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Abstract 

The objective of the article is to analyze the relation between the innovative capac‑
ity and the deindustrialization process. We use data from 80 countries from 1995 to 
2016. In addition, we use a new dependent variable to measure the deindustrialization 
process, related to the quality of exports and industrial competitiveness. The results 
suggest that there is a direct relationship between the innovative capacity and the 
share of industry in GDP, the relative share of industrial employment, and the quality 
of industrial exports. In the estimates considering the income level, we found that the 
impact of the innovative process on the dependent variables decreases as the income 
level rises. Although the effects of innovative capacity on industrial muscle remain 
positive. The results suggest that low innovative capacity may affect the deindustri‑
alization process of a given country. The estimated result for the dependent variable 
related to the quality of exports presented the same behavior as the variables reported 
in the literature. As a public policy implication, the results suggest that policymakers 
should adopt incentive policies to build innovative capacity according to their income 
level, so that industrial development can provide special and favorable conditions for 
sustained growth.

Keywords: Deindustrialization, Innovative capacity, Industry, Development, Public 
policy

1 Introduction
The importance of the industrial sector for development is widely reported [e.g., Rostow 
(1958), Gerschenkron (1962), Schumpeter (1985), Prebisch (1949), and Kaldor (1966)]. 
According to Szirmai and Verspagen (2015), the main characteristics of the industrial 
sector that qualify it as the vector for sustained growth of the economy are: (i) empirical 
correlation between GDP per capita and the share of industry in GDP; (i) high produc-
tivity compared to the other sectors of the economy; (iii) existence of static and dynamic 
economies of scale [e.g., Kaldor (1966)]; (iv) existence of chaining effect of the industrial 
sector and spillover of technological content from the industrial sector to the other sec-
tors of the economy [e.g., Perroux (1955), Hirschman (1958)]; (v) special opportunities 
for technological development, given that the locus of the innovative process is industry 
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[e.g., Lazonick (2005)],; (vi) relevant impact of technological development in the indus-
trial sector on extractive and capital-intensive services segments, such as mining, utili-
ties, construction, transportation and urban mobility.

The key process for the dynamism of the industry is associated with the innovative 
process [e.g., Cohen and Levinthal (1990), Teece et al. (1997), and Bell and Pavitt (1995)]. 
The learning capacity of organizations is an important element of business survival con-
ditions [e.g., Teece (2009)], to provide opportunities for differentiation from competi-
tors, given the hostile environment of international competition. This process is related 
to routine and interactive economic activities between internal and external agents of 
the firm, highlighting the expensive, social and collective nature of learning, making 
endogenous the technological and organizational changes of firms in the development 
process [e.g., Nelson and Winter (1982), Edquist and Lundvall (1993), Malerba (2002), 
Edquist (2005), Lazonick (2005), Lundvall et al. (2009) and Fagerberg (2017)].

Industrial development assumes evolutionary and disruptive attributes for the altera-
tion and conformation of new productive structures. In this sense, a weakened country’s 
innovative process results in a low innovative capacity of organizations and countries. It 
may imply the reduction of the degree of industrial densification. Moreover, low innova-
tive capacity, stemming from low learning capacity, resulting in adverse conditions for 
absorptive capacity, dynamic capacity, and adverse conditions for accumulation of tech-
nological competencies, may influence the industrial competitiveness in international 
trade, given that technological skills shape the competitive environment of industrial 
companies [e.g., Cantwell (2005), Fagerberg et al. (2007), Melo et al. (2015) and UNIDO 
(2019)]. Thus, the low innovative capacity may reduce the industry capacity, reducing 
the observed impact of the industry on society.

In the last decades, the debate on the deindustrialization process has grown. Some 
countries have shown a reduction in the participation of industry in GDP and loss of 
industrial competitiveness, which has motivated countries such as the United States and 
Germany to adopt policies of incentives and protection for industrial sectors in response 
to the industrial development of East Asia, especially China [see, e.g., Oliveira et  al. 
(2021)].

The literature has developed based on the study of the deindustrialization process in 
advanced or developed countries. The work of Rowthorn and Ramaswamy (1999) analy-
ses the process of deindustrialization for developed countries, treated in terms of the 
reduction of the relative share of industrial employment over time. Tregenna (2008) 
associates the process of deindustrialization to the joint occurrence in the reduction of 
the relative participation of industrial employment, as well as the participation of indus-
try in GDP, over time. The deindustrialization process can occur naturally because of 
the development process. When countries reach economic maturity, associated with 
high per capita income levels, it reduces the participation of industrial jobs and prod-
ucts [e.g., Rowthorn and Ramaswamy (1999)]. However, deindustrialization can be pre-
mature or early when the relative participation of industry and industrial employment 
peaks at relatively low levels of per capita income [e.g., Felipe et al. (2019) and Rodrik 
(2015)], especially for countries in the middle-income trap [see, e.g., Atolia et al. (2018)].

The literature lists the effect of relative prices as a determinant for the deindustrializa-
tion process [e.g., Rowthorn and Ramaswamy (1999)] due to the change in productivity 
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levels between the service and industrial sectors [e.g., Rowthorn and Coutts (2004) and 
Palma (2005)], causing the productivity to unbalance [e.g., Kollmeyer (2009)]. Another 
determinant reported concerns the effects of international trade on the productive 
structure and industrial jobs, translated in terms of the degree of openness of the econ-
omy, trade balance and North–South trade structure [e.g., Alderson (1999), Rowthorn 
and Ramaswamy (1999), Rowthorn and Coutts (2004), Kollmeyer (2009), Kang and Lee 
(2011) and Van Neuss (2018)]. In addition, Dutch disease is reported as a determinant 
of deindustrialization [e.g., Palma (2005), Bresser-Pereira (2008) and Bacha (2013)], 
exchange rate [e.g., Marconi and Rocha (2012) and Cruz (2014)], low investment rates 
of the economy [e.g., Rowthorn and Coutts (2004) and Kang and Lee (2011)], income 
distribution [e.g., Cruz (2014)], liberalizing policies, especially in Latin America [e.g., 
Daspugta and Singh (2006) and Bogliaccini (2013)], and foreign direct investment flows 
[e.g., Alderson (1999) and Kang and Lee (2011)].

Based on these, the main objective of the article is to test whether the innovative 
capacity represents a determinant of the deindustrialization process of countries. The 
specific objectives of the study are: (i) to verify if there is a difference in magnitude of 
the impact of the innovation process on production, industrial employment, and export 
quality in the industrial sector; and (ii) to verify if there are differences in the impact 
of the indicators related to the innovation process on the variables related to industrial 
densification by income level.

The novel in the present work is the analysis of the possible effects of innovative activ-
ity on the deindustrialization process. The article tests the hypothesis that the low inno-
vative capacity of a country may affect the degree of productive densification of industry. 
It derives from low learning capacity, resulting in adverse conditions of absorptive 
capacity, dynamic capability, and adverse conditions for the accumulation of technologi-
cal skills. In addition, the results presented to assist in the formulation of public policies 
more in line with the reality of the countries. In addition to this section, the present 
study will include a methodological section, followed by the analysis of the results found 
and the final considerations.

2  Methodology and data
The database contains data from 80 countries from 1995 to 2016 organized in an unbal-
anced panel. We present the list of countries in Table 11 in the Appendix. We collect 
the data from World Bank data, National Accounts–Analysis of Main Aggregates (UN–
AMA), and Eurostat. We select the sample based on the data availability. The variables 
and data of this study are summarized in the list of Table 12 in the Appendix.

The econometric specification follows Rowthorn and Ramaswamy (1999). We use the 
logarithm of the industrial sector to GDP ratio (LN OUTSHARE) and the logarithm of 
the industrial employment to a total of employments ratio (LN EMPSHARE) to meas-
ure the deindustrialization process. Moreover, the present work proposes the use of a 
new variable to measure deindustrialization. We also use the high-tech exports to total 
exports ratio (H_TECH_EXP). According to Hausmann et  al. (2007), Archibugi et  al. 
(2009) and UNIDO (2019), the type of products the country exports indicates a level of 
productive specialization and the competitiveness of the industrial sector in the interna-
tional market. Edquist and Lundvall (1993) indicate that this measure can indicate the 
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capacity of a country to diffuse new technology. Furthermore, one can relate H_TECH_
EXP with the complexity grade of the productive structure [e.g., Hausmann et al. (2014), 
Hartmann et al. (2017) and Ferraz et al. (2018)].

To measure the innovation process, the variables selected are grouped into three 
groups: (i) innovative effort; (ii) scientific and technological base; (iii) educational sys-
tem. We choose the variables according to the literature about innovation [e.g., Nelson 
(1993), Freeman (1995), Grupp and Mogee (2004), Fagerberg and Srholec (2008), Archi-
bugi et al. (2009), Cirillo et al. (2019), Fagerberg and Srholec (2009) and Ribeiro (2019)].

In the group of variables related to the innovative effort, we use the total expend in 
research and development to GDP ratio (R&D) to measure the level of effort a country 
realizes in search of new forms of production and technology. We also use the num-
ber of researchers and technicians involved in activates of R&D, in millions per capita 
(RESEARCHERS and TECHNICIANS).

Concerning the scientific and technological base, the number of scientific articles pub-
lished in technical and scientific journals covered by SCI and SSCI (ARTICLE) and the 
requirement of patents by residents and non-residents (PATENTS) is relevant indicators 
to measure the production of knowledge of a given country. Moreover, the number of 
requirements of trademarks by resident and non-resident (TRADEMARK) relates with 
the competencies not computed as R&D activities or patents.

We measure the scientific structure related to the educational system using three vari-
ables. Students in science, engineering, and industrial production, expressed as a per-
centage of the population of higher education age (INCENG); PhD students, expressed 
as a percentage of the population of higher education age (INDOUT); and number of 
gross enrollments in Higher Education, as a proportion of the population of higher edu-
cation age (INES). We use these variables to measure the scientific and technological 
policy of a given country. They are associated with the construction of an absorptive 
capacity and quality of the innovative national system [see, e.g., Fagerberg and Srholec 
(2009)].

Besides the variables related to the innovative system, we also include control variables 
in the estimates. The logarithm of the GDP per capita in power purchase parity (LN Y) 
relates with incentives of an increase in the country’s yield over the industry. Moreo-
ver, we also include the square of the LN Y to verify if the level of yield matters in this 
relation.

The manufacturing relative prices indicator about the general price level (LN REL-
PRICE) follows Rowthorn and Ramaswamy (1999). The indicator is calculated using the 
ratio between the manufacturing deflator and the GDP implicitly deflator. We use this 
variable only in the estimates to the LN OUTSHARE.

We also include as control variables the Gross Fixed Capital Formation to GDP ratio 
(FIXCAP) and the overall trade balance in manufactured goods to GDP ratio (TRADE-
BAL) to show the effect of the investment and the balance of trade over the industrial 
density (Rowthorn and Ramaswamy (1999). Furthermore, we use the real interest rate 
(RIR) and the real exchange rate (RER) as control variables following Marconi and 
Rocha (2012) and Sonaglio et al. (2010). It is important to highlight that we do not use 
the imports of manufactured goods from developing countries to GDP ratio because use 
available data from all countries and not only for European countries.
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We present the data described in Table 12 in the Appendix. Tables 13 and 14 in the 
Appendix present the descriptive analysis. We present the correlation between the 
dependent variables and the other variables in the model in Table 15 in the Appendix.

2.1  Econometric specification

To measure the effect of the innovative effort over the deindustrialization process, we 
estimate the following specifications:

where i indicates the country, t indicates the period, αi is the unobserved effect of the 
country i, εit is the error term and LNOUTSHAREi(t−1) , LNEMPSHAREi(t−1) , and 
H_TECH_EXPi(t−1) indicate the dynamic term of the regression. The Zit matrix contains 
the control variables and the INNOV it matrix contains the innovative process variables.

The dynamic variables represent the path dependence of the dependent variables. 
According to De Carvalho and Ruiz (2018), variables related to the share of industrial 
products and industrial employment present a path dependence. Hence, we follow the 
authors and use a dynamic panel to estimate the econometric specification.

Besides the models (1), (2), and (3), we include dummies related to the countries’ 
income levels. We classify the countries following the World Bank criteria. The countries 
are classified as low-income countries, middle-income countries (which groups upper-
middle-income countries and lower-middle-income countries), and high-income coun-
tries. Hence, we have the following econometric specifications:

where INCOME is the matrix of dummies related to the three income classifications.
To estimate the models, we use the System Generalized Method of Moments 

(S-GMM). To estimate dynamic panels, the Ordinary Least Squares estimates present 
bias and problems of endogeneity, considering that the studies used for the selection 
of variables related to innovative capacity show their relationship with GDP per capita, 
which is used as a control variable in the model to be estimated. According to Ullah et al. 
(2018), the endogeneity problem may lead to inconsistent and inefficient estimates. In 
this way, we make use of instrumental variables estimators.

Arellano and Bond (1991) indicate that the first difference GMM (D-GMM) can with-
draw the non-observable effects constant in time. However, Arellano and Bover (1995) 
and Blundell and Bond (1998) show that the D-GMM are weak in the presence of 

(1)LNOUTSHAREit = θLNOUTSHAREi(t−1) + γ INNOV it + δZit + αi + εit

(2)LNEMPSHAREit = θLNEMPSHAREi(t−1) + γ INNOV it + δZit + αi + εit

(3)H_TECH_EXPit = θH_TECH_EXPi(t−1) + γ INNOV it + δZit + αi + εit ,

(4)
LNOUTSHAREit = θLNOUTSHAREi(t−1)+γ (INNOV ∗ INCOME)it+δZit+αi+εit

(5)
LNEMPSHAREit = θLNEMPSHAREi(t−1)+γ (INNOV ∗ INCOME)it+δZit+αi+εit

(6)
H_TECH_EXPit = θH_TECH_EXPi(t−1)+γ (INNOV ∗ INCOME)it+δZit+αi+εit ,
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dependent and explanatory variables with strong resilience and, its sense, purpose the 
use of a combination of the model in level and first difference, using a system of equa-
tion, which is the System Generalized Method of Moments (S-GMM). We consider the 
possibility of a simultaneity problem in the analysis because the innovative effort may be 
influenced by the industrialization level, which suggests an endogeneity problem in the 
regressions. The use of instrumental variables allows the estimation of parameters more 
consistently, even in the case of endogeneity in explanatory variables (Bond et al. 2001).

In S-GMM, the estimators deal with unobservable temporal effects by including 
period-specific interceptors containing endogenous regressors, controlled by the use of 
instruments of the lagged variables at the level and in differences of the predetermined 
endogenous variables.

For Roodman (2009), although estimates by D-GMM and S-GMM are adherent for 
samples with short periods and high number of individuals, the diversity of instruments 
may generate the overlap of instruments on the variables used, generating bias in the 
results. Thus, in the empirical analysis, the ratio number of instruments/number of 
cross-sections less than 1 is observed for each regression, so that the use of instruments 
in an excessive way does not occur (Roodman 2009).

The Sargan–Hansen test will be performed to verify the hypothesis of overidentifica-
tion (prob J-statistic). In this case, the validity condition of the instruments is met when 
the p-value of the prob J-statistic is higher than 0.1. In addition, the serial autocorrela-
tion test of errors in first-order (AR1) and second-order (AR2) differences is performed, 
as proposed by Arellano and Bond (1991) to check the consistency of the estima-
tion, where the value for AR1 must be negative and significant and AR2 must be only 
non-significant.

3  Results
3.1  Empirical analysis

Regarding the estimates, Tables 1, 2, 3 present the results. The Sargan–Hansen test indi-
cates that the instruments used in the model are valid and the serial autocorrelation test 
presents the expected behavior according to Tables 1, 2, 3. The list of instruments used 
to estimate the models in Tables 1, 2 and 3 is presented in Table 16 in the Appendix.

Regarding the proposed estimates in terms of LN OUTSHARE and LN EMPSHARE, 
the control variables presented the results expected by the literature. The models esti-
mated with the dependent variable H_TECH_EXP, according to Table  3, the control 
variables presented similar results of LN OUTSHARE and LN EMPSHARE. The vari-
ables used to size the effect of the innovative activity on industrial production, industrial 
employment, and on the export of high-tech products present statistical significance, 
with a positive impact regarding the dependent variables listed, which indicates that fac-
tors related to the innovation process of the countries can be considered as one of the 
causes of the deindustrialization process.

It should also be noted that the dynamic coefficient of the estimated models con-
sidering the three dependent variables used in this study is statistically significant and 
presents a relevant impact on the estimated dependent variable, which validates the 
hypothesis of cumulatively of the industrial sector.
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The empirical results of the effects of the countries’ innovative activity on the indus-
trial structure by type of income are shown in Tables 4, 5, 6. The list of instruments used 
to estimate the models in Tables 4, 5 and 6 is presented in Table 16 in the Appendix. 
LN OUTSHARE, the coefficients of the variables related to the innovative effort are 
decreasing on average as a given country raises its income level. For RESEARCHERS 
and TECHNICIANS, the variables for high income are slightly higher than for average 
income, however, these variables are lower than those for low income. As for the varia-
bles used to describe the scientific and technological basis of the countries, a movement 
similar to that described for RESEARCHERS and TECHNICIANS is observed. As for 
the variables used to measure the scientific structure related to the educational system, 
a heterogeneous behavior in terms of LN OUTSHARE is observed. For the INCENG 
and INDOUT variables, we observe an increasing evolution of the coefficients as income 
levels advance. For the INES variable, the verified behavior is the decreasing evolution 
per income level. one hypothesis for this behavior is that as the income level of the econ-
omies grows over time, the benefit of higher education continues to be positive, but with 
decreasing effects.

In terms of LN EMPSHARE, we observe a behavior analogous to the LN OUTSHARE, 
considering the variables related to the innovative effort and related to the scientific and 
technological base. In the variables related to the educational system, the variables pre-
sent decreasing coefficients to the advance in the income level.

The results of innovative effort variables on H_TECH_EXP by income classification 
are similar to the LN OUTSHARE and LN EMPSHARE results, but with some excep-
tions. RESEARCHERS and TECHNICIANS show the same R&D behavior, with the 
coefficient decreasing as income increases, however, without statistical significance for 
low-income countries. For the variables related to the scientific and technological basis, 
we observe a convergent movement for ARTICLE and TRADEMARK, presenting a 
decreasing behavior by income level, with coefficients for low and middle-income coun-
tries without statistical significance. A negative coefficient for PATENTS was verified for 
high-income countries with statistical significance. This result must be verified with cau-
tion because, of all the estimations made, it was the only result found with a sign differ-
ent from the others. As for the variables used to measure the scientific structure related 
to the educational system, a similar behavior was observed for INDOUT and INES, in 
decreasing terms on H_TECH_EXP. For the INCENG variable, the average income coef-
ficient is lower than for low income, but the coefficient for high income is higher than 
the average income but lower than the low-income coefficient.

With the estimates to the income classification in terms of LN OUTSHARE, LN EMP-
SHARE, and H_TECH_EXP, the control variables present the expected results by the 
literature. It is important to observe that the dynamic coefficient is statistically signifi-
cant and presents a relevant impact on the dependent variable, reinforcing the results 
presented in Tables 3, 4, and 5.

3.2  Discussion of economic impacts

In this section, we discuss the economic impacts of the countries’ innovative structures 
on their respective industrial densification indicators. The methodology for measuring 
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the economic impact of the explanatory variables on dependent variables follows that 
proposed by de Mendonça and Silva (2017) and Montes et al. (2019).

3.2.1  Aggregate economic impact

According to Table 7, in most of the results, the impact of the variables related to the 
innovative effort on the dependent variables is higher than the effect of the variables 
related to the educational system. In turn, both are higher than the effect of the variables 
related to the technological scientific base, considering a variation of 10% or 1 standard 
deviation, according to the methodology proposed by de Mendonça and Silva (2017) and 
Montes et al. (2019).

Concerning the economic impacts of the innovative activity, there is a hierarchical 
composition. The impact on H_TECH_EXP is higher than the impact on LN OUT-
SHARE, which, in turn, is higher than the impact on LN EMPSHARE. In the latter 
case, the results indicate that the impact of innovation on production is higher than the 
impact on employment. It corroborates the theoretical arguments set out in the litera-
ture (Tregenna 2008; Rodrik 2015).

By verifying the importance of total R&D spending as a proportion of GDP (R&D) 
for the industrial sector, and the importance of the capacity to absorb, process infor-
mation, and build knowledge, improving the performance of organizations and coun-
tries [e.g., Castellaci and Natera (2013)], just as indicates the countries committed to the 
creation of knowledge and sources of differentiation of productivity rates of economies 
[e.g., Fagerberg (1987), Smith (2005), Fagerberg et al. (2007)]. The countries persistence 
in activities related to the innovative effort represents the sustainability of industrial 
activity over time, given that the dynamic coefficient of the estimated empirical model 
is statistically significant. This reinforces the importance of the innovative activity to the 
process of industrial cumulative [see, e.g., Dosi (2006)].

Nevertheless, efforts made through R&D activities allow countries to differentiate 
themselves in the international market by exporting sophisticated products with high 
added value. Thus, the quality of the export depends on the capacity of development 
and diffusion of new products and technology [e.g., Edquist and Lundvall (1993)]. The 

Table 7 Measuring the impact of innovation on dependent variables

Variables LN OUTSAHRE LN EMPSAHRE H_TECH_EXP

10% 1 S.D 10% 1 S.D 10% 1 S.D

R&D 0.29% 2.2% 0.04% 0.29% 4.44% 34.19%

RESEARCHERS 0.28% 2.14% 0.06% 0.43% 0.96% 7.38%

TECHNICIANS 0.28% 2.55% 0.11% 1.05% 0.92% 8.52%

ARTICLE 0.06% 1.71% 0.01% 0.27% 0.44% 12.13%

PATENTS 0.01% 0.36% 0.01% 0.26% 0.72% 25.91%

TRADEMARK 0.00% 0.13% 0.01% 0.22% 0.08% 2.62%

INCENG 0.54% 2.23% 0.03% 0.13% 5.96% 24.56%

INDOUT 0.24% 1.85% 0.16% 1.22% 1.43% 10.97%

INES 0.22% 1.24% 0.02% 0.12% 2.84% 15.62%
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exports sophistication also implies an improvement in the countries industrial com-
petitiveness, given the relevance of technological capacity for a more complex industry 
and its differentiation in the international market [see, e.g., Hausmann et al. (2007) and 
Fagerberg et al. (2007)].

According to the results presented in the empirical analysis, the variables RESEARCH-
ERS and TECHNICIANS are relevant for the degree of industrial densification. Even 
if the estimated coefficients and impacts are low, one can observe the importance of 
human resources linked to research and development activities for technological qualifi-
cation and productive sophistication.

The analysis of the scientific and technological base is important for measuring the 
innovation systems, given that the patterns of scientific and technological activities 
influence the strengthening of countries innovative capacity [e.g., Furman et al. (2002)], 
the creation of new technologies [e.g., Archibugi and Coco (2004)], and the shaping of 
the productive structure and competitiveness [e.g., Fagerberg et  al. (2007)]. Thus, the 
empirical findings of the impacts of PATENTS, ARTICLE, and TRADEMARK on the 
industrial structure, industrial employment, and export of the high-tech sector high-
lights the importance of the innovative effort and the stock of codified knowledge on the 
elements that influence the trajectory and differentiation of the growth rate of national 
economies [e.g., Fagerberg (1987) and Fagerberg et al. (2007)].

The indicators used to measure the educational structure (INCENG, INDOUT, and 
INES), highlight the importance of generating human capital to expand the innovative 
capacity. The results related to the scientific structure related to the educational system 
reinforce the importance of human capital on industrial densification, considering that 
the qualification of human capital allocated in the industrial sector raises the capacity of 
information codification and increases the absorption capacity of firms.

The results found to measure the effects of countries’ innovative capacity on the indus-
trial fabric suggest a direct relationship and positive impact of the innovative process 
and activity for the dynamization of the countries’ industrial sector. On the other hand, 
the results also suggest that the reduction of countries’ efforts in terms of their innova-
tive and technological capacity has a significant impact on the trajectory of industrial 
development, reducing their competitive advantages in the international market. The 
consequence of this effect is the increased vulnerability of the economies, given that 
technological innovation is one of the main drivers of economic growth [see, e.g., Grupp 
and Mogee (2004)].

In the absence of precariousness of the elements that form the basis for the construc-
tion of knowledge, learning, and technological training of countries, which is a certain 
way results in the low dynamism of NISs, the weakness of innovative activity can be con-
sidered as one of the elements that imply in the reduction of industrial competitiveness 
in the international market, the reduction of industrial jobs and the atrophy of industrial 
muscle, generating productive chains vulnerable to the intense and hostile environment 
of competition. This being said, based on the results, innovative capacity must be con-
sidered as one of the determinants of the deindustrialization process.
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Considering the results listed for the dependent variable H_TECH_EXP, the concept 
of deindustrialization proposed by Tregenna (2008) can be expanded, also considering 
the reduction of this variable, which can be interpreted as an indicator of export quality, 
industrial competitiveness, degree of productive sophistication and capacity of diffusion 
of innovations in a country.

3.2.2  Economic impact by income level

From the description of the economic impacts of innovative activity on productive den-
sification, we observe that the analysis by income level also reflects a hierarchical com-
position of the impacts on the dependent variables H_TECH_EXP, LN OUTSHARE, 
and LN EMPSHARE. The results suggest that the level of income, measured by the 
level of per capita income, is a relevant factor for the differentiation of the impact of the 
innovative process on the industrial structure, employment, and competitiveness of the 
countries.

The impact of indicators related to the innovative process on industrial structure, in 
most cases, in middle-income countries is lower than in low-income countries, consid-
ering a variation of 10% or 1 standard deviation. Exceptions are for variables related to 
higher education and R&D in suits of LN OUTSHARE and RESEARCHERS and INES 
in terms of LN EMPSHARE. Considering the transition from middle to the high-income 
stage, most results suggest a downward movement, i.e., the impact of innovation in high-
income countries is greater than for high-income countries, in terms of a 10% variation 
and 1 standard deviation, according to the map of impacts described in Table  8. The 
downward movement is concentrated in terms of LN EMPSHARE and H_TECH_EXP, 
mainly in terms of variation of 1 standard deviation, considering variables of innovative 
effort and scientific structure related to the educational system, according to Tables 8, 9, 
and 10.

The impact of innovation differs in high-income countries compared to low-income 
countries. One can observe that in the high income it is lower than in the low-income 
countries. Considering the whole analysis of the impacts by income level, most indicate 

Table 8 Measuring the impact of innovation on LN OUTSHARE, by income level

Dependent variable: LN OUTSHARE

Variables Low income Middle income High income

10% 1 S.D 10% 1 S.D 10% 1 S.D

R&D 0.13% 1.22% 0.18% 1.17% 0.34% 1.8%

RESEARCHERS 2.02% 32.91% 0.09% 0.76% 0.46% 2.25%

TECHNICIANS 2.74% 47.8% 0.16% 1.2% 0.71% 4.77%

ARTICLE 0.16% 3.66% 0.02% 0.97% 0.18% 3.59%

PATENTS 0.21% 7.12% 0.00% 0.17% 0.05% 1.47%

TRADEMARK 0.13% 4.71% 0.02% 0.62% 0.02% 0.37%

INCENG 0.39% 2.69% 0.53% 2.09% 0.61% 2.38%

INDOUT 0.32% 2.16% 0.35% 3.02% 1.12% 7.01%

INES 0.11% 1.28% 0.25% 1.37% 0.34% 1.07%



Page 23 of 36de Oliveira and da Fonseca Nicolay  Journal of Economic Structures           (2022) 11:33  

a decreasing effect of the impact of the innovation dynamics on industrial structure as 
a country moves forward in terms of per capita income, still with benign impacts on 
industrial muscle.

The effect of the R&D over the industry density increases as the income increases, 
especially in terms of LN OUTSHARE. The bibliography points out this variable as an 
indication of the intensity of commitment in the discovery and creation of new produc-
tion methods and codification of advanced knowledge, capable of altering the scientific 
and technological frontier. This result in terms of LN OUTSHARE indicates that who-
ever is closer to the technological frontier has as a priority to create conditions for the 
industrial segment to dominate and become a leader in technological transformation, 
gaining extraordinary competitive advantages.

In this case, it was found that in most of the results, either in terms of estimated coef-
ficient or in terms of economic impact measurement, the respective results for the 
innovative activity of low-income countries are higher than those for middle-income 

Table 9 Measuring the impact of innovation on LN EMPSHARE, by income level

Dependent variable: LN EMPSHARE

Variables Low income Middle income High income

10% 1 S.D 10% 1 S.D 10% 1 S.D

R&D 0.06% 0.61% 0.03% 0.2% 0.07% 0.38%

RESEARCHERS 0.05% 0.75% 0.08% 0.65% 0.08% 0.4%

TECHNICIANS 5.1% 88.81% 0.15% 1.13% 0.12% 0.82%

ARTICLE 0.1% 2.26% 0.03% 1.03% 0.12% 2.44%

PATENTS 0.08% 2.59% 0.01% 0.6% 0.05% 1.28%

TRADEMARK 0.12% 4.43% 0.01% 0.25% 0.04% 0.56%

INCENG 0.42% 2.95% 0.26% 1.01% 0.13% 0.52%

INDOUT 0.11% 0.73% 0.05% 0.46% 0.11% 0.7%

INES 0.08% 0.92% 0.11% 0.62% 0.12% 0.37%

Table 10 Measuring the impact of innovation on H_TECH_EXP, by income level

Dependent variable: H_TECH_EXP

Variables Low Income Middle Income High Income

10% 1 S.D 10% 1 S.D 10% 1 S.D

R&D 5.43% 52.01% 1.32% 8.68% 2.34% 12.22%

RESEARCHERS 7.2% 117.26% 5.14% 42.21% 5.19% 25.16%

TECHNICIANS 2.14% 37.19% 2.1% 15.52% 0.68% 4.6%

ARTICLE 1.1% 25.51% 0.27% 10.43% 0.67% 13.29%

PATENTS 3.13% 105.62% 0.56% 30.94% − 2.46% − 66.14%

TRADEMARK 3.64% 136.96% 0.19% 7.31% 1.74% 25.54%

INCENG 25.18% 174.92% 14.11% 55.56% 8.65% 33.84%

INDOUT 21.71% 144.92% 3.56% 30.35% 2.34% 14.64%

INES 7.01% 80.41% 6.16% 33.66% 2.78% 8.71%
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countries, which in turn are higher than those for high-income countries. In addition, 
these parameters can be interpreted as a measure of the technological distance between 
countries.

The verification of the results of the variables related to the innovative activity for low-
income countries reinforces the hypothesis that they are still in the early stages of tech-
nological and economic development, whose impact on industrial structure, industrial 
employment, and international competitiveness is greater, given the high distance of 
low-income countries from the technological frontier. Thus, a network of poorly inte-
grated causal relationships and coevolution patterns characterizes the national innova-
tion system of these economies, as well as the absence of a set of feedback effects, which 
are capable of generating cumulative dynamics of technological growth and recovery 
[e.g., Lundvall et al. (2009) and Castellaci and Natera (2013)].

The results of innovation activity for middle-income countries show weaknesses in the 
dynamism of national innovation systems. Following Castellaci and Natera (2013), the 
weak link between the innovative process and the scientific production shows that the 
secondary role assumed by business R&D capabilities. This hypothesis may be related to 
the heterogeneity of the results found in the empirical analysis and to the reduction of 
the impact of the innovative process in the transition from the low to the middle-income 
stage. Hence, it is important to note that middle-income countries persist in learning 
construction through imitation, which is limited and exhaustive over time. The change 
in a country’s technological structure consists of the change from a capacity building 
through imitation activities to innovative activities, a relevant factor to explain develop-
ment and differentiation among countries [e.g., Fagerberg et al. (2007)].

For high-income countries, the results—especially R&D—show their proximity to the 
technological frontier. They are characterized by NIS that have an absorbing capacity 
based on interaction in international trade and the generation of qualified human capi-
tal, dynamic capacities, and diversified sources of learning, besides intense interaction 
among NIS agents. Even if the effect of innovative capacity on the industrial densifica-
tion of high-income countries is lower than other income levels, this effect on industrial 
activity remains benign. R&D activities are considered essential to boost the dynamics of 
innovation, with the co-evolving nature of innovative and absorbing capacity, building a 
sustainable trajectory for raising the level of per capita income [e.g., Castellaci and Nat-
era (2013)], in addition to directing the level of learning, dynamic capabilities of organi-
zations and the process of knowledge accumulation to advanced levels.

Thus, the results suggest that the effects of innovative dynamics on industrial struc-
ture reduce as countries approach the technological frontier, which, in turn, leads 
to higher income levels. However, the effect of the innovative dynamics on structural 
change remains beneficial for the strengthening of industry, regardless of income level. 
The absence or reduction of efforts to boost national innovation systems can have severe 
effects on productive activity and the competitiveness of countries. It can interrupt the 
mechanisms that drive the development of economies and increases the distance from 
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the technological and productive frontier. It is also evident that, regardless of income 
level, it is necessary to be persistently innovative over time.

The results presented may also indicate that some middle-income countries have the 
fragility of the innovation systems as one of its causes of the premature deindustriali-
zation process so that the effects of innovative activity are not perceived in industrial 
activity and society. Thus, the persistence of this scenario has as a probable result the 
limitation of economic growth, with the possibility of technological regression, thus 
deepening the premature deindustrialization process.

3.3  Public policy implications

The results suggest relevant implications for policymakers to adopt necessary measures 
to leverage productivity and industry competitiveness. Industrial policy should consider 
the level of income and the technological structure, where investments and incentives 
aimed at promoting technological, scientific, and innovative training are relevant to 
strengthening the industrial fabric.

Many middle-income countries find issues to change to a strategy to create their con-
ditions for innovation and technology, reinforcing the thesis of the "middle-income trap" 
(middle-income trap). The results reinforce that to overcome this condition, investments 
in innovative effort activities, scientific and technological basis, and scientific structure 
related to the educational system can present satisfactory results in terms of industrial 
densification, industrial employment, and export quality.

Nearly, considering the results exposed follows below the guidelines of an industrial 
policy to reverse the low dynamism and atrophy of the countries’ industrial muscles:

a) Direct efforts to increase R&D investments in the industrial sector (public and pri-
vate), both as a proportion of GDP, with synergy between the parties;

b) Incentive mechanisms for the expansion and improvement of the quality of higher 
education, given that the effects of the qualification of human capital on productive 
densification, employment, and industrial competitiveness are benign, in addition to 
encouraging careers in science, engineering, and industrial production;

c) Encouragement of research related to postgraduate centers stricto sensu, given the 
beneficial effects of the gross enrollment rate in doctorate courses on the productive 
structure;

d) An increase in the number of publications of scientific articles, patent applications, 
and trademarks, which represent constructed and codified knowledge which, on the 
one hand, represents the result of researches and investigations and, on the other 
hand, represents the stock of inputs for the development of future researches and 
scientific investigations;

e) Industrial policy should consider the level of per capita income that a given country 
has, to direct efforts to relevant areas of greater impact, to increase the dynamism of 
the NIS.
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Thus, if national states and organizations neglect the elements related to innovative 
activity, learning process, and knowledge construction, economies may severely dein-
dustrialize, increasing the technological gap. An innovation-based development strategy 
can be successful for countries and industrial companies, which will be stronger, more 
dynamic, and more competitive in the international marketplace.

4  Concluding remarks
The main objective of the present work is to analyze the relationship between the inno-
vative process and the deindustrialization process. As a secondary objective, we verify 
whether there is a difference in the magnitude of the impact of the innovation process 
on industrial production and employment,

To achieve the objectives, we use dynamic panel technics to estimate the parameters. The 
results suggest that the variables related to the innovative effort, the variables related to the 
scientific and technological basis, as well as the variables related to the educational system 
directly affect the participation of industry in GDP and the relative participation of indus-
trial employment in the total employment of the economy. These results are statistically sig-
nificant. In addition, we conclude that the impact of the variables related to the innovative 
activity is greater on output than on industrial employment.

Regarding the share of exports of the high-tech sector in the industrial sector, the esti-
mates presented the same behavior as the estimates in terms of industrial production and 
employment. Regarding the order of impact of the innovative activity on the depend-
ent variables, one can see that the impact on export quality is higher than the participa-
tion of industry in GDP, which in turn is higher than the relative participation of industrial 
employment.

When evaluating the respective independent variables used to measure the determi-
nants of the deindustrialization process, considering per capita income levels, most of the 
estimates suggest that the impact of innovative activity on production, employment, and 
industrial competitiveness performance is stronger in low-income countries than in mid-
dle-income countries, which in turn is stronger than in high-income countries. This result 
suggests that as the countries get closer to the technological frontier, the marginal impact 
tends to decrease, but with significantly beneficial impacts on the productive muscle of the 
countries. The estimated coefficients by income level can be a proxy for the countries’ tech-
nological gap, given their level of per capita income. These results are in line with the aver-
age pattern of countries’ behavior by income level. The results of this research highlight the 
need to incorporate the mutability of learning strategies, construction of dynamic, techno-
logical, and absorbing capacities throughout the development process in industrial policy 
design.

Appendix
See Tables 11, 12, 13, 14, 15, 16, 17.
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Table 11 List of countries in the database

Source: World Bank

# Country Code country # Country Code country

1 Algeria DZA 41 Israel ISR

2 Armenia ARM 42 Italy ITA

3 Australia AUS 43 Japan JPN

4 Austria AUT 44 Korea, Rep KOR

5 Bahamas, The BHS 45 Lithuania LTU

6 Bahrain BHR 46 Luxembourg LUX

7 Belgium BEL 47 Macedonia, FYR MKD

8 Belize BLZ 48 Malaysia MYS

9 Bolivia BOL 49 Malta MLT

10 Brazil BRA 50 Mexico MEX

11 Bulgaria BGR 51 Moldova MDA

12 Cameroon CMR 52 Morocco MAR

13 Canada CAN 53 Netherlands NLD

14 Central African Republic CAF 54 New Zealand NZL

15 Chile CHL 55 Nicaragua NIC

16 China CHN 56 Nigeria NGA

17 Colombia COL 57 Pakistan PAK

18 Congo, Dem. Rep COD 58 Papua New Guinea PNG

19 Costa Rica CRI 59 Paraguay PRY

20 Cote d’Ivoire CIV 60 Philippines PHL

21 Croatia HRV 61 Poland POL

22 Cyprus CYP 62 Portugal PRT

23 Czech Republic CZE 63 Romania ROU

24 Denmark DNK 64 Russian Federation RUS

25 Dominican Republic DOM 65 Sierra Leone SLE

26 Equatorial Guinea GNQ 66 Singapore SGP

27 Fiji FJI 67 Slovak Republic SVK

28 Finland FIN 68 Slovenia SVN

29 France FRA 69 South Africa ZAF

30 Gabon GAB 70 Spain ESP

31 Gambia, The GMB 71 Sweden SWE

32 Georgia GEO 72 Switzerland CHE

33 Germany DEU 73 Togo TGO

34 Greece GRC 74 Uganda UGA 

35 Guyana GUY 75 Ukraine UKR

36 Hong Kong SAR, China HKG 76 United Kingdom GBR

37 Hungary HUN 77 United States USA

38 Iceland ISL 78 Uruguay URY 

39 Iran, Islamic Rep IRN 79 Venezuela, RB VEN

40 Ireland IRL 80 Zambia ZMB
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Table 13 Descriptive statistics

Variables Mean Std. Dev Median Min. Max. Obs

LN OUTSHARE 2.55 0.55 2.66 0.07 3.92 1668

LN EMPSHARE 3.02 0.44 3.1 1.29 3.76 1760

H_TECH_EXP 13.49 14.17 8.71 0 90.02 1598

LN Y 9.49 1.13 9.73 6.3 11.49 1757

(LN Y)2 91.29 20.51 94.59 39.72 132.05 1757

LN RELPRICE 4.66 0.19 4.64 2.53 5.56 1750

FIXCAP 22.06 5.97 21.66 − 2.42 53.61 1703

TRADEBAL − 0.62 11.28 − 0.61 − 52.78 49.76 1746

RIR 7.32 10.52 5.49 − 70.43 93.92 1410

RER 99.99 29.29 99.11 42.04 779.77 1758

R&D 1.3 1 1.03 0.01 4.43 1055

RESEARCHERS 2439 1875 2152 10 8250 940

TECHNICIANS 737 679 513 2 3766 684

ARTICLE 21,194 58,235 3133 1 440,230 1106

PATENTS 27,515 99,043 2034 0 1,338,503 1292

TRADEMARK 36,891 115,319 11,572 1 2,104,409 1414

INCENG 15.9 6.55 16.61 0.04 39.04 637

INDOUT 2.48 1.9 1.89 0.02 8.96 874

INES 44.99 24.73 45.86 1.05 126.38 1225

Table 14 Mean and standard deviation of the variables used per income level

Classification Variables Mean Standard deviation

Low 
income

Middle 
income

High 
income

Low 
income

Middle 
income

High 
income

Dependent 
variables

LN OUT‑
SHARE

2.17 2.66 2.57 0.58 0.49 0.55

LN EMP‑
SHARE

2.41 3.06 3.17 0.46 0.41 0.24

H_TECH_
EXP

5.79 11.46 17.55 10.55 15.43 12.29

Control vari‑
ables

LN Y 7.46 9.18 10.49 0.63 0.58 0.3

(LN Y)2 56.1 84.66 110.07 9.66 10.64 6.27

LN RELPRICE 4.6 4.68 4.66 0.34 0.18 0.11

FIXCAP 17.1 22.7 22.81 7.92 6.07 4.32

TRADEBAL − 8.32 − 2.23 3.6 10.86 11.87 8.73

RIR 12.16 8.36 4.09 11.26 12.72 3.77

RER 107.68 96.88 100.68 48.52 32.16 11.98

Innovation 
capacity vari‑
ables

R&D 0.27 0.61 1.86 0.26 0.4 0.97

RESEARCH‑
ERS

121.54 1019 3478 198.06 836.29 1688

TECHNI‑
CIANS

48.09 318 1055 83.76 235.43 712

ARTICLE 252 12,705 34,774 587 49,579 69,218

PATENTS 2010 18,409 37,495 6791 101,313 100,956

TRADEMARK 6305 41,361 38,651 23,727 162,908 56,673

INCENG 12.23 17.9 14.92 8.49 7.05 5.84

INDOUT 1.31 1.59 3.17 0.88 1.35 1.98

INES 11.43 34.71 61.04 13.11 18.96 19.11
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Table 16 List of instruments used in the estimations in Tables 1, 2 and 3

Dependent variable: LN OUTSHARE

BASELINE (LN OUTSHARE,‑2 TO ‑4) LN Y(‑1 TO ‑2) LN  Y2(‑1 TO ‑3) TRADEBAL(‑1 TO ‑2) RER(‑1 TO ‑3) 
RIR(‑1 TO ‑3)

R&D (LN OUTSHARE,‑2 TO ‑3) LN  Y2(‑3 TO ‑4) R&D(‑1 TO ‑2) RER(‑1 TO ‑3) FIXCAP(‑2 TO ‑3)

INCENG (LN OUTSHARE,‑2 TO ‑3) RER(‑1 TO ‑4) TRADEBAL(‑1 TO ‑4) RIR(‑2)

INDOUT (LN OUTSHARE,‑2 TO‑3) LN Y(‑1 TO ‑4) LN  Y2(‑1 TO ‑3) INDOUT(‑1 TO ‑3)

TRADEMARK (LN OUTSHARE,‑2 TO‑3) LN Y(‑1 TO ‑2) LN  Y2(‑1 TO ‑3) RER(‑1 TO ‑3) TRADEMARK(‑1 TO 
‑3) RIR(‑2 TO ‑3)

PATENTS (LN OUTSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑2) LN  Y2(‑1 TO ‑3) TRADEBAL(‑1 TO ‑2) RER(‑1 TO ‑3) 
PATENTS(‑1 TO ‑2)

ARTICLES (LN OUTSHARE,‑2 TO ‑4) LN Y(‑2 TO ‑4) ARTICLE(‑1 TO ‑2) RIR(‑2 TO ‑4) RER(‑1 TO ‑2) 
FIXCAP(‑1 TO ‑3)

RESEARCHERS (LN OUTSHARE,‑2 TO ‑3) RER(‑3) FIXCAP(‑2) TRADEBAL(‑1) RESEARCHERS(‑1)

TECHNICIANS (LN OUTSHARE,‑4 TO ‑5) RER(‑5) RIR(‑3) R&D(‑4) FIXCAP(‑4 TO ‑6)

INES (LN OUTSHARE,‑2 TO ‑4) RER(‑3) LN Y(‑2) INES(‑1)

Dependent variable: LN EMPSHARE

BASELINE (LN EMPSHARE,‑2 TO ‑4) LN Y(‑1 TO ‑4) RER(‑1 TO ‑4) TRADE‑
BAL(‑1 TO ‑2)

R&D (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑2) TRADEBAL(‑1 TO ‑4) 
RER(‑1 TO ‑4) RIR(‑1 TO ‑4) R&D(‑1)

INCENG (LN EMPSHARE,‑2 TO ‑3) RER(‑1 TO ‑5) RIR(‑2 TO ‑5) TRADEBAL(‑1 
TO ‑4)

INDOUT (LN EMPSHARE,‑2 TO ‑3) RER(‑1 TO ‑4) TRADEBAL(‑1 TO ‑4) RIR(‑1 
TO ‑3)

TRADEMARK (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑4) LN  Y2(‑1 TO ‑3) RER(‑1 TO 
‑4) TRADEMARK(‑1 TO ‑3) RIR(‑1 TO ‑4)

PATENTS (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑2) LN  Y2(‑1 TO ‑3) RER(‑1 TO 
‑3) PATENTS(‑1 TO ‑2)

ARTICLES (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑4) ARTICLE(‑1 TO ‑2) RIR(‑2 
TO ‑4) RER(‑1 TO ‑2) FIXCAP(‑1 TO ‑3)

RESEARCHERS (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑3) RER(‑1 TO ‑4) R&D(‑1) 
INES(‑1)

TECHNICIANS (LN EMPSHARE,‑2 TO‑3) RER(‑1 TO ‑4) FIXCAP(‑2) RIR(‑5) R&D(‑4)

INES (LN EMPSHARE,‑3 TO ‑5) LN Y(‑5) RIR(‑1 TO ‑4) RER(‑1 TO ‑3) 
INES(‑1) LN OUTSHARE(‑2 TO ‑4)

Dependent variable: H_TECH_EXP

BASELINE (H_TECH_EXP,‑2 TO ‑4) RER(‑1 TO ‑4) RIR(‑1 TO ‑5)

R&D (H_TECH_EXP,‑2 TO ‑3) RER(‑2 TO ‑5) RIR(‑1 TO ‑5) FIXCAP(‑1) 
ARTICLE(‑4)

INCENG (H_TECH_EXP,‑2 TO ‑3) RER(‑1 TO ‑3) RIR(‑1) LN OUTSHARE(‑1) 
TRADEBAL(‑2)

INDOUT (H_TECH_EXP,‑3 TO ‑4) RER(‑1 TO ‑2) RIR(‑1 TO ‑4) FIXCAP(‑1 
TO ‑4) INDOUT(‑1)

TRADEMARK (H_TECH_EXP,‑3 TO ‑4) RER(‑1 TO ‑5) RIR(‑2 TO ‑5) FIXCAP(‑1 
TO ‑4) TRADEMARK(‑1)

PATENTS (H_TECH_EXP,‑4 TO—5) RIR(‑3 TO ‑4) TRADEBAL(‑4 TO ‑4) 
RER(‑2 TO ‑4) LN  Y2(‑1)

ARTICLES (H_TECH_EXP,‑2 TO ‑5) ARTICLE(‑1 TO ‑4) RIR(‑4) RER(‑1 TO ‑2) 
FIXCAP(‑1 TO ‑3)

RESEARCHERS (H_TECH_EXP,‑4) RER(‑1 TO ‑4) RIR(‑1 TO ‑4) TRADEBAL(‑1 
TO ‑2) INDOUT(‑1 TO ‑2) R&D(‑1 TO ‑2) LN OUTSHARE(‑2) 
FIXCAP(‑1 TO ‑4)

TECHNICIANS (H_TECH_EXP,‑4) RER(‑1 TO ‑4) INDOUT(‑1 TO ‑2) R&D(‑2) 
RIR(‑1 TO ‑4) FIXCAP(‑2 TO ‑5) LN OUTSHARE(‑4)

INES (H_TECH_EXP,‑3 TO ‑5) LN OUTSHARE(‑3 TO ‑5) LN Y(‑2 TO ‑5) 
RER(‑1 TO ‑4)
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Table 17 List of instruments used in the estimations in Tables 4, 5 and 6

Dependent variable: LN 
OUTSHARE

BASELINE (LN OUTSHARE,‑2 TO ‑4) LN Y(‑1 TO ‑2) LN  Y2(‑1 TO ‑3) TRADEBAL(‑1 TO ‑2) 
RER(‑1 TO ‑3) RIR(‑1 TO ‑3)

R&D (LN_OUTSHARE,‑2 TO ‑3) R&D(‑4) RER(‑1) TRADEBAL(‑2) FIXCAP(‑4) LN  Y2(‑1 
TO ‑5) LN Y(‑1 TO ‑2)

INCENG (LN OUTSHARE,‑2 TO ‑3) RER(‑1 TO ‑2) LN Y(‑1 TO ‑4) TRADEBAL(‑1)

INDOUT (LN OUTSHARE,‑2 TO ‑3) RER(‑1 TO ‑4) RIR(‑1)

TRADEMARK (LN OUTSHARE,‑2, TO 4) TRADEMARK(‑1 TO ‑4) RER(‑1) FIXCAP(‑2) LN Y(‑1)

PATENTS (LN OUTSHARE,‑3 TO ‑4) LN Y(‑1 TO ‑5) LN  Y2(‑2 TO ‑5) TRADEBAL(‑4 TO ‑5) 
RER(‑1 TO ‑5) PATENTS(‑1 TO ‑3) RIR(‑2) FIXCAP(‑1 TO ‑3)

ARTICLES (LN OUTSHARE,‑2 TO‑5) LN Y(‑1 TO ‑2) TRADEBAL(‑2 TO ‑5) RIR(‑2 TO ‑3) 
ARTICLE(‑2 TO ‑4) RER(‑1)

RESEARCHERS (LN OUTSHARE,‑2 TO ‑3) RER(‑1) FIXCAP(‑3) TRADEBAL(‑1) RESEARCHERS(‑1)

TECHNICIANS (LN OUTSHARE,‑3 TO ‑4) R&D(‑4) FIXCAP(‑3 TO ‑4) RER(‑5)

INES (LN OUTSHARE,‑3 TO ‑5) RER(‑3) LN Y(‑3) INES(‑1) TRADEBAL(‑1)

Dependent variable: LN EMPSHARE

BASELINE (LN EMPSHARE,‑2 TO ‑4) LN Y(‑1 TO ‑4) RER(‑1 TO ‑4) 
TRADEBAL(‑1 TO ‑2)

R&D (LN EMPSHARE,‑3 TO ‑4) RER(‑1 TO ‑5) R&D(‑4) LN Y(‑2 TO 
‑4) TRADEBAL(‑1 TO ‑5) RIR(‑1 TO ‑4) LN  Y2(‑4)

INCENG (LN EMPSHARE,‑2 TO‑3) RER(‑3 TO ‑4) RIR(‑2 TO ‑5) 
TRADEBAL(‑1 TO ‑5)

INDOUT (LN EMPSHARE,‑2 TO ‑3) RER(‑1 TO ‑4) TRADEBAL(‑1 TO 
‑4) RIR(‑1 TO ‑4)

TRADEMARK (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑4) LN  Y2(‑2 TO ‑5) 
RER(‑1 TO ‑4) TRADEMARK(‑1 TO ‑3) RIR(‑2 TO ‑5)

PATENTS (LN EMPSHARE,‑3 TO‑5) LN Y(‑1 TO ‑2) TRADEBAL(‑1) 
RER(‑1) LN  Y2(‑1)

ARTICLES (LN EMPSHARE,‑2 TO ‑5) LN Y(‑2 TO ‑5) RIR(‑5) TRADE‑
BAL(‑2 TO ‑3) LN  Y2(‑5) RER(‑1)

RESEARCHERS (LN EMPSHARE,‑2 TO ‑3) LN Y(‑1 TO ‑3) RER(‑1 TO ‑4) 
R&D(‑1) INES(‑1)

TECHNICIANS (LN EMPSHARE,‑4 TO‑5) LN Y(‑1) LN  Y2(‑4) RER(‑1 TO ‑3) 
RIR(‑5) R&D(‑4)

INES (LN EMPSHARE,‑4 TO ‑5) LN Y(‑4 TO ‑5) RIR(‑1 TO ‑4) 
RER(‑1 TO ‑5) INES(‑1) LN  Y2(‑3 TO ‑5) FIXCAP(‑1)

Dependent variable: H_TECH_EXP

BASELINE (H_TECH_EXP,‑2 TO ‑4) RER(‑1 TO ‑4) RIR(‑1 TO ‑5)

R&D (H_TECH_EXP,‑3) LN Y(‑1 TO ‑3) RIR(‑2 TO ‑6) RER(‑1 TO 
‑6) INDOUT(‑4) TRADEBAL(‑4 TO ‑6) LN  Y2(‑3)

INCENG (H_TECH_EXP,‑4) LN  Y2(‑4) RIR(‑1) RER(‑1) LN Y(‑2 TO ‑3) 
TRADEBAL(‑1 TO ‑4)

INDOUT (H_TECH_EXP,‑4 TO ‑6) RER(‑4) RIR(‑4)

TRADEMARK (H_TECH_EXP,‑3) RER(‑4 TO ‑5) RIR(‑2 TO ‑4) FIXCAP(‑1 TO 
‑5) LN  Y2(‑3 TO ‑5) LN Y(‑1 TO ‑2) TRADEBAL(‑4 TO ‑5)

PATENTS (H_TECH_EXP,‑4 TO ‑5) RIR(‑2 TO ‑5) RER(‑1 TO ‑5) PAT‑
ENTS(‑5) LN Y(‑4 TO ‑5)

ARTICLES (H_TECH_EXP,‑4 TO‑5) RIR(‑1 TO ‑3) RER(‑2 TO ‑6) IND‑
OUT(‑1) ARTICLE(‑1) TRADEBAL(‑3) LN  Y2(‑1) FIXCAP(‑4)

RESEARCHERS (H_TECH_EXP,‑4) RESEARCHERS(‑1) RIR(‑3 TO ‑3) IND‑
OUT(‑1) RER(‑1) LN Y(‑1 TO ‑4)

TECHNICIANS (H_TECH_EXP,‑3 TO ‑4) INDOUT(‑1) R&D(‑2) RER(‑2 TO ‑5)

INES (H_TECH_EXP,‑3 TO ‑5) LN OUTSHARE(‑4 TO ‑5) LN Y(‑2 
TO ‑5) RER(‑1 TO ‑4)
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