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Abstract:
							                           
Purpose: This paper analyzes the causal relationship between innovation and long-term per capita economic growth in Chile and Mexico for the period 1996-2015.Design/methodology: This study uses six innovation indicators, were assessed using Granger`s test of causality: number of patents filed by resident and non-residents, spending on research and development (R&D), R&D activities, high tech exports and scientific and technical articles.

Results: The study found evidence of one-way and two-way causality between innovation and per capita economic growth. Both countries face the challenge of improving the environment to attract enough FDI (foreign direct investment).

Implications: Latin America is a diverse region. According to the 2017 Global Innovation Index, Chile ranked nº 46 while Mexico ranked nº 58, the two countries generally ranked as the most innovative in Latin America.

Originality/value: It is important to note that all these innovation indicators are strongly related to per capita economic growth.

Limitations / Implications: Politicians and academics interested in this topic should know that the two-way relationship between innovation and per capita economic growth does not necessarily reflect the whole situation.

Practical implications: More variables such as education and policy continuity should be studied to improve estimates.
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Resumen:
						                           
Propósito: Este trabajo analiza la relación causal entre innovación y crecimiento económico per cápita a largo plazo en Chile y México para el período 1996-2015.Diseño/metodología: Este estudio utiliza seis indicadores de innovación, evaluados mediante la prueba de causalidad de Granger: número de patentes presentadas por residentes y no residentes, gasto en investigación y desarrollo (I+D), actividades de I+D, exportaciones de alta tecnología y artículos científicos y técnicos.

Resultados: El estudio evidencia la causalidad unidireccional y bidireccional entre la innovación y el crecimiento económico per cápita. Ambos países se enfrentan el desafío de mejorar el entorno para atraer suficiente IED (inversión extranjera directa)..

Implicaciones: América Latina es una región diversa. Según el Índice Global de Innovación 2017, Chile ocupó el nº 46 mientras que México obtuvo el nº 58, los dos países se ubicaron en general como los más innovadores de América Latina.

Originalidad/valor: Es importante señalar que todos estos indicadores de innovación están fuertemente relacionados con el crecimiento económico per cápita.

Limitaciones/implicaciones: Los políticos y académicos interesados en este tema deben saber que la relación bidireccional entre innovación y crecimiento económico per cápita no necesariamente refleja la situación completa.

Implicaciones prácticas: Se deben estudiar más variables como la educación y la continuidad de las políticas para mejorar las estimaciones.
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INTRODUCTION


Innovation has become a central topic in different fields, economics, engineering, medicine, and so forth.  It is also an important issue for enterprises and governments, and it represents a modern world, where comparative advantage of David Ricardo is no longer the key factor of development.

Latin America lags in terms of economic growth and innovation; despite the recent, rapid economic growth experienced by several Latin American countries during the commodity boom. According to Olavarrieta and Villena (2014) Latin America lags behind more advanced economies in terms of innovation. This is not only at the output level: patent applications, high-technology exports (percentage of manufactured exports) and scientific and technical journal articles, including business research; but also at the input level: R&D expenditure (as percentage of the GDP) and researchers in R&D (per million people). Hence, it is not expected that this scenario will dramatically change at least in the short run.

Innovation in Chile and Mexico is not developed, according to the Global Innovation Index 2017 rankings, out of 127 countries; Chile placed 46 and Mexico 58. In recent years, the position of both countries has not improved significantly with respect to other regions, and currently no country in Latin America and the Caribbean has better results in innovation with respect to their levels of development.

Some other regions, such as Eastern Europe and Asia have experienced a recent economic growth, especially in Eastern Asia (Hu, 2015); some authors attribute this growth to the process of turning imitation to innovation (Hobday, 1995; Mathews, 1995). During the last two decades, Chile has had a high position in a series of economic indicators at a Latin American level, however at international level is still a developing country. Despite the above, in terms of innovation, its performance has been less than regular (Cruz, 2008).

The paper is organized as follows: In section 2 the recent literature is reviewed. In section 3 data and methodology. Section 4 results and discussion. Section 5 presents the summary of Granger causality test results followed by Section 6 where the conclusions are presented.





LITERATURE REVIEW


Multiple authors support that innovation leads to economic growth (Beneki et al., 2012; Wong et al., 2005; Verspagen, 2005; Segerstrom, 1991).

The works of Grossman (1991) and Aghion (2005) have found technological innovation to be the main determinant of growth. According to Mendoza (2017) the Mexican states that had a level of technological innovation in 1995, are those states that had faster growth. This result highlights not only the role of technological innovation as a growth factor of economy. In addition, it is related to the fact that those regions with greater technological innovation are the regions that had a greater economic growth. That is, technological innovation has encouraged economic divergence.

Innovation coming from Private and/or public sector has been under discussion in Chile and Mexico (Torres, 2017; Arros and Ramirez, 2017); In this regard Schumpeter (1961) in The Theory of Economic Development technological advance is related to a never-ending cycle of incoming innovative firms. However, some years later Schumpeter (1975) moved his position from only firms to public policies. Martin and Scott (2000) imply the need to establish a long-term institutional framework for the support of basic research, generic-enabling research, and commercialization. The extent to which support should be directed to each area will vary with the sources of sectoral innovation market failure.

In particular, Fuentes and Mendoza (2001) attributed public investment on infrastructure, an important role as a brake on regional inequality. They found that in the period of convergence 1980-1985, the infrastructure social status represents an important factor in reducing regional differences, not so in the case of the economic infrastructure. In the period of 1985-1998 divergence, the infrastructure variables are not significant, which is consistent with the change in the functions of the Government, which now encourages more the element of private investment.

De Ferranti (2003) argues that the ideal model is where the networks of public institutions and private firms interact in a certain way to develop and catch up with technologies.





DATA AND METHODOLOGY


The methodology chosen in this study is based on Granger (1969). Other causality testing methods reported in the literature include the test proposed by Sims (1972) and the procedure suggested by Pierce and Haugh (1977). In this study we empirically test the relationship between two variables which are:  innovation and per capita economic growth. To be precise the causality between innovation and per capita economic growth can be addressed in four different ways: supply-leading hypothesis of innovation-growth nexus, demand-following hypothesis of innovation-growth nexus, feedback hypothesis of innovation-growth nexus, and neutrality hypothesis of innovation-growth nexus.

We intend to test the following hypotheses:

H°₁A: Innovation activities do not Granger-cause per capita economic growth.

H1₁A: Innovation activities Granger-cause per capita economic growth.

H°₁B: Per capita economic growth does not Granger-cause innovation activities.

H1₁B: Per capita economic growth Granger-causes innovation activities.

This study considers two Latin American nations, Chile and Mexico; we use the GDP as a reference for our variables. The empirical investigation considers annual data over the period 1996 to 2015 obtained from the World Development Indicators of the World Bank. Although the data panel is used for a considerable number of variables, this work was based on Avila-Lopez et al., (2019) where more countries were used as references.




Table 1




Descriptive statistics of the variables









	Countries
	Variables



	
	PAR
	PAN
	RDE
	RRD
	HTE
	STJ



	Chile
	0.068/0.005
	0249/0.017
	0.395/0.043
	0.043/0.003
	0.003/0.002
	0.142/0.010



	México
	0.010/0.001
	0.036/0.003
	0.388/0.069
	0.006/0.001
	0.001/0.000
	0.021/0.002














Source: Own elaboration.








PAR is the number of patents filed by residents, PAN is the number of patents filed by non-residents, and RDE is research and development expenditure, RRD is research and development activities, HTE is high-technology exports, and STJ is scientific and technical journal articles, and GDP is per capita economic growth. Values reported here are natural logs of the variables.

Model 1: For individual country analysis
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The testable hypotheses are:
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The testable hypotheses are:
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Where ECT is the error correction term, derived from the long-run cointegration equation; p and q are the lag lengths for the estimation; Δ is the first difference operator; and ε1t and ε2t are the independent and normally distributed random error with a zero mean and a finite heterogeneous variance.

Model 2: For panel data analysis
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The testable hypotheses are:
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The testable hypotheses are:
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Where i represents a country in the panel,

t represents the year in the panel.

The Augmented Dickey Fuller (ADF) unit root test (Dickey and Fuller 1981) is used for individual country analysis, while the ADF-fisher Chi-square panel unit root test is used for the panel setting. On the other hand, Johansen cointegration test is used for individual country analysis while Fisher/Maddala co-integration test is used in the panel setting.





RESULTS AND DISCUSSION





Table 2




Results of unit root test









	Countries
	PAR
	PAN
	RDE
	RRD
	HTE
	STJ
	GDP



	LD/FD
	LD/FD
	LD/FD
	LD/FD
	LD/FD
	LD/FD
	LD/FD



	Chile
	-52.708***/-13.689***
	-52.750***/-13.678***
	0.840/   -6.345 ***
	-52.814***/-13.655   ***
	-52.708***/-13.689***
	-52.708***/-13.689***
	-2.270**/-5.073   ***



	México
	-38.383***/-3.208***
	-3.222***/-38.381***
	2.195/-3.000***
	-37.975***/-3.146***
	-4.360***/-3.792***
	-38.412***/-3.241***
	-3.276***/-6.322***














Source: Own elaboration.
* The Statistical significance is at 1% level **The statistical significance is at 5% level and ***The statistical significance at is 100% level











Table 3




Results of JohansenJuselius Cointegration Test Max Test









	Countries     
	Cointegration   with GDP



	PAR
	PAN
	RDE
	RRD
	HTE
	STJ



	Chile
	12.543/3.368
	11.244/4.218*

	
	
	15.028*/1.609
	12.20409   /3.262



	México
	27.770*/9.7163*

	38.617959*/10.084*

	14.744*/8.167*

	12.800/9.637*

	17.374*/8.996*

	37.447046*/9.959*















Source: Own elaboration.
* Note: Statistical significance is at 5% level *Means the statistical significance of the cointegrating vector and finally confirms the presence of cointegration between the two variables: innovation and per capita economic growth.








For Mexico we found bidirectional causality between innovation and per capita economic growth (PAR<=>GDP). While in Chile, per capita economic growth does not Granger-cause innovation (PAR<#>GDP).

Case 2: Between patents-non-residents (PAN) and per capita economic growth (GDP).

For Mexico, we found bidirectional causality between innovation and per capita economic growth (PAN<=>GDP). Chile shows a unidirectional causality from per capita economic growth to innovation (GDP=>PAN).

Case 3: Between R&D expenditure (RDE) and per capita economic growth (GDP).

In Chile we found the unidirectional causality from per capita economic growth to innovation (GDP=>RDE). While in Mexico per capita economic growth does not Granger-cause innovation (RDE<#>GDP).

Case 4: Between researcher in R&D activities (RRD) and per capita economic growth (GDP).

For Mexico, there is a bidirectional causality between innovation and per capita economic growth (RRD<=>GDP), while in the context of Chile, per capita economic growth does not granger-cause innovation (RRD<#>GDP).

Case 5: Between high-technology exports (HTE) and per capita economic growth (GDP)

For Chile, there is a bidirectional causality between innovation and per capita economic growth (HTE<=>GDP), while in the context of Mexico per capita economic growth does not Granger-cause innovation (HTE<#>GDP).

Case 6: Between scientific and technical journals articles (STJ) and per capita economic growth (GDP).

For both Chile and Mexico we found bidirectional causality between innovation and per capita economic growth (STJ<=>GDP).




Table 4




Summary of cointegration test results









	Case 1
	Case 2
	Case 3
	Case 4
	Case 5
	Case 6



	Chile (0)
	Chile (2)
	Chile (0)
	Chile (0)
	Chile (1)
	Chile (0)



	México (2)
	México (2)
	México (2)
	México (1)
	México (2)
	México (2)














Source: Own elaboration.








Case 1: co-integration between PAR and GDP; case 2: co-integration between PAN and GDP; case 3: co-integration between RDE and GDP; case 4 co-integration between RRD and GDP; case 4: cointegration between HTE and GDP; case 6: co-integration between STJ and GDP. PAR is number of patents by residents, PAN is number of patents by non-residents, and RDE is research and development expenditure, RRD is research and development activities, HTE is high-technology exports, and STJ is scientific and technical journal articles, and GDP is per capita economic growth. 0 stands for absence of co-integration between innovation (PAR/PAN/RDE/RRD/HTE/STJ) and per capita economic growth, 1 stands for presence of co-integrating vector between innovation (PAR/PAN/RDE/RRD/HTE/STJ) and per capita economic growth. Parentheses indicate the number of cointegrating vectors (s).

The short-run causality is verified using the Wald statistics, while long-run causality is verified using the statistical significance of the error correction term. For (PAR / PAN / RDE) innovation is the dependent variable.

*Indicates the statistical significance at 5% level; ** indicates the statistical significance at 10% level.




Table 5




Summary of Granger causality test results









	Supply-leading   hypothesis of innovation growth
	
	Demand-following   hypothesis innovation-growth nexus



	Case 1
	Case 2
	Case 3
	
	Case 1
	Case 2
	Case 3



	
	
	
	
	
	
	



	
	
	
	
	
	Chile
	Chile



	
	
	
	
	
	
	



	Feedback   hypothesis of innovation-growth nexus
	
	Neutrality   hypothesis of innovation-growth nexus



	Case 1
	Case 2
	Case 3
	
	Case 1
	Case 2
	Case 3



	
	
	
	
	
	
	



	
	
	
	
	Chile
	
	



	
	
	
	
	
	
	



	Mexico
	Mexico
	
	
	
	
	Mexico



	
	
	
	
	
	
	














Source: Own elaboration.
* Indicates the statistical significance at 5% level ** indicates the statistical significance at 10% level








Case 1: co-integration between PAR and GDP; case 2: co-integration between PAN and GDP; case 3: co-integration between RDE and GDP. PAN is the number of patents by non-residents, and RDE is research and development expenditure, RRD is research and development activities, and GDP is per capita economic growth.





CONCLUSION


Although the scenario for innovation could be considered critical, this article provides a view of the importance of the relationship between innovation and economic growth by analyzing the Granger causal nexus between Chile and Mexico using time series data from 1996 to 2015.

In general, for Mexico we found bidirectional causality between innovation and per capita economic growth; these results are aligned with the results of Mendoza (2017). As a main result we found that Chile has a unidirectional causality from per capita economic growth to innovation.

In regard to patents filed by non-residents we found for Mexico bidirectional causality for innovation and per capita economic growth. In contrast Chile has a unidirectional causality from per capita economic growth to innovation. In both cases innovation comes from abroad rather than from nationals.

For the variables:  high-tech exports and per capita economic growth, Chile has a bidirectional causality between innovation and per capita economic growth, and Mexico´s per capita economic growth does not Granger-cause innovation.

Chile and Mexico have the challenge of improving the environment to attract sufficient FDI (foreign direct investment). In addition, governments must evaluate the results to reduce the risk of wasting money and have no impact on innovation.

Policy makers and academics interested in this matter should know that the bidirectional relationship between innovation and per capita economic growth does not necessarily reflect the complete situation, more variables such as education and continuity of policies should be studied.
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