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Abstract
This paper aims to examine the impact of R&D activities on the economic growth of China.  Taking China as the research target is that its total GDP has exceeded the US in 2020 because of intensive automation in both domestic manufacturing and service sectors.  China’s innovation includes import of high-tech equipment, building in-house research laboratories in domestic and overseas cities in the world, and providing massive technical training and science programmes in educational institutes.  As a result, technological advancement helps to increase productivity, operating efficiency, public transportation networks, information and communication networks and living standard of the Chinese economy.  China’s R&D investment reached a record high of RMB2.78 trillion in 2021.  In GII report 2021, China is ranked at the top in “High-tech exports, % of trade”, “Industrial design by origin” and “Creative goods exports, % of total trade”.  However, China is given zero or low score on the item of “Joint venture / strategic alliance”, “Online creativity”, “Entertainment and media market” and “Ecological sustainability”.   These low-score items do not really have significant negative impacts on the amount of GDP.  Empirical research is conducted to find out the relationship between R&D and GDP in China.  The Grange Causality test reveals that China’s GDP is affected by R&D spent within previous two to three years.   For every 1% increase in R&D expenditure, it is estimated a 0.7% increase in GDP.    
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I.  Introduction
      This paper aims to examine the impact of R&D activities on the economic growth of China.  Since joining WTO (World Trade Organization) in 2020, the increasing exports and domestic demands make China aware the needs of raising productivity, automation is a quick method to achieve this, such as technology transfer from inward foreign investors and import modern equipment from advanced countries.  Upgrading not only occurred on manufacturing but accompanied by building transportation infrastructure by the Chinese government.   The local people also demand modern home electrical appliance.  Huge demand induce innovation by local investment in R&D, import more electrical machinery, provide technological and science programmes in the local education institutes etc.
        After reviewing a number of definition given by scholars, Wikipedia gives definition of innovation as “the practical implementation of ideas that result in the introduction of new goods or services or improvement in offering goods or services”.   
       Innovation is a strategy determined by top management to increase efficiency and company reputation.  Process innovation contributes significantly to improving the efficiency of a firm’s operation.  For examples, a supply chain system would be much helpful to scheduling of delivery and achieve better cooperation between customers, suppliers and delivery teams.   The inventory management system will help to avoid slowing moving and stock out.   The customer management system helps to collect personal data of individual customers.   However, protection of data has become the top priority of most big companies. 
       China is not the first mover so far but a fast mover in innovation.  Innovation is not the same as invention.  Innovation is more apt to involve the practical implementation of an invention to make a meaningful impact in a market or society (Schumpeter, 1939),  Today, environmental protection has become an important mission all over the world.   The investment in the research of reducing carbon dioxide emissions is increasing at an average growth rate of 1.48% during 2009 to 2019 in the world, reported by Global Innovation Tracker (Global Innovation Index Report 2021)
        Henderson and Clark (1990) suggested architectural innovation: developing the technology and organizational systems for existing product reconfiguration and failure of established firms.  They divide innovations into four types based on the degree of creativity and improvement: radical, incremental, architectural, and modular innovation.   Cambridge dictionary indicates innovation as a new idea, design, or method is used for product innovation, financial, organizational and technological process.
         Anderson, Potocnik and Zhou. (2014) emphasize on both creativity and innovation in organizations: “Creativity and innovation at work are the process, outcomes, and products of attempts to develop and introduce new and improved ways of doing things.  The creativity state of this process refers to idea generation, and innovation to subsequent stage of implementing ideas toward better procedures, practices, or products” 
        This paper consists of five sections to discuss innovation and economic growth of China.  In addition to the above description to innovation, Section II will introduce economic developments in China, Section III the literature review, Section IV research methodology and Section V analysis of empirical results, discussion and suggest for further research.

II.  Economic developments in China
        Innovation seems to be a political strategy adopted by the Chinese government to solve high demands arising from high populations of 1.45 billion in 2020s.  Therefore, China needs automation to achieve mass production at low costs to meet the domestic demands in electrical home appliance, personal computer, mobile phone, housing and food, etc. After joining WTO (World Trade Organization) in 2000, more export-oriented foreign enterprises build manufacturing plants in China and shifts their production there that causes Chinese increase exports of electrical and electronic products under the foreign brand names.   
      China is a country located in East Asia with an area of 9596960 square kilometres. Therefore, in addition to innovation in industrial products, transportation infrastructure must be built to raise delivery efficiency.   Transportation networks have always been regarded as an important element to promote regional innovation, accelerates factor flows and productivity spill-overs (Zou, et al. 2021).  Zou finds that the local innovation value would increase by 0.12% with every 1% increase in transport efficiency.  Furthermore, urban innovation will also benefit the surrounding cities significantly.  They studied the new proposal initiated by the State Council of China issued in February 2021 about building a national integrated multidimensional transportation network during 2021-2050 and expect the transportation infrastructure can reduce transportation costs and improve spatial accessibility, leading to the free flow of innovation elements and cross-regional innovation spill-over. All these would help to achieve high-quality innovation development in the related cities.  
    
2.1  Technological development in China
        Global Innovation Index (GII 2021) ranked China’s domestic market scale and diversification at the top of the world in 2020.  Today, China has gained reputations in supply of industrial products offered at acceptable price to the community, it also invest heavily in Internets, big data collection and telecommunication system. 
        China Intellectual Property Organization announced a report about China’ the top privately-owned enterprises that spent the most in R&D and owned the most patents right.  The top three technological industries that attracted most R&D in China 2021 includes (i) manufacture of computers, telecommunication and electronic devices; (ii) Internets and related service; (iii) manufacture of machinery and equipment.   The three technological products have become very popular in the global market.
        Table 1 shows the top ten enterprises of high R&D expenditure in 2021, whereas six out of ten companies are engaged in Internet and its service, two in manufacture of computer and communications devices, one in automobile and one in electrical equipment.  This information reveals China focus on information and communication technology (ICT) but ignores health-care and pharmaceutical products.
   
Table 1: Top Ten Enterprises of High R&D Spendings in 2021
	Technological Fields
	Company Names

	Manufacture of computers, communication devices, electronic device
	Huawei, Lenovo

	Internet and related service
	Alibaba, Tencent, Baidu, Jingdong, Meituen, NetEase

	Automobile
	Geely

	Manufacture of electrical machinery and equipment
	Midea


Source: chinamagazine.com/en/news-show.asp?id=12226

2.2  Discuss China’s Ranking under Global Innovation Index (GII)
        China is ranked the 12th in 2020 under GII.  Let’s introduce GII’s measurement principles and criteria that helps us understand more the meaning of innovation. 
        WIPO (World Intellectual Property Organization), a self-fund agency established in Switzerland by the UN in 1967, it takes another perspective to study R&D and innovation.  They measure not only from the amount of R&D spent, but also the use of funds and research results. In other words, they concern R&D output and measure innovation ecosystem performance of various countries, and identify their strength, weakness and innovation gaps.  
        WIPO produces Global Innovation Index (GII) whose measure criteria is quite comprehensive.   UN’s World Investment Report provides R&D input data (expenditure) only while WIPO measures outputs which are classified into seven categories:  institutions, human capital and research, infrastructure, market sophistication, business sophistication, knowledge and technology outputs, and creative outputs.  Table 2 shows some of the good performers of upper income group.  China is the only one from Lower-middle income.   At the same time, India, Kenya and Viet Nam are classified as innovation overperformers in the Lower-middle income group.  In other words, WIPO appreciates countries trying their best to achieve more output from limited resources.   For examples, Viet Nam are considered performing better in Market and Business Sophistication in the Lower-middle income group.  Viet Nam is getting more FDI inflow and learn from the foreign investors in the domestic market, while the Chinese government encourages going out and learn the advanced technology from overseas research centres. 
        WIPO concerns environment of the earth. It finds that the expenditure on technological progress in renewable energy decreases in the short term as most companies put more efforts on the technology of producing microchip during 2018 to 2019. WIPO also concern impact of innovations on socioeconomic.  The labour productivity increases 4% per year in the short term and the carbon dioxide emissions also increase quickly to 1.48% per year during 2009 to 2019.  

Table 2 GII 2021 rankings
	GII Rank
2021
	Economy
	Score

	1
	Switzerland
	65.5

	2
	Sweden
	63.1

	3
	US
	61.3

	4
	UK
	59.8

	5
	Republic of Korea
	59.3

	8
	Singapore
	57.8

	10
	Germany
	57.3

	12
	China
	54.8

	13
	Japan
	54.5

	14
	HK, China
	53.7


Source: GII 2021 Economy profiles
        
         Let’s compare China to the top two innovators, Switzerland, and the US. to find out the characteristics that can explain their difference in innovation.  
       
Compare China’s innovation to Switzerland
        The innovation score of Switzerland is 65.5, 16% higher than that of China.  Switzerland’s GDP per capita is US$68,340 per year while China is US$17,206 in 2020.  Lower population and high living standard may cause Switzerland’s higher GDP per capita. However, China got lower scores in ecological sustainability, political and regulatory environments, and online creativity.  Hence, both countries have a high proportion of output / input that represents efficiency.
       It may not be compatible to compare between China and Switzerland.  Switzerland’s ecosystems can be quite fragile especially climate change and snow avalanche.   Switzerland is a well-off society that supports them to invest a lot to safeguarding the natural environment and public health.   On the other hand, the Chinese government takes responsibility to a high population especially some of them live in remote villages with difficult situations.   Therefore, investments to raise productivity, transportation infrastructure and living standard become the priority of the Chinese government 

Compare China’s innovation to the US
        The innovation score of China is 6.5 lower than that of the US. China’s total GDP is US24,162 billion, 16% higher than that of the US.  However, high population makes China’s GDP per capita less than one-third of the US. Similarly.  China got lower scores in political, regulatory, and business environments.   The difference in social and political environments make the US perform much better in the areas of business financing, global brand name value, entertainment and media marketing, and online creativity.  On the other hand, China performs better in education (maths and science), general infrastructure, domestic market scale, high-tech export (% of total value), and trademark by origin. 
       The sanctions imposed by the US government on the trading of electronic products and equipment between American and Chinese corporations would be the obstacle to China seeking innovation collaboration from overseas countries.   

2.3  China’s innovation achievements 

        China is not the first mover but is a fast mover in innovation.  Technological development has become the top priority supported by the Chinese government for the last few decades.  The following information are collected from GII report 2021, Euro Commission and World Bank.  
· There are more than 1 billion Internet users in China in January 2022, with a penetration rate of 70%.  China’s e-commerce attracts customers all over the world and get more than 50% of the global transaction value.    However, the pandemic has affected international cargo shipments that undermine China’s e-commerce.
· China is the most active investors in digital and ecosystems in the world, mainly engaged in telecommunication, artificial intellectual (AI), and big data analytics.
· China is ranked the top one in “High-tech exports, % total trade”, “Industrial design by origin”, and “Creative goods exports, % of total trade” (GII report, 2021). 
· China’s R&D investment in 2021 is estimated reaching a record high of RMB2.78 trillion, 14% increase comparing to previous year, whereas lots of countries have cut their budgets on R&D. 
· International patent filings: China reached a 16% growth comparing to the world’s average 3.5% in 2020.  The Republic of Korea and the US maintains growth, whereas Japan and most European economies’ registration of patent decline.  China was ranked the top one in “Patents by origin” in 2020.

2.4    Weakness of China’s innovation

        China focused on R&D-based technological product / service innovation, mostly in manufacturing in the early stage and extend to digital and electronic productions in recent years.  Innovation of this nature is executed by highly educated skilled workers in R&D-tense companies.   However, this process leading to such innovation was conceptualized as closed, internal and localized. (GII report, 2021).  
· China is given zero score on the item of “GERD financed by abroad, % GDP”, and “Joint venture / strategic alliance” by WIPO.  
· China’s score on “Online creativity” was 4.3, lower than Switzerland’s 66.3 in the GII report 2021. 
· As to the item “Entertainment and media market”, China’s score was 10.4, much lower than US’s 100 and Switzerland’s 97.
· The pandemic and high demands for vaccines lead innovators put efforts on the health-care sector since 2020.  Medical technology, pharmaceuticals and biotechnology have become the most dynamic technology fields.  This industry is the strength of Switzerland and the US.  The Chinese government has offered some tax incentives to encourage biotechnology but still need further improvement in this area.  China has not built reputation of pharmaceutical products in overseas markets because of strict regulations.  Low export opportunity may be the reason that the private-owned enterprise does not put much effort in this area.
  
III.  Literature Review

3.1  Literature review on R&D and innovation
        Globalization and new technologies give challenges for management (Walicka and Prystrom, 2015).  There are different kinds of innovation for commerce, including product innovation, process innovation, marketing innovation, and organizational innovation, etc.  Product innovation is the key to success for pharmaceutical, technological, and branded products.   It is found (Kieveu, et al.,2019) that process and organizational innovations have significant effect on competitiveness in the SME in Kenya.  Therefore, their study recommends the implementation of innovation with high novelty by SMEs to increase their competitiveness.  SME can form linkages and cooperate in innovation with knowledge generating institutions.  McAdam and Keogh (2004) investigate SMEs’ movement from tradition to creativity and finds that the managers must use an eclectic approach during the change.
      Innovation has long been recognized as a crucial source of competitive advantage and a key driver of success when facing fierce global competition.  However, this competitive advantage is diminishing when every company, either big or small, can get the IT systems from the market. (Chae et al. 2014). 
         Cui and Zhou (2022) study how to break through and exceed competitors under the comprehensive use of process and information systems.  They found that R&D project will reach its target quicker if there is an integrated enterprise system exist in the organization which is led by a transformation leader under a culture of creativity.  In addition, if the research expert can access to update information from marketing and manufacturing, the enterprise will exceed its competitors by launching new products more quickly to the markets and gain reputation and price premium.   
        Birchall et al., (2011) studied employees’ innovative behaviour on a group of design engineers in a multinational company.  They find creativity-relevant skills and environmental support are positively related idea generation but not to idea implementation.  

3.2  Literature review on R&D and innovation in China

        China’s economy has gradually shifted from extensive growth to intensive, entering a new stage of high-quality development (Zhang, Hu, and Zhang, 2020).   China’s innovation reform not only play a leading role in independent innovation but also contributes to China’s economic and social development.  In other words, independent innovation supports China pursue high-quality economic development. (Zhou, et al., 2019)  
        Du, Tian and Wang (2022) investigated independent innovation incentive mechanism offered by National Independent Innovation Demonstration Zone of China (Demo Zone).  Enterprises are classified into two types: high-tech and general, the high-tech enterprise tends to adopt independent innovation but general enterprise opts to intimate innovation, the selection of strategy (independent or intimate innovation) depends on the incentive regulations offered by Demo Zone and the benefits generated to individual enterprises.  Du found that innovation cost, technology spill-over coefficient and patent royalty significantly affect the strategy selection.  High-tech enterprises have already processed strong independent innovation capability, gained bigger market share and social reputation.  However, they may turn to imitate innovation if the innovation cost and risk are high.  On the other hand, general enterprises are relatively lack of capital and technological experts and tend to benefit from benchmarking (Tong, Liu & Lin, 2018). Some start-up enterprises adopt a free-riding behaviour (Ding, Fu & Guo, 2021).  Some SME will choose improvement by learning from other, such as purchasing core technology or by illegal methods.  Therefore, Du suggests Demo Zone should set up incentive regulations and punitive measures at the same time.  He thinks higher financial subsidy has higher impacts on the high-tech enterprise while heavier punishments have higher impact on the general enterprise. It is suggested direct financial support to general enterprises can stimulate their willingness for independent innovation.

IV.  Research Methodology

4.1  Background of research

      There are various types of innovation namely process innovation, organizational innovation, customer management innovation and marketing innovation, etc.  One or more systems can improve an organization’s performance step by step.  Therefore, the collective improvement of business in the whole economy will increase the economic growth that is measured in terms of GDP.  The impact of R&D depends on the application of technology plus the support of environmental factors.  Political de-globalization and a focus on national interest in science and technology may threaten the benefit in the future.   International cooperation is necessary (Dachs and Zahradnik, 2022) but this is the current problem encountered by China.

4.2  Research model

Diagram 1: From R&D to GDP Path
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Explanation to Diagram 1
        Diagram 1 shows the path starting from R&D proposals to the whole economy.
R&D projects: Most companies would like to do in-house R&D for product innovation for confidential reason.  If the enterprise has already installed operational systems, for instances, supply chain system, marketing system, HRM system, and accounting information system, it would be helpful to develop new products.  It is not easy for a company to finance R&D activities by borrowing from financial institutions.  Only attractive projects can attract external funds, this is important for the start-up operated by some young scientists.  Hence, if the government policies are in favour to R&D, for examples, direct subsidies to higher educational and professional institutes, tax incentives to private enterprises, guarantee to R&D loan raised by private enterprises, etc.   
Bought-in technology: The emerging countries tend to buy high-tech equipment and operational systems from advanced countries.  Benchmarking is a shortcut to learn from others.  In fact, the Chinese government plays a leading role in innovation in the past few decades. 
Outputs from R&D: There are two types of outputs: the innovated products and the knowledge developed during the process of R&D.  The innovated products, either physical, digital, or new ways of operation would help to generate more profit as well as raise reputation of the enterprise.  The knowledge will help continuous improvement that a company has capacities to learn and apply new skills consistently, continually, systematically, and dynamically.  (Huang et al., 2011)  
GDP of an economy: The output from R&D would also spread out to whole economy and improve living standards and technological level.  The upgrade of the whole community is usually measured in terms of GDP.   More important, the theory or knowledge developed from the R&D would help to achieve further improvement.  Continuous improvement is particularly for sustainable development. 
      
4.3  Research hypothesis

        What is the degree of impact of R&D expenditure on China’s GDP growth?

4.4  Research objective

         The Chinese government has integrated full efforts to increase its technological levels of the whole economy, including
· Research grants and tax incentives to local education institutes, state-owned and private enterprises.
· Attract inward foreign direct investment (inward FDI) for technology transfer.
· Encourage Chinese-based enterprise going out (outward FDI) and build research centres in advanced cities.
· Raise country-wide educational levels and encourage overseas study.
· Import high-tech equipment and technological system.
         This paper aims to examine the impacts of R&D on economic growth of China after the Chinese government and the high-tech enterprises put full efforts in promoting innovation.

4.5  Data Collection

· Source of data: National Bureau of Statistics, WIPO’s GII report, US’s World Investment Report, World Bank, OECD.
· Period observed:  1999 to 2020, yearly data
· Dependent variables:  GDP total, GDP per capita
· Independent variables: R&D expenditure 
· Data Analyses – Times Series
· Software: Eviews11

4.6  Statistical Procedure

The statistical analysis is planned as follows:
(a) Unit root test: the purpose of this test is to check the stationery of raw data
(b) Find out Covariance between dependent variables and independent variables.
(c) Proceed Granger Causality Test between dependent variables and independent variables.  The research will try to find out the time lag of independent variables’ influence on dependent variables.  In other words, today’s GDP could be caused by R&D spent in more than one previous year.

V.  Empirical results

5.1  Statistical Tests

(a) Unit root test: Three groups of time series are tests: China’s annual R&D expenditure (R%D), annual GDP (GDP), GDP per capita.   All the raw data are converted into logarithm for conducting data analytics.
LogGDP is found stationery, LogGDP at 1st level difference and LogGDP per capita at 2nd level difference are stationery.  Only the group that has got pass stationery test will be used for data analytics.
(b) Covariance test:  Covariance is a measure of the joint variability of two random variables.  The result is between +1 and -1.  
The covariance is 0.78 between LogR&D and LogGDP.  The covariance is 0.76 between LogR&D and LogGDP per capita.  Both of GDP (total) and GDP per capita have high relations with R&D.  We will build economic models if the group of data are highly related to each other. 
        Figure 1a shows the growth of R&D is higher than that of GDP per capita.  It may be due to the increase in population higher than the increase in total GDP.  The GDP per capita dropped sharply in 2020 because of pandemic.
	Figure 1a Trends of R&D growth and GDP per Capita growth





	Figure 2a Trend of China’s GDP (RMB) 2000-2020


	Figure 2b Trend of China’s R&D (RMB) 2000-2020


	Figure 2c Compare Growth Rates of China’s GDP and R&D 2000-2020





      Figure 2a shows the annual GDP increased steadily during 2000 to 2020.  At the same time, China increases investment in R&D but lower than GDP growth rate.  Although China GDP growth rate dropped to 2.2% in 2020, much lower than its previous year’s 6%.  China increased investments in R&D to maintain its technological advancement.

(c) Granger Causality test:  The Granger Causality test is a statistical hypothesis test for determining whether one group of data is useful in forecasting another. 
        The test result shows that China’s GDP is granger caused by R&D within three years.  In other word, today’s GDP is affected by R&D expenditure spent two to three years ago.  However, R&D expenditure is not affected by the amount of GDP. 

(d) Economic model:  Based on the results, we find out that for every 1% increase in R&D expenditure, there will be a 0.7% increase in GDP. The formula is shown below:
          LogGDP = 6.17 + 0.7 x LogR&D

(e.) Findings
        The research reflects the possibility of increasing China’s GDP (amount) by increasing R&D expenditure. The impact is 0.7% on GDP resulting from 1% increase in R&D.  Industrial leaders need to maintain continuous investment in in-house R&D if they want to exceed and generate price premium.  SME and market followers can try to catch up the trend of popular products and services by benchmarking to the market leaders, Therefore, they take lower risk of failure by intimate innovation. 

VI  Discussion
Is it necessary to do in-house R&D to upgrade operation and information systems?
(i) Big industrial leaders
         Yes, the market leader engaged in manufacturing sector needs to do in-house R&D for product innovation. Alternatively, it can assign the project to a professional or education institute.  As to process innovation to improve efficiency, the big manufacturer can buy the ready-made transaction system and accounting software from IT suppliers.  However, they may need to ask for external consultation to build the customer and marketing systems to meet their specific requirements.
(ii) Big market followers
        Market followers should conduct intimate innovation for maintaining competition and reputation.   They can learn from the cutting-edge products offered by the market leader and modify it by in-house R&D to avoid infringement.    
(iii) Small- and medium-sized enterprises (SME)
       It is not necessary for SME to build in-house R&D.  The high-tech products / systems developed by professional IT enterprises are available for sale in the market.  SME can buy the ready-made systems and ask for adjustments to meet their requirement. 
        “Innovation activities need to address high degree of variation and uncertainty.  Innovation initiatives involve risk-taking and not all of these will result in innovation”.  (ISO 56002, 2019).  Therefore, SME can adopt the policy of buying in technology.

      China is a huge market consisted of different size and types of business.  Alibaba, Jingdong, Meituen and Baidu are leaders of eCommerce.  Geely and BYD, leaders of automobile, Midea and Haier, leaders of electrical and home appliances, China Mobile and Lenovo, leaders of telecommunication and electronic devices.  SME enterprises learn from the big brothers and import products.   “Import of technology, import of raw materials, competition, productivity, age and leverage position of the firm positively influence the R&D intensity of the firm.” (Jose, Sharma & Dhanora, 2022)

Limitation of Study and Further Research
        This is a trial to conduct data analytics on R&D and economic growth of China and limit the scope of study to a few variables.  Indeed, there are various aspects of R&D that worth to be investigated, for instances, the impact of R&D tax deduction policy on private enterprises, the leadership and management of R&D activities, the economic factors (interest rate, money supply, etc) influencing spending of R&D, etc.   
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