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Abstract
This paper investigates whether inflows of FDI and innovative activities act as a channel 
of knowledge spillovers in  improving quality of countries’ output. In measuring export 
quality, sophistication of  a  country’s export basket is utilized. Utilizing panel data 
of countries for the period 2002–2015 and applying GMM methodology, the results indicate 
that the  level of  financial development, the quality of human capital and globalization 
of a country have a determinant role on the relation between knowledge spillover channels 
and the quality of exports. Patent applications generally positively affect sophistication 
of exports. FDI serves as a channel for knowledge spillovers to benefit the sophistication 
level of exports only for developed, more educated, financially developed and globalized 
countries.
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1.	 Introduction

With globalization and the  revolutionary developments in  information technologies, 
the knowledge capital has become an important factor for triggering economic develop- 
ment. Countries with higher knowledge accumulation have the ability to produce more 
specialized and qualified products using advanced technologies. Accordingly, in the last 
two decades the world has witnessed an increasing interest in the exchange and diffusion 
of knowledge among countries, namely knowledge spillovers.

*	 This paper is based on the Seren Ozsoy’s Master’s Thesis, TOBB University of Economics and 
Technology, 2018.

a	 Sakarya University, Sakarya Business School, Sakarya, Turkey
b 	 School of Economics and Administrative Sciences, TOBB ETU, Ankara, Turkey
c 	 University of Sakarya Applied Science, School of Applied Sciences, Sakarya, Turkey
	 Email: serenozsoy@sakarya.edu.tr, bfazlioglu@etu.edu.tr, sinanesen@sakarya.edu.tr

https://orcid.org/0000-0001-6642-7195
https://orcid.org/0000-0003-0523-5450
http://orcid.org/0000-0003-3582-7641


Prague Economic Papers, 2021, 30 (2), 216–244, https://doi.org/10.18267/j.pep.755 217

Among the channels creating knowledge spillovers, foreign direct investment (FDI) 
has received a special attention in the relevant literature (Liu, 2008; Newman et al., 2015). 
By means of FDI, multinational fi rms bring expertise, management skills and fi nancial 
resources to domestic fi rms and provide access to frontier technologies (Findlay, 1978). 
On the other hand, the relevant literature highlights the importance of innovation activities 
in increasing knowledge spillovers (Coe and Helpman, 1995; Jaff e and Trajtenberg, 
1999; Fracasso and Marzetti, 2015). Through inputs and outputs of innovation (such as 
R&D, patents, product innovation, etc.), knowledge capital can be generated (Zhu and 
Fu, 2013), both increasing existing knowledge stock and yielding knowledge diversity. 
Besides, the presence of FDI may further generate stronger R&D spillovers and an increase 
in patent applications. In fact, as Fajgelbaum et al. (2015) claim, the home market can be 
a determinant of comparative advantage in producing certain types of products which, 
in conjunction with a non-homothetic structure of demand (e.g., Jaimovich and Merella, 
2012), would induce multinational fi rms to produce the most successful goods among those 
products in the location where comparative advantage exists. This provides scope for FDI 
and hence higher R&D investment and patent applications. 

A noticeable body of literature focuses on knowledge spillover gains from FDI and 
innovation in economic performance of host countries in terms of growth or productivity 
(Borensztein et al., 1998; Liu, 2008; Liang, 2017). The evidence of FDI on knowledge 
spillovers is mixed, presenting negative and insignifi cant eff ects due to the competition eff ect 
on domestic fi rms (see, e.g., Haddad and Harrison 1993; Liu, 2008) along with positive eff ects 
(see Chuang and Lin, 1999; Lee, 2006) due to transfer of advanced technologies. On the other 
hand, the impact of innovation is generally found to be positive (Jaff e and Trajtenberg, 1999; 
Meo and Usmani, 2014). Thus far, limited eff ort has been spent on how FDI and innovation 
aff ect the exporting activity of countries. This is contrary to the fact that interacting with 
multinationals and investing into innovation may aff ect the export performance of countries 
by contributing to capital savings, increasing production capacity of the domestic country 
and bringing about technology diff usion and managerial know-how so that countries export 
more to existing foreign markets, enter new export markets, start to export new products and 
export better-quality products. Among several export performance indicators, there exists 
an even more limited number of studies providing evidence on the role of FDI and innovation 
in increasing countries’ export quality. Motivated by these facts, the purpose of this study is 
to empirically investigate whether FDI and patent applications act as a channel of knowledge 
spillovers in improving the quality of exports in host countries1. 

1 Changes in demand (supply) patterns as the importer’s (exporter’s) GDP rises affect export quality 
due to non-homothetic preferences. There exists an important body of literature focusing on the effects 
of foreign market GDP patterns on determining the quality of exports (see Picard and Tampieri, 2016).  



Prague Economic Papers, 2021, 30 (2), 216–244, https://doi.org/10.18267/j.pep.755218

We specifi cally test whether FDI and patent applications increase sophistication of ex-
port baskets of host economies. Quality of exports is proxied by sophistication of export 
baskets as this index refl ects the idea that some products need more expertise and capa-
bilities than others so that they are more sophisticated (Hausmann et al., 2007; Hidalgo and 
Hausmann, 2009)2. Countries with higher capabilities and expertise specialize in sophis-
ticated goods and these capabilities cannot be defi ned a priori, but can be inferred from 
the network of countries and the products they export (Hausmann et al., 2007; Hidalgo et al., 
2007, Hidalgo and Hausmann, 2009; Hausmann et al., 2014). Recent literature has shown 
that an increase in the “sophistication” of a country’s export basket is found to be a key 
component of economic growth (Minondo, 2010; Jarreau and Poncet, 2012).

Such an analysis contributes to the limited literature on the impact of knowledge 
spillovers from FDI and innovation activities on countries’ export quality in many ways. 
With regards to the FDI-export quality literature, very few studies focus on export 
sophistication. Among them, Xu and Lu (2009) is one of the exceptions analysing 
the eff ect of FDI on export sophistication. However, in contrast with our study – which 
examines a panel of countries – they focus on China’s manufacturing industries. Similar 
to our approach, Iwamoto and Nabeshima (2012) and Zhu and Fu (2013) investigate 
the impact of FDI on export sophistication of host countries utilizing a dynamic panel 
data model. We diff er from these studies by controlling for other potential knowledge 
spillover channels such as innovative activities. In particular, unlike the relevant literature, 
our study is the fi rst to measure the impact of FDI and patent applications within the same 
model. In terms of patents-export quality literature, there exist studies analysing the role 
of R&D spillovers (Leon-Ledesma, 2005; Zhu and Fu, 2013; Yu and Hu, 2015) and 
patent applications (Blind and Jungmittag, 2006; Ivus, 2010) on export quality. However, 
these studies either utilize R&D as an innovation indicator (Leon-Ledesma, 2005; Zhu 
and Fu, 2013; Yu and Hu, 2015) or export intensity (Leon-Ledesma, 2005; Blind and 
Jungmittag, 2006) or technology of exports (Ivus, 2010) as an export performance 
indicator. To the best of our knowledge, this study is the fi rst to analyse the impact 
of patent applications on export sophistication of countries. Finally, with a novel 
approach we contribute by analysing the role of absorptive capacity of host countries 
in terms of fi nancial development, human capital and globalization level in governing 
this relationship. 

The direction and magnitude of the impact of knowledge spillovers on exporting 
activity of host countries may depend on their absorptive capacity (Cohen and Levinthal, 

2 There exist others measures of export quality such as higher and lower-quality exports under vertical 
and horizontal differentiation (for details, see Picard and Tampieri, 2016; Jaimovich and Merella, 2015)
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1990; Liang, 2017). Thus, we further investigate whether countries’ education, fi nancial 
development and globalization levels have a determinant role on the relationship between 
knowledge spillover channels and sophistication of exports. To do so, we construct 
a rich panel data set with 113 countries, which comprise both developed and developing 
countries for the period 2002–2015. To control for potential endogeneity between 
knowledge spillover channels and export sophistication and govern the dynamic nature 
of the problem, we utilize the Generalized Method of Moments (GMM) dynamic 
panel estimator developed by Arellano and Bond (1991). The GMM is an appropriate 
methodology when there are high correlations between main independent and dependent 
variables (Iwamoto and Nabeshima, 2012; Leitao, 2012; Zhu and Fu, 2013).

We conceptualize that the higher the absorptive capacity of a country the more 
it can benefi t from knowledge spillovers. First, we question whether there are any 
systematic diff erences in the impact of spillovers on sophistication of exports between 
developed and developing countries. The impact of FDI and patent applications is 
expected to be smaller in developing countries with respect to developed ones due 
to “threshold externalities”. In addition, developing countries have to reach a certain 
level of education, technology and infrastructure before taking advantage of foreign 
investments (OECD, 2001).

Next, we investigate whether the relationship between FDI, patents and sophis-
tication diff ers with respect to countries’ fi nancial development level. Previous studies 
reveal that the infl uence of FDI on countries with well-developed fi nancial markets is 
positively signifi cant; otherwise, it is unclear (see, e.g., Hermes and Lensink, 2003; 
Alfaro et al., 2010). Financial development enhances the role of FDI and patents 
in spurring technological progress and sophistication of exports. Via fi nancial develop-
ment, countries’ absorptive capacity increases as they reduce the costs of fi nding fi nancial 
resources, ease access to fi nance (Rajan and Zingales, 1998) and promote accumulation 
of capital by reducing moral hazard and adverse selection. Financial development also 
facilitates accumulation of new ideas (Ang, 2011). Furthermore, fi nancial development 
is empirically shown to be one of the determinants of export sophistication (Huang and 
Chen, 2014; Yu and Hu, 2015).

Besides, we examine the role of countries’ educational level on the relevant 
relation-ships. The benefi ts of advanced technological knowledge can only be realized 
after a certain level of educational attainment (Borensztein et al., 1998). Put diff erently, 
without educated human capital, new advanced knowledge owing to FDI and patent 
applications cannot be used to produce sophisticated products. Furthermore, a small 
number of studies reveal the positive impact of education on export sophistication 
(Anand et al., 2012; Zhu and Fu, 2013).



Prague Economic Papers, 2021, 30 (2), 216–244, https://doi.org/10.18267/j.pep.755220

Finally, we also hypothesize that knowledge spillovers stemming from FDI or pa-
tent applications can improve quality of exports more in globalized countries than the others. 
With globalization, integration of societies and economies facilitates the stream of knowledge 
and technological diff usion across national borders (Grossman and Helpman, 2015). Thus, 
further knowledge accumulated due to FDI and patent applications can encourage inventing 
sophisticated products and improving existing products by increasing effi  ciency in economic 
activities. Also, globalization is closely related to growth of international trade in goods 
and services and growth of foreign direct investment (Chang et al., 2010; Leitao, 2012). 
At the same time, globalization can further stimulate innovation by leveraging economies 
of scale. The ability to benefi t from prices on integrated markets can be cost-eff ective 
for innovations (Grossman and Helpman, 2015). In these respects, globalization also seems 
to be related to the number of patent applications, as likely is FDI.

2. Data and Methodology

The aim of this paper is to investigate the impact of knowledge spillovers on quality of export 
baskets. For this reason, the value of sophistication of exports is chosen to proxy the quality 
of exports. In our model, we use the sophistication index as our dependent variable. This 
index refl ects the idea that some products need more expertise and capabilities than others 
so that they are more sophisticated (Hausmann et al., 2007; Hidalgo and Hausmann, 
2009). Countries with higher capabilities and expertise specialize in sophisticated goods 
and these capabilities cannot be defi ned a priori, but can be inferred from the network 
of countries and the products they export. More formally, to defi ne this sophistication 
index, Hausmann et al. (2007) fi rst measure the sophistication level of each product with 
an index called PRODY. Specifi cally, when m is the index of countries and n is the index 
of goods, the total export of the country m (Xm) can be written as:

m mn
n

X x  . (1)

The productivity level related to the product s, PRODYs, is represented as:

 /
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where Ym is the per-capita GDP of the country m. Here, xms /Xm shows the value-share 
of goods in the country’s export basket. Also, Σm(xms /Xm) sums up the value share of all 
exporting countries. Therefore, PRODYs indicates “a weighted average per capita GDPs, 
where the weights correspond to the Revealed Comparative Advantage (RCA) of each 
country in the good s”. 
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Also, the productivity level related to the country c’s export basket, EXPYc, i.e., 
the sophistication level of exports of countries, is described by

cn
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n c
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X
 

  
 

 . (3)

EXPYc is “the weighted average of the PRODYn for that country, where the weights are 
simply the value shares of the products in the country’s total exports” (Hausmann, 2007).

In our analysis, FDI and patent applications are the key knowledge spillover variables. 
In addition, to control for other factors that contribute to quality of exports, our estimation 
model comprises a set of conditioning variables such as GDP, savings and population. 
Additional control variables such as GDP defl ator, regulatory quality and political stability 
indicators are added for robustness checks.

Besides, we investigate whether the impact of knowledge spillovers diff erentiates 
with respect to host countries’ fi nancial development, education and globalization levels. 
We proxy countries’ fi nancial development level with “domestic credit to private sector”, 
education level with “enrolment in tertiary education”, and globalization level with 
“the KOF Index of Globalization”. To create diff erent threshold levels, we use mean 
values of our proxies in a certain year. Using these thresholds, we create three dummy 
variables for fi nancial development, education and globalization levels respectively. 
The relevant dummies are equal to 1 when the actual value of the variable is higher than 
its mean (or median) in a certain year, and 0 otherwise. In other words, these dummies 
take 1 if  a country is more fi nancially developed (or educated, or globalized) with respect 
to others and 0 otherwise. 

To examine the regarding relationship, we draw a panel data set of 113 countries, 
which includes both developed and developing countries classifi ed by the United Nations 
(UN), for the period 2002–2015. The following table presents the list of variables used 
in the analysis.
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Table 1: List of variables

Dependent Variable

Variable Name Description Source

Sophex Logarithm of Export Sophistication World Bank: The World Integrated Trade 
Solutions Database (WITS)

Knowledge Spillover Variables

Variable Name Description Source

Patent
Logarithm of Number of Patent 
Application (per million people)

World Bank: World Development 
Indicators

FDI Logarithm of the ratio of FDI to GDP

Conditioning Variables Set

Variable Name Description Source

GDP Logarithm of GDP Per Capita World Bank: The World Integrated Trade 
Solutions Database (WITS) 

Law Rule of Law Index

World Bank: The Worldwide Governance 
IndicatorsRegulatory Regulatory Quality Index

Stability Political Stability Index

Saving
Logarithm of Ratio of Gross Saving 
to GDP World Bank: World Development 

Indicators
Population Logarithm of Population 

Credit
Domestic Credit to Private Sector (% 
of GDP)

World Bank: Global Financial 
Development Database (GFDD)Liquid Liquid liabilities to GDP (%)

Private
Private credit by deposit money 
banks to GDP (%)

Tertiary
Enrolment in tertiary education 
(number) (per people)

UIS (UNESCO Institute for Statistics): 
World Education Indicators

Secondary
Secondary School Gross Enrolment 
Ratio % of Relevant Age Group

UIS (UNESCO Institute for Statistics): 
World Education Indicators

Globalization Globalization Index KOF Swiss Economic Institute

EconGlob Economic Globalization Index KOF Swiss Economic Institute

Source: Prepared by authors.
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As the relationship between knowledge spillovers and exports is dynamic in nature, 
we apply a dynamic specifi cation3. Accordingly, the estimation equation involving the lag 
of the dependent variable is expressed as:

'
, 1it i t it itY Y ßX U    , (4)

it i itU u  .

where Yit is the sophistication of export in the country i and the year t, Xi tʹ  is a vector 
of knowledge spillover indicators and conditioning variables and Uit is an i.i.d. error term. 
Equation (1) represents a standard dynamic panel data specifi cation. In such a specifi cation, 
the presence of the lagged values   of the dependent variable among the explanatory 
variables requires careful selection of the estimation methodology. Since the dependent 
variable  is associated with the error term “Uit” containing individual eff ects “μi” and Yi,t–1 
is also associated with error terms, the standard predictors as in ordinary least-squares 
(OLS) methodology give inconsistent and biased results. Also, country-specifi c eff ects 
cause the OLS estimator to be biased. In this case, the assumption of uncorrelated error 
terms and explanatory variables becomes invalid. A fi xed-eff ects estimator which removes 
country-specifi c eff ects cannot be used as an alternative since the inclusion of a lagged 
dependent variable will still create a bias. In order to prevent this, Generalized Method 
of Moments (GMM) estimators are often used (Bond, 2002). We use Arellano and Bond’s 
(1991) diff erence GMM estimator. The Arellano-Bond GMM estimator is designed 
for panels with short time series, models with dynamic processes and non-exogenous state 
of variables (Roodman, 2006). Under these conditions, the GMM estimator is the most 
appropriate method for the analysis in question.

The consistency of the GMM estimator depends on two basic tests. The fi rst is 
the Arellano-Bond test (AB test), which tests for serial correlation in fi rst-diff erenced 
errors. GMM estimator does not allow any autocorrelation in the idiosyncratic errors. 
The second is the Sargan (1958) J-test, which tests for over-identifying restrictions.

3. Estimation Results

To begin with, the link between export sophistication and knowledge spillover variables 
in terms of patents and FDI is investigated in Equation (4) as follows:

, , 1 1 , 1 2 , 1 3 , 2i t i t i t i t i t itSophex Sophex Patent FDI FDI Controls               ,  (5)

where the subscript i denotes countries and t represents years. As mentioned in the data 
section, the dependent variable measures the logarithm of the export sophistication index 

3 Besides, “the inclusion of the lagged dependent variable is merited by the fact that its introduction 
can also serve as a proxy for the unobserved serially correlated state variables” (Kostevc, 2005).
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of the country i at the time t. To avoid endogeneity and to observe the impact of time 
delays in creation of spillovers, we use lags of knowledge spillover variables. Knowledge 
is accumulated in the course of time; hence, spillover eff ects on exports may take 
time. In the literature, there is no consensus on how to decide the optimal lag selection 
in the context of knowledge spillovers. Although there is little theoretical guidance 
relating to the appropriate time period for absorption of new ideas, two-year lagged FDI 
(Zhang, cited in Zhang and Qingsong 2019) or fi ve-year lagged FDI (Kemeny, 2010; 
Iwamoto and Nabeshima, 2012) are generally used. However, a fairly new study shows 
that the appropriate time lag of FDI spillover changes (see Zhang and Qingsong, 2019). 
Moreover, in terms of patent applications, a one-year lag is often used (Chang et al., 
2010). In order to estimate a valid model, we use the fi rst and second lags of the FDI 
indicator and the fi rst lag of the patent variable, respectively.

To measure the eff ects of FDI and patent applications on sophistication level 
of countries’ exports, we fi rst run the regressions on the whole sample. In Table 2, the fi rst 
column indicates the results where a patent is used as the only knowledge spillover variable, 
while Column 2 shows the relevant results for FDI. Column 3 presents the results where 
both patent applications and FDI are used together as knowledge spillover variables. As seen 
from the table, patent applications are found to have a positively signifi cant eff ect on export 
sophistication and this result does not change even after controlling for FDI. However, 
FDI does not seem to have any signifi cant eff ect on export sophistication. The negative 
competition eff ects of FDI may balance out the productivity and knowledge benefi ts when 
countries are taken as a whole. To summarize, our results suggest that patent applications 
which may create knowledge spillovers positively impact on the export sophistication 
of countries. However, FDI may not bring about any improvements in export sophistication. 

Now, we attest whether the impacts of FDI and patent applications vary with respect 
to countries’ development level. Particularly, we question whether there are any systematic 
diff erences in the impact of FDI and patents on sophistication of exports between developed 
and developing countries. Since we are interested in studying cross-country variations 
in the effi  ciency of knowledge spillovers, we divide our sample into sub-samples of developed 
and developing countries. In order to investigate this question, the benchmarking regression 
is run separately for the two sub-samples. The results of these estimations are reported 
in Table 2, where Column 4 indicates the results for developed countries, while Column 5
shows the estimation outcomes for developing countries. The results indicate that patent 
applications positively impact on export sophistication in both developed and developing 
countries. Unlike patents, the impact of FDI varies among countries. The coeffi  cient 
of FDI is positively signifi cant for developed countries, whereas it is negatively signifi cant 
for developing ones. These results suggest that FDI serves as a channel for knowledge 
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spillovers to benefi t the sophistication level of exports only for developed countries, as 
mentioned in OECD (2001). This paradoxical result can be attributed to the worse investment 
climate conditions and government policies in developing countries.

Table 2: GMM estimates on sophistication of exports for all, developed and 

developing countries

 

 

(1) (2) (3) (4) (5)

All All All Developed Developing

L.Sophex
−0.1230** −0.1610 −0.0928       0.4470*** −0.0224
(0.0565) (0.2010) (0.0698) (0.1190) (0.1180)

L.GDP
−0.0375 0.0750 −0.0370 0.0140 −0.0665
(0.0267) (0.0486) (0.0269) (0.0139) (0.0650)

L.Patent
     0.0270**

–
    0.0299**    0.0091*    0.0287*

(0.0119) (0.0118) (0.0051) (0.0147)

L.FDI –
0.00054 −0.0024 0.0014 −0.0118
(0.0035) (0.0038) (0.0009) (0.0098)

L2.FDI –
−0.0049 −0.0043      0.0032**  −0.0215*

(0.0039) (0.0036) (0.0013) (0.0118)

Law
 0.0525* 0.0327 0.0387 0.0121 0.0354
(0.0307) (0.0337) (0.0438) (0.0234) (0.0533)

Population
0.1960 0.0590 0.1720  −0.2150** 0.3420*

(0.1520) (0.107) (0.1550) (0.1020) (0.1900)

Saving
0.0204 0.0318* 0.0183     0.0155** 0.0285

(0.0136) (0.0189) (0.0139) (0.0070) (0.0245)

Constant
       7.8810***        9.4660***        7.9840***        8.7640*** 4.4860

(2.8480) (2.9480) (2.9820) (1.3890) (3.3860)

Observations 828 905 679 276 326

Number of id 88 105 86 32 44

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% 
and 10% level, respectively.

Source: Authors‘ calculations. Motivated by  the  idea that countries’ absorptive capacities for  new 
knowledge affect the  impact of knowledge spillovers (Cohen and Levinthal, 1990; Liang, 2017), we  in-
vestigate whether the relationship between FDI, patents and sophistication of exports differs with re-
spect to countries’ financial development, education and globalization levels. To do so, we create three 
different threshold levels with respect to the average of each indicator of absorptive capacity and create 
sub-samples of countries accordingly. We consider countries above these thresholds to be more deve-
loped than those below. Then we re-estimate the benchmarking regressions for the groups of more de-
veloped and less developed countries in terms of finance, education and globalization. The results are 
presented in Table 3.
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First, to proxy a country’s fi nancial development level, we utilize “credit to private 
sector as a percentage of GDP” indicator and divide our sample into two sub-groups: “more 
fi nancially developed” versus “less fi nancially developed” countries. In Table 3, the fi rst two 
columns represent the output of the relevant estimations. The coeffi  cient of patents continues 
to be positively signifi cant for all countries, yet the signs of the coeffi  cient of FDI vary 
according to the fi nancial development level. In more fi nancially developed countries, FDI is 
found to contribute to export sophistication, whereas in less fi nancially developed countries 
it does not appear to contribute at all. The results may indicate that positive spillovers from 
FDI arise when the country has developed fi nancial markets. We also conduct two alternative 
models to control for the robustness of the estimations where we utilize two diff erent fi nancial 
development indicators: “liquid liabilities” and “private credit by deposit money banks”. All 
of these models yield similar outcomes. Table 4 presents the estimated results. The impact 
of FDI and patents on export sophistication is robust across other fi nancial development 
indicators.

Next, following Borensztein et al. (1998), we investigate the role of education 
on the association between knowledge spillover channels and export sophistication. We divide 
our sample into more educated and less-educated countries using the number of tertiary 
school enrolment as an indicator of human capital level. The countries above the average level 
of tertiary education for a given year are considered to be more educated, while the countries 
below are considered to be less educated. In Table 3, the fourth and fi fth columns present 
the estimated results for countries with higher and lower education levels, respectively. 
Contrary to the previous results, the coeffi  cients of patents are positively signifi cant only 
for more educated countries. In other words, in countries with lower educational attainment, 
an increase in the number of patents may not bring any improvements in sophistication level 
of exports. This result may stem from the following observation that the number of patents 
shows that the potential inventions in a country and new inventions lead to the emergence 
of new knowledge. However, due to the low levels of human capital, new knowledge 
may not be used effi  ciently to promote the quality of exports in terms of sophistication. 
Similarly, the impact of FDI on export sophistication depends on countries’ education 
level. It is obviously seen that the coeffi  cient of FDI is positive and statistically signifi cant 
only for more educated countries. As mentioned before, in the absence of educated human 
capital, new advanced knowledge sourced by FDI cannot be used to produce sophisticated 
products and export them. To control for the robustness of the estimation results, we conduct 
an alternative model using a diff erent education level indicator: “secondary school gross 
enrolment ratio”. Patent applications are positive and statistically signifi cant for both groups. 
However, the coeffi  cients of FDI become insignifi cant in some of the estimations. This may 
stem from the observation that secondary school enrolment is more common than tertiary 
school enrolment.
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Table 3: GMM estimates on sophistication of exports according to absorptive capacity 

of countries in terms of countries’ financial development, education and globalization 

level

  (1) (2) (3) (4) (5) (6)

More 

Financially 

Developed

Less 

Financially 

Developed

More 

Educated

Less 

Educated
More 

Globalized

Less 

Globalized

L.Sophex
0.3250* −0.0803 0.4340*** −0.1190 0.2800*** −0.0569

(0.1680) (0.1200) (0.0794) (0.0886) (0.1040) (0.1250)

L.GDP
−0.0141 −0.0427 −0.0172 −0.1100 −0.0180 −0.0639
(0.0219) (0.0352) (0.0143) (0.0673) (0.0246) (0.0577)

L.Patent
     0.0252**       0.0295***    0.0120** 0.0253     0.0121**     0.0277**

(0.0105) (0.0102) (0.0050) (0.0169) (0.0062) (0.0131)

L.FDI
0.0014 −0.0096 0.0016** −0.0049 0.0014 −0.0156

(0.0011) (0.0092) (0.0008) (0.0087) (0.0010) (0.0123)

L2.FDI
     0.0032**    −0.0188**      0.0038***  −0.0214*     0.0030**    −0.0344**

(0.0016) (0.0095) (0.0014) (0.0126) (0.0015) (0.0134)

Law
    0.0452** 0.0369 0.0312 0.0186 0.0341 0.0513

(0.0217) (0.0709) (0.0195) (0.1280) (0.0235) (0.0652)

Population
0.1510* 0.1660 −0.0489 0.3740 0.0929 0.4030

(0.0777) (0.2980) (0.0800) (0.4630) (0.0957) (0.2680)

Saving
    0.0164** 0.0295       0.0110*** 0.0482 0.0146** 0.0329

(0.0072) (0.0282) (0.0039) (0.0363) (0.0065) (0.0277)

Constant
   4.0530** 7.9150      6.4440*** 5.0600       5.6250*** 3.7000

(1.8010) (5.8380) (1.3870) (8.6200) (1.0370) (5.1460)

Observations 313 357 332 189 384 262

Number of id 42 53 50 35 50 41

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% 
and 10% level, respectively. 

Source: Authors‘ calculations.
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Table 4: GMM estimates on sophistication for sub-samples by financial development 

level with alternative indicators

  (1) (2) (3) (4) (5) (6)

Alternative

Financial 

development 

indicators

Liquid liabilities 

to GDP (%)

Private credit by 

deposit money banks 

to GDP (%)

Domestic Credit 

to Private Sector 

(% of GDP)

 

More 

Financially 

Developed

Less 

Financially 

Developed

More 

Financially 

Developed

Less 

Financially 

Developed

More 

Financially 

Developed

Less 

Financially 

Developed

L.Sophex
0.315* −0.0662 0.325* −0.0803 0.209 −0.0795

(0.169) (0.104) (0.168) (0.120) (0.170) (0.122)

L.GDP
0.00110 −0.0308 −0.0141 −0.0427 −0.0117 −0.0609

(0.0286) (0.0311) (0.0219) (0.0352) (0.0224) (0.0398)

L.Patent
    0.0247**      0.0254***     0.0252**      0.0295***     0.0320***      0.0287***

(0.0123) (0.00916) (0.0105) (0.0102) (0.0109) (0.0104)

L.FDI
0.00149 −0.00844 0.00143 −0.00964 0.000760 −0.00962

(0.00108) (0.00714) (0.00112) (0.00924) (0.00103) (0.00967)

L2.FDI

    0.00356**   −0.0167**      0.00321**  −0.0188**   0.00283* −0.0190*

(0.00163) (0.00825) (0.00157) (0.00945) (0.00158) (0.00979)

Law
0.0204 0.0474    0.0452** 0.0369    0.0470** 0.0391

(0.0199) (0.0583) (0.0217) (0.0709) (0.0229) (0.0681)

Population
0.172* 0.141 0.151* 0.166 0.147* 0.236

(0.0957) (0.252) (0.0777) (0.298) (0.0891) (0.283)

Saving
    0.0238*** 0.0220    0.0164** 0.0295    0.0158** 0.0301

(0.00449) (0.0214) (0.00719) (0.0282) (0.00619) (0.0285)

Constant
    3.627** 8.159*     4.053** 7.915       5.235*** 6.886

(1.801) (4.876) (1.801) (5.838) (1.938) (5.598)

Observations 313 357 336 332 346 333

Number of id 42 53 47 53 47 52

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 
5% and 10% level, respectively. 

Source: Authors‘ calculations.
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We further investigate the impact of countries’ globalization level on the relationship be-
tween knowledge spillover variables and export sophistication. For countries’ globaliza-
tion level, we use the KOF Index of Globalization, which refl ects countries’ globalization 
in terms of economic, social and political globalization (Potrafke, 2015). In order to meas-
ure the eff ect of globalization, we divide countries into two groups. The countries above 
the mean of the globalization level of a given year are considered to be more globalized, 
whereas the countries below the mean are considered to be less globalized. In Table 3, 
the last two columns show the results according to countries’ globalization level. The es-
timation results indicate that the impact of patents continues to be positively signifi cant. 
Note that the coeffi  cient of the patents variable in the less globalized countries is found 
to be larger than in the globalized economies. This result can be attributed to the fact that 
innovations are one of the main determinants of sophistication in less globalized countries. 
Moreover, the fi ndings show that globalization level is a key factor for the impact of FDI 
in host countries. In the more globalized countries, FDI has a positively signifi cant impact 
on the level of sophistication of exports; however, in the less globalized countries this 
impact turns negative. In line with the studies of Chang et al. (2010) and Leitao (2012), 
our results reveal that globalization is closely related to trade and FDI. Besides, utilizing 
the “economic globalization index” as a diff erent globalization level indicator, we esti-
mate an alternative model controlling for the robustness of the estimated results. The re-
sults are found to be robust across diff erent indicators of globalization level (see Table 5, 
Columns 5, 6, 7 and 8).
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Table 5: GMM estimates on sophistication of exports for sub-samples by countries’ 

education and globalization levelwith alternative indicators

Alternative 

indicators 

for education 

and globali-

zation

Enrolment in tertiary 

education (number) 

(per population)

Secondary School 

Gross Enrolment 

Ratio % of Relevant 

Age Group

Globalization 

Index

Economic 

Globalization 

Index

 

 

(1) (2) (3) (4) (5) (6) (7) (8)

More 

Educated

Less 

Educated

More 

Educated

Less 

Educated

More 

Globalized

Less 

Globalized

More 

Globalized

Less 

Globalized

L.Sophex

    0.434*** −0.119 0.254* −0.152 0.280*** −0.0569 0.172 −0.0176

(0.0794) (0.0886) (0.130) (0.162) (0.104) (0.125) (0.106) (0.135)

L.GDP
−0.0172 −0.110 −0.0314 0.0557 −0.0180 −0.0639 −0.0159 −0.0651

(0.0143) (0.0673) (0.0203) (0.115) (0.0246) (0.0577) (0.0215) (0.0614)

L.Patent
0.0120** 0.0253   0.0156*** 0.0410*   0.0121**    0.0277**    0.0180**  0.0251*

(0.00496) (0.0169) (0.00506) (0.0235) (0.00617) (0.0131) (0.00807) (0.0146)

L.FDI
0.00163** −0.00493 0.000472 −0.00793 0.00142 −0.0156 0.000671 −0.0112

(0.000825) (0.00867) (0.000991) (0.0109) (0.00101) (0.0123) (0.00102) (0.0109)

L2.FDI
0.00380*** −0.0214*   0.00287* −0.0186   0.00300** −0.0344**   0.00291* −0.0297**

(0.00137) (0.0126) (0.00151) (0.0125) (0.00146) (0.0134) (0.00155) (0.0124)

Law
0.0312 0.0186 0.0377* 0.0217 0.0341 0.0513 0.00857 0.0367

(0.0195) (0.128) (0.0221) (0.0887) (0.0235) (0.0652) (0.0270) (0.0671)

Population
−0.0489 0.374 −0.0110 −0.832 0.0929 0.403 0.0900 0.307

(0.0800) (0.463) (0.122) (0.582) (0.0957) (0.268) (0.109) (0.283)

Saving
   0.0110*** 0.0482 0.00564 0.0686   0.0146** 0.0329 0.0115* 0.0396

(0.00387) (0.0363) (0.00417) (0.0530) (0.00650) (0.0277) (0.00626) (0.0321)

Constant
     6.444*** 5.060      7.731*** 25.17**      5.625*** 3.700      6.746*** 4.861

(1.387) (8.620) (2.025) (11.61) (1.037) (5.146) (1.663) (5.766)

Observations 332 189 427 137 384 262 373 273

Number of id 50 35 58 29 50 41 52 43

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% 
and 10% level, respectively.

Source: Authors‘ calculations.
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 As a robustness check, we re-run all the regressions by adding additional control 
variables such as GDP defl ator, regulatory quality and political stability indicators. 
The estimated results from Tables 6-10 in the Appendix confi rm the robustness of our 
initial results. Moreover, to further examine the robustness of the estimations according 
to diff erent threshold levels, we repeated the same exercises with new threshold levels 
determined by median values. These results are also robust to the new threshold levels 
determined by the median values of fi nancial development, educational development 
and globalization level in a certain year. The results from the estimations are presented 
in Tables 11 12 and 13 in the Appendix.

Finally, we would like to note that in all of our regressions, patents seem to have 
greater and more signifi cant eff ect than FDI. This may indicate that intra-national spillovers 
seem to be more important than international spillovers.

4. Conclusion

This paper aims to explore the impact of knowledge spillovers due to FDI and patent 
applications on countries’ quality of exports. Following the seminal works of Hausmann 
et al. (2007) and Lall et al. (2006), we proxy quality of exports using the export sophis-
tication index. To examine the respective relationship, we conduct a panel data set of 113 
countries that includes both developed and developing countries between 2002 and 2015. 
The GMM dynamic panel estimator developed by Arellano and Bond (1991) is utilized 
in the estimations, which permits us to control for potential endogeneity between the main 
dependent variable and the independent variables.

The results suggest that knowledge spillovers due to FDI and patents contribute 
to sophistication of exports only when suffi  cient absorptive capacity is available in the host 
country. The main fi ndings in this paper show that patents seem to be a more infl uential 
channel than FDI in terms of contributing to the level of export sophistication. Specifi cally, 
patents can increase sophistication of exports for all countries; however, FDI can serve 
as a channel for knowledge spillovers to benefi t the sophistication level of exports only 
for developed countries. This paradoxical result may be attributed to the worse investment 
climate and government policies in developing countries. As reported in OECD (2001), 
the impact of FDI would be smaller in developing countries due to “threshold externalities” 
and developing countries must have reached a certain level of education, technology and 
infrastructure before taking advantage of foreign assets. 

Indeed, the results suggest that countries’ level of fi nancial development can aff ect 
the gains from FDIs in terms of exporting more sophisticated goods. While FDI in fi nan-
cially more developed countries increases export sophistication, it is not suffi  cient 
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to improve the sophistication level for less fi nancially developed countries. Notably, 
the education level also seems to be an important criterion in determining the impact 
of knowledge spillovers due to FDI. In societies where tertiary education levels are higher, 
it is more likely that both innovations and FDI increase export sophistication; however, 
there is no evidence of an impact for countries with lower education levels. Moreover, 
the fi ndings suggest that countries’ globalization level is an important factor for the eff ect 
of FDI in improving sophistication of exports. The more globalized countries are more 
likely to produce and export more sophisticated goods. However, in the less developed 
countries, increases in FDI do not appear to enhance export sophistication.

In this study, results should not be generalized in terms of the impact of knowledge 
spillovers on export sophistication as knowledge spillover channels are not limited to FDI 
and patent applications. Hence, future research can focus on other spillover channels. 
In addition, a fi rm-level analysis can provide clearer results for the relationship 
between FDI, patent applications and export sophistication. Besides, if possible, patent 
citation data can be used as an alternative knowledge spillover criterion since the eff ect 
of international knowledge spillover can be measured more clearly (see Jaff e and 
Trajtenberg, 1999). Finally, the complexity index developed by Hidalgo and Hausmann 
(2009), which shows how complex a country’s export basket is, can be used as another 
export quality indicator.
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Appendix

Table 6: GMM estimates on sophistication of exports for all countries: robustness check

  (1) (2) (3) (4) (5) (6)

L.Sophex
−0.0914 −0.0906 −0.0928 −0.0906 −0.0863 −0.0923
(0.0828) (0.0762) (0.0698) (0.0764) (0.0764) (0.0725)

L.GDP
0.00326 −0.0268 −0.0370 −0.0201 −0.0179 −0.0289
(0.0387) (0.0288) (0.0269) (0.0267) (0.0262) (0.0286)

L.Patent
     0.0303**       0.0302***     0.0299**       0.0303***       0.0304***        0.0304***

(0.0118) (0.0113) (0.0118) (0.0114) (0.0115) (0.0114)

L.FDI
−0.00318 −0.00283 −0.00244 −0.00276 −0.00292 −0.00304
(0.00337) (0.00366) (0.00384) (0.00353) (0.00363) (0.00377)

L2.FDI
−0.00475 −0.00476 −0.00430 −0.00474 −0.00490 −0.00477

(0.00344) (0.00357) (0.00364) (0.00353) (0.00357) (0.00350)

Saving
0.0179 0.0186 0.0183 0.0184 0.0182 0.0183

(0.0143) (0.0138) (0.0139) (0.0135) (0.0133) (0.0138)

Population – 0.151 0.172 0.141 0.129 0.151
(0.134) (0.155) (0.141) (0.146) (0.150)

Law – – 0.0387 – – –
(0.0438)

Regulatory – – – −0.0214 −0.0216 –
(0.0349) (0.0349)

Deflator – – – – 2.00e−05 5.75e−05
(0.000252) (0.000257)

Stability – – – – – 0.0104
(0.0190)

Constant
     10.49***       8.234***       7.984***      8.344***     8.478***    8.271***

(1.034) (2.736) (2.982) (2.844) (2.921) (2.887)

Observations 679 679 679 679 679 679

Number of id 86 86 86 86 86 86

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% 
and 10% level, respectively.

Source: Authors‘ calculations.



Table 7: GMM estimates on sophistication of exports for developed and developing countries: robustness check

 
 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

Developed Developing Developed Developing Developed Developing Developed Developing Developed Developing Developed Developing

L.Sophex
      0.559*** −0.0382       0.443*** −0.0463      0.447*** −0.0526       0.440*** −0.0467       0.438*** −0.0465       0.435*** −0.0559

(0.139) (0.125) (0.124) (0.104) (0.119) (0.0904) (0.122) (0.105) (0.124) (0.105) (0.125) (0.100)

L.GDP
0.00541 0.0226 0.0196 −0.0785* 0.0140 −0.0896** 0.0187 −0.0612 0.0181 −0.0583 0.0214  −0.0839**
(0.0215) (0.0471) (0.0184) (0.0416) (0.0139) (0.0395) (0.0187) (0.0395) (0.0189) (0.0392) (0.0190) (0.0424)

L.Patent
   0.00886**     0.0321**  0.00935*    0.0331** 0.00905*     0.0324** 0.00972* 0.0336** 0.00974*     0.0344** 0.00986*    0.0338**

(0.00442) (0.0147) (0.00492) (0.0131) (0.00511) (0.0140) (0.00508) (0.0135) (0.00527) (0.0137) (0.00510) (0.0134)

L.FDI
0.00124 −0.0100 0.00132 −0.00987 0.00142 −0.00919 0.00130 −0.00941 0.00134 −0.00975 0.00144 −0.00994

(0.000978) (0.00776) (0.00101) (0.00865) (0.000875) (0.00889) (0.000996) (0.00815) (0.000988) (0.00832) (0.000966) (0.00878)

L2.FDI
     0.00317** −0.0178**     0.00316**   −0.0199**    0.00320** −0.0185*    0.00314**  −0.0203**     0.00317**    −0.0206**     0.00328** −0.0194**

(0.00136) (0.00848) (0.00132) (0.00935) (0.00131) (0.00985) (0.00133) (0.00958) (0.00135) (0.00970) (0.00132) (0.00915)

Saving
      0.0300*** 0.0145     0.0170** 0.0162    0.0155** 0.0163    0.0170** 0.0157 0.0167 0.0158 0.0208* 0.0164

(0.00662) (0.0146) (0.00783) (0.0138) (0.00701) (0.0135) (0.00767) (0.0132) (0.0102) (0.0131) (0.0118) (0.0139)

Population – – −0.215** 0.417*** −0.215**       0.443*** −0.210**      0.389*** −0.212** 0.362** −0.208**      0.414***
(0.102) (0.147) (0.102) (0.163) (0.101) (0.142) (0.101) (0.146) (0.103) (0.158)

Law – – – – 0.0121 0.0457 – – – – – –
(0.0234) (0.0515)

Regulatory – – – – – – 0.00121 −0.0438 0.00118 −0.0453 – –
(0.00855) (0.0506) (0.00841) (0.0514)

Deflator – – – – – – – – −5.29e−05 −0.000303 −7.09e−05 −0.000216
(0.000421) (0.000248) (0.000434) (0.000236)

Stability – – – – – – – – – –
−0.00870 0.0184
(0.00712) (0.0192)

Constant
     4.186***       9.743***       8.756*** 3.595       8.764*** 3.320       8.722*** 3.923       8.768*** 4.351       8.687*** 3.793

(1.197) (1.421) (1.416) (2.763) (1.389) (3.021) (1.422) (2.795) (1.467) (2.926) (1.453) (2.938)

Observations 276 403 276 403 276 403 276 403 276 403 276 403

Number of id 32 54 32 54 32 54 32 54 32 54 32 54

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% and 10% level, respectively.
Source: Authors‘ calculations.
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Table 8: GMM estimates on sophistication of exports for more financially developed and less financially developed countries where 

financial development indicator is “Private credit by deposit money banks to GDP”: robustness check

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

L.Sophex
   0.363** −0.0783     0.328** −0.0793   0.325* −0.0803   0.315* −0.0828   0.327* −0.0804 0.336* −0.0845

(0.147) (0.135) (0.167) (0.130) (0.168) (0.120) (0.170) (0.131) (0.174) (0.132) (0.173) (0.126)

L.GDP 0.0356 −0.0123 −0.00535 −0.0305 −0.0141 −0.0427 −0.00890 −0.00245 −0.00764 −0.000911 −0.00379 −0.0445
(0.0357) (0.0634) (0.0241) (0.0433) (0.0219) (0.0352) (0.0231) (0.0374) (0.0233) (0.0373) (0.0246) (0.0440)

L.Patent      0.0231**        0.0308***       0.0241**       0.0302***      0.0252**       0.0295***      0.0244**      0.0310***     0.0242**        0.0315***     0.0240**        0.0303***

(0.0113) (0.00904) (0.0111) (0.00901) (0.0105) (0.0102) (0.0106) (0.00971) (0.0109) (0.0101) (0.0113) (0.00933)

L.FDI 0.00100 −0.0102 0.00139 −0.0103 0.00143 −0.00964 0.00140 −0.00988 0.00136 −0.00998 0.00132 −0.0102
(0.00119) (0.00869) (0.00106) (0.00894) (0.00112) (0.00924) (0.00103) (0.00845) (0.00101) (0.00846) (0.00104) (0.00912)

L2.FDI 0.00278   −0.0183**      0.00314** −0.0198**      0.00321**   −0.0188**   0.00312*   −0.0197** 0.00303* −0.0200**     0.00304** −0.0191**

(0.00169) (0.00882) (0.00156) (0.00915) (0.00157) (0.00945) (0.00163) (0.00917) (0.00157) (0.00924) (0.00152) (0.00856)

Saving     0.0144** 0.0273    0.0158** 0.0303    0.0164** 0.0295   0.0155** 0.0285      0.0157*** 0.0289         0.0160*** 0.0301
(0.00717) (0.0298) (0.00670) (0.0276) (0.00719) (0.0282) (0.00682) (0.0258) (0.00573) (0.0262) (0.00558) (0.0287)

Population – – 0.158* 0.137 0.151* 0.166 0.155** 0.0799 0.138 0.0636 0.143 0.145
(0.0828) (0.254) (0.0777) (0.298) (0.0779) (0.281) (0.0846) (0.290) (0.0884) (0.277)

Law – – – – 0.0452** 0.0369 – – – – – –
(0.0217) (0.0709)

Regulatory – – – – – – 0.0224** −0.0579 0.0209* −0.0586 – –
(0.0114) (0.0680) (0.0113) (0.0685)

Deflator – – – – – – – – −0.000476 −0.000185 −0.000468 −7.22e−05
(0.000744) (0.000245) (0.000736) (0.000234)

Stability – – – – – – – – – – 0.00226 0.0161
(0.00883) (0.0300)

Constant      5.788***      10.42***     3.876** 8.271      4.053** 7.915    4.077** 9.015      4.237** 9.252     4.041** 8.319
(1.437) (1.724) (1.817) (5.272) (1.801) (5.838) (1.874) (5.715) (1.789) (5.871) (1.708) (5.450)

Observations 336 332 336 332 336 332 336 332 336 332 336 332

Number of id 47 53 47 53 47 53 47 53 47 53 47 53

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% and 10% level, respectively. 
Here, financial development threshold level is created by using mean values of “Private credit by deposit money banks to GDP” in a given year.
Source: Authors‘ calculations.
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Table 9: GMM estimates on sophistication of exports for more educated and less educated countries where educational level 

indicator is “tertiary school enrolment”: robustness check

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

More 

Educated

Less 

Educated

More 

Educated

Less 

Educated

More 

Educated

Less 

Educated

More 

Educated

Less 

Educated

More 

Educated

Less 

Educated

More 

Educated

Less 

Educated

L.Sophex
     0.455*** −0.139      0.447*** −0.124 0.434*** −0.119       0.443*** −0.122       0.462*** −0.124      0.466*** −0.118

(0.0819) (0.0870) (0.0792) (0.0926) (0.0794) (0.0886) (0.0793) (0.0929) (0.0810) (0.0927) (0.0810) (0.0798)

L.GDP
−0.0113 −0.0415 −0.00791 −0.102 −0.0172 −0.110 −0.00917 −0.0757 −0.0101 −0.0722 −0.00818 −0.0879
(0.0194) (0.0942) (0.0165) (0.0820) (0.0143) (0.0673) (0.0163) (0.0617) (0.0159) (0.0597) (0.0164) (0.0712)

L.Patent
     0.0117** 0.0271      0.0116** 0.0262      0.0120** 0.0253     0.0123** 0.0274     0.0122** 0.0277    0.0115**   0.0266*

(0.00501) (0.0177) (0.00497) (0.0168) (0.00496) (0.0169) (0.00502) (0.0181) (0.00500) (0.0174) (0.00494) (0.0157)

L.FDI
0.00142 −0.00403 0.00135 −0.00604 0.00163** −0.00493 0.00130 −0.00513 0.00146 −0.00523 0.00146 −0.00708

(0.000965) (0.00896) (0.000915) (0.00880) (0.000825) (0.00867) (0.000909) (0.00762) (0.000895) (0.00773) (0.000896) (0.0103)

L2.FDI
     0.00370*** −0.0205*      0.00369*** −0.0226*    0.00380*** −0.0214*     0.00360** −0.0235*     0.00355** −0.0235*       0.00361*** −0.0234*

(0.00142) (0.0111) (0.00140) (0.0120) (0.00137) (0.0126) (0.00145) (0.0124) (0.00145) (0.0124) (0.00140) (0.0127)

Saving
      0.0120*** 0.0456      0.0115*** 0.0505       0.0110*** 0.0482      0.0113*** 0.0500      0.0126*** 0.0495       0.0127*** 0.0506

(0.00465) (0.0382) (0.00427) (0.0367) (0.00387) (0.0363) (0.00413) (0.0360) (0.00439) (0.0367) (0.00455) (0.0404)

Population – –
−0.0480 0.334 −0.0489 0.374 −0.0509 0.271 −0.0531 0.250 −0.0499 0.287
(0.0840) (0.344) (0.0800) (0.463) (0.0801) (0.377) (0.0784) (0.373) (0.0820) (0.419)

Law – – – –
0.0312 0.0186

– – – – – –
(0.0195) (0.128)

Regulatory – – – – – –
0.0130 −0.0499 0.0123 −0.0503

– –
(0.0117) (0.0891) (0.0118) (0.0894)

Deflator – – – – – – – –
−0.000344** −0.000222 −0.000339** −0.000192

(0.000142) (0.000580) (0.000145) (0.000598)

Stability – – – – – – – – – –
−0.00210 −0.0122
(0.00788) (0.0568)

Constant
      5.393***       11.21***       6.230*** 5.724        6.444*** 5.060       6.324*** 6.568       6.173*** 6.923      6.077*** 6.360

(0.749) (1.489) (1.487) (6.492) (1.387) (8.620) (1.478) (7.099) (1.458) (7.005) (1.444) (7.562)

Observations 332 189 332 189 332 189 332 189 332 189 332 189

Number of id 50 35 50 35 50 35 50 35 50 35 50 35

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% and 10% level, respectively. Note: Here, education 
threshold level is created by using median values of “tertiary school enrolment” in a given year. 
Source: Authors‘ calculations.
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Table 10: GMM estimates on sophistication of exports for more globalized and less globalized countries: robustness check

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

More 
Globalized

Less 
Globalized

More 
Globalized

Less 
Globalized

More 
Globalized

Less 
Globalized

More 
Globalized

Less 
Globalized

More 
Globalized

Less 
Globalized

More 
Globalized

Less 
Globalized

L.Sophex
      0.302*** -0.0477       0.282*** -0.0518       0.280*** -0.0569     0.269** -0.0517    0.281** -0.0538     0.291** -0.0589

(0.0806) (0.157) (0.104) (0.141) (0.104) (0.125) (0.106) (0.140) (0.122) (0.142) (0.116) (0.136)

L.GDP
0.0121 0.0274 -0.00684 -0.0579 -0.0180 -0.0639 -0.00863 -0.0374 -0.0104 -0.0344 -0.00919 -0.0633

(0.0286) (0.0724) (0.0253) (0.0613) (0.0246) (0.0577) (0.0260) (0.0581) (0.0245) (0.0581) (0.0243) (0.0640)

L.Patent
 0.0123*     0.0268** 0.0121*      0.0286**    0.0121**      0.0277**      0.0131**    0.0289** 0.0129*     0.0295** 0.0121*      0.0294**

(0.00655) (0.0134) (0.00643) (0.0123) (0.00617) (0.0131) (0.00666) (0.0124) (0.00698) (0.0127) (0.00661) (0.0127)

L.FDI
0.000805 -0.0139 0.00111 -0.0160 0.00142 -0.0156 0.00106 -0.0143 0.00113 -0.0143 0.00116 -0.0161
(0.00115) (0.0121) (0.00112) (0.0127) (0.00101) (0.0123) (0.00110) (0.0112) (0.00104) (0.0112) (0.00107) (0.0130)

L2.FDI
  0.00275*      -0.0318***      0.00291**      -0.0364*** 0.00300** -0.0344**    0.00284*      -0.0360***   0.00285*       -0.0362***     0.00290**     -0.0350***

(0.00151) (0.0120) (0.00148) (0.0132) (0.00146) (0.0134) (0.00152) (0.0128) (0.00150) (0.0130) (0.00148) (0.0128)

Saving
   0.0136** 0.0294     0.0142** 0.0342     0.0146** 0.0329    0.0140** 0.0330      0.0145*** 0.0337       0.0147*** 0.0330
(0.00662) (0.0287) (0.00611) (0.0271) (0.00650) (0.0277) (0.00614) (0.0258) (0.00442) (0.0263) (0.00443) (0.0289)

Population – –
0.0935 0.374 0.0929 0.403 0.0872 0.317 0.0723 0.294 0.0785 0.368

(0.0989) (0.253) (0.0957) (0.268) (0.0959) (0.264) (0.101) (0.275) (0.104) (0.273)

Law – – – –
0.0341 0.0513

– – – – – –
(0.0235) (0.0652)

Regulatory – – – – – –
0.0103 -0.0444 0.00831 -0.0453

– –
(0.00980) (0.0705) (0.0102) (0.0715)

Deflator – – – – – – – –
-0.000799 -0.000280 -0.000793 -0.000191
(0.000607) (0.000273) (0.000594) (0.000269)

Stability – – – – – – – – – –
-0.000258 0.0203
(0.00901) (0.0311)

Constant
     6.666***       9.748***       5.515*** 4.061       5.625*** 3.700       5.748*** 4.847       5.898*** 5.245       5.693*** 4.296

(0.681) (1.873) (1.128) (4.916) (1.037) (5.146) (1.149) (5.246) (1.129) (5.499) (1.110) (5.206)

Observations 384 262 384 262 384 262 384 262 384 262 384 262

Number of id 50 41 50 41 50 41 50 41 50 41 50 41

Note: Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% and 10% level, respectively. Note: Here, globalization 
threshold level is created by using mean values of “KOF Globalization Index” in a given year.

Source: Authors‘ calculations.
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Table 11: GMM estimates on sophistication of exports for more financially developed and less financially developed countries where 

financial development indicator is “Private credit by deposit money banks to GDP”: alternative robustness check

 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

More 
Financially 
Developed

Less 
Financially 
Developed

L.Sophex
0.141 −0.0751 0.128 −0.0804 0.117 −0.0808 0.0993 −0.0832 0.114 −0.0851 0.142 −0.0872

(0.108) (0.169) (0.115) (0.152) (0.118) (0.143) (0.114) (0.151) (0.127) (0.154) (0.130) (0.150)

L.GDP
0.0292 −0.00903 0.00193 −0.0688 −0.00959 −0.0745 −0.00243 −0.0303 −0.00206 −0.0261 0.00202 −0.0831

(0.0322) (0.0814) (0.0207) (0.0698) (0.0195) (0.0585) (0.0212) (0.0551) (0.0209) (0.0541) (0.0202) (0.0611)

L.Patent
    0.0212**      0.0293**      0.0223**     0.0302**       0.0238***     0.0298**       0.0228***     0.0314**     0.0225**     0.0326**     0.0219**      0.0301**

(0.00930) (0.0139) (0.00919) (0.0128) (0.00889) (0.0139) (0.00882) (0.0130) (0.00906) (0.0137) (0.00943) (0.0134)

L.FDI
0.000190 −0.0175 0.000549 −0.0190 0.000865 −0.0188 0.000639 −0.0172 0.000644 −0.0178 0.000574 −0.0189
(0.00107) (0.0130) (0.000947) (0.0135) (0.000859) (0.0132) (0.000906) (0.0124) (0.000888) (0.0127) (0.000928) (0.0140)

L2.FDI
  0.00261*  −0.0308**  0.00285** −0.0357**    0.00301** −0.0348**     0.00277** −0.0360**     0.00276**  −0.0368**     0.00284**     −0.0341***

(0.00137) (0.0135) (0.00128) (0.0140) (0.00127) (0.0147) (0.00138) (0.0141) (0.00138) (0.0144) (0.00129) (0.0131)

Saving
0.0119** 0.0261     0.0130** 0.0316      0.0137** 0.0310     0.0128** 0.0293       0.0129*** 0.0301        0.0131*** 0.0321
(0.00568) (0.0309) (0.00517) (0.0288) (0.00564) (0.0293) (0.00521) (0.0271) (0.00472) (0.0276) (0.00459) (0.0304)

Population – –
0.120 0.352 0.121 0.366 0.119 0.275 0.109 0.248 0.109 0.347

(0.109) (0.274) (0.105) (0.291) (0.103) (0.267) (0.110) (0.276) (0.116) (0.288)

Law – – – –
     0.0455*** 0.0246

– – – – – –
(0.0176) (0.0783)

Regulatory – – – – – –
0.0310** −0.0707    0.0295** −0.0738

– –(0.0122) (0.0743) (0.0128) (0.0767)

Defl ator – – – – – – – –
−0.000244 −0.000406 −0.000293 −0.000232
(0.000668) (0.000292) (0.000650) (0.000257)

Stability – – – – – – – – – –
−0.000105 0.0227
(0.00810) (0.0319)

Constant
       8.055***      10.35***       6.436*** 4.990        6.587*** 4.813       6.745*** 5.949       6.763*** 6.398       6.474*** 5.273

(1.092) (2.157) (1.862) (5.523) (1.855) (5.840) (1.833) (5.610) (1.833) (5.819) (1.847) (5.688)

Observations 418 246 418 246 418 246 418 246 418 246 418 246
Number of id 60 42 60 42 60 42 60 42 60 42 60 42

Robust standard errors are in brackets. ***, ** and * indicate statistical significance at the 1%, 5% and 10% level, respectively.  
Note: Here, financial development threshold level is created by using median values of “Private credit by deposit money banks to GDP” in a given year. 

Source: Authors‘ calculations.
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Table 12: GMM estimates on sophistication of exports for more educated and less educated countries where educational level 

indicator is “tertiary school enrollment”:  alternative robustness check

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

More 
Educated

Less 
Educated

More 
Educated

Less 
Educated

More 
Educated

Less 
Educated

More 
Educated

Less 
Educated

More 
Educated

Less 
Educated

More 
Educated

Less 
Educated

L.Sophex
     0.3900*** -0.1390*       0.3690*** -0.1270       0.3560*** -0.1220       0.3660*** -0.1260       0.3900*** -0.1270      0.3910*** -0.1230*

(0.1210) (0.0817) (0.1120) (0.0848) (0.1150) (0.0819) (0.1110) (0.0856) (0.1130) (0.0854) (0.1150) (0.0706)

L.GDP
−0.0190 -0.0348 -0.0095 -0.0986 -0.0170 -0.1060* -0.0104 -0.0695 -0.0111 -0.0651 -0.0084 -0.0857
(0.0197) (0.0962) (0.0176) (0.0820) (0.0157) (0.0642) (0.0175) (0.0596) (0.0171) (0.0575) (0.0175) (0.0685)

L.Patent
0.0074    0.0297* 0.0069   0.0292* 0.0072    0.0282* 0.0075    0.0306* 0.0073   0.0311* 0.0067   0.0297*

(0.0060) (0.0176) (0.0058) (0.0166) (0.0058) (0.0168) (0.0059) (0.0181) (0.0059) (0.0174) (0.0059) (0.0155)

L.FDI
0.0015 -0.0033 0.0013 -0.0058 0.0015* -0.0045 0.0013 -0.0048 0.0014 -0.0050 0.0014 -0.0067

(0.0010) (0.0087) (0.0009) (0.0085) (0.0008) (0.0082) (0.0009) (0.0075) (0.0009) (0.0076) (0.0009) (0.0103)

L2.FDI
      0.0042*** -0.0210*       0.0041*** -0.0234*      0.0042*** -0.0221*       0.0040*** -0.0243*       0.0040*** -0.0244*       0.0040*** -0.0241*

(0.0015) (0.0110) (0.0014) (0.0121) (0.0014) (0.0127) (0.0015) (0.0126) (0.0015) (0.0126) (0.0014) (0.0129)

Saving
      0.0102*** 0.0428       0.0092*** 0.0482       0.0087*** 0.0462      0.0090*** 0.0475      0.0105*** 0.0470       0.0105*** 0.0484

(0.0035) (0.0376) (0.0031) (0.0361) (0.0031) (0.0359) (0.0030) (0.0351) (0.0031) (0.0358) (0.0033) (0.0400)

Population – – -0.1210 0.3530 -0.1230 0.3930 -0.1220 0.2850 -0.1230 0.2620 -0.1220 0.3070
(0.0890) (0.3420) (0.0853) (0.470) (0.0869) (0.3770) (0.0850) (0.3730) (0.0872) (0.4190)

Law – – – – 0.0260 0.0212 – – – – – –
(0.0193) (0.1330)

Regulatory – – – – – – 0.0077 -0.0571 0.0071 -0.0576 – –
(0.0106) (0.0971) (0.0106) (0.0974)

Deflator – – – – – – – –     -0.0004*** -0.0003 -0.0003** -0.0002
(0.0001) (0.0006) (0.0001) (0.0006)

Stability – – – – – – – – – – -0.0053 -0.0115
(0.0074) (0.0601)

Constant
     6.1400***     11.1600***       8.2530*** 5.3930       8.4700*** 4.7300       8.2940*** 6.3150       8.0780*** 6.6970       8.0360*** 6.0490

(1.0990) (1.4570) (1.5930) (6.4460) (1.5100) (8.7120) (1.6090) (7.0670) (1.6110) (6.9630) (1.5920) (7.5340)
Observations 325 191 325 191 325 191 325 191 325 191 325 191
Number of id 50 38 50 38 50 38 50 38 50 38 50 38

Note: Robust standard errors are in brackets.  ***, ** and * indicate statistical significance  at the 1%, 5% and 10% level, respectively.  
Here, education threshold level is created by using median values of “tertiary school enrolment”” in a given year. 
Source: Authors‘ calculations.
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Table 13: GMM estimates on sophistication of exports for more globalized and less globalized countries: alternative robustness check

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12)

More 

Globalized

Less 

Globalized

More 

Globalized

Less 

Globalized

More 

Globalized

Less 

Globalized

More 

Globalized

Less 

Globalized

More 

Globalized

Less 

Globalized

More 

Globalized

Less 

Globalized

L.Sophex
  0.1760** −0.0441 0.1560* −0.0465 0.1560* −0.0510 0.1480 −0.0488 0.1540 −0.0481 0.1620* −0.0524
(0.0865) (0.1730) (0.0914) (0.1590) (0.0910) (0.1460) (0.0938) (0.1590) (0.0961) (0.1610) (0.0921) (0.1530)

L.GDP
−0.0037 0.0124 −0.0259 −0.0802 −0.0337 −0.0838 −0.0274 −0.0477 −0.0280 −0.0439 −0.0265 −0.0906
(0.0252) (0.0942) (0.0249) (0.0725) (0.0243) (0.0679) (0.0254) (0.0646) (0.0246) (0.0648) (0.0247) (0.0729)

L.Patent
      0.0219*** 0.0250      0.0208***   0.0252*       0.0213*** 0.0241       0.0215*** 0.0263*       0.0216*** 0.0268*        0.0209*** 0.0261*

(0.0071) (0.0168) (0.0069) (0.0151) (0.0067) (0.0163) (0.0070) (0.0156) (0.0070) (0.0162) (0.0068) (0.0157)

L.FDI
0.0009 −0.0136 0.0014 −0.0160 0.0016 −0.0158 0.0014 −0.0139 0.0014 −0.0140 0.0015 −0.0158
(0.0011) (0.0125) (0.0011) (0.0128) (0.0010) (0.0123) (0.0011) (0.0112) (0.0010) (0.0113) (0.0011) (0.0132)

L2.FDI
0.0027*   −0.0323**    0.0029** −0.0371**    0.0030** −0.0355**   0.0028*     −0.0367***    0.0029*    −0.0371***     0.0029** −0.0357**

(0.0015) (0.0136) (0.0014) (0.0145) (0.0014) (0.0150) (0.0015) (0.0140) (0.0015) (0.0143) (0.0014) (0.0143)

Saving
0.0094 0.0330   0.0099* 0.0367  0.0101* 0.0358   0.0098* 0.0353    0.0100** 0.0361    0.0100** 0.0352

(0.0061) (0.0322) (0.0054) (0.0305) (0.0056) (0.0313) (0.0055) (0.0292) (0.0045) (0.0302) (0.0045) (0.0330)

Population – – 0.1310 0.4340 0.1310 0.4640 0.1240 0.3460 0.1110 0.3240 0.1170 0.4380
(0.1010) (0.2990) (0.0994) (0.3250) (0.0986) (0.3360) (0.1010) (0.3540) (0.1040) (0.3250)

Law – – – – 0.0217 0.0458 – – – – – –
(0.0228) (0.0728)

Regulatory – – – – – – 0.0104 −0.0612 0.0086 −0.0624 – –
(0.0105) (0.0804) (0.0106) (0.0816)

Deflator – – – – – – – – −0.0005 −0.0002 −0.0006 −0.0001
(0.0006) (0.0003) (0.0005) (0.0003)

Stability – – – – – – – – – – −0.0059 0.0248
(0.00859) (0.0304)

Constant
       8.0400***       9.8230***       6.2820*** 3.1850       6.3430*** 2.7610       6.4860*** 4.4040       6.6360*** 4.7540        6.4660*** 3.2860

(0.7970) (2.2380) (1.5430) (6.0800) (1.5030) (6.5060) (1.5470) (6.8010) (1.5340) (7.1290) (1.5530) (6.3720)
Observations 421 225 421 225 421 225 421 225 421 225 421 225
Number of id 57 39 57 39 57 39 57 39 57 39 57 39

Note: Robust standard errors are in brackets.  ***, ** and * indicate statistical significance at the 1%, 5% and 10% level, respectively. 
Here, globalization threshold level is created by using median values of “KOF Globalization Index” in a given year.
Source: Authors‘ calculations.
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