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Abstract:
							                           
This paper presents a quantitative analysis of the external and internal determinants that affect the innovation dynamics of a low-tech sector in a less developed economy; the food & beverage (F&B) industry in El Salvador. The empirical framework relies on a multivariate probit analysis applied to data from El Salvador's First National Innovation Survey 2013. The results show that R&D activities, use of industrial protection by F&B industry firms as well as relationships between firms and knowledge agents are useful for technological innovations while the qualifications of firms' workforce and the relationships between firms and value chain agents prove useful for non-technological innovations. In addition, firms can take advantage of their size and location in the department of San Salvador to promote product innovation, whereas firms' maturity is seen to be a disadvantage. Based on the results to emerge, the role that public science, technology and innovation (STI) policies as well as STI business strategies can play in the Salvadoran agri-food industry innovation system is seen to be huge.JEL Classification: L66, O32, O38, O54.
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Resumen:
						                           
Este artículo presenta un análisis cuantitativo sobre los determinantes externos e internos que afectan la dinámica de innovación de un sector de baja tecnología en una economía poco desarrollada, la industria de alimentos y bebidas (A&B) en El Salvador. El marco empírico se basa en un análisis multivariate probit aplicado a datos de la 1â Encuesta Nacional de Innovación 2013 de El Salvador. Los resultados muestran que la realización de actividades de I+D+i, su correspondiente protección industrial por parte de las empresas de A&B y las relaciones con los agentes del conocimiento son especialmente útiles para sus innovaciones tecnológicas, mientras que la cualificación de su fuerza laboral y las relaciones con los agentes de la cadena de valor para sus innovaciones no tecnológicas. Además, pueden aprovechar la dimensión y su ubicación en el departamento de San Salvador para promover la innovación de producto, mientras la madurez de la empresa es una desventaja. Con base en los resultados anteriores, el papel que pueden jugar las políticas públicas de ciencia, tecnología e innovación (CTI) y las estrategias comerciales de CTI en el sistema de innovación de la industria de alimentos y bebidas salvadoreña es enorme.




Palabras Clave: Sistema Sectorial de Innovación, industria de alimentos y bebidas, El Salvador, modelo multivariate probit, determinantes de la innovación.
                                






		
			INTRODUCTION

			The study of innovative behavior determinants is an active and growing field of research given that innovation has become synonymous with achieving sustainable competitive advantage for firms. From an evolutionary perspective, firms are responsible for innovating while it is the market that executes the natural selection function (Nelson & Winter, 1982). However, the enterprise does not undertake this activity alone, but draws on the support of other market and non-market organizations, i.e., it acts within an innovation system (Fundación COTEC, 2009). Bearing in mind sectoral differences of innovation processes (Pavitt, 1984), one useful notion of the innovation system is the sectoral one that emphasizes the importance of firms' knowledge base and learning mode in a particular industry (Malerba, 2004).

			Sectoral and regional studies on innovation systems have been carried out in both developed and developing countries. For Central American countries, Orozco (2014) studied the coffee and palm oil sectors in Costa Rica; Orozco-Barrantes and Barboza-Arias (2018) analyzed the dairy sector in Costa Rica; and Gu, Adeoti, Castro, Orozco, and Díaz (2012) compared the coffee sector in Costa Rica to other agri-food activities in other catching-up economies. In the case of El Salvador, Cummings (2016) identifies different types of emerging innovative dynamism among local actors who had started to show their organizational capacity in the early 20th century (Cummings, 2007). The technological trajectories of several countries in this region are largely defined by their agri-export past, which has shaped their industrial development with a strong participation of food and beverage (F&B) activities (Hoselitz, 1954; Padilla Pérez, 2013; Soluri, 2009). Specifically, the Salvadoran F&B industry accounted for 9.09% of the country's economy in 2016 and displayed a dynamic export performance, with 16.28% of all exports stemming from the F&B industry in 2019.
1

			

			In an effort to gain a better understanding of the behavior of Salvadoran F&B industry firms within their sectoral innovation system a multivariate probit analysis was carried out with two objectives: firstly, to identify the specific innovation determinants in the F&B industry, given its specific characteristics; secondly, to test the relevance of using this quantitative methodology for analyzing the innovative behavior of firms in less developed countries, such as El Salvador, so as to enrich studies on innovation systems already carried out in other Latin-American countries (Dutrénit & Sutz, 2014). Although STI policies have been studied intensively for the Latin American context (Arocena & Sutz, 2000; Crespi & Dutrénit, 2014), the results of this analysis may prove to be valuable both for the Salvadoran government, by adding some national and sectorial specificities to the definition and implementation of its STI policies, and also for enterprises who are striving to enhance their competitiveness through innovation. This is in line with the need of "tropicalizing" policies noted by Arocena, Gõransson, and Sutz (2015) and Dutrénit and Sutz (2014)."

			The paper is organized as follows: the "Innovation behavior determinants in the food and beverage industry" section summarizes the literature relevant to this research; the "Food & beverage industry in El Salvador" section provides a brief description of Salvadoran F&B industry activities; the "Empirical model, data and estimation method" section explains the model used to analyze the influence of the different determinants of innovation according to its typology and describes the dataset; the "Results of the econometric analysis" section presents the outcomes to emerge from the multivariate probit model; the "Discussion of main results" section offers an explanation of the empirical model's results following the literature on the economics of innovation with regard to the determinants that proved significant; finally, the "Conclusions" section provides a summary of the previous section together with STI public policy recommendations and business strategies to improve the innovation performance of the Salvadoran food and beverage industry as a whole.

		

		
			INNOVATION BEHAVIOR DETERMINANTS IN THE FOOD AND BEVERAGE INDUSTRY

			One important line of research in innovation dynamics involves analyzing innovation determinants (Damanpour, Walker, & Avellaneda, 2009), and their application to the F&B industry is no exception. There is extensive literature on these determinants of firm innovation processes, distinguishing between internal and external determinants (Águila Obra & Padilla Meléndez, 2010; Vega Jurado, Gutiérrez Gracia, Fernández de Lucio, & Manjarrés Henríquez, 2008). Internal determinants are linked to the specific features of organizations (Galende & Fuente, 2003). Hence, some of these determinants are, to a certain extent, under the control of the organization and are therefore directly affected by business decisions (Hadjimanolis, 2000). From a business strategy approach, all the external factors, as well as some internal factors, in other words those which may not easily be changed by firms' managers, are opportunities and threats, which affect all organizations likewise, while internal factors that can be altered by managers are strengths and weaknesses.

			The internal factors recognized as determinants of innovative business activity include the following:

			
				
	
						Business dimension, measured in terms of the number of employees or annual turnover, is traditionally seen as a favorable determinant of innovative behavior in firms, although research has not always yielded conclusive results. Damanpour (1992) finds a positive relation between size and innovation, although with several moderating factors. Camisón Zornoza, Lapiedra Alcamí, Segarra Ciprés, and Boronat Navarro (2004) report similar results, particularly with regard to product innovation. In contrast, Bhaskaran (2006) holds that SMEs in some industries, where incremental innovations are frequent, e.g. the F&B industry, are quickly able to implement innovations.

					

	
						Companies' human capital is considered to have a positive effect on firms' innovative behavior, and a direct and positive relationship can be established between human capital formation, innovation and business competitiveness (Galende & Fuente, 2003; Peraza Castaneda, Gómez García, & Aleixandre Mendizábal, 2016), which also reduces training costs (Bartel & Sicherman, 1998). This positive relationship can be explained by the greater capacity to absorb scientific-technological knowledge shown by companies who boast greater human capital, as Suárez, Yoguel, Robert, and Barletta (2014) and Moncaut, Robert, and Yoguel (2017) have de-monstrated for the case of Argentina. This factor is relevant not only for technological but also for non-technological innovation, especially organizational innovation (Huerta Arribas, Bayo Moriones, García Olaverri, & Merino Díaz de Cerio, 2003).

					

	
						Company age is often considered to be a determinant of firms' innovative behavior. In most cases, young companies are seen to display greater innovative propensity (Do, 2014; Huergo & Jaumandreu, 2004; Molero Zayas & Buesa Blanco, 1996).

					

	
						Export propensity, measured by the proportion of overseas sales, posits the existence of a possible link between innovation and the characteristics of the market in which the firm operates. In this regard, Nassimbeni (2001) and Wakelin (1998) indicate that companies who innovate tend to have a greater share of exports and, simultaneously, that exporting firms improve their ability to innovate and to remain competitive.
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						Presence of foreign capital in firms is also often considered as a favorable determinant of innovative potential, as technology transfer processes from parent companies located abroad can enrich local technology capabilities (Almeida & Phene, 2004; Tolentino, 1993). This effect is expected to be greater in developing countries, since foreign investors are usually located in more technology-developed territories. Moreover, the presence of foreign capital is associated with a greater capacity for financial leverage and with less sensitivity to a longer return on investment period. Nevertheless, there is heterogeneity in this regard. This logic holds true for manufacturing companies in countries such as Argentina, Panama, and Uruguay, although this is not always the case. De Fuentes, Dutrénit, Santiago, and Gras (2015) show that foreign ownership in Mexico has a negative effect on a firm's decision to invest in innovation given its strategy of focusing on adapting existing products to the local market. In a similar vein, Pessoa de Matos, Borin, Cassiolato, de Arruda, and Sanchez Marcellino (2016) suggest that, in less developed countries (Brazil), the strategy of foreign capital can sometimes block local dynamics when designing the distribution of global value chain activities.

					

	
						R&D capacity is a determinant that has a major impact on innovation as it is a source of knowledge that gives firms a sustainable competitive ad-vantage over competitors (Águila Obra & Padilla Meléndez, 2010; Galende & Fuente, 2003). One indicator of this capacity is R&D expenditure. Some authors link this kind of expenditure to technological innovation -product or process- (Calvo, 2005), although its correlation may also be relevant with non-technological innovation (Bhargava, Chatterjee, Grimpe, & Sofka, 2011). Applying a theoretical model, Griffith, Redding, and Van Reenen (2003) identify three key sources of productivity growth (two of which are linked to R&D): R&D-induced innovation, technology transfer, and R&D-based absorptive capacity (Cohen, 1990).

					

	
						Use of industrial property protection systems to ensure R&D appropriation is closely connected with innovation activities (Archibugi & Pianta, 1996; Barros, 2015). This factor is positively associated with different kinds of innovation, particularly product and process innovation in medium or high-tech sectors (Blackburn, 2003), although it can also prove relevant for marketing in low-tech sectors (Ruiz López & Colin Salgado, 2010). Both tendencies are present in the innovation dynamics of developing countries (Chen & Puttitanun, 2005).

					

	
						
Malerba, 2002
						Un & Asakawa, 2015
						Pippel, 2014
						Belderbos, Carree, Diederen, Lokshin, & Veugelers, 2004
						The main external determinant that can influence innovative business performance is the existence of different agglomeration economies. These economies refer to externalities that are produced by a spatial concentration of economic activity or to different types of production factors, with two kinds usually being identified: location and urbanization (Polése, 1998).

					

	
						Urbanization economies are associated with advantages for firms due to their being located in an urban environment. These derive from the existence of high demand for goods and services, sophisticated labor and financial markets, the presence of generic infrastructures and, in general, the possibility of establishing relations with different organizations and companies (Camagni, 2005). In less developed countries, where the population and economic activity tend to be concentrated in just a few major cities, this type of externalities can exert a key positive influence on companies' innovative behavior (Duranton, 2014). Variables that can reflect information on these topics are population density and population growth, business density or evolution of employment.

					

	
						Localization economies are linked to the presence of externalities genera-ted by the physical proximity of companies involved in the same industry and derive from the existence of specialization in the labor market and financial intermediaries, or in the supplier base (Becattini, 1990). Variables that reflect information on this type of economy are breakdown of employment, with particular focus on industrial percentage, and the evolution of industrial employment.

					



			

			Some of these indicators are connected with the three components of Malerba's (2004) conceptual framework of sectoral innovation systems: institutions, agents and their relationships, as well as knowledge base and learning modes. These components allow for differentiation among sectors and for their scientific-technical limits to be established (Dosi, 1988; Nelson, 1993). The use of intellectual property is connected with the institutional component, given that a sectoral system's development depends on the security of the intellectual property protection system that provides a confortable environment for certain specific economic sectors compared to others (Dosi & Malerba, 1996). The use of different sources of information and types of cooperation is linked to the agents and relations within the system. The latter variables, when jointly analyzed with R&D capacity, allow a sector's learning mode to be characterized; namely, whether it is science-based or experience-based (B. T. Asheim, Lars, Moodysson, & Jan, 2007). In the former, STI mode sectors (science, technology and innovation), firms are more likely to cooperate with knowledge agents, develop R&D activities and attach importance to the industrial property rights system. In the latter, DUI mode sectors (doing, using and interacting), firms are more likely to cooperate with agents of their value chain, carry out few R&D activities and attach relatively little importance to industrial property protection (Jensen, Johnson, Lorenz, & Lundvall, 2007). The F&B industry fits into the latter type of sector, combining a low level of R&D investment with a strong innovative capacity, which is mainly based on accumulative incremental innovation (Rama, 2008).

		

		
			THE FOOD & BEVERAGE INDUSTRY IN EL SALVADOR

			The F&B industry is of great importance to the Salvadoran economy. Its share of GDP has remained stable over the last two decades, with the food industry accounting for 7.2% and the beverage industry for 1.89%
3
 of GDP in 2016. Moreover, this industry is linked to the agricultural sector, which is a core activity for much of the Salvadoran population. In the aftermath of the dramatic economic recession that followed the end of the civil war in 1992, a period of neoliberal economics, based on the Washington Consensus, boosted the trade and services sectors, but not industry. Since 2009, there has been a refocusing of economic policies, which has driven a production transformation that seeks to revitalize industry, with the F&B sector coming very much to the fore. This new approach has gone hand in hand with efforts aimed at improving the national science and technology system (Gobierno de El Salvador, 2011, 2012; Ministerio de Economía de El Salvador, 2014).

			In 2012, the F&B industry was made up of 10,956 economic units with 45,225 employees (Table 1). These data represent 58.5% of the economic units in industry, and 33.6% of industrial employment. In global terms, this represents 6.8% of the units in the Salvadoran economy and 7.1% of those in employment.

			
				


Table 1




Economic units and employment in the Salvadoran F&B industry in 2012.
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 Source: Author's calculations, based on the Salvadoran General Directorate of Statistics and Censuses (2012).





			

			In 2012, this industry showed high labor productivity, which was 1.27 times the average productivity of the Salvadoran economy for the food subsector, and 6.33 times the average for the beverage subsector. In addition, the F&B industry has a dynamic export performance, such that this industry represented 16.28% of all of El Salvador's exports in 2019.
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			Regarding the innovation activities of agri-food industry, the main internal source of information to innovate is the production area, cited by 23.7% of innovative companies, followed by administration and finance and marketing areas, the R&D department appears as a source of information in 8.2% of companies.

			The preponderance of engineering driven innovations outlines a sectoral knowledge base of synthetic nature that comes from a DUI learning mode. Regarding the use of external information sources, those related to the value chain are more relevant than those related to knowledge agents. In that sense, customers, followed by suppliers, are the main source of information to innovate, in both cases cited by more than 15% of innovative companies. The reduced presence of competitors, only 2.3% of the companies, shows a reduced presence of open innovation processes (Chesbrough, 2003). The generation of knowledge through their R&D activities is carried out by 23.5% of Salvadoran agri-food industrial companies, being slightly above the industry as a whole.
5

			

			The knowledge base in a sectorial innovation system comes from its workers. The composition of the human capital of companies in a given sector is a good measure of it (Jensen et al., 2007). For the Salvadoran agri-food industry, 10% of workers have completed higher education,
6
 being a structure closer to a DUI learning. Besides, the knowledge base of a sector can be measured using the stock of scientific-technological knowledge that are linked with the patents of the innovation system. In this regard, in El Salvador, patents related to the food sector for the period 1993 to 2015 amount to 43.
7

			

		

		
			EMPIRICAL MODEL, DATA AND ESTIMATION METHOD

			The relations between the determinants of innovation and innovation behavior of Salvadoran F&B industry firms must take account of the different types of innovation. Hence, innovation performance is measured using dummy variables for the four types of innovation identified by the Oslo manual (OCDE, 2005): product innovation (prod_innov), process innovation (proc_innov), organizational innovation (org_innov), and marketing innovation (mark_innov).
8
 The most frequent innovation is in product innovation, which is undertaken by 24.2% of Salvadoran F&B industry firms, followed by process innovation, carried out by 22.1% of firms. Organizational and marketing innovations are engaged in to a lesser extent; 14.5% and 16.5%, respectively.

			It is reasonable to assume there are interactions among different types of innovation.
9
 In this sense, since types of innovation variables are dichotomous, a tetrachoric correlation matrix can reflect the links among them (Table 2). In the case of Salvadoran F&B industry firms, product innovation (prod_innov) is associated with process and marketing innovation (proc_innov, mark_innov), and organizational innovation (org_innov) with marketing innovation (mark_innov).

			
				


Table 2




Tetrachoric matrix of types of innovation (dependent variables).
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 Note: *** significant at 1%; ** significant at 5%; * significant at 10%.

 Source: Author's calculations.





			

			These results confirm the need to take into consideration the interrelated effects of different types of innovation on overall firm performance; i.e., the need to choose a multivariate probit model to analyze the determinants of innovation for Salvadoran F&B industry firms. This method has already been used in different con-texts: for Dutch industry by Belderbos, Carree, Diederen, et al. (2004), or for Spanish low-tech industry by Acosta, Coronado, and Romero (2015). For the Latin American case, key studies include De Fuentes et al. (2015) and CEPAL (2017).

			For the Salvadoran F&B industry, the data used consists of 149 observations, which is a representative sample of a universe of 349 F&B industry firms with 10 or more employees (Table 3). This data comes from El Salvador's First National Innovation Survey 2013 (Viceministerio de Comercio e Industria, 2013), and micro-data were provided by the General Directorate of Innovation and Competitiveness (Spanish acronym - DGIC).

			
				


Table 3




Data on Salvadoran F&B industry firms.
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 Source: Author's calculations, based on the First National Innovation Survey 2013 of El Salvador.





			

			Internal and external determinants are measured by 23 dummy variables (sixteen internal and seven external) that are linked to the factors introduced in the previous section (Appendix 1 & 2). Before the multivariate model analysis, and in order to identify which determinants have an impact in the case of the Salvadoran F&B industry, a bivariate analysis of relations between internal and external determinants as well as different types of innovation (product, process, organizational or marketing innovation) was conducted. As a result, 16 variables related to internal determinants of innovation and four variables related to external determinants were identified (Table 4).
10

			

			
				


Table 4




Independent variables used in the multivariate probit model for innovation in the Salvadoran F&B industry.
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 Source: Author's calculations.





			

			The correlation between the independent variables is studied using a tetra-choric correlation matrix (Table 5). This matrix shows the correlation between variables that measure the same determinant (e.g. a firm's size measured by sales or employees) or variables that measure different determinants (e.g. sales and exports). Bearing in mind this information some variables can be discarded:

			
				
	
						Sales (sales_12_cat) has been chosen to measure firm size;

					

	
						The enterprise being located in the department of San Salvador, where the homonymous capital is (San_Sal_ef), represents a proxy for the effect linked to agglomeration economies;

					

	
						Cooperation relations (group_co, valuech_co andknow_ag_co) are strongly associated with sources of information and provide a good measure of the workings of the innovation process (Belderbos, Carree, & Lokshin, 2004). R&D activities (R&D_act) are linked to the use of information sources within the firm or its group (int_so_inf);

					

	
						Use of industrial property (use_IP) is closely connected to the use of trademarks and origin appellations (use_trad_orap);

					

	
						Percentage of university employees (per_e mp_uni_cat), age of firm (age_ cat), presence of foreign capital (
 for_cap_cat
 ) and cooperation within its group (group_co), which are strongly linked to different determinants, evidence no major correlation problems with other independent variables.

					



			

			
				


Table 5




Tetrachoric correlation matrix of independent variables.
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 Note: *** significant at 1%; ** significant at 5%; * significant at 10%

 Source: Author's calculations.





			

			A set of 10 variables is selected following the previous process. These variables show no multicollinearity problems when conducting an analysis of the individual and mean variance inflation factor (VIF) (Table 6).

			
				


Table 6




Multicollinearity of independent variables through VIF
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 Source: Author's calculations.

 The multivariate probit analysis estimates the four dependent variables jointly
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			where 
 "y
 
 i,k
 " is a binary variable for "i" = 1,..,149 firms, "k" = 1,..,4 types of innovation. "x" reflects the independent variables, and "ω" are error terms distributed as multivariate normal, with a zero mean and variance-covariance matrix V, having V values of 1 on the main diagonal and correlations 
 p
 
 j,k = 
 p
 
 k,j in the terms outside the diagonal (Capellari & Jenkins, 2003).

		

		
			RESULTS OF THE ECONOMETRIC ANALYSIS

			The results of the model that estimates the four types of innovation jointly shows interdependence between them, as correlation coefficients of the error terms (rho21, rho 31, rho41, rho32, rho42 and 
 rho43
 ) are positive and high (Table 7). In this final model, two initial independent variables are omitted: cooperation with the group itself (group_co) and foreign participation in the company's capital stock (for_cap_cat), as neither appear as relevant.

			
				


Table 7




Multivariate probit model on innovation in the F&B industry in El Salvador.
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 Note: *** significant at 1%; ** significant at 5%; * significant at 10%.

 Source: Author's calculations.





			

			From the results of the model, it is possible to identify relevant factors for different types of innovation (Table 7). In the case of product innovation (prod_innov, column 1), three significant explanatory variables are identified at 1% significance, with two of them displaying positive values of their coefficients: R&D activities [R&D_act), and use of industrial property (use_IP); while the latter, age of the firm (age_cat) has a negative value. With a significance of 5% and a positive sign, there are three variables related to this type of innovation: size of firms by turnover (sa
 les_12_cat
 
 ), cooperation with knowledge agents (know_ag_co), and San Salvador effect (San_Sal_ef). The importance of carrying out R&D activities, cooperation with knowledge agents and the protection of industrial property are framed by the science-push approach as the origin of the processes of knowledge generation and, subsequently, of innovations (Di Stefano, Gambardella, & Verona, 2012).
11

			

			In terms of process innovation (proc_innov, column 2), three explanatory variables appear as significant at 1% significance and with a positive sign: performance of R&D activities (R&D_act), as in the previous typology; cooperation with agents of the value chain (valuec_co); and cooperation with knowledge agents (know_ag_co). In addition, two variables appear with a 5% level of significance: use of industrial property (use_IP), with a positive sign, and company size by turnover (sales_12_cat), with a negative sign. In this typology, it is interesting to note the relevance of two types of cooperation, since it indicates that Salvadoran F&B industry companies have the capacity to interact when innovating in processes with different actors of the sectoral innovation system: clients, suppliers, universities or research centers (Un & Asakawa, 2015).

			As regards organizational innovation (org_innov, column 3), there are three significant variables at 1% significance, two of which have a positive sign: percentage of university employees the company has (per_emp_uni_cat) and cooperation with value chain agents (valuec_co); while the San Salvador effect (San_Sal_ef) has a negative sign. These results indicate that having qualified personnel positively influences this type of non-technological innovation in Salvadoran F&B industry firms, which is in line with innovation economics literature (Huerta Arribas et al., 2003). The positive relationship between organizational innovation and establishing links with customers and suppliers is logical, given that organizations must adapt to their business ecosystem in order to survive and generate profits (Pippel, 2014). In contrast, the negative effect associated with urbanization economies indicates that F&B industry firms outside the capital improve organizational elements to a greater degree, probably to allow them to supply more sophisticated final or intermediate clients.

			Finally, with regard to marketing innovation (mark_innov, column 4), two variables are positively linked at 1% significance: performance of R&D activities (R&D_act) and cooperation with value chain agents (valuec_co). At 5% significance, two variables appear with a positive sign: percentage of university employees the company has (per_emp_uni_cat), and use of industrial property (use_IP). In addition, with 10% significance, cooperation with knowledge agents (know_ag_co) shows a positive relationship. Non-technological innovation (org_innov & mark_innov) shares two variables: presence of university graduates as employees (per_emp_uni_cat), and cooperation with other actors in the value chain (valuec_co); in line with what is posited in innovation economics literature (Pippel, 2014).

		

		
			DISCUSSION OF MAIN RESULTS

			When analyzing the innovative behavior of Salvadoran F&B industry firms, it is possible to identify various determinant innovation factors, which are both internal and external to firms. The results from a multivariate probit model show empirically that these innovation determinants depend on different types of innovation; some are present in various types of innovation, while others affect only one type. Additionally, the model shows how certain types of innovation are intertwined.

			In the case of the Salvadoran F&B industry, it is not possible to identify horizontal determinants that are present in all types of innovation. Three factors are, however, found to be present in three forms of innovation: performance of R&D activities (R&D_act), use of different types of industrial property (use_IP), and cooperation with value chain agents (valuec_co).


			The first two factors are associated with generating and protecting knowledge. These are present with a positive sign in the same three forms of innovation: technological innovations of product and process and marketing innovations. This relationship is consistent with the trend of the positive impact of R&D activities on national innovation capacity (Furman, Porter, & Stern, 2002). In the case of firms in developing countries, this generation of knowledge combines efforts to reduce the technological gap with other technologically more advanced countries and to adapt existing knowledge created elsewhere to specific local demand needs. In the case of the F&B industry, its research needs are not only related to the natural sciences in areas such as biotechnology or nanotechnology applied to new product development, but also to social sciences in terms of knowledge management. In this sense, an important part of public financial support for Salvadoran companies is related to acquiring technology through the Productive Development Fund of the Ministry of Economy (Spanish acronym - FONDEPRO) and certain lines of the Salvadoran Development Bank (Spanish acronym - BANDESAL). This financial support is accompanied by actions taken by the General Directorate of Innovation and Competitiveness (Spanish acronym - DGIC) and the El Salvador Technological and Productive Innovation Complex in Agroindustry (Spanish acronym - CITPA).
12
 This government support for the private sector is one example of the relationships among actors in the sectorial innovation system of the Salvadoran F&B industry. These relationships confirm the existence of this system, although it is still in its early stages.

			In addition, the use of industrial property protection mechanisms (use_IP) reflects a growing industry orientation towards an STI approach when innovating, and a higher level of awareness about the need to use this form of protection of research results as a way to ensure adequate profitability is derived from research efforts (Molero Zayas & Buesa Blanco, 1996). This trend is almost natural for advanced economies, yet for a developing country it reflects how its production apparatus is evolving from an economy based on efficiency to an economy based on innovation (Zhao, 2006). In this sense, since 2009 the National Registry Center (CNR) has in-creased its activities in an effort to raise industry awareness about the importance of industrial property. In addition, it is important for business associations' public policies and strategies to seek to create synergies that facilitate this type of process for SMEs through aid for the payment of tariffs, or technological and management consulting.

			The two previous factors, the presence of R&D activities (R&D_act) and the use of industrial property (use_IP), are also present in marketing innovations, which can be explained by the interaction among R&D and marketing departments in the new product development process (Olson, Walker, Ruekert, & Bonner, 2001). This kind of link within firms can generate analytical and symbolic knowledge that can lead to various forms of industrial protection, e.g. industrial designs.

			The third variable, which is present in three forms of innovation, is cooperation with value chain agents (valuec_co), which affects innovation in processes, in organization, and in marketing. The link with process innovations occurs in a similar way to what happens for companies in developed countries (Un & Asakawa, 2015), but not for product innovations (Un et al., 2010). This kind of relationship can be useful for creating technological platforms through the value chain, which enables the needs of a given industrial ecosystem to be met (Gawer, 2014). In this sense, and for the Salvadoran case, the role of large "tractor" firms
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 in the F&B industry is paramount since they have a greater capacity to initiate and lead cooperation processes with small and medium enterprises (SMEs) in the F&B industry. In El Salvador, there are two catalysts for increasing cooperation among companies throughout the value chain. In addition to business associations, such as the El Salvador Chamber of Commerce and Industry (Spanish acronym - CCIES), there is also the Salvadoran association of industrial companies (Spanish acronym - ASI). Both play a major role in promoting sectoral forums for exchanging knowledge and good practices. The government can also act as a facilitator in inter-company dialogue.

			The model shows a fourth variable that is related to three types of innovation; cooperation with knowledge agents (know_ag_co), although the level of significance is not the same in the three cases. This variable is linked to technological innovations, as it is found for companies in more advanced countries (Un & Asakawa, 2015; Un et al., 2010), and with marketing innovation (Pippel, 2014). This type of relationship with universities, public research organizations, technological parks and laboratories is one option for increasing knowledge, which might explain why this variable appears in the same types of innovation as R&D activities. Moreover, in marketing innovations, these agents can be the source of symbolic knowledge in design and advertising (B.T. Asheim, 2009). In practice, the existence of interface organizations within the scientific system is useful for facilitating collaboration between knowledge generators and companies. In addition, public policies must contribute to cooperative processes that ensure the smooth functioning of the quintuple helix of innovation (Carayannis, Barth, & Campbell, 2012). In El Salvador, there are several public organizations that engage in activities in this regard: CITPA; DGIC and the National Council of Science and Technology (Spanish acronym - CONACYT).
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 Once again, the existence of this network of government organizations supporting the performance of innovation activities by the Salvadoran F&B industry indicates that this is a sectoral system of innovation (Malerba & Mani, 2009) in its early stages.

			In addition to the four variables mentioned, there are three factors that are present in two types of innovation: business dimension according to turnover (sales_12_cat), percentage of university employees in the firm (per_emp_uni_cat), and location in the department of San Salvador (San_Sal_ef).


			The first variable, company size measured by its sales, is related to technological innovations, with a positive sign for product innovations, as one might expect, but with a negative sign for process innovations.
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 Hence, for the Salvadoran F&B industry, a larger size has a positive impact on product innovation, which concurs with what has been pointed out for business generality by Camisón Zornoza et al. (2004), as a larger business size is associated with a greater capacity to take risks as well as with the capacity to carry out R&D and innovation activities. In contrast, a firm's size is negatively related to process innovation, which can be explained by SMEs' greater flexibility, which in turn allows SMEs to quickly incorporate incremental process innovation (Bhaskaran, 2006). In any case, public innovation policies in El Salvador display a positive bias towards SMEs, with one prominent example being the activities carried out by the Network of Centers for the Development of Micro and Small Enterprises (Spanish acronym - CDMYPEs), promoted by the National Commission of Micro and Small Businesses (Spanish acronym - CONAMYPE), or the services offered by the El Salvador Technological and Productive Innovation Complex in Agroindustry (CITPA).

			The second variable, presence of university employees in the company, is linked to organizational and marketing innovations with a positive sign in both cases. In the former case, this positive relationship has already been pointed out for other sectors in Latin American countries such as ICT in Argentina (Moncaut et al., 2017). Therefore, an improvement in the training of those responsible for managing F&B industry firms or the incorporation of workers with higher educational levels might lead to better performance, especially in the fourth industrial revolution.

			The third variable, being located in the department of San Salvador (San_Sal_ef), is linked to urbanization economies and has a positive relationship with product innovation and a negative relationship with organizational innovation. It is reasonable to assume that the existence of a large market and an important accumulation of production resources will generate externalities for F&B companies, as in low technology sectors in more developed countries (De Beule & Van Beveren, 2012). Conversely, the negative effect associated with urbanization economies could be associated with the fact that branches and companies outside the capital need to make organizational innovations in order to adapt their organization in two ways: to adjust global solutions to regional clients or to modify local solutions to national or international clients (Barroso, 2010).

			One final factor considered is firm age (age_cat), which is only linked to product innovation with a negative sign. Thus, Salvadoran F&B industry companies aged less than 10 years old tend to engage in product innovation more than older ones do. This behavior coincides with that of companies from other geographical contexts, where younger businesses are associated with business strategies that include innovation in their competitiveness formula (Do, 2014; Huergo & Jaumandreu, 2004; Molero Zayas & Buesa Blanco, 1996). In the Salvadoran case, the greater relative presence of young companies among innovative companies may be influenced by the fact that the impetus for innovation and technological change in El Salvador only became relevant fairly recently; e.g., the Salvadoran Vice-Ministry of Science and Technology was created in 2009.

		

		
			CONCLUSIONS

			The focus of this paper is to identify which internal and external determinants are relevant to the innovative behavior of F&B industry firms in El Salvador, an important national low-tech industry in an increasingly globalized economy. The existence of different types of innovation (product, process, marketing, and organizational innovations) advocates using a multivariate probit analysis to take into account the interactions among them. Although the scope of this research is limited, the results might serve as a guide to help Salvadoran F&B industry firms and entrepreneurs improve their decision-making in innovation issues.

			If they are to become competitive in their sectoral system of innovation, Salvadoran F&B industry firms must undertake R&D activities and their corresponding industrial protection, especially for technological innovations. Moreover, they can take advantage of their size in order to promote product innovation. Salvadoran firms in the F&B industry who wish to promote non-technological innovations must be aware of the importance of their workforce's qualifications, e.g. the percentage of employees with university studies. In this sense, it is necessary to combine the creation of endogenous postgraduate training skills with the support of government organizations and academia, which implies revising the local educational offer so as to align it as much as possible with the needs of industry and also merge with programs to improve the quality of the outgoing labor force.
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			Establishing different types of relationships to innovate is paramount; either with knowledge agents, in order to foster technological innovations, or with agents of their value chain, especially when seeking to promote non-technological innovations. Salvadoran companies in the F&B industry must consider their location wisely, and take advantage of being in the department of San Salvador in order to make product innovations, in some cases, or to promote organizational innovation so as to better interact with their clients, in others. All these previous considerations must take account of the systemic nature of innovation, a business phenomenon where not only the private sector but also the public sector and academia play a key role.

			The results of this research might thus prove useful for both the public administration and academia in El Salvador. For the government, the findings might mainly be helpful when designing financial aid and developing infrastructure to support different types of innovation for different kinds of enterprises in the F&B industry. In this regard, in order to generate product innovation, it is convenient to consider the small size of firms and being located outside San Salvador as a weakness, and the dynamism of young firms as an opportunity. In a similar vein, the public sector must bear in mind the relevance of carrying out R&D activities, protecting the results and establishing different cooperative relations when innovating among the actors involved in the sectoral innovation system. For the world of academia, there are two main lines of activity: to develop R&D activities in connection with F&B industry needs and to improve the provision of education, which must be coordinated with the industrial demands of human capital to innovate.

			The previously mentioned public involvement and the participation of non-market actors in F&B industry innovation requires an appropriate "tropicalization" in order to bear the specificities of innovation systems in developing economies and their position in global markets.
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Appendix 1. Bivariate analysis of internal determinants for innovating in Salvadoran F&B industry firms.
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 Note: *** significant at 1%; ** significant at 5%; * significant at 10%.

 Source: Author's calculations.





				

			


				
Appendix 2. Bivariate analysis of external determinants for innovating in Salvadoran F&B industry firms.
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 Note: *** significant at 1%; ** significant at 5%; * significant at 10%

 Source: Author's calculations.





				

			


				
Appendix 3. Individual probit models on innovation in the F&B industry in El Salvador.
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 Note: *** significant at 1%; ** significant at 5%; * significant at 10%.

 Source: Author's calculations.





				

			




Notes 

1 Latest data available in BCR: the first is until 2016 since the series with constant prices are used.

2 In order to avoid endogeneity issues, it is convenient to delay export data in relation to innovative performance.

3 Data from the Central Reserve Bank of El Salvador: https://www.bcr.gob.sv.

4 Data from the Central Reserve Bank of El Salvador: https://www.bcr.gob.sv
				

5 Data from El Salvador's First National Innovation Survey 2013.

6 Data from El Salvador's First National Innovation Survey 2013.

7 Data from El Salvador's National Registry Center (CNR) for categories of the international patent classification relating to food and tobacco: A21, A22, A23 and A24.

8 Examples of innovation in the F&B industry according to the OECD typology are: - Product innovations: functional foods. - Process innovations: systems aimed at promoting safety, traceability and quality of foods. - Organizational innovations: establishing quality standards or knowledge management systems. - Marketing innovations: developing new packaging or use of origin appellations.

9 If different types of innovation were independent, it would be possible to carry out a probit model for each kind of innovation (prod_innov, proc_innov, org_innov, mark_innov). In these four models, the dependent variable is a dummy variable whose value is one if the company has innovated, and zero otherwise. The results of the individual probit for each type of innovation are shown in Appendix 3.

10 Selection criteria are: being associated with at least one form of innovation at 1% significance level or, alter-natively, being associated with at least two forms of innovation at 5% significance level.

11 The other approach, the pull of the market (demand pull), can be identified with the increase in variables such as turnover or exports, as well as others which require companies to engage in innovative mechanisms to supply a growing market.

12 These two organizations depend on different ministries. The DGIC depends on the Ministry of Economy while the CITPA depends on the Ministry of Education, Science and Technology.

13 "Tractor" companies are all the large companies that promote economic growth and development at the macro level, since most are large firms at the national or international level. These represent a fundamental market for the growth and support of small and medium-sized companies (SMEs), which increase their assets and capital through tractor company purchases (Camacho, 2020; Montes Peón, Fernández Muñiz, Gónzalez Fernández, & Vásquez Ordás, 2015).

14 CONACYT belongs to the Ministry of Education, Science and Technology.

15 This negative sign also appears if the model is analyzed replacing the variable turnover (sales_12_cat) by other variables, such as employment (emp_12_cat) and size (size). In these two cases, the significance of the contrast is slightly above 10%.

16 Aware of the importance of human resources for innovating, in 2012 CONACYT designed an initiative aimed at training at least 75 doctors in science over five years. Unfortunately, this initiative depended on an Inter-American Development Bank loan and was not ratified by the Salvadoran Legislative Assembly. For its part, the new Salvadoran government that took office in mid-2019 presented its so-called Dalton project through which 20,000 young people are expected to be trained abroad, prioritizing cutting-edge careers, all with the support of international cooperation.
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