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ABSTRACT 

This article examines the contribution of information and communications technologies (ICT) to labor 

productivity using panel data approach. The study covers the period of 2000-2015 for a complete 

dataset of 98 countries as well for three selected groups: low-income, middle-income, and high-

income countries. The findings imply that telephone subscription and broadband subscription have a 

significant impact on overall labor productivity as well as labor productivity of service sector. The ICT 

affects the labor productivity, so investing in Information Communication Technology is necessary to 

increase the labor productivity. 

 Keywords: Information communication technology, labor productivity, panel data analysis, low-

income, middle-income, high-income countries 

 

1. Introduction 

Information Communication Technology is changing the world around us. According to the World Bank 

report, ICT infrastructure has attracted investment, increased fiscal revenues and generated 

employment and opportunities for growth in developing countries. The number of mobile 

subscriptions worldwide has increased from 1 billion to 6 billion now, out of which nearly 5 billion are 

in developing countries. Internet users have grown twenty-fold and nearly 91% of the population have 

access to fixed or mobile telephone in developing countries. Information communication technologies 

are acting as a vehicle for growth in making system more accountable, cost-efficient and fast. The main 

challenge lies to extend the ICT network in developing and underdeveloped countries. The main 

contribution of this study is the investigation of the impact of Information Communication Technology 

on labor productivity on the aggregate level as well as the group of low-income, middle-income, and 

high-income countries. Analyzing the differential impact of variables on the group of low, middle and 

high-income countries allows us to provide a basis for relative comparison among variables. This 

comparison will help in making useful policy suggestions for the variables. The significant impact of 



Information Communication Technology will motivate countries to invest in improving and 

strengthening ICT networks. These networks will help underdeveloped and developed countries to 

increase the pace of economic growth. According to the study by Ref. [1]; which argued that the role 

of the market service sector is important to improve productivity, we assume that taking into account 

the labor productivity of the service sector apart from overall labor productivity will make our results 

more sensitive to the changes in Information Communication Technology. Primary and Secondary 

sectors use Information Communication Technology as an intermediate in their production process 

but tertiary or service sector depends completely on Information and Communication Technology. 

This paper is organized as follows. In Section 2, the literature review of previous work done in the field 

of ICT and productivity is provided. Section 3 introduces the data and provides explanations about the 

variables used in the study. A brief description of the panel model and of the model used in our study 

is given in Section 4. In Section 5, interpretations of the results are presented, while Section 6 and 7 

have results and conclusions along with policy suggestions. 

 

2. Literature review 

Most of the studies concerning ICTs were done in reference to the United States in the late 1990s when 

some data was accessible. This paper analyzes the influence ICTs have had on productivity in recent 

times. The analysis covers most of the countries of the world according to the data availability and 

extends our study to a group of low, middle, and high-income countries. Studies done in the late 1990s 

had a very short data span to make inferences, now the availability of the data is greater, so we have 

analyzed the period of 2000-2015 which gives us the advantage to make our inferences more accurate. 

Some authors claimed the role of ICTs was significant and some authors claimed it to be insignificant 

[2]. in their paper investigated the basic premise of how much computing equipment has contributed 

to economic growth in the past two decades and concluded that the contribution of computer 

hardware was very small. It was computer hardware along with software that was responsible for 

growth. However, the share of computer software and hardware in the capital stock is particularly 

small, so they cannot account for significant growth unless the drastic rise in equipment takes place. 

[3]; in his paper, did an empirical analysis for US and Canada and found two factors to be important 

for diffusion and use of information technology. First, information and communication processing 

costs have fallen, and second, globalization that has increased competition. Cuberes (2010) claimed 

that the adoptions of information and communication technologies in general and the Internet in 

particular significantly contribute to economic growth and development. The same findings are 

obtained by Refs. [4,5]; with evidences at different levels of economic activity. [6]; in his paper, 

provides evidence for substitution of IT for other capital and labor inputs and finds the answer to the 

question: whether massive substitution to IT is accompanied by technical change? He finds that 

substitution is not accompanied by the technical change since there is no significant increase in total 

factor productivity in comparison to IT deployment [7]. conclude that information technology and 

production of computers software, hardware contribute about two-thirds to one percentage step up 

in the productivity growth. The study by Paul [8] assess the role of ICT as a capital good in contribution 

to output growth and concluded ICT capital goods have been important contributors to economic 

growth [9]. in their paper assessed the validity of the association of economic growth with information 

technology and after getting valid evidence authors further used the multi-sector growth model to 

analyze the steady-state properties and concluded productivity growth was sustainable. Numerous 

papers on ICT value at the country level have concluded that developed countries experience a 

significant positive impact on productivity as a result of ICT investment, but there has been no 

consensus with regards to the developing countries [10,11] [8,12-14] [15]. The latter have made 



significant investments in their ICT infrastructure, necessitating a similar investigation into the payoff 

from ICT investments in developing countries [16]. [16] conducted research on this issue based on data 

from 45 countries, comparing the results of 1994-2007 to the figures of 1985-1993 [12]. They found 

investment in ICT over the more recent years has resulted in significantly increased productivity in 

upper-income developing countries. Additionally, it was concluded that human resources and other 

country factors moderate the ICT productivity effects. Using a non-parametric test [17], established 

the positive contribution of ICT technologies in terms of generating convergence clubs in the evolution 

of labor productivity [18]. found that major factors which negatively affect labor productivity are lack 

of experience, lack of labor surveillance, and, according to Ref. [19]; factors affecting productivity are 

lack of skill, lack of equipment. Information Technology and Productivity: Where Are We Now and 

Where Are We Going? [9] concluded that rapid growth in labor productivity after 1995 was due to 

using information technology capital goods and on analyzing stable state properties of multi-sector 

growth model they found that it was stable in the long-run [20]. investigated cross-country and cross-

industry differences in labor productivity in association with ICT and concluded that ICT diffusion into 

Europe was at a much slower pace. Also, ICT producing sectors, computers, and other accessories 

showed similar productivity growth in all countries but there were differences in ICT producing services 

such as telecom services [21]. [22] concluded that the surge in US productivity in 1990 occurred not 

only in producers of software and high technology equipment but also in the retail and wholesale 

industries, thus ensuring that innovations added to economic growth as well. Basu (2008) concluded 

that one of the most important reasons for acceleration in productivity of factors of production is due 

to the use of ICT [1]. concluded that an increase in the volume of ICT and improvement in human 

capital has played a crucial role in increasing productivity of labor [1]. also showed that a slower 

emergence of knowledge about the use of Information Technology is attributable to slower 

improvement in productivity in European Economy. Vice versa, the more efforts are done to develop 

the knowledge, including ICT usage, the more rapid growth of productivity is achieved [23]. That is why 

development of knowledge regarding ICT becomes essential direction of education management [24] 

as well as for related areas for IT governance [25]. Various reasons for slower emergence were a small 

share of technology producing industries, slower multi-factor productivity growth. The author argued 

the key role of the market service sector to improve productivity growth. The studies have been done 

both at the country level and at firm or sectoral level to find the productivity of labor factor [26,27]. 

[26] found that the cyclical fluctuations and the growth path had the tendency to diminish the effects 

of technology-specific to ICT investment. The research findings confirmed that higher intensity of ICT 

investments combined with faster changes in ICT investment-specific technologies result in the more 

rapid growth of labor productivity [28]. did a study to find the influence ICT has on the MENA countries 

in terms of productivity of work factor. It was established that productivity of labor was improved due 

to the positive effects of human capital, ICT, education, and R&D. The difference in our study lies in 

increasing the data set to a large number of countries, using more recent period of time and comparing 

among groups of countries. 

 

3. Data 

Data for all the variables were taken from World Development Indicator online from World Bank Data. 

We used Panel data for the period from 2000 to 2015 for the set of 98 countries of the world. Our 

dataset is strongly balanced. Some missing values in the data are filled according to the trend of the 

series. Common rules used include i) average of last three observations, ii) fill with most recent value, 

iii) In case of increasing trend linearly extrapolated it. 

 



 

 

3.1. Variables and their explanations 

The rapid spread of mobile phones, the internet, and other applications of ICT has spurred sizable 

investments in ICT. The section describes the variables we use in the model to investigate the impact 

of Information Communication Technology on labor productivity. Labor productivity is defined as 

current GDP divided by labor force as well as labor productivity of service sector which is defined as 

GDP due to service sector divided by labor force. GDP of the service sector is calculated with help of a 

variable named services value added as a percentage of GDP. Other variables are gross capital 

formation as a percentage of GDP, foreign direct investment as a percentage of GDP, high technology 

export as a percentage of manufactured exports, various Information Communication Technology 

variables are Individuals using the internet as a percentage of the population, Fixed telephone 

subscriptions per 100 people, Fixed broadband subscription per 100 people, ICT goods exports as a 

percentage of total goods exports, ICT good import as a percentage of total goods imports, Mobile 

cellular subscription per 100 people. An important point to note is that we use the growth rate of all 

the variables in our study. 

Variable services value added as a percentage of GDP includes value added in wholesale and retail 

trade, transport, government, financial, professional, and personal services such as education, 

healthcare, and real estate. GDP growth measures the increase or decrease of the final value of all 

goods and services produced in a country in a particular year. An increase in GDP growth suggests an 

increase in productivity per worker. Foreign direct investment helps to increase the fund available to 

the country thathelps in increasing production. The Gross capital formation measures the increase in 

fixed assets over the year. It includes investment in machines, vehicles, infrastructure. The greater will 

be fixed assets the more will be productivity. The impact of ICT will be measured with the help of the 

number of individuals using the internet measured as the percentage using the internet in the 

population, telephone, broadband and mobile subscription, ICT import, and export. These variables 

will exclusively calculate the impact of the use of ICTs on productivity. 

Since we use a large number of variables in our model there might be chances of multicollinearity, 

particularly among ICT variables. We present correlation among variables in order to investigate multi-

collinearity. According to the table, all values of correlation are less than 0.25. Thus, we incorporate all 

the variables in the model. 

In Table 1, labor represents labor productivity growth of the service sector, tele represents telephone 

subscription, broad represents broadband subscription, tech represents high technology export, ictex 

represents ICT goods export, ictim represents ICT goods import, and mob represents mobile 

subscription. 

 

4. Model 

4.1. Panel model 

According to the aim of the study, the dependent variable is the labor productivity of service sector for 

some model and the overall labor productivity for the rest. The variables are in terms of growth rates. 

After testing for the unit root in our variables using tests proposed by Refs. [20,29] we rejected the 



null hypothesis of the unit root in our variables. We have static panel data for our analysis. In order to 

fit our model, we give a brief overview of static panel data techniques. 

 

Panel model can be represented in form of the following equation: 

 

 

The main question is whether x;t and ;t are uncorrelated? If they are uncorrelated then this turns out 

as a Seemingly Unrelated Regression (SUR) type model with common coefficients. If they are 

correlated then we have a multiple equation system with common coefficients and endogenous 

regressors. Now the challenge is to estimate the model under the presence of endogeneity. Here 

comes the benefit of the panel data model where under certain assumptions, we can deal with 

endogeneity without using instruments. This estimation method is known as the fixed effects (FE) 

estimator. 

Further error term 𝑖𝑡 can be expressed as a sum of fixed effect component ai and nit. Fixed effect term 

captures unobserved heterogeneity across individuals that are constant over time. In our data fixed 

effect term constitutes country-specific term that does not vary over time. This can be for example 

motivation to use new technology among people, this is likely to be correlated with explanatory 

variables like internet usage, mobile phone subscription. Since people who are open to new technology 

will be able to adapt and use that technology efficiently. 

 

 

The basic difference between fixed effect and random effect models are as follows: 

RE model: 𝐸 [ 𝑋it 𝛼i] = 0, FE model: 𝐸 [𝑋it 𝛼i] 6 = 0. 

With the help of fixed effect regression, we can deal with endogeneity with the help of three equivalent 

approaches 1. Within-group estimator, 2. Least squares dummy variable estimator, 3. First difference 

estimator. 

In case of the random effects model since no endogeneity therefore random effect framework is a 

Seemingly Unrelated Regression (SUR) model is just with modification in the covariance structure of 

the error term. 

The specification of the panel model used in the study is followed by: 

 

After we have balanced stationary panel data the next thing is to investigate which model is 

appropriate for our data. We applied the Hausman test (1978) to full panel data set of 98 countries 

and the results indicate to reject the null hypothesis of no correlation between unobserved 

heterogeneity term and explanatory variable. Hence due to the presence of correlation between 

unobserved variables and independent variable fixed effect regression model become the correct 

choice to find the estimates. 



 

  



5. Interpretations 

In Table 2, we present results of the fixed effect regression model with labor productivity growth of 

the service sector as the dependent variable. The coefficient of gross capital formation growth is 

significant. It can be interpreted as follows - one percent increase in gross capital formation growth 

will imply 0.179% increase in labor productivity of the service sector. This result is consistent with the 

general notion that an increase in gross capital will increase the efficiency and productivity of labor. 

The coefficient of Lagged GDP growth is positive and significant, an increase in GDP growth implies a 

stronger economy and furthermore employment, which will lead to increase in labor productivity in 

the next period and other possible explanation being an increase in GDP growth will increase the 

supply in the market which will be followed by investment in capital and labor.  

 

Table 1 Cross-correlation table. 

 

Table 2 Dependent Variable: Labor productivity Growth of service sector. 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

This is the reason we took lagged value of GDP growth. The coefficient of Internet growth is negative 

and significant it can be justified, as individuals using the internet apart from their professional work 

is likely to decrease their productivity output. Telephone growth has a positive and significant 

coefficient, which implies that communication technology leads to sharing of information and services 



thatleads to increase in labor productivity. Broadband subscription leads to more sharing of 

information and services which lead to increase in productivity of the service sector. 

In Table 3 when labor productivity growth is used as a dependent variable, the coefficient of gross 

capital formation and GDP growth reduces slightly. A possible explanation for this can be due to the 

service sector being relatively more sensitive to capital formation and GDP growth. Rest of the 

coefficients are mostly similar. 

 

Table 3 Dependent Variable: Labor productivity Growth. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

Table 4 Low-Income Countries, Labor productivity of service sector. 

 

 

 

 

 

 

 

 

 

 

 

 

p-values in parentheses (*p < 0.05, **p < 0.01, ***p < 0.001). 



Table 5 Middle-Income Countries, Labor productivity of service sector. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

5.1. Classification among low, middle and high-income countries 

Results obtained from Panel data help us to know the overall impact of these variables but on an 

individual or group level. Thus, results need to be reinvestigated. Thus, we segregate our data into low-

income, middle-income, and high-income countries and carry out the same analysis further. Applying 

Hausman’s (1978) test to panel data of low, middle, and high-income countries. This time we fail to 

reject the null hypothesis of no autocorrelation among unobserved term and explanatory variables. A 

random effect model is used to find estimates of the parameters. 

Comparing results of regression among low, middle, and high-income countries. In Tables 4-6, we 

present regression results of the random effect model with the dependent variable as Labor 

productivity of the service sector. 

Comparing results of regression among low, middle, and high-income countries, in Tables 7-9 we 

present regression results of random effect model with the dependent variable as overall labor 

productivity. 

 

  



Table 4 Low-Income Countries, Labor productivity of service sector. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

Table 5 Middle-Income Countries, Labor productivity of service sector. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

5.1. Classification among low, middle and high-income countries 

Results obtained from Panel data help us to know the overall impact of these variables but on an 

individual or group level. Thus, results need to be reinvestigated. Thus, we segregate our data into low-

income, middle-income, and high-income countries and carry out the same analysis further. Applying 

Hausman’s (1978) test to panel data of low, middle, and high-income countries. This time we fail to 



reject the null hypothesis of no autocorrelation among unobserved term and explanatory variables. A 

random effect model is used to find estimates of the parameters. 

Comparing results of regression among low, middle, and high-income countries. In Tables 4-6, we 

present regression results of the random effect model with the dependent variable as Labor 

productivity of the service sector. 

Comparing results of regression among low, middle, and high-income countries, in Tables 7-9 we 

present regression results of random effect model with the dependent variable as overall labor 

productivity. 

Table 6 High-Income Countries, Labor productivity of service sector. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

Table 7 Low income countries, labour productivity growth. 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 



5.2. Gross capital formation growth 

The coefficient of Gross capital formation growth is 0.089 for low-income countries, 0.287 for middle-

income countries, and 0.310 for high-income countries. These results are completely in accordance 

with the relative results we expect among these groups. In low-income countries industries are mostly 

labor-intensive. Therefore, growth in GCF will have the least effect on low-income countries and a 

greater effect on high-income countries. 

 

5.3. Lagged GDP growth 

Lagged GDP growth has an insignificant impact on low-income countries, GDP growth has a higher 

impact on middle-income countries as compared to high-income countries. This can be explained as 

high-income countries are already developed and have less scope to improve productivity as compared 

to middle-income countries. 

 

Table 8 Middle-Income Countries, Labor productivity Growth. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

  



Table 9 High Income Countries, Labor productivity. 

 

 

 

 

 

 

 

 

 

 

 

 

𝑝-values in parentheses (*𝑝 < 0.05, **𝑝 < 0.01, ***𝑝 < 0.001). 

 

5.4. Internet growth 

Internet growth has an insignificant effect in case of low-income countries whereas it has a negative 

and significant impact in case of middle-income countries and a positive and significant impact on high-

income countries. A possible reason can be in middle-income countries: they have not reached the 

break-even point when ICTs start yielding an increase in productivity whereas in high-income countries 

it has started yielding positive effect. 

 

5.5. Telephone subscription growth 

Telephone subscription has a significant and positive impact on low-income countries whereas 

Broadband subscription has a positive and significant impact in case of middle and high-income 

countries and coefficient of broadband subscription clearly indicate high-income countries are making 

more use of Information Communication Technology as compared to middle-income countries. 

 

5.6. Labor productivity and service sector productivity 

Comparing results between labor productivity and labor productivity of service sector in case of low, 

middle, and high-income countries we find a significant difference between coefficients in all three 

cases. 

 

5.7. Telephone subscription growth 

Telephone subscription shows a higher impact on labor productivity in the service sector as compared 

to labor productivity overall in case of low-income countries. It is consistent with the hypothesis that 



the service sector would use more percentage of Information Communication Technology as 

compared to the overall sector. 

 

5.8. Broadband subscription growth 

Similar results can be seen for broadband subscription in case of middle-income countries and high-

income countries. Broadband subscription has a greater impact on the productivity of the service 

sector as compared to overall labor productivity. 

 

6. Results 

The growth rate of Gross Capital Formation, Lagged GDP growth rate, telephone subscription growth 

rate, and broadband subscription growth rate have a significant impact on overall labor productivity 

as well as labor productivity of the service sector. Thus, investing in capital formation, Information 

Communication Technology is necessary to increase labor productivity. 

In case of low-income countries variable gross capital formation growth and telephone, subscription 

play a significant role in affecting labor productivity overall and labor productivity of the service sector. 

In case of middle-income countries, gross capital formation growth, lagged GDP growth and broadband 

subscription are significant variables in affecting both labor productivities. Internet growth rate 

variable is significant only in case of labor productivity of the service sector. 

In case of high-income countries gross capital formation growth, lagged GDP growth, internet growth, 

and broadband subscription are significant in affecting labor productivity in both cases. 

 

7. Conclusion 

The obtained results can help to design and implement better policies regarding Information 

Communication Technology in the future. Some policy suggestions we make are as follows: The world 

organizations should provide aid to low and middle-income countries to expand their ICT network and 

to increase investment in capital formation at a very reasonable rate of interest and more adaptive 

conditions. Since conditions often imposed on borrower countries are imposed according to consensus 

developed by high-income countries. Low-income and middle-income countries have to focus on the 

improvement of the ICT networks and also seek assistance from developed countries in getting 

affordable technology. Another important way to improve labor productivity is to make the labor force 

more skilled. Increasing competition and growing technology are taking place of labor and thus, labor 

needs to be more skilled in order to exist on the market. This can be achieved by opening centers to 

skill young people. Policies have to be designed by governments in a way that there remains an 

incentive to work. Providing unemployment allowances and other benefits, especially in case of 

developed countries, actually makes the people less motivated to work. The government has to 

improve policies in a regular manner so that only individual in need gets the assistance. The real test 

of policies is after they are implemented. The main work of policymakers should not end after making 

policies and implementing them but again and again, it should be time-tested to reduce loopholes 

present in them. The use of ICT should be diverted to make people educated, reduce poverty. Then 

ICTs will prove to be a boon in the real sense generating positive externality and taking a step forward 

in making the world a better place. 



Nevertheless, the conducted study has limitations. The level of schooling in the labor force was not 

taken into account in our study though it can be expected that the higher the schooling level, the higher 

is the productivity of IT investment. The future research in this area will be covering the level of 

schooling in the labor force and its impacts. 

 

7. Conclusion  

The obtained results can help to design and implement better policiesregarding Information 

Communication Technology in the future. Some policy suggestions we make are as follows: The world 

organizations should provide aid to low and middle-income countries to expand their ICT network and 

to increase investment in capital formation at a very reasonable rate of interest and more adaptive 

conditions. Since conditions often imposed on borrower countries are imposed according to consensus 

developed by high-income countries. Low-income and middle-income countries have to focus on the 

improvement of the ICT networks and also seek assistance from developed countries in getting 

affordable technology. Another important way to improve labor productivity is to make the labor force 

more skilled. Increasing competition and growing technology are taking place of labor and thus, labor 

needs to be more skilled in order to exist on the market. This can be achieved by opening centers to 

skill young people. Policies have to be designed by governments in a way that there remains an 

incentive to work. Providing unemployment allowances and other benefits, especially in case of 

developed countries, actually makes the people less motivated to work. The government has to 

improve policies in a regular manner so that only individual in need gets the assistance. The real test 

of policies is after they are implemented. The main work of policymakers should not end after making 

policies and implementing them but again and again, it should be time-tested to reduce loopholes 

present in them. The use of ICT should be diverted to make people educated, reduce poverty. Then 

ICTs will prove to be a boon in the real sense generating positive externality and taking a step forward 

in making the world a better place. Nevertheless, the conducted study has limitations. The level of 

schooling in the labor force was not taken into account in our study though it can be expected that the 

higher the schooling level, the higher is the productivity of IT investment. The future research in this 

area will be covering the level of schooling in the labor force and its impacts. 

 

Appendix 

Countries used in our study are as follows: Albania, Argentina, Armenia, Australia, Austria, Azerbaijan, 

Burundi, Benin, Burkina Faso, Bangladesh, Bulgaria, Belarus, Bolivia, Brazil, Barbados, Botswana, 

Switzerland, Chile, China, Cameroon, Colombia, Cyprus, Czech Republic, Germany, Denmark, 

Dominican Republic, Algeria, Ecuador, Egypt, Spain, Estonia, Finland, Fiji, France, United Kingdom, 

Georgia, Greece, Honduras, Croatia, Hungary, India, Ireland, Iceland, Italy, Jamaica, Jordan, Japan, 

Kazakhstan, Kyrgyz Republic, Cambodia, Korea Rep, Sri Lanka, Lithuania, Latvia, Morocco, Moldova, 

Madagascar, Mexico, Macedonia, Malta, Mozambique, Mauritius, Malawi, Malaysia, Namibia, 

Nicaragua, Netherlands, Norway, New Zealand, Pakistan, Panama, Peru, Philippines, Poland, Portugal, 

Paraguay, Romania, Russian Federation, Saudi Arabia, Senegal, Singapore, El Salvador, Slovak Republic, 

Slovenia, Sweden, Togo, Thailand, Tunisia, Turkey, Tanzania, Uganda, Ukraine, Uruguay, United States, 

St. Vincent and the Grenadines, Venezuela RB, South Africa, Zimbabwe. 

Low-income countries are as follows: Burundi Benin, Burkina Faso, Madagascar, Mozambique, Malawi, 

Senegal, Togo, Tanzania, Uganda, Zimbabwe. 



Middle-income countries are as follows: Albania, Argentina, Armenia, Azerbaijan, Bangladesh, 

Bulgaria, Belarus, Bolivia, Brazil, Botswana, China, Cameroon, Colombia, Dominican Republic, Algeria, 

Ecuador, Egypt, Arab Rep. Fiji, Georgia, Honduras, Croatia, India, Jamaica, Jordan, Kazakhstan, Kyrgyz 

Republic, Cambodia, Sri Lanka, Morocco, Moldova, Mexico, Macedonia, FYR, Mauritius, Malaysia, 

Namibia, Nicaragua, Pakistan, Panama, Peru, Philippines, Paraguay, Romania, Russian Federation, El 

Salvador, Thailand, Tunisia, Turkey, Ukraine, St. Vincent, and the Grenadines, Venezuela RB, South 

Africa. 

High-Income countries are as follows: Australia, Austria, Barbados, Switzerland, Chile, Cyprus, Czech 

Republic, Germany, Denmark, Spain, Estonia, Finland, France, United Kingdom, Greece, Hungary, 

Ireland, Iceland, Italy, Japan, Korea, Rep. Lithuania, Latvia, Malta, Netherlands, Norway, New Zealand, 

Poland, Portugal, Saudi Arabia, Singapore, Slovak Republic, Slovenia, Sweden, Uruguay, United States. 

 

Hausman test for complete data to check whether to use FE or RE. 

𝑏 = consistent under Ho and Ha; obtained from xtreg 𝐵 = inconsistent under Ha, efficient under Ho; obtained from xtreg 

 

 

 

 

 

 

  



Fixed effect Regression results (dependent variable: Lab prod_ser). 

 

  

  



Fixed effect Regression results (dependent variable: Lab prod). 

 

  

  



Random Effect Regression for Low-Income Countries (Lab prod_ser). 

 

  

  



Random Effect Regression for Low-Income Countries (Lab prod). 

 

 

  

  



Random Effect Regression for Middle-Income Countries (Lab prod_ser). 

 

 

  

  



Random Effect Regression for Middle-Income Countries (Lab prod). 

 

 

 

  

  



Random Effect Regression for High-Income Countries (Lab prod_serv). 

 

  

  



Random Effect Regression for High-Income Countries (Lab prod). 
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