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Abstract 

 

Advanced technology plays a more and more important role in economic growth. With 

increasing international transactions, technology spillover between countries is becoming more 

important for especially developing countries. 

The main objective of this essay is to investigate the relationship between labor productivity and 

technological spillovers measured by Foreign Direct Investments (FDI), import and Research and 

Development expenditure (R&D). We use data covering 41 developing countries for the time 

period 2005 to 2008 to assess the extent to which technological spillovers from US influence labor 

productivity in the selected developing countries. Our results show that the relationship between 

technological spillovers and labor productivity in developing countries are highly sensitive to 

model specification and estimation techniques. Simple pooled data estimations revels a clear 

relation between technological spillover an labor productivity while more complex models such as  

dynamic panel data models fails in this task. 
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1. Introduction 

 

In the past thirty years, many economists have conducted research on what influences 

technology level in different countries and thereby economic growth (see e.g., Hymer, 1976; Findly, 

1978. These researches pointed mainly towards three different factors that influence economic 

growth: technology transfers, technology spillovers and technology diffusion. 

Obviously, there are large gaps between levels of technology across countries and in particular 

developing countries makes a lot of efforts to  reduce this gap. 

Grossman and Helpman (1991) argued that technology spillovers play an important role  I n 

reducing this gap through both trade and FDI. Being aware of the connections between advanced 

technology and spillovers, many developing countries are trying to attract foreign capital. For 

example, China’s economic reform that begun in 1979 encouraged enterprises to trade with 

foreign firms and seek joint ventures with firms that hold technology leading status. 

Investment on R&D expenditure is also a common method to enhance technology level 

(Griliches, 1992), many developing countries also try in this way. 

Our main objective is to investigate if technological spillovers from developed countries, 

measured by the three indicators above (FDI, trade and R&D), influence labor productivity in 

developing country. 

 Due to time restraint and difficulties to collect relevant data, we selected a limited sample of 

developing countries to  conduct our  the empirical work, and as for the developed countries, 

we use US as a representative of the developed countries. 

So our research questions are as follows: 

1. How does technology spillover from the United States to developing countries influence 

labor productivity in developing countries?  

2. What kind of policy measures should the developing countries adopt t in order to improve  

labor productivity? 

 

The outline of the essay is as follows: In section 2 we present our theoretical model and then 

identify the factors we are going to use for the empirical research.  

In section 3, a review of the literatures is presented mainly focusing on spillovers and 
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productivity (economic growth). 

In the section 4, we present the source of the data, our empirical definitions and describe the 

merit and weakness of the data  used in the estimations.  

In section 5, we introduced our empirical model. 

In part 6, the results are presented and summarized. 

In section 7, some conclusions and policy recommendations are stated. 

Finally, section 8, a critical assessment of this essay is presented. 

 

2. Theoretical framework  

 

In the 1980s, Nelson and Winter (1982) elaborated a formal model of economic development 

reflecting the so called Evolutionary or neo-Schumpeterian theoretical approach. In the model 

technological progress is considered as an endogenous process to explain growth. As stressed by 

the  authors evolutionary processes are characterized by strong regularities such as the sequence 

of innovation and imitation. The role of innovation as a motor for growth was associated to role of 

learning and investment in human capital. According to Carmen, Sara and Jaime’s (2006, 2007) 

GDP per capita in all countries will grow at the same exogenously determined rate of technological 

progress. This result is accordance with the basic neo-classical models (Solow, 1956, 1957; Swan, 

1956; Dension, 1967). Neo-classical model explains long term economic growth by production 

technology, capital accumulation, population growth and technological progress. The so called 

endogenoeus growth model might be considered as an extension of the basic neo-classical growth 

model  

Firstly, Schumpeterian endogenous growth models that incorporated a theory of technological 

change into growth appeared with Romer (1986) and Lucas (1998). In these models, growth goes 

on indefinitely because the returns on investment in a wide range of capital goods, including 

human capital, do not necessarily diminish as the economy develops. In equation (1) the basic 

Romer model is presented: 

 
tjtjttj LCFZy ,                         (1) 

where aggregate labor-augmenting technological progress is captured by Zt , F is firm’s 
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production function; and y is firm’s output, and C and L are the factors of production. In this 

equation, we can see that technology progress influences output, and from previous researches we 

also know that spillovers have impact on technology level. In this way, we connect spillovers with 

production, thereby productivity. In addition, capital and labor also influence production, which is 

affected by spillovers (through FDI, import and R&D). 

A Cobb-Douglas Production function can be used to reveal the connection between 

technological spillovers and production in details, and thereby productivity. 

                                 
 CLAY                               (2) 

We know that with increasing in FDI, import and R&D, C will increase, affecting production 

positively. Since spillovers exist, technology level will change, thereby affecting the quality of labor. 

The technological shift parameter A is affected by e.g. the quality of capital used. FDI and import 

are two important factors to generate new and more productive capital and more productive ways 

for workers to produce goods and serves while R&D induces technology innovations and increase 

quality of capital. 

 

The theory points to the fact that technological spillovers between developing and developed 

countries can influence labor productivity. This is done by altering the quantity and quality of 

capital.  

We presented three models in part 5 to investigate quantitative relationship between 

technology spillovers and labor productivity through five independent variables (we introduced 

them in part4). 
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3. A brief literature review of previous research 

 

In 1991, Grossman and Helpman (1991) published a study developing the idea  that trade can 

improve the process of knowledge and technology spillovers from developed to developing 

countries by the interaction between producers from these two country group. 

Mavannoor (2005), who used India as an example to test whether imports of capital goods from 

research-intensive countries can transfer the benefits of R&D to importing countries. The logic is 

that a developing country imports a final manufactures product from a developed country, the 

producers in the developing country will soon get familiarized with technologically and thereby 

increase labor productivity as a result. 

An empirical example (Kim; J.Y., 1997) is as follow: “The DRAM (Dynamic Random Access 

Memory) market the US creates and dominated had been captured Japanese firms by the 

mid-1980s. However, by the mid-1990s, Korean firms have taken more than 30% of the world 

share, Japan less than 50% and the US only 15%. The competitive scene is still changing.” (Kim; J.Y., 

1997, Page188) Thus developing countries import advanced goods and imitate the new technology 

then gain economic growth. 

From researches above, we would like to make an assumption that if trade is hindered, 

productivity in developing countries will be lower than when those countries are open for trade, 

and firms in developing countries will not catch up with developed countries so rapidly. Social total 

welfare will also decrease. 

 

Hymer’s (1976) major contribution to the technological spillover discussion relates to FDI. He 

said that FDI was more than a process by which assets are exchanged internationally, it was also a 

transfer of capital, but the transfer of a ‘package’ in which capital, management, and new 

technology were all combined. 

In another study done by Findly (1978) the author suggested that the capital in foreign-invested 

firms play the role of a generalized promoter of technology improvement—the more chances 

domestic firms have to observe the advanced technology used by foreign-invested firms, the faster 

the domestic technology level grows. With the technological progress, firms can be motivated to 

produce goods and services in more ways and generally improve the productivity. 
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Findlay (1978) constructed a model between FDI and technological change in a backward 

region1, and concluded that for a given amount of foreign presence, the larger the technological 

gap between the foreign and domestic levels, the larger the spillovers, which means the larger 

benefits the less developed area would get. However, more and more evidence have shown that 

this finding is not valid in most situations. For example, the dynamic game-theory model created 

by Cheng (1984) showed that spillovers effect is stronger when the technological gap is small. 

Wang (1990) created a model which FDI induces more investments in human capital, which 

enhances the catch-up potential of the recipient country and concluded that FDI influence 

domestic productivity. 

On the other hand, recent studies using micro data have found negative or non-significant 

effects of FDI on domestic productivity in developing countries (see e.g. Konings, 2000; Görg and 

Greenaway, 2002). They have listed some possible explanations: a strong negative competition 

effect dominating positive spillovers; “crowding out” the market by foreign investors raising the 

average costs for domestic producers; the spillovers are mainly vertical between plants and 

supplier, FDI tends to flow in more productive sectors of an economy. 

However, Haskel (2003) and Griffth’s (2004) research on inward FDI in UK reports a positive but 

small effect on labor productivity. Fosfuri et al (2002) and Glass and Saggi (2001) got the opposite 

results. Javorcik (2004) reports evidence of positive productivity development of spillovers from 

foreign firms to their local suppliers in upstream sectors. Barrios and Strobl (2002)’s research in EU 

countries, especially in Spain, they found out that the influence of FDI reflected on change in GDP 

is different among counties. 

More recently, Ciruelos and Wang (2005) look at a sample of 47 OECD and developing countries 

from 1998 to 2001. They concluded that both FDI and trade serve as a channel for technology 

diffusion in developing countries that possess a critical mass of both human capital and latest 

technology. 

To conclude, the major part of the empirical research reveals that FDI has positive effect on 

labor productivity throughout technology spillovers. 

 

 As for R&D, Uzawa (1965), Philips (1966) and Shell (1967) introduced R&D investment in private 

                                                        
1 Countries which is backward in both culture and economic part. 
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firms a separate technology-producing sector. These models were extended by Gomulka (1970, 

1971) taking the diffusion of technology from close countries to the rest of the world into account. 

In Griliches’s essay, technological spillovers arise through international trade and R&D investments. 

Not only the domestic R&D but also foreign R&D contributes to the formation of the local 

knowledge capital (see also Grossman and Helpman, 1991). 

In a study which analyzing company accounts data for 5 countries (Mary O’ Mahony and Michela 

Vecchi, 2009), they got the result that R&D spillover among companies influences productivity 

interactively. Walz (1997) suggests in his essay that the presence of foreign-invested firms in LDCs 

(Least developing countries) brings knowledge spillovers to the domestic R&D sector and hence 

contributes to economic growth. 

 

In order to see the technology spillover’s effects on Total Factors Productivity1, Xu and Chiang 

(2005) use a sample of 48 countries for the period 1980 to 2000. Technological spillover in this 

study mainly consists of domestic patents, foreign patents and import share. They divide the 

sample in three groups according to the real GDP per capita. They find that all countries enjoy 

technology benefit by learning from foreign technology. 

Ciruelos and Wang (2005) investigate data from 57 countries from 1988-2001 found that 

“bilateral trade among DCs and exports from DCs to LDCs have a positive effect on the importing 

country’s productivity through R&D diffusion.”(Ciruelos and Wang, 2005, Page447) 

Zhang and He’s (2011) employed a panel of 47 countries (include 20 developed countries while 

the rest are developing countries) over the period 1990 to 2006 and focused on relation between 

TFP (total factor productivity) and R&D, IMPORT, FDI. 

Zhang and He’s (2011) reported that the elasticity of TFP with respect to trade remain positive 

and highly significant; the elasticity of TFP with respect to FDI serves as a channel for international 

spillovers; and the elasticity of TFP with respect to the domestic stock of R&D has a significant and 

positive impact in all specifications.  

 

To summarize the results, productivity of one country especially a developing nation has a strong 
                                                        
1 Total-factor productivity (TFP) is a variable which accounts for effects in total output due to the combination of production factors 

inputs. 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. 

 

Read more: http://www.answers.com/topic/total-factor-productivity#ixzz1wfZxRdV8 
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connection with foreign impacts through technological spillovers, which plays the role of an 

accelerator for growth. 

 

 

4. Collection and processing data 

4.1 Collection of data 

 

In this section we firstly present the sources of our data, then present some descriptive 

statistics. 

We use data from 2005 to 2008 that come from different sources. The data includes information 

on TI (total import), FDI (Foreign Direct Investment), R&D, population, employment and import & 

FDI from US. All of these variables (expect population and employment) are expressed in US dollar 

units 2005$ US fixed currency. 

Statistics of population were taken from the www.nationmaster.com database and IMF 

(www.imf.org/external/data). Population is used to get a per capita measure for the independent 

variables import, FDI and R&D, aiming at eliminating differences in country size. 

The number of employed was extracted from the ILO (International Labor Organization, 

laborsta.ilo.org) database. 

The data for R&D expenditure were taken from the WORLD BANK database 

(data.worldbank.org). This information was originally expressed in percent of national GDP/dollar. 

To get the total R&D expenditure we used, we multiplied it by annual GDP/current dollar from IMF 

database. 

Net FDI inflow and total import for the developing countries were taken from the World Bank 

database (data.worldbank.org) and US import was found in the bea.gov database. 

Investment from US and the inflation rate in US has been taken from USA.gov database. 

 

  The data cover a period of 4 years, 2005 to 2008 and include 41 developing countries and their 

trade with United States (representative of developed countries which hold advanced technology). 

Since we have some missing observations on number of employed we end up with an unbalanced 

panel.   
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4.2 Empirical definitions and data transformations 

 

First of all,  we define labor productivity I AP n developing countries as   total GDP divided b 

the number of employed persons . AP is the dependent variable in our model.  

net FDI, FDIUS, Import, ImportUS and national R&D is divided by total population to get net 

FDI/per capita, FDIUS/per capita, Import/per capita, ImportUS/per capita and R&D/per capita. 

This is done in order to eliminate differences in country size. In order to eliminate the  effect of 

inflation, we process data based on 2005 US dollar value.  

Since net FDI also contains the FDI from US we need to extract that from net FDI. Equation (3) is 

the definition of net FDI. 

   
usjotherEXusjjusjotherEXus FDIFDIFDIFDInetFDI                     (3) 

In equation (3), netFDI  is net FDI inflow of country j, otherEXusjFDI   describes FDI outflow in 

country j to other countries except US, while jotherEXusFDI   is FDI inflow from other countries 

except US to country j. By rearranging (3) we end up with (4). 

   usjjusotherRXusjjotherEXus FDIFDIFDIFDInetFDI  
                 (4) 

If we assume that usjFDI   (i.e. direct investments from the developing country in US) to be 

zero, thus, we get: 

jusotherEXus FDInetFDInetFDI                                           (5)  

Here is the final equation. 

 

Import is also adjusted in this way, which is simpler. As we can see in equation (6), 
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jusjotherEXusotherEXus IMPORTIMPORTIMPORT  
                           (6) 

where otherEXusIMPORT  describes import of country j from other countries without US. 

Thus, we get otherEXusnetFDI  and otherEXusIMPORT . 

 

4.3 Descriptive statistics 

 

Descriptive statistics of the variables used in the estimation is presented in Table 1. 

 

Table 1. Descriptive statistics of the dependent and independent variables 

Std. AP FDIother FDIus IMPORTother IMPORTus R&D 

2005 11656.3 510.5 888.7 7204.3 449.1 4674.7 

2006 9222.2 769.9 983.0 7906.3 467.0 5854.1 

2007 12813.8 877.7 1117.8 8494.3 502.3 6724.2 

2008 13641.2 747.0 1090.1 8682.0 542.7 8170.1 

Note: All the row records represent quantity divided by population (except AP). 

 

To see which functional form that should be applied (linear, LOG or others), we plotted AP with 

FDIotherEXus/per capita, FDIUS/per capita, ImportotherEXus/per capita, ImportUS/per capita and 

R&D/per capita for the four years. 

We present AP and FDIotherEXus in Figure 1
1. On the Y-axis, it’s the number of FDIotherEXus and AP 

(2005 US dollar value of thousand units). Abbreviations of countries are along X-axis the meaning 

of abbreviations is presented in table F1). 

Both FDIotherEXus and AP increase over time. In other words, change in the index between 2005- 

2008 is in line with economic performance and policy factors affecting FDI and AP. We also can 

see from this graph that at least to some extent, there is probably a linear relationship between 

                                                        
1 Figure A1, Figure A2, Figure A3, Figure A4 (in appendix) shows the relation of AP with 
ImportotherEXus/per capita, R&D/per capita, FDIUS/per capita, ImportUS /per capita separately. 
Actually, it is similar with FDIotherEXus/per capita. 
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FDIotherEXus/per capita and AP. 

We therefore assume that independent variables have linear relation to the dependent variable 

AP at first. 

 

Figure 1. AP and FDIotherEXus 
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5. Empirical model 

 

Our review of the theory and previous literature revealed that there are mainly three channels 

relating labor productivity to technological spillovers: FDI, import and R&D. 

From the visual analysis of the data, AP and these variables appeared to have a positive linear 

correlation. 

The dependent variable is labor productivity. The empirical strategy for our research is to use 

three different types of econometrics models. This also gives us the possibility to say something 

about the robustness of the results. 

In the first model, we used a pooled sample and levels for the data. This means that we are 

going to ignoring variation over time and investigate the crude relation between our independent 

variables and labor productivity.  

The pooled model is defined in equation (7). 

 

i

jjus

otherEXusjusotherEXus

population

DR

population

IMPORT

population

IMPORT

population

FDI

population

FDI
cAP













&
54

321

       (7) 

where AP is labor productivity; c is a constant representing fixed year effect; otherEXusFDI  is net 

FDI inflow of a developing country j from other countries except US; jusFDI   is FDI inflow from 

United States to a developing country j; jusIMPORT   is import of a developing country j from 

other countries except US; jusIMPORT   is import from United States to a developing country j; 

DR &  is total national research and development capital expenditure in developing country j. 

1 , 2 , 3 , 4  and 5  are parameters to be estimated and reflect the variation of AP due to  

one unit increase in the independent variables, i.e. otherEXusFDI , FDI from United States to 
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country j, jusIMPORT  , IMPORT from United States to country j and the total national DR &  

expenditure in developing country j. Finally, i  is an error term. 

  Equation (7) is a pooled model, which ignores variation over the time. In the other words, we 

just assume all data at the same time in that model. This model will serve as a baseline for our 

results. 

 

The next two models introduce time variation and we are switching to a panel data approach. In 

equation (8), t represents time. 
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It’s obvious that these factors are contained in GDP and thereby introducing endogeneity. So 

rather than using information from the same year we used lagged independent variables in this 

model. In this way, we reduced the problem with endogeneity. The definitions of the other 

independent variables are the same as in equation (7). 

 

In the third model, we emphasize on changes between years and estimate differences rather 

than levels. The model is constructed as equation (9): 

 

  ijttjus

totherEXustjustotherEXust

DRIMPORT
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where the differences used are defined as follows: 
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where 
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  In contrast to model1 and 2, we are here investigating how changes in the independent variables 

affect changes in labor productivity. Thus, the interpretation of e.g, 1  is the amount of changes 

in AP that are related to a change in FDI from countries except US. 

  For all models we expect that 1 , 2 , 3 , 4  and 5  to be positive, which means that 

changes in our independent variables influence AP in the same direction. In other words, AP will 

arise whenever any of these variables arise. The coefficient that explicitly related to technological 

spillover between developed and developing countries are 2  and 4 . 
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6. Results1 

 

In the following section we presented the results from the three models. 

6.1 Pooled Model2 

The table below displays weighted least squares (WLS) regression results based on the equation (7) 

corrected for heteroskedasticity. 

 

Table2. Pooled Model 

  Coefficient T-test Prob
3
 

with respect to otherEXusFDI  1  7.79** 0.045 

with respect to FDI us-j 2  13.78*** 0.003 

with respect to otherEXusIMPORT , 
3  2.07*** 0.009 

with respect to IMPORTus-j 4  7.27*** 0.007 

with respect to DR & j 5  1.30*** 0.000 

Adjusted R
2
 0.468 

Note: 1. The dependent variable is AP. All the independent variables are per capita. 

     2 . There are totally 164 observations. 

3.*** indicate significant at 1 per cent level, ** significant at 5 per cent level 

 

We can see that the five factors have positive effect on AP level and the coefficients are 

significant at 5% level or less. Adjusted R2 is 0.47 indicating that almost 47 percent of the variation 

in AP can be explained by the model. 

The coefficient in the table above means that when one independent variable e.g. 

                                                        
1  We used e-views 6.0 and STATA to process the data. 
2  After OLS (Ordinary Least Squares) estimation, we tested the result with White Heteroskedasticyty Test, and we found it 

exhibited heteroskedasticity (table A1). To eliminate it, we used WLS (Weighted Least Squares) to estimate. We selected 1 /resid. of 

ImportotherEXus to be the weight firstly, however, heteroskedasticity still existed. Then we used 1 /resid. of ImportotherEXus to be 

the weight and succeed to eliminate heteroscedasticity. The table A2 in appendix could present that with a weight of 1 /resid. of 

ImportotherEXus, the model can pass White Test. 
3  T-test Prob. In table 2 are all smaller than 0.05, which means these independent variables are significant at 5% level or less. 
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otherEXusFDI  increases with one dollar (2005 US-value), AP will increase 7.788 dollars, and the 

figure 13.783 means that with one dollar increasing in FDI us-j/per capita, AP will increase by 

13.783 dollars. From an economic perspective these figures are too high to be reasonable. The 

reason for this may be that we divided FDI, import and R&D by population. Since we used 1 /resid. 

of ImportotherEXus to be the weight to eliminate heteroscedasticity, = potentially creating an outlier 

problem Another reason could be that the pooled model ignores time variation and growth of 

these factors. In the next step in the analysis we therefore introduce time and later on also 

investigate whether level or differences should be used. 

 

6.2 Panel-Level Model 

 

Then we turn to our second model presented on the equation (8). Descriptive statistics is 

presented in table A3 in the appendix.1
 

 

                                                        
1  We used Hausman Test to determine whether to use random-effect model or fixed-effect model. From table A4 in the appendix, 

we can see Prob. is 0.5624 which means a random-effect model is more optimal than a fixed-effect model. In fact, when N is big, 

using fixed-effect model will lead to amount of arguments surged, also a bigger loss of df (degree of freedom). After re estimation, 

we used STATA to test whether the model has autocorrelation and significant random effect. The result in table A5 presents that there 

is serial correlation (Prob.= 0.0002<0.05, Reject the null hypothesis: there is no serial correlation). It also showed that random-effect 

model works better than pooled model (Prob.= 0.4819>0.05). A residual plot was drawn to test heteroscadicity and from Figure A5 in 

the appendix we had a general assessment that model exhibited heteroskedasticity. Hetero = model variance is increasing with the 

size of the dependent variable (plot resid - AP). We used GLS (Generalized Least Square) to eliminate both heteroscedasticity and 

serial correlation. The basic idea of GLS is to make some proper linear transformation on models which violate basic assumption, let 

it turn into a model under the basic assumption, thereby we can use OLS to do the regressions. Both OLS and WLS are special cases 

of GLS. The model is adjusted for serial correlation by adding a command corr(ar1), which specifies that, within panels, there is 

AR(1) autocorrelation and that the coefficient of the AR(1) process is common to all the panels (We generally assume that there is 

AR(1) in the first).  (The table A6 in appendix showed the result in detail). 
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Table3. Panel-level Model 

  Coefficient Z-test Prob. 

with respect to otherEXusFDI  1  0.42 0.593 

with respect to FDI us-j 2  0.63 0.650 

with respect to otherEXusIMPORT , 3  1.30*** 0.004 

with respect to IMPORTus-j 4  35.07*** 0.000 

with respect to DR & j 5  64.14*** 0.002 

Wald chi2 (5) = 474.97
1
 Prob. > chi2 = 0.0000 

Note: 1. The dependent variable is AP. All the independent variables are per capita. 

2 To make a balanced panel, there are totally 42 observations. 

3 .*** indicate significant at 1 per cent level, ** significant at 5 per cent level 

 

Z-test Prob. shows that only import and R&D have significant effect on labor productivity. 

The coefficient in the table above interpreted in levels, for example if otherEXusIMPORT  

increases one dollar (2005 US-value), AP will increases 1.30 dollars. However, changes of AP with 

respect to IMPORTus-j (35.07 dollars) and R&Dj (64.15 dollars) are much higher than otherEXusFDI , 

FDI us-j, and otherEXusIMPORT . For example the estimated coefficient for import from US is 35.07. 

This should be interpreted as that if country j imports goods and services of a value of one dollar 

per capita (2005 US-value) the labor productivity will increase 35.07dollars, which is obviously 

unreasonable. 

 

To summarize: In this model we have introduced time variation. The results points to the fact 

that FDI no longer affect labor productivity. The significant variables are relating to import and R&D, 

however we do believe that the impacts reported in table 3 to some extent seams unreasonable. In 

the next step in the analysis we therefore introduce dynamics into the panel model and estimating 

                                                        
1 The output also showed the result of the Wald test, which is analogous to an F-test in a linear regression. We can see the 

chi-squared value generated by the Wald test, as well as the p-value associated with a chi-squared of 474.97, which means these 

variables are jointly significant. The p-value is less than the generally used criterion of 0.05, so we are able to reject the null 

hypothesis, indicating that the coefficients are not simultaneously equal to zero. 
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differences rather than levels.  

3  is smaller that 4 , it could be an evidence, to some extent, that import from US to country 

j plays a stronger effect on AP than import from other countries to country j. 

 

6.3 Panel-Difference Model 

 

In the last model we use differences, i.e. changes in the variables. Descriptive statistics is 

presented in table A7 in appendix.1
 

The table below displays the results. 

 

Table4. Panel-difference Model 

  Coefficient Z-test Prob. 

with respect to otherEXusFDI  1  -0.35 0.576 

with respect to FDI us-j 2  -0.70 0.590 

with respect to  otherEXusIMPORT , 3  2.02*** 0.000 

with respect to  IMPORTus-j 4  9.61 0.291 

with respect to  DR & j 5  10.00 0.400 

Wald chi2 (5) = 75.9
2
 Prob. > chi2 = 0.0000 

Note: 1. The dependent variable is AP. All the independent variables are per capita. 

     2 . There are totally 42 observations. 

 

The result shows that only 
otherEXusIMPORT  is statistically significant at conventional level. The 

                                                        
1 To begin with, we used Hausman Test to determine whether to use random-effect model or fixed-effect model. From table A8, we 

can see Prob. is 0.2832 which means random-effect model is better. 

After re estimation, we used STATA to test whether the model has autocorrelation and significant random effect. The result in table 

A9 presented that there is no serial correlation which is in line with our assumption in empirical model part. Random effect is 

significant, according to Prob. Is greater than 0.05. 

Then we observed from residual plot (Figure A6) that heteroscedasticity probably existed.  

Hence, we still used GLS to eliminate heteroscedacity. 
2 The output also showed the result of the Wald test. We can see the chi-squared value generated by the Wald test, as well as the 

p-value associated with a chi-squared of 75.9, which means these variables are jointly significant. The p-value is less than the 

generally used criterion of 0.05, so we are able to reject the null hypothesis, indicating that the coefficients are not simultaneously 

equal to zero. 
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coefficient in the table 4 is interpreted as that when  otherEXusIMPORT  increases one dollar per 

capita (2005 US-value), AP will increases 2.02 dollars. No other variables are significantly different 

from zero. 

 

7. Conclusions 

  The aim of this thesis has been to investigate the relation between technological spillovers 

measured by FDI, Import and R&D and average labor productivity. Our empirical strategy has been 

to successively introduce progressively some dynamics into the models. In the first model all data 

are pooled ignoring both time variation and within country variation. Even if this model produces 

significant estimates the results make no economic sense in terms of impact size. In the second 

model we therefore introduce time variation by using a panel data approach. In this model we do 

not have any significant impact of FDI so if time variation is introduced only import and R&D affects 

labor productivity. However, there are still problems with the size of the estimated coefficients. In 

the last model we therefore introduce within country variation and estimate a dynamic panel data 

model. The result from this analysis show that only Import has a significant impact on labor 

productivity. 

 

Overall our results show that even though there are strong theoretical arguments for a relationship 

between technological spillovers and labor productivity, the empirical relationship is very sensitive 

to model specification. The pooled data model produces significant estimate in accordance with 

the theory but at the same time imposes some very strong assumptions, i.e. no time variation and 

no within country variation. If we allow for time variation in the model, the relation between FDI 

and labor productivity becomes statistically insignificant, which to some extent contradicts theory. 

Further, if we introduce within country variation, only import seems to influence labor productivity 

which again contradicts theory and the results from previous empirical research. 

 

However, we are aware of that there are several shortcomings and limitations in our analysis. 

Firstly, we only consider US import. Secondly, we did not have time to collect data for a longer time 

period and an our sample have internal missing data. This means, especially for the dynamic panel 
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data model, that we have data limitation problems both with respect to number of countries and 

time period. Short time periods and few countries make the analysis sensitive to e.g. outliers and 

data errors. Thirdly, due to data limitations we are treating all developing countries as one group. It 

is reasonable to assume heterogeneity across developing countries and a clustering of countries 

with respect to e.g. initial labor productivity might produce more reliable estimates. 

 

Based on our results it is not possible to make any policy recommendations. Our recommendations 

are therefore more recommendations for future research: namely 

 

1. Try to separate foreign R&D factor from FDI and import – each one should be treated as an 

individual factor. 

2.  Make panel data with a longer time period, only in this way, long-run policy 

recommendations could be presented. 

3.  Increase the number of observations in order to get more reliable and robust results. 

4.  Cluster the countries according to AP level and analyze whether spillovers have different of 

impacts on developing countries with different AP level. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



22 

 

Reference 

Acharya, R. and W. Keller, 2007, Technology Transfer through Imports, NBER Working Paper 

No.13086. www.nber.org/paper/w13086. 

Alejandro C., Wang, 2005, International Technology Diffusion: Effects of Trade and FDI, Atlantic 

Economic Journal, 437-449. 

Badi H. Baltagi, 2010. Testing for heteroskedasticity and serial correlation in a random effects panel, 

Journal of econometric. 

Javorcik, 2004. Does Foreign Dirict Investment Increase the Productivity of Domestic Firm In Search 

of Spillovers Through Backward Linkages. The American Economic Review, vol94, 605-27. 

Carmen L., Sara B.and Jaime S., 2008. International R&D spillovers and manufacturing productivity: 

A panel data analysis, Structural Change and Economic Dynamics, vol19, issue2, 152-72. 

Cheng, L., 1984. International Competition in R&D and Technological Leadership. Journal of 

International Economics 17:15-40. 

Coe, D., Helpman, E., 1995. International R&D spillovers. European Economic Review 39 (5), 

895-887. 

Coe, D., Helpman, E., Hoffmaister, A., 1997. North-south R&D spillovers. Economic Journal 107, 

134-149. 

Denison, E.F., 1967. Why Growth Rates Differ: Postwar Experience in Nine Western Countries. The 

Brookings Institution, Washinfton, DC. 

Disney, R., J. Haskel, and Y. Heden, 2003. Restructuring and productivity growth in UK 

manufacturing. Economic Journal 113 (489): 666-694. 

Findly, R., 1978. Relative backwardness, direct foreign investment, and the transfer of technology: 

a simple dynamic model. Quarterly Journal of Economics 92, 1-16. 

Fosfuri, A.; M. Motta and T. Ronde, 2001. Foreign Direct Investment and Spillovers Through 

Workers’ Mobility, Journal of International Economics, 53, 205-222. 

Giulio C., Riccardo L. and Anna M., 2005. Spatial knowledge spillovers and regional productivity 

growth in Europe, Univerisity of Bari and CERIS-CNR, 201-21. 

Glass, A.K. and K. Saggi, 2001. Multinational firms and technology transfer, World Bank Working 

Paper 2067. 

Gomulka, S., 1970. Extensions of The Golden Rule of Research of Phelps. Review of Economic 



23 

 

Studies 37 (1), 73-93. 

Gomulka, S., 1971. Inventive Activity, Diffusion, and the Stages of Economic Growth. Institute of 

Economics, Aarhus. 

Görg, H. and D. Greenaway, 2002. Much Ado about Nothing? Do Domestic Firms Really Benefit 

from Foreign Direct Investment?, mimeo. 

Griliches, Z., 1992. The search for R&D spillover, Scandinavian Journal of Economic 94, 29-47. 

Grossman, G.M. and Helpman, E., 1991. Innovation and Growth in the Global Economy, University 

Press, Cambridge, MA. 

Guido E., Hotelling, Rawls, Solow, 2009. How Exhaustible Resources Came to Be Integrated into the 

Neoclassical Growth Model, History of Political Economy 41 (annual suppl.) copyright by Duke 

University Press, 148. 

Hymer, S.H., 1976. The International Corporations of National Firms: A study of Direct Foreign 

Investment. MIT Monographs in Economics, Cambridge, Massachusetts. 

Hymer, 1976. The international operations of national firms: a study of direct foreign investment, 

M.I.T. monographs in economics, University of California. 

Jeffrey Y., K., 1997. Learning-by-doing and knowledge spillovers: national system of innovation and 

the development of the Japanese and Korean DRAM industries. University of California, Irvine. 

Hausman, J. 1978. Specification Tests in Econometrics. Econometrica, vol46, no6, 1251-1271 

Lucas J., R.E., 1998. On the mechanics of economic development. Journal of Monetary Economics 

22 (1), 3-42. 

Kaldor, N., Mirrlees, J., 1962. A new model of economic growth. Journal of Economic Studies 36(3), 

249-82. 

Kim, J.Y., 1997. Learning-by-doing and knowledge spillovers: national system of innovation and the 

development of the Japanese and Korean DRAM industries. Innovation in Technology Management 

- The Key to Global Leadership. PICMET '97: Portland International Conference on Management 

and Technology. 

Konings, J., 2002. The Effects of Foreign Direct Investment on Domestic Firms: Evidence from Firm 

Level Panel Data in Emerging Economies, Economics of Transition, 9, 619-633. 

Magnus B., Wang, 1989. Foreign investment and technology transfer: a simple model. European 

Economic Review, 36, issue 1, 137-55. 



24 

 

Mary O., Michela V., 2009. R&D, knowledge spillovers and company productivity performance. 

Research Policy, 38(1), 35-44. 

Mavannoor P., 2009. International Trade, R&D spillovers and productivity: Evidence from Indian 

Manufacturing Industry, 2008, Journal of Development Studies, 1251. 

Nelson, R.R., Winter, S.G., 1982. An Evolutionary Theory of Economic Change. The Belknap Press of 

Harvard University Press, Cambridge(MA). 

Philps, E.S., 1966. Models of technical progress and the golden rule of research. Review of 

Economic Studies 33 (2), 133-45. 

Rachel Griffith, Helen Simpson, 2004. Characteristics of Foreign-Owned Firms in British 

Manufacturing, 1980-2000. University of Chicago Press, 171-173. 

Rolf W., Herbert G., 1993. The New Growth Theory and Coasean economic: Institutions to capture 

externalities. Globalization and regional economic modeling. 107-30. 

Romer, P.M. 1986. Increasing Returns and Long Run Growth, Journal of Political Economy, 94, 

1002-37. 

Romer, P.M., 1990. Endogenous technological change. Journal of Political Economy, 98(5), 71-102. 

Salvador B. and Eric S., 2002. Foreign Direct Investment and Productivity Spillovers: Evidence from 

the Spanish Experience, Review of World Economics, 138, 459-81. 

Schumpeter, J., 1934. The Theory of Economic Development. An inquiry into Profits, Capital, Credit, 

Interest, and the Business Cycle. Harvard University Press, Cambridge. 

Shell, K.(Ed), 1967. Essays on the Theory of Optimal Economic Growth. M.I.T. Press, 

Cambridge(MA). 

Sheshinski, E., 1967. Optimal Accumulation with Learning by Doing. In: Essays on the Theory 

Optimal Economic Growth, Shell, K. (Ed.). MIT Press, Cambridge. 

Solow, R., 1956. A contribution to the theory of economic growth. The Quarterly Journal of 

Economics, 70(1), 65-94. 

Solow, R., 1967. Technical change and the aggregate production function. Review of Economics and 

Statistics 39(3), 312-320. 

Swan, W. November 1956. Economic Growth and Capital Accumulation. Economic Record 32: 

334–61. 

Uzawa, H., 1965. Optimal technical change in an aggregative model of economic growth. 



25 

 

International Economic Review, 6, 18-31. 

Wald, A, 1943. Tests of Statistical Hypotheses Concerning Several Parameters When the Number of 

Observations is Large; in: Transactions of the American Mathematical Society, Vol. 54, No. 3, 

426-482. 

Walz, U., 1997.Innovation, Foreign Direct Investment and Growth. Economica 64: 63-79. 

Wang, J.-Y., 1990. Growth, Technology Transfer, and the Long-run Theory of International Capital 

Movements. Journal of International Economics 29 (3-4): 255-71. 

Xu, B. and E. Chiang, 2005. Trade, patents and international technology diffusion. Journal of 

International Trade and Economic Development 14 (1): 115-135. 

Zhang J., He Y., 2011. Theoretical and Empirical Study on the Impact of Trade and Foreign Direct 

Investment on Technological Spillovers. Linnaeus University, 218. 

Liu, 2008. Foreign direct investment and technology spillovers: Theory and evidence, Journal of 

Development Economics. 176-93. 



26 

 

Appendix 

Figure A1. AP and importotherEXus/per capita 

 

 

Figure A2. AP and R&D/per capita 
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Figure A3. AP and FDIUS/per capita 

 

 

Figure A4. AP and importUS /per capita 
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Figure A5. Residual plot 

 

 

Figure A6. Residual plot 
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TableF1. Abbreviations 

Abbr. Country 

Al Algeria 

Ag Argentina 

Am Armenia 

Az Azerbaijan 

Bl Belarus 

Bh 
Bosnia and 

Herzegovina 

Bz Brazil 

Bu Bulgaria 

Cl Chile 

Ch China 

Co Colombia 

Cr Croatia 

CR Czech Republic 

Eg Egypt 

Es Estonia 

Et Ethiopia 

Ge Georgia 

Hd Honduras 

HK Hong Kong SAR 

Ja Jamaica 
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Ka Kazakhstan 

Lv Latvia 

Li Lithuania 

Md Madagascar 

Ml Malaysia 

Mt Malta 

Mx Mexico  

Pk Pakistan 

Pn Panama 

Pr Paraguay 

Pl Philippines 

Po Poland 

Pt Portugal 

Rm Romania 

Rs Russia 

Sa South Africa 

Ti Thailand 

TT Trinidad and Tobago 

Tn Tunisia 

Tk Turkey 

Ur Ukraine 

 

Table A1. White Test 



31 

 

 

 

Table A2. White Test 

 

 

Table A3. Descriptive statistics of the dependent and independent variables 

 

 

Table A4. Hausman Test 
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Table A5. Serial correlation Test 

 

Table A6. GLS output 
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Table A7. Descriptive statistics of the dependent and independent variables 

 

 

Table A8. Hausman Test 
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Table A9. Serial correlation Test 
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