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Abstract. The explanation of reasons and degree of differentiation of wealth between 

countries remains an important issue in economics today. Theories of economic growth are 

focused principally on the identification of the long-term determinants of diversification of sources 

and economic growth, which in turn is associated with the notion of real convergence. Given the 

supply role of foreign capital that impacts on the economy, in the face of dynamic inflow of 

foreign direct investment (FDI) into developing countries’ economies, it seems reasonable to 

include it in convergence process modelling, especially in the modelling of the convergence of 

productivity. 

The productivity of the economy is in fact determined by the size of the capital accumulation 

(both domestic and foreign), savings rate and a number of other conditions. The author 

hypothesized that the presence of FDI contributes to the acceleration of pace of real convergence 

between Visegrad countries and EU-15. In this study we estimate interactions between FDI and 

productivity at both national and NACE level in the years 2000–2014. We concider, in panel data 

form, among others, productivity in terms of gross value added per employee, degree of 

penetration of FDI in the economy of the host country. Results suggest conditional β-convergence 

of productivity existence however they vary across countries, sectors and time. The analysis 

provides recommendations regarding the arguments for the sectoral policy aimed at encouraging 

foreign capital to increase its involvement, focusing on reducing productivity gap between the 

developing and developed countries belonging to European Union. 

Keywords: foreign direct investment, convergence of productivity, panel model, Visegrad 

Group 

JEL: C23, O47, F21 

 

1. INTRODUCTION 

 

Real economic convergence is a common concept in economic literature. 

One of the most important tasks in economics concerns identifying mechanisms 

that predetermine economic growth of countries and thus determine the long 
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term development of individuals. The hypothesis of convergence in its base 

meaning explains the dynamics of an economy on the path to its steady state 

equilibrium as a consequence of neoclassical Solow–Swan’s model of growth
2
. 

Initial studies on convergence conducted among others by Meguire (1985), 

Baumol (1986), Barro (1991), Barro, Sala-i-Martin (1992), Mankiw, Romer and 

Wail (1992) focused on estimation of cross section regression of growth. 

Another meaning concerns the process of convergence between groups of 

economies endeavoring to achieve the same level of development in terms of 

other factors, like for instance rate of savings (Baumol 1986). The literature on 

convergence is continuing its expansion. In Polish literature a few recent papers 

should be mentioned (Ciołek 2003; Gawlikowska-Hueckel 2002; Markowska-

Przybyła 2010; Próchniak 2013).  
 
 

2. REAL CONVERGENCE IN THEORY 
 

The primary issue to be explored in connection with the convergence 

hypothesis is whether the level of income per capita in poorer countries is getting 

closer to the level of income per capita in richer countries, which would in 

consequence equalize income distribution in the long term. Literature concerning 

this issue is vast, starting from classical works to the most contemporary research 

articles. There are, for example, Barro and Sala-i-Martin, based on the neoclassical 

model of Ramsey–Cass–Koopmans and Mankiw, Romer and Weil’s paper, where 

the authors use the neoclassical model Solow–Swan. In both cases, authors used 

the equation which shows the relationship between the GDP per capita growth 

rate, and initial level of GDP per capita as follows: 

 

                           
      (1) 

where: 

         – rate of growth of GDP per capita in i-country between t and t+T 

period, 

                                                           
2 From conceptual point of view, literature gives distinction between conditional and 

unconditional β convergence. Relying on Solow-Swan model that assumes Cobb–Douglas 

production function in following form:      
        

   , where Y is GDP, C – capital,  

L – labor force, A – TFP, α – elasticity of production on capital, 1–α elasticity of production on 

labor force, thus GDP per capita in steady state equilibrium is expressed by following formula 

    [
 

     
]

 

   
, where A is TFP, s is savings rate, g and n are exponential growth rates of  

A and L respectively   is rate of capital depreciation. This formula illustrates that GDP per capita 

value in steady state equilibrium of each country depends on six elements respectively A, s, g, n,   

and   which could be determined as a vector  . Unconditional convergence assumes that all 

variables from vector   are the same for economies that are considered, and all of them converge 

to the same stationary equilibrium. 
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    – GDP per capita level in i-country in t-period, 

   
  – GDP per capita level in i-country in steady-state, 

    – error term. 

In case of positive and significant parameter   it can be assumed that 

initially poorer countries experience higher GDP per capita growth rate than 

richer ones. Classical concepts, most commonly found in literature include 

concepts   type convergence (including unconditional and conditional 

convergence) and concepts of σ type convergence. In this study unconditional  

  type convergence is tested on a group of four developing economies namely 

Czech Republic, Hungary, Poland and Slovakia that have been EU Member 

States since 2004 and developed EU-15. In contrast to the unconditional 

convergence the concept of conditional convergence emphasizes the existence of 

possible differences in a stationary equilibrium, which requires the modification 

of the equation as follows: 

 

                              , (2) 

 

where θ is a vector of variables characterizing the heterogeneity of the individual 

stationary equilibrium. If the estimation of θ parameter in regression is statistically 

significant and positive in its sign, it may be treated as a possibility of conditional 

convergence existence. The most important issue in question is what variables 

should be included in the vector θ. In literature authors usually utilize variables 

connected to education level, fiscal policy and employment structure indices 

(i.e. Ramajo et al. 2008). In recent literature we observe increasing number of 

studies analyzing convergence processes, taking into account spatial auto-

correlations (among others Modranka 2012; Górna, Górna 2013) 

 

 

3. REAL CONVERGENCE: SECTORIAL APPROACH 

 

The new Member States of EU have recorded in last decade substantial 

development gains. Taking into account progressive catching-up process, 

development gap between old EU Members and the new ones still remains 

significant. Gains in productivity have been observed parallel with huge foreign 

direct investment inflows to new Member States, mainly from developed EU 

countries. Moreover FDI inflows are accompanied by many types of government 

supportive policies. Efficiency of utilizing measures such as tax preferences for 

foreign investors should always be concerned in terms of measurable positive 

changes connected directly or indirectly to foreign capital in the host country. 

Foreign capital is generally considered not only as a supportive tool for 

shortages in capital but also know-how, managerial skills and knowledge 

improvements. Depending on the type of FDI and host country’s characteristics, 
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different effects, varying from positive to negative may be observed. The most 

important issue is how important FDI is in accelerating convergence process in 

general and for productivity gains in particular. If FDI has a consistent positive 

impact on productivity, this would imply that countries should continue to 

pursue policies aimed at attracting FDI. A lot of research on productivity growth 

has emphasized the importance of absorptive capacity of the economy hosting 

the investment, and tacit knowledge in particular, which may enhance the 

transfer of technology and thereby strengthen the impact of FDI on productivity 

growth. Absorptive capacity is based on the idea that the potentially positive 

impact of FDI on the host economy may fail or not, depending on adaptive skills 

of firms, their resources, as well as general investment climate and economy 

performance including institutions quality (European Central Bank 2009). 

Productivity of an economy plays an extremely important role as a driver for 

development, in particular in terms of the theory of economic growth. After the 

literature review, we can conclude that the occurrence of convergence on the 

aggregate level (national economy) can obscure a lot of information concerning 

differences on the sectorial level (Bernard, Jones 2001: 1217; Puziak 2009). 

Therefore it is reasonable to examine in detail which sectors of the economy are 

subjected to the convergence processes and what is the contribution of individual 

sectors convergence to the entire economy. The paper by Dollar and Wolf 

(1988), based among others on Baumol, found that convergence processes 

within OECD economies occurred on the aggregated level. Acknowledgment of 

the convergence of productivity levels was a starting point to open the debate on 

the size of the convergence levels of productivity in particular sectors. In the 

1980s there was a lack of literature concerning this issue until Bernard and Jones 

(1996) work showed that the key to understand the differences in growth rates 

between different countries is to observe whether technology flows between 

sectors within one country, or rather between sectors of various countries. In 

most papers by Bernard and Jones one can find a similar theme of justification 

for undertaking the sectorial convergence issue. The authors’ idea was to fill the 

gap in research on convergence at micro and macroeconomic level. 

An important contribution to the understanding of the convergence processes 

was Paci (1997) paper, undertaking sectorial convergence on regional level. He 

drew attention to the importance of sectorial studies because of their ability to 

show items such as structural changes and productivity changes in sectors that are 

not observable directly on the aggregated level. One can also find some issues 

concerning productivity convergence in Carree et al. (1999) paper, nevertheless 

the biggest impact was put there on GDP per capita convergence. Another study of 

Gouyette and Perelman (1997), focusing on manufacturing and services sectors, 

puts emphasis on catching-up processes and interactions between changes in 

productivity and changes in capital accumulation.  
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The research on convergence is affected by justified criticism. Accepting 

sectorial analysis, a selection of appropriate countries for analysis remains an 

important issue, as a badly performed selection might be a potential cause of 

biased results. In a pioneering paper, encouraged by the lack of studies 

concerning EU countries (economists were mostly focusing on national-level 

analysis within OECD countries only), Doyle and O’Leary (1999) hypothesized 

that structural changes, which may facilitate convergence, are some of the 

determinants causing the process on the sector level and to a lesser extent on the 

level of entire economies. Pascual and Westermann (2002) focused in their study 

on manufacturing and revealed that convergence analysis should be considered 

among the sectors which are using similar technologies. They proved that 

analyzing sectors using different technology may lead to inadequate 

comparisons and misleading statements about a lack of convergence. Muller 

(2000), attempted, by utilizing statistical tools, to determine a mechanism which 

explains why one sector experiences productivity convergence and another 

doesn’t. Wong (2006) presents another interesting approach to sectorial 

convergence in OECD countries, offering innovative technique of decomposition 

of β convergence because of the impact of sectorial productivity growth and 

changes of structure of employment in economy. He assumed that even the lack 

of convergence in each sector does not make it impossible for the convergence 

process to take place in the entire economy, which is due to the labor force 

migrating from lower productivity sector to another more productive one.  

To summarize, an overview of the empirical research of sectorial conver-

gence of labor productivity does not allow for clear assessment. It should be 

mentioned that, at the same time, many researchers carried out studies on labor 

productivity convergence and others on technological changes and their 

implications. Approaches concerning labor and capital or even TFP convergence 

processes should be treaded complementary. 

 

 

4. DATA AND METHODS 

 

The lack of in-depth research concerning the effect of FDI inflows on 

productivity convergence in developing countries such as the Visegrad Group, 

based on industry-level data was the motivation behind this study. This paper 

provides empirical evidence of the overall effects of stock inward FDI on the 

productivity convergence in Visegrad Countries, using NACE rev. 1.1. and 

rev. 2 data in the period 2000–2014. The data were obtained from Eurostat 

database as well as national banks of each individual country. An important 

feature of the paper is that it explores whether the size of benefits associated 

with FDI depends on the absorptive capacity in terms of business enterprise 
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expenditure on R&D and human capital of the recipient country. Detailed 

information about the data used in the study is presented in table 1. 

Initial studies devoted to economic convergence utilized cross-sectional 

regressions. This resulted in loss of information of variability of economies and 

factors describing them. Omission of these features in the model meant that they 

became components of the random error, which led in turn to the non-fulfillment 

of the condition of lack of explanatory variables correlated with the random 

component. The use of such tests or derivatives as? the OLS method involves 

the problem of consistency and bias. Another problem in studies utilizing time 

series or cross-section data was connected to a low number of degrees of 

freedom. To some extent panel data techniques solve the problem, by increasing 

the available degrees of freedom, and taking into account the individual effects.  

In this study we consider the following model: 

 

                                   , (3) 

 

                                                  , (4) 

 

where          
    

      
  is the rate of growth of productivity in a country (sector), 

     is the matrix of observations, representing country specification,    is the 

individual effect for i-country (sector),     is the time effect for t-period, and     

is the random error term. In the context of conditional β-convergence hypothesis 

verification, the estimated value of the β parameter is most interesting, and is 

defined as follows: 

 

          
 

 
, (5) 

 

where T is the number of time observations and β is the estimated parameter. 

Because the model (3) has got a period dependent variable delayed by 1 among 

its explanatory variables, it means that we are dealing with an autoregressive 

model
3
. 

 

 

                                                           
3 We set of assumptions regarding the random component and the properties of individual and 

time effects: 

 (    )                            (        )                     

   (        )    
   (      )                           (       )          
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Growth regressions taking into account the hypothesis of β-convergence 

models are dynamic and therefore appropriate methods of estimation should be 

used. The use of classic estimators for panel models, such as OLS (GLS) or the 

within estimator, results in biased parameters. Application of OLS for the 

estimation of the model is equivalent to the adoption of restrictive assumptions 

that individual or periodic effects do not occur within the model. It is empirically 

proven that the value of the autoregressive parameter (1-β) is overestimated, 

which implies underestimated speed of convergence. Using the within estimator 

avoids the issue to do with omitted variables and individual effects but it does 

not solve the problem of endogenous variables causing biased results. In case of 

the within estimator autoregressive parameter value is underestimated thus speed 

of convergence is overestimated (Blundell et al. 2000). 

In the estimation of dynamic panel models many methods which take into 

account the endogenity of dependent variables (Baltagi 1995) were proposed. 

The majority are estimates based on GMM and instrumental variables method. 

GMM was developed by Arellano and Bond (1991) and earlier by Holtz-Eakin, 

Newey and Rosen in 1988. In 1996 this method has been used for the first time 

by Caselli, Esquivel and Lefort to estimate the regression of growth. 

 

                                      , (6) 

                                              , (7) 

                                      , (8) 

The idea of this approach is to use in the estimation appropriate instruments 

for the explanatory variables that are correlated with the random component. In 

the model for the first differences (7) there are no individual effects, which 

makes the assumption that the individual effects are uncorrelated with the 

explanatory variables no longer necessary. Consequently, for GMM for the first 

differences for each unit matrix of instruments Zi is needed. The result of 

estimation is minimal squared measure:  

 

                                      , (9) 

                                              , (10) 

                                      , (11) 

            , (12) 

where:   

        
    

      
 ), (13) 

       
    

      
 ), (14) 
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   is weight matrix. (15) 

The result of mineralization is estimator of parameters: 
 

  ̂      ̃       
   ̃      ̃       

   , where   ̂  [
   

 
] . (16) 

 

Nevertheless, there are cases in which the GMM estimator for the initial 

differences is biased. It occurs when the value of the autoregressive parameter is 

close to 1 or when the variance of the individual effects is significantly higher 

than the variance of the random component. Another estimator proposed by 

Blundell and Bond (1988), so called sys-GMM is more adequate in such 

circumstances. The general idea behind sys-GMM is the estimation system of T-2 

equations for initial differences and T-2 equations for the levels. Due to the fact, that 

in level equations we face individual effects, additional restrictions are needed. 

 

  

5. RESULTS 

 

In this paragraph the results of the conducted study are presented. First we 

estimated a set of simple regressions explaining productivity level in terms of 

gross value added per employee in V4 countries, using variables such as 

productivity gap?, investment level, economy utilization capacity, foreign direct 

investment in economy (PENETR) and its interactions with business enterprises 

expenditures on research and development ratio, as well as the mentioned GAP. 

Taking into account results from table 2, only in case of Poland we observe 

statistically significant and negative impact of the gap in productivity. Except 

Slovakia, positive interaction between productivity and FDI intensity with BERD 

GVA ratio was observed. The negative values of parameters for PENETR*GAP, as 

in case of Slovakia and Hungary, mean that bigger productivity gap connected to 

high FDI intensity negatively affected productivity. 

In further tables (3–5) we present detailed results of estimated panel models 

explaining rate of change of productivity in the entire economy and in each 

sector
4
. By using different approaches (pooled panel model, fixed effects and 

dynamic panel model) we checked the robustness of obtained results. In all cases 

we noticed significant and negative parameter β, which means that convergence 

in productivity occurs. Y-o-y productivity rate of growth was higher in the 

economies with lower lagged productivity level. We also considered a set of 

                                                           
4 Taking into account the fact that investment in manufacturing and services (in particular 

financial and insurance activities and professional scientific and technical activities) in V4 

countries contributed commonly more than 90% of the total FDI stock, it was decided to present 

only selected results that are consistent with the study objective.  
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variables including productivity gap and its square, which suggested that in 

envisaged example productivity rate was the greatest for individuals 

characterized by medium levels of productivity gap. 

 
Table 2. Estimates for PROD (V4 in the years 2000–2014) average productivity in economy 

explained variable Poland Czech Republic Hungary Slovakia 

PROD         

const 33 312,37 *** 21 620,41 *** 16 556,55 *** 16 372,80 *** 

GAP –5 302,75 ***       

PENETR      25 569,69 *** 33 203,90 *** 

PENETR*BERDGVA 1 764 850,81 *** 1 592 101,94 *** 328 183,22 *       

PENETR*GAP   24 599,03 *** –8 217,44 *** –9 256,51 *** 

CAPACITY       234,93 *** 

INV       –61 988,80 *** 

Adjusted Rsquared 0,99      0,98       0,97       0,99        

DW 2,37      1,73       1,85       2,43        

N 15           15            15            15            

Source: own study. 

 

In case of the manufacturing, apart from the estimator used, statistically 

significant and negative values of β are observed. The set of additional variables 

included in conditional β convergence equation contributes significantly to the 

explanation of changes in productivity. Taking into account models 4 FE and  

5 DPM we have to notice that higher expenses on research and development 

increase productivity changes by improving the absorbing abilities of a sector. 

When productivity gap squared was included in the equation, the results showed 

that productivity rate was the greatest for individuals characterized by medium 

levels of productivity gap. Considering the results for the services sector 

convergence process, it was also observed that it took place at a speed compar-

able to the whole economy and to manufacturing. Detailed analysis of GAP 

levels and dynamics is also a useful tool for the less productive sectors to 

become more productive thanks to higher rates of growth. 

In table 5 we find the results for financial and insurance activities (NACE 

rev.2: K) and professional, scientific and technical activities (NACE rev.2: M). 

Comparing them to obtained for manufacturing and services β parameters are 

almost two times higher. Additional set of variables is fulfilling its role by 

improving explanation level of considered models and providing useful 

information that higher investment level, rather medium productivity gap 

between V4’s and UE-15 sectors results in higher productivity growth rates. 



174  Liwiusz Wojciechowski 

 

T
ab

le
 3

. 
E

st
im

at
es

 f
o

r 
ld

_
P

R
O

D
 (

V
4
 +

 U
E

-1
5

 i
n
 t

h
e 

y
ea

rs
 2

0
0

0
–

2
0
1

4
) 

av
er

ag
e 

p
ro

d
u

ct
iv

it
y
 i

n
 e

co
n
o
m

y
 

E
x
p

la
in

ed
 v

ar
ia

b
le

 
M

o
d

el
 1

 

p
o

o
le

d
 

M
o

d
el

 2
 

p
o

o
le

d
 

M
o

d
el

 3
 

F
E

 

M
o

d
el

 4
 

F
E

 

M
o

d
el

 5
 

 D
y
n

am
ic

 p
an

el
 

m
o

d
el

 1
-s

te
p

 

M
o

d
el

 6
  

D
y
n

am
ic

 p
an

el
  

m
o

d
el

 1
-s

te
p

 

M
o

d
el

 7
 

D
y
n

am
ic

 p
an

el
  

m
o

d
el

 1
-s

te
p

 

ld
_

 P
R

O
D

 
ld

_
P

R
O

D
 

co
n

st
 

,6
4
2

 *
*
*
 

5
,8

1
1

 *
*
*
 

6
,1

1
6

 *
*
*
 

4
,3

0
3

 *
*
*
 

6
,7

2
7

 *
*
*
 

4
,9

6
4

 *
*
*
 

,0
0
9

 *
*
*
 

ld
_

P
R

O
D

_
(–

1
) 

  
  

  
  

–
,1

6
9

 *
*
*
 

–
,1

5
6

 *
*
 

–
,1

5
0

 *
*
*
 

l_
P

R
O

D
_
1

 
–

0
,0

5
8

 *
*
*
 

–
,5

2
4

 *
*
*
 

–
,5

5
3

 *
*
*
 

–
,4

1
1

 *
*
*
 

  
–

,4
7

2
 *

*
*
 

–
,6

4
4

 *
*
*
 

G
A

P
 

  
–

,1
9

2
 *

*
*
 

–
,2

1
0

 *
*
*
 

  
  

  
  

G
A

P
_

sq
u

a
re

d
 

  
  

  
  

  
–

,0
2

7
 *

*
*
 

–
,0

3
1

 *
*
*
 

P
E

N
E

T
R

G
A

P
 

  
–

,0
1

5
  

  
–

,0
2

2
 *

*
*
 

  
  

  

A
d

ju
st

ed
 R

sq
u

ar
ed

 
0

,2
7

 
0

,7
1

 
  

  
  

  
  

L
S

D
V

 R
q

u
ar

ed
 

  
  

0
,7

9
 

0
,6

8
 

  
  

  

W
it

h
in

 R
sq

u
ar

ed
 

  
  

0
,7

8
 

0
,6

5
 

  
  

  

D
W

 
1

,7
1

 
1

,0
4

 
1

,3
7

 
1

,6
1

 
  

  
  

N
 

5
 

4
 

4
 

4
 

4
 

4
 

4
 

T
 

1
4

 
1

4
 

1
4

 
1

4
 

1
3

 
1

3
 

1
2

 

N
u

m
b

er
 o

f 

in
st

ru
m

en
ts

 
  

  
  

  
4

7
 

5
7

 
4

5
 

D
ia

g
n

o
st

ic
 t

es
ts

 
  

B
-P

 

(L
M

=
1
4
,5

9
4
9
, 

p
=

0
,0

0
0

) 

  
  

T
es

t 
A

R
(1

) 
[0

,5
3
9

4
].

 

T
es

tA
R

(2
) 

[0
,2

0
4

0
].

 

S
ar

g
am

 T
es

t 
[0

,0
2
9

3
],

 

W
al

d
 T

es
t 

[0
,0

0
0
] 

T
es

t 
A

R
(1

) 
[0

,1
1
0

0
].

 

T
es

tA
R

(2
) 

[0
,4

4
6

2
].

 

S
ar

g
am

 T
es

t 
[0

,0
2
8

5
],

 

W
al

d
 T

es
t 

[0
,0

0
0
] 

T
es

t 
A

R
(1

) 
[0

,1
0
0

5
].

 

T
es

tA
R

(2
) 

[0
,5

5
4

8
].

 

S
ar

g
am

 T
es

t 
[0

,0
0
0

7
],

 

W
al

d
 T

es
t 

[0
,0

0
0
] 

S
o

u
rc

e:
 o

w
n

 s
tu

d
y
. 



Foreign direct investment as a stimulant in productivity convergence process…  175 

 

T
ab

le
 4

. 
E

st
im

at
es

 f
o

r 
ld

_
P

R
O

D
 (

V
4
 +

 U
E

-1
5

 i
n
 t

h
e 

y
ea

rs
 2

0
0

0
–

2
0
1

4
) 

N
A

C
E

 G
T

U
 &

 C
 

E
x
p

la
in

ed
 v

ar
ia

b
le

 
M

o
d

el
 1

 

p
o

o
le

d
 

M
o

d
el

 2
 

p
o

o
le

d
 

M
o

d
el

 3
 

p
o

o
le

d
 

M
o

d
el

 4
 F

E
 

M
o

d
el

 5
 F

E
 

M
o

d
el

 6
 

p
o

o
le

d
 

M
o

d
el

 7
  

p
o

o
le

d
 

M
o

d
el

 8
 F

E
 

ld
_

 P
R

O
D

 
C

-M
A

N
U

F
C

T
U

R
IN

G
. 

G
T

U
-S

E
R

V
IC

E
S

 

co
n

st
 

,6
2
7

 *
*
*
 

5
,3

7
5

 *
*
*
 

5
,5

6
3

 *
*
*
 

5
,9

2
4

 *
*
*
 

4
,9

4
4

 *
*
*
 

,6
2
7

 *
*
*
 

6
,3

7
8

 *
*
*
 

6
,5

5
7

 *
*
*
 

ld
_

P
R

O
D

_
(–

1
) 

  
  

  
  

  
  

  
  

l_
 P

R
O

D
 _

1
 

–
,0

5
7
1

 *
*
*
 

–
,4

7
7

 *
*
*
 

–
,4

7
1

 *
*
*
 

–
,5

2
5

 *
*
*
 

–
,4

6
9

 *
*
*
 

–
,0

5
7
3

 *
*
*
 

–
,5

7
4

 *
*
*
 

–
,0

5
8
9

 *
*
*
 

G
A

P
 

  
–

,1
9

3
 *

*
*
 

–
,2

9
2

 *
*
*
 

–
,2

4
7

 *
*
*
 

  
  

–
,2

4
9

 *
*
*
 

–
,2

5
6

 *
*
*
 

G
A

P
_

sq
u

a
re

d
 

  
  

  
  

–
0

,0
3
2

 *
*
*
 

  
  

  

B
E

R
D

G
V

A
 

  
,3

5
0

 *
*
 

1
,2

4
3

 *
*
 

,4
2
5

 *
*
 

,5
8
7

 *
*
*
 

  
,8

3
9

 *
*
*
 

,6
2
2

 *
*
 

IN
V

 
  

–
,2

2
4

 *
 

–
,4

2
2

 *
 

  
  

  
  

  

P
E

N
E

T
R

 
  

  
–

0
,4

0
2

 *
*
 

  
  

  
  

  

P
E

N
E

T
R

*
B

E
R

D
G

V
A

 
  

  
–

1
,1

3
0

 *
 

  
  

  
  

  

P
E

N
E

T
R

*
G

A
P

 
  

  
,1

4
2

 *
*
 

  
  

  
  

  

A
d

ju
st

ed
 R

sq
u

ar
ed

 
0

,1
7

 
0

,6
6

 
0

,6
8

 
  

  
 ,

1
9

 
 ,

7
1

 
  

L
S

D
V

 R
q

u
ar

ed
 

  
  

  
0

,7
5

 
  

  
  

0
,7

9
 

W
it

h
in

 R
sq

u
ar

ed
 

  
  

  
0

,7
4

 
  

0
,1

9
 

0
,7

1
 

0
,7

7
 

D
W

 
2

,3
8

 
2

 
2

,0
8

 
2

,3
3

 
  

1
,6

6
 

1
,1

5
 

1
,3

4
 

N
 

5
 

4
 

4
 

4
 

4
 

5
 

4
 

4
 

T
 

1
4

 
1

4
 

1
4

 
1

4
 

1
4

 
1

4
 

1
4

 
1

4
 

D
ia

g
n

o
st

ic
 t

es
ts

 
  

  
  

  

Jo
in

t 
te

st
 o

n
 

n
am

ed
 

re
g
re

ss
o

rs
 

2
,4

0
e-

1
3
, 

T
es

t 
fo

r 

d
if

fe
ri

n
g
 

g
ro

u
p

 o
f 

in
te

rc
ep

ts
 

0
,0

0
9

 

  

V
ar

ia
n

ce
 

T
es

t 
[0

,0
0

6
] 

B
-P

 

(L
M

=
4

,9
5

4
3

2
 ,

 [
0

,0
2
6
] 

Jo
in

t 
te

st
 o

n
 

n
am

ed
 

re
g
re

ss
o

rs
 

9
,7

7
e-

1
6
 

T
es

t 
fo

r 

d
if

fe
ri

n
g
 

g
ro

u
p

 

in
te

rc
ep

ts
 

0
,0

0
0

 

S
o

u
rc

e:
 o

w
n

 s
tu

d
y
. 



176  Liwiusz Wojciechowski 

 

T
ab

le
 5

. 
E

st
im

at
es

 f
o

r 
ld

_
P

R
O

D
 (

V
4

+
U

E
-1

5
in

 t
h

e 
y
ea

rs
 2

0
0
0

–
2

0
1
4

) 
N

A
C

E
 K

 &
 M

 

E
x
p

la
in

ed
 v

ar
ia

b
le

 
M

o
d

el
 1

 p
o
o

le
d

 
M

o
d

el
 2

 p
o
o

le
d

 
M

o
d

el
 3

 F
E

 
M

o
d

el
 4

 F
E

 
M

o
d

el
 5

 

p
o

o
le

d
 

M
o

d
el

 6
 

p
o

o
le

d
 

M
o

d
el

 7
 F

E
 

ld
_

 P
R

O
D

 
K

 F
IN

A
N

C
IA

L
 A

N
D

 I
N

S
U

R
A

N
C

E
 A

C
T

IV
IT

IE
S

 
M

 P
R

O
F

E
S

S
IO

N
A

L
, 

S
C

IE
N

T
IF

IC
 A

N
D

 

T
E

C
H

N
IC

A
L

 A
C

T
IV

IT
IE

S
 

co
n

st
 

1
,1

6
0

 *
*
*
 

1
1

,5
6
5

 *
*
*
 

5
,2

9
6

 *
*
*
 

3
,7

5
4

 *
*
*
 

1
,0

6
5

 *
*
*
 

9
,7

9
6

 *
*
*
 

4
,3

0
7

 *
*
*
 

ld
_

 P
R

O
D

 _
(–

1
) 

  
  

  
  

 
  

  

l_
 P

R
O

D
 _

1
 

–
0

,1
0
2

 *
*
*
 

–
,9

9
5

 *
*
*
 

–
,4

5
7

 *
*
*
 

–
,3

3
2

 *
*
*
 

 –
,0

9
7
 *

*
*
 

–
,8

5
1

 *
*
*
 

–
,4

0
4

 *
*
*
 

G
A

P
 

  
–

4
,9

 *
*
*
 

,1
2
3

 *
*
*
 

  
  

,5
5
9

 *
*
*
 

  

G
A

P
_

sq
u

a
re

d
 

  
  

  
–

,0
0

5
 *

*
 

  
,0

3
4

 *
*
*
 

–
,0

1
9

 *
*
*
 

B
E

R
D

G
V

A
 

  
5

1
,5

3
6

 *
 

  
  

  
  

  

IN
V

 
  

,0
8
5

 *
*
*
 

,1
0
1

 *
 

,1
4
5

 *
*
 

  
,4

5
3

 *
*
*
 

  

P
E

N
E

T
R

 
  

,0
5
7

 *
*
 

  
  

  
  

  

P
E

N
E

T
R

*
B

E
R

D
G

V
A

 
  

–
1

4
,3

9
4

 *
 

  
  

  
  

  

P
E

N
E

T
R

*
G

A
P

 
  

  
  

  
  

  
  

A
d

ju
st

ed
 R

sq
u

ar
ed

 
0

,1
9

 
0

,9
4

 
  

  
0

,2
4

 
0

,8
9

 
0

,5
7

 

L
S

D
V

 R
q

u
ar

ed
 

  
  

0
,5

9
 

0
,4

6
 

  
  

  

W
it

h
in

 R
sq

u
ar

ed
 

  
  

0
,5

5
 

0
,4

1
 

  
1

,2
8

 
1

,7
0

 

D
W

 
2

,0
4

 
1

,9
1

 
  

  
1

,7
2

 
  

  

N
 

5
 

4
 

4
 

4
 

4
 

  
  

T
 

1
4

 
(1

–
1

0
) 

1
4

 
1

4
 

1
4

 
  

  

D
ia

g
n

o
st

ic
 t

es
ts

 
  

  

Jo
in

t 
te

st
 o

n
 

n
am

ed
 

re
g
re

ss
o

rs
 

0
,0

0
0

; 
T

es
t 

fo
r 

d
if

fe
ri

n
g
 g

ro
u

p
 

in
te

rc
ep

ts
 

0
,0

0
0

 

Jo
in

t 
te

st
 o

n
 

n
am

ed
 

re
g
re

ss
o

rs
 

0
,0

0
0

; 
T

es
t 

fo
r 

d
if

fe
ri

n
g
 g

ro
u

p
 

in
te

rc
ep

ts
 

0
,0

3
1

 

  
  

Jo
in

t 
te

st
 o

n
 

n
am

ed
 

re
g
re

ss
o

rs
 

0
,0

0
0

; 
T

es
t 

fo
r 

d
if

fe
ri

n
g
 

g
ro

u
p

 

in
te

rc
ep

ts
 

0
,0

0
4

 

S
o

u
rc

e:
 o

w
n

 s
tu

d
y
. 



Foreign direct investment as a stimulant in productivity convergence process…  177 

6. CONCLUSIONS 

 

The results in this paper point to the following conclusions. First, there is 

a significant convergence effect in productivity on the country as well as the 

industry levels. Moreover the productivity growth depends negatively on the gap 

between the EU-15 and the V4 countries, or rather shows non-linear relation 

(Wojciechowski 2016b). At the country as well as industry level, this effect is 

clearly visible in Slovakia. At the industry level, the convergence effect is 

particularly strong in the manufacturing and services sector. Second, FDI plays 

an important role in accounting for productivity. Third, the impact of FDI on 

productivity highly depends on the absorbing capacity of the recipient economy. 

More precisely, the effect of FDI on productivity seems to be increasing with 

a rising productivity gap between V4 countries and UE-15 but only to some 

extent. The results suggest an existence of an optimal level of productivity gap 

providing high productivity growth rate. This finding is not common in literature 

and further in-depth empirical studies are needed. There is also evidence that the 

level of business enterprise research and development expenditures is 

significantly, positively associated with a higher impact of foreign direct 

investment. The assumed types of interaction between absorptive capacity and 

the beneficial impact from intensity of FDI seem to be surprisingly negative in 

the models for sectors. The policy implication of the obtained results is that 

creating mechanisms for favorable conditions for FDI is needed in order to 

support productivity convergence, in particular in sectors with higher 

productivity gap. Absorptive capacity of the V4s economies can be increased by 

investing more in research and development, for example via raising the level of 

human capital (see European Central Bank, 2009). Focusing on the example of 

Poland, according to study of Gradzewicz et al. (2013), during the entire 

transformation period, the share of more productive employees in total 

employment was increasing each year, however improvement in quality of labor 

force was counter-cyclical. The decomposition of the sources of change in 

average productivity indicates that, while the main factor causing labor 

productivity growth in the previous periods was the improvement of the 

employees’ education levels, in recent years this factor contributed to a decline 

in performance. Another important issue is the fact that changes in the structure 

of employment, and therefore in productivity, are highly determined by 

demographic processes. 
 

  



178  Liwiusz Wojciechowski 

REFERENCES 

 

Arellano M., Bond S. (1991), Some tests of specification for panel data: Monte Carlo evidence and 

an application to employment equation, “Review of Economic Studies”, vol. 58, p. 277–297. 

Babunek O. (2012), Foreign Direct Investment in Visegard Four and the Main Trading Partners, 

“Statistika”, vol. 49, no. 4, p. 14–26. 

Baltagi B.H. (2005), Econometric Analysis of Panel Data, Chichester. 

Barro R., Sala-i-Martin X. (1992), Convergence, “Journal of Political Economy”, vol. 100, p. 223–251. 

Barro R., Sala-i-Martin X. (1997), Technological Diffusion, Convergence and Growth, “Journal of 

Economic Growth”, vol. 2, March, p. 1–27. 

Barro R., Sala-i-Martin X. (2003), Economic Growth, Second Edition, The MIT Press, 

Cambridge–Massachusetts–London. 

Baumol W. (1986), Productivity Growth, Convergence, and Welfare: What the Long-Run Data 

Show, “American Economic Review”, vol. 76, December, p. 1072–1085. 

Bernard A., Jones C. (1996), Productivity Across Industries and Countries: Time Series Theory 

and Evidence, “Review of Economics and Statistics”, vol. 78, no. 1, p. 135–146. 

Bernard A., Jones C. (1996), Technology and Convergence, “Economic Journal”, vol. 106, July,  

p. 1037–1044. 

Bernard A., Jones C. (2001), Comparing Apples to Oranges: Productivity Convergence and 

Measurement Across Industries and Countries: Reply, “American Economic Review”,  

vol. 91, Semptember, p. 1168–1169. 

Blundell R., Bond S. (1998), Initial conditions and moment restrictions in dynamic panel data 

model, “Econometric Review”, vol. 19, no. 3, p. 321–340. 

Blundell R., Bond S., Windmeijer F. (2000), Estimation in dynamic panel data models: improving 

on the performance of the standard GMM estimator, [in:] B. Baltagi (ed.), Nonstationary 

Panels, Panel Cointegration and Dynamic Panels, Elsevier Science. 

Borensztein E., De Gregorio J., Lee J. (1998), How does foreign investment affect economic 

growth?, “Journal of International Economics”, vol. 45, no. 1, p. 115–135. 

Carree M., Klomp L., Thurik A. (1999), Productivity Convergence in OECD Manufacturing 

Industries, “Tinbergen Institute discussion paper”, vol. 65, p. 337–345. 

Caselli F., Esquivel G., Lefort F. (1996), Reopening the convergence debate: a new look at cross-

country growth empirics, “Journal of Economic Growth”, vol. 1, p. 363–389. 

Ciołek D. (2003), Badanie konwergencji krajów Europy Środkowo-Wschodniej z wykorzystaniem 

danych panelowych, [in:] Dynamiczne modele ekonometryczne, Wydawnictwo Uniwersytetu 

Mikołaja Kopernika, Toruń, p. 329–342 

Dollar D., Wolff E. (1988), Convergence of Industry Labor Productivity Among Advanced 

Economies, 1963–1982, “Review of Economics and Statistics”, vol. 70, no. 4, November,  

p. 549–558. 

Doyle E., O’Leary E. (1999), The role of structural change in labor productivity convergence 

among European countries: 1970–1990, „Journal of Economic Studies”, vol. 26, no. 2,  

p. 106–120. 

European Central Bank (2009), FDI and productivity convergence in Central and Eastern Europe, 

“Working Paper Series”, No. 992. 

Gawlikowska-Hueckel K. (2002), Konwergencja regionalna w Unii Europejskiej, „Gospodarka 

Narodowa”, no. 10, p. 91−113. 

Gouyette C., Perelman S. (1997), Productivity Convergence in OECD Service Industries, 

“Structural Change and Economic Dynamics”, vol. 8, p. 279–295. 

Górna J., Górna K. (2013), Analiza konwergencji gospodarczej wybranych regionów Europy 

w latach 1995–2009, „Roczniki Kolegium Analiz Ekonomicznych”, no. 30. p. 169–185. 

Gradzewicz M., Kolasa M., Growiec J., Postek Ł., Strzelecki P. (2013), Poland’s Exceptional 

Performance during the World Economic Crisis: New Growth Accounting Evidence, “NBP 

Working Paper”, no. 186. 



Foreign direct investment as a stimulant in productivity convergence process…  179 

Holtz-Eakin D., Newey W., Rosen H. (1988), Estimating vector autoregressions with panel data, 

“Econometrica”, vol. 56, p. 1371–1395. 

Islam N. (2003), What Have We Learnt From the Convergence Debate?, “Journal of Economic 

Surveys”, vol. 17 no. 3, p. 309–362. 

Knight M., Norman L., Delano V. (1993), Testing the neoclassical theory of economic growth: 

a panel data approach, “IMF Staff Papers”, vol. 40, no. 3, p. 512–541. 

Lee J. (2009), Trade, FDI and Productivity Convergence: A Dynamic Panel Data Approach in 25 

Countries, “Japan and the World Economy”, vol. 21, p. 226–238. 

Markowska-Przybyła U. (2010), Konwergencja regionalna w Polsce w latach 1999–2007, 

„Gospodarka Narodowa”, no.11–12, p. 85–110. 

Michałek J.J., Siwinski W., Socha M. (2007), Polska w Unii Europejskiej: Dynamika 

konwergencji ekonomicznej, Wydawnictwo Naukowe PWN, Warszawa. 

Modranka E. (2012), Zastosowanie modeli panelowych w analizie warunkowej konwergencji typu 

β z uwzględnieniem zależności przestrzennych, „Roczniki Kolegium Analiz Ekonomicznych”, 

no. 26. p. 61–72. 

Muller G. (2000), A Glimpse on Sectoral Convergence of Productivity Levels, “Halle Institute for 

Economic Research Discussion”, Paper No 133, November. 

Narodowy Bank Polski (2016), Kwartalny raport o rynku pracy w IV kw. 2015, Biuro 

Przedsiębiorstw, Gospodarstw Domowych i Rynków, Instytut Ekonomiczny, Warszawa. 

Paci R. (1997), More Similar and Less Equal: Economic Growth in the European Regions, 

“Weltwirtschaftliches Archiv”, vol. 133, no. 4, p. 608–634. 

Pascual A.G., Westermann F. (2002), Productivity Convergence In European Manufacturing, 

“Review of International Economics”, vol. 10, no. 2, p. 313–323. 

Próchniak M., Witkowski B. (2013), Time stability of the beta convergence among EU countries: 

Bayesian model averaging perspective, „Economic Modeling”, vol. 30, p. 322–333. 

Puziak M. (2009), Real Convergence of New EU Members. An Experience for Ukraine, “Journal 

of International Studies”, no. 1, p. 40–50. 

Ramajo J., Marquez M., Hewings G., Salinas M. (2008), Spatial heterogeneity and interregional 

spillovers in the European Union: Do cohesion policies encourage convergence across 

regions?, “European Economic Review”, vol. 52, p. 551–567.  

Wach K. (2012), Europeizacja małych i średnich przedsiębiorstw: rozwój przez umiędzynaro-

dowienie, PWN Warszawa. 

Wach K. (2015), Entrepreneurship without Borders: Do Borders Matter for Intrernational 

Entrepreneurship, „Problemy Zarządzania”, vol. 14, no. 1, p. 82–92. 

Wojciechowski L. (2015), Uwarunkowania i skutki przepływu BIZ z krajów UE-15 do UE-12 na 

przykładzie Polski i Węgier, “Prace Komisji Geografii Przemysłu Polskiego Towarzystwa 

Geograficznego”, vol. 29. no. 1, p. 73–88. 

Wojciechowski L. (2016a), Wpływ BIZ na kreowanie wartości dodanej w kraju goszczącym ze 

szczególnym uwzględnieniem przetwórstwa przemysłowego, “Prace Komisji Geografii 

Przemysłu Polskiego Towarzystwa Geograficznego”, vol. 30. no. 1, p. 143–158. 

Wojciechowski L. (2016b), Luka produktywności: szansa czy przeszkoda w absorpcji skutków 

obecności bezpośrednich inwestycji zagranicznych?, Ogólnopolska Konferencja Naukowa, 

Modelowanie danych panelowych: teoria i praktyka, 13.05.2016, SGH, Warszawa 

Wong W.K. (2006), OECD convergence: A sectorial decomposition exercise, “Economics 

Letters”, vol. 93, November, p. 210–214. 

Zimny Z. (2015), Inward FDI-Related Challenges to Poland’s Further Economic Progress, 

“Journal of US–China Public Administration”, vol. 12, no. 11, p. 845–875.  

 

 

  



180  Liwiusz Wojciechowski 

Liwiusz Wojciechowski 

 

BEZPOŚREDNIE INWESTYCJE ZAGRANICZNE JAKO STYMULANTA 

KONWERGENCJI PRODUKTYWNOŚCI POMIĘDZY KRAJAMI GRUPY 

WYSZEHRADZKIEJ A UE-15 

 

Streszczenie. Wyjaśnienie przyczyn i stopnia zróżnicowania zamożności krajów pozostaje 

wciąż ważnym tematem w ekonomii. Teorie wzrostu gospodarczego skupiają się zasadniczo na 

identyfikacji długookresowych determinant oraz źródeł zróżnicowania tempa wzrostu gospo-

darczego, co z kolei wiąże się z pojęciem konwergencji realnej. Biorąc pod uwagę zasilające 

oddziaływanie kapitału zagranicznego na gospodarkę, w obliczu dynamicznego napływu 

bezpośrednich inwestycji zagranicznych (BIZ) do gospodarek krajów rozwijających się, zasadne 

wydaje się włączenie tej kategorii makroekonomicznej w modelowaniu procesów konwergencji, 

w szczególności konwergencji produktywności. Produktywność gospodarki zdeterminowana jest 

bowiem rozmiarami akumulacji kapitału (krajowego i zagranicznego), stopą oszczędności oraz 

szeregiem innych uwarunkowań. Autor stawia hipotezę, ze obecność BIZ przyczyniała się do 

przyspieszenia tempa konwergencji realnej pomiędzy krajami Grupy Wyszehradzkiej a krajami 

UE-15. W badaniu na poziomie krajowym zdezagregowanym zgodnie z klasyfikacją NACE za 

lata 2000–2014 wykorzystano dane panelowe określające m.in. produktywność oraz stopień 

penetracji BIZ w gospodarce (sekcji) w kraju goszczącym. Badanie wskazuje na występowanie 

warunkowej β-konwergencji o zróżnicowanym tempie w przekroju krajów, sektorów i czasu. 

Przeprowadzona analiza dostarcza informacji w zakresie zasadności prowadzenia sektorowej 

polityki sprzyjającej wzrostowi zaangażowania kapitału zagranicznego ukierunkowania na 

zmniejszenie luki produktywności pomiędzy krajami rozwijającymi się, a rozwiniętymi 

należącymi do wspólnego ugrupowania, jakim jest Unia Europejska. 

Słowa kluczowe: bezpośrednie inwestycje zagraniczne, konwergencja produktywności, 

modele panelowe, Grupa Wyszehradzka. 

JEL: C23, O47, F21. 
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