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ABSTRACT 

 
 China has touted one of the fastest-growing economies in the world over the past 50 

years- and for good reason. The country’s GDP has grown from $5.972B produced in 1960 to 

$14.28T produced in 2019. Over the same yearly boundaries, the United States’ GDP has grown 

from $543B in 1960 to $21.43T in 2019 (World Bank). The issue that persists in this situation is 

that despite China’s initial GDP equaling approximately 1% of America’s initial GDP, China’s 

GDP has grown to about 66% of America’s current GDP. This paper analyses different reasons 

for the explosive nature observed in China’s economic growth through mathematical analysis of 

Solow model variables and the Solow residual. Measurements of subcategories under labor, 

capital, and technology growth are used in determining which variable has the largest effect on 

the growth in Total Factor Productivity.  
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Chapter 1  
 

Introduction 

The metrics and foundations by which the United States and China have incurred 

economic growth over the past 50 years vary greatly. This thesis stands to analyze the 

differences in the causes that yielded said divergences. Specifically, it depicts a comparison of 

the two economies’ growths under the specific variables seen in the Solow model: capital (K), 

labor (L), and technology (A). These variables are utilized as a comparison point to attribute the 

countries’ respective growth rates a specific metric. The growth rate of each specific economy is 

measured by the annual growth in GDP (Y). Labor (L)  is a function of the labor force 

participation rate, the unemployment rate, and human capital per worker. Capital (K) is a 

function of capital stock. Technology (A) is a function of evolution in domestic primary 

education enrollment, patent applications, and research and development expenditure. 

Throughout the rest of this paper, I will be referring to the independent variables as L, K, and Y, 

and I will be referring to the dependent variable as A. 

From these calculations, numerical analysis and the discussion of results attained become 

available. This thesis provides a definitive answer to which variables of the explanatory variables 

yield the largest growth in total factor productivity for both China and the United States. It also 

includes deliberation on categorically determined aspects of each country which determine the 

divergence observed in growth rates. The Solow residuals for each country allows for the 

analysis of each country’s percentage of growth attributed to the specific independent variables 

used. Tables and figures as well as the STATA code utilized to produce the mathematical results 

are included below. 
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The regression analysis that was run for China showed that the independent variable that 

caused the largest percentage change in technology growth was research and development 

expenditure. This was the only significant value at an alpha level of .05, and the parameter value 

on the variable was 1.302977. This provides the information that for every 1% increase in 

research and development expenditure, it caused a 1.3% increase in the total factor productivity. 

The p-value for this variable was < .000, showing that it is statistically significant. 

The regression analysis that was run for the United States showed that the independent 

variable that caused the largest percentage change in technology growth was patent applications. 

However, this was concluded under 95% confidence with an alpha value of .05. At 90% 

confidence and an alpha value of .1, the independent variable that showed the largest percent 

change in A was again research and development expenditure. The coefficient on the variable 

was 1.154416, meaning a 1% change in research and development expenditure caused a 1.154% 

increase in A. The p-value on the variable here was .08, meaning that at an alpha level of .1, it is 

statistically significant.  
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Chapter 2  
 

Literature Review 

2.1 Cultural Differences (Literary Analysis) 

 This paper utilizes both categorical data as well as empirical data in the mathematical 

analyses that follow. To complete said analyses, data and information needed to be collected 

from reputable sources. Firstly, each of the specific variables utilized in mathematical 

calculations is gathered and reproduced in the tables below. Information on both China’s and 

America’s GDP from 1960-2019 was collected from the World Bank open-source data. GDP 

stands for Gross Domestic Product, and it is a monetary measure of all goods and services 

produced in a single time-period 

 To properly utilize the results and develop an understanding of the outputs from the 

empirical data stated above, knowledge regarding the categorical reasoning behind the growth in 

total factor productivity is necessary. Felicia F. Tian and Mu Zheng produced a paper analyzing 

women in the Chinese workforce from the 1960s-2010s titled, Female Labor Force in Reform-

era China. They explained that under Mao Zedong’s rule, a concept referred to as “Maoism” was 

perpetuated into society. The philosophy ridded China of the concept of patriarchy, and because 

of this, women’s employment rate during the Mao era was close to 90%- one of the highest in 

the world (Tian, Zheng). During the pre-Mao era, women were consistently overlooked when it 

came to social mobility. They were expected to stay at home and complete their daily tasks of 

cooking, cleaning, and taking care of the family’s children while the husband of the household 

went out and worked. Unfortunately, once the “one-child generation”, which was the generation 

that grew up during Mao’s reign, began to die off, women were slowly beginning to be relegated 

back to old ways (Tian, Mu). In fact, the employment rate of women in the 1960s and 1970s was 
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higher than it has been in recent years. The information in this source allows for clear 

consideration of a commonality seen between the United States and China in that when women 

entered the workforce, they allowed for huge expansionary periods in both respective economies. 

In Francesca Bray’s Technology and Culture in Chinese History: An Introduction, there 

is information that allows for the comparison between America and China and how their 

respective cultures deal with technology advancements. The paper mentions that when Western 

countries such as the United States acquire a technological advancement, they use the heightened 

stature to promote themselves as a strong force on a global scale. From this comparison-based 

system of validation, the incentive to develop better technologies is heightened and technological 

advancement occurs. However, in many Eastern-Asian countries, tech advancement in the mid 

1950s failed to live up to the desire that was seen in America. Even still, as China became more 

westernized in the late 20th century, this ideal was adopted, and China saw a technology boom 

that was almost incomparable to anything the country had experienced before (Bray). From this, 

China’s GDP was able to expand at a rapid rate which could explain a fraction of the explosion 

in their economy. 

In Hongfei Du’s (et al) paper about Chinese social mobility, he found that, in general, the 

Chinese believe in social mobility. In fact, the paper went on to discuss how past social mobility 

failed to negatively affect future social mobility. During the mid-20th century, most Chinese 

people experienced very low rates of social mobility. In such, there was little incentive to assume 

that by working hard, an individual would be able to climb the social ladder and reinstate 

themselves as an upper-class citizen. However, as time progressed, more and more people were 

able to expel themselves from poverty-stricken life due to higher rates of education availability, 

higher economic growth, and cultural changes. Therefore, even though social mobility was once 
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a sought-after concept that could never be attained, people were now able to achieve it (Du). This 

new concept promoted workers to increase labor productivity, which could have yielded a 

positive effect on China’s GDP. 

In Ayesha Ilyas’s paper, Chinese’s Cultural Diplomacy, it becomes objectively apparent 

that Chinese culture has taken a U-turn over the past 60 years with respect to how it handles 

itself on a global scale. She explains that in the early 20th century, China was war-stricken and 

often failed to have the means of establishing itself as a powerhouse country in terms of the 

global economic scale. Also, since China remained culturally homogenous and essentially cut off 

from the rest of the world for most of the 1900s, there was little opportunity to progress and 

evolve. However, the open-door policy in the 1980s allowed for Chinese businessmen to take 

advantage of a newly found opportunity to expand their businesses. This expansion led to many 

new trade opportunities to come China’s way. Due to the global shock that the expansion of the 

Chinese economy had on the world, China was quickly thrown into the global market and 

established itself as an economic force (Ilyas, Chinese’s Cultural Diplomacy). 

2.2 Economics Literature 

Robert Lucas’s paper, Making a Miracle, discusses the basis and background of the 

Solow model both in general terms and specifics. The utilization of this paper was to expand 

knowledge of how each of the Solow model variables: labor, capital, and investment interact 

with each other. The paper delves into a discussion of each of the specific variables and how they 

affect GDP singularly as well. Human capital growth and disembodied technical change have the 

same effect on output when the production function is Cobb-Douglas. However, reinterpreting 
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Solow’s technology variable as a China/United States specific stock of human capital was 

considered because of Lucas and “Making a Miracle”.  

Douglas C. North’s paper, Economic Performance Through Time, deals with the 

generalities of how the world has progressed economically with respect to institutions and how 

they affect economic progress. North discusses the possibility of environmental differences and 

how they lead to economic growth and economic downfall. Take Europe in the mid to late 

millennia: countries like Britain and France thrived economically, whereas Spain and Portugal 

fell. He considers the possibility that there exists some sort of environmental aspect of each 

respective culture/nation, and said environmental aspect has a profound impact on the 

establishment of long-term economic growth (North, Economic Performance Through Time). 

When it comes to the consideration of China’s economic growth, it could be that there had 

existed a paralleled environmental detriment that held them back from progressing; 

environmental reasons such as bizarre proposed solutions to economic downturns, absent rulers, 

or even warmongering countries (North). However, when considering the United States in the 

1600s compared to the late 1800s, economic growth was heightened in the later century. Of 

course, trade, population, the industrial revolution, and countless other factors paved the way for 

economic growth over two hundred years, but North argues that the establishment of a domestic 

government and the lack of absent rule played a part in America’s economic prosperity. 

Similar to Robert Lucas’s paper, Paul Romer’s Endogenous Technological Change 

delves into aspects of the Solow model and discusses the variables at length. The paper goes into 

how each Solow variable affects GDP mathematically, and it presents derivations and models to 

represent the changes in GDP. Romer’s paper provided a backbone to manipulating Solow 

variables and how they can be utilized in different ways to measure change in technology, 
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productivity, and changes in labor. This thesis uses his explanation of productivity growth and 

how it is determined by changes in labor and capital to gain a metric of significant independent 

variables. 

Lastly, the main portion and motivation of this thesis surrounds the Solow residual and 

using the residual to complete a mathematical analysis of China’s and the United States’ total 

factor productivity. Therefore, it is necessary to gather literature regarding the Solow residual to 

have a better understanding of how to manipulate variables mathematically to calculate different 

growth rates. In such, Pablo Kurlat’s, A Course in Modern Macroeconomics, was a perfect 

textbook to study in pursuit of learning more about Growth Accounting. In section 5.4, Growth 

Accounting, Kurlat derives a formula to calculate the change in GDP, from here, it is possible to 

move the function of labor and the function of capital to the side of GDP and calculate the Solow 

residual (see Chapter 4 – Solow Residual). The Solow residual is total factor productivity; it 

captures everything in an economy that contributes to GDP growth that is not included in 

increases in labor or accumulation of capital. It is often listed as the following: 

 

Solow Residual = GDP growth – (Capital share*Capital Growth) – (Labor Share*Labor Growth) 
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Chapter 3  
 

Summary of Solow Model 

The Solow Model is a function typically comprised of 4 main variables- 1 dependent 

variable and 3 independent variables. The dependent variable is GDP, denoted as Y, and the 3 

independent variables are Labor (L), Capital (K), and Investment (A). GDP is a function of all 

these variables, and the specific variables of capital and labor have percentage share values 

attached to them in regression analysis that can be denoted as alpha (𝛼) for capital, and 1-alpha 

(1-𝛼) for the share on labor. The current shares for capital in the United States and China 

respectively is 0.31 and 0.4, and the current labor share in the United States and China 

respectively is 0.69 and 0.59. 

The model operates to measure long-run economic growth. It analyses the growth 

changes in labor, capital, and investment, and provides economists with a clear view of how 

GDP will grow given the constraints. The model is listed as follows: 

 

𝑌(𝑡) = 𝐴(𝑡)𝐾(𝑡)𝑎𝐿(𝑡)1−𝑎 

 

where Y, K, A, L, and 𝛼 are all listed above. Another interesting and useful provision that this 

model provides is that poorer countries will grow much faster than rich countries, inevitably 

catching up to them. This is especially useful in this paper because it will clearly demonstrate the 

difference in growth rates that the United States and China experienced independently. 

Assumptions under this model are vast, and because of that, many econometricians 

choose to use other, more sophisticated models in hopes to predict more accurate results. One 

key assumption of this model is that capital (K), in a closed economy, is subject to diminishing 
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marginal returns. Diminishing marginal returns is the concept that when a company acquires new 

capital such as new machinery or land, the additional benefit brought in from the newly acquired 

capital will be less than or equal to that of the previous capital acquisition. The marginal returns 

curve is a negative, concave function as listed below. 

 

Figure 1: Diminishing Marginal Returns 

 
 

 There is a reason the Solow Model has withstood the test of time and is still taught at an 

undergraduate and graduate level. Robert Solow was the first of his time to show that long run 

economic growth measured by change in GDP was caused by technological growth. The Solow 

model is one of the most revolutionary models in all of macroeconomics. 
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Chapter 4  
 

Solow Residual 

The individual variable contributions to the Solow Residual are produced by running a 

regression of said various independent variables onto TFP in a growth accounting model. 

 

First, start off with a Cobb-Douglas aggregate production function: 

 

𝑌𝑡 =  𝐴𝑡𝐾𝑡
𝑎𝐿𝑡

1−𝑎 

Next, take the log of both sides:  

 

log(𝑌𝑡) = log(𝐴𝑡) + log(𝐾𝑡
𝑎) + log (𝐿𝑡

1−𝑎) 

 

Expand: 

 

log(𝑌𝑡) = log(𝐴𝑡) + 𝑎 log(𝐾𝑡) + (1 − 𝑎)log (𝐿𝑡) 

 

Next, do the same steps for t+1: 

 

𝑌𝑡+1 =  𝐴𝑡+1𝐾𝑡+1
𝑎 𝐿𝑡+1

1−𝑎 

log (𝑌𝑡+1) =  log (𝐴𝑡+1) + 𝑎𝑙𝑜𝑔(𝐾𝑡+1) + (1 − 𝑎)log (𝐿𝑡+1) 

 

Take the difference between: 

log (𝑌𝑡+1) 𝑎𝑛𝑑 𝑙og(𝑌𝑡): 
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log (𝑌𝑡+1) – log(𝑌𝑡) = 

 [log (𝐴𝑡+1) + 𝑎𝑙𝑜𝑔(𝐾𝑡+1) + (1 − 𝑎)log (𝐿𝑡+1)] − [log(𝐴𝑡) + 𝑎 log(𝐾𝑡) + (1 − 𝑎)log (𝐿𝑡)] 

= ∆ log(𝑌𝑡) = ∆ log(𝐴𝑡) + 𝑎∆ log(𝐾𝑡) + (1 − 𝑎)∆ log(𝐿𝑡) 

 

We conclude: 

∆ log(𝑥) ≈ %∆𝑥: 

∆ log(𝑌𝑡) = ∆ log(𝐴𝑡) + 𝑎∆ log(𝐾𝑡) + (1 − 𝑎)∆ log(𝐿𝑡)  

→ %∆𝑌𝑡 = %∆𝐴𝑡 + 𝑎%𝐾𝑡 + (1 − 𝑎)%𝐿𝑡  

 

Next, write out the equation in terms of %∆𝐴𝑡: 

 

%∆𝐴𝑡 = %∆𝑌𝑡 − [𝑎%𝐾𝑡 + (1 − 𝑎)%𝐿𝑡] 

 

%∆𝐴𝑡 is our Solow Residual, otherwise coined TFP. 

 

From here, we construct 𝐿𝑡 𝑎𝑛𝑑 𝐾𝑡. 𝐿𝑡 is constructed by utilizing: 

 Working Age Population = 𝐿 

 Labor Force Participation Rate = (1 − 𝑢) 

 Employment Rate = 𝑙 

 Human Capital/Worker = ℎ 

→ 𝐿𝑡 = 𝐻 

𝐻 = 𝐿 ∗ 𝑙 ∗ (1 − 𝑢) ∗ ℎ 

𝑙𝑛𝐻 = 𝑙𝑛𝐿 + 𝑙𝑛𝑙 + 𝑙𝑛(1 − 𝑢) + 𝑙𝑛ℎ 

𝐾𝑡 is constructed by considering the capital stock and taking the log: 
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→𝐾𝑡 = 𝐶 

𝑙𝑛𝐾 = 𝑙𝑛𝐶 

Lastly, we plug in all our newly derived equations: 

 

Δ𝐴 = Δ𝑌 − [𝑎Δ𝐾 + (1 − 𝑎)Δ𝐻] 

𝑙𝑛Δ𝐴 = 𝑙𝑛Δ𝑌 − aΔln𝐾 + (1 − 𝑎)Δln𝐻 

 

The resulting final function is: 

 

𝑙𝑛𝐴 = 𝑙𝑛𝑌 − 𝑎ln𝐶 + (1 − 𝑎)(𝑙𝑛𝐿 + 𝑙𝑛𝑙 + 𝑙𝑛(1 − 𝑢) + 𝑙𝑛ℎ) 
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Chapter 5  
 

Variables 

5.1 Discussion of Individual Variables 

The Solow Growth Model fosters 3 main variables: technology, capital, and labor. 

Measuring said variables is difficult given the generalized nature of each of them. In such, a 

more specific view of labor and technology is required for a transparent analysis of economic 

growth. Labor will be measured through as the working age population multiplied by the labor 

force participation rate, the employment rate, and human capital per worker; to ensure 

consistent metrics, working age population will be measured as a constant: ages 15-64. Capital 

is a function of capital stock. Lastly, change in the Solow residual will be correlated with the 

evolution in domestic primary education enrollment, patent applications, and research and 

development expenditure.  

Labor force participation rate and unemployment rate are good measures for labor in the 

Solow growth model because they account for the percentage of the working population that is 

currently employed; this will provide the analysis with a foundation of how working percentages 

contribute to economic growth. Human capital per worker allows for a direct analysis of labor 

productivity. Human capital per worker is calculated through indexing a certain element within 

human capital- in this case it is education. The statistic is then measured per worker in an 

economy. Capital investment will supply a numerical value of how much each specific country is 

contributing to the expansion of the physical production process. Gross fixed capital formation is 

the acquisition of productive assets, in laymen’s terms, investment. Domestic education is one of 
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the largest divergences seen between the United States and China, and it is also one of the largest 

growing realms in China currently. As education improves, innovation and in turn technological 

change will cause a large shift in economic prosperity. Therefore, the change in primary 

education enrollment will serve as a good metric to measure educational improvement. Patent 

applications provide specific statistics for how much a country is innovating and inventing new 

things. The trend in patent applications shows if a country is improving their innovation sector, 

and it gives economists a measure of technological advancement. Lastly, research and 

development expenditure provides a clear view of the priorities of a specific country. If a country 

begins to spend and invest more into research and development, it is a safe assumption that their 

technological development will improve. 

In the United States, the labor force participation rate is calculated by the Bureau of 

Labor Statistics monthly. It is the number of employed people plus the number of unemployed 

people divided by the total civilian noninstitutional population. In China, it is estimated by the 

ILO instead of a bureau like in the United States. Despite providing a monthly labor survey, 

China’s methodology and the data produced are sometimes questioned by Western entities in 

terms of validity. Unemployment rate is calculated by dividing the number of unemployed 

people looking for work by the total number of people in the labor force. Economists use capital 

stock in analysis by comparing the contribution to GDP that capital stock provides on a year-to-

year basis. If it represents a higher percentage one year than the last, it is assumed that stock was 

higher and therefore capital increased in the Solow Growth Model. Lastly, when observing 

technological growth, it is usually the hardest to materialize an actual numerical value for it. This 
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lack of empirical validity has caused argument on which specific aspect of technological change 

causes the changes observed in economic growth through the Solow Growth Model. Even still, it 

will be related to domestic improvements in education not captured by the human capital index. 

Variables like number of schools built, the increase or decrease in brain drain-sponsored 

education, and quality of management indisputably influence technological growth; however, 

obtaining data on such variables is next to impossible. That is why generalized variables like 

patent applications, research and development expenditure, and primary school enrollment are 

used to measure technological growth. Productivity change, however, grants the best 

examination of the change in technology that a country faces. If labor force productivity 

increases, it could be a consequence of a multitude of variables. However, productivity is most 

associated with an increase in technology due to heightened innovation or a positive 

technological change to the process of production- i.e., replacing certain aspects of production 

like a machine with a more efficient machine. 

5.2 Culture Divergence (variable analysis) 

The United States and China have always been very different countries in terms of 

religion, politics, ethics, and philosophy. However, economically over the past 50-or-so years, 

commonalities have arisen consistently with the shifting of China as a whole. China has always 

been at odds with America in how the country should be run economically, and because of that 

reality alongside very questionable government decisions, China’s economic growth has been 

slower than the United States for much of the last 300 years. In the changing landscape that 
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China has endured, things such as women’s rights, China’s social and structural hierarchy, and 

the speed of business transactions have all drastically changed. Each of these changing aspects of 

Chinese culture greatly differs with that of the United States. 

 In America, women were not granted the right to vote until 1920. In China, women were 

gained suffrage on a national level in 1949 (Tian, Zheng, Female Labor Force in Reform-era 

China). Even though Chinese women were granted the right to vote just 30 years following the 

United States, they still faced harsh restrictions on property ownership and mobility in the 

workforce (Tian, Zheng). Consider the divergence in suffrage to the workforce: in America, 

women were stay-at-home bound until around 1960. In China, the economy experienced the 

same shock to the labor force as America did (Steven, Women Workers in China). Before the 

1960s, the employment rate for women in China was negligible. However, once the Cultural 

Revolution began in 1966 and subsequently Mao Zedong’s reign started, China experienced the 

first wave of women entering the workforce. Therefore, the 1960s brought on a supply shock to 

the labor force for both countries under the labor force and the labor force participation rate 

(Tian, Zheng, Female Labor Force in Reform-era China). The introduction of half the population 

contributed to a huge economic surge in terms of GDP, productivity, and production in general 

which is depicted in the data collected from the World Bank database on GDP. In the United 

States, the 1960s and 1970s saw much of the same trend once women joined the workforce. This 

shows that the changing of ideals in China led to a large production shock paralleled with the 

United States.  

Another aspect of Chinese culture that differs from American culture and caused a 

change in economic growth rate is the difference in social/structural hierarchy. In the United 

States, it is not unheard of to have first-hand contact with a C.E.O. or a boss. However, in China, 
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it is extremely rare to have relationships with far-up superiors on a first name basis, or really any 

basis at all; that is because of the honor code they live by and the stringency in cultural norms 

that exist in China. Even still, it is not just contact with superiors; in the United States, 

companies are touted around the world as offering unprecedented access to job mobility and 

opportunities to climb the ladder and reach the top. A general thought is that an entry level 

worker could one day become a board member if they work hard enough- that concept is what 

drives immigrants and workers from all over the world to the United States. Whether or not there 

actually exists the commonly perpetuated upward mobility in the United States is questionable. 

Even still, the thought of the “American Dream” is key to many companies attracting workers. 

However, in China, job mobility was essentially non-existent before the mid-twentieth century. It 

was extremely hard for an individual to work up from a basic position into a supervising role and 

higher (Du, Chinese Perceive Upward Mobility). This unfortunate aspect of Chinese business 

demotivated workers and lowered productivity. Economists assume rationality for producers and 

consumers. In a labor market, the concept that workers respond to incentives is a key assumption 

of rationality. If an underling or entry-level worker had little-to-no mobility within the company, 

they simply did not work as hard as they would have if they were granted an incentive like 

promotion for their work. However, again, progressivism is rapidly moving throughout most of 

the world and China’s experience is no different. Chinese values are changing such that in recent 

years, job mobility has changed. People are now able to achieve job titles they would not have 

dreamed of 50 years ago (Steven, Women Workers in China). Due to this positive shock in job 

mobility- productivity has increased, and in turn overall GDP was improved through the 

increase. Alongside job mobility is social mobility. Chinese social mobility has increased within 
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the past 30 years as well (Du H, Chinese Perceive Upward Mobility). Under the same conceptual 

increase that was seen in job mobility, social mobility creates a positive change in GDP as well. 

Lastly, business transactions produce yet another divergence when comparing the United 

States and China. Even though on the surface, speed in which business leaders complete their 

agreements and other things may not seem like a cultural hiccup, it is. In the United States, the 

hustle and bustle of everyday life is a given, and it is no different in China. However, where the 

two countries differ is in each country’s respective speed for which they desire closing business 

deals. American culture has always been to provide every aspect of one’s life with the most 

efficient way of doing things no matter the cost- business life is no different. C.E.O.s are 

constantly making deals and decisions under the assumption that the current amount of 

information they have is enough to make a fair and optimal choice at the specific time. They 

want to optimize timesaving and risk in an efficient way. However, Chinese culture with respect 

to business deals is essentially the opposite. Chinese business makers prioritize gathering all the 

available information possible and making an extremely calculated decision that will benefit 

their company (Differences in American and Chinese Business Customs). They strive to become 

acquainted with everyone they make deals with whether that acquaintance is having dinner or 

sharing a drink. While this aspect of business may make things slower, they become more 

personable with their new business partners. Even still, with most of the country conducting 

deals at a slower rate than the United States, it will cause inefficiencies on a large scale at the end 

of the day.  

Overall, cultural differences between the United States and China have always been a 

talking point in the economic world. The reasoning behind the exponential explosion of China’s 

economy in the past 30 or so years is realized in the cultural comparisons between these two 
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countries without question. Some aspects of Chinese culture that at are odds with the United 

States and inadvertently negatively impact Chinese economic growth are the restrictions that 

were in place regarding women and their place in daily life/the workforce, the stagnation in 

social and structural hierarchy, and the speed of business deals. In each of these cases, there is a 

core difference between America and China. However, over the past 50 years, Chinese culture 

has been changing; with that being said, the particular facets listed above are changing right 

alongside it.  

After the Tiananmen Square incident in the late 1980s, China faced a complete overhaul 

of their long-standing institutions (Barron). Rapidly, China began undergoing a foundational 

change that contributed to their exponential economic growth and education evolution. Prior to 

this jurisdictional change, China’s overall economic platform was inefficient in a multitude of 

ways. Since then, their culture has been shifting alongside the rest of the world and their country 

is reaping the benefits. As Chinese culture and the culture seen in the economic spectrum in the 

United States become more and more similar, the Chinese economy is bound to grow. 
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Chapter 6  
 

Data Collection 

 The collection of data for this thesis proved to be an uphill task given the lack of 

accessible data and information on many aspects of China’s economy. The labor force 

participation rate was a figure that I was confident would be readily available for both the United 

States and China. However, the most recent data for the Chinese labor force participation rate I 

could find enclosed in any credible database was listed on the World Bank open-source database, 

and the years ranged from 1990-2019. However, as assumed, the United States labor force 

participation rate was fully available from 1960-2019 on the World Bank database. 

 GDP for each country was readily available for both the United States and China from 

1960-2019 on the Federal Reserve Economic Database and the World Bank open-source 

database respectively. I feel confident in concluding that both data sets are credible and reflect 

accuracy in their elements. 

 The unemployment rate was another variable that seems like it is an extremely important 

figure to keep, yet the only time set that was offered for China was 1990-2019. Neither FRED 

nor World Bank had data on China’s unemployment rate prior to 1990. However, once again, the 

United States’ unemployment rate was gathered from the World Bank open-source database 

from 1960-2019. 

 Human capital per worker was collected from the Federal Reserve Economic Database 

for both the United States and China from 1960-2019.  

 Capital stock was also gathered from 1960-2019 for both the United States and China, 

and the data was collected from the World Bank open-source database. 
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 Gross fixed capital formation was gathered for the United States from the Federal 

Reserve Economic Database and for China from the World Bank open-source database. Both 

data sets were gathered from 1960-2019. 

 Capital investment was only found from 1970-2019 for China, and the data was collected 

from the World bank open-source database. For the United States, capital investment ran from 

1960-2019, providing a full data set from the Federal Reserve Economic Database.  

 Patent applications was the first variable in which the data for the United States faltered. 

For both China and the United States, the years available ranged from 1980-2019. The data for 

both countries was collected from the World Bank open-source database. 

 Research and development expenditure was another variable in which both countries 

suffered heavy blows to the years that were available. The only data on research and 

development expenditure that was accessible was found on the World Bank open-source 

database, and the years ranged from 1996-2019. 

 Lastly, primary school enrollment was collected from the World Bank open-source 

database for both the United States and China. The years available were scattered for both 

countries, with years ranging from 1970-2019.  

 Overall, data on each of these representative variables have been collected from both the 

Federal Reserve Economic Database (FRED) and the World Bank open-source database. 

Therefore, I feel very confident in concluding that the data I gathered is valid and verifiable. My 

calculations are accurate based on the data that was collected. Even though some of the variables 

had missing ranges of time, that is a limitation of working with older Chinese economic data.  
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Chapter 7  
 

Results 

7.1 Numerical Analysis 

Essentially all mathematical calculations were completed through STATA; the code and 

outputs are listed within the appendices. This thesis stands to compare differences in total factor 

productivity between China and the United States by solving a Cobb-Douglas production 

function for productivity growth, and further regressing different contributing explanatory 

variables of A onto TFP. By regressing the different explanatory variables of A onto itself, the 

regression results provide insight into which variable causes the largest change in TFP.  

The Solow residual is calculated by subtracting the labor variable times the share of labor 

and the capital variable times the share of capital from GDP. Next, this thesis utilizes three 

different independent variables to explain the Solow residual: patent applications, research and 

development expenditure, and primary school enrollment. After solving for TFP through the 

method described above and in Chapter 4 – The Solow Residual, regressions can be conducted. 

First, a clear vision of the OLS regression model being utilized is listed: 

 

ln(𝐴𝑐𝑡
) =  𝛽0 + 𝛽1 ln(𝑝𝑎𝑐𝑡) + 𝛽2 ln(𝑝𝑠𝑒𝑐𝑡) + 𝛽3 ln(𝑟𝑑𝑒𝑐𝑡) + 𝜀𝑐𝑡 

 

Where 𝛽0 is the coefficient of the intercept point, 𝛽1 is the parameter, or the coefficient, 

on patent applications, 𝛽2 is the parameter on primary school enrollment, 𝛽3 is the parameter on 

research and development expenditure, and 𝜀𝑡 is the error term. Also, t indicates the year and c 

indicates the country. 
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7.1.1 United States 

The regression results for the United States are listed below: 

Figure 2: Regression Results for United States 

 As the code suggests, the natural log of patent applications (lnpaus), the natural log of 

primary school enrollment (lnpseus), and the natural log of research and development (lnrdeus) 

expenditure were all regressed on Aus.  

7.1.1a Correlation 

 The regression table presents a strong R-squared value at .9874; from this statistic, the 

conclusion that the three independent variables and total factor productivity have an extremely 

strong correlation is reached. The correlation coefficient, R, turns out to be ± 0.9937. Next, 

observe the coefficients on each of the regressors- if the coefficient is positive, it insinuates the 

correlation between that specific regressor and the dependent variable is negative; the same can 
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be said about a negative coefficient value. In such, after considering all the regressors’ parameter 

signs, all correlations are positive. 

7.1.1b Mean Squared Error 

 The root MSE is listed at 0.03293. This figure provides the analysis that the standard 

deviation of the residuals is very small. Since the standard deviation of the residuals is a small 

number, it is concluded that the residuals of each of the variables fall close to the line of best fit- 

meaning the data points do not vary from their respective averages. 

7.1.1c Parameter Analysis 

 Next, consider the parameters listed for each of the independent variables. The coefficient 

on patent applications is 0.50372 with a standard error of 0.09508. A coefficient of .50372 

suggest the interpretation that patent applications have a positive impact on changes in 

productivity; if there was a 1% increase in patent applications, it could possibly lead to an 

increase of about 0.5% in total factor productivity. This relationship may not be causal, so 

certainty on impact is not fully granted. The standard error of patent applications is 0.0951. This 

means that the standard deviation of 𝜷𝟏 is 0.095- the coefficient moves approximately 0.1 away 

from the listed parameter value of 0.503720 for every 1 standard deviation accumulated. Most 

importantly, an analysis of each variable’s p-value required. The p-value of patent applications is 
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0.002 with a t-score of 5.30. This means that the change in patent applications is a statistically 

significant metric at an alpha level of .01. Lastly, I am 95% confident that the true parameter 

value of patent applications falls between [0.271, 0.736]. Overall, given a p-value of 0.002, we to 

reject 𝐻0 at any alpha level and conclude a change in patent applications is significant with 

respect to a change in TFP in the United States.  

The next parameter to be considered is 𝛽2, the coefficient on primary school enrollment. 

First, the parameter value on the variable is 1.6438. This shows that for a 1% increase in primary 

school enrollment, total factor productivity will increase by 1.64385. However, the standard error 

for this variable is 1.546. That is a significantly high value considering it is almost at a 1-to-1 

ratio with the coefficient. The standard error being so high provides the insight that the results 

regarding primary school enrollment likely are not statistically significant. Consider the t-score 

and p-value of lnpseus: the t-score is only 1.06 which yields a p-value of 0.329. A p-value that 

high fails to be significant at any value of alpha. Even still, I am 95% confident that the true 

parameter value of primary school enrollment falls withing the interval: [-2.1388, 5.2464]. 

Overall, given a p-value of 0.329, we fail to reject 𝐻0 at any alpha level and conclude a change in 

primary school enrollment is not significant with respect to a change in TFP in the United States. 

Even still, since primary school enrollment rate is close to 100% during the sample period, there 

is insufficient variation in this variable to support accurate inferences. 



26 

Consider the parameter value on the variable research and development expenditure, 𝛽3. 

The parameter value is 1.15442 and the standard error is 0.5475. Immediately, it is apparent that 

this result is much more significant than the result produced for primary school enrollment due to 

the smaller ratio between the coefficient and the standard error. The coefficient is positive, 

meaning there is a positive relationship between research and development expenditure and total 

factor productivity. A 1% increase in research and development expenditure leads to a 1.15442% 

increase in TFP. Given that the standard error is 0.54794, the standard deviation of the 

coefficient is approximately 0.55, and it is expected that the coefficient moves about 0.55 away 

from 1.15442 for every additional standard deviation. Next, consider the t-score and p-value to 

determine if the result produced is significant. With a t-score of 2.11, the p-value is 0.08. This 

data shows that the result is significant only at an alpha level of 0.1. Therefore, while there exists 

significance at an alpha level of 0.1, compared to patent applications, the data is less significant. 

I am 95% confident that the true value of the coefficient is contained within [-0.18525, 2.4941]. 

Overall, given a p-value of 0.08 and an alpha level of .1, we reject 𝐻0 and conclude a change in 

research and development expenditure is significant with respect to a change in TFP in the 

United States 

The two independent variables shown to be statistically significant with respect to total 

factor production in the United States are patent applications and research and development 

expenditure. Patent applications is significant at any alpha level, and research and development 

expenditure is only significant at alpha = .1  
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7.1.1d Residual Analysis 

The residual plot for the United States’ TFP with the given regressors is depicted below: 

Figure 3: Residual of the Regression onto TFP for United States 

 

 Lastly, let us consider the residual graph that plots the residuals of the coefficients based 

on the OLS model of TFP for the United States listed above. A residual plot depicts the 

difference in the observed values and the fitted response values. If there is no funnel shape or 

obvious pattern in the graph, heteroskedasticity cannot be concluded. Since the absence of a 

heteroskedastic pattern is shown, and there exists no other obvious patterns, the linear model 

provides a good fit to the data. 

The linear regression model that was produced by this regression for TFP in the US is  

ln(𝐴𝑐𝑡
) =  −10.3662 + .5037 ln(𝑝𝑎𝑐𝑡) + 1.644 ln(𝑝𝑠𝑒𝑐𝑡) +  1.1544 ln(𝑟𝑑𝑒𝑐𝑡) + 𝜀𝑐𝑡 
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7.1.2 China 

  

 Next, the regression results for China regressing the same three independent variables of 

patent applications, primary school enrollment, and research and development expenditure onto 

the dependent variable of total factor productivity are listed below: 

Figure 4: Regression Results for China 

 

 
 

 

 

 

 
 

 
 

 

 
 

 
 

 

 

 

 
 

The natural log of patent applications (lnpac), the natural log of primary school 

enrollment (lnpsec), and the natural log of research and development (lnrdec) expenditure were 

all regressed on Ac. 

7.1.2a Correlation 

When considering regression outputs, let us first delve into the values for R-squared and 

root mean-squared error for the model. The R-squared value is 0.9318; another strong correlation 

between the independent variables and TFP. From the R-squared value, the correlation 
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coefficient can be calculated; it turns out to be ±0.9653. However, to analyze if R > 0 or R < 0, a 

simple observation of the parameter values will grant the result. The signs on the parameters for 

patent applications and primary school enrollment are negative, whereas the sign on the 

parameter for research and development expenditure is positive. This means that the correlation 

between the two dependent variables: patent applications and primary school enrollment, and the 

dependent variable TFP is negative. However, the correlation between research and development 

expenditure and TFP is positive. Overall, it is observed that there is a strong negative correlation 

between patent applications and TFP, a strong negative correlation between primary school 

enrollment and TFP, and a strong positive correlation between research and development 

expenditure and TFP. 

7.1.2b Mean Squared Error 

Observing the Root MSE, the value is 0.17373- a much larger value than that of 

America’s. Since the mean-squared error is so high, it provides the interpretation that the values 

of the residuals are high, and the variance/bias in these estimators is large. In turn, the points in 

these data vary greatly from their averages. 

7.1.2c Parameter Analysis 

The first variable to be considered is patent applications in China. The parameter value 

for patent applications is -0.17435 with a standard error of 0.25659. It should be readily apparent 

that these results are very questionable based on the standard error presented. The standard error 
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is about 1.5 times that of the absolute value of the coefficient, meaning the data’s variance and 

bias is very high. Even still, a coefficient of -0.17435 provides context that a 1% change in patent 

applications leads to a -.01744% change in total factor productivity. Next, consider the p-value 

of 𝛽1 in China: 0.508 with a t-score of -0.68. This figure shows that this data is not statistically 

significant at any alpha level. Therefore, we cannot conclude that a change in patent applications 

has any effect on a change in total factor productivity in China. Even though the data for this 

independent variable is proved to not be statistically significant, I am 95% confident that the true 

parameter value falls within the interval [-0.7247, .37597]. Overall, given a p-value of 0.508, we 

fail to reject 𝐻0 and conclude a change in patent applications in China is not a statistically 

significant variable and does not cause changes in total factor productivity at any alpha level. 

 The second independent variable listed in the regression is primary school enrollment. 

The coefficient is once again a negative value at -1.60332. This coefficient depicts a negative 

relationship between a change in primary school enrollment and a change in TFP; a 1% increase 

in primary school enrollment will lead to a -1.60332% change in TFP. However, the standard 

error is greater than a 1-to-1 ratio with the coefficient, meaning it is likely the data isn’t viable 

since the standard deviation is so high. For every-one standard deviation traveled away from the 

mean, the value changes by 1.758. The p-value of primary school enrollment is 0.377 with a t-

score of -0.91. Once again, the data is not statistically significant at any alpha level. Nonetheless, 
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I am 95% confident that the true parameter value of primary school enrollment in China is 

captured within the interval [-5.37411, 2.16748]. Overall, since the hypothesis test produced a p-

value of 0.377, which is greater than the value of alpha at any level, we fail to reject 𝐻0 and 

conclude that a change in primary school enrollment does not influence total factor productivity 

in China. 

 The final independent variable that was regressed onto the Solow residual for China is the 

change in research and development expenditure. The parameter, 𝛽3, is calculated and has a 

value of 1.303. Since the coefficient is a positive value, a positive relationship between the 

change in research and development expenditure and a change in TFP. A 1% increase in the 

independent variable leads to a 1.303% increase in TFP. The standard error of the regressor is 

very small compared to the coefficient- listed at 0.221; from this, the result that the data for 

research and development expenditure does not have a high standard deviation, and it surrounds 

the mean very well. The t-score and p-values depict statistical significance at values of 5.90 and 

0.000 respectively. I am 95% confident that the true parameter value of research and 

development expenditure falls within the interval [.8294, 1.7766]. Overall, since the hypothesis 

test produced a p-value of 0.000, which is less than the value of alpha at any level, we reject 𝐻0 

and conclude that a change in research and development expenditure influences a change total 

factor productivity in China or vice versa. 
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 The only independent variable that is shown to be statistically significant with respect to 

total factor production in China is research and development expenditure. This variable is 

significant at any alpha level. 

7.1.2d Residual Analysis 

The residual plot for China’s TFP with the given regressors is depicted below: 

Figure 5: Residuals of Regression onto TFP for China 

 

Lastly, let us consider the residual graph that depicts the residuals of the coefficients 

based on the OLS model of TFP for China listed above. The plot does show any prominent 

patterns or a cone-shape surrounding the line of best fit, the linear model provides a good fit to 

the data. There is a cluster on the right-hand side at approximately fitted values = 4.5; this shows 

that not all the fitted values listed in the graph are equally frequent. 

The linear regression model that was produced by this regression for TFP in China is  

ln(𝐴𝑐𝑡
) =  11.9694 −  1.1744 ln(𝑝𝑎𝑐𝑡) − 1.6033 ln(𝑝𝑠𝑒𝑐𝑡) +  1.303 ln(𝑟𝑑𝑒𝑐𝑡) + 𝜀𝑐𝑡  
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7.2 Time Trend 

The inclusion of a time trend in each regression allows for comparing the total factor 

productivity over time between China and the United States. After the regressions on TFP were 

run with the given independent variables listed above as regressors, time was included as a time 

trend variable. The outputted results of the coefficient on the time variable- year, are listed below. 

 The left graphic shows the parameter value on year for the United States, whereas the 

right graphic shows the parameter value on year for China. The coefficient on the time variable 

in OLS regression represents the rate in which the dependent variable changes with respect to 

time. Therefore, from here, an obvious difference is presented. For every increasing year (t+1), 

the United States experiences a .025% increase in total factor productivity whereas China 

experiences a .077% increase in total factor productivity. This result shows that China’s Solow 

residual has been increasing at a rate 3x that of the United States from 1960 to 2019. Since both 

coefficients are positive, total factor productivity increases with time for both the United States 

and China. 
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7.3 Qualitative Analysis 

The conclusions that were generated from the respective regressions ran on total factor 

productivity by patent applications, primary school enrollment, and research and development 

expenditure provide access to develop qualitative reasoning for the differences exposed between 

the United States and China.  

The two significant variables observed in the United States regression were the change in 

patent applications and the change in research and development expenditure. Divergently, patent 

applications failed to gain a significant p-value when it came to the data collected for China even 

though the regression produced significance with respect to research and development 

expenditure. With the knowledge of how the Chinese economy has evolved over the past 60 

years, it is readily apparent that patent applications simply were not a priority in the development 

of technology for the early half of the twentieth century (Bray). Since Eastern-Asian cultural 

customs failed to generate the drive of capitalizing off inventions and new innovative tendencies 

compared to Western cultures, subsets of innovations such as patent applications were negligible  

Figure 6: Scatterplot of Patent Applications by Year in China 
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Figure 7: Scatterplot of Patent Applications by Year in the US 

 

(Bray). However, in the United States, the mid to late-twentieth century gave way to arguably the 

largest explosion in  patent applications in the history of the country. As observed in the above 

graphs, the United States has experienced a much steeper and consistent rise in patent 

applications since 1980. Therefore, it is safe to assume that the difference observed between the 

culture in the United States and China regarding innovation is a key reason total factor 

productivity is affected differently. 

 The difference observed in the effect regressing research and development on TFP had 

between the countries was fairly substantial. The t-score for (rde) in China was 5.9 compared to a 

t-score of 2.11 seen in the United States. This difference in significance provides the context that 

an increase in research and development expenditure in China would lead to a larger change in 

TFP than an increase in research and development expenditure in the United States. A potential 

qualitative reasoning for the difference observed here is that the United States is already 

investing much more into their research on average than China is. Therefore, the United States 
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would be experiencing a higher amount of diminishing marginal returns on investment compared 

to China. If China were to increase their governmental spending of research and development, 

the return on investment would be higher than that of the United States’ based on the higher 

value of the coefficient on R&D in China compared to America. Evidence for the current 

difference in expenditure is granted by Figure 8. The mean of the expenditure seen in the United  

Figure 8: Difference in mean expenditure by Country 

 

States is 2.65, whereas the mean of expenditure in China is 1.43- granting a ratio of 

approximately 1.85. Both figures are expressed as percentages of each respective country’s GDP. 

If we compare this to the ratio of GDP for each respective country, 0.3814. we see that the 

United States is already spending much more of their GDP on research and development based 

on ratio comparison. Therefore, the assumption that the United States faces higher diminishing 

marginal returns by investing more into their research expenditure than China does is fair. 

 Since primary school enrollment for both countries produced insignificant results, it is 

unnecessary to compare the differences in statistics observed in the regression output. However, 

a substantial qualitative reason supporting the general increase in GDP observed in the 1960s for 

both countries is the introduction of women in the workforce. In both the US and China, the 

1960s and 1970s gave way to an explosion into the labor force of millions of women. From this, 

GDP grew exponentially for both China and the US (Tian, Zheng).   
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Chapter 8  
 

Conclusion 

This thesis considered differences in the growth rates of total factor productivity observed 

between China and the United States from 1960-2019. Total factor productivity was calculated 

by subtracting the labor share multiplied by a labor function and the capital share multiplied by 

capital stock from each country’s respective GDPs. From here, the sub-variables that are 

assumed to contribute to changes in the Solow residual such as patent applications, research and 

development expenditure, and primary school enrollment were regressed on the calculated TFP 

to determine which variable caused the largest change in productivity. 

 The results that were produced through each country’s specific regression analysis 

insinuated research and development expenditure was the only variable of the three to be 

significant for both countries. A difference observed between outputs was seen in the proposed 

parameter and p-value figures for patent applications. Patent applications were significant at an 

alpha level of .1 for the United States but were insignificant for any alpha level in China. 

Primary school enrollment was an overall insignificant variable for both countries and failed to 

contribute any real change to the total factor productivity. 

 The difference seen in patent application significance can be attributed to the divergence 

in priorities between China and the United States regarding their respective innovation sectors. 

The United States and other Western countries prioritize fame and fortune granted through 

invention, while Eastern countries generally fail to focus on potential gains from invention 

(Bray). Therefore, it is understandable that patent applications in China will be increasing at a 

lower and much less consistent rate than in the United States.  
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 Research and development expenditure differences can be justified by the contrast in the 

rates of diminishing marginal returns in expenditure investment each country individually 

experiences. Since the United States has a higher rate of diminishing marginal returns than 

China, they will be less incentivized to invest more into research and development than China 

will. In such, China’s return on investment is higher and they have more incentive to spend more 

building up this specific sector of their economy. 

 Overall, the Solow residual provides economists and governments insight into what 

aspects of production yield the highest changes in total factor productivity. If there is a clear 

view to the instrumental variables that increase or decrease the Solow residual, governments and 

financial institutions can allocate more effort towards them. This thesis utilizes the Solow 

residual as a method of comparison between the United States’ and China’s respective changes 

in productivity. In such, based on the quantitative reinforcement provided by Chapter 7, the 

United States should invest more in research and development while also promoting patent 

applications. Both independent variables cause significant increases in total factor productivity. 

China should invest heavily into their research and development as well, while ignoring 

increasing patent applications. Doing this will increase their country’s total factor productivity- 

in turn increasing GDP and improving their economy in general by making workers more 

productive.  

 I began this project with the hopes that I could gain a better understanding of the 

reasoning behind the polarity seen between China and the United States in terms of productivity. 

I also was hoping to provide a qualitative reason for said differences based on my knowledge of 

Chinese history and culture granted by my minor. Interestingly enough, the difference in each 

country’s Solow residual wasn’t as abrupt as I initially expected it to be. Both countries’ 
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economies have grown mass amounts, but the growth rate that China experienced was much 

larger due to having a smaller initial economy. Regardless, even though the economies have 

fundamental differences in policy, the data within this paper showed they are not as different as 

the regular perception exhibited in daily media. 
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Chapter 9  
 

Limitations 

 This thesis dealt with a fair amount of data and instrumental variables that were utilized 

in capital, labor, and technology functions. However, economies are vast- especially when 

considering the sheer magnitude of the two largest economies in the world. It is apparent that 

some explanatory power of omitted variables was lost in the error terms of the regressions. 

Variables such as birth rate, urbanization, graduation rate, etc. could have been included in my 

calculations. However, due to the inability to account for every variable that could have some 

effect on GDP, and the reality that endogeneity could be present with the inclusion of too many 

variables, I decided to include only the variables listed above in the growth accounting model. 

 Another concern that was apparent while crafting this thesis was that I simply failed to 

have first-hand experience with Chinese culture. I have a minor in Chinese, and through that I 

was required to take multiple cultural classes which presented a lot of information. I also utilized 

many scholarly articles relating to Chinese culture and how it has changed since the mid 20th 

century. However, I recognize that there is potential for bias to come through in some instance, 

especially when analyzing categorical reasoning and explanations behind some of the results. 

What may seem completely surprising to me may seem like a very normal realization to 

someone who lives in China. 

 In my opinion, the largest potential problem that could have developed while completing 

this thesis is that there was unbalanced panel data due to inconsistent time-series entries for 

certain variables. Since the crux of this thesis was to analyze the total factor productivity, or the 

Solow residual, the data surrounding investment/technology (A) is important. However, (A) is 

where the data was lacking the most. There are multiple missing entries when it comes to patent 
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applications, primary school enrollment, and research and development expenditure. Therefore, 

the produced metrics of the Solow residuals for both China and the United States could be 

skewed or incorrect. 

 Lastly, I feel as though endogeneity could potentially be a problem for my regressions 

ran at the end of the program. I regressed patent applications, primary school enrollment, and 

research and development expenditure onto the total factor productivity. Research and 

development expenditure has the potential to respond to productivity shocks, as businesses and 

the government does not have unlimited budget to spend. If endogeneity is present in the 

regression analysis, the parameter values on the independent variable, research and development 

expenditure, will be underestimated since some of the weight is caught up in the error term. One 

way to deal with endogeneity if it was apparent in these results is to utilize instrumental 

variables. Two stage least squares analysis could have offset endogeneity and revalidated the 

outputs granted by the OLS regression. 
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Appendix A 

 

Code 

> *COMPARISON OF ECONOMIC GROWTH RATES BETWEEN CHINA AND AMERICA > 

DEPENDENT ON SOLOW GROWTH MODEL VARIABLES 

> *Honors Thesis 

> *James Perry 

> 

> clear 

> use "/Users/jamesperry/Downloads/Honors Thesis/Current work/thesis_data.dta" 

> 

> log using thesisdataanalysis_log 

> 

> *--------------------------------------US--------------------------------------* 

> 

> gen lnwapc = ln(wapc) 

> gen lnwapus = ln(wapus) 

> /* H represents the labor function within the prodcution function */ 

> /* Calculating the labor function below for the United States */ 

> rename yus Yus 

> rename yc Yc 

> 

> *employment rate US 

> gen erus = 100-urus 

> 

> *ln(age dependency ratio) US 

> gen lnadrus = ln(adrus) 

> 

> *ln(enployment rate) US 

> gen lnerus = ln(erus) 

> gen Hus = lnwapus+lnlfprus+lnerus+lnhcpwus 

> list Hus 

 

> /* K Represents the capital function within the production function */ 

> /* Calculating the capital function below for the United States */ 

> gen Kus = lncsus 

> list Kus 

> 

> /* Since we now have change in GDP, change in Labor, and change in Capital for the US, we 

> can calculate the Total Factor Productivity, or the Solow Residual */ 

> /* Set the change in A equal to the following equation */ 

> /* Use the alpha measures given by the labor share from FRED */ 

> 

> gen alphaus = .69 
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> gen Aus = Yus - alphaus*Hus - (1-alphaus)*Kus 

> list year Aus 

> 

> *--------------------------------------CHINA--------------------------------------* 

> /* Hc represents the labor function within the production function */ 

> /* Calculating the labor function below for China */ 

> *employment rate china 

> gen erc = 100-urc 

> 

> *ln(age dependency ratio) china 

> gen lnadrc = ln(adrc) 

> 

> *ln(employment rate) china 

> gen lnerc = ln(erc) 

> gen Hc = lnwapc+lnlfprc+lnerc+lnhcpwc 

> list Hc 

> 

> /* K Represents the capital function within the production function */ 

> /* Calculating the capital function below for China */ 

> gen Kc = lncsc 

> list Kc 

> 

> /* Since we now have change in GDP, change in Labor, and change in Capital for China, we 

> can calculate the Total Factor Productivity, or the Solow Residual */ 

> /* Set the change in A equal to the following equation */ 

> /* Use the alpha measures given by the labor share from FRED */ 

> gen alphac = .59 

> gen Ac = Yc - alphac*Hc - (1-alphac)*Kc 

> list year Ac 

> 

> * REGRESSING DIFFERENT INDEPENDENT VARIABLES ON Aus AND Ac * 

> gen DA = Aus/Ac 

> list DA 

> reg Aus lnpaus lnpseus lnrdeus 

> reg Ac lnpac lnrdec lnpsec 

> * REGRESSING THE INITIAL INDEPENDENT VARIABLES ON Yus AND Yc * 

> reg Yus Hus Kus lnpaus lnpseus lnrdeus 

> reg Yc Hc Kc lnpac lnrdec lnpsec 

> 

> plot paus year 

> plot pac year 

> plot rdeus year 

> plot rdec year 

> mean rdeus rdec 

> log close 

> translate thesisdataanalysis_log.smcl thesisdataanalysis_log.pdf  
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Appendix B 

 

Data/Regression Output 

Figure 9: Hus: Labor Function for US; Kus: Capital Function for US 
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Figure 10: Aus: Solow Residual for US listed by year  
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Figure 11: Hc: Labor Function for China; Kc: Capital Function for China 
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Figure 12: Ac: Solow Residual for China listed by year 
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Figure 13: Regression of initial Cobb-Douglas variables onto GDP for the US 

 

 
 
 

Figure 14: Regression of initial Cobb-Douglas variables onto GDP for China 
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Appendix C 

 

Data Tables 

Table 1: GDP 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Y = GDP A = Technology 

L = Labor K = Capital 

 GDP  

Year China United States 

1960 5.972E+10 5.43E+11 

1961 5.006E+10 5.63E+11 

1962 4.721E+10 6.05E+11 

1963 5.071E+10 6.39E+11 

1964 5.971E+10 6.86E+11 

1965 7.044E+10 7.44E+11 

1966 7.672E+10 8.15E+11 

1967 7.288E+10 8.62E+11 

1968 7.085E+10 9.43E+11 

1969 7.971E+10 1.02E+12 

1970 9.260E+10 1.07E+12 

1971 9.980E+10 1.16E+12 

1972 1.137E+11 1.28E+12 

1973 1.385E+11 1.43E+12 

1974 1.442E+11 1.55E+12 

1975 1.634E+11 1.68E+12 

1976 1.539E+11 1.87E+12 

1977 1.749E+11 2.08E+12 

1978 1.495E+11 2.35E+12 

1979 1.783E+11 2.63E+12 

1980 1.911E+11 2.86E+12 

1981 1.959E+11 3.21E+12 

1982 2.051E+11 3.34E+12 

1983 2.307E+11 3.63E+12 

1984 2.599E+11 4.04E+12 

1985 3.095E+11 4.34E+12 

1986 3.008E+11 4.58E+12 

1987 2.730E+11 4.86E+12 

1988 3.124E+11 5.24E+12 

1989 3.478E+11 5.64E+12 

1990 3.609E+11 5.96E+12 

1991 3.834E+11 6.16E+12 

1992 4.269E+11 6.52E+12 

1993 4.447E+11 6.86E+12 

1994 5.643E+11 7.29E+12 

1995 7.345E+11 7.64E+12 

1996 8.637E+11 8.07E+12 

1997 9.616E+11 8.58E+12 

1998 1.029E+12 9.06E+12 

1999 1.094E+12 9.63E+12 

2000 1.211E+12 1.03E+13 

2001 1.339E+12 1.06E+13 

2002 1.471E+12 1.09E+13 

2003 1.660E+12 1.15E+13 

2004 1.955E+12 1.22E+13 

2005 2.286E+12 1.30E+13 

2006 2.752E+12 1.38E+13 

2007 3.550E+12 1.45E+13 

2008 4.594E+12 1.47E+13 

2009 5.102E+12 1.44E+13 

2010 6.087E+12 1.50E+13 

2011 7.552E+12 1.55E+13 

2012 8.532E+12 1.62E+13 

2013 9.570E+12 1.68E+13 

2014 1.048E+13 1.75E+13 

2015 1.106E+13 1.82E+13 

2016 1.123E+13 1.87E+13 

2017 1.231E+13 1.95E+13 

2018 1.389E+13 2.06E+13 

2019 1.428E+13 2.14E+13 
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Table 2: Labor Force Participation Rate 

 

 

 

 

 

 

1989   66.44166667 

1990 84.24 66.53333333 

1991 84.18 66.16666667 

1992 84.14 66.44166667 

1993 84.11 66.3 

1994 84.06 66.575 

1995 83.96 66.625 

1996 83.82 66.76666667 

1997 83.62 67.10833333 

1998 83.36 67.08333333 

1999 83.01 67.08333333 

2000 82.58 67.06666667 

2001 81.9 66.83333333 

2002 81.1 66.58333333 

2003 80.25 66.24166667 

2004 79.45 65.98333333 

2005 78.78 66.03333333 

2006 78.24 66.16666667 

2007 77.84 66.03333333 

2008 77.52 66.025 

2009 77.19 65.4 

2010 76.79 64.70833333 

2011 76.69 64.10833333 

2012 76.58 63.7 

2013 76.46 63.25833333 

2014 76.35 62.88333333 

2015 76.26 62.65833333 

2016 76.19 62.8 

2017 76.12 62.85 

2018 76.02 62.86666667 

2019 75.88 63.09166667 

 

Labor Force 
Participation Rate  

Year China United States 

1960   59.41666667 

1961   59.325 

1962   58.76666667 

1963   58.65833333 

1964   58.71666667 

1965   58.83333333 

1966   59.15 

1967   59.56666667 

1968   59.625 

1969   60.075 

1970   60.38333333 

1971   60.15833333 

1972   60.38333333 

1973   60.775 

1974   61.275 

1975   61.23333333 

1976   61.58333333 

1977   62.23333333 

1978   63.15 

1979   63.65 

1980   63.775 

1981   63.875 

1982   63.99166667 

1983   64.00833333 

1984   64.36666667 

1985   64.80833333 

1986   65.24166667 

1987   65.575 

1988   65.90833333 



51 

Table 3: Unemployment Rate 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

1989   5.491666667 

1990 2.4 5.258333333 

1991 2.4 5.616666667 

1992 2.7 6.85 

1993 2.9 7.491666667 

1994 3 6.908333333 

1995 3.1 6.1 

1996 3.2 5.591666667 

1997 3.2 5.408333333 

1998 3.3 4.941666667 

1999 3.3 4.5 

2000 3.8 4.216666667 

2001 4.2 3.966666667 

2002 4.6 4.741666667 

2003 4.5 5.783333333 

2004 4.5 5.991666667 

2005 4.4 5.541666667 

2006 4.3 5.083333333 

2007 4.6 4.608333333 

2008 4.7 4.616666667 

2009 4.5 5.8 

2010 4.5 9.283333333 

2011 4.6 9.608333333 

2012 4.6 8.933333333 

2013 4.6 8.075 

2014 4.6 7.358333333 

2015 4.5 6.158333333 

2016 4.4 5.275 

2017 4.3 4.875 

2018 4.6 4.358333333 

2019 5 3.891666667 

 

Unemployment 
Rate  

Year urc urus 

1960  5.45 

1961   5.541666667 

1962   6.691666667 

1963   5.566666667 

1964   5.641666667 

1965   5.158333333 

1966   4.508333333 

1967   3.791666667 

1968   3.841666667 

1969   3.558333333 

1970   3.491666667 

1971   4.983333333 

1972   5.95 

1973   5.6 

1974   4.858333333 

1975   5.641666667 

1976   8.475 

1977   7.7 

1978   7.05 

1979   6.066666667 

1980   5.85 

1981   7.175 

1982   7.616666667 

1983   9.708333333 

1984   9.6 

1985   7.508333333 

1986   7.191666667 

1987   7 

1988   6.175 
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Table 4: Human Capital per Worker 

 

 

 

  

 

Human Capital per 
Worker  

Year China United States 

1960 1.230372787 2.721250534 

1961 1.252714992 2.755555153 

1962 1.275462866 2.790292025 

1963 1.298623919 2.825466871 

1964 1.322205424 2.861085176 

1965 1.346215248 2.897152424 

1966 1.366382241 2.928370714 

1967 1.386851192 2.959925413 

1968 1.407626987 2.991819859 

1969 1.428713799 3.024058342 

1970 1.450116634 3.056643963 

1971 1.477851629 3.089885235 

1972 1.506117105 3.123487711 

1973 1.534923077 3.157455921 

1974 1.564280152 3.191793442 

1975 1.594198585 3.226504326 

1976 1.623608828 3.249995708 

1977 1.653561592 3.273658037 

1978 1.684067011 3.297492504 

1979 1.713660836 3.321500778 

1980 1.737435699 3.345683813 

1981 1.759069204 3.354768991 

1982 1.780972004 3.363878965 

1983 1.803147554 3.373013735 

1984 1.825599194 3.3821733 

1985 1.848330379 3.39135766 

1986 1.869394302 3.400060654 

1987 1.890698195 3.408786058 

1988 1.912244678 3.417533636 

1989 1.93403697 3.426303864 

1990 1.956077456 3.435096502 

1991 1.991196871 3.452302456 

1992 2.026946783 3.469594955 

1993 2.063338518 3.486973524 

1994 2.100383759 3.504439592 

1995 2.138093948 3.52199316 

1996 2.17208457 3.533238888 

1997 2.206615448 3.544520617 

1998 2.241695404 3.555838585 

1999 2.277333021 3.567192554 

2000 2.313537359 3.578582525 

2001 2.329683542 3.578582525 

2002 2.345942497 3.588337183 

2003 2.362315178 3.598118544 

2004 2.378801823 3.60792613 

2005 2.395403624 3.617760897 

2006 2.404458523 3.627622366 

2007 2.413547754 3.642328978 

2008 2.422671318 3.657094717 

2009 2.431829453 3.671920776 

2010 2.441021919 3.686806679 

2011 2.475469828 3.701753378 

2012 2.510403633 3.707010984 

2013 2.545830488 3.712275982 

2014 2.574622154 3.717548609 

2015 2.599027872 3.722828627 

2016 2.623665094 3.728116274 

2017 2.648535967 3.733411312 

2018 2.673642397 3.73871398 

2019 2.698987007 3.7440238 
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Table 5: Capital Stock 

 

 

 

 

 

 

1989 3.70E+07 5.10E+06 

1990 3.80E+07 5.30E+06 

1991 3.90E+07 5.60E+06 

1992 4.00E+07 6.10E+06 

1993 4.10E+07 6.80E+06 

1994 4.20E+07 7.60E+06 

1995 4.30E+07 8.40E+06 

1996 4.40E+07 9.40E+06 

1997 4.50E+07 1.00E+07 

1998 4.60E+07 1.10E+07 

1999 4.80E+07 1.30E+07 

2000 4.90E+07 1.40E+07 

2001 5.10E+07 1.50E+07 

2002 5.20E+07 1.70E+07 

2003 5.30E+07 1.90E+07 

2004 5.50E+07 2.10E+07 

2005 5.60E+07 2.30E+07 

2006 5.80E+07 2.60E+07 

2007 5.90E+07 2.90E+07 

2008 6.00E+07 3.20E+07 

2009 6.10E+07 3.70E+07 

2010 6.10E+07 4.10E+07 

2011 6.20E+07 4.70E+07 

2012 6.20E+07 5.20E+07 

2013 6.30E+07 5.80E+07 

2014 6.40E+07 6.40E+07 

2015 6.50E+07 7.10E+07 

2016 6.60E+07 7.80E+07 

2017 6.70E+07 8.60E+07 

2018 6.80E+07 9.30E+07 

2019 6.90E+07 1.00E+08 

 

 

 Capital Stock  
Year csus csc 

1960 1.50E+07 799646 

1961 1.50E+07 809718 

1962 1.60E+07 800808 

1963 1.60E+07 810642 

1964 1.70E+07 838339 

1965 1.80E+07 886865 

1966 1.90E+07 953755 

1967 1.90E+07 988321 

1968 2.00E+07 1.00E+06 

1969 2.10E+07 1.10E+06 

1970 2.10E+07 1.20E+06 

1971 2.20E+07 1.30E+06 

1972 2.30E+07 1.40E+06 

1973 2.40E+07 1.50E+06 

1974 2.40E+07 1.60E+06 

1975 2.50E+07 1.70E+06 

1976 2.60E+07 1.80E+06 

1977 2.60E+07 2.00E+06 

1978 2.70E+07 2.10E+06 

1979 2.80E+07 2.30E+06 

1980 2.90E+07 2.50E+06 

1981 3.00E+07 2.70E+06 

1982 3.00E+07 2.90E+06 

1983 3.10E+07 3.10E+06 

1984 3.20E+07 3.40E+06 

1985 3.30E+07 3.70E+06 

1986 3.40E+07 4.00E+06 

1987 3.50E+07 4.40E+06 

1988 3.60E+07 4.80E+06 
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Table 6: Gross Fixed Capital Formation 

 

 

 

 

 

1989 25606067.7 310610250000 

1990 23988753.6 317318062500 

1991 25703798.9 309707812500 

1992 30347319.6 323198937500 

1993 37092233.0 344473687500 

1994 34440616.4 371718312500 

1995 32340968.8 398500812500 

1996 31642004.7 430303625000 

1997 31003096.2 462819750000 

1998 32882594.6 504238187500 

1999 32537125.9 548680312500 

2000 32577417.6 593178375000 

2001 33453526.4 596252187500 

2002 35058366.1 588529687500 

2003 38257685.3 619295750000 

2004 39529663.7 675847375000 

2005 39425815.6 747623250000 

2006 38725488.1 795714500000 

2007 37892468.3 807771000000 

2008 39061178.1 784112375000 

2009 43811571.0 680836125000 

2010 43929304.8 689014875000 

2011 43861361.5 730729625000 

2012 44249832.0 792893250000 

2013 44518765.6 830471375000 

2014 43856093.7 890694875000 

2015 42094328.3 930744687500 

2016 41552364.9 952180750000 

2017 41861185.3 1005066312500 

2018 42843030.6 1070419875000 

2019 42822584.5 1123156375000 

 

Gross Fixed Capital 
Formation  

Year China United States 

1960 32646342.3 29812125000 

1961 18991256.9 30876750000 

1962 15479189.5 33368250000 

1963 17756415.6 35525562500 

1964 20265533.2 38430312500 

1965 20642377.5 42065500000 

1966 21824175.3 46029750000 

1967 18177610.0 47625437500 

1968 17367008.2 51778250000 

1969 20982639.6 55983875000 

1970 24140258.0 56962812500 

1971 24846261.5 61769250000 

1972 24627096.0 69931437500 

1973 24284664.3 79171937500 

1974 26557681.5 84175375000 

1975 29047891.6 86978125000 

1976 29037200.2 98938250000 

1977 28125113.8 116862687500 

1978 29340030.5 139538187500 

1979 28351440.8 160440562500 

1980 28560613.3 168094687500 

1981 27257714.0 187189937500 

1982 28239419.3 188222750000 

1983 28177268.9 203607875000 

1984 29321047.0 236966750000 

1985 30431240.8 256926000000 

1986 30959561.9 270165875000 

1987 30558437.0 279916250000 

1988 31052822.0 294220375000 



55 

Table 7: Capital Investment 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Capital 
Investment  

Year China United States 

1960   112.226 

1961   118.306 

1962   124.71 

1963   131.975 

1964   139.145 

1965   145.675 

1966   151.532 

1967   157.997 

1968   166.161 

1969   173.905 

1970 7826569761 179.7 

1971 7760111257 183.697 

1972 10362865504 185.113 

1973 11988448169 185.371 

1974 13401676869 186.527 

1975 15906077500 188.209 

1976 17412576659 190.453 

1977 19098934387 193.122 

1978 14287622006 196.174 

1979 16713843750 199.603 

1980 20397779195 203.721 

1981 20982709853 208.821 

1982 22287236994 214.583 

1983 24776022031 221.047 

1984 26554930603 228.972 

1985 28848825806 239.088 

1986 30075800000 251.68 

1987 27069822500 265.884 

1988 28090896644 280.247 

1989 32719001183 293.254 

1990 35309761290 304.557 

1991 38160630415 315.192 

1992 40133301873 323.976 

1993 46658194509 330.427 

1994 62106296100 334.886 

1995 79298524520 337.573 

1996 95887606425 339.761 

1997 1.11928E+11 342.62 

1998 1.26118E+11 346.227 

1999 1.30993E+11 351.05 

2000 1.42414E+11 357.73 

2001 1.52863E+11 364.828 

2002 1.64756E+11 371.682 

2003 1.8937E+11 379.948 

2004 2.21256E+11 389.418 

2005 2.61763E+11 400.479 

2006 3.30329E+11 412.409 

2007 4.39875E+11 425.288 

2008 5.99422E+11 439.057 

2009 7.05645E+11 453.339 

2010 8.83724E+11 466.728 

2011 1.23645E+12 477.883 

2012 1.44925E+12 486.953 

2013 1.67911E+12 493.618 

2014 1.8747E+12 498.24 

2015 1.99342E+12 501.094 

2016 1.93627E+12 503.373 

2017 2.01254E+12 506.755 

2018 2.31258E+12 512.013 

2019 2.41147E+12 519.218 
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Table 8: Patent Applications 

 

 

Patent 
Applications  

Year China United States 

1960     

1961     

1962     

1963     

1964     

1965     

1966     

1967     

1968     

1969     

1970     

1971     

1972     

1973     

1974     

1975     

1976     

1977     

1978     

1979     

1980 140 62098 

1981 92 62404 

1982 96 63316 

1983 96 59391 

1984 105 61841 

1985 122 63673 

1986 96 65195 

1987 108 68315 

1988 111 75192 

 

 

 

1989 135 82370 

1990 169 90643 

1991 151 87955 

1992 178 92425 

1993 155 99955 

1994 219 107233 

1995 171 123962 

1996 176 106892 

1997 161 119214 

1998 207 134733 

1999 204 149251 

2000 241 164795 

2001 246 177513 

2002 391 184245 

2003 329 188941 

2004 382 189536 

2005 361 207867 

2006 291 221784 

2007 403 241347 

2008 531 231588 

2009 343 224912 

2010 328 241977 

2011 339 247750 

2012 336 268782 

2013 340 287831 

2014 452 285096 

2015 443 288335 

2016 386 295327 

2017 425 293904 

2018 406 285095 

2019 438 285113 
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Table 9: Research and Development Expenditure 

 

 

 

 

 

Table 10: Primary School Enrollment 

 

Research and Development 
Expenditure  

Year China 

United 

States 

1960     

1961     

1962     

1963     

1964     

1965     

1966     

1967     

1968     

1969     

1970     

1971     

1972     

1973     

1974     

1975     

1976     

1977     

1978     

1979     

1980     

1981     

1982     

1983     

1984     

1985     

1986     

1987     

1988     

 

1989     

1990     

1991     

1992     

1993     

1994     

1995     

1996 0.56324 2.45001 

1997 0.63873 2.47983 

1998 0.64689 2.50401 

1999 0.74963 2.54965 

2000 0.89316 2.62879 

2001 0.94033 2.6483 

2002 1.05786 2.55926 

2003 1.12037 2.56455 

2004 1.21498 2.50243 

2005 1.30792 2.51697 

2006 1.36854 2.55764 

2007 1.37369 2.63161 

2008 1.44592 2.76791 

2009 1.6648 2.8127 

2010 1.71372 2.7354 

2011 1.78034 2.76525 

2012 1.91214 2.68166 

2013 1.99786 2.70972 

2014 2.02243 2.71924 

2015 2.05701 2.71742 

2016 2.10033 2.76145 

2017 2.11603 2.81741 

2018 2.14058 2.83283 

2019     
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Primary School 
Enrollment  

Year China United States 

1960     

1961     

1962     

1963     

1964     

1965     

1966     

1967     

1968     

1969     

1970 107.0421677   

1971 106.3358307 88.860878 

1972 108.0415115 88.4217987 

1973 115.4007492 90.7070465 

1974 119.1142426 89.8160782 

1975 121.4987564 89.6162109 

1976 121.5533981 90.4418488 

1977 116.5009689 90.6578827 

1978 110.6123276 91.0734863 

1979 109.2433014 90.6162491 

1980 109.719368 98.9110489 

1981 111.1699905 98.6317978 

1982 110.754158 100.481621 

1983 110.7784119 99.0345078 

1984 111.5861969 97.8936615 

1985 116.6951828 98.232933 

1986 121.48349 99.9011307 

1987 126.1507111 101.173691 

1988 128.0993958   

1989 128.4742126   

1990 127.5487823 106.033234 

1991 124.3763809 105.328598 

1992 121.7244873   

1993 118.3772278 103.899277 

1994 114.9444885 103.115479 

1995 111.7638168 104.106407 

1996 108.0741577 103.55983 

1997 105.5070877   

1998 105.769371 102.562042 

1999   101.930832 

2000     

2001 112.3415909   

2002     

2003     

2004     

2005 100.9932785 101.874023 

2006 100.7070465   

2007 100.7424393   

2008 100.0061035   

2009 98.96421814   

2010 99.04701996   

2011 99.79109955   

2012 99.56459808   

2013 95.7964325 99.4554367 

2014 96.31860352 99.673378 

2015 97.96192169 100.299911 

2016 99.40480804 101.362862 

2017 100.2227478 101.821442 

2018 101.9257202 101.256561 

2019 103.1739578 100.9813 
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