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Abstract: This study analyses one of the main postulates of the Endogenous Growth Theory, that sug-
gests that international trade openness is capable to speed up growth-impacting productivity. ADF sta-
tionary tests, Johansen co-integration test and Vector Error Correction Model (VECM) procedures are
applied on a yearly data set covering the period 1995-2014. Data for individual V4 countries were also
compared with EU-15 benchmark. The main finding of the paper is that for all V4 countries there exists
a long term relationship between economy openness and labour productivity and in case of Hungarian
economy in the Granger sense - causality is one-directional and runs only from productivity to open-
ness. It suggest, that the Endogenous Growth Theory in this case is no longer supported nevertheless
further and deeper investigation is needed. Although huge differences in case of openness between V4
countries exist, strong positive linear correlation with productivity is observed. Also disturbing second-
ary result of conducted research is that however convergence in case of productivity between V4 and
EU-15 is observed, assuming the current rate of catching-up (apart from existence of saturation level of
productivity), EU-15 and V4 average productivity would equal in 6 decades.
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Introduction

Endogenous growth theory assumes that economic growth is primarily the result of en-
dogenous and not external forces (Romer, 1994). Endogenous growth theory holds also that
investment in innovation, human capital are significant contributors to economic growth. The
theory also focuses on positive externalities and spillover effects of a knowledge-based econo-
my which will lead to economic development. The endogenous growth theory primarily holds
that the long-run growth rate of an economy depends on policy measures. Romer (1986),
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Lucas (1988), Rebelo (1991) omitted the technological change - instead, growth in these mod-
els is due to indefinite investment in human capital which has a spillover effect on economy
and reduces the diminishing return to capital accumulation (Barro, Sala-i-Martin, 2004). One
of the main failings of endogenous growth theories is the collective failure to explain condi-
tional convergence reported in the empirical literature (Sachs, Warner, 1997). Parente (2001)
affirms that new growth theory has proven to be no more successful than exogenous growth
theory in explaining the income divergence between the developing and developed. Krugman
(2013) criticized endogenous growth theory as nearly impossible to empirically verify.

Taking into account the on-going globalization processes and dynamically changing con-
ditions in international environment, the relationship between openness to trade and eco-
nomic growth has been of continuing interest both in theoretical and empirical grounds. The
endogenous growth theory does not argue that trade increases economic growth rate, rather it
suggests that trade may open up several channels thorough which productive agents become
more capable, consequently increasing growth rate. Therefore, in order for an economy to
achieve higher growth rates by trading, these channels should be working favourably on be-
half of the country’s productive means (Gunes, Kose, 2013: 72). According to Cameron et al.
(1998), major possible channels may be due to:

= “see-how” transfers, the stimulation of the adaptation of new foreign technological advances,

= the acceleration of specialization and efficacy, and thus, spurring international competi-
tion,

= the generation of larger economies of scale in production, which in turn encourages re-
search and development (R&D) activities.

In economics, total-factor productivity (TFP) is a variable which accounts for effects in to-
tal output growth relative to the growth in traditionally measured inputs of labour and capital.
If all inputs are accounted for, then total factor productivity (TFP) can be taken as a measure
of an economy’s long-term technological change or technological dynamism. This variable
cannot be measured directly so it has to be estimated by using appropriate model of growth,
i.e. Cobb-Douglas equation or CES function. Taking into account the C-B equation (1), where
total output Y is a function of TFP A, capital input C, and labour input L, and it shares repre-
sented by parameters a and {.

Y=AxC*xLF (1]

According to Easterly and Levine (2001), TFP may account for up to 60% of growth within
economies. TFP can be measured more accurately in long term, since TFP can vary substan-
tially from one year to another (Machek, 2012).

The idea that trade openness breeds productivity growth has been expressed by many
researchers. In case of China there is significant evidence that productivity growth in the
tradable sector is co-integrated with openness and there is some supporting evidence that
the increase in competition in the domestic market is an important channel through which
openness breeds productivity growth as well (Yan, Chong, Kwok, 2007). In case of Indian
Economy, Saha (2012) examined dependences between TFP growth and economy openness
and found out that economy has been experiencing continuous rise in TFP growth since the
introduction of external economic reforms. Granger Causality tests showed that there is a one
way relationship between trade openness and TFP growth for Indian economy, that suggest
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more outward oriented policies would further in enhancing the productivity of the economy.
However, existing studies throw mixed picture regarding the impact of openness on the TFP
of different countries. Lee (2007) and Xu et al. (2008) observed positive and insignificant re-
lationship between trade openness and TFP for Chinese economy. Indonesia, Malaysia, Thai-
land and South Korea were influenced negatively and significantly for two decades. Gonzalez
and Constantin (2009) also found that openness is not a very relevant factor in explaining the
role of technological status of the low income countries. On the contrary, openness affects TFP
positively and significantly for middle and high income countries. Kumar et al. (2010) have
examined the impact of trade openness on TFP of South Africa and observed that it affects
TFP positively and significantly.

The empirical literature on trade and productivity or growth mostly uses the basic mea-
sure of openness, which is a sum of exports and imports divided by GDP. The method-
ological orientation of the literature, however, varies greatly. Mentioning some, Sachs and
Warner (1995), and Edwards (1998) employ cross-section analysis, Yanikkaya (2003) utilizes
panel-data regressions, Tsen (2006) uses time series techniques. Many studies find a positive
and statistically significant relationship between openness to trade and growth or produc-
tivity. For example, Barro (2001), using data for about 100 countries, finds that on average,
calculated for a 10-year period, openness increases the growth rate of real per capita GDP by
13 per cent. In a similar study mentioned above Yanikkaya (2003) estimates it being about
2 percent for a year.

Herzer (2005) assumed, however, that many of the cross-country specifications suffer
from methodological problems such as heterogeneity, error autocorrelation and simultane-
ity bias. Therefore, the robustness of specific results of many of these types of studies, which
constitute vast majority of the related literature, is dubious. However, Rodriguez and Rodrik
(1999) had argued that the empirical research did not provide convincing evidence, consider-
ing positive openness-growth nexus.

In this study we consider another measure of productivity: real labour productivity, in
contrast to most of researches that estimates model explaining gross value added per employee
or TFP in literature bearing to compare results. One of the objectives is to compare is to check
to what extent the use of this variable is justified and whether it is possible to obtain meaning-
ful conclusions.

The methodical issues presented in many studies estimating the considering relationship
are still inconclusive. In order to avoid most of the methodological setbacks mentioned, in
this study the Vector Error Correction Model (VECM) procedures are utilized to determine
the possible relationship between openness to trade and labour productivity. Cross-country
analysis is provided while we consider the countries separately.

The rest of the study is structured as follows. Section 2 describes the objectives, hypothesis
and data. Section 3 covers methodological issues. Section 4 throws light on the results and
discussion. Section 5 concludes the study.

Data and hypotheses

Our yearly data includes openness to trade (2) (Openness) and labour productivity (3)
(Productivity). The variable Openness is the sum of exports and imports of goods and services
(in current prices) as a share of gross domestic product. The productivity variable we use is the
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real labour productivity per hour worked denominated in euro. Time series for both variables

were obtained from the EUROSTAT database, and cover the period of 1995-2014.!

exports of goods and services +imports of goods and services
Gross Domestic Product

x100

Openness =

real labour productivity [eur]

Productivity =

hours worked

2]

(3]

The Figure 1 below shows the behaviours of Openness of V4 and EU-15 countries, cover-
ing the period of 1995-2014. In the mid-90s the greatest level of openness is observed in case
of Slovakia. Sum of exports and imports of goods and services exceeds GDP. In cases of Hun-
gary and Czech Republic it accounted for a large part (84.3 and 78.5 per cent respectively) and
in Poland only 43.7 per cent, which was the closest to EU-15 average (54.2 per cent). Compar-
ing years 2014 and 1995 we find that Openness increased by only 47 per cent in case of EU-15
countries and 61 per cent for Slovakia. Hungary became an extremely large (comparable to
Slovakia) economy, gaining 123 per cent in case of sum of exports and imports to GDP ratio.

Figure 1: Openness of economy in V4 and EU-15 countries in the years 1995-2014
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Source: Eurostat

! There were no data for productivity for the year 2014 and for this year for all countries naive forecasts with
increment were calculated. In case of Poland Eurostat presents productivity value of 13.2 for the year 1999, what we

assumed is abnormal outlier, so we put average for the years 1998 and 2000, which is 9.45 EUR/h.
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Generally, it can be said that economies are becoming more and more open, especially
small ones like Czech Republic, Slovakia and Hungary, however if we focus on dynamics of
Openness it is clear that the average rate of growth of this ratio for EU-15 countries was only
2.05 per cent yearly, whereas in Poland, Slovakia and Hungary it was over 4.3 per cent, and
nearly 3.5 per cent in case of Czech Republic.

Figure 2 shows how great differences there are still between productivity in the V4 Group
and the old EU countries. In the end of the 1990s, an average productivity in V4 was near-
ly 4.4 lower than in EU-15. 20 years later, in 2014 productivity in EU-15 was more than 3
times higher than in Poland, Czech Republic, Slovakia and Hungary on average. It is also im-
portant to mention significant differences between individuals in V4 (13.6 EUR/h in Slovakia
and 10.8 EUR/h in Poland in 2014). Although huge differences in case of openness between
V4 countries exist, strong positive linear correlation with productivity is observed. The most
disturbing fact is that however convergence in case of productivity between V4 and EU-15
is observed, assuming the current rate of productivity growth (apart from the assumption of
productivity saturation level), it would take almost 6 decades to catch up with old EU Member
States in sense of productivity level, and also wealth.

Figure 2: Real productivity of labour in V4 and EU-15 countries in EUR in the years 1995-2014
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In this paper we verify, using econometric methods hypothesis, states that economy open-
ness in terms of (exports + imports)/GDP leads to more productive economy in terms of real
productivity per employee in EUR.
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Methodology

The study begins with an analysis of the correlation between Productivity and Openness
in V4 and EU-15 countries. In order to determine whether, and if so, what is the direction of
the interaction between variables, the analysis of Granger causality (Granger, 1969: 424) using
stationary rates of return (Dickey & Fuller, 1979: 427-431) was checked. This was followed
by estimating the VECM (Kusidel, 2000: 27-34) to determine whether there are compounds
having a long-term effect variables. We use the methodology proposed by Johansen (Johan-
sen, 1988: 231-254) in order to identify the co-integrating relationship. In case when two or
more time-series share a common stochastic trend, there occurs a suspicion of co-integration
existence. Co-integration is defined when the error term in the regression modeling is station-
ary. The Johansen test is a test for co-integration that allows for more than one co-integrating
relationship, unlike the Engle-Granger (1987) method, but this test is subject to asymptotic
properties, i.e. large samples. All calculations were conducted in JMulti.

Results and Discussion

Although huge differences in case of openness between the V4 countries exist, strong pos-
itive linear correlation with productivity is observed (Table 1).

Pearson’s coefficient of linear correlation as well as Figures above suggest that variables
are moving in consistent trends, which is a prerequisite for testing co-integration and VECM
estimation.

Table 1. Pearson’s coefficients of linear correlation between variables, T=20 (1995-2014)

Variable [1] | (2] | (3] | [4] | [5] | [6] | [7] | (8] | [9] | [10]
[1] | Openness UE-15 1.00
[2] | Productivity UE-15 0.95| 1.00

Openness Czech

[3] | Republic 0.95| 0.94| 1.00
Productivity Czech
(4] | Republic 091 0.98] 0.92| 1.00

[5] | Openness Hungary 0.98] 0.96| 0.92| 0.92| 1.00
(6] | Productivity Hungary | 0.90| 0.98| 0.93| 0.98| 0.90| 1.00

[7] | Openness Poland 0.96] 0.99| 0.96| 0.96| 0.95| 0.96| 1.00
(8] | Productivity Poland | 0.95| 0.98| 0.95| 0.96| 0.95| 0.95| 0.98| 1.00
[9] | Openness Slovakia 0.92] 0.92] 0.96| 0.93| 0.86| 0.93| 0.93| 0.91| 1.00

[10] | Productivity Slovakia | 0.94]| 0.99| 0.95|0.98|0.94|0.97| 0.99| 0.99| 0.93| 1.00

Source: own study

Before the estimation of long run relationship models, a degree of integration of par-
ticular time series (in natural logarithms and first-differenced natural logarithms - rates of
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Table 2. ADF Unit Root Test Results
hem | Statistcs | trend | Tromd | trend | Trend | 1995 | 2014 | 1995 | 2014
InProductivity InOpenness Productivity Openness
ADFstat | -2.103 | -0.65 | -0.929 | -3.719
p-value 0.244 | 0.976 0.78 | 0.021
EU-15 d_InProductivity d_InOpenness 31.7 39 542 | 79.7
ADF stat 0.241 | 0.024 | -3.759 | -3.65
p-value 0.975 0.997 0.003 0.026
InProductivity InOpenness
ADF stat -1.207 | -0.146 -0.18 | -1.423
-value 0.674 | 0.994 | 0939 | 0.855
lcl::;fllélic i d_InProductivity | d_InOpenness 8.2 13| 843 11609
ADFstat | -0.405 | -2.594 | -4.032 | -4.099
p-value 0.906 0.283 0.008 0.001
InProductivity InOpenness
ADFstat | -1434 | -1.262 | -1.302 | -3.441
Hungary p-value 0.567 0.897 0.631 0.046
d_InProductivity | d_InOpenness 7.8 11.7 | 785 175
ADF stat -1.638 | -1.817 | -2.921 | -2.894
p-value 0.463 0.697 0.156 0.046
InProductivity InOpenness
ADFstat | 2261 | -1435 | -2.01 | -0.992
Poland p-value 0.185 0.851 0.283 0.944
d_InProductivity | d_InOpenness 52 10.8 43.7 92.3
ADFstat | —2214 | -3.179 | -4.09 | -4.557
p-value 0.202 0.089 0.001 0.001
InProductivity InOpenness
ADFstat | -1471 | -0218 | -0.375 | -3.33
Slovakia p-value 0.549 0.993 0.911 0.061
d_InProductivity | d_InOpenness 6.6 | 13.6 |111.3 |179.7
ADFstat | 0713 | 0.123 | -3.647 | -3.571
p-value 0.842 0.998 0.005 0.032

Using Schwert formula for choosing number of lags we put lag=7 for differenced logarithms and 8 for non-differ-
enced. Bolded p-values are less than level of significance - 10%.

Source: own study in JMulti
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growth) should be examined using ADF? stationary test. Many macroeconomic series appear
to be rather non-stationary. The augmented Dickey-Fuller (1981) testing procedure is applied
in the study. In null hypothesis it is assumed that the unit-root in time series exist, so it is
non-stationary. The results of the ADF unit root tests for logs and first-differences of logs are
presented in Table 2. Table also contains a comparison of Productivity and Openness levels in
years 1995 and 2014 for individuals.

In Table 2 the ADF unit root test results show that in case of Productivity time series
are not stationary (as well as their differences, which is quite a rare occurrence, but probably
connected with the fact that there is lack of observations T=20). Only in case of Poland, if we
assume that d_InProductivity is stationary For EU-15 we observe non stationary logarithms of
Productivity and Openness (without trend) and stationary rates of growth of Openness in both
ADEF test versions. For Czech-Republic only rates of growth of Openness are stationary accord-
ing to ADF test (without and with trend). The results show that in all cases of ADF Unit Root
Test for logarithms, ADF statistics confirm that logs of Openness variable are non-stationary,
however in some cases even first differences in log terms are still not. Generally, Productiv-
ity and Openness are I(1) in case of Poland. In case of Hungary we observe that logarithms
of Openness as well as rates of growth are stationary only in case with linear trend in ADF
test formula. For Poland we cannot reject the null hypothesis in ADF test for logarithms of
Productivity and Openness, but in case of increases of logarithms, particularly for Openness
we can. Utilizing ADF-GLS (1992) and KPSS (1992) accepting 10% level of significance, con-
sidered variables are stationary in their first differences. In case of Slovakia we can assume
that logarithms of Openness and Productivity are non-stationary on the 0.05 significance level,
however we can reject null hypothesis only for increases of logarithms for Openness. taking
into account linear trend we reject null hypothesis with high risk of 0.1.

As we have confirmed the existence of unit roots for considered time series, in the next
step we can apply test for co-integration to detect possible long-run equilibrium relationship.
The Johansen testing procedure uses two test statistics (trace and maximum eigenvalue) to
determine the number of co-integrating vectors. When using A, = T Z_,.,n In(1-,) rela-
tionship, the trace test statistic for the null hypothesizes that there are at most r number of
co-integrating vectors. In the equation T represents the number of observations in the series,
and A;s shows the estimated values of the characteristic roots, assuming that the series are I(1).
Then, the use of A,,,, = -T'In(1-A,,,) equation provides the maximum eigenvalue test statistic,
for which the null hypothesis is there are at most r number of co-integrating vectors, and the
alternative hypothesis is there are r+1co-integrating vectors.

Taking into account the obtained results for ADF test we expect that there could exist a
long-run relationship between non-stationary logarithms for In_Productivity and In_Open-
ness for EU-15 and the same for Czech Republic and Poland (Table 2). Analysing data from
(Table 2) and comparing with (Table 3), it seems to be concerning whether it could be possible
to estimate the VECM models for all countries, however we expect at least one-way causality
in equation systems for Slovakia and Hungary. The Author is aware that one of the reasons
that Johansen and ADF tests do not give fully conclusive results is lack of number of observa-
tions. Nevertheless, we try to estimate VECM models relying in part on the informal methods,
among others the time series graphs analysis.

2 ADFtest Ay, = a + yt + wy,_1 + X5, yi4y,_1 + v, where y_tis the individual series of interest, A is the first
difference operator, t is a linear time trend and k is determined by Akaike’s information criterion (AIC) to determine
that v_t is white noise.
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Table 3. The Johansen co-integration test results

Item Lag Eigenvalues | Trace test p-value Lmax test p-value

0 0.415 16.651 0.032 10.178 0.204
EU-15

1 0.289 6.473 0.011 6.473 0.011
Crech 0 0.200 5.738 0.728 4234 0.829
Republic 1 0.076 1.504 0.220 1.504 0.220

0 0.269 7.812 0.493 5.960 0.624
Hungary

1 0.093 1.852 0.174 1.852 0.174

0 0.577 22.168 0.004 16.362 0.021
Poland

1 0.263 5.806 0.016 5.806 0.016

0 0.433 12.888 0.119 10.792 0.167
Slovakia

1 0.104 2.096 0.148 2.096 0.148

Lag lengths are selected according to the AIC, no restrictions on the constat term are imposed (only for UE-15 and
Czech Republic restricted trend was also imposed), basing on natural logarithms of variables.

Source: own study in JMulti

Basing on the results of trace statistics co-integrating relation on time series for EU-15 and
Poland are observed. In other cases tests do not give a clear answer, nevertheless we decided to
estimate Vector Error Correction Models for all cases. This finding shows that there is a long-
run relationship between productivity and openness. In their fundamental research, Engle and
Granger (Granger, 1983; Engle, Granger, 1987) illustrated that the co-integrating series must
have an error correction model (ECM) representation.

AlnProductivity, = y + ), 0 (i)AlnOpenness,_; + Y, ®(i)AlnProductivity, ; + YE,_, + vy, [4]

AlnOpenness, = a + Y, §(i)AlnProductivity,_; + Y, I'(i)AlnOpenness,_; + 9E;_; + vy, [5]

Introducing equations (3) and (4) above, A is called first-difference operator, v,, v, are
white noise residuals, and y, 6, @, y, a, §, I and ¢ are parameters to be estimated. If we let
A represent 0, @, §, and I' then Amn,i shows the effect of the i-th lagged value of variable n
on the current value of variable m. Et-1 represents the error correction term. This term gives
residuals from co-integration regression

In the VECM model, the coefficients of E, ,,y and ¢, possess the adjustments of [nProduc-
tivity, and AlnOpenness,towards the long-run equilibrium, and Amn,i captures the short-run
dynamics of the given model. The vector error correction model (VECM) estimation results
obtained from equations (4) and (5) for EU-15 and four individual V4 countries are given in
Table 4 below:

One lag for all equations were the best fitting specifications, taking into account AIC cri-
terions. From Table 4 we can see that there is a unidirectional Granger-causality in the model,
because only ¢ is significant and the other long run impact parameter y is not. Unexpect-
edly the causality runs from productivity to openness, but not vice versa what means that
productivity affects openness both in the short run and in the long run in case of Hungary.
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Table 4. The Results of VECM model estimation

e VEEEE d_fr:l_ lgs::ess d_lnl_ag:‘:(tii:cliivity
const 5.081 0.594
d_In_Openess(-1) 0.058 -0.060

UE-15 d_In_Productivity(-1) 2.483 0.801
ECM -1.071 -0.124
R2 57% 51%
DW 2.17 1.69
const 4.502 0.643
d_In_Openess(-1) 0.418 0.137
Czech d_In_Productivity(-1) 0.677 0.456
Republic ECM -0.953 -0.135
R2 52% 26%
DW 0.08 1.80
const 1.141 -0.002
d_In_Openess(-1) 0.312 -0.051
d_In_Productivity(-1) -1.547 0.364
Hungary
ECM -0.477 0.008
R2 59% 15%
DW 1.83 2.07
const 2.640 0.377
d_In_Openess(-1) 0.096 -0.013
d_In_Productivity(-1) -0.503 0.187
Poland
ECM -1.092 -0.146
R2 58% 23%
DW 2.26 1.93
const 2.096 -0.132
d_In_Openess(-1) 0.457 0.012
Slovakia d_In_Productivity(-1) -0.110 0.138
ECM -0.740 0.058
R2 42% 10%
DW 2.24 1.89

No restrictions on the constant term are imposed (only for UE-15 and Czech Republic the restricted trend was also

imposed), basing on natural logarithms of variables.

Source: own study in JMulti
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In other cases we do not observe significant short-run relationships between variables. More
specifically, the negative value of ECM parameters ¢ for EU-15 (-1.071) and comparable
Poland (-1.092), Czech Republic (-0.953), Hungary (-0.477) and Slovakia (-0.740) means
that a wrong-way move of InOpeness is more than completely corrected by the cause of other
variable AlnProductivity, within the next period in three first cases. In other words, a deviation
of the variable Openness from its long-run equilibrium value in one period is corrected in the
next period by the size of ¢, which is around 107 and 109 percent respectively according to
our estimates. In Slovakia and especially in Hungary the process of coming back to long-run
equilibrium takes more time. In case of Productivity equations we observe moderately high
level of model explanation in contrast to Openness equations, where R* varies from 10% for
Slovakia to 26% for Poland. Taking into account DW statistics and conducted autocorrelation
tests, the obtained results are not affected by the problem of autocorrelation.

Conclusion

This analysis shows that variables approximating economy productivity and openness are
co-integrated. This means that there is a long run relationship between these two variables.
However, in the Granger sense, causality between the series is unidirectional, running from
productivity to openness to trade only in case of Hungary. The short-run relation appears to
be related to one period back only. The obtained estimated results have shown that Hungarian
economy openness to trade is strictly related to productivity. The more productive Hungarian
economy leads to the more open economy.

Using econometric methods, we reject the hypothesis stating that economy openness leads
to more productive economy basing on the case of Hungary. However co-integration between
time series is observed and productivity and openness cannot drift too far apart, causality in
Granger sense (apart from this tool’s imperfections) suggests that causality runs from produc-
tivity to openness but not vice versa. This in turn leads to further in-depth research.

Also, results presented in this study are partly consistent with the ones obtained by focused
on FDI Gurgul and Lach (2009), which states that that knowledge of past dynamics of the
quarterly growth of FDI in Poland allows for a better assessment of current and future rate
changes openness of the Polish economy and vice versa and confirm the fairly obvious thesis
on the impact of FDI on stage openness of the Polish economy and vice versa. On the other
hand, openness of the economy favours and even allows FDI flows, that is one of the most im-
portant factors in improving productivity in the host country (taking into account the external
spillover effects occurrence). However, FDI flows are determined by many different factors
(Wach, Wojciechowski, 2014)
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