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The catching up model predicts that countries who continue to increase 

technology through economic policies will experience sustained growth and success in 

closing the gap between themselves and the current technology leader.  Countries that 

adopt these policies are expected to grow at faster and more sustainable rates than the 

technology leader. Those changes will allow them to improve their development level 

and overall quality of life. 

The results of the analysis indicate that the countries that open their borders and 

create strong infrastructure will be able to sustain economic growth through improvement 

of the sophistication of their exports and generate a higher standard of living.  Through 

case studies on Viet Nam, India, Brazil and China and an empirical analysis shows that 

countries can experience rapid growth through technology transfer and that change helps 

develop their economy both socially and financially. 
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CHAPTER ONE 

 

Introduction 

 

 

Over the last 60 years, many countries have experienced levels of growth faster 

than any other time in history.  These increases in economic growth have resulted in 

many changes, but not all countries have experienced these advances equally.  Countries 

that have experienced rapid economic growth have had similar improvements in their 

quality of life.  At the same time, the countries not experiencing economic growth are 

falling farther behind in economic status and quality of life.  The difference between 

these scenarios is not fully explained through cultural or geographical differences.  A 

study of economic policies gives valuable additional information to generate sustained 

economic growth.  When economic policies such as openness are used, their expected 

growth can be explained through the catching up model.  The catching up model shows 

that with open borders and increased engagement in trade to achieve technological 

progress, countries can sustain economic growth.  

This paper will conduct several economic analyses testing the predictions of the 

catching up theory.  The theory predicts that countries will be able to experience 

accelerated rates of growth through economic policies.  Rates of growth are attained 

through contact with a technology leader.  This contact helps to increase their 

technological level through emulation of the technology backlog.  This paper conducts 

case studies examining four culturally and geographically different countries that have 

experienced rapid rate growths.  These countries are Viet Nam, India, Brazil and China.  
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It is expected that each of these country’s successes have been a result of specific 

economic policies involving openness.  

This paper also examines real world data to test the catching up theory through an 

empirical analysis.  I create an export sophistication index as an approximation of the 

countries technological level and standard of living. This paper evaluates how openness 

to international trade and financial access affect a countries’ export sophistication, and 

the growth of their export sophistication.  I hypothesize that both openness and financial 

access will have positive effects on the export sophistication, and will create policy 

implications for sustaining long term economic growth. 
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CHAPTER TWO 

 

Theoretical Framework 

 

 

Solow Model 

 

 A popular macroeconomic model studying long run economic development was 

introduced by Robert Solow in 1956.  Solow developed his model in response to the 

unstable nature and somewhat unrealistic assumptions built into the Harrod-Domar 

model.  The main concern that Solow found in the Harrod-Domar model was the use of 

short term tools to study long-run problems.   

 The Solow model is a neoclassical growth model that unlike the Harrod-Domar 

model is subject to diminishing returns through a Cobb-Douglas production function 

where Y represents total value of production within an economy, A is the multifactor 

productivity or measurement for technology, K is capital, and L is labor.  The basic 

production function for the Solow Model is: 

 

         , 0 < α < 1 

 

An important relation to this macroeconomic production function is its representation in 

per capita terms where y is output per worker and k is capital per worker which is equal 

to: 

 

     , 0 < α < 1 
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This production function represents the production of goods and demonstrates that in 

order to sustain production, there needs to be growth increases in multifactor productivity 

or technology as capital and labor experience diminishing returns in the long-run.  This 

model demonstrates how the endogenous variables, y and k, are affected by exogenous 

changes.  One of the main assumptions in the model is continuous time. This effect on the 

production function will allow production growth to increase up to a certain point that is 

defined as the steady state.   The steady state level is the long run growth rate that a 

country is expected to reach given its current circumstances.  In the Solow model, 

countries that are farther from their steady state will grow faster than countries that are 

closer to their steady state. 

 The Solow model indicates that there are several ways to increase the long run 

steady state and the short run growth rate.  In the production function, not all factors that 

can increase short run growth will be effective in sustaining a higher steady state.  The 

growth rate that an economy experiences as it approaches its steady state can be 

determined through the country’s capital accumulation and savings rate.  The savings rate 

determines the proportion of output that is used to create more capital versus the amount 

of output being consumed.  Countries can increase their savings rate and raise the level of 

their long run steady state by creating greater capital accumulation.  This method also 

does not allow for sustained growth in the long run because countries cannot simply 

continue to increase their savings rate.  Through the Solow model, the goal of a country is 

to sustain economic growth in the long run which can only be achieved by technological 

progress.  By advancing technology, one allows for faster growth and development in the 

short run because of the increased steady state.  This faster short run growth rate results 
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in higher productivity as well as increased gross domestic product (GDP) per capita.  

Technological progress can continue to increase the steady state because the amount of 

technology a country can acquire is not limited and does not face diminishing returns in 

the long run. 

 Since the development of the Solow model in 1956, its dynamics and theory have 

been extensively researched and tested to examine the reliability and effectiveness in 

understanding aggregate growth for countries.  In a cross country panel study by Gregory 

Mankiw, David Romer, and David Weil (1992), they examine whether the Solow growth 

model approximations are consistent with evidence.  Their research uses data from 1960-

1985 to determine growth rates and examine an OLS regression consisting of 98 

countries.  They compare actual results to what the Solow model predicts and find several 

aspects that support the model. 

 The first of these findings shows that the predicted signs for savings and 

population growth, both positive, were consistent through the data and highly significant.  

Their model focused on two readily observable variables, savings rate and population 

growth rate. These variables were only able to predict part of the cross-country variation 

in labor productivity.  Findings assume that other changes in labor productivity are 

explained through multifactor productivity, or technological growth; the findings for 

savings and population in this model are greater than what the Solow model predicted.   

Mankiw, Romer, and Weil argue that the difference is not evidence against the Solow 

model.  To accurately test the model, augmentation to the empirical analysis is necessary 

to effectively consider the impact of technology.  To account for technology, they create 

a variable to approximate human capital levels because of its close relation to technology 
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within a country.  With the addition of a technology variable, the results show that 

increases in human capital were much closer to the Solow model predictions.  

 The cross country panel findings show that countries that increase their human 

capital, or increase technology significantly, increase their GDP per capita.  With an 

increase in technology, they obtain sustained economic growth and raised the standard of 

living.  The results of these findings and the predictions of the Solow model fail to 

explain whether countries produce continuous technological progress that will allow them 

to have sustained, long-run, economic growth.  Part of the answer comes from the effects 

and patterns of international trade.  

 

Product Cycle Theory 

 

 In response to perplexing changes in international trade and international 

investment, Raymond Vernon (1975) developed the product cycle theory that helps 

explain patterns of international trade.  His theory breaks the product cycle into three 

separate stages: location of the new product, the maturing product, and the standardized 

product. 

 Vernon points out that in the last few decades, the United States has two unique 

characteristics that allow it certain opportunities that are not available to all developed 

countries.  The first characteristic is that the average income is higher than all other 

countries, with a few exceptions that are considered anomalies.  With the highest average 

national income, the United States is the logical first place to market a new product.  

Individuals in the United States are more likely to spend in multiple markets.  The second 

unique characteristic of the United States its continuous and expensive investment in 

research and development. 
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 In the first stage of Vernon’s theory, the primary location of the product is usually 

in more developed countries and is defined as the introduction stage.  In this stage, the 

product’s purpose is to meet local demands and is not standardized.  At this point, the 

product price is relatively inelastic. Manufacturing costs are high because they are not 

standardized. Producers are able to experience a monopolistic advantage when their 

product is first.  During this introductory stage, there is a high cost for promoting to gain 

exposure to find an appropriate market.  The market for new products is usually in the 

United States and certain other developed nations because of their interest in the product 

and their ability to pay for them.  Because these goods are designed to meet local needs, 

they are developed in these sophisticated countries, whose needs the goods are trying to 

meet.  Local production occurs for two reasons; first, these countries are the ones most 

capable of producing the product in the early stage, and second, the local production 

allows for the most efficient introductory cost to the buyers.  Part of the high cost of the 

introductory goods comes from large investment that is necessary to satisfy the needs of 

the target markets.  As products begin to filter into these markets, there is a large amount 

of uncertainty about the direction or how the product will be used.  As a result, 

companies will begin to differentiate their products to anticipate the demands of their 

consumers. 

 The next stage of Vernon’s product cycle is the maturing product.  At this stage, a 

certain degree of standardization for producing the product has occurred along with a 

maturing demand for the product.  Producers will continue to differentiate the product to 

appear unique and to help avoid price competition.  The demands become more defined 

and production becomes more standardized as many of the uncertainties have been 
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discovered and resolved. The ability to produce the product with economies of scale 

becomes a factor in helping to lower the cost.  At this stage, price competition is not the 

most important factor because standardization is not definitive and the ability to duplicate 

the product in the early stage can be expensive.  As this shift in the emulation process 

continues, price becomes a larger factor along with the production location.  The earlier 

stages of the products begin in more developed markets.  As the prices begin to decrease 

with increasing standardization, less developed countries begin to import the product and 

learn the technology.  Once the marginal costs of production in the developed economies 

and transportation costs to the importing countries are no longer economically 

reasonable, investment for production of the product within the importing countries 

begins.  As these investments begin to grow and the local labor costs of the importing 

countries are established, they will also achieve economies of scale causing a decrease in 

the overall costs of the goods.  The transition over time results in the more developed 

countries importing the same goods they once produced, but at a lower cost.  This 

transition is based on the standardization and capabilities of the less developed country. 

 Standardized product is the final stage of the production cycle.  At this point, the 

product is easily accessible in the international market, and the selling of the product is 

primarily based on price.  The location of the products at this point has moved to less 

developed countries.  At this stage the products are highly standardized, and it is assumed 

that the producers of these goods will not face the problem of uncertainty that the 

developed countries faced.  This is a benefit for the less developed countries because it 

establishes a necessary condition for investment in those countries. 
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 The process of a product becoming highly standardized forces foreign investors to 

seek the optimum location to manufacture their product.   The main criteria in their 

search will be to find a low cost labor area.  The less developed countries have their own 

set of obstacles such as lack of equipment, lack skilled workers, and energy to produce 

the product.  Vernon states that the products coming into less developed countries will 

typically be vertically-integrated and self-sustained.  These products have no need for a 

sophisticated industrial environment.   

 This product cycle theory allows for an interesting array of comparative 

advantages that can be found in various countries.  For the less developed countries, their 

lack of sophisticated industries and low cost workers make them ideal for producing and 

exporting highly standardized outputs.  In contrast, developed nations have multiple 

advantages in producing new products.  These include a higher skilled work force, 

external economic forces, and a difference in the social atmosphere for product demands.   

 While intuitively this progression through the product cycle allows for a broad 

view, Paul Krugman (1979) extends on the product cycle theory by introducing 

technological change based on international trade.  In his paper, Krugman creates a 

model that depicts trade between a Northern country and a Southern country, where the 

North is considered a developed country and the South a less developed country.  

Between these two countries there are two different types of goods produced.  One is a 

new good and the other is an old good.  The old good depicts a product that was 

developed previously and is capable of being produced by the North and the South.  The 

new good is relatively new and more advanced technologically.  Following Vernon’s 
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explanation of the product cycle theory, the North is the only country able to produce the 

new good. 

 Through the scenario of the two different goods, when some of the new goods 

become old goods by being technologically available to the South, there is an increase in 

demand for these goods to be produced in the South because of the low cost benefit.  The 

reason for this transfer from the North to the South is driven by the fact that it is no 

longer cost efficient to be produced in the North.  The North’s economy depends on 

innovating new technology that it can produce but the South cannot.  If the North does 

not continue to innovate, more new products become old products and less is being 

produced by the North.  For a developed country to continue producing it is necessary to 

create more new products.  Through this cycle, the balance between these two economies 

is driven by two main technological factors, innovation and technology transfer.  Over 

time, the developed country needs to continue to innovate because their products will 

eventually be emulated by the less developed country.   

 Another key that Krugman discusses is that the rates of innovation of new 

products and the technological transfer will likely grow at an exponential rate based on 

the idea that the more you know, the more you can create.  For this reason, as the 

technology transfer continues from the North to the South, the amount of products being 

produced will continue to increase because the need for innovation will drive the North.  

Krugman’s paper also proves that technological change is associated with capital 

movement.  Any region that is experiencing rapid technological change will also be 

experiencing capital inflow.  He points out that the capital flow works in this direction 

only, meaning that capital flow will not create technological change.  This is an important 



 

11 

 

indication for less developed countries. Simply having money does not induce 

development or technological change, but by increasing technological change they will 

create an incentive for foreign investment.     

 While these two theories of the product cycle deal with the transfer of products or 

technology from one country to another, they do not fully explain how the transfers affect 

localized economies.  Joseph Stiglitz and Anthony Atkinson (1969) focused on the 

localization of the technology progress to help understand how countries take in a new 

technology.  Frequently cited methods for increasing technological knowledge include 

experience, where the country essentially learns through doing research.  Stiglitz and 

Atkinson argue that there is more to it than that.  They feel that the choices the firms 

make in their earlier stages are indicators to what technology spillovers and knowledge 

the firm will gain in the long run.  If a firm focuses on labor intensive productions rather 

than on capital intensive techniques, Stiglitz and Atkinson do not expect the capital 

intensive techniques to increase as a result of focusing on labor intensive production.  

Applying this knowledge to economic policy can be helpful to infant industries or 

developing economies where policy holders may be able to direct companies to start from 

a position that will induce long term success rather than short term cost savings.  If a 

labor intensive path is pursued, then technological spillovers may occur.  These spillovers 

are limited to the techniques and industries within the country.  This technology spillover 

will be helpful to labor, but will not lead to increased capital techniques in areas such as 

manufacturing.  They will not be able to use this technology because it is not applicable.  

Increasing technology in capital industries is essential for sustained long term growth.  In 

contrast, for many industries, the introduction of high technology may be completely 
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useless.  This could be a limiting factor to their technological progress.  One example of 

this would be the agricultural industries. 

 

Catching Up Model 

 

 In the Solow model, the key elements for sustaining growth in a country are to 

focus its economic policies on multifactor productivity or technological progress.  Using 

this idea, the product cycle discusses how technological progress can move from one 

country to another through its product life cycle and how at different stages, different 

countries will have a distinct comparative advantage.  From these two theories, Henry 

Wan (2004) developed the Catching up Model.  This model helps bridge the gap between 

the theories of international trade to help understand how countries can sustain economic 

growth, and also close the gap between them and the technology leader.  Using the 

product cycle and the process of localized technological growth, the catching up model 

explains how countries will be able to benefit from these theories.  They will not only 

have sustained economic growth, but may also experience accelerated economic growth.  

Part of the focus of the catching up model is the idea that countries will be able to sustain 

economic development through technological progress. 

  According to Wan, the rapid growth that many countries have experienced 

cannot be explained by cultural reasons, but with economic reasons.  This implies that 

any country can sustain positive economic growth through economic policies.  The 

theory also predicts that less developed economies and some more developed economies 

will be able grow at faster rates than the technology leader, and in the long run 

experience similar standards of living and high levels of human capital. 
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The current technology leader in the world is the United States and has been for 

many decades.  It is unlikely that any country is going to overtake the United States as the 

technology leader.  While many countries are very developed and similar to the United 

States, it maintains its position by continuing to innovate and striving to be on the cutting 

edge of technology.  Though it is not impossible for another country to surpass the United 

States, it is unlikely in the foreseeable future. 

 In a basic sense, the catching up model predicts that less developed countries will 

acquire technology and knowledge from more developed countries.  As these countries 

adopt new technology, they begin to increase the sophistication and value of their 

products.  This helps to increase that country’s average GDP per capita.  As the 

developed countries begin to learn new technology, as shown through the Solow model, 

they will experience increased short term growth along with an increased steady state 

allowing them to close the gap between the human capital capabilities and the output 

production of the more developed countries. Diagram 1 depicts the path that countries 

follow as they acquire technology from more developed countries where    is the growth 

rate of the GDP per capita, and    is the growth rate of the technology leader.  The 

technology leader’s rate of growth is related to the rate that they innovate and create new 

technology.  Lastly,   is equal to 
 

 
 representing the income or technology gap between a 

given country and the technology leader.    

Figure 1 helps illustrate the two main points and economic implications of the 

catching up model.  The first point is essential for less developed and developing 

countries.  In order for them to decrease the technology gap, they must have the ability to 

emulate and learn.  When a country is at a point left of    then the rate of innovation is 



 

14 

 

exceeding the rate of emulation and the country will continue to fall behind increasing the 

gap between them and the technology leader.  Countries that are at this point have little to 

no experience with technology and are likely to have very low human capital.  These   

  

Figure 1: Catching Up Model 

 

countries will have a hard time catching up and gaining technology because of the risks 

faced by foreign investors.  This is a current problem for many countries because it is 

difficult to signal to the more developed countries that they have the ability to learn.  

Many times, countries that are at this point have focused on land resources and do not 

have the ability or understanding to focus on gaining even simple technology.  From the 

catching up model, one way to signal to other countries is by raising their point above  .  

One way to accomplish this outside of technological growth is to improve human capital.    

When a country is right of   but left of   the rate of emulation is exceeding the 

innovation.  From this point, the catching up model predicts rapid growth in 

technological gains.  With these gains they will experience rapid growth in per capita 
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GDP. This follows the predictions of both the product cycle and the Solow model.  When 

a country is at this point, their per capita GDP will be growing at a faster rate than the 

technology leader.  As these countries continue to emulate, they are increasing their 

human capital by becoming more capable producers of goods.  One of the reasons that 

these countries are growing at a faster rate is due to technology spillover.  This occurs 

when a certain skill or technological advancement allows the country to apply this skill or 

knowledge to multiple products and essentially exponentiate their growth. Wan points 

out, similar to the findings of Stiglitz and Atkinson, that in order for the technology 

spillover to be successful, these countries need to focus their industries on sectors such as 

manufacturing in order to have long term success in their technological emulation.   

The final point on the graph is when a country is to the right of  .  Their GDP per 

capita growth will be slower than the technology leader and they will eventually move 

back to the left of  .  For a country to continue growing their GDP per capita at faster rate 

than the technology leader and possibly over taking the technology leader, they will need 

to begin innovating and do so at a faster rate.  If this were to happen, then the country 

could pass the United States and be the new technology leader causing the United States 

to emulate their innovations.   

The second aspect of the catching up model is the technology backlog.  This is the 

amount of technology that a country would need to close the gap between them and the 

technology leader.  As a country begins to emulate technology, there is a large backlog 

between them and the technology leader.  In the beginning stages of the emulation, the 

technology is older and easier to emulate because it has become so standardized.  The 

more a country emulates, the quicker they are able to learn new technology and 
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essentially close the gap.  This is evident through the catching up model where a 

country’s GDP per capita growth continues to increase at an increasing rate.  Eventually 

their growth rate reaches a point where it continues to increase but at a slower rate.  At 

this point, their GDP per capita growth is still faster than the leaders, allowing them to 

continue to close the gap.  Their high growth rates will begin to become closer to the 

leader’s growth rate.  The main reason for this change is the emulation process becomes 

more difficult as the products become more advanced and expensive to produce.  To 

sustain their growth, a country will need to increase its human capital through education 

in order to continue emulating.  Also, because these countries are emulating the 

technology leader, they are never expected to be at the same level as the technology 

leader.  There will always be a lag in gaining technology.  They will only be able to 

emulate as fast as the leader is able to innovate.  Part of the lag that countries experience 

comes from patents that protect the intellectual property and from the financial capital 

required to produce those goods.    

The two factors, technology backlog and the ability to learn, can help give 

guidance to countries who want to sustain long term economic growth and eventually 

catch up to the United States or the technology leader.  While the backlog of technology 

is currently available and every country can increase their ability to learn, there are 

certain economic policies needed to put themselves in a position to experience the growth 

predicted through the catching up model.  The primary policy is for countries to have 

contact with the technology leader and other developed countries.  The country needs to 

be engaged in international trade.  The best way to do this is to allow lower trade barriers 

and increased openness.  The more countries are able to import and learn, the more they 
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are going to be able produce and eventually export to other countries.  If they are not 

open, they will not have contact with the technology leader.  This would increase the gap 

between the two economies because the lesser developed country is not putting 

themselves in a position to learn so they can increase their human capital.  Also, when 

countries are open, more countries are available for contact.  The more countries that they 

are in contact with, especially countries that are more developed, the greater the 

opportunity to learn.  When countries learn more and are able emulate the technology, 

they will increase their GDP per capita, and increase their human capital.  Countries will 

also have more access to the technology backlog that is useful for growth.  The catching 

up model demonstrates that the more technology the lesser developed country is exposed 

to, the more they will be able emulate and grow.   

Countries’ openness is important because without exposure to different products 

or new technology via the technology backlog, they are limiting their chances for 

sustained economic growth. They need to take advantage of all learning opportunities so 

they will be able to apply it to more technology and increase their economic growth and 

GDP.    
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CHAPTER THREE 

 

Export Sophistication 

 

 

 As noted in the catching up model, technology transfer and contact are important 

factors for allowing countries to catch up with the technology leader.  To test the theory 

that technological emulation is a key driver in economic growth, it is essential to examine 

the technological growth of the country.  This can be accomplished by looking at a 

country’s exports and comparing their technological value to other countries.  This 

comparison of exports determines the relative technological sophistication.  Over time a 

country’s exports should reflect similar changes in human capital and technological 

capabilities.    

In order to identify the sophistication level of a country based on its exports, it is 

important to note the type of products they are exporting, but also to whom they are 

exporting.  One method that identifies and solves this problem was developed by Dani 

Rodrik, et. al. (2006) who calculated an index that measures a country’s productivity 

level that is associated with its exports.  This indicator is constructed in a two- step 

process.  For this paper, a 4-digit commodity code is used to identify each of the exports 

for a given country.  The first part of the indicator, PROD, identifies the share of the 

market basket that a country exports.   Let c be the index for countries, x is the value of 

given good, X is the sum of the value of products for each country while products will be 

indexed as g, and for any given year let the value of the exports for country c equal: 
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The per-capita GDP of country c is identified as    and the calculation for PROD for any 

good, p is: 

 

        
      

          
  

 

 

 

Through this equation the numerator represents the share of products g in a country’s 

overall export basket.  The denominator aggregates the value share of country c’s export 

goods that allows for an adequate weight of each of the goods specific to any country.  

The second part of the equation produces, SOPH, which takes the weighted average of 

PROD for each country and is calculated:  

 

        
   

  
 

       

 

Through this method, each country captures a unique number that represents the level of 

sophistication of their export basket.  This paper constructs a panel index using this 

method for the years 1985-2000 that enables one to look at the progression of each 

country’s export sophistication or technological growth.  The data set is crucial in 

determining if the countries are following the catching up model.  As expected, the 

indicators over time are highly correlated with real GDP per capita.  Graph 1 shows a 

scatter plot using real GDP per capita and calculated SOPH, the overall sophistication 

level, for the year 1985 and figure 2 shows a scatter plot of real GDP per capita and 

calculated SOPH for the year 2000. 
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 Figure 2: GDP per capita and Sophistication Scatter 1985 

 

 

Figure 2 shows the relationship between GDP per capita and the Sophistication 

Index.    The XY scatter graph show that countries that have a higher GDP per capita 

typically have a higher SOPH.  The country with lowest SOPH in 1985 was Chad, while 

the country with the highest Bermuda, and the second highest is Japan.  Hong Kong had 

highest GDP per capita.   

Figure 3 shows that in the year 2000, Ireland had the highest level in the 

Sophistication Index again followed by Japan.  From 1985, Chad doubled its 

Sophistication Index level, but still remains towards the bottom of the list of countries.  

The United States’ sophistication level is only slightly lower than Japan’s.  One reason 

that the United States is not the highest in the sophistication is because a lot of their high 

value goods are purchased in the United States which is not capture through their exports.  
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Figure 3: GDP per Capita and Sophistication Scatter 2000 

 

 

The countries with the highest average growth from 1985-2000 included 

Uzbekistan who sought independence in 1991 and became market oriented.  Then growth 

can be attributed to a sudden change in foreign relations after Uzbekistan’s independence 

and soon it became a formidable place for investment from the West and their open 

borders allowed for increased technology and exports (World Fact Book).  Azerbaijan 

and Equatorial Guinea also experienced rapid growth throughout these years, but their 

export influence was driven by 90% exportation of oil (World Fact Book).  The impact of 

mass oil extraction does not allow for sustained economic growth and does not lead to 

improved quality of life.  The growth experienced by these countries is a land based 

advantage that does not follow the catching up model and does not involve technological 

progress or the creation of required infrastructure to sustain long term growth.   
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 On the opposite end of the spectrum, many countries have been falling behind the 

rest of the world with negative growth from 1985-2000 in their export sophistication.  

Haiti experienced -0.8% growth in their export sophistication; according to the Library of 

Congress and the World Fact Book, two thirds of Haiti’s economy is based on agriculture 

and more specifically, small-scale subsistence farming.  As a result of their tropical 

location, the agriculture production is vulnerable to frequent natural disasters.   

 The use of export sophistication has significant implications for understanding 

and identifying growth and progression of all countries.  While many models recognize 

that technological innovation has been a key driver for success, part of the problem with 

previous models lies in the ability to only capture the overall technological innovation 

and not take into account how the old technology may be viewed as new in different 

countries.  Other papers and models have a tendency to look at overall growth of 

technology.  This method neglects the fact that when older technology is transferred from 

one country to another, it is considered new to the less developed country.  It is 

considered new technology because the country was not previously capable of producing 

these goods due to the lack of that specific technology, skill, and possibly infrastructure.  

Many of the changes in technology through these methods are changes in technology by 

the technology leader.  While the United States is currently the technology leader, very 

few countries are capable of producing or even financing many of the goods that the 

United States is capable of creating.  The high level of goods that the United States 

produces is usually more technologically advanced and higher value because so few 

countries are able to create them.  This ability is attributed to the high skilled labor that is 

necessary to create these types of goods.  By measuring the basket goods of each country 
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through export sophistication, one is able to capture the relative growth of technology in 

a given country.  The difference is a measurement that allows the evaluation of localized 

technological growth in all countries.   

As a country produces more sophisticated goods and fewer countries are able to 

match this technology, it makes the value of these goods even greater.  Aside from this 

being an indication of ability, it is also a signal of one country being more developed.  

Looking at the technological growth for each country demonstrates the human capital and 

skill levels of the workers within that country.  A higher skill level indicates a higher 

standard of living.     

With the increase in the value of exports and with a greater value in the 

sophistication index, an increase in skilled labor is necessary to produce high value 

goods.  The increased skilled labor is typically associated with high GDP per capita, 

though a higher GDP per capita does not necessarily mean higher skilled labor.  

Although, because of GDP per capita’s association with skilled labor, it is often used as a 

main indicator in developing country studies.  When using GDP per capita as a 

determinant for level of development one neglects to encompass a number of factors that 

could be significant drivers for growth.  These factors include, but are not limited to, the 

infrastructure, standard of living and technology within that country.  Part of the 

objective for looking at developing countries is to not only examine their growth in per 

capita income, but also to develop an understanding of why there is increased growth.  

The sophistication index does include a number of important underlying factors that 

contribute to a more comprehensive understanding of a country’s development.  By 

measuring the weighted value of the products exported, one can examine not only a 
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country’s standard of living, but also the infrastructure required and level of 

sophistication to produce and export specific goods.  For a country to be able to export 

high value and technological advanced goods, a sophisticated infrastructure is required. 

The sophistication index allows for a comparison between countries with similar 

levels of GDP.  When a country is exporting agriculture or land based goods, the weight 

of the goods basket is significantly lower than a country that is exporting manufactured 

goods.  The reason for the difference is based on the low skill level of workers within a 

country and the fact that the majority of their exports are agricultural.  Agricultural goods 

have limited growth potential because the production is based on a finite amount of land 

and is also susceptible to inclement weather that could severely damage the crop size.  

When comparing a country with an agricultural type of economy to a country that 

produces low skill manufacturing goods, one could point out that the countries generate 

similar values in both GDP per capita and the sophistication index.  When applying the 

catching up theory to these two types of countries, it is apparent that the low skill 

manufacturing country is capable of attaining long term economic growth while the 

agricultural country is not.  The low skill manufacturing country, given that they are open 

to international trade, is able to be exposed to new technology and increasing their human 

capital which is less volatile than cultivating and exporting agricultural goods.  This 

opportunity and difference may also serve as a signal to the more developed countries 

that foreign investment would not be wasted on these countries.  

The creation of the sophistication index also gives insight to the infrastructure of a 

given country.  A country that is exporting agricultural goods is less likely to have the 

necessary infrastructure to be successful in attracting investment and implementing 
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technology.  Those countries that are exporting low manufactured goods have a certain 

degree of infrastructure in place that can be useful in implementing new technology.  

Focusing on and taking infrastructure into account allows the sophistication index to 

make the argument that when it increases, the standard of living increases.  This 

difference helps to separate countries that have extreme income inequalities, from ones 

whose economy is driven by the extraction of highly valued goods like oil or precious 

gems.   

Part of the appeal for these low skill manufacturing countries is the cheaper wages 

that the employees are being paid.  In these countries, low wages are considered a 

comparative advantage and are attractive to the more developed countries and that often 

results in foreign investment for the production of these goods.  This comparative 

advantage is advantageous not only for cheaper goods for the more developed economies, 

but it is a signal that this country has some potential for successful future foreign 

investment.  With this kind of opportunity, the less developed countries begin to 

experience technological spill over.  When a country acquires a new skill to create a 

certain good, they can usually use that skill to create a better good or a good that is a 

slightly more difficult to produce.  This implies that if a country does become successful 

at exporting low skilled manufacture goods, they have the potential to continue 

expanding their skill set and at the same time improve the quality and sophistication of 

their exports.    
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CHAPTER FOUR 

 

Case Studies 

 

 

 The important implications of the catching up model is the fact that countries are 

experiencing high levels of growth from certain economic policies, and not experiencing 

them because of cultural changes or influences.  This study takes a closer look at Viet 

Nam, Brazil, India, and China as examples of countries that have experienced rapid 

growth, and are located in different geographical areas.  The first variable examined in 

each of the case studies is the countries’ GDP per capita from 1985 to 2000.  Table 1 

displays the GDP per capita for each of the countries studied. 

 

 

Table 1: GDP per capita 

Year Viet Nam India Brazil China 

1985 825.47 1061.40 4972.53 874.21 

1986 854.95 1133.50 5541.99 953.87 

1987 889.83 1210.81 5724.56 1069.63 

1988 938.90 1320.09 5810.89 1174.91 

1989 988.01 1407.43 5846.41 1234.18 

1990 1105.30 1509.27 5889.00 1361.92 

1991 1196.70 1541.54 6026.01 1526.51 

1992 1288.01 1603.65 6049.54 1737.30 

1993 1339.02 1670.51 6286.14 2043.31 

1994 1413.90 1763.10 6631.18 2310.31 

1995 1547.41 1906.67 6940.71 2554.56 

1996 1667.22 1969.89 7091.14 2808.87 

1997 1807.49 2075.23 7281.21 2974.23 

1998 1905.15 2193.85 7193.00 3141.26 

1999 2016.61 2395.61 7135.20 3384.69 

2000 2135.50 2456.50 7455.90 3657.94 

Average Growth 

Rate 

6.56% 5.77% 2.78% 10.06% 
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Table 2 shows that over the given time period, each of these countries have 

experienced rapid growth in GDP per capita.  Although each country is unique, one can 

get a better understanding as to why these countries have been able to sustain such high 

growths by taking a closer look at the change in their high value exports as well as 

looking at their sophistication index.  The success these countries have had can be seen 

through the growth and development of the products that they produce and export.  Also 

their ability to adopt new technology through open borders and having an increasing 

ability to learn, have been the driving force to their success as shown in their GDP per 

capita growth and in their growth in the sophistication index.   

Their increases in GDP per capita are much higher than the average growth for 

countries.  Through observation of this alone, it is difficult to determine the main cause 

for that growth.  For this reason I also examine the changes in the countries sophistication 

index.  It shows that each country’s economic development can be contributed to 

economic policies.  Viet Nam, India, Brazil, and China all had positive growth in the 

sophistication index over the time period being examined.  Not only have these countries 

had an average positive growth, but their growth was higher than the US who is the 

technology leader.   Table 3 shows the growth in the four countries’ sophistication index 

and compares it to the United States. 
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Table 2: Sophistication Results 

Year Viet Nam India Brazil China United States 

1985 3269.63 4756.21 5770.55 5520.68 8757.32 

1986 3469.09 4709.30 6274.54 5760.21 9198.39 

1987 3818.11 5499.89 6625.50 6542.30 9627.68 

1988 3976.63 6284.06 7299.18 7178.77 10148.34 

1989 4113.08 6580.05 7471.77 7749.56 10882.97 

1990 4762.72 6686.62 7645.60 8376.37 11470.96 

1991 4917.50 6952.23 8114.18 8580.94 11904.45 

1992 6399.03 6711.26 7973.11 8441.59 11363.37 

1993 6599.09 6715.19 8143.98 8827.72 11628.09 

1994 6582.02 6803.70 8440.45 9330.21 12405.48 

1995 6798.17 7274.96 8833.82 10014.29 12875.89 

1996 6681.82 7482.83 9137.63 10288.69 13214.25 

1997 7286.59 7826.94 9516.25 10769.39 14074.36 

1998 7200.16 7958.08 9944.66 11039.80 14051.84 

1999 7300.85 8249.68 10582.41 11510.15 14712.02 

2000 8044.81 8859.53 11144.82 12233.58 15842.79 

Average 

Growth Rate 

6.45% 4.36% 4.52% 5.50% 4.08% 

 

 

 

Table 3 displays how the overall growth rate of each of the four countries has 

been at a higher rate than the United States.  Viet Nam had attained the fastest growth 

over the period of the study, and it started at a lower sophistication level then the other 

countries reviewed.  Another important indication is that each of these countries 

experienced higher growth rates than the United States; following the predictions of the 

catching up model.  If these countries continue being engaged in international trade with 

open borders, the expected rate of growth will continue to be faster than the United States 

and they will eventually close the technology gap.  As these countries become closer to 

the level of the United States, their growth rate will be sustained near a level close to the 

United States.  Figure 4 is a graph that gives evidence to these four countries is closing 

the technology gap.  This data is calculated as the country’s sophistication level relative 
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to the United States sophistication level and is calculated using the data calculated and 

displayed in table 2. 

 

Figure 4: Catching up Evidence 

 

Figure 4 looks at the export sophistication of the four countries in the case study 

and their relation to the United States.  Through the 16 year period of the study, each of 

the countries has, on average, been closing the gap of the export sophistication difference 

with the United States.  How these countries have been able to increase their export 

sophistication relative to the United States will be closer examined by looking at their 

highest value exports, or the highest value through the calculations of PROD.  Examining 

the increases of the export sophistication levels for each of these countries demonstrates 

that they are closing the gap between themselves and the United States.  As these 

countries continue to emulate technology and increase their ability to learn, the rate of 

growth through the export sophistication will continue to increase but at a decreasing rate 
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as their export sophistication levels come closer to the United States.  This happens 

because the technology becomes more complex and expensive, and it becomes more 

difficult to duplicate the amount of human capital required to produce the new 

technology. 

The following four case studies give a deeper examination of Viet Nam, India, 

Brazil and China.  Each of these countries was chosen because of their recent successes 

in the last few decades at sustaining economic growth.  The catching up model predicts 

that the success of these countries is a result of either changes in economic policies or the 

enforcement of openness policies.  If this is the case, then a closer examination of their 

economic growth may be related to their technological progress.  For each of the case 

studies, their economic policies will be discussed with a closer examination of the main 

products that these countries are exporting.  To examine the changes in the technology, I 

use the calculated PROD from the sophistication index to identify their highest value 

exports.  By looking at the differences between the highest value exports in 1985, 1992, 

and 2000, I can determine if each of these countries success can be attributed to their 

technological growth. 

Viet Nam 

 

 Over the last 20 years Viet Nam has been one of the fastest growing economies.  

Following the fall of the Vietnamese Communist Party, Viet Nam began to rebuild its 

economy and move away from the government promoted agriculture economy.  In 1990, 

Viet Nam’s government passed a law allowing the establishment of private industries.  In 

the previous years, Viet Nam had a lot of economic trouble due to military conflicts 

within Cambodia, but following this resolution it began to benefit from openness and 
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contact with other developed nations.  Part of the rapid growth that began in 1990 and 

1992 is attributed to the normalization of relations with China in 1991 and the United 

States lifting its trade embargo in 1995.  The process of establishing new business and 

allowing for sufficient trade was effective and influential in Viet Nam’s growth (World 

Fact Book).   

 In the base year of the study, 1985, Viet Nam’s main export of basket goods 

included products such as iron, steel, umbrellas, footwear and as their highest value 

export, live animals.  The majority of these goods are classified as low skill 

manufacturing goods.  At this point, Viet Nam’s manufacturing market was not well 

established, but it was being utilized.  One of the main differences between Viet Nam and 

the other countries included in the case study is that its overall size is much smaller.   

 During the middle of the study, 1992, Viet Nam’s value of exports had increased 

and they had diversified some of their high value goods.  These goods included base 

metals such as copper, nickel, iron, steel and special woven fabrics including lace.  This 

improvement demonstrated some technology spillover in the last seven years.  They were 

able to diversify some of their higher value exports especially with the base metals to 

increase the value of their exports.  This increase in high value exports of base metals, a 

product that goes through a manufacturing process, is evidence of technology spillover. 

 In last year of the study, 2000, Viet Nam had made large improvements in the 

value of their exports compared to 1992.  In 1992, many of their exports were base goods 

and lower manufacturing goods.  Many of the exported goods in 2000 required higher 

skill labor and resulted in higher value goods.  These goods included vehicles, aircrafts, 

ships, and boats as well as impregnated, coated and laminated textile goods.  This 
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improvement in value mirrors the rapid progression and demonstrates how Viet Nam has 

been able to grow at such a quick and successful rate.  The progression of technology that 

was brought in and implemented through the country is a strong indication of an increase 

in the skill of the labor force and demonstrates why their income per capita increased 

over the 16 year period.       

 Viet Nam’s success in increasing the value of their export technology 

sophistication over the course of the study is seen through its growth in the sophistication 

index.  It was able to attain an average growth of 4.3% over the 16 year period study.  

The improvement in the quality of exports and pattern of growth that Viet Nam has 

followed, they have the foundation to sustain a high level of growth.  It is apparent they 

have created and improved their infrastructure which will allow them to continue to take 

advantage of the technology transfer that they will obtain through their contact with other 

countries, and through the improvement and education of their skilled labor. 

India 

 

 A few decades ago, India’s ability to open their borders and increase their human 

capital was limited and discouraged through autarkic policies in India.  In the early 

1990s, India began to engage in economic liberalization policies including the reduction 

of the controls on foreign trade and domestic investment.  As a result, India’s economy 

has accelerated and through the years of 1997 to 2010 they have averaged just above a 

7% growth in GDP.   Because India is a large country, not everyone has been affected by 

the new economic policies and half of their economy is still based on agriculture.  

According to the CIA world fact book, India has been capitalizing on their English-

speaking population to become major exporters of technology and software.  Their 
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increase in human capital over the last 20 years has contributed to their economic policies 

and the opening of their borders (World Fact Book).   

  In 1985 India’s export took low skill. Many of the exports involved land and 

resource based products.  Their highest value exporting goods came from feather or down 

goods, precious stones and pearls, wool, along with iron and steel.  In order for India to 

continue growing, their focus will need to move away from their agricultural resources as 

their major exports and increase their exports of manufactured goods. 

 In 1992, India began to show growth in the value of their exported goods.  With 

their main value exports transitioning to base metals such as steel and nickel as well as a 

number of different textile goods.  The improvement of their top value exports represents 

a change within the infrastructure of India when they began to switch to using technology 

and a lower skilled labor rather than focusing on land goods.    

 India’s highest export value goods in 2000 followed a similar trend to that from 

1985-1992.  While some of their higher value goods included wools and textile goods, 

their exportation of base metals had begun to result in the production of vehicles, aircrafts 

and other vessels.  This transition is similar to the success that was seen in Viet Nam 

when they began to build on their earlier simpler exports and started to create higher 

value goods that they could export to the more developed nations.  This development is a 

strong indicator that the labor skills within the country are continuing to grow.   

 India’s successful growth from 1985-2000 can be seen through their adoption of 

new technology and how they used the resources that were available to them.  Because 

India has several rich natural resources that they export, their average growth in the 

sophistication index compared to the rest of the case studies can be misleading.  By 
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looking at the overall production of exports, the main reason of India’s success and why 

their growth is sustainable is the adoption of new technology that allows them to use their 

natural resources to create even higher value exports.  The fact that India is focusing on 

their English speaking residents to produce the higher value goods may be causing a 

separation of skilled workers in their country.  If the rest of the residents do not improve 

their human capital, India’s emulation abilities may be affected in the long run.  

 

Brazil 

 

Brazil is currently the largest economic presence in South America and has 

established developed agricultural, mining, and manufacturing sectors in their economy.  

The start of their impressive presence began in the early 1990s.  In 1990, Brazil had a 

deep recession and record inflation.  From this point it became the finance minister’s goal 

to implement economic reform that would integrate Brazil into the world economy.  One 

of the reforms was to increase the openness of Brazil’s borders by decreasing trade 

barriers and allowing more contact with the world.  Along with decreasing trade barriers, 

the privatization of many state owned industries and other economic policies helped to 

stop Brazil’s hyperinflation.  Soon their economy was able to stabilize and effectively 

begin to engage in international trade that has helped increase their standard of living 

(World Fact Book). 

 In the base year, Brazil was more advanced than both India and Viet Nam with its 

sophistication level of its highest value exports.  The top exports for Brazil in 1985 

included specialty woven fabrics, aircraft parts and zinc.  Most of the top exports from 

Brazil then involved using natural resources and low manufacturing jobs to produce the 

exported goods. 
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 In 1992, Brazil’s top value exports remained the same but in higher values and 

quantities.  Some technology spillover can be seen as the amount and variety of metals 

produced and exported had increased in value.  While Brazil’s exports included materials 

such as steel and other base metals, one of their lowest value exports was ores.  This 

demonstrates that Brazil was not only benefiting from its own natural resources, it was 

using its own institutions to produce and export higher value goods as seen in the metals. 

 In the final year of the study, Brazil’s exports, similar to Viet Nam and India, had 

continued to increase the value of its export sophistication.  Brazil followed a similar 

pattern with using and exporting the base metals, but also used these metals to create 

vehicles, aircrafts, and spacecrafts to export.  The progress through the 16 year study 

shows how Brazil was able to use their manufacturing and add to it through technology 

transfer with other countries to create an infrastructure and a need for high skilled labor 

that helps to sustain the growth that they are experiencing. 

 Brazil’s base sophistication index level was the highest amongst all four case 

studies examined.  Their growth and continuous adoption of technology led to more 

valuable exports which resulted in a 4.52% increase on the sophistication index.  

 

China 

 

 China has been the focus of many studies because of the change and growth over 

the last 30 years.  The change from a virtually closed centrally planned economy to a 

market-oriented economy has been found to be a key to their success.  Some of the 

policies that changed for China included fiscal decentralization, increased autonomy of 

state enterprises, growth of non-state sector, and openness to foreign trade.  With these 

economic changes, China has turned into the poster child of successful economic 
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development.  However it is not known if these changes and successes are unique to 

China (World Fact Book).  Through examination of their export sophistication and with a 

comparison to the previous three case studies, it is evident that their success has been 

driven through their ability to increase their export by opening their borders and 

technology emulation similar to Viet Nam, India, and Brazil.   

 During the base year, China’s largest value of export goods and export 

sophistication were similar to Brazil.  Their main value exports included stone, plaster 

and cement, edible animal products, wool, and aeronautics.  While, China’s exports 

included manufactured goods, the majority of their higher value exported goods did not 

require high skilled labor. 

 In 1992, China’s high value exports had increased to more valuable goods.  These 

exports include nickel, organic chemicals, iron, steel, and vehicles.  This progression 

demonstrates an increase in technology and skilled labor from 1985.  The lower end of 

China’s export basket included agricultural products and demonstrated their transition 

away from focusing on land material to increasing technology and manufacturing goods.   

 China’s highest valued exports followed a similar trend with China’s growth from 

1985 to 1992.  The highest value exports in 2000 included copper, aluminum, textiles, 

aircrafts and spacecrafts, as well as organic and non organic chemicals.  While many of 

these products were made in previous years, the main increase is in the volume of these 

higher valued exports.  This growth in the value of exports displays and demonstrates the 

increases in the quality and skill of the workers in China and is a main contributor to their 

successful growth. 
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 China has been one of the most widely examined countries in terms of their rapid 

growth through the decades.  The results of their sophistication index explain why they 

have been able to sustain such high growth levels.  The adoption of new technology and 

expansion was captured not only through their products but also in the sophistication 

index.  The increase in technology and use of technology spillover has allowed China to 

continue to adopt new technology and sustain growth.  While China still creates lower 

value exports more than the other countries, they have also been one of the most and 

capable at adopting new technology into their country and using it to produce higher 

value products which helps them to increase the quality of life. 

 When countries open their borders and have contact with the technology leaders, 

their policies should be focused on exporting, importing, and the emulation process.  This 

requires that the countries move past using land rich exports, such as oil, to drive their 

economy.  The countries that rely on their land rich exports have difficulty increasing 

GDP per capita and are not expected to have sustained economic growth.  When 

countries use their ability to learn and emulate, even with low human capital, acquire 

technology that helps them to increase their infrastructure.  The infrastructure that they 

create will enable them to continue to emulate and to increase their human capital leading 

to sustained economic growth.  Countries that mainly export oil are likely to appear to be 

one of the richer countries, but in reality their human capital is low.  In the long run, their 

wealth from this resource will run out because of its finite quantity, and when it does they 

will not have anything else to drive their economy.  With technology gained through 

open policies and having the ability to learn, countries will be able to build a foundation 



 

38 

 

that stabilizes their growth in the long run and use their ability to learn as a driver for 

their economy and for sustained growth for their economy.   
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CHAPTER FIVE 

 

Economic Model 

 

 

Data Review 

 

 The sophistication index was created using the United Nations harmonized system 

(HS) 4 digit export data and calculated with real GDP per capita using 2005 as a base 

year from the Penn World Tables.  The 4 digit export code was found to predict similar 

outcomes in the sophistication index as the 6 digit harmonized code, but the 4 digit code 

contained a larger sample of countries; this analysis contains 151 countries.  Openness 

data is calculated by looking at countries total exports and imports divided by GDP and 

the data is available through the Penn World Tables.  The next part of the theory looks at 

a country’s financial access.  This is estimated through time and savings deposits in 

deposit money banks and other financial institutions as a share of GDP.  It basically 

estimates financial system deposits as a share of GDP.  Financial access data is available 

through the World Bank.  The financial access is used to approximate not only 

infrastructure and availability of financial institutions, but also the utilization rate and its 

impact on export sophistication. 

 Several cross country control dummies were used to determine their separate 

impact on the export sophistication.  These dummies include whether a country is an 

OPEC country and whether the country is landlocked.  There are individual dummies for 

differences across continents, and a dummy comparing different income classifications as 

determined by the World Bank including: lower income, lower middle income, upper 

middle income, and upper income countries.  
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Using the export sophistication index, openness, financial access, year fixed effects, and 

cross country dummies, I created a panel framework index for 151 countries from 1985 

to 2000.  My analysis examines two separate aspects of the catching up model; the effects 

of opening borders to allow contact with other countries and financial access that allows 

for investment and the adoption of technology.   

Openness Regression and Results 

The first analysis tests whether countries are allowing themselves to have contact 

with the technology leader or other developed nations by having open borders.  This is 

examined by looking at the impact of openness on a country’s export sophistication.  As 

discussed through the catching up model, a country’s openness is considered the crutch of 

the theory.  When country opens their borders as measured by the proportion of total 

imports and exports to GDP, this essentially tests how much contact a country allows 

with the international market.  When a country is more open, they are allowing 

themselves to have contact with more developed economies, giving them access to more 

technology that they will be able to emulate. 

 The analysis uses year fixed effects and country effects along with robust 

standard errors.  The country fixed effects examined include, an OPEC dummy, a 

continent dummy, a landlocked dummy, income classification dummies, as well as the 

previous year’s export sophistication level.  The analysis is run in a log – log 

transformation and the results of the analysis can be seen in Table 3.   
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Table 3: Openness Regression 

Variable (1) (2) (3) (4) 

 Soph Soph Soph Soph 

Openness 0.055 0.056 0.052 0.034 

 (4.65)** (4.76)** (4.58)** (3.20)** 

Soph(-1) 0.809 0.804 0.772 0.585 

 (53.31)** (52.05)** (46.11)** (26.42)** 

Lower Income -0.007 -0.008 -0.006 0.060 

 (0.37) (0.42) (0.33) (3.53)** 

Lower Middle 

Income 

0.045 0.040 0.042 0.063 

 (2.54)* (2.32)* (2.44)* (4.02)** 

Upper Income 0.001 0.005 0.012 0.031 

 (0.06) (0.30) (0.69) (1.83) 

OPEC Countries  0.077 0.065 0.163 

  (3.96)** (3.44)** (7.20)** 

Landlocked   -0.134 -0.166 

   (6.24)** (8.43)** 

North America    0.077 

    (1.79) 

South America    0.064 

    (1.50) 

Asia    0.080 

    (1.96) 

Africa    -0.153 

    (3.64)** 

Europe    0.245 

    (5.76)** 

Australia    0.218 

    (4.38)** 

Constant 1.493 1.526 1.848 3.554 

 (10.19)** (10.34)** (11.82)** (17.68)** 

Observations 2013 2013 2013 2013 

R-squared 0.68 0.69 0.69 0.74 

Robust t statistics in parentheses 

* significant at 5%; ** significant at 1% 

 

 

The results of this analysis show that a 1% increase in openness of a country’s 

border results in a .034% increase in a country’s export sophistication level.  For 

developing countries, the lower middle income ones are expected to have the greatest 

increase in the sophistication level.  Also, while North America, South America and Asia 
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do not have a significant effect on the sophistication level, Africa has a significant 

negative impact on the sophistication level.  Other than Africa, landlocked countries also 

have a negative impact on export sophistication.  These two results are expected and may 

even be related.  African countries over the period of the study have seen little 

improvement in technological advances.  A lot of their economy has low human capital 

and focuses on agricultural exports or high value land cultivations. Many of these 

countries have difficultly sustaining or even starting to implement technology.  

Landlocked countries, many of which are in Africa, are at a disadvantage when it comes 

to opening their borders as they are limited to the means of transportation.  By not having 

open access to water, a large sector of exportation and importation of goods is not 

available to them.  That makes it difficult to have contact with the international market.   

Another perspective to a country’s openness that I examine is how openness 

impacts the growth of sophistication as opposed to how openness affects a country’s 

export sophistication level.  Through this model, I use the openness approximation and 

then I calculate the growth of a country’s export sophistication to determine if openness 

leads to technological growth.  This produces an interesting perspective and also tests one 

of the key points of the catching up model; openness and contact with the rest of the 

world should lead to technological growth that will in turn result in long turn sustainable 

growth.   

The regression analysis is the same as the previous openness regression except in 

this econometric model, I used the dependent variable of the growth of SOPH, or export 

sophistication and again use a lagged dependent variable as well as the same country and 

year fixed effects.  The results of the analysis can be seen in Table 4. 
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Table 4: Openness and Export Sophistication Growth 

Variable (1) (2) (3) (4) 

 SOPH Growth SOPH Growth SOPH Growth SOPH Growth 

Openness 0.031 0.031 0.029 0.029 

 (2.15)* (2.16)* (2.08)* (1.92) 

SOPH Growth (-1) -0.269 -0.269 -0.269 -0.271 

 (8.22)** (8.22)** (8.22)** (8.30)** 

Lower Income 0.004 0.004 0.004 0.011 

 (0.19) (0.19) (0.21) (0.51) 

Lower Middle 

Income 

0.037 0.036 0.036 0.039 

 (1.71) (1.73) (1.72) (1.85) 

Upper Income -0.000 0.000 0.001 -0.005 

 (0.01) (0.01) (0.06) (0.25) 

OPEC Countries  0.006 0.002 0.002 

  (0.16) (0.07) (0.06) 

Landlocked   -0.021 -0.013 

   (1.00) (0.59) 

North America    -0.068 

    (1.43) 

South America    -0.041 

    (0.83) 

Asia    -0.060 

    (1.31) 

Africa    -0.082 

    (1.73) 

Europe    -0.068 

    (1.51) 

Australia    -0.015 

    (0.26) 

Constant 0.171 0.171 0.179 0.246 

 (1.56) (1.56) (1.65) (2.05)* 

Observations 1968 1968 1968 1968 

R-squared 0.11 0.11 0.11 0.12 

Robust t statistics in parentheses 

* significant at 5%; ** significant at 1% 

 

 

 The results of the analysis give evidence that countries who do implement an 

openness policy have experienced significant growth in their export sophistication.   

From these two results, we show that openness and contact with the rest of the world is 
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essential to increasing technology.  In the final regressions run in this part of the analysis, 

openness is still found to be significant at the 10% level. 

 

 

Financial Access Regression and Results 

 

The second analysis looks specifically at financial access using the same set up as the 

openness regression.  By looking at financial access, the second part of the catching up 

model is being tested.  Financial access is used as an indirect measure to whether 

countries are developing manufacturing products as opposed to relying on land based 

resources.  Countries that rely on land based resources, or are used only for extraction 

purposes; do not create the necessary infrastructure.  The countries that do have good 

financial access indicate that they have acquired necessary infrastructure that allows them 

to have access. The catching up theory is tested in two ways.  The first test is whether the 

countries are adopting new technology and developing new products.  In this part, 

investments will be used for manufacturing new products, rather than land cultivation.  

The second is when countries begin to switch away from land based resources and adopt 

technology for manufactured products.  They will be creating an infrastructure, and by 

looking at financial access, I am able determine if a country is experiencing economic 

development because they are creating manufactured exports.  For lower income 

countries, this can be especially difficult because of the risk involved in investing. These 

countries do not have any previous history with creating manufactured goods nor do they 

have strong financial systems.  For developed nations the ability to access finances is 

essential to creating more sophisticated products.  This is true even with the technology 

leader who needs financial access to help fund research and development. 
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The need for financial access is critical for the development of many countries.  It 

is also an indicator for an increase in quality of life through an indirect view of a 

country’s infrastructure.  Increased financial access allows for a more efficient flow of 

money as well as wealth generation that is needed to invest in higher skilled labor that is 

necessary to create high value products.  The results of this analysis are in table 5.   

 

Table 5: Financial Access Regression 

Variable (1) (2) (3) (4) 

 SOPH SOPH SOPH SOPH 

Financial Access 0.147 0.149 0.139 0.106 

 (10.81)** (10.90)** (10.33)** (8.91)** 

SOPH(-1) 0.688 0.680 0.664 0.508 

 (30.86)** (30.12)** (28.45)** (19.29)** 

Low Income -0.011 -0.017 -0.016 0.042 

 (0.51) (0.83) (0.78) (2.19)* 

Low Middle Income 0.056 0.048 0.045 0.064 

 (3.09)** (2.68)** (2.54)* (3.93)** 

Upper Income -0.014 -0.011 -0.006 0.030 

 (0.78) (0.58) (0.33) (1.69) 

OPEC Countries  0.110 0.099 0.184 

  (4.77)** (4.39)** (6.86)** 

Landlocked   -0.101 -0.141 

   (4.24)** (6.33)** 

North America    0.102 

    (2.21)* 

South America    0.096 

    (2.05)* 

Asia    0.099 

    (2.21)* 

Africa    -0.097 

    (2.09)* 

Europe    0.283 

    (6.13)** 

Australia    0.199 

    (4.02)** 

Constant 2.981 3.045 3.194 4.477 

 (13.13)** (13.30)** (13.62)** (17.86)** 

Observations 1582 1582 1582 1582 

R-squared 0.74 0.74 0.75 0.78 

Robust t statistics in parentheses 

* significant at 5%; ** significant at 1% 
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From the results of this analysis, I conclude that when a country increases its 

financial access by one percent, they will experience a 0.1% increase in the sophistication 

index.  With financial access, these countries are able to build a foundation, and have 

infrastructure for them to finance and invest in development.  An increase in financial 

access has a significant positive impact on export sophistication.  This analysis looks at 

whether countries are focusing on using their ability to learn rather than depending on 

rich land goods.  The results of the country dummies are similar to the findings with the 

openness regressions.  Again, I find that Africa and landlocked countries have a negative 

impact on export sophistication.   

The next part of the financial access examination looks at whether a country’s 

financial access leads to technological growth or increases in export sophistication.  It is 

expected that with increases in financial access, firms and individuals within the country 

will be able to finance new products. Investments will be able to be made that will help 

expand the utilization of the increased human capital.   

 If the country does have the human capital to create high value goods, but does 

not have the financial backing or the ability to pay for the new technology, then learning 

and growth would be stifled and may even fall behind.  

 The results of this analysis show that countries with financial access do 

experience significant positive growth in their sophistication index.  This indication states 

that financial access not only has a positive effect on a country’s export sophistication, 

but it is also significant in the growth of the export sophistication.  This result is expected 

as countries that do have financial access have acquired this through the use of increased 

human capital and focusing on infrastructure.   
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Table 6: Financial Access and Sophistication Growth 

Variable (1) (2) (3) (4) 

 SOPH Growth SOPH Growth SOPH Growth SOPH Growth 

Financial Access 0.075 0.076 0.065 0.078 

 (2.57)* (2.61)** (2.14)* (2.62)** 

SOPH Growth (-1) -0.279 -0.279 -0.280 -0.281 

 (7.15)** (7.16)** (7.18)** (7.22)** 

Low Income 0.000 -0.002 -0.000 -0.004 

 (0.01) (0.07) (0.01) (0.15) 

Low Middle 

Income 

0.022 0.019 0.018 0.017 

 (0.93) (0.84) (0.79) (0.74) 

Upper Income -0.013 -0.012 -0.010 -0.015 

 (0.58) (0.53) (0.46) (0.67) 

OPEC countries  0.034 0.028 0.025 

  (0.77) (0.63) (0.53) 

Landlocked   -0.037 -0.039 

   (1.56) (1.55) 

North America    -0.057 

    (1.13) 

South America    -0.013 

    (0.23) 

Asia    -0.049 

    (1.00) 

Africa    -0.027 

    (0.52) 

Europe    -0.041 

    (0.85) 

Australia    -0.010 

    (0.18) 

Constant 0.239 0.238 0.249 0.284 

 (2.44)* (2.45)* (2.56)* (2.64)** 

Observations 1543 1543 1543 1543 

R-squared 0.12 0.12 0.12 0.12 

Robust t statistics in parentheses 

* significant at 5%; ** significant at 1% 
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CHAPTER SIX 

 

Economic Analysis 

 

 

 The results of my empirical analysis give good foundational evidence to the 

theories of the benefits of international trade.  Understanding the increases in 

technological progress and how it can be transferred from one country of a certain level 

of development to one less developed as it becomes more standardized demonstrates the 

functions of the catching up model.  This technology essentially trickles down from one 

country to another.  While this technology may be digressing, it is viewed by each 

country differently.  By the time that a country attains the product in one form or another, 

they have the opportunity to learn from this.  Through the process of emulation and even 

research, they will be able to increase their human capital.   

For the first part of the theory and for one of the most important parts of the 

catching up model, a country’s openness is critical to increasing their technology.  The 

results of this analysis show that countries that are more open have higher export 

sophistication, and this openness is also significant in increasing the value of their own 

export sophistication.  These increases occur for several reasons.  Opening a country’s 

borders, allows for contact and discovery of new technology.  From the new technology 

they will be able to learn how the products are made, so that they can learn produce it.  

The open borders, increased contact, and emulation, result in increasing human capital 

and leads to an exponential spillover with their localized technology.  The country’s 

expected GDP per capita will increase as they work their way through the technology 
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backlog.  The technological gains will benefit the country as the improved 

economy will result in a better infrastructure and higher standard of living.  The gains in 

human capital, knowledge, technology, and infrastructure are the result of open borders.  

Open borders used properly will lead to further financial assets and development.  

The reason that the openness works as a progression through different levels of 

development is indicative of the country’s comparative advantage.  While a country’s 

openness exposes them to more technology, until they are able to develop the human 

capital and skill required, they should focus on expanding and continuing their own 

comparative advantage.  For the United States their growth and comparative advantage is 

their high level of human capital.  This allows them be at the forefront of technology and 

to be able to innovate new products that other countries are not able to produce.  At the 

other end of the spectrum, with the low income countries, their technology level with the 

more standardized and cheaper products is based on a lower level of human capital.  

The second parameter tested was the financial access.  The evidence found in the 

empirical work suggest that countries who focus their localized gains on capital 

production, instead of on labor intensive productions such as land cultivation, will 

experience greater economic growth.  The results of my analysis show that when 

countries have financial access, they will have more sophisticated exports and significant 

growth of their export sophistication.   

Financial access is a crucial part of development for any country.  For less 

developed countries, it is a representation of the direction and focus of their exports.  

From the localized technology theory, financial access represents the capital intensive 
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production that the catching up model emphasizes as key to gaining new technology and 

helping themselves to learn from that new technology.   

Another perspective of financial access is its ability to attract to local investors 

and foreign investors.  Higher financial access is an indication that a country is focusing 

their efforts on improving their infrastructure which is essential key to stabilizing an 

economy.  These financial attractions have exponential capabilities in the long run for 

this country.  Individuals and firms are able to get loans and raise money in more 

efficient and reliable ways.  These funds are essential for investing in and developing 

products.  When a country is increasing their technology, they are continuously investing 

in, learning about and producing a product that is able to compete in international 

markets.  As the technology becomes more difficult to emulate, it will cost the country 

more time and effort to understand and perfect their product production.  Also when 

technology becomes more advanced, the human capital required will become more 

expensive. 

While it is apparent that economic policies are essential to the success of a 

country’s economic growth, some geographical locations appear to be a hindrance.  For 

the 44 landlocked countries, fifteen of which are in Africa, their levels of export 

sophistication are lagging other continents and non-landlocked countries.  Landlocked 

countries, geographically, are at a strong disadvantage.  They are unable to use one of the 

major exporting techniques in the world, water transportation.  This method is able to 

carry large quantities of goods at a cheaper rate and also results in economies of scale 

advantage over other forms of transportation.  Few of them are able to export their goods 

by air because they do not have the technology or the infrastructure successfully use air 
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transportation.  When these countries do have open borders to international markets, a 

large part of their ability to engage these policies is restricted by their surrounding 

countries.   

The technology backlog is an indication or an approximation, in terms of 

technology, to how large a gap there is between the United States and all other countries.  

It is anticipated that less developed countries will begin to emulate old simplistic 

technology.  These countries have lower human capital and low ability to learn.  These 

are the countries whose comparative advantage would be making simplistic, highly 

standardized goods from a low cost standpoint.  The empirical results support this theory.  

These countries are able to increase their export sophistication through openness policies.  

Because their lack of knowledge about new technology, they do not have the necessary 

skills to develop or produce many products.  As a penalty their export sophistication 

grows at a slower rate.  Over time, if a country tries to contact and increase their skills, 

their ability to learn will increase.  The knowledge and skills they have acquired can then 

be applied to more and better products.  From the Catching up Model theory, the rate of 

these countries growth is expected to grow faster than the technology leader, because 

they are closing the gap and catching up.  From my empirical results, the low middle 

income countries have the highest growth rate of export sophistication compared to the 

other income classifications.  These results intuitively make sense when looking at the 

size of the backlog of technology.  In the earlier stages, when much of the technology is 

either similar or more simplistic, a country’s ability to learn increases with more exposure 

and contact with other countries, which allows faster emulation.  At the opposite side of 

the spectrum, the upper income countries experienced a slower growth rate that is similar 
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to the rate of growth of the lower income countries.  For these countries, the technology 

backlog is much smaller, but the level of technology is more sophisticated.  Countries 

may also try to adopt new technology through reverse engineering.  As the technology 

becomes more sophisticated this technique will also become increasingly difficult to 

accomplish.  Some countries may not have the required human capital to emulate some of 

the products and technology that the United States produces; while others many not have 

the financial abilities to fund the research and development needed to duplicate the 

product at the beginning stages of the product cycle.  For these reason, these upper 

income countries are not expected to grow at the same rates as lower end countries that 

are behind in terms of the technology.   

These analyses provide evidence and hopefully some policy implications that can 

be applied to any developing economy.  While the results seek out generic ideas and 

positions, they do point in a direction that can be helpful for a country to achieve 

sustained economic development and offer proof that certain economic policies are 

conducive to these results. 
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CHAPTER SEVEN 

 

Conclusion 

 

 

The purpose of this paper was to test the Catching up theory and its predictions 

for a country’s sustained economic growth and improvement in standard of living.  In the 

case study analysis, the findings show that Viet Nam, India, Brazil and China’s growth 

were closely related to the value and sophistication of the products produced.  Increases 

in the value of their exports over the time period examined gives evidence of improved 

technological progress within the country and played an important role in allowing them 

to sustain high levels of economic growth. 

 The empirical analysis looks at how openness and financial access affect export 

sophistication.  I conclude that by increasing openness and financial access there is a 

significant impact on the level and growth of countries’ export sophistication or 

technology.  The findings are consistent with the Catching up theory in two ways.  First, 

through openness, a country is able to have contact with the technology leader allowing 

them to increase their ability to learn which helps them achieve sustained economic 

growth.  Also, a country whose industries focus on increasing the technology by 

improving human capital is the most successful in increasing their export sophistication.  

 This paper provides evidence of the Catching up Model and the predictions of 

economic growth.  Through the case studies and the empirical analysis I conclude that 

through economic policies rather than cultural factors, sustained economic development 

and rapid growth can be attained.  The impact of the rapid growth not only increases the 

countries’ GDP per capita, but is an indication of increased standard of living.    
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