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ABSTRACT
This research aimed to identify the effects of research and development

(R&D) on gross domestic product (GDP). The model in this research is based on the
study of Wong, Toh, and Ho (2009) and the R&D Capital Stock model (Griliches and
Lichtenberg, 1984).The study should point out whether R&D has a positive or
negative impact on GDP.

The methodology applied in this research was calculated for linear
regression by using the STATA program. The data used in this experiment was a
dataset from the World Development Indicators. The selected dependent and
independent variables are GDP, labor force, gross domestic savings, and R&D.

The result showed thatthe R&D expenditure rate has a positive effect on
the nation’s GDP.
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CHAPTER I

INTRODUCTION

1.1 Background

Gross domestic product or GDP is a measure of the market value for all of
the goods and services produced in a country in a specific time period, generally per
annum. It is one of the indicators that are used to measure the well-being of a
country’s economy. It is the first thing that anyone who is looking into a nation’s
profile will be seeking for. GDP is usually a comparison to the previous time. For
example, if the year-to-year GDP is up 1%, it means that the economy has increased
by 1% from the last year. GDP per capita (per person) is an indicator of a country’s
standard of living, not the standard of living in an economy.

GDP is calculated in a clear and standardized way, which makes it a very
good indicator. It is easy to compare the nation’s GDP with its previous years GDP or
with other countries” GDP. GDP can be calculated in three ways, which should give
the same result. They are the product approach, the income approach, and the
expenditure approach. The product approach can also be called as net product or value
added method. The income approach is to measure the total income. It is sometimes
referred to as the gross domestic income (GDI). GDI can be calculated by adding
up total compensation to employees, gross profits for incorporated and non-
incorporated firms, and taxes less any subsidies. The most common way of the three
approaches is the expenditure approach, which will be used in this experiment. It is
calculated by adding total consumption, investment, government spending and net
exports.

GDP = private consumption + gross domestic saving + government

spending + (exports — imports)


http://en.wikipedia.org/wiki/Consumption_(economics)
http://en.wikipedia.org/wiki/Gross_private_domestic_investment
http://en.wikipedia.org/wiki/Government_spending
http://en.wikipedia.org/wiki/Government_spending
http://en.wikipedia.org/wiki/Export
http://en.wikipedia.org/wiki/Import
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However, the method used in this experiment will not be straight forward
like this, see methodology section (Chapter I11).

One of the problems for GDP is that it does not explain for black and grey
market. Some nations, like Thailand, that have heavy trafficked of pirates and black
markets may not fully represent the actual GDP. It does not account for the quality of
the goods and services produced, nor the purpose of producing those goods and
services. A country might spend a lot of money to recover from a severe disaster, for
example flooding in Thailand. It may help to increase the GDP, but it does not link to
the economic growth.

Why is it important to study GDP? GDP is a significant factor which
indicates whether the country’s economy will be prosperous or not. High GDP growth
rates can lead to the increasing of the currency’s value. This is because any investors,
especially foreign investors, will be interested to invest in a country with successful
economy. Hence, the currency of the country will be increased automatically.
Moreover, companies in the country with higher GDP growth rate tend to perform
better. This also will lead investors to be more active in the company. The company
with high performance increased their turnover, and profit, as well as, profit margin.
This can lead to a good economy and result as low unemployment rate. Everyone will
be happy. Moreover, the wage can be increased as the demand for labor should be
increased in the growing economy. In addition, the change of GDP can also affect the
stock market. Therefore, the result is good for everyone in the country.

It is significant to study the effect of research and development (R&D) on
GDP. According to the Organisation for Economic Co-operation and Development
(OECD), the expenditure on R&D is a shown indicator that government or private
sector was trying to obtain competitive advantage (OECD, 2003). This is one of the
signals that should draw attentions from investors, which will be an indirect way of
helping to boost the nation’s GDP. Therefore, by studying in R&D expenditure rate, it
should help on improving the GDP of the nation.

Naturally, benefits from R&D do not accumulate only to the original
investors of the products, technologies, or strategies. Achievements from R&D would
occur in form of spill over throughout a wide range of varieties. It is summarized by

Griliches (1992): ‘In spite of difficulties, there has been a significant number of
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reasonably well-done studies, all pointing in the same direction: R&D spillovers are
present, their magnitude may be quite large, and social rates of return remain
significantly above private rates’. In order to see the total effect of R&D, it is essential
to create a link to see the total effect of R&D via economic growth, which will also,
reflect the spillovers.

R&D can be a range from nothing to millions or billions of dollars. How
much should be spent on R&D all depends on what type of business there is. The
amount of money spent on R&D can literally determine the future of that company.
However, intangible assets such as R&D are counted as costs rather than investments.
There has been a research on whether to treat R&D expenditure as an investment by
Parham (2007) and he concluded as ‘lesser of two evils’. Nevertheless, if it was treated
as investments, the GDP of U.S. would have been increased, on average, by 2.7
percent between 1998 and 2007(BEA, 2010). Just by treating R&D differently, it
could help in increasing the GDP of U.S. by percentage.

According to Nationmaster.com (2011), R&D is something that many
powerful countries in the world are interested. According to nationmaster.com, those
countries spent some amount of percentage from GDP to R&D. Here are the
percentage of GDP those countries spent on R&D in 2007, Japan 3.45%, U.S.
2.67%,Singapore 2.61%, Germany 2.55%,France 2.1%, U.K. 1.84%, China 1.49%,
Russia 1.12%, Brazil 1.02%, India 0.8%, Turkey 0.71%, Pakistan 0.67%, and
Malaysia 0.64%. Unfortunately, in 2007, Thailand only spent 0.25% of its GDP for
R&D. This shows that R&D is worth looking into. Why waste more time introducing?

Let’s look into it.

1.2 Significant of the research

This research should show the importance of R&D expenditure for
economic growth. Consequently, this research does not only provide the analysis on
significance of R&D expenditure on GDP, but the expenditure on R&D that could be

recommended to adjust and to improve GDP.
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1.3 Objective

To examine any significant effect of R&D expenditure rate on the country
GDP. Furthermore, to propose the necessity of increasing or decreasing R&D
expenditure rate to improve the GDP of Thailand or its neighbor countries based on

the results.

1.4 Scope

This research is a study of the relationship between GDP and R&D
expenditure rate. The correlation coefficients provided from the model are being
measured by emphasizing on the R&D expenditure rate factor to examine the GDP.
Additionally, the GDP are being analyzed by observing significance effect on using
R&D expenditure rate within the given data. This research shall conclude with
recommendations whether the increasing rate of R&D expenditure should be applied

to Thailand or not, in order to help develop Thailand’s GDP into the positive way.

1.5 Benefit

GDP is important because it indicates the present economic status of a
country to the world. This may affect various ways to the country with high or low
GDP.For example, the number of investor invested in that country may increase or
decrease. R&D is something that many powerful countries in the world are interested.
Since GDP is an important factor to a country’s economic, it is ideal to study the effect
of R&D expenditure rate to the countries’ GDP. Should increasing expenditure on
R&D significantly enhances GDP, Thailand may consider increasing expenditure on
R&D and share the technology with its neighbor as soon as possible. This is to
encourage other countries to do the same and share their technologies with us.
Consequently, it would be beneficial for everyone who is trying to do business in
Thailand, as well as, people who are trying to do business with other countries.
Moreover, if the results in this experiment show that increasing in R&D expenditure

rate will help increased the country’s GDP, this should sure help to change the mind of
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governments to improve their relationship with neighbor’s countries in order to obtain

technology from R&D.
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CHAPTER Il

LITERATURE REVIEW

2.1 Research and Development

Research and development (R and D, or R&D) refers to “creative work
undertaken on a systematic basis in order to increase the stock of knowledge,
including knowledge of man, culture and society, and the use of this stock of
knowledge to devise new applications.” (OECD, 2003) The Organisation for
Economic Co-operation and Development (OECD) also suggested that expenditure on
R&D is a shown indicator that government or private sector was trying to obtain
competitive advantage. It shows the likelihood for a country to innovate new products
or new processes. Moreover, it is also an investment for knowledge.

Griliches (1998) studied the productivity growth and R&D in the 1970s.
Griliches suggested that, in the total factor productivity, R&D expenditure, or R&D
investment, has a significant positive effect on the growth rate. The rise and fall of the
growth in GDP per capita tends to have the same trend as the growth in labor

productivity (Koenig, 2000).



Fac. of Grad. Studies, Mahidol Univ. M.B.A. (Business Modeling and Analysis) / 7

Percent per year

357
B GOP per capita

3 5 - Praductivity

2.5

1949-73 1974-79 1980-95 1996-9%

Figure 2.1: Productivity Growth VS GDP PPP Sources: Koenig, 2000.

According to OECD, R&D accounted for 2.3% of GDP for the OECD in
2007. Finland, Sweden, Japan, and Korea were the only OECD countries that the
R&D to GDP ratio exceeded 3%. For China, the growth in R&D spending has been
growing faster than GDP; R&D spending has exceeded 20% per year since 2000
(increased from 0.9% in 2000 to 1.4% in 2007).

Australian expenditure on R&D, between mid-1970s and early-2000s,
shows the upward-trend line throughout the whole time period. The real gross
expenditure on R&D has expanded more than threefold since the mid-1970s (Shanks

and Zheng 2006). These raised a point about the important of R&D expenditure.
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Figure 2.2: Real gross expenditure on R&D and R&D intensity, between 1976-77 to
2002-03
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Data sources: Commission estimates based on ABS (Research and
Experimental Development, All Sector Summary, Australia, Cat. No. 8112.0, various
issues); ABS (Australian System of National Accounts, Cat.No. 5204.0).

Researchers and policymakers have long been interested in R&D because
of its possible impact on economic growth or GDP. There has been several numbers of
studies of R&D expenditure and the effects to the nation (Fraumeni and Okubo 2002,
ABS 2004, Robbins 2006, Edworthy and Wallis 2006). If R&D was treated as an
investment, estimates of output would be higher. ABS (2004) suggested that
Australia’s GDP would lift roughly by 1.5 percent. Moreover, Fraumeni and Okubo
(2002) studied the effect of R&D by treating it as investment rather than current
expenditure. Their analysis showed that, in economic and productivity growth, R&D is
a significant contributor. The lowest contribution of R&D for 1961-2000 is 4 percent
of overall GDP growth rate and the highest is 15 percent. They estimated that the
effects of capitalization, such as R&D, would increase the wealth of U.S. by 2 percent.

Table 2.1 Contribution of return to R&D capital to growth in adjusted GDP alternative
scenarios: Lowest contribution, base case, and highest contribution (as a percent of
GDP growth rate). From Fraumeni and Okubo 2002

Period Lowest Base case Highest
1961-66 4 11 12
1967-73 6 12 14
1974-95 4 10 17
1996-2000 3 9 12
1961-2000 4 11 15

Fraumeni and Okubo (2002) also determine the rate of return to privately

funded R&D using selected eight studies.
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Table 2.2 Estimated rates of return to private R&D. From Fraumeni and Okubo 2002

Social
Source Private Return ~ Return
Sveikauskas (1981) 7-25% 50%
Bernstein and Nadiri (1988) 10-27% 11-111%
Bernstein and Nadiri (1991) 15-28% 20-110%
Nadiri (1993) 20-30% 50%
Mansfield et al. (1997) 25% 56%
Goto and Suzuki (1989) 26% 80%
Terleckyj (1974) 29% 48-79%
Scherer (1982, 1984) 29-43% 67-147%

Table 2.2 is the estimated rates of return to private R&D from the lowest
to the highest private rate-of-return. These percentages of private return reflect the
returns received by the innovator or the one that sponsor the R&D, whereas, the
percentages of social return include the spillover benefits. Private rates of return range
from 20 to 30 percent. For social rates of return, it is higher but it also had a wider
range of 30 percent to 80 percent. However, table 2.2 is weight heavily too much on
industry studies of direct and indirect returns. The estimates are unreliable because
they depend too much on indirect returns to R&D on the amount of complementary
investment (Sveikauskas, 2007). Nevertheless, these studies showed that R&D really
does have positive return to the firms, industries, or social.

According to Battelle Memorial Institute (Battelle, 2010), the world’s
largest independent research and development organization, more than 60 percent of
the global R&D spending came from U.S., Japan, China, and India. This shows that
powerful countries do have concerns in R&D.

For OECD, the changed of gross domestic expenditure on R&D (GERD)
do affect its GDP (figure 2.2). As you can see, the peaks of GERD and GDP lines are

relatively at the same time.
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Figure 2.3: R&D growth over the business cycle, OECD, 1982-2007
Source: OECD iLibrary, http://dx.doi.org/10.1787/742000505178

In the research of Jan Van Hove, the trade-related R&D spillovers have a
significantly positive impact on bilateral exports (Hove, 2008). This shows the

importance of R&D because exports have a direct impact on GDP.


http://dx.doi.org/10.1787/742000505178
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CHAPTER Il

METHODOLOGY
3.1 The Model
log(GDP) = a; + p1log(LF) + B.log(S) + pslog(R&D) + y; (the equation)
Terms definition:
GDP Gross domestic product of each country.
LF Labor participation rate.
R&D Research and development expenditure (rate).
S Gross domestic savings.
Qi Dummy variable (countries).
Mt Dummy variable (years).

This research used the linear regression as a tool to analyze the
relationship between GDP and the selected variables, which included R&D
expenditure rate. There are three types of variables in the model: dependent variables,
independent variables, and dummy variables.

The model in this research is based on thestudy of Wong, Toh, and Ho
(2009) and the R&D Capital Stock model (Griliches and Lichtenberg, 1984).

The selected variables are GDP, labor force, gross saving, and R&D
expenditure rate. This research emphasize on analyzing the effect of R&D

expenditure rate on GDP.


http://en.wikipedia.org/wiki/Consumption_(economics)
http://en.wikipedia.org/wiki/Gross_private_domestic_investment
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Here are the descriptions of each GDP component:

Gross domestic product (GDP) is a measure of the market value for all of
the goods and services produced in a country in a specific time period, generally per
annum. It is one of the indicators that used to measure the well-being of a country’s
economy. GDP is usually a comparison to the previous time. For example, if the
year-to-year GDP is up 1%, it means that the economy has increased by 1% from the
last year. The variable used in STATA will be GDP (constant 2000 US$).

Labor force (LF), is a nation’s combined workforce. Normally, labor force
contains both employed and unemployed workforce. In this experiment, it only
contains employed workforce. The labor force is the labor participation rate. The unit
is percentage of total population workforce with age of 15 and above. This unit means
the legal workforce.

Gross domestic savings (S), are income not spent. Putting money in a bank
or pension plan is one of many methods for saving. It is to save for the future. Saving
and investing are closely related. By not using income to buy goods and services, it
provides resources for investment. Investment is to put money for goods or services to
be used for future production. For GDP, investment could be business investment, for
example, in equipment and does not includeexchanges of existing assets.However,
saving does not always link to increase investment. If savings were not planned
wisely, it will be devalued according to the inflation. The most common way of saving
would be depositing the money into a financial intermediary like a bank. The variable
used in STATA will be gross domestic savings (% of GDP).

Research and Development costs (R&D costs) are the costs a company
incurs in process of developing and introducing new products (goods and services) to
market. In this experiment, these costs are considered as investments and will be put
as one of the independent variables for calculating GDP. It is the one we are focusing
on to the effect it caused to GDP. By looking at the results, we could determine
whether increasing the R&D expenditure rate is useful to increase the nation’s GDP or
not. The variable used in STATA will be research and development expenditure (% of
GDP).
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Dummy variables, a and vy, also known as an indicator variable, will take
the values of 0 or 1 to verify the presence of the data set in a categorical variable way.
In this experiment, the dummy variable will be the country and the year.

The program STATA 11 will be used in order to get the linear regression.
The coefficient (Beta, B) of each variable will be present along with their t-value and
p-value, as well as the r-squared. The final results will be concluded via the results
table from STATA.

3.2 The Command

The command used in the experiment was not ‘regress’ but ‘xtreg’. What
is xtregand how is it differingfrom regression?In STATA, xtreg function is to fit
regression models to the panel data (multi-dimensional data). In particular, xtreg with
the ‘fe’ option, it uses fixed-effects within regression estimator. The fixed variables
are countries and years.

In fixed-effects, there will be three r-squared; within, between, and overall.
R-squared ‘within’ is the r-squared from the mean-deviated regression; ordinary r-
squared. R-squared ‘between’ is the r-squared computes by fitted values using the
fixed-effects parameter vector and the within-individual means of the independent
variables. Then calculates the r-squared as the squared correlation between those
predicted values and the within-individual means of the original y variable. R-squared
‘overall’ computes fitted values using the fixed-effects parameter vector and the
original, untransformed independent variables. Then calculates the r-squared as the
squared correlation between those predicted values and the original, untransformed y

variable.

3.3 Data

The dependent variable and independent variables that wereused in this
experiment arethe data set from World Development Indicators (WDI), merge 5.

World Development Indicators (WDI) is the World Bank’s most popular dataset used
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in economic statistic. The WDI includes data over one-thousand indicators spanning
from 1950 to 2010. In this experiment, only nine variables were selected to be used in
the equation to calculate for linear regression. The name and summary of the chosen
variables can be found on Table 4.1. In Table 4.1, the range year is from 1950 to 2010
but the range used in this experiment is only between 1996 and 2006.

The tools used to calculate the data in this research is STATA program
version 11. Other data were found via internet. Google website search-engine was

used as a tool for collecting data.
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CHAPTER IV

RESULTS AND ANALYSIS

4.1 Descriptive statistics

This section will present the summary of the selected data variables, as
well as, the finding of the experiment. Table 4.1 exhibits the label of the four variables
used in the equation to calculate for the linear regression. Table 4.2 shows the
regression coefficients, standard errors, t-values, p-values, and 95% confident intervals
of all the independent variables.

Table 4.1 also illustrates the summary statistics of the variables used in the
equation to estimate the linear regression. There are four variables in table 4.1. The
table presents the variables’ name, number of observations, standard deviation,
minimum value, mean value, and maximum value of each variable. All the variables in
table 4.1 have the minimum and maximum range in the positive area, except for gross
domestic savings. However, the mean of gross domestic savings is in the positive area.
The range year of the dataset is 1950 to 2010. Nevertheless, the actual range year of
the data used in this experiment is 1996 to 2006, only.
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4.2.1 Table Analyzing

Based on equation in the previous chapter, Table 4.2 provides the
regression results from including R&D expenditure rate as a part to calculate GDP
during the year 1950 to year 2010, Table 4.2 is the result from using STATA program
to calculate. The R-square of the equation is at 84.45%. This statistical measurement
shows that the regression line is well fit for the real data points. It is very close to 1. It
tells that the model is likely to be able to predict the future out come by 84.45 percent.
Considering t-stat at 95% confidence interval, the results show that the t-stats of all
regression coefficients (betas) of the variables (excluding dummy variables), except
for labor force, are found to be significant (more than 3 or less than -3). To ensure the
significant, their p-values are also present in the table, which are very low p-values
(0.000). This shows that gross domestic savings and R&D expenditure rate are
significant at 5% level. As for labor force, the t-stat of its beta is not significant. To
confirm the significant, its p-value was examined. The p-value of labor force’s beta is
at 0.078. It can be said that the beta of labor force is significant at 10% level.

T-stat and p-values give the firm sure that these variables are significant to
the GDP. Moreover, the regression coefficient of log R&D expenditure rate is in a
positive relationship. In addition, the 95% confidence interval of R&D expenditure
rate’s regression coefficient is in a positive zone. This means that with two standard
deviation from the mean, the effect of R&D will be in positive range, it will always
give an addition to the GDP. This also goes for gross domestic savings. However, it
cannot be applied for labor force. The 95% confidence interval for labor force is
between -0.0107094 and 0.1989262.

The logarithm is used in this experiment. The logs were applied to both
dependent variable and independent variables. This makes it easy to interpret the
meaning of the regression coefficient.

The regression coefficient of labor force is 0.0941084. It is in a positive
form. Therefore, if there is an increase in labor force by 1 percent, the nation’s GDP
will also increase by 0.0941084 percent. This suggests that, the higher the labor force,
the higher the nation’s GDP will be.

The regression coefficient of gross domestic savings is 0.121296. The

number looks really small, but if you really look into the mean, it is not that small. The
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meaning of the result is that if gross domestic savings increased by 1 percent, the
nation’s GDP will be increased by 0.121296 percent. Some article suggested that if
people increased their portion of savings, the GDP will be decreased. The result in this
experiment recommend otherwise.

Lastly, but the most important in this experiment, the regression
coefficient of research and development is also a positive value. Its beta is 0.0563679.
The number looks small with the same reason as the beta of savings. Therefore, the
meaning of the result is that if R&D expenditure rate increased by 1 percent, the
nation’s GDP will be increased by 0.0563679 percent. This suggests that R&D

expenditure rate is a significant variable that will help in increasing the nation’s GDP.

4.2.2 Comparing with Other Articles

The positive regression coefficient of R&D expenditure rate in this
experiment supports the studies of Griliches (1998), Koenig (2000), Fraumeni and
Okubo (2002), ABS (2004), Robbins (2006), and Edworthy and Wallis (2006) that
R&D expenditure has a significant positive effect on the growth rate or GDP.

Using the information from table 4.2, if the R&D expenditure rate is
increased, the nation’s GDP will also increase.For example, Thailand’s R&D
expenditure rate in 2003 increased from 2002 by 0.01788794%. If R&D expenditure
ratewas included in calculating for GDP, Thailand’s GDP in 2003 should be higher by
0.0001%. The number is so small because Thailand spent only small number on R&D.
However, this number support what Fraumeni and Okubo (2002) and ABS (2004) had
stated. ABS (2004) suggested that Australia’s GDP would lift roughly by 1.5 percent,
as well as, the studied of Fraumeni and Okubo (2002) show that it would increase the

wealth of U.S. by 2 percent.
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CHAPTER V

CONCLUSION

The purpose of conducting this experiment was to show the importance of
research and development and its effect on economic growth in terms of GDP during
the period of year 1950 to year 2010, by including the R&D variable into the equation
when calculating for GDP. The two main objectives in this research was to examine
any significant effect of R&D expenditure rate on the country’s GDP and to indicate
whether increasing or decreasing the R&D expenditure rate will be beneficial on
improving the GDP in overall. The objectives have been examined and analyzed.

From the analytical results, table 4.2, research and development
expenditure (in term of percentage of GDP) shows that its regression coefficient
contained a positive relationship to GDP and it was significant for both t-value and p-
value. Moreover, its 95% confidence interval was in the positive range. This indicated
that, by all means, increasing in R&D expenditure rate will only result as gaining
benefit. Here is the linear equation for GDP that include the R&D expenditure rate:

log(GDP) = 21.13615 + 0.0941084log(LF)+ 0.121296 log(S) +
0.0563679 log(R&D)

The findings in this experiment confirmed the significant of R&D
expenditure rate upon the growth of a country’s GDP. By looking into the beta of
R&D expenditure rate, if R&D expenditure rate is increased by 1 percent, the nation’s
GDP will be increased by 0.0563679 percent. However, do always remember that this
number is not always straight forward. The reason was that there still has an effect of
R&D spill over to the neighbor countries or even across all over the world. The
concept of R&D spill over will be a positive relationship to everyone, if and only if,

we all share for the benefits. Moreover, Thailand should spend more on R&D.
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Because the amount spent on R&D has a direct affect to how much the GDP will be
increased.

In conclusion, R&D expenditure may seem to be a cost rather than an
investment, but increasing in R&D expenditure rate does proved to help on improving
the nation’s GDP. It would be a good idea to increase Thailand’s R&D expenditure

rate to improve the GDP.
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FUTURE STUDY

Many forms of R&D have little economic value and do not contribute to
growth. How will this affect the result if there is large number of R&D that does not
contribute to GDP? Will it change the result from this research? Moreover, many

firms would just only take and not contribute to the GDP. Will this trend happen?
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