1981), which is particularly relevant when related to 

TIA that itself demands complex governance structures (Sinha, 2019). In this line, similarity–

attraction theory (Horwitz, 2005) points out that diversity may run contrary to the 

effectiveness of the group because individuals who are more similar are supposed to be more 

effective when working together. As a result, workers are aligned along social identity in a 

way that might cause conflict when a large number of different professional categories and 

viewpoints coexist (Schneider and Northcraft, 1999). 

 

2.1 Workforce educational diversity and innovation: concepts, measures, and evidence 

The concept of workforce diversity embraces different dimensions—variety, balance, 

separation or disparity—and can be observed according to several attributes such as gender, 

race, and education (Stirling, 1998; Harrison and Klein, 2007). Following these authors, in 

this paper we measure diversity as variety and balance in terms of education. Variety refers to 
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differences in the composition of attributes (tertiary education in our research) among the 

members of a given unit (firm). Balance refers to proportional distribution of agents according 

to attributes (e.g. engineering, live sciences, social sciences). HED is measured by the variety 

and balance in training according to the discipline of the professional field among those 

employees who have attained a given educational level (Parrotta et al., 2014; Østergaard et 

al., 2011).  

Empirically, evidence connecting HED and innovation is often focused on the composition of 

the top management team (Li et al., 2016). Several authors have shown that educational 

diversity enhances the innovation process by increasing the ability of working teams to 

integrate different perspectives, creating solutions for complex problems (Bantel and Jackson, 

1989; Williams and O’Reilly, 1998; Faems and Subranamian, 2013). From another 

perspective, Dahlin et al. (2005) showed that educational team diversity provided 

information-processing benefits that outweighed the limitations associated with social 

categorisation processes. They also demonstrated, that the relationship between workforce 

education diversity and innovation propensity to develop internal R&D is not linear, showing 

the form of an inverted U. That is, the effects of workforce diversity are positive up to a 

saturation point, beyond which the organization of a large number of different categories of 

workers (e.g. professions) may lead to diseconomies of specialisation and higher transaction 

costs due to asymmetries of information and social conflicts. This empirical pattern is related 

to R&D internal activities, but not necessarily from the saturation point will a company reduce 

the propensity to innovate. 

 

H1a. There is a positive association between HED and the propensity to adopt TIAs.  
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The adoption of TIAs involve different activities, with different levels of complexity and 

knowledge requirements. Innovation activities based on the purchase of goods and services 

are relatively less complex and have been the most frequent TIAs in Latin America (Barletta 

et al., 2016; Dutrénit et al., 2019). On the other hand, innovation activities based on R&D are 

less frequent and show higher requirements for workforce qualifications and a significant 

correlation with employee educational attainment (Zuniga and Crespi, 2013). In this sense, 

several scholars have suggested that the creativity benefits of diversity are more relevant for 

the generation of new knowledge than the cost of coordination and communication affecting 

the general functioning of diverse organizations (Bogers et al., 2018; García-Martínez et al., 

2017; Ruiz-Mejías and Corrales-Mejías, 2015; Østergaard et al., 2011). Therefore, it is 

expected to observe a differentiated effect of HED on innovation propensity according to the 

type of TIA considered.  

In order to shed new light in this issue, in this paper we distinguish TIAs between those based 

on acquisition of technology (AT) from those based on R&D activities (both internal and 

external). In this line, Williams and O’Reilly (1998) had early noted that the positive effects 

of employee diversity on the innovation process are associated with the initial steps (creative, 

searching, etc.) when R&D activities are highly required. Nevertheless, they even highlighted 

that diversity has potential negative effects after the search phase, when solutions are just 

implemented. These results have recently been confirmed, related to vertical educational 

diversity and innovation propensity (Bolli et al., 2018). As a result, we expect that firms that 

conduct R&D, which usually are concentrated in the creative and searching phases, will 

present a more intensive relationship between HED and innovation propensity than 

technologically innovative firms that conduct TIAs in the form of acquisition of machinery 

but do not conduct R&D activities. 
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H1b. The positive association between HED and the propensity to adopt TIAs is higher for 

adopting R&D than for AT activities.  

 

2. 2 The moderating role of work organization practices 

Work organization is the result of a continuous process of incorporating organizational 

innovations that ultimately change the way the work is regularly organized in form of routines, 

that are more or less explicit practices stipulated in the firm’s functioning (Teece, 1992). 

Evidences support that horizontal work organization practices (e.g. reducing hierarchical 

levels; promoting employee participation in the decision making) facilitate the exploitation of 

group capacities associated with members’ educational backgrounds, which facilitates the 

application of organizational routines, contributing to building distinctive resources (Camisón 

and Forés, 2010). 

In this paper, we focus on organizational practices that facilitate KS by enhancing 

intra-organizational coordination and cooperation between employees with different profiles 

and positions (Teece, 1992; Love and Roper, 2004), which, in turn create an appropriate 

environment for innovation to be performed (Damanpour and Evans, 1984; Azar and 

Ciabuschi, 2017). The effects of work organization practices oriented to promote KS on firm’s 

innovation has been largely documented (Laursen and Foss, 2003; Bloom and Van Reenen, 

2010; Cohen, 2010). However, the role played by work organization practices on the 

relationship between HED and innovation propensity is not obvious. On the one hand, the 

presence of organizational practices facilitating KS between employees of different internal 

functions and with different educational backgrounds may favour the internal development of 

innovation (Kochan et al., 2003; Camisón and Forés, 2010). On the other hand, previous 
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studies have also highlighted that horizontal organization practices can trigger negative effects 

of diversity, mainly after the search phase, when solutions should be implemented, and 

standardized routines are necessaries (Williams and O´Reilly 1998).  

Empirical evidence in the context under study, stated that firms adopting advanced work 

organization practices are only a small proportion of the total number of firms in the 

Uruguayan manufacturing sector (Bello-Pintado, 2011). However, he found a positive 

correlation between advanced organizational forms and performance such as productivity, 

quality, and innovativeness. This evidence supports the view that in low-development 

contexts where product and process innovations are widely based on the use of externally 

acquired technology, the presence of KS work organization practices may favour innovation 

in products and processes. Therefore, it is expectable that the positive association between 

HED and innovation propensity will be positively moderated by the presence of organization 

work practices that favour knowledge sharing. In light of this arguments, we propose the 

following hypothesis: 

 

H2a. The association between HED and the likelihood of executing TIAs is positively 

moderated by the presence of organizational practices favouring knowledge sharing. 

 

Regarding horizontal organizational practices and routines, it has been stated that they 

contribute to exploit the benefits of diversity in initial steps of innovation process, by enabling 

to overcome potential difficulties in managing a varied skilled workforce (Østergaard et al., 

2011). In this line, researchers in the field stressed that organizational practices facilitating KS 

practices are determinant for the adoption of R&D activities, in particular during the initial 

steps (Chen and Huang, 2010; Barth et al., 2017). In the background, horizontal organizational 
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practices reinforce the absorptive capacities of the firm, facilitating and allowing that people 

capture and exploit both internal and external information and knowledge (Camisón and 

Forés, 2010; Bolli et al., 2018).  

  

H2b. The positive moderation effect of organizational practices favouring KS is higher for 

the relationship between HED and R&D than between HED and AT. 

3. Methods and Data 

The empirical strategy is based on the analysis of a data set from the Uruguayan 

Innovation Survey (UIS), carried out by the National Institute of Statistics and the National 

Innovation and Research Agency of Uruguay. The original sample is representative of the 

whole Uruguayan manufacturing industry, according to activity sector. Information is 

collected through personal interviews and, since it is an official survey, answers are 

compulsory for all the sampled firms. This procedure guarantees highly response rates and 

reliable data. 

The UIS questionnaire is based on the Oslo Manual (OECD, 2005) collecting 

information about a broad set of activities that companies carry out to innovate, before asking 

whether they achieved innovative results. It is crucial for our research question, which is 

focused on the propensity to conduct technological innovation activities, not on the propensity 

to obtain innovation results.  

Four waves of the UIS were merged, covering the 2004–2015 period. The structure of 

the final data set is an unbalanced panel which includes only the firms that were surveyed in 

at least two waves. This panel includes 2,493 observations from 770 firms (Table 1). 
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Table 1. Structure of the panel 

About here 

 

3.1 Variables 

Following the Oslo Manual (OECD, 2005), the UIS examines whether firms have been 

engaged in technological innovation activities among a list of five activities (Table 2). The 

UIS also captures whether the firm has implemented practices of work organization such as 

individual rewards incentives, reduced vertical hierarchies, inter-functional work groups, and 

communication systems within the firm. In addition, the questionnaire includes information 

to calculate HED indexes in terms of different professional profiles among the whole 

organization. 

Table 2. Summary of variables 

About here 

 

We consider three dummy dependent variables. First, we distinguish between firms 

that carried out any of the five TIAs considered and those firms that did not (See Table 2). 

Second, we distinguish between companies that adopt TIAs that include only the acquisition 

of capital goods or ICT (AT) from those that conducted internal or external R&D. Empirical 

evidence stresses that firms that conduct activities based on R&D are usually engaged in an 

innovation strategy that includes acquiring external knowledge (Barletta et al., 2016), 

although this does not imply a trend in the other direction from knowledge acquisition to 

R&D.  
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Descriptive figures (Table 5a) show that within the final sample we can find almost 

50% of firms that have conducted at least one TIA, while around 25 % and 20% have 

conducted TA and R&D activities, respectively.   

Since diversity does not rely on any structural models of the particular system under 

study, we used nonparametric measures of diversity, i.e. indexes based on observed 

distribution of the attribute of interest (Stirling 1998). Moreover, following this author, we 

measured diversity as an integrative concept that captures variety and balance (Stirling, 1998: 

45–57) as non-empirically differentiated attributes.  

According to the information available in the UIS database, to measure HED within a 

firm, we used the information on the disciplinary background of the employees that have 

attained a tertiary educational level (Tables 2 and 3). The explanatory variable, HED, captures 

the variety and balance of specific professional profiles. Since on-floor training is not 

available in the UIS database, this measure captures only the formal training of a particular 

type of employee and neglects the potential diversity originating from training in the 

workplace and learning by doing (Jensen et al., 2007). 

Table 3. Explanatory variable: diversity indexes 

About here 

 

Coherently with each index construction, S–W’s and Blau’s indexes show a similar 

distribution with high concentration of observations without attributes of interest (0). In this 

regard, the Simpson index shows a more balanced distribution but with a disproportionate 

incidence of full diversity. Regarding these descriptive patterns and the related literature, we 

estimated the effects of the three indexes. However, descriptive statistics aiming to test 

robustness are in line with Stirling (1998), who concludes that given the usual data restrictions, 
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the simpler indexes based on the proportional abundance of the attribute of interest, e.g. 

Shannon-Weaver and Blau, are preferable to their reciprocal version, e.g. Simpson.  

 

Figure 1:  
About here 

Table 4. Descriptive statistics for HED indexes vs innovative propensity 

About here 

 

On the other hand, in order to distinguish between the effect of workforce educational 

level and workforce diversity, we used a specific control variable that indicates whether the 

firms have at least one professional employee. This is a necessary control because HED 

indicators are based on count variables of educational attainment, which is directly related to 

workforce skills and, in turn, is likely related to the decision to engage in TIA (D’Este et al., 

2014; Lund, 2006).  

Following previous research (Camisón and Villar-López, 2014; Smith et al., 2005; 

Lund and Gjerding, 1996), to capture the progressive increment in KS work organization 

practices we built an organizational practices index (OPI). The descriptive statistics indicate 

that, on average, Uruguayan manufacturing firms have more traditional forms of work 

organization, with less than 10% of the sample that fulfils the three KS practices considered 

(Table 5a). 

Our analytical model was completed with five firm-level control variables—size, age, 

export intensity, foreign capital, and economic group—that have been usually considered as 

determinants of TIA in the literature from economics and innovation management (Cohen, 

2010; Ahuja et al., 2008).  
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Table 5a Descriptive statistics (categorical variables) 

About here 

Table 5b Descriptive statistics (continuous control variables) 

About here 

3.2 Econometric strategy 

We use a probit model to test the effect of HED on the propensity to conduct TIAs. 

Moreover, following recent contributions on the relationship between educational workforce 

diversity and firm’s innovation behaviour (Østergaard et al., 2011; Secchi et al., 2014; Ozgen 

et al., 2017; Bolli et al., 2018), we use instrumental variables and panel data techniques (sector 

and year fixed effects) to control both simultaneity bias and endogeneity problems. This is the 

best empirical strategy option taking into account the recurrently observed endogeneity 

problems in the relationship between workforce diversity and innovation, and considering that 

has not yet been possible to link employer and employee data using the UIS. Hence, we 

instrumented the independent variable (HED) through its measure one lagged period (HEDt-

1), assuring to overcome simultaneity and specific endogeneity problems. 

Moreover, to control unobservable effects related to firms’ idiosyncrasy, we included 

fixed effects by year of reference of the UIS wave and sector. As usual, using instrumental 

lagged variables and fixed effects meant losing observations. 

 

𝑃𝑃(𝑦𝑦𝑡𝑡 = 1) =  𝛽𝛽0 + 𝛽𝛽1𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 + 𝛽𝛽2(𝑧𝑧𝑡𝑡) + 𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 + 𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠 + 𝜀𝜀𝑖𝑖𝑖𝑖 

 

where y is the dichotomous independent variable taken at time t, HED is instrumented (IV) 

by HEDt-1, and (z) is a vector of control variables at time t. We included fixed effects by year 

and sector. Finally, ε is the error term. We included the square of the independent variables to 
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test a quadratic (inverted U-shaped) distribution. To test H2s we added the organizational 

practices index (OPI) as well as the interaction term between the independent variables and 

the OPI, both of them instrumented through a one-period lag observation. 

The model was estimated in successive steps, incorporating each variable into each new 

estimation (Tables 6-8). In addition, in order to compare effects of HED on R&D propensity 

and on AT propensity (H1b and H2b) we use a standard Z-test (Table 9). 

 

4. Findings 

Estimation results show that the propensity to adopt TIAs is positive and significantly 

affected by HED (Table 6). All the three HED indexes positively explain the propensity to 

conduct TIAs. Thus, empirical estimations support H1a since the greater the HED, the higher 

the likelihood of conducting TIAs.  

 

Table 6. Estimate results. Dep Var.: Technological Innovation Activities 
About here 

 

On the other hand, we considered the presence of a curvilinear relationship between 

HED and TIAs adoption, and, except in the estimate using Blau’s index, we only confirm a 

linear relationship (Table 6, columns 2, 6, and 10). The interpretation of this result must take 

into consideration the context under study. Previous empirical works that have observed an 

inverted U-shaped relationship between diversity measures and firms’ performance including 

innovation propensity, come from Europe (Dahlin et al., 2005; García-Martínez et al., 2017; 

Bolli et al., 2018) or Asian industrialized countries (Chen and Huang, 2010). The estimates 

could be indicating that the linear relationship observed may indicate that the level of 

educational diversity in less developed contexts is low to the extent that the turning point from 
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a positive to a negative association is not observed. Therefore, there is no evidence of a fall in 

the propensity to innovate due to an increase in HED. 

To test the hypothesis H1b, we run two models for each HED index using, on the one 

hand, the propensity to adopt technological innovations in the form of acquisitions of capital 

goods or ICT (Table 7), and on the other, the propensity to adopt innovations related with 

R&D activities (Table 8). 

 

Table 7 Estimate results: Var. Dep.: Acquisition of technology (Capital goods and/or 
ICT) 

About here 

Table 8. Estimate results: Var. Dep.: Research and Development (R&D) 
About here 

 

Estimates show differentiated effects of HED on the propensity to adopt TIAs 

regarding the type of innovation activities as stated in H1b. Estimates in table 7 (Columns 1, 

5 and 10) show that – considering the three indexes used- HED affects the propensity to adopt 

AT, but such effect seems attributable to organizational practices oriented to promote KS are 

present (Table 7, columns 3, 4, 7, 8 and 10). Meanwhile, as stated in Table 8, HED has a 

positive, linear and significant effect on the adoption of R&D activities. Moreover, estimates 

of the effects of HED on R&D show a consistent identification of the direction of the 

relationship, from HED to innovation propensity (Table 8, bottom row shows significant 

results of Wald exogeneity test). On the contrary, regarding the observed effects of HED on 

AT, there is no possible to discard endogeneity bias (Table 7, bottom row shows no significant 

results of Wald exogeneity test).  

Despite endogeneity problems, the post-estimation comparison between the effect of 

HED on R&D and AT (Table 9), consistently show a stronger effect of HED in the R&D 
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propensity than in the AT propensity. These results confirm that accounting with a broad and 

varied knowledge base is particularly important for the development of more sophisticated 

innovation activities than those activities related only with the external acquisition of 

machinery and ICT. It is also remarkable that for both types of TIAs the U-inverted shape 

association with HED is not observed (Columns 2, 6 and 10 in Tables 7 and 8), reinforcing 

the explanation of particular characteristics in less developed context regarding the low level 

of educational diversity of workforce.   

Considering how the organization of work moderates the relationship between HED 

and the propensity to adopt TIAs, estimates confirm the proposed hypotheses (H2a and H2b). 

On the one hand, it is important to highlight that organizational practices oriented to facilitate 

KS are positively associated with the likelihood of conducting any TIAs (Ccolumns 3, 7 and 

11 of Tables 6, 7 and 8). On the other hand, results confirm the positive interaction between 

HED and OPI on the propensity to conduct TIAs (Columns 4, 8 and 12 of Tables 6, 7 and 8). 

This confirms H2a, i.e. for diverse people to apply knowledge the way they are organized 

should give opportunities to do so (Hao et al., 2012).  

Regarding H2b, estimated coefficients shows that, for R&D activities, the 

organizational practices oriented to promote KS positively interact with HED to explain the 

propensity to adopt these innovation activities (Columns 4, 8 and 12 in Table 8). However, as 

was mentioned above, in the case of AT, results show that the positive effect of HED on the 

propensity to acquire new machines and ICTs, seems to be attributable to the presence of 

organizational practices oriented to promote KS (Columns 4, 8 and 12 in Table 7). Finally, 

post-estimation comparisons (Table 9), show that the moderating effect of OPI on the 

relationship between HED and R&D propensity is stronger than on the relationship between 

HED and AT propensity.  
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In sum, this study confirms that having varied educational backgrounds is important 

for innovation, but also the presence of organizational practices promoting KS is determinant 

to innovate (Battisti and Stoneman, 2010; Camisón and Villar-López, 2014). Particularly 

relevant is the effect of OPI on the propensity to adopt AT since the effect of HED seem to be 

no relevant in those firms where the organization of work are more traditional.  

 

5. Final Remarks 

The linkage between the diversity of the internal resources of the firm and the 

propensity to innovate is in the base of the evolutionary economics and strategic management 

contributions. Innovative strategies are firm’s specific and they emerge from complex 

interactions between internal and external knowledge. Since deliberated strategies of the firm 

are not observable, we capture it through the TIAs conducted by the firms, and corroborate 

the positive relationship between HED and innovation propensity. 

Empirical evidence confirms the proposed hypotheses allowing to conclude that the 

propensity to adopt TIAs is related to the firm’s human resources. In particular, we observed 

that the variety and balance in the knowledge base of firms determine the propensity to adopt 

TIAs, however, the effect is consistently identified only with the implementation of R&D 

activities, while for the acquisition of new machines and ICT do not. In addition, we confirm 

that organizational work practices aimed to facilitate KS positively interact with HED to 

determine TIAs.  

This paper contributes to academic research by offering theoretical arguments and 

empirical evidence regarding the relevance of considering innovative capabilities -both at the 

personal and organization level simultaneously- as part of the resource collection of the firm, 

that offer different combinations along the growth path of the firm. On the one hand, this paper 
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highlights the convenience of considering HED rather than only vertical educational diversity 

as previously used in related literature (Østergaard et al., 2011; Bolli et al., 2018). In addition, 

evidence supports the relevance of considering the whole firm’s workforce for the adoption 

of technological innovations rather than only considering top management teams or R&D 

group members (Li et al., 2016; García-Martínez., et al. 2017). In short, new information and 

knowledge sources for the development of new products or processes as well as for the 

identification of the needs of new machines or ICT can be identified and delivered by the 

whole labor force of the organization. In this sense, our results support that the diversity of 

educational backgrounds at all organizational levels contributes positively to this process. 

On the other hand, the paper analyses the manufacturing industry in a small developing 

country. The literature from innovation studies has always emphasised the localised nature of 

innovation and the firm-level specificity of routines, knowledge variety, and organization. 

However, research in this area has traditionally looked for general patterns, based on 

theoretical propositions, which help to understand the firm’s innovation propensity. These 

types of patterns, like the saturation effect on absorptive capacities and the consequently 

inverted U-shaped relationship between educational variety and innovation propensity, did 

not appear in the Uruguayan context. Therefore, another contribution of the paper is to contrast 

general premises and evidences from developed countries in a less developed context. 

Based on previous evidence on the salient features of firm’s innovation behaviour in 

developing context (Barletta et al., 2016), this paper shows that the effect of HED depends on 

the type of innovation strategy adopted, i.e. strategies based on R&D versus those based on 

technological acquisitions. In this sense, our result suggests that rather than a substitution 

relationship between these innovation strategies this group of firms shows a sort of integrative 

strategy, which includes knowledge acquisition embodied in machinery and ICT, and also 
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they make innovation based on R&D. Since our methodology is not adequate to analyse the 

potential complementary or substitution effects of different TIAs (Ballot et al., 2015), further 

research may overcome this limitation to shed new light in the role of knowledge diversity 

embodied in people to pursuit different complementary TIAs.  

Finally, our research adds evidence in line with the resource-based view and the 

evolutionary theory of the firm. The criticism regarding the positive effects of diversity on 

innovation performance, based on transaction cost theory or the similar attraction theory, does 

not find empirical support from the results of this study. Therefore, we can interpret our results 

as evidence for the evolutionary statement that sees diversity as allowing a number of 

alternative problem-solving ways (routines) that can be dynamically recombined and that 

operate as strategic assets turning human resources into competitive resources (Teece, 2017).  

This paper also has important implications for practitioners and managers, not only for 

the current Uruguayan context, but also arguably extendable to most Latin American 

industries. The results of this study highlight the relevance of investing in human resources 

inside the firm as a determinant of innovation. Typically, highly skilled workers in less 

developed countries are scarce. According to our results, the challenge for firms is to attract 

skilled workers with different backgrounds favouring the innovation process. Moreover, our 

results show that this is a critical resource for companies following innovation strategies based 

on R&D activities. On other hand, our results show that companies adopting less intensive 

innovation activities, specially focused on the acquisition of technology embodied in 

machines, demand require a relatively less varied knowledge base.  

At this point, the most important issue is whether or not the innovation strategy 

adopted allows firms to be more competitive. In this sense, according with the RBV, the 

acquisition of new machines, even though it may be important to compete, it is hardly enough 
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to do it successfully and to achieve a differentiated competitive advantage; anyone can do the 

same. Nevertheless, developing new products and processes, exploring new fields of 

knowledge, which effectively can be decisive to be competitive, can only be achieved in the 

presence of competitive resources, in this case a wide and varied base of human resources 

with different point of view and backgrounds. Additionally, this competitive effect can be 

enhanced when firms are able to accompany these processes with organizational practices that 

promote worker participation, interaction among different profiles and categories of 

employees.   

This research is particularly timely from the policy-making view. In the light of the 

current debate on the effects of innovation in employment, we shed light in the complex 

dynamic of this relationship beyond the short-run substitution or compensation effects that the 

literature has identified (Aldieri and Vinci, 2018; Crespi et al., 2019). This study highlights 

the effects of the quality attributes of the firm’s workforce as a determinant resource of 

innovation propensity. It is especially relevant facing the great challenges stated by the current 

Uruguayan Development Strategy (OPP, 2019) oriented to create employment through 

structural change based on innovation. Our results, jointly with previous researches (Zuniga 

and Crespi 2013; Crespi et al., 2019), contribute by stressing the positive effects of innovation 

in the firm’s workforce growth. 

The paper presents some limitations. First, one salient contribution of the paper, as the 

analysis of a small developing country, also limits the potential extrapolation of results. In 

addition, the relative short time extension of our panel data set, seriously limits potential 

causal inferences. Finally, but not least, as we already mentioned, further research should 

consider internal trainee activities and employee mobility by using employer-employee data, 

to obtain substantive accuracy gains. 
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Table 1. Distribution of dependent variables 
 % of the sample Mean 

Tipp 89.49 0.89 
incremental 86.40 0.86 
Radical 10.40 0.10 

Source: Authors’ calculation based on UIIS data 

Table 2. Name and type of variables included in the estimations 
Variable Name  Type 

1. Technological innovation in product or process (TPP) tipp Dichotomous Dependent 

2. Radical innovation TPP radical Dichotomous Dependent 
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3. Incremental innovation TPP incremental Dichotomous Dependent 

4. Blau index professional  Blau_prof Continuous Independent 

5. Organizational structure index   OS Additive-Ordinal Moderating 

6. Size firm (log) logSize Continuous Control 

7. FDI FDI Dichotomous Control 

8. Age logAge Continuous Control 

9 Export intensity (% of total sales) export Continuous Control 

10 Dummy of activity sector  Dichotomous Control 

Source: Developed by authors. 

 

 

Table 3. Descriptive statistics and correlation matrix 
Variable Mean s.d. Min. Max N 1 2 3 4 5 6 7 8 

1. tipp .8949 .3069 0 1 875 1        

2. radical .104 .3054 0 1 875 0.1168* 1       

3. incremental .864 .3430 0 1 875 0.8640* -0.1597* 1      

4. Blau_prof .5195 .2097 0 .857 689 0.0596 0.0558 0.0699 1     

5. OS 1.832 1.4368 0 5 875 0.1052* 0.1129* 0.0650 0.1477* 1    

6. log_Size  4.433 1.0776 2.302 7.80 875 0.0964* 0.1381* 0.0586 0.3320* 0.2506* 1   

7. FDI  .2023 .4019 0 1 875 0.0520 0.0708 0.0587 0.1699* 0.2709* 0.2727* 1  

8. log_Age 3.2448 .8334 0 4.96 869 0.0945* 0.0622 0.0931* 0.0969 0.0653 0.2728* 0.239 1 

9. Export 24.888 34.860 0 100 875 0.0275 0.3004* -0.0685 0.1479* 0.1810* 0.3547* 0.3262* -0.0501 

Source: Authors’ calculations based on UIIS data 

 

 

 

 

Table 4. Sectoral distribution of observations and correlation matrix 

Industry N % tipp radical incremental Blau_prof OS log_Size FDI log_Age Export 

Machinery 58 6.63 -0.0435 0.0146 -0.0417 -0.0222 0.0056 -0.1346*  -0.0884* -0.0409 -0.0716 

Textiles 106 12.11 -0.0440 0.0571 -0.877* -0.0531 -0.1054* 0.0031 -0.0998* 0.0311 0.1730* 

Wood 42 4.80 -0.0102 -0.0590 0.0111 -0.0285 -0.0594 -0.0207 0.0866 -0.0615 0.0265 

Chemical 234 26.74 0.0135 -0.0028 0.0213 0.0337 0.1156* -0.1180* 0.0878* 0.0730 -0.1073* 
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Metallurgy 69 7.89 0.0450 -0.0024 0.0419 -0.0931 0.0254 -0.0558 -0.0418 0.0035 -0.0530 

Food  298 34.06 -0.0118 -0.0569 0.0155 -0.1705 -0.0017 -0.1724* 0.0764 -0.0415 -0.1440* 

Others 68 7.77 0.0262 0.0159 0.0248 0.1584 -0.0251 0.3172* -0.1037* -0.0190 0.1182* 

Source: Authors’ calculations based on UIIS data. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



31 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 5 Logit model estimation.  

Dependent variable: Technological innovation in product or process  

 
 (1) (2) (3) (4) (5) (6) (7) 

Blau_prof (t-1) Coef 2.113** 2.216 2.011 1.748** 1.380 1.086 0.857 

 
SE (0.840) (2.439) (2.299) (0.782) (1.079) (1.121) (1.107) 

 
Margin 0.0119 0.363 0.382 0.0255 0.201 0.333 0.439 

Blau_prof_square (t-1) Coef 
 

-0.150 -0.388 
    

 
SE 

 
(3.365) (3.164) 

    

 
Margin 

 
0.964 0.902 

    
OS (t-1) Coef 

  
0.190 0.189 0.0933 0.0956 0.0771 

 
SE 

  
(0.138) (0.138) (0.299) (0.300) (0.283) 

 
Margin 

  
0.166 0.171 0.755 0.750 0.786 

Blau_prof*OS (t-1) Coef 
    

0.232 0.219 0.317 

 
SE 

    
(0.553) (0.545) (0.535) 
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Margin 

    
0.674 0.688 0.553 

log_size Coef 
     

0.115 0.0369 

 
SE 

     
(0.217) (0.212) 

 
Margin 

     
0.598 0.862 

FDI (t-1) Coef 
     

0.00502 -0.0149 

 
SE 

     
(0.495) (0.484) 

 
Margin 

     
0.992 0.975 

log_age Coef 
     

0.440* 0.430* 

 
SE 

     
(0.236) (0.249) 

 
Margin 

     
0.0622 0.0846 

Export (t-1) Coef 
     

-0.00196 -0.00195 

 
SE 

     
(0.00603) (0.00613) 

 
Margin 

     
0.744 0.751 

machinery Coef 
      

-0.892 

 
SE 

      
(0.640) 

 
Margin 

      
0.164 

textiles Coef 
      

-0.206 

 
SE 

      
(0.645) 

 
Margin 

      
0.749 

wood Coef 
      

-0.682 

 
SE 

      
(0.566) 

 
Margin 

      
0.228 

chemical Coef 
      

-0.306 

 
SE 

      
(0.516) 

 
Margin 

      
0.552 

metallurgy (omitted) Coef 
      

- 

 
SE 

       

 
Margin 

      
- 

others Coef 
      

-0.879 

 
SE 

      
(0.686) 

 
Margin 

      
0.200 

Food (omitted) Coef 
      

- 

 
SE 

       

 
Margin 

      
- 

Observations  469 469 469 469 469 469 441 

Cases  329 329 329 329 329 329 309 

 Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 
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Table 6. Logit model estimation. Dependent variable: Radical innovation  

 
 (1) (2) (3) (4) (5) (6) (7) 

Blau_prof (t-1) Coef 3.459** -2.216 -2.580 2.859* -0.543 -1.309 -1.447 

 
SE (1.587) (3.553) (3.638) (1.532) (1.693) (1.772) (1.682) 

 
Margin 0.0293 0.533 0.478 0.0621 0.749 0.460 0.390 

Blau_prof_square (t-1) Coef 
 

6.637 6.428 
    

 
SE 

 
(4.133) (4.223) 

    

 
Margin 

 
0.108 0.128 

    
OS (t-1) Coef 

  
0.442*** 0.441*** -0.576 -0.777** -0.806** 

 
SE 

  
(0.144) (0.138) (0.369) (0.388) (0.374) 

 
Margin 

  
0.00215 0.00140 0.119 0.0449 0.0309 

Blau_prof*OS (t-1) Coef 
    

1.837*** 2.085*** 2.060*** 

 
SE 

    
(0.690) (0.702) (0.642) 

 
Margin 

    
0.00773 0.00296 0.00134 

log_size Coef 
     

-0.153 -0.0394 

 
SE 

     
(0.239) (0.235) 

 
Margin 

     
0.523 0.867 

FDI (t-1) Coef 
     

-0.933 -0.947 

 
SE 

     
(0.627) (0.593) 

 
Margin 

     
0.136 0.110 

log_age Coef 
     

0.409 0.309 

 
SE 

     
(0.432) (0.450) 

 
Margin 

     
0.344 0.493 

Export (t-1) Coef 
     

0.0303*** 0.0304*** 

 
SE 

     
(0.00765) (0.00716) 

 
Margin 

     
7.67e-05 2.21e-05 

machinery Coef 
      

1.166 

 
SE 

      
(0.885) 

 
Margin 

      
0.187 

textiles Coef 
      

0.0970 

 
SE 

      
(0.709) 

 
Margin 

      
0.891 

wood Coef 
      

-0.390 



34 
 

 
SE 

      
(1.135) 

 
Margin 

      
0.731 

chemical Coef 
      

0.645 

 
SE 

      
(0.608) 

 
Margin 

      
0.288 

metallurgy Coef 
      

0.693 

 
SE 

      
(0.871) 

 
Margin 

      
0.426 

others(omitted) Coef 
      

- 

 
SE 

       

 
Margin 

      
- 

Food (omitted) Coef 
      

- 

 
SE 

       

 
Margin 

      
- 

 
 

       
Observations  469 469 469 469 469 469 438 

 Cases  329 329 329 329 329 329 307 

 Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

Table 7 Logit model estimation. Dependent variable: Incremental innovation  

 
 (1) (2) (3) (4) (5) (6) (7) 

Blau_prof (t-1) Coef 1.401** 2.942 2.921 1.366** 2.004* 1.964* 1.811 

 
SE (0.676) (2.125) (2.123) (0.681) (1.107) (1.124) (1.104) 

 
Margin 0.0384 0.166 0.169 0.0451 0.0702 0.0804 0.101 

Blau_prof_square (t-1) Coef 
 

-2.204 -2.240 
    

 
SE 

 
(2.845) (2.812) 

    

 
Margin 

 
0.439 0.426 

    
OS (t-1) Coef 

  
0.0283 0.0210 0.193 0.229 0.236 

 
SE 

  
(0.122) (0.122) (0.298) (0.296) (0.296) 

 
Margin 

  
0.816 0.864 0.517 0.439 0.424 

Blau_prof*OS (t-1) Coef 
    

-0.386 -0.447 -0.417 

 
SE 

    
(0.550) (0.543) (0.538) 

 
Margin 

    
0.482 0.411 0.438 

log_size Coef 
     

0.0433 -0.0412 

 
SE 

     
(0.191) (0.198) 

 
Margin 

     
0.820 0.835 
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FDI (t-1) Coef 
     

0.420 0.331 

 
SE 

     
(0.475) (0.463) 

 
Margin 

     
0.376 0.475 

log_age Coef 
     

0.380 0.419* 

 
SE 

     
(0.231) (0.236) 

 
Margin 

     
0.100 0.0757 

Export (t-1) Coef 
     

-0.00943* -0.00751 

 
SE 

     
(0.00527) (0.00525) 

 
Margin 

     
0.0732 0.153 

machinery Coef 
      

-0.752 

 
SE 

      
(0.606) 

 
Margin 

      
0.214 

textiles Coef 
      

-0.795 

 
SE 

      
(0.551) 

 
Margin 

      
0.149 

wood Coef 
      

-0.408 

 
SE 

      
(0.596) 

 
Margin 

      
0.494 

chemical Coef 
      

-0.387 

 
SE 

      
(0.473) 

 
Margin 

      
0.413 

metallurgy Coef 
      

0.996 

 
SE 

      
(1.051) 

 
Margin 

      
0.343 

others Coef 
      

-0.646 

 
SE 

      
(0.653) 

 
Margin 

      
0.323 

Food (omitted) Coef 
      

- 

 
SE 

       

 
Margin 

      
- 

 
 

       
Observations  469 469 469 469 469 469 469 

Cases  329 329 329 329 329 329 329 

 Standard errors in parentheses 

*** p<0.01, ** p<0.05, * p<0.1 

 

 

 

 



36 
 

 

Figure 1. Educational workforce diversity.  
kernel density distribution of Blau_prof index 

 
Source: Authors’ calculation based on UIIS data 
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