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Abstract 

In this paper, my purpose is to test whether the government education policy and R&D 

expenditure policy can lead to development of patents or not. I use an idea-based growth 

model as the framework while treating patents as outputs to analyze patent development. I use 

the data of R&D intensity, patent and human capital of 30 countries in OECD from 1997 to 

2006 based on panel data model to analyze their relationships. Research shows that R&D 

intensity and human capital produce some effects on patent development. Finally, I give some 

advice for government policy about improving patents. 
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1. Introduction 

In the modern society, new technology competition and knowledge competition are really 

important. Both the government and ordinary people pay much attention to them as they are 

influenced by the competition of the new technology and knowledge every day. Additionally, 

the number of patents is an important measure for a country to show its competitiveness. It is 

believed that the number of patents can reflect the scientific level and economic level of a 

country. As a result, patent development has become important to governments that try to 

raise the number of patents by many ways. The main way is increasing the R&D expenditure. 

Consequently, there are more and more scholars interested in the analysis of patent and R&D 

expenditure. As a result, I think doing empirical research of the countries to compare the 

differences and finding the effectiveness of government policy to increase the number of 

patents with panel data is meaningful to give some advice for the government policy and find 

some rules. 

The question in this paper is about the relationship between patent development, education 

policy and R&D expenditure policy. With that purpose, this paper is going to deal with 

empirical research of the number of patents, R&D intensity and another important variable, 

human capital. I analyze the relationships on the country level by using the data from the 30 

different countries in OECD during 1997-2006. Based on the idea-based growth model, I use 

the panel data model with STATA11. Different from other scholars, I use the educational 

attainment for the human capital which can give more meaningful policy advice and the panel 

data model is more close to the reality than the cross-sectional and time-series models.  

The structure of this paper is as follows: 

In the first section, I make a review of the previous literature. There are many scholars who 

study patents and R&D. In the beginning, I introduce the review of empirical literature. 

Because Griliches has the largest influence on this area, I use his theory as a clue to introduce 

its history. Then, I will introduce the review of theoretical literature. I only introduce the ones 

which are connected with this paper. Along with the review, I will point out some basic 

theories which are used in this paper and some flaws of the previous theories. 
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In the second section, I will make a summary about the empirical study of patents so far, and 

adopt a formal model to study patent development. With that model, I hope to clearly point 

out which part is the central question in this paper. 

In the third section, I will introduce my theoretical framework and with the idea-based growth 

model, I introduce my variables: they are the number of patents per million inhabitants, R&D 

intensity and human capital. Patents are treated as the outputs of innovative activity. 

In the fourth section, I explain the data I choose and use the static panel data model to do 

regression with the FE Model (fix-effects regression model) after comparing it with the OLS 

model and RE Model (random-effects regression model). Lastly, I analyze the result of the 

data. 

In the next section, I will point out some problems leading to the result of the model and try to 

solve these problems.  

2. Review of the Literature 

2.1. Empirical literature 

Although R&D expenditure was obviously increasing from about 1950s, no one made sure of 

the return rate. As a result, in 1958, Griliches first estimated the social return of R&D 

expenditure 1 . Then in 1964, he was the first one to use a production function of 

Cobb-Douglas type, adding the education and public research expenditure variables.2  

                                                       

Then there were more and more scholars studying in this area not limited to agricultural data. 

Most of their research is based on the most influential production function which was 

explained by Griliches in 1979.3He used the Cobb-Douglas as the framework and estimated 

different variables returns to productivity. But there are some problems in that function, just 

as Gaetan de Rassentosse said (2008), “It is too simple to use only one parameter to 

summarize the relationship between innovative inputs and the profitability or productivity of 

 
1 Zvi Griliches(1958), Research Costs and Social Returns: Hybrid Corn and Related Innovations 

2 Zvi Griliches(1964), Research expenditure, education, and aggregate agricultural production function 
3 Zvi Griliches(1979), Issues in assessing the contribution of research and development to productivity growth 
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the firm.”4 

Many of the scholars use that production function to do research such as Pakes, Hausman Hall 

and Griliches. In 1984, Hausman Hall and Griliches continued the work of Pakes and 

Griliches, and found the relationship of the R&D expenditure, R&D employment and the 

output of the patent. They used the Poisson distribution model with the panel data from 121 

firms of America in 1968 to 1975. They also found the time lag problem.5 

From then on, more and more scholars have done a similar study such as Ernst (1998)6 and 

Popp (2002).7 They also found the relationship with the R&D expenditure and patents. There 

are only few differences as they do not change the function of Griliches. 

However, Jaffe (1989)8 has made something different. He has improved the function which is 

used by Griliches. Now it is called Griliches – Jaffe knowledge production function which is 

the base of the analysis in most cases. He has taken the existence of geography and the 

university research into account. The conclusion is that the innovation has something to do 

with the geography. However, some other scholars do not agree with him because he did not 

have enough evidence to support his argument. At the same time, whether it is scientific to 

treat the patent as output of innovative activities or not has been a debate for a long time. As 

Scherer (1965) 9said, there are some problems in using the patent as the output, such as the 

difference of the quality between the industries and firms. Additionally, a number of scholars 

think patents should be connected to the propensity to patent instead of the research 

productivity. But there are still many in the literature which uses patents as the output. 

Gaetan de Rassentosse (2008)10 has made an empirical analysis and made a conclusion that 

both the research and propensity to patent can lead to increase of the number of patents. 

2.2. Theoretical literature 

From 1980s, after the neoclassical growth theory, new growth theory plays an important role. 

                                                        
4 Gaetan de Rassentosse said (2008), A policy Insight into the R&D-patent relationship 
5 Jerry Hausman, Bronwyn H. Hall, and Zvi Griliches (1984), Econometric models for count data with application to the 
patents-R&D relationship 
6 Holger Ernst (1998), Industrial research as a source of important patent 
7 David Popp (2002), Induced Innovation and Energy Price 
8 Adam B. Jaffe (1989), Real effects of Academic Research 
9 F.M. Scherer (1965), Firm Size, Market Structure, Opportunity, and The output of patented inventions 
10 Gaetan de Rassentosse, Bruno van Pottelsberghe de la Potterie (2008), A policy Insight into the R&D-patent relationship 
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Romer (1986)11 put forward an important idea which leads to the “endogenous growth 

model”. The new growth theory can be divided into the R&D-based growth model and 

capital-based growth model. 

The R&D-based growth theory started from 1990s; the most influential ones are Romer 

(1990)12, Grossman G. M. & Helpman, E. (1991)13, Aghion and Howitt (1992)14 

Romer (1990) thinks that the nonrival and cumulative nature of the knowledge is a really 

important condition. His production process is as follows: 

),( XAFY =  

If A is productive too, then, 

),(),( XAFXAF λλλ >  

His new design and knowledge function is as follows: 

AHA Aδ=
•

 

Where means the total human capital of research,  means the stock of knowledge and 

 means the new ideas. 

AH A

•

A

Comparing to Romer’s model, Jones (1995) 15makes a similar one, but there is something 

different. 

φλδ ALA A=
•

 

If 1=φ , then the two models are the same. The meaning of φ  here is: if the stock of 

knowledge changes one unit, the average of the new ideas will change φ  unit. Actually, the 

only difference between the two models is the value of the parameterφ . In Romer’s model, φ  

is constant and is equal to 1, while Jones thinks there are other possibilities:φ  is larger than 1 

or smaller than 1. When it comes to the question which value of φ  is closer to the reality, 

there is still no definitive answer. Many scholars have made some empirical research: some 

                                                        
11 Paul M Romer, (1986). Increasing Returns and Long Run Growth 
12 Paul M .Romer (1990), Endogenous Technological Change 
13 Grossman G. M. & Helpman, E.(1991), Innovation and Growth in the Global Economy 
14 Philippe Aghion, Peter Howitt (1990), A Model of Growth Through Creative Destruction 
15 Charles I. Jones (1995), R&D-Based Models of Economic Growth 
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results show that Romer’s is more close to the reality while some others show Jones’s is 

closer. 

In 1999, Jones and Willams16 use R&D expenditure instead of human capital, “From society’s 

standpoint, the productivity of R&D may be varied because of the amount of R&D 

expenditure and the stock of ideas.” Their model is as follows, 

φλδ ARA =
•

 

Where R  is the R&D expenditure. 

3. Structure of patent study 

Figure 1: Patent Study Structure 

 

As the figure shows, there are different scholars who focus on different parts to do research. 

In part 1, their research is about the invention production function. They use different models 

as the invention production function, and find the relationship between input, “research 

efforts”, and output. When it comes to the output of the inventions for the empirical research, 

                                                        
16 Charles I. Jones, John C. Williams (1999), Too Much of a Good Thing? The Economics of Investment in R&D 

Patent 
 

Research 
Effort 

Patent 
Propensity 

Invention 
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function 

Policy 

 
Inventions 
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there is still no exact measurement; some people use the profitability while some people use 

the productivity growth, and some use the number of patents as the output, which comes to 

another discussion that I will point out later. In this part, people focus on the R&D 

expenditure and the factors which can influence the research productivity, the invention 

production function. Comparing with their model and after empirical analysis, they find that 

the education policy, S&T policy and some others can affect the function. 

In part 2, they discuss the patent practice and different patent systems in different countries. A 

patent protection policy will encourage people to turn their inventions into patents. But at the 

social level, the absence of patent protection can make the new knowledge spill easily which 

can increase the utility of the whole society (Griliches 1998)17. There is also another problem: 

can the number of patents reflect innovation performance? Many scholars study this problem. 

Most of the scholars treat the number of patents as the result of the patent propensity, but 

there are still some others that use the number of patents to measure the output of research 

efforts. For example, Schere (1983)18 thinks the number of patents can show the patent 

propensity better than the research efforts. Gaetan de Rassentosse (2008)19 has made an 

empirical analysis and concluded that both the research and propensity to patent can lead to 

increase in the number of patents. 

Although there are still some critical arguments about treating patent as a useful index of 

scientific level and economic level, I agree that it is meaningful to use number of parents as a 

measurement so far. However, further study is needed to find a more exact index of 

innovative activities. In my paper, I just ignore part 1 and part 2, and discuss part 3 directly. 

The patent performance through research productivity or patent propensity will not be 

discussed in this paper, because it is too difficult to distinguish them, and the propensity to 

patent is really complex. Additionally, much empirical research has given evidence that 

research productivity can also affect the number of patents. 

I assume that the number of patents is an index of output of innovative activities, and our 

purpose is just to study how to increase the number of patents which will be discussed in the 

next section. There are still other things that can be indexes of the output and I don’t mean the 
                                                        
17 Zvi Griliches (1998), R&D and productivity: The Unfinished Business, R&D and productivity: The Econometric Evidence 
18 F.M. Scherer (1983), The Propensity to Patent, Patents Economics, Policy and measurement 
19 Gaetan de Rassentosse, Bruno van Pottelsberghe de la Potterie (2008), A policy Insight into the R&D-patent relationship 
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number of patents is the best measurement of the output. In this paper, I just assume the 

number of patents is a useful index. Our purpose here is to give some advice for the 

government: if it wants to increase the number of patents using R&D expenditure and 

education policy that can have some effects. The patent performance through research 

productivity or patent propensity will not be discussed in this paper. Discussion about whether 

the patent index can reflect the innovative activities or not is not necessary here, and 

discussion about if the number of patent can increase the social utility is not necessary either. 

Above all, the assumption in my paper is: patent provides a useful index and patents do not 

have any effect on R&D expenditure or education. My assumption here relies on the 

arguments from Pakes and Griliches (1984)20 which is shown in the figure below. 

Figure 2: Knowledge production function: a simplified path analysis diagram 

 
Source: Pakes and Griliches (1984), figure 3.1 

                                                        
20 Zvi Griliches (1998), Patent Statistics as Economic Indicators: A Survey, R&D and Productivity: The Econometric 
Evidence 
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Notes: “R in the figure usually means R&D expenditure, or the number of research scientists ; 

P means patents, a quantitative indicator of the number of inventions; 
•

K  means new 

knowledge;  are indicators of expected or realized benefits from invention; are 

indicators of other observed variables influencing the  

SZ SX

SZ ; uv, are other unobserved 

influences, assumed random and mutually uncorrelated” 

R is exogenous variable. Patent here does not have special economic role, it is just an 

indicator of
•

K . 

4. Idea-based growth model 

4.1. Theoretical framework 

Kui-yin CHEUNG, Ping LIN (2003)21 shows the R&D production function is a knowledge 

process which is determined by labor, capital and the first stock of knowledge as the function 

below, 

),,( 0IKLfI =  

Where I  means the output of R&D and  means the stock level. 0I

Based on that theory and the model of Jones (1995)22, Jones and Willams (1999)23, I build the 

model in this paper is as follows, 

)1(φβαδ itititit PRHP =
•

 

Where 
•

P  means the number of patents authorized during year t , H  means the human 

capital, R  means the R&D expenditure while  means the cumulative stock of patents. P

The parameters φβα ,,  measure the elasticity of human capital, R&D expenditure and the 

stock level to affect the output of patents. 

The reason why the number of patents can be a measurement of the output is based on Pakes 

                                                        
21 Kui-yin CHEUNG, Ping LIN (2003), Spillover effects of FDI on innovation in China: Evidence from the provincial data 
22 Charles I. Jones (1995), R&D-Based Models of Economic Growth 
23 Charles I. Jones, John C. Williams (1999), Too Much of a Good Thing? The Economics of Investment in R&D 
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and Chiliches (1984) and Pessoa (2005).24 “Only after being tested by the patent office, 

inventor and his organization for the development of this product and idea, the patent can be 

passed. Consequently, patents only represent minimal part of inventions and can present the 

expectation of final utility and marketability. Above all, it is appropriative to use patents, an 

output of inventive activity, as a measurement of ideas and the stock of ideas. What’s more, 

business enterprise R&D expenditures (BERD) have something to do with patents.” 

Taking the logarithm of equation (1), I get the equation (2) 

)2(lnlnlnlnln ititititit PRHP εφβαδ ++++=
•

 

In order to express it easily, we turn the equation (2) into (3) 

)3(ititititit cprhp εφβα ++++=
•

 

4.2. Particular variables in this paper 

In this paper, because I compare the conditions around nearly the whole world, there are large 

differences between them such as population, GDP and so on. It is necessary to normalize the 

variables. I use the number of patents per million inhabitants reflecting the patent outputs. I 

use the R&D intensity, R&D expenditure as a percentage of GDP instead of R&D 

expenditure. 

Because the purpose here is to give policy advice, I treat the education attainment as the 

human capital instead of the R&D researchers. The details of data I choose will be discussed 

in the next section. 

5. Static panel data model 

5.1. Data 

The countries I choose are all the 30 members in OECD. Because OECD contains nearly all 

the developed countries and the total GDP produced by all the OECD members is 

approximately 2/3 of the whole world. Consequently, the research result of the 30 countries 
                                                        
24 Argentino Pessoa (2005), “Ideas” driven growth: the OECD evidence 
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can give some useful information. 

1. Patent 

The source of patent data is OECD Patent Database. It is different from the data many people 

have used before. In order to get away from many limitations such as the difficulty to 

compare the different levels of patents all over the world, OECD has developed triadic patent 

families. 

The definition of triadic patent family is “A patent family: the same invention in order to be 

protected is registered in various countries as a set of patents. Triadic patent families are a set 

of patents registered in the European Patent Office (EPO), the Japan Patent Office (JPO) and 

the United States Patent and Trademark Office (USPTO). Numbers and per million 

inhabitants express triadic patent families.”25 

I use the data of patents to create another variable that is the stock of patents. I use the data 

from 1997 as the initial year, and because it is really difficult to find a general depreciation 

rate of the 30 countries, I assume the depreciation rate is 5%, 10%, 15% based on Pessoa 

(2005).26 The equation is as follows, where is the depreciation rate. d  
•

++ +−= 11 *)1( ititit PPdP  

2. Educational attainment 

I choose the educational attainment instead of R&D researchers, because it can show how 

education policy does work more directly. It is also a useful index. 

The source of educational attainment is OECD (2009), Education at a Glance, OECD, Paris.  

The definition of educational attainment is “the stock of ‘human capital’ is commonly 

expressed as educational attainment” “The definition of educational attainment is the highest 

level of education completed by each person. It is expressed as a percentage of all persons in 

that age group.”27 

The data I use is “Tertiary attainment for age group 25-64 as a percentage of that age.” 

3. Expenditure on R&D 

The data of R&D intensity here is gross domestic expenditure on R&D as a percentage of 

                                                        
25 OECD Patent Database 
26 Argentino Pessoa (2005), “Ideas” driven growth: the OECD evidence 
27 OECD (2009), Education at a Glance, OECD 
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GDP. 

The source of expenditure on R&D is OECD (2009), Main Science and Technology Indicators, 

OECD, Paris. 

The definition of that data is “It is the total expenditure on R&D including all resident 

companies, research institutes, universities and government laboratories and so on.”28 

5.2. The option of the static panel model 

I will compare the OLS model, FE model and RE model with the data first, and find the best 

one to continue analysis. I use STATA11 to analyze the data. 

I will describe the data first. 

TABLE 1: Description of the Data 

   ln_patent         300     5.09123    2.386186   .6931472   9.683277
  ln_15stock         300    6.226938    2.449965   1.098612   11.30688
  ln_10stock         300    6.326951    2.464526   1.098612   11.49517
                                                                      
   ln_5stock         300    6.430407    2.481276   1.098612   11.69651
       ln_rd         267    .3596811    .6246182  -1.171183   1.427916
      ln_edu         294    3.067814    .4408689   2.014903   3.850147
        year         300      2001.5     2.87708       1997       2006
     country         300        15.5    8.669903          1         30
                                                                      
    Variable         Obs        Mean    Std. Dev.       Min        Max

 

I take the natural logs of the data first. Table 1 shows the mean, maximum and minimum of 

them. In table 1, “ln_5stock” means the patent stock assuming a 5% depreciation rate, 

“ln_10stock” means the patent stock with 10% depreciation rate and “ln_15stock” means 15%. 

The average of is about 5.09, and h  is about3.07,  
•

p r  is about 0.36, while p is about 

6.43, 6.33, 6.23. 

                                                       

1. OLS Model 

I pool the data first to fit the OLS regression model. That means I assume that all the countries 

during the entire year have the same intercept. Because I assume the depreciation rate is 5%, 

10% and 15%, I make the regression respectively, the details of the result with STATA 11 are 

in Appendix A. 
 

28 OECD (2009), Main Science and Technology Indicators, OECD, Paris. 
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TABLE 2: OLS Model Regression 

 5% depreciation 

rate 

10% depreciation 

rate 

15% depreciation 

rate 

α  

(natural log of 

human capital) 

-0.21 

(t-test, p=0.069) 

-0.19 

(t-test, p=0.064) 

-0.17 

(t-test, p=0.063) 

β  

(natural log of 

R&D intensity) 

0.23 

(t-test, p=0.011) 

0.18 

(t-test, p=0.027) 

0.14 

(t-test, p=0.059) 

φ  

(natural log of 

patent stock) 

0.92 

(t-test, p=0.000) 

0.94 

(t-test, p=0.000) 

0.95 

(t-test, p=0.000) 

c  

(constant) 

-0.30 

(t-test, p=0.335) 

-0.34 

(t-test, p=0.230) 

-0.37 

(t-test, p=0.147) 

Result 

 

 

(p>F=0.000, 

R-squared=0.95) 

 (p>F=0.000, 

R-squared=0.96) 

 (p>F=0.000, 

R-squared=0.97) 

The model fits the data well, because . However, the 

coefficient of  is not significant (

97.0.96.0,95.0,0000.0Pr 2 ==> RFob

h 063.0,064.0,069.0=P ), and when the depreciation rate is 

15%, the coefficient of r  is not significant either. 

2. FE Model 

Now I use the data to fit the FE model which means I assume the intercepts change along with 

the countries and later I will test also for time effects. I do the F-test to find out which is 

preferred by comparing OLS model with FE model. See the results in Appendix B. 

TABLE 3: FE Model Regression 

 5% depreciation 

rate 

10% depreciation 

rate 

15% depreciation 

rate 
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α  

(natural log of 

human capital) 

0.56 

(t-test, p=0.007) 

0.50 

(t-test, p=0.014) 

0.42 

(t-test, p=0.030) 

β  

(natural log of 

R&D intensity) 

0.16 

(t-test, p=0.335) 

0.13 

(t-test, p=0.423) 

0.10 

(t-test, p=0.54) 

φ  

(natural log of 

patent stock) 

0.13 

(t-test, p=0.001) 

0.16 

(t-test, p=0.000) 

0.20 

(t-test, p=0.000) 

c  

(constant) 

2.49 

(t-test, p=0.000) 

2,52 

(t-test, p=0.000) 

2.53 

(t-test, p=0.000) 

Result 

 

 

p>F=0.000,  

R-sq: within=0.35 

between=0.85 

overall=0.82 

 p>F=0.000,  

R-sq: within=0.36 

between=0.89 

overall=0.87 

 p>F=0.000,  

R-sq: within=0.38 

between=0.93 

overall=0.91 

The country i  has been chosen automatically. The regression equations are  

itiitititit prhp εη +++++=
•

49.213.016.056.0  

itiitititit prhp εη +++++=
•

52.216.013.050.0  

itiitititit prhp εη +++++=
•

53.220.010.042.0  

And the FE model fits the data well 

91.0,87.0,82.0,0000.0Pr 2 ==> overallRFob , but the coefficient of r  is not significant. 

Comparing the FE model with OLS model, it shows that FE model is preferred (In F-test, all 

0=iη  is rejected, see Appendix B). 

3. RE Model 

Now I assume the intercepts change along with the countries and the years, and I assume 

there is no correlation between the intercepts and other variables. The equation of the RE 
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model is:  itiitititititit wherecprhp εημμφβα +=++++=
•

,

In order to compare RE model with FE model, I do the Hausman test respectively. The details 

are in Appendix C. 

In the Hausman test, when its depreciation rate is 10% and 15%, chi2 is negative. That means 

the data fails to satisfy the assumption of the Hausman test, so I only consider the condition 

when the depreciation rate is 5%. The hypothesis of no systematic difference is rejected, so 

the FE model is preferred. 

Above all, the FE model is preferred. 

5.3. State and Time FE Model 

After deciding to use the FE model, it is necessary to test if the time effect exists. If the time 

effect exists, it is more appropriate to use the state and time FE model. If not, the FE model 

above is enough. Now I will use STATA 11 to test. 

I use the Wald-test and test directly whether all the coefficients of the time dummies are zero. 

See Appendix D. 

The H0: all the coefficients of time dummies are zero is rejected. ( F(8,211)=47.40, 

Prob>F=0.000), so there are time effects that I should take into account. 

The regression equation is 

itititititit prhp εηγ +++++−=
•

23.70659.138.002.0  

When doing the t-test, nearly all the coefficients are significant (p=0.000) except the 

coefficient of  (p=0.872). And the model fits the data well where the F(12, 221)=62.19, 

Prob>F=0.000, R-sq: within=0.77, between=0.998, overall=0.994 

h

Note that the coefficient of R&D intensity is negative, but the negative sign on R&D may be 

spurious because of more complicated things such as collinearity problem, endogeneity bias, 

dynamics which will be discussed later. There is always a risk that the time effects pick up too 

much of dynamics in the data, while I cannot successfully control for that with the short time 

dimension available. 
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5.4. Test of the model 

In this section, I will test the FX model of serial autocorrelation, cross-sectional 

autocorrelation and do the heteroskedasticity-test. Then I will improve the model. I also use 

STATA 11 to do the test. 

1. Serial autocorrelation 

Based on the theory of Wooldridge, J. M. (2002)29 and Drukker, D. M. (2003)30, I use the 

“xtserial” program in STATA 11 to test serial autocorrelation that is the Wooldrige test for 

autocorrelation in panel data. H0: no first-order autocorrelation, the result is H0 is not rejected 

( F(1, 26)=0.974, Prob>F=0.3328), so there is no indication of a common first-order 

correlation. 

Considering there is possibility that some countries deviate in this respect, I do the serial 

correlation test for each country. The details are shown in Appendix E.  

After the Breusch-Godfrey test, we can find out that seven countries have serial correlation 

problem (H0: no serial correlation, prob>chi2=0.0391, 0.0251, 0.0190, 0.0253, 0.0320, 

0.0405, 0.0134, reject H0), they are Hungary, Iceland, Ireland, Luxembourg, Poland, Spain, 

Sweden. The data of Switzerland is not enough to do the test. 

The reason why there is serial correlation probably may have something to do with more 

complicated dynamics. Because here I just assume there is no time lag problem. 

2. Cross-sectional autocorrelation 

I use the “xttest 2” program to test the cross-sectional autocorrelation based on Greene (2000). 

It is the Breusch-Pagan LM test of independence, and H0 is rejected ( chi2(435)=870.000, 

pr=0.0000), so there is cross-sectional autocorrelation in this model. The correlation of 

different countries is significant. 

3. Cross-sectional Heteroskedasticity test 

The result is below 

TABLE 4: Cross-sectional heteroskedasticity test 

                                                        
29 Jeffrey. M.Wooldridge, (2002), Econometric Analysis of Cross Section and Panel Data 
30 David M. Drukker.(2003), Testing for serial correlation in linear panel-data models 
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Prob>chi2 =      0.0000
chi2 (30)  =    5.3e+29

H0: sigma(i)^2 = sigma^2 for all i

in fixed effect regression model
Modified Wald test for groupwise heteroskedasticity

 

As the table shown, H0 is rejected, so there is heteroskedasticity. 

4. Revise the model 

Based on the tests above, I choose the “xtscc”31 program to improve the model. Note that 

although in the autocorrelation test there is no indication of a common first-order correlation, 

there could still be serial correlation in the residuals for some countries. And that program is 

better to estimate a robust model with many problems at the same time such as 

autocorrelation and heteroskedasticity. This is why I choose this program instead of others to 

improve the model. 

As the Table 5 shows, the FE regression equation is  

itititititit prhp εηγ ++++++=
•

49.213.016.056.0  

Where the coefficient of  is not significant (p=0.371), the other coefficients are really 

significant, so we can conclude that the education policy and more patent stock have obvious 

effects on patent development. There may be some delay effects which lead to the 

insignificance of , or other problems lead that result, so I will consider them in the next 

section. 

itr

itr

TABLE 5: FE model after Revising 

                                                                              
       _cons     2.493787   .3171865     7.86   0.000     1.845067    3.142506
   ln_5stock     .1328225   .0533075     2.49   0.019     .0237965    .2418486
       ln_rd     .1566737   .1722598     0.91   0.371    -.1956372    .5089846
      ln_edu     .5616947   .1532811     3.66   0.001     .2481996    .8751899
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                           Drisc/Kraay
                                                                              

                                                 within R-squared  =    0.3521
maximum lag: 2                                   Prob > F          =    0.0000
Group variable (i): country                      F(  3,    29)     =     28.53
Method: Fixed-effects regression                 Number of groups  =        30
Regression with Driscoll-Kraay standard errors   Number of obs     =       263

 

                                                        
31 Daniel Hoechle, Robust Standard Errors for Panel Regressions with Cross-Sectional Dependence 
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6. Problems 

6.1. Time lag problem 

Because I do not consider time lag problems in the data analysis above, it is possible that time 

lag leads to the insignificant of . itr

However, I only have the data for 9 years, time dimension is too short to model the dynamics 

and I have tried but get unreasonable result. 

6.2. Collinearity problem 

Although panel data model can better solve collinearity problem compared with 

cross-sectional and time-series models. There is also possibility of its existing especially in 

small amount panel data. I use “collin” program with VIF (variance inflation factor) method 

to do collinearity test. The result is as below. 

TABLE 6: Collinearity test result 

  Mean VIF     11.42
----------------------------------------------------
 ln_5stock     20.63    4.54    0.0485      0.9515
     ln_rd      2.81    1.68    0.3554      0.6446
    ln_edu      2.31    1.52    0.4332      0.5668
 ln_patent     19.95    4.47    0.0501      0.9499
----------------------------------------------------
  Variable      VIF     VIF    Tolerance    Squared
                        SQRT                   R-

  Collinearity Diagnostics

 

From the result, we can see that VIF of patent and stock of patent is larger than 10, so there is 

serious collinearity problem, however it is also possible that the assumption of 5% general 

depreciation rate leads to that problem. I eliminate the stock of patent variable to get away 

from this problem. The final regression result after revising is as follows. More details are 

shown in Appendix F. 

TABLE 7: Final FE model  
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       _cons     1.579757   .2565742     6.16   0.000     1.055004     2.10451
       ln_rd     .3074744   .1416987     2.17   0.038      .017668    .5972808
      ln_edu     1.126741   .0842883    13.37   0.000      .954352     1.29913
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                           Drisc/Kraay
                                                                              

                                                 within R-squared  =    0.3174
maximum lag: 2                                   Prob > F          =    0.0000
Group variable (i): country                      F(  2,    29)     =     93.53
Method: Fixed-effects regression                 Number of groups  =        30
Regression with Driscoll-Kraay standard errors   Number of obs     =       263

 

From table 7, we can find out that the coefficients of  are significant (p=0.000, 0.038), 

this model fits the data well and the regression equation is: 

itit rh ,

ititititit rhp εηγ +++++=
•

58.131.013.1  

Above all, both R&D expenditure policy and education policy have obvious positive effects 

on patent development, while education policy has larger effect than R&D policy. So if a 

government wants to increase number of patents, increasing education policy maybe more 

efficient. 

Conclusion 

In this paper, I try to find if the education policy and R&D expenditure policy have obvious 

effects on the development of patents. Based on the idea-growth model, I change the model 

by treating human capital, R&D intensity and patent stock as input while treating number of 

patents as output. I use the panel data model to analyze 30 countries in OECD during 1997 to 

2006. 

After comparing the models, I decide to use the FE model and find that there are dummies 

varied between different countries which cannot be observed; that may be due to the 

difference in culture, geography and some other factors. After the test, there are also the time 

effects, which means there are some dummies varied because of the year but remain the same 

in different countries.   

From the result after revising the FE regression model, we can find that the education policy 

has the obvious effect, which means if there are more educated people, there will be a greater 
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number of patents. Nevertheless, the coefficient of R&D intensity is not significant. There are 

some other complicated problems leading to that result. The discussion of time lag problem is 

unsuccessful. The period of data I have is too short for me to build another model to analyze 

the time lag problem in detail. Consequently, I skip dynamics in my paper; however, it does 

not mean there is no time lag problem. Further research will be needed. After solving 

collinearity problem, the regression result shows both education policy and R&D expenditure 

policy have obvious positive effects on patent development while education policy is more 

efficiently. So it is better for the government to strengthen education policy to increase patent 

number. However, endogeneity bias and exclusion of that variable maybe still exist and affect 

the availability of policy advice here. 
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 Appendix A 

1. OLS Model with 5% depreciation rate 

                                                                              
       _cons    -.3013332   .3119128    -0.97   0.335     -.915541    .3128747
   ln_5stock     .9204844   .0207446    44.37   0.000     .8796349    .9613339
       ln_rd     .2325926    .090474     2.57   0.011     .0544344    .4107508
      ln_edu    -.2072231   .1133283    -1.83   0.069    -.4303852     .015939
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    1582.49013   262  6.04003866           Root MSE      =  .55347
                                                       Adj R-squared =  0.9493
    Residual     79.338269   259  .306325363           R-squared     =  0.9499
       Model    1503.15186     3   501.05062           Prob > F      =  0.0000
                                                       F(  3,   259) = 1635.68
      Source         SS       df       MS              Number of obs =     263

. regress  ln_patent ln_edu ln_rd ln_5stock

 
2. OLS Model with 10% depreciation rate 

                                                                              
       _cons      -.34156   .2839028    -1.20   0.230    -.9006116    .2174915
  ln_10stock     .9375598   .0190161    49.30   0.000      .900114    .9750056
       ln_rd     .1836596   .0826079     2.22   0.027     .0209909    .3463282
      ln_edu    -.1917482   .1029459    -1.86   0.064    -.3944656    .0109693
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    1582.49013   262  6.04003866           Root MSE      =  .50371
                                                       Adj R-squared =  0.9580
    Residual    65.7131818   259  .253718848           R-squared     =  0.9585
       Model    1516.77695     3  505.592316           Prob > F      =  0.0000
                                                       F(  3,   259) = 1992.73
      Source         SS       df       MS              Number of obs =     263

. regress  ln_patent ln_edu ln_rd ln_10stock

 
3. OLS Model with 15% depreciation rate 

                                                                              
       _cons    -.3737449    .257216    -1.45   0.147    -.8802457    .1327559
  ln_15stock      .951841   .0173246    54.94   0.000      .917726    .9859561
       ln_rd     .1421613   .0750378     1.89   0.059    -.0056006    .2899232
      ln_edu    -.1740013   .0930926    -1.87   0.063     -.357316    .0093133
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    1582.49013   262  6.04003866           Root MSE      =  .45631
                                                       Adj R-squared =  0.9655
    Residual    53.9295102   259  .208222047           R-squared     =  0.9659
       Model    1528.56062     3  509.520207           Prob > F      =  0.0000
                                                       F(  3,   259) = 2447.00
      Source         SS       df       MS              Number of obs =     263

. regress  ln_patent ln_edu ln_rd ln_15stock
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Appendix B 

1. FE Model with 5% depreciation rate 

F test that all u_i=0:     F(29, 230) =    45.06             Prob > F = 0.0000
                                                                              
         rho    .98547928   (fraction of variance due to u_i)
     sigma_e    .22721788
     sigma_u    1.8718551
                                                                              
       _cons     2.493787   .4538977     5.49   0.000     1.599458    3.388116
   ln_5stock     .1328225   .0378327     3.51   0.001     .0582795    .2073656
       ln_rd     .1566737   .1620703     0.97   0.335    -.1626586     .476006
      ln_edu     .5616947   .2057367     2.73   0.007     .1563251    .9670643
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

corr(u_i, Xb)  = 0.8452                         Prob > F           =    0.0000
                                                F(3,230)           =     41.66

       overall = 0.8224                                        max =        10
       between = 0.8466                                        avg =       8.8
R-sq:  within  = 0.3521                         Obs per group: min =         2

Group variable: country                         Number of groups   =        30
Fixed-effects (within) regression               Number of obs      =       263

. xtreg  ln_patent ln_edu ln_rd ln_5stock,fe

 

2. FE Model with 10% depreciation rate 

F test that all u_i=0:     F(29, 230) =    36.73             Prob > F = 0.0000
                                                                              
         rho    .98498484   (fraction of variance due to u_i)
     sigma_e    .22525058
     sigma_u    1.8243819
                                                                              
       _cons     2.520615   .4350381     5.79   0.000     1.663445    3.377784
  ln_10stock     .1638014   .0402314     4.07   0.000     .0845322    .2430707
       ln_rd     .1292472   .1609873     0.80   0.423    -.1879513    .4464456
      ln_edu     .4959017   .2003685     2.47   0.014     .1011092    .8906942
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

corr(u_i, Xb)  = 0.8823                         Prob > F           =    0.0000
                                                F(3,230)           =     43.74

       overall = 0.8671                                        max =        10
       between = 0.8937                                        avg =       8.8
R-sq:  within  = 0.3633                         Obs per group: min =         2

Group variable: country                         Number of groups   =        30
Fixed-effects (within) regression               Number of obs      =       263

. xtreg ln_patent ln_edu ln_rd ln_10stock,fe

 
 

3. OLS Model with 15% depreciation rate 

 

 25



F test that all u_i=0:     F(29, 230) =    29.59             Prob > F = 0.0000
                                                                              
         rho    .98431513   (fraction of variance due to u_i)
     sigma_e    .22262603
     sigma_u    1.7636102
                                                                              
       _cons     2.527897     .41569     6.08   0.000      1.70885    3.346944
  ln_15stock     .2017304   .0425995     4.74   0.000     .1177952    .2856656
       ln_rd     .0978235   .1593885     0.61   0.540    -.2162247    .4118717
      ln_edu     .4246089   .1942956     2.19   0.030     .0417822    .8074357
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

corr(u_i, Xb)  = 0.9157                         Prob > F           =    0.0000
                                                F(3,230)           =     46.59

       overall = 0.9073                                        max =        10
       between = 0.9343                                        avg =       8.8
R-sq:  within  = 0.3780                         Obs per group: min =         2

Group variable: country                         Number of groups   =        30
Fixed-effects (within) regression               Number of obs      =       263

. xtreg  ln_patent ln_edu ln_rd ln_15stock,fe

 

Appendix C 

Hausman test with 5%, 10%, 15% depreciation rate respectively 

 

                (V_b-V_B is not positive definite)
                Prob>chi2 =      0.0000
                          =      309.49
                  chi2(3) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg
                           b = consistent under Ho and Ha; obtained from xtreg
                                                                              
   ln_5stock      .1328225     .7857098       -.6528873        .0211773
       ln_rd      .1566737     .6396272       -.4829535        .0932838
      ln_edu      .5616947    -.4860415        1.047736        .1157182
                                                                              
                     fe           re         Difference          S.E.
                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))
                      Coefficients     

. hausman fe

. est store re

. qui xtreg  ln_patent ln_edu ln_rd ln_5stock,re

. est store fe

. qui xtreg  ln_patent ln_edu ln_rd ln_5stock,fe
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                                        see suest for a generalized test
                                        assumptions of the Hausman test;
                                        data fails to meet the asymptotic
                          =  -199.26    chi2<0 ==> model fitted on these
                  chi2(3) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg
                           b = consistent under Ho and Ha; obtained from xtreg
                                                                              
  ln_10stock      .1638014     .8507071       -.6869057        .0292179
       ln_rd      .1292472     .4635443       -.3342971        .1110736
      ln_edu      .4959017    -.4176937        .9135954        .1362465
                                                                              
                     fe           re         Difference          S.E.
                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))
                      Coefficients     

. hausman fe

. est store re

. qui xtreg  ln_patent ln_edu ln_rd ln_10stock,re

. est store fe

. qui xtreg  ln_patent ln_edu ln_rd ln_10stock,fe

 

                                        see suest for a generalized test
                                        assumptions of the Hausman test;
                                        data fails to meet the asymptotic
                          = -6755.88    chi2<0 ==> model fitted on these
                  chi2(3) = (b-B)'[(V_b-V_B)^(-1)](b-B)

    Test:  Ho:  difference in coefficients not systematic

            B = inconsistent under Ha, efficient under Ho; obtained from xtreg
                           b = consistent under Ho and Ha; obtained from xtreg
                                                                              
  ln_15stock      .2017304     .9011208       -.6993905        .0353831
       ln_rd      .0978235      .316623       -.2187995        .1239951
      ln_edu      .4246089    -.3371932        .7618021         .149046
                                                                              
                     fe           re         Difference          S.E.
                    (b)          (B)            (b-B)     sqrt(diag(V_b-V_B))
                      Coefficients     

. hausman fe

. est store re

. qui xtreg  ln_patent ln_edu ln_rd ln_15stock,re

. est store fe

. qui xtreg  ln_patent ln_edu ln_rd ln_15stock,fe
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Appendix D 

            Prob > F =    0.0000
       F(  8,   221) =   47.40

       Constraint 10 dropped
       Constraint 9 dropped
 (10)  o.y97 = 0
 ( 9)  o.y97 - o.y06 = 0
 ( 8)  o.y97 - y05 = 0
 ( 7)  o.y97 - y04 = 0
 ( 6)  o.y97 - y03 = 0
 ( 5)  o.y97 - y02 = 0
 ( 4)  o.y97 - y01 = 0
 ( 3)  o.y97 - y00 = 0
 ( 2)  o.y97 - y99 = 0
 ( 1)  o.y97 - y98 = 0

. test  y97= y98= y99= y00= y01= y02= y03= y04= y05= y06=0

F test that all u_i=0:     F(29, 221) =     6.34             Prob > F = 0.0000
                                                                              
         rho    .98886028   (fraction of variance due to u_i)
     sigma_e    .13764759
     sigma_u    1.2968776
                                                                              
       _cons      706.231   37.50441    18.83   0.000     632.3189     780.143
         y06    (omitted)
         y05    -.2409889   .0367365    -6.56   0.000    -.3133875   -.1685902
         y04    -.4582261   .0396769   -11.55   0.000    -.5364195   -.3800326
         y03    -.6569618   .0445301   -14.75   0.000    -.7447198   -.5692037
         y02    -.8373754   .0505083   -16.58   0.000     -.936915   -.7378357
         y01    -.9859516   .0540789   -18.23   0.000    -1.092528   -.8793752
         y00    -1.035249   .0587639   -17.62   0.000    -1.151058   -.9194397
         y99    -.9644931   .0582567   -16.56   0.000    -1.079303   -.8496833
         y98    -.7369861   .0518197   -14.22   0.000      -.83911   -.6348622
         y97    (omitted)
        year    -.3551022   .0189495   -18.74   0.000     -.392447   -.3177574
   ln_5stock     1.593919   .0776262    20.53   0.000     1.440936    1.746901
       ln_rd    -.3833739   .1034233    -3.71   0.000    -.5871961   -.1795517
      ln_edu     .0246348   .1524862     0.16   0.872    -.2758783    .3251478
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

corr(u_i, Xb)  = -0.9942                        Prob > F           =    0.0000
                                                F(12,221)          =     62.19

       overall = 0.9940                                        max =        10
       between = 0.9977                                        avg =       8.8
R-sq:  within  = 0.7715                         Obs per group: min =         2

Group variable: country                         Number of groups   =        30
Fixed-effects (within) regression               Number of obs      =       263

note: y06 omitted because of collinearity
note: y97 omitted because of collinearity
. xtreg ln_patent ln_edu ln_rd ln_5stock y*,fe

. gen y06=(year==2006)

. gen y05=(year==2005)

. gen y04=(year==2004)

. gen y03=(year==2003)

. gen y02=(year==2002)

. gen y01=(year==2001)

. gen y00=(year==2000)

. gen y99=(year==1999)

. gen y98=(year==1998)

. gen y97=(year==1997)
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Appendix E 

1Australia 

                        H0: no serial correlation
                                                                           
       1                0.000               1                   1.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  4

 

2Austria 

                        H0: no serial correlation
                                                                           
       1                0.072               1                   0.7884
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

3Belgium 

                        H0: no serial correlation
                                                                           
       1                0.032               1                   0.8585
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

. estat bgodfrey

 

4Canada 

                        H0: no serial correlation
                                                                           
       1                0.857               1                   0.3547
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

. estat bgodfrey

 

5Czech Republic 

                        H0: no serial correlation
                                                                           
       1                0.022               1                   0.8831
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

6Denmark 

                        H0: no serial correlation
                                                                           
       1                0.499               1                   0.4798
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  1
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7Finland 

                        H0: no serial correlation
                                                                           
       1                0.911               1                   0.3398
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

8France 

                        H0: no serial correlation
                                                                           
       1                2.504               1                   0.1136
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

9Germany 

                        H0: no serial correlation
                                                                           
       1                1.453               1                   0.2281
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

10Greece 

                        H0: no serial correlation
                                                                           
       1                1.946               1                   0.1630
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  3

 
11Hungary 

                        H0: no serial correlation
                                                                           
       1                4.259               1                   0.0391
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

. estat bgodfrey

 

12Iceland 

                        H0: no serial correlation
                                                                           
       1                5.017               1                   0.0251
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  1

 
13Ireland 
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                        H0: no serial correlation
                                                                           
       1                5.498               1                   0.0190
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

14Italy 

                        H0: no serial correlation
                                                                           
       1                1.210               1                   0.2713
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

15Japan 

                        H0: no serial correlation
                                                                           
       1                0.016               1                   0.8989
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

16Korea 

                        H0: no serial correlation
                                                                           
       1                1.385               1                   0.2393
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

17Luxembourg 

                        H0: no serial correlation
                                                                           
       1                5.000               1                   0.0253
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  1

 

18Mexico 

                        H0: no serial correlation
                                                                           
       1                0.016               1                   0.8996
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

19Netherlands 
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                        H0: no serial correlation
                                                                           
       1                1.816               1                   0.1778
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

20New Zealand 

                        H0: no serial correlation
                                                                           
       1                0.000               1                   1.0000
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  4

 
 

21Norway 

                        H0: no serial correlation
                                                                           
       1                0.354               1                   0.5521
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  2

 
22Poland 

                        H0: no serial correlation
                                                                           
       1                4.601               1                   0.0320
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

23Portugal 

                        H0: no serial correlation
                                                                           
       1                0.831               1                   0.3621
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

24Slovak Republic 

                        H0: no serial correlation
                                                                           
       1                0.000               1                   0.9833
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

25Spain 
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                        H0: no serial correlation
                                                                           
       1                4.196               1                   0.0405
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

26Sweden 

                        H0: no serial correlation
                                                                           
       1                6.122               1                   0.0134
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

Number of gaps in sample:  3

 

27Switzerland 

. 

r(198);
lags(1) is too large for the number of observations in the sample
Number of gaps in sample:  1

. estat bgodfrey

                                                                              
       _cons     5.947342          .        .       .            .           .
      var105     .0969428          .        .       .            .           .
      var104    (omitted)
      var103    (omitted)
                                                                              
      var106        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

       Total    .001769684     1  .001769684           Root MSE      =       0
                                                       Adj R-squared =       .
    Residual             0     0           .           R-squared     =  1.0000
       Model    .001769684     1  .001769684           Prob > F      =       .
                                                       F(  1,     0) =       .
      Source         SS       df       MS              Number of obs =       2

note: var104 omitted because of collinearity
note: var103 omitted because of collinearity
. reg  var106 var103 var104 var105

 

28Turkey 

                        H0: no serial correlation
                                                                           
       1                0.011               1                   0.9177
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

29United Kingdom 

                        H0: no serial correlation
                                                                           
       1                0.012               1                   0.9128
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

30United States 
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. 

                        H0: no serial correlation
                                                                           
       1                0.098               1                   0.7540
                                                                           
    lags(p)             chi2               df                 Prob > chi2
                                                                           
Breusch-Godfrey LM test for autocorrelation

 

Appendix F 

. 

                                                                              
       _cons     1.579757   .2565742     6.16   0.000     1.055004     2.10451
       ln_rd     .3074744   .1416987     2.17   0.038      .017668    .5972808
      ln_edu     1.126741   .0842883    13.37   0.000      .954352     1.29913
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                           Drisc/Kraay
                                                                              

                                                 within R-squared  =    0.3174
maximum lag: 2                                   Prob > F          =    0.0000
Group variable (i): country                      F(  2,    29)     =     93.53
Method: Fixed-effects regression                 Number of groups  =        30
Regression with Driscoll-Kraay standard errors   Number of obs     =       263

. xtscc  ln_patent ln_edu ln_rd,fe

F test that all u_i=0:     F(29, 231) =   426.55             Prob > F = 0.0000
                                                                              
         rho    .98674998   (fraction of variance due to u_i)
     sigma_e    .23272131
     sigma_u    2.0083133
                                                                              
       _cons     1.579757   .3808138     4.15   0.000     .8294446    2.330069
       ln_rd     .3074744   .1600598     1.92   0.056    -.0078893    .6228381
      ln_edu     1.126741   .1312602     8.58   0.000     .8681207    1.385361
                                                                              
   ln_patent        Coef.   Std. Err.      t    P>|t|     [95% Conf. Interval]
                                                                              

corr(u_i, Xb)  = 0.5327                         Prob > F           =    0.0000
                                                F(2,231)           =     53.70

       overall = 0.5044                                        max =        10
       between = 0.4904                                        avg =       8.8
R-sq:  within  = 0.3174                         Obs per group: min =         2

Group variable: country                         Number of groups   =        30
Fixed-effects (within) regression               Number of obs      =       263

. xtreg  ln_patent ln_edu ln_rd,fe
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