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Abstract

:

Both technological innovation and foreign direct investment have received widespread attention in the literature on their role in promoting economic growth. Therefore, this study aims to test the relationship between foreign direct investment, technological innovation, and economic growth of the Egyptian economy during the period between 1990–2019 using the autoregressive distributed lag model simultaneous integration test. Our findings show of the ARDL (Autoregressive Distributed Lag) model estimation a joint complementary relationship between the rate of growth of per capita gross domestic product (GDP) in US dollars and the independent variables in the model in the long and short term, which are statistically significant results. We found a positive significant relationship between the variables of incoming foreign direct investment and share of total capital formation in economic growth. Therefore, in the long term, the rate of inflation and the innovation index had a negative impact in the long term and the speed of adjustment towards equilibrium was very large, as it was estimated at 1.5 years (1/0.651). Furthermore, the study also provides valuable lessons and a strategic vision for the Egyptian government, which aspires to advance technology and attract more foreign direct investment.






Keywords:


ARDL model; economic growth; technological innovation; foreign direct investment; the Egyptian economy












1. Introduction


Technological innovation has had an important role in supporting economic growth, creating new job opportunities, and enhancing societal well-being, and also technological innovation has been of interest to most researchers and policy makers for long periods. Interestingly, innovation creates opportunities in developed countries as well as in less developed countries [1,2]. Therefore, the creation of innovative technologies and ideas created by people is fundamental to advancement in all sectors and aspects of human life [3]. Consequently, human resources are responsible for innovation, and it affects it greatly in countries with limited natural resources, or rich countries. The important thing here is how to manage and develop human capital. Despite most people believing that natural resources are the main source of income for any country, there are many countries that do not possess many natural resources but have high economic growth and economic development in all fields; this is due to the interest in human capital in terms of education and training [4]. Hence, human capital refers to the knowledge and skills possessed by manpower that provides potential or actual economic value [5].



Moving forward in the same context, the concept of foreign direct investment has recently evolved to include not only the transfer of money from one country to another, but also a mixture of financial and intangible assets such as technology, management capabilities, skills, marketing, etc. [6,7]. Hence, attracting foreign direct investment is an intermediate goal that economic policy makers in developing countries, work to achieve as an effective means of job creation, technology transfer, and skills improvement. Therefore, this works to correct labor market imbalances and build new productive capacities, in order to achieve the ultimate goals of the economic policies of growth and economic prosperity. Over the last two decades, foreign direct investment (FDI) funds from developing countries have grown at an annual average higher than those from developed countries, and their outward stock has increased more than 15 percent of the world’s outward stock of FDI compared to less than 10 per cent in the 1990s [8,9]. Globally, foreign direct investment plays an important role in transferring the new technology to the host country and accordingly leads to higher productivity and economic growth. Further, this positive spread came mainly from the interaction of the multinational companies with the local suppliers and customers, as well as from the imitation of technology and knowledge from the local manufacturers competing with these companies. As multinational companies will be concerned with protecting their competitive advantage among enterprises in the same industry, in addition, they are also interested in improving the efficiency and product quality of the suppliers they do business with. Consequently, foreign direct investment affects economic growth and development in a direct way by contributing to the formation of total fixed capital, and indirectly through the channels that constitute external influences related to foreign direct investment [10,11].



In general, the influx of foreign direct investment has become a global phenomenon, with many developed and developing countries alike competing for the largest share of this inflow. Economic globalization and the opening of export markets have increased the need to raise the competitiveness of countries to increase their share of exports, and therefore foreign direct investment here plays an important role in narrowing the technological gap between developing and developed countries through technology transfer. It also helps it reach overseas markets as a base for exporting and distributing products abroad. Because of the multiple benefits, developing countries have put in place a number of policies to facilitate the flow of foreign direct investment, such as encouraging investment, facilitating foreign trade procedures, and developing export areas [12,13]. In addition to foreign direct investment, innovation and technological progress are considered in growth theory as major determinants of economic growth. Technological progress stimulates economic growth by creating external factors that compensate for the decrease in capital [14], improving the efficiency of capital in production due to the technical change contained in capital assets, and enhancing the spread of knowledge produced in society, which helps to increase the level of productivity of the economy. We also see technological improvements as a conduit for moving international trade and attracting multinational companies [15], and enhancing competition between domestic and foreign firms [16,17]. Therefore, efforts should be made to ensure the development of human resources and qualifications to support economic growth. On the other hand, inflation rates increased in Egypt as a result of the depreciation of the local currency, the increase in dependence on commodity imports, and thus the widening of the trade balance deficit, which led to a decline in Egypt’s GDP [18]. Here, technological innovation and foreign direct investment play an important role, especially in the development process in Egypt, as they act as a supplement to domestic savings and as an alternative to external borrowing, the consequent burden that drains the returns achieved from production factors. Moreover, the flow of these investments is often accompanied by the transfer of expertise in modern technology management. This contributes to increasing productivity and improving the competitiveness of existing industries, as well as creating new industries, which leads to the creation of more job opportunities and the exploitation of the resources available to the state.



However, considering the positive positions foreign direct investment can play in achieving economic growth, some research findings illustrate the negative effect of FDI inflows on efforts to innovate and the current account deficit. As a result, according to them, FDI is behaving adversely on economic development. Indeed, companies that conduct such investment possess market leverage and are thus able to limit competition and economic growth. From this viewpoint, FDI will create a wasteful distribution of capital due to distortions correlated with government interference in the host nation in the context of price regulation [19]. Similarly, the introduction of foreign direct investment in a state does not really have a positive effect on local enterprises and associated skills. Instead, they could suffer a dramatic decrease in productivity. In particular, we may conclude that the economic literature is pointing to a contentious outcome. In order to explain this correlation, it may be argued that FDI will lead to stronger economic development if a certain level of technological innovation (INV) is reached.



Furthermore, economists differed on the interpretation of the relationship between foreign direct investment and economic growth, as there are those who consider the level of economic growth as the determining factor for foreign direct investment. In addition, the large influx of foreign direct investment inward leads to high economic growth, and the opposite is true, and through this reference is made to several relationships that explain the relationship between foreign direct investment and economic growth [20,21].



From Figure 1 it can be seen that technological progress helps create competition between local companies and branches of foreign companies, thus expanding and spreading technology and transferring skills from branches of foreign companies to local companies, which leads to an increase in productivity of local companies and thus an increase in the rate of economic growth, while foreign trade represents the channel through which foreign direct investment is affected by economic growth in host countries. Therefore, each of them stimulates the other, that is, there is a causal relationship. The presence of export incentives in the host countries may stimulate the flow of foreign direct investment in those countries. Moreover, the presence of foreign direct investment may stimulate more imports to meet its production requirements that have not been produced in the domestic market of the host countries [22].



Perhaps one of the most prominent tools for technology transfer is foreign direct investment, especially since multinational companies are the main source of research and development in the developed world. Their total expenditure on research and development are equivalent to about 80% of the total expenditure allocated for this purpose in all parts of the world. By encouraging multinational companies to invest within them, developing countries hope to generate the indirect effects of transferring the accompanying technology, as the impact of technology associated with foreign direct investment on stimulating economic growth depends on the extent of their contribution to creating returns for local companies, or the so-called positive external effects and the extent of substitution or complementarity between modern technology associated with foreign direct investment and technology applied in local companies in host countries [23]. The positive indirect effects of foreign direct investments in economic growth are realized if these investments are accompanied by external effects that lead to an increase in the productivity of labor and capital in these countries. The positive external effects that accompany foreign direct investment are achieved through four channels.



Competition channel: The competition channel focuses on the fact that the entry of foreign companies into the host countries leads to an increase in competition in the domestic market of these countries. This pushes national companies towards using the existing technology in more efficient ways by modernizing their technological base in accordance with the modern technology applied in the field of production of competing companies.



Imitation channel: This is based on the idea that local companies in the host countries will become more productive by imitating the most advanced technologies or management practices of foreign companies available in these countries. The effects of imitation occur through the transfer of labor from foreign companies to local companies, with workers who have received ample training in the use of modern technology in foreign companies in the host countries.



Training channel: The transfer of technology from the parent company to the branches operating in the host countries is not only embodied in machinery, equipment, and patents, but also involves the transfer of managerial and technical skills and training for work elements from the host country. Rather, the transfer of these skills is not limited to workers in the company itself but extends to workers in local companies that deal with that foreign company. The need for a training channel for human capital increases in the host countries in the event of the introduction of new technology, as the adaptation of technology to local conditions can only come with the presence of a trained and qualified workforce in a way that makes them able to absorb and use this technology. In addition, the competition imposed by the foreign company motivates local companies to train their own workers, in addition to the possibility of benefiting from trained and qualified workers that transfer from foreign companies to national companies [24,25].



Channel links: The technology transfer and dissemination process take place through the front and backlinks that occur between foreign companies and local companies. As for front links, they are established through direct foreign companies’ transactions with clients. These links lead to an increase in the technical progress of local companies. Foreign companies spend on research and development to the extent that it leads to the production of new products, and this matter stimulates local companies wishing to compete to increase their expenditures for research and development. As for backlinks, they are established through foreign companies’ transactions with local companies. These links lead to the transfer of new technology to local companies through foreign companies obtaining their resources, raw materials, and intermediate goods from national suppliers (local companies), as well as the work of multinational companies to provide technical assistance, training, and other information to improve the quality of products and vendors. In the same context, many multinational companies are helping local suppliers to purchase raw materials and intermediate goods and modernize or improve production facilities. Egypt, as a developing country, is working hard towards that, encouraging the flow of more foreign direct capital to obtain foreign capital, and making use of advanced technology and company formation management skills. Foreign companies bring modern technology to motivate local companies wishing to maintain market share and stability in front of companies. Local and foreign companies that are highly competitive can achieve their goals by developing production methods or local simulations. The positive effects through which technology transfer from foreign direct investment takes place take the following forms, as shown in Figure 2.



From the previous figure, it is clear that the research and development activities that accompany foreign direct investment create competition within the host countries, which leads to encouraging local companies to increase their research and development activities. This leads to an increase in the volume of new knowledge and as a result of this, improvement of the quality of the existing products and the production of new products on the one hand and the productivity of the factors of production on the other hand, which leads to achieving high growth rates [26].



Based on the foregoing, the study problem can be raised, represented in the following:



What is the impact of technological innovation and foreign direct investment on economic growth in Egypt?



The two research hypotheses can be formulated as follows:




	
There is a positive significant relationship between foreign direct investment and economic growth in the long and short term for the Egyptian economy.



	
There is a positive significant relationship between technological innovation and economic growth in the long and short term for the Egyptian economy.








The aim of the study was to provide a detailed description of the relationship between foreign direct investment, technological innovation, and economic growth in the Arab Republic of Egypt, in addition to testing that relationship using the autoregressive distributed lag (ARDL) model for simultaneous integration during the period 1990–2019. The findings of this research can be useful in developing a long-term strategy to support sustainable development through knowing which of the independent variables has the most impact on Egyptian economic growth. To answer the above question, we will present the remainder of the paper on the following axes. The first axis will be presenting the literature of previous empirical studies. The second axis is defining the model and the data used. In the third axis, we present the evaluation strategy, and in the fourth the evaluation results. Finally, comes the fifth axis discussing the results of the study.



Our study contributes to the literature in the following ways. Firstly, to our knowledge, this is the first study that finds a systematic relationship between technological innovation, foreign direct investment, and growth in the Egyptian economy. There are many studies that talk about the relationship between technological innovation and economic growth, or studies that talk about the relationship between foreign investment and economic growth. As for our study, it combined technological innovation with foreign direct investment, especially in the Egyptian economy. Second, we document this through the results of the study, so we find the Technological Innovation Index is expected to have a positive effect on countries, while the results were completely different. In the short term, it was not significant in the model, and in the long term, it had a negative impact on the Egyptian economy, which means Egypt needs more of these studies to find out the reasons for the weakness of the economy, like many developing countries.




2. Theoretical Foundation and Review of the Literature


Before defining the main dimensions of the relationship between foreign direct investment and technological innovation and knowing their impact on economic growth, it is important to investigate the results that are most relevant to the concept of foreign direct investment, long-term economic growth, and technological innovation.



The economic literature describes a variety of channels whereby the FDI creates economic growth. Neoclassical growth theory suggests that foreign investment raises the wealth in host nations through multinational companies. This will allow faster growth than would have been possible due to counting on domestic savings. According to the context of the theory of endogenous expansion, technological innovation boosts economic growth by creating externalities that compensate for diminishing returns on capital [14]. The general understanding of MNEs is twofold: first, they play a dominant position in research and development operations and in the generation of emerging innovations, and they have a strong impact on local economies. As a result, their actions have stimulated a wide discussion, making the issue of the domestic implications of their activities one of the most frequent questions raised by field researchers, such as Anwar, S. and S. Sun, (2011), Hassen, S. and O. Anis (2012), and Dunning, J.H. and S.M. Lundan (2008) [27,28,29]. The previous studies were divided into three groups as follows:



First, there is foreign direct investment and its relationship to economic growth. Among the most important studies that focused on this aspect, Richardson’s (1997) study concluded that foreign direct investment had a major role in stimulating economic growth in Southeast Asian countries through its role in increasing the total productivity of the factors of production using the accompanying modern technology, as well as its role in increasing the exports of these countries and the availability of skilled labor in the host countries. The foregoing leads to an increase in economic growth rates by contributing to the growth of productivity and exports in the host countries [30]. However, it is noted that these effects differ according to the characteristics of the industry and the political environment in each host country separately. The same previous effect occurred in terms of the effect of increasing the rate of economic growth in Cameroon due to positive external influences, while Hoekman and Djankov found the same effect as before when applying to Czechoslovakia. Testing the data used from 12 Asian economies during the period from (1987–1997), it was found that the total foreign direct investment flows affect economic growth significantly. As for the classification of the types of flows that entered these economies, it was found that foreign direct investment, only in the manufacturing sector, does have a large and positive impact on economic growth and the characteristics of this effect are the positive contribution to the side effects of foreign direct investments [31]. Moreover, the study by Elkomy et al. (2020) examined the main role of foreign technology in the growth of domestic productivity in Egyptian manufacturing industries during the period 2006 to 2009, and the study concluded that only technologically intensive industries in Egypt have the absorptive capacity to effectively absorb foreign technology [32].



Gui-Diby, S.L.’s (2014) study focused on testing the effect of foreign direct investment on economic growth in 50 African countries using the GMM (Generalized Method of Moments) approach for the period from 1980–2009, and the results of the assessment found that foreign direct investment had a significant impact on economic growth in the African region. During the respective period, she also mentioned that the low level of human resources does not limit the impact of foreign direct investment, and that foreign direct investment was negative during the period 1980–1994 and positive during the period 1995–2009 [33]. In addition, Su, Y., and Z. Liu (2016) focused on the determinants of economic growth, focusing on the role of foreign direct investment and human capital using panel data for some Chinese cities during the period 1991–2010. The results concluded that the rate of growth in per capita GDP is inversely related to the rate of population growth and is positively related to the rate of investment in physical and human capital. Foreign direct investment also has a positive effect on the rate of per capita GDP [34]. The study of S. Dilek, which focused on analyzing the relationship between foreign direct investment and economic growth in Turkey using the VAR (The vector autoregression) model between the period 1980–2013, where foreign direct investment was used as a dependent variable, inflation rate, GDP, share of loans granted to the sector, found a short-term causal relationship between foreign direct investment, inflation, and loans granted to the private sector, and a long-term causal relationship between foreign direct investment and GDP, loans granted to the private sector, and enrollment rate in secondary schools [35]. Topallı, N.’s (2016) study, which aimed to analyze the relationship between foreign direct investment, trade openness, and economic growth in the BRICS countries (Brazil, Russia, India and China) and Turkey during the period 1982–2013 using the unit root simultaneous integration and causation test, found the existence of two-way causation between economic growth and trade openness, and the existence of a two-way causal relationship between foreign direct investment and economic growth [36]. Arısoy, İ.’s (2012) study focused on estimating the contributions of foreign direct investment to economic growth, and if the foreign direct investment was on the overall productivity in Turkey during the period 1960–2005, using econometric methods. The experimental results indicated that foreign direct investment contributes positively to overall productivity and economic growth through capital accumulation and technology transfer [37]. The John Isaac Emmanuel (2016) study examined that relationship in Nigeria during the period 1981–2015 using multiple regression techniques and using the standard analysis program, Gretel. It concluded that foreign direct investment has a positive and significant impact on the gross domestic product. It was also found that the exchange rate has a positive effect, but does not have a significant effect on the GDP [38]. Furthermore, Haque et al. (2017) reached the same results, which is the existence of a positive relationship between foreign direct investment and the gross domestic product in Kuwait, and statistical tools such as correlation, analysis of variance (ANOVA), and regression were used [39].



The study by Habibi, F. (2017) aimed to find out whether foreign direct investment affects economic growth in the Gulf Cooperation Council (GCC) during the period 1980–2014 using the ARDL methodology and concluded that foreign direct investment is one of the main engines of economic growth in Iran and the GCC countries. The border test result also indicated a stable long-term relationship between foreign direct investment and gross domestic product (GDP) in Iran and for each country in the Gulf Cooperation Council. The results of the Granger causality test also indicated a two-way causal relationship from foreign direct investment to real GDP growth in Qatar, Saudi Arabia, and the United Arab Emirates, and a one-way causal relationship from foreign direct investment to the rate of real GDP in Kuwait and Oman [40]. The study by Mohamed et al. (2017) found a negative relationship between foreign direct investment (FDI) and economic growth. This study examined that relationship in the Somali economy by using detailed sectoral data of foreign direct investment flows to Somalia during the period 1980–2015 using multiple regression to measure the relationship between the independent variable (FDI) and dependent variables (macroeconomic indicators) [41]. The study by Demirsel et al. (2014), aimed to verify the relationship between foreign direct investment and GDP in Turkey during the period 2002–2014 by using the unit root test and the Johansen method of cointegration, the study concluded that there is no long-term relationship between these variables [42]. The same results were reached by a Gerceker (2015) study in Turkey using the same methodology, but during a different period of time (1998–2014) [43].



Second, there are studies of technological innovation and its relationship to economic growth. In the globalization of the global economy, technological differences explain the reason for the difference in economic growth and income inequality between countries. The goal of science and technology is to enable companies and individuals to use more efficient technologies because this leads to lower costs and increased productivity. Among the most important studies that focused on examining the relationship between technological innovation and economic growth, we find E. Saridogan, S. Sener (2011), M. Adak (2015).



M. Adak’s study (2015) focused on the impact of technological progress and innovation on the Turkish economy, as quantitative methods were used to analyze the relationship between technology investments and economic growth. Econometric results showed an impact of advancement and technological innovation in economic growth [44]. The study of E. Saridogan, S. Sener (2011) focused on the implications of technological innovation directed at global competitiveness strategies and the mechanism of economic growth transmission for high-income OECD countries. It was found that countries with a technological innovation wave of global competitiveness strategies have sustainable competitiveness, long-term growth, and the ability to design economic policies’ [45]. Vu, K.M.’s (2013) study focused on realizing a comprehensive measure of the contributions of information and communication technology to the economic growth of Singapore during the period 1990–2008. Three main results were obtained, first, the existence of a strong positive relationship between the intensity of the use of information and communication technology and the growth of value-added productivity and work at the sector level; second, the investment of information and communication technology contributed approximately 1% of the GDP in Singapore during 1990–2008, and its role in driving economic growth became increasingly important over time; and third, the contribution of information and communication technology to the manufacturing sector was noticeable in achieving growth in Singapore but it retreated in light of the challenges of restructuring [46]. The study by Dhrif (2015) aimed to examine the relationship between foreign direct investment, technological innovation, and economic growth using a simultaneous equations model to describe the reciprocal relationship between foreign direct investment, technological innovation, and economic growth of 83 developed and developing countries during the period 1990–2012. It concluded that there is a positive and significant impact of foreign direct investment on economic growth only in middle- and high-income countries, while foreign direct investment in low-income countries does not have a positive impact on these economies. It also concluded that technical advancement plays a significant role in deciding the relationship between foreign direct investment and economic growth [47].



Third, there are studies on foreign direct investment, technological innovation, and economic growth. Foreign direct investment can affect technological innovation in host nations through a variety of mechanisms: backlinks, forward links, competitive impacts, demonstration, effects, impacts on the development of human resources, and the diffusion of information through brains [48].



Backlinks: Multinational corporations (MNCs) will provide locally sourced inputs and services. These links are good opportunities for spillover from multinational corporations. In this case, subsidiaries of multinational companies provide information on international quality standards and can even support local service providers through financial assistance, technology transfer, training, and information and knowledge exchange [49]. Forward links: The subsidiaries of the multinational company sell products to local customers thus leading to a transfer of knowledge (especially in the case of selling capital equipment) by providing training in order to learn to operate and maintain the equipment. The competitive influence of multinational companies often enters local markets and competes with local companies. This can motivate local companies to increase their efforts to improve the technologies that allow them to do so, increasing competitiveness. However, this competitive effect could threaten local firms exiting the market (crowd-out effect). Demo effect: The subsidiaries of multinational companies are distinguished by the high quality of their technology and management practices. Local firms are likely to benefit if they set out to monitor, copy, and adapt these technologies and practices. Impacts on human capital formation: The subsidiaries are linked to national research and education institutions to ensure an adequate supply of human resources. In this case, MNCs provide funding for students and access to new technologies [50]. Moreover, employment opportunities in subsidiaries of multinational companies may encourage students to choose science and technology fields. As long as multinational companies do not absorb all graduates, this may lead to increased availability of skilled labor. Spreading knowledge through employee mobility: Multinational companies are characterized by the use of advanced technologies and the application of modern management practices and their employees learn by practice and receive additional training in order to meet skill requirements. Thanks to labor mobility, knowledge and skills are being disseminated in the host economy [49]. Moreover, former employees can use this knowledge to set up their own businesses, thus enriching the economic structure.



However, the indirect technological fallout that foreign firms generate on domestic firms may be less than expected. In fact, sometimes multinational corporations are not ready to transfer the most advanced technology because they fear losing intellectual property and future competing companies that learn new technologies [51]. From a multinational corporate viewpoint, it would make sense to transfer outdated technology. These older technologies have additional benefits. They are less complicated and require less skilled personnel in the host country, they are less expensive and easier to interpret. The limits to the success of technology transfer from multinationals are also on the host country side. Indeed, the technological capabilities of the recipient firms in developing countries and the skills of their employees often prevent an immediate understanding of advanced technologies [52]. In addition, communication barriers (different languages and methods of individual interaction) may impede effective technology transfer.



In light of these arguments, it is not shocking that despite this, possible benefits of international technology transferring the results of empirical works on the impact of FDI on innovation are mixed. In what follows, we review literature according to three groups of studies: those which find positive effects, those which find negative effects, and those which show a non-linear effect in the relationship between FDI and innovation. In the first group, we reference the Sjoholm (1999) study [53], which indicates that FDI is advantageous to companies in Indonesia. Using data on US manufacturing companies during the period 1987–1996, the Keeler and Yeaple (2009) study showed that the ramifications from foreign multinationals to US firms could explain a large portion of manufacturing productivity growth in the United States [54]. Branstetter’s study (2001) concluded that foreign direct investment encourages the spread of technology through subsidiaries that bring technology from their countries of origin and through multinational companies that facilitate the learning of foreign technologies. In addition, it found positive effects of foreign direct investment on the number of patents in China; data on Japanese foreign direct investment in the United States [55], in the study by Cheung and Lin (2004). In contrast, in the second set of studies, Chen (2007) showed that spillover effects in China are not as important as previously thought. In fact, the effect of FDI on regional innovation capacity is found to be weak: the entry of FDI is not significant in improving domestic innovation capacity. Moreover, FDI inflows can have crowding-out effects on innovation and national R&D activity. Using residents of UK manufacturing companies [56], Aitken and Harrison (1999) also found that foreign participation in a firm’s capital is positively related to productivity only in the case of small firms. However, they did not find indirect effects related to joint ventures of companies without foreign participation with lower productivity due to foreign direct investment, and that was in Venezuela [57]. Regarding the third and final group of studies, it indicates that technology transfer through foreign direct investment needs the absorption capability of host countries. A firm’s absorptive capacity is “the ability to recognize the value of new information, assimilate and apply it for industrial purposes” [52]. Sinani and Klaus (2004) analyzes the relationship between foreign presence and productivity through the host country’s human capital and emphasizes human capital’s catalyst impact of this association. Similarly [23], Yokota and Tomohara (2010) find that the transition of technology through FDI relates to the resources of the professional labor force of host countries [58]. Monasteries and Alegria (2011) investigated the existence of a significant effect of the technological distance between the investing country and the host country, and the ability of the host country to absorb it in the field of technology transfer through FDI [59]. The study by Xu (2000) provided a comparison of the effects of foreign direct investment caused by US multinational corporations on the national productivity level of the host country between developed and developing countries. After performing a longitudinal analysis using data collected from 40 countries from 1966 to 1994 in which multinational corporations were operating in the United States, it found that multinational corporations in the United States contribute to productivity growth in developed countries but not in low-growth countries [60].



After reviewing the previous literature, we found that there are deficiencies in the studies on Egypt in researching the relationship between technological innovation and foreign direct investment and the extent of the contributions of these independent variables to the dependent parameter, which is economic growth. Next, we present the motives for the current research based on the two hypotheses and results of the most relevant literature and we proceed to define experimental methods aimed at finding answers to the fundamental questions of the study.




3. Materials and Methods


3.1. Characterization of the Search Variables


This section identifies the model used for the experimental investigation the role that technological innovation and foreign direct investment play in promoting economic growth and provides a simple description of the dataset used in the pilot investigation.



The dependent variable in the model is economic growth, which is measured by real GDP per capita (RGDPPC). In general, GDP growth characteristics follow an accepted form in the growth literature [61], and the independent variables identified by the literature of experimental growth as strong determinants. In addition to the variables of foreign direct investment and technological innovation, the model includes three other variables, namely inflation to assess macroeconomic stability, and the share of investment in the gross domestic product (INV) as an important determinant of economic growth, which is expected to have a positive impact on economic growth [62,63] and human capital, as studies confirm that the level of education is one of the most important factors for economic growth in the future. As in Table A1.



The model used in the study to estimate the impact of technological innovation and foreign direct investment on economic growth gives the following quotation:


  LNGDPPCt =    β 0     +     β 1  1  NF t    +    β 2   LNINV t    +    β 3   LNFDI t    +    β 4   LNTI t     +     β 5   SCH t    +    ε t   



(1)




where:



Parameters model to be estimated



	
T = Time period.



	
LN: indicates the logarithm.



	
Β0, β1, β2, β3, β4, β5: evaluated coefficients, β0: A constant value that expresses the rate of economic growth that is not related to the independent variables.



	
LNGDPPC: The logarithm of GDP per capita in US dollars for economic growth at time t. INF: The inflation is shown in the model to assess the effect of macroeconomic stability on economic growth at time t.



	
LNTI: the logarithm of technology innovation index at time t;



	
LNINV: the logarithm of the share of gross capital formation in GDP at time t.



	
LNFDI: the logarithm of inward foreign direct investment to GDP at time t:



	
SCH: the average high school years in total population that measures human capital at time t.



	
εt: random variable (remainder) of the estimated regression.






The random variable expresses the effect of other variables that were not included in the model and measurement errors.



This study used time series data covering the period 1990–2019 for the Egyptian economy, and the data were obtained from various sources including the World Bank, UNESCO website, and UNCTAD.



Common cointegration tests such as Engle and Granger (1987), Johansen (1988), and Johansen and Juselius (1990) require that the variables are integral of the same degree: in this case it cannot be performed in the presence of integral variables of different degrees, i.e., (0) I and I (1). Therefore, the autoregressive distributed lag model (ARDL) appeared as the best alternative because it does not require that the estimated variables have the same order integration (along with other features that will be covered). The cointegration test is done using ARDL through Pesaran’s “bound test” method (Pesaran et al., 2001) wherein the autoregressive model, AR(p), and distributed lag model. In this methodology, the time series is a function of slowing down its values and the values of the current explanatory variables and slowing them down by one or more periods [64].




3.2. Appreciation Strategy


In this part, advanced standard methods will be used in time series analysis, especially the methodology of joint cointegration analysis and the models of directed error correction, through a set of statistical tests for time series variables of the study, and these methods are as follows.



3.2.1. Unit Root Tests


All applied studies that use time series data assume that these series are characterized by stability, and in the absence of the stability characteristic, the regression that we obtain between the variables of the time series or between the time series data for each variable is often false. In other words, every variable must take a period of time (called the lagged gap) for its effect to appear in the dependent variable, which is related to psychological, technological, and legal factors. For example, when increasing investment, there must be a period of time for the results of this increase to show in the increase in GDP.



The instability of the time series for the variable is due to its containment of the unit root, and therefore unit root tests must be performed to verify the stability of the time series data for the research variables and the degree of their integration. Although there are several tests for the unit root, we will rely on the following two tests for their accuracy and prevalence:




	
Augmented Dickey–Fuller test (ADF)








In this test, the model equation estimated in its expanded form (with the presence of a circuit breaker and the time direction limit) is:


  Δ Y t   =   a 0   +   a 1 t   +   a 2 Y t − 1   +   ∑   j = 1  p  a j Δ Y t − j +   ε t  



(2)




where:



t: year number, j: time the gap, p: number of lagging gaps or length of gap, Yt: value of the variable to be tested in year t, aj, a2, a1, a0: estimated model parameters, εt: the value of the random error variable per year t.



Given the null hypothesis (a2 > 0) and that the time series is not stationary, the alternative hypothesis is a2 = 0 and the time series is stationary.



We compare the calculated value τ of the parameter (a2) with the tabular value according to the adopted model, the length of the series, and the level of significance. If the computed is greater than the titularity, we reject the null hypothesis and the series is stable. The series to be stabilized and the number of variances determines the degree of integration of the time series. The question posed is how to choose the number of lagging gaps (p) or the length of the time gap.



This is done in a way that balances degrees of freedom and addresses the problem of self-correlation, and one of the most important methods used in this field is the Akaike information standard, and the number of lagging gaps is chosen in a way that reduces this criterion to a minimum, despite the presence of other criteria such as Hannan–Quinn Schwarz, SIC, and likelihood ratio (LR). However, Akaike’s criterion is the most accurate one. A fault of this test is that it assumes that the time series generated by the autoregressive process faced the problem of serial correlation with a correction process, parameterized by adding the limits of slow differences and that its results are inaccurate when the sample size is small.



	
Phillips and Perron (PP) test






The Phillips–Perron test makes a more general assumption than the ADF test, which is that the time series is generated by the autoregressive integrated moving average (ARIMA) process, and it deals with the serial correlation problem with a nonparametric correction process, and in this test, the model equation is estimated (with a cutter and a direction):




ΔYt = a0 + a1t + a2Yt−1 + εt



(3)





By using the same steps in the previous ADF test, the Phillips–Perron test is performed. Many statisticians believe that the PP test is better and more accurate than the ADF test, especially when the sample size is small, and when there is a conflict or inconsistency between the results of both tests, it is better to rely on the results of the PP test. After testing the stability of the time series and the degree of its integration for each of the research variables separately, we move on to the next step, which is testing the joint integration of the time series of variables with each other and the extent of the existence of a long-term relationship between them.




3.2.2. ARDL Cointegration Test


The ARDL method is distinguished from the traditional methods used for the cointegration test with several advantages: (1) It can be applied regardless of whether the variables under study are integral of rank zero (0)1 or integral of rank one integer (1)1 or integral of degrees different, i.e., it can be applied when the order of integration is not uniform for all the variables under study; (2) that the results of their application are good in the event that the sample size (number of observations) is small, and this is in contrast to most traditional cointegration tests that require the sample size to be large in order for the results to be more efficient; (3) it helps to use it to estimate the long- and short-term components (relationships) together at the same time in one equation instead of two separate equations. According to the study methodology, the ARDL method will be used in three phases: in the first stage, a joint integration test is carried out within the UECM framework, which takes the following formula:



Assuming the relationship between Y (dependent variable) and X (vector of independent variables):


  Δ  Y t  =  a 0  +   ∑   i = 1  m   β i  Δ  Y  t = i   +   ∑   i = 0  n   θ i  Δ  X  τ = i   +  λ 1   Y  t = 1   +  λ 2   X  t = 1   +  η t   



(4)




where the ratings λ1, λ2, express long-run relationship coefficients, while β, θ, express short-run relationship information. The symbol Δ denotes the first differences of the variables, while each m, n represents the lags of the variables (noting that the number of lag periods of the variables is not necessarily at the same level or the number (m ≠ n), η the random error limit has an arithmetic mean equal to zero and a constant variance, and it has no self-continuous connections between them.(According to the DARL methodology, it is possible to determine the optimal number of slowdown periods for the various variables, which is considered impossible when applying other traditional cointegration tests. Therefore, by optimizing the slowdown periods, the problems of residual and subjectivity correlation can be eliminated, see for example: Pradhan, R., Norman, N., Badir, Y., and Samadhan, B. (2013). Transport infrastructure, foreign direct investment, and economic growth interactions in India: The ARDL bounds testing approach. Social and Behavioral Sciences, Vol. 104, pp. 914–921.)



Then, the existence of a long-term relationship between variables is verified using the boundary-by-procedure test. Pesaran et al. (2001), which is based on the F test (Wald test), tests the hypothesis of non-complementarity between variables against the existence of co-integration to reveal the equilibrium relationship between variables in the long run. The common integration between the variables is tested in Equation (1) through the following assumptions:



The null hypothesis: no cointegration: H0: λ1 = λ2 = 0



Against the alternative hypothesis: the existence of a co-integrally of H1: λ1 ≠ λ2 ≠ 0



Since the F-test distribution is not standardized, which depends on (1) whether the variables included in the ARDL model are integral from (0) I or (1I); (2) the number of independent variables; (3) whether it includes the ARDL model on a plot and time trend; and (4) sample size, the rejection of the null hypothesis depends on comparing the computed F value with tabular values within the critical limits proposed by Pesaran et al. (2001) where the table consists of two limits: the minimum value lower critical bound (LCB), which assumes that the variables are integral of degree I (0), and the value of the upper limit (upper critical bound, UCB), which assumes that the variables are integral of degree l (1). If the calculated value of F is greater than UCB, then the null hypothesis is rejected and the alternative hypothesis is accepted (the existence of covariance). Conversely, if the computed F is less than the LCB then the null hypothesis is accepted. If the calculated value of F falls between UCB and LCB, then the result is inconclusive.



In the case of cointegration between the variables, the second stage involves estimating the long-term equation with the following formula:


   Y t  =  a 0  +   ∑   i = 1  p   ∂ i   Y  t − 1   +   ∑   i = 0  q   δ i   X  t − i   +  ε t   



(5)




where ϑ, δ, represent the coefficients of the variables, p, q denotes the slowdown periods for those variables, and ε represents the random error limit.



The deceleration order in the ARDL model is chosen according to the Akaike standard (AIC) or the Schwarz Bayesian criterion (SBC) before the specified model is evaluated by the OLS method for serial or autocorrelation in random errors. Pesaran and Shin (2009) recommended choosing two slowdown periods as the maximum annual data [65]. In the third stage, the ARDL specifications for short-term dynamics can be derived by building the following error correction model (ECM):


  Δ  Y t  = c +   ∑   i = 1  p   ϑ i  Δ  Y  t − i   +   ∑   i = 0  q   δ i  Δ  X  t − i   + ψ Y E C  T  t − 1   +  U t   



(6)




where ECTt t−1 is the error correction limit, all the coefficients of the short-run equation are coefficients related to the short-term kinematics of the model’s convergence to the equilibrium state, and ψ represents the error correction factor that measures the adjustment velocity at which the disequilibrium imbalance is adjusted in the short term towards the long-term equilibrium direction.



In conclusion, we point out that we will rely on the EViews 9 statistical program to conduct the previous tests, and we have presented these tests as a theoretical methodology to conduct these tests provided by EViews 9 in ready-made templates. The data were transferred from Excel to EViews 9.






4. Estimating and Analyzing Results


4.1. Matrix of Correlation Coefficients


To identify the trend of the correlation regression between the research variables, a matrix of correlation coefficients was obtained that explains this in Table 1.



From the previous table, we conclude the following: there is a trend and strength of the relationship between the studied variables, as well as a high and medium degree of correlation that was positive. An increase in total capital formation (LNINV) leads to an increase in economic growth (LGDPPC), which is correlated (0.98). The increase in foreign direct investment (LNFDI) and human capital (SCH) lead to an increase in economic growth (LGDPPC) with a degree of correlation (0.31) and (0.44) each, respectively, but this correlation may not be able to be clarified and defined. The trends may not give enough evidence in the causal relationship due to the functional correlations in light of synchronization and movements through a set of common factors among them, and for this purpose, the audit will be performed through other test methods to show the validity of these correlations or not.




4.2. Results of Unit Root Tests


In order to ascertain the conditions for applying the ARDL test represented in the degree of integration of time series for the study variables, so that the degree of integration of the variables must be either (0) I or (1) I, or both, we tested the stability of the study variables. In this regard, there are many tests. The statistic shows the stability of time series in order to know the degree of integration and examine them, and the following table shows the degree of integration of the time series under study. Accordingly, the ADF test and the PP test were used to test the statics of the variables. The results of these two tests were as shown in Table 2 and Table 3.



The results of the stability tests in the plane (in a model with a single constant and direction, with a single constant, without a single constant and direction) indicate that all-time series are unstable in the plane where the corresponding probability of these tests in most of the models was greater than the significance limit (0.05) or (0.1) except for the modified variable inflation which is stable at level (0) l. As for stability tests in the first differences, the results indicate that the remaining time series are all stable in the first differences in all models, that is, it is (1) l, where the corresponding probability of these tests was less than the significance limit (0.05 or 0.1). The stability of time series at the level and in the first differences means there is the possibility of a co-integration relationship between these time series, as shown in Table 4.




4.3. Results of the Cointegration Test


Since all the variables of the study are non-static at the same degree, there is a possibility of a common complementarity between the variables in the study model that results in a long-term equilibrium relationship, and to detect the existence of this integration, the autoregressive method for distributed slowdown periods was used through the border test method (ARDL) which was proposed by Pesaran et al. (2001), where cointegration was used when each of the variables was a dependent variable, as part of the unconstrained error correction model.



Before estimating the equations, the time delay periods for the first difference variables for each of the model variables were determined according to the Schwarz Bayesian criterion (SBC) where the results of the cointegration test were as shown in Table 5 and Figure 3.



EViews allows you to correctly set the ARDL optimization slowdowns automatic, as we have given three automatic slowdown periods for the dependent variable and the variables explained with adoption of the (AIC) standard in order to choose the best ARDL model (n, m, p) and the results are shown in Figure 1 above, where the results indicate the choice of the ARDL model (3, 1, 0, 1, 0, 0).



4.3.1. The Boundary Approach Test for Cointegration (Bounds Test): This Test Is Based on Testing the Following Hypothesis


Hypothesis 0.

β1 = β2 = … = β10.





Hypothesis 1.

β1 ≠ β1 ≠ … ≠ β10.





Under the null hypothesis, there is no common complementarity relationship between the study variables (long-term equilibrium relationship). As for the alternative hypothesis, its acceptance means the existence of a co-integration relationship between the study variables. This test is performed by comparing the calculated Fisher statistic with the critical values of each of Perasan. et al., 2001), if:




	
F(fisher) > the highest rate: There is a mutual complement relationship (long term relationship).



	
F(fisher) < minimum: There is no mutual complement relationship.



	
Minimum < F(fisher) the highest rate: There is no result.








The ARDL bounds test shows the existence of a common complementarity relationship between the study variables or not, and the results in Table 5 indicate that the value of F computed (2.327406) falls between the lower and upper limit of the tabular F value at a probability level of 10%, which means the inability to assert the existence of a joint complementarity relationship in the long term between the per capita gross domestic product and independent variables, which means that the situation is unstable and confused, and it is consistent with the economic situation, given what the Egyptian economy has been exposed to during the periods of crisis it is going through. This calls into question the possibility of an equilibrium relationship in the long run.



Thus, we find that the calculated Fisher statistic F = 2.327406 for the bounds test was less than the upper limit at the various degrees of significance (with the exception of 10% significance). Therefore, we reject the alternative hypothesis that there is an integration relationship. As for the 10% significance, we find that the calculated Fisher statistic was confined between the upper and lower limit, so a decision cannot be made between the dependent variable represented by the growth rate of per capita GDP and the rest of the explained variables, where the autoregressive model of the optimally distributed gaps was on ARDL (3, 1, 0, 0, 1, 0) where the degrees of the delay was selected automatically using a program EViews.9, as shown in Table 6.




4.3.2. Results of Estimating Long-Run and Short-Term Coefficients


Results of Estimating Long-Run Coefficients



The results of estimating the cointegration relationship are indicated in Table 7 by the probability corresponding to the T-statistic that most of the coefficients were significantly different from zero in the long run at the mean of 0.05 and 0.01.



Through the results shown in the above table, it is evident that in the long term, there is a positive impact of incoming foreign direct investment as a percentage of GDP (LNINFD) and gross capital formation (INV) in GDP, on economic growth in the Arab Republic of Egypt. Namely, the result is consistent with what was stated in previous studies, and among the most important studies that have been concerned with this aspect, we find the works of S.lois Gui-Diby (2014), S.lois Gui-Diby (2012), and S. Dile (2016). The reason for this is that foreign direct investment helps host countries increase their production through the accompanying modern technology, a technology that may not be commercially available, especially in light of the refusal of innovative companies to sell their technologies through direct licensing of local companies in the host countries. One leads to an increase in the economic growth rate of 7.3 units, as well as a rise in the share of total capital formation by one unit, leading to an increase in the economic growth rate of 0.769 units.



In addition, the increase in human capital (SCH) by one unit leads to an increase in economic growth in the long term by 0.019 alone. Furthermore, the results of estimating the long-term relationship indicate the significance and inverse of the relationship of the inflation rate coefficient on the long-term economic growth rate, as an increase in the inflation rate by one unit leads to a decrease in the per capita GDP of 0.013 units. We also note the results of the estimation of the long-term significant and inverse equation of the relationship of the technological innovation index with the rate of economic growth in the long term, as a rise in the technological innovation index by one unit leads to a decrease of the economic growth rate by 2.14 units.



Estimation of the ECTt-1 Error Correction Formula for the Short-Term Relationship According to the ARDL Model


Since the results confirmed the existence of a cointegration between the variables in the economic growth rate equation as a dependent variable, incoming foreign direct investment, inflation rate, total capital formation, innovation index, and human capital as interpreted variables, this requires estimating the short-term relationship of the error correction model according to the ARDL approach as follows: depending on the Akaike info criterion (AIC), the lag times were determined, and model (3, 1, 0, 0, 1, 0) was found to be the ideal model.



Through the results of the assessment in Table 7 above, the determination coefficient indicates that 99% of the economic growth changes are explained by the independent variables in the model, which mainly include the expressive indicators of incoming foreign direct investment, inflation rate, total capital formation, innovation index, and human capital. As for the rest of the changes (0.1%), they are due to random factors.



We note, according to the results of the above Table 8, that the parameter CointEq (negative sign 1 (negative sign (negative sign)) is also important according to the statistic (p-value = 0.05% < 5%), where the corresponding probability is (probability = 0.0000), and this confirms the results of integration the common according to the ARDL-UECM method in the model and for the estimated value of the ECTt-1 error correction factor. Equals (a = −0.65) This means that 0.65% of the imbalance of the economic growth rate variable for the previous period (t-1) has been corrected in the current period (t). It indicates the amount of change in the growth rate of real GDP per capita as a result of the deviation of the value of the independent variables in the short run from their long-term equilibrium values by one unit.



Thus, the error correction limit indicates that the per capita growth rate corrects from its equilibrium residual value from each past period by about (65.19%), meaning that in the short term the balance may be disturbed in the relationship between the per capita variable of output and the rest of the explained variables incorporated in the estimated model. When the per capita product deviates from its equilibrium value in the long run during the short run in the period (t-1), the equivalent (65.19%) of this deviation in the period (T) is corrected. On the other hand, this correction ratio reflects a very high rate of adjustment towards equilibrium, so that the average per capita takes about 1.5 years (the time delay gap is equal to 1/0.6519) to return to its equilibrium value as a result of any shock introduced in the model, and this positively affects the effectiveness of the economic policies pursued in achieving their goals in the Arab Republic of Egypt. The measures taken by the state to influence the rate of economic growth in light of economic openness do not require a large time gap to achieve them. As for the remaining coefficients of the variables, they were all statistically significant at the limit of significance 0.05 with the exception of the variable coefficient (LNFDI and LNTI) which was not significant.



In summary, the results of the ARDL (Autoregressive Distributed Lag) model estimation showed a joint complementarity relationship between the rate of growth of per capita GDP in US dollars and the independent variables in the model in the long and short term, which are statistically significant results. It was found that there is a positive effect of incoming foreign direct investment and the total composition of capital and human capital in economic growth in the Arab Republic of Egypt in the long term and that the rate of inflation and the innovation index had a negative impact in the long term during the period 1990–2019, and the speed of adjustment towards equilibrium was very large, as it was estimated at 1.5 years (1/0.651).






4.4. Diagnostic Tests for the Model


After estimating the error correction model according to the ARDL method, it is important for the model to be free from problems of self-correlation of errors, in order for the estimation of the parameters to be consistent. As shown in the following Table 9.



The Breusch–Godfrey (LM-Stat) test shows that there is no autocorrelation in the rest of the regression equation so that the corresponding probability of this test is greater than the various degrees of significance 1%, 5%, and 10%. Where Prob-value = 0.6634, the probability value of Jarque Bera [36] (0.269) is greater than the levels of significance 1%, 5%, 10%, and thus the rest of the regression estimation follows the normal distribution. The Heteroskedasticity Test (ARCH) impact test also allows us to reject or accept the stability of variance hypothesis based on the value of Obs * R-squared, as the value of the corresponding critical probability = 0.8029, it is greater than the value of 10%, which means that the hypothesis of stability or uniformity of variance is fulfilled. As for the Ramsey REST [37] test, it appears that its probability value is = 0.1300, which is greater than the significance of 10%, and therefore we accept the semantic form of the model under study.




4.5. Structural Stability Test for Model Coefficients


To ensure that the data were free from any structural changes, two tests were performed for stability testing; the first test is to test the cumulative sum of recurrent residuals (CUSUM), and the second test is to test the cumulative sum of recurrent residuals squares (CUSUM of squares) (Brown et al.), where the structural stability of the parameters of the model is achieved if the graph of the tests falls both and within the critical limits at the level of significance 5%, and we reject the null hypothesis H0: the coefficients are unstable and we accept the alternative hypothesis H1 by stabilizing it during the study period. Through the results of the CUSUM test and the CUSUMSQ test, it became clear that the model is stable in most of the study periods, as the graph occurred within the boundaries of the study at a level of significance of 5%, and therefore the model parameters are stable and there is no structural change in them as shown in the figure below.



From the graphs shown in Figure 4, we can see that the total, the cumulative of the recurring residues, falls within the boundaries of the critical region, which confirms the stability of the model at the level of significance of 5%, and the same is true for the total, the cumulative of the squares of the recurrent residues, and from it can be said that there is harmony and stability between long-term and short-term outcomes of the estimated model. Therefore, the change in foreign direct investment and the share of capital formation are among the most important determinants of the economic growth rate in Egypt.




4.6. Forecasting Performance Testing of the Estimated Unrestricted Error Correction Model


Since the quality of the estimated results depends on the quality of the predictive performance of the estimated unrestricted error correction model, it must be ensured that this model has good predictability over the time period of the estimate.



To achieve this, the most important predictive performance measures of standard macroeconomic models during the estimation period will be used, which are: the inequality coefficient proposed by Theil (U), and the inequality ratios (sources of error) that consist of three ratios: the first is the bias proportion, (UM); the second is the variance proportion, (US); and the third is the covariance proportion, (UC).



Table 10 and Figure 5 show the results of evaluating the predictive performance of the unrestricted error correction model using the ARDL model. It is clear from this table that: (1) U has a low value and is less than the correct one, (2) UM is a value that was equal to zero, (3) the US value was close to zero, and (4) UC was a value close to the integer one. Hence, it can be said that the used unrestricted error correction model enjoyed good predictive performance during the period under study. This good performance can be traced by looking at Figure 3, which shows the behavior of the actual and estimated values of economic growth according to the unrestricted error correction estimation model. Hence, the results of this model can be relied upon for economic policy purposes.





5. Discussion


This study aimed to measure the impact of technological innovation and foreign direct investment on economic growth in the short and long term in the Egyptian economy during the period 1990–2019. To achieve this goal, the unrestricted error correction model was applied by using the proposed bounds testing approach to cointegration, Pesaran et al. (2001), and the autoregressive distributed lag (ARDL) approach proposed by Pesaran and Shin (1999) with the aim of estimating long and short-term elasticities.



To test the effect of foreign investment and technological innovation on economic growth, an unrestricted error correction model was estimated in which the impact of each of the factors on economic growth in the short and long term was tested (the inflation index that was presented in the model to assess the impact of macroeconomic stability on economic growth, the technological innovation index, total capital formation, incoming foreign direct investment, and human capital).



The most important results of this study are summarized as follows: (1) The presence of a significant positive (negative but not significant) impact of foreign direct investment on economic growth in the long and (short) terms; (2) the presence of a negative and significant impact of inflation on economic growth in the long and short term; (3) the presence of a strong positive and significant effect of total capital formation on economic growth in the long and short term; (4) the presence of a negative significant (positive and non-significant) effect of the innovation index on the rate of economic growth in the long term (short term); and (5) the presence of a little positive significant effect of capital on economic growth in the short and long term. In this axis, we will try to provide explanations for the results obtained, as we have concluded that foreign direct investment and total capital formation positively affect economic growth, while the impact of human capital and the innovation index was weak in the Arab Republic of Egypt during 1990–2019.



Our study found that the value of an incoming foreign direct investment and the total formation of capital had a significant positive impact on economic growth in the Arab Republic of Egypt in the long run. This means that the promotion of economic growth comes through foreign direct investment and the total formation of capital. While human capital has had a positive impact on economic growth, it is weak. This result does not agree with previous studies, this means that the Egyptian economy is in urgent need of attention to the human element, whether in terms of training or meeting the requirements of the Egyptian labor market. Another interesting finding is that, contrary to our expectations, the Egyptian Innovation Index was not a positive sign, but it was a negative sign. One possible explanation for this finding might be that the Egyptian economy did not meet the requirements of the Global Innovation Index. Another possible reason is the failure to provide the appropriate capabilities to encourage and stimulate investment in scientific research and technological development to build and maximize competitiveness. Therefore, the results were consistent with what was reported in previous studies (Richardson, P. (1997), Gui-Diby, S.L. (2014), Su, Y. and Z. Liu, (2016), Arısoy, İ. (2012), and Haque, A., A.K et al., (2017)) and were inconsistent with what was mentioned in the studies by Mohamed, M, et al. (2017), Demirsel, et al. (2014), and Dehrifi, A (2015)).



The development of the influx of foreign direct investments in the Egyptian economy.



The Egyptian economy has witnessed a remarkable increase in the flow of foreign direct investments over the past few years, and this is due to the many reforms that were made at the macro-economic level, which contributed to improving the investment climate. These reforms, especially in the field of facilitating investment procedures, led to an increase in the number of founding companies as well as the expansion of the already existing companies, which led to an increase in the net inflows of foreign direct investment during the period from 2004 to 2010.



The influx of foreign investments increased during the period from 2001 to 2009 until it reached about 71% of the total flow of direct foreign investment during the period from 1975 to 2009, and this is due to the legislative reforms undertaken by Egypt.



The Egyptian government is constantly trying to increase foreign direct investment, and in 2011, the year of the January 25 revolution, we notice that the influx of foreign investment coming into Egypt was negative, reaching a rate of (−0.20), which rose to (2.973) in 2019, as shown in Figure 6. Consequently, Egypt needs more flows of foreign direct investment in order to stimulate economic growth, creating more job opportunities, and reducing poverty, in addition to the urgent need for methods of modern technology. Thus, foreign direct investment can play an effective and fundamental role in the development process in Egypt, as a complement to domestic savings and as an alternative to external borrowing and the subsequent burdens that drain what is achieved, in addition to the fact that the flow of these investments is often accompanied by the transfer of expertise in management and modern technology, which it contributes to increasing productivity and improving the competitiveness of existing industries, as well as creating new industries that lead to the creation of more job opportunities and the exploitation of available resources.



With regard to the multinational companies operating in Egypt (companies with foreign capital in thousands of pounds), it is noted that the activity of multinational companies operating in Egypt in recent years has increased as a result of the Egyptian government working to complete the process of privatization and openness to the global market, as the number of multinational companies reached according to the annual report of the Investment and Free Zones Authority for the year 2002/2003, which contributed to companies that were established in the industrial field according to the investment law, about 175 companies with issued capital amounted to 7 billion pounds and their investment costs exceeded 11 billion pounds, and these companies contributed about 37 thousand pounds. These companies were distributed as follows: 10 companies in the textile industries, 23 in the food industries, 35 companies in the chemical industries, 64 companies in the engineering industries, 6 companies in the building materials industries, 19 companies in the metal industries, and 18 companies in the pharmacokinetics industries. It is also noticeable that the percentage of foreign contributions increased, whether in companies that were established in accordance with the Investment Law No. 8 for the year 1997 or according to the Companies Law No. 159 of 1981 It rose from 14.3% in 2002 to 25.7% in 2003, and from 4.8% in 2002 to 18.3% in 2003, respectively. We also find that human capital, according to the theoretical and applied literature, can contribute to economic growth. The economic literature has differed regarding the most important indicators of human capital, as some studies use the average years of schooling as an indicator of human capital, while other studies use government spending on education as an indicator. Some studies have sought to use the number of enrolled students in primary, secondary, and university education as indicators of human capital. Likewise, some studies have used health and education as indicators of human capital. In our study, we use average high school years in the total population. The weak positive impact of human capital can be explained by the fact that learning in Egypt does not meet the requirements of the labor market.



Based on the previous findings of the study, and in light of the challenges that the Egyptian economy is facing at the current stage, the study concludes with a number of recommendations regarding the relationship between foreign direct investment, inflation, gross capital formation, innovation index, and human capital. The results previously showed that there is a positive relationship between foreign direct investment as an independent variable and economic growth as a dependent variable, whereby an increase in foreign direct investment leads to an increase in economic growth at an increasing rate. Therefore, there is no doubt that the Egyptian government has a very positive outlook and full of optimism and confidence towards foreign investment, and the importance of attracting it to Egypt to bridge the gap between national savings and the investments needed to achieve economic growth. Based on the experimental analysis conducted in our study, we believe that it is necessary to do the following:




	-

	
Attention to attracting foreign investments to the education sector and through partnerships with the government sector, in a way that contributes to providing qualified and skilled manpower that can easily enter the labor market and attract more investments.




	-

	
Stimulating foreign direct investment based on innovation and technology transfer, such as the informatics, communication, and information technology sectors, because even if it did not achieve the goal of increasing growth in the short term, by stimulating productivity and growth in the long term, it can generate increased job opportunities.









The results showed the existence of a negative relationship between inflation as an independent variable and economic growth as a dependent variable, whereby an increase in the inflation rate leads to a decrease in economic growth at a decreasing rate.



There is a need to pay attention to raising investment rates because there is a direct relationship between investment and the increase in the supply of goods and services (thus reducing inflation), and increasing economic growth rates in terms of GDP.



It is necessary to continue to apply economic reform policies, while working to spread public awareness of the importance and feasibility of these reforms in providing the components of sustainable development in the long term and the stability required in price levels.



As for performance, technological innovation, the study found the weak performance of the innovation index in the Arab Republic of Egypt, and this may be due to the fact that some data for Egypt are not available or not updated. If available, this will change the arrangement and the value of the index, especially with regard to some data related to education and training, exports of creative products, intellectual property rights, and new business and IT services. Hence, based on the experimental analysis conducted in our study, we believe that it is necessary to do the following: help innovators and creators to promote their creativity, and stimulating building partnerships to enhance the role of scientific research in achieving sustainable industrial development.



	
Encouraging the creation of alternative products for what is imported from abroad.



	
The necessity for research centers to collaborate to support innovation, innovators, and applied research, and market them to solve Egypt’s problems and enhance its competitive capabilities.



	
Paying attention to green innovations, whether in designing sustainable industrial areas or production processes, developing green economy industries, and promoting low-emission industries, and technologies based on sustainable environmental dimensions.



	
More support and encouragement for innovators and entrepreneurs in green technologies.



	
To further encourage the participation of programmers in international competitions such as international robotics competitions.



	
Cooperation and linking between universities, local and international research centers, factories, institutions, and production companies to implement innovations.






Finally, our study aims to determine the importance of technological innovation and foreign direct investment, the vital role that innovation and investment can play in enhancing the domestic product of the Egyptian economy, and whether Egypt is able to direct, organize, and plan these investments well. Because these investments are necessary for the Egyptian economy to meet its needs by introducing modern technology and opening job opportunities for the citizens of the host country for investment and providing them with training opportunities, in addition to transferring technical and administrative knowledge to the crisis for the sake of development, and work in the absence of other sources of financing. As a result, technological innovation and foreign direct investment have become imperatives that every country seeks, regardless of their nature. However, the matter is not easy, as Egypt is a developing country in which it is difficult to provide data for those who want to study the variables and know their impact on the country’s progress, and therefore when submitting research proposals that can be dealt with in the future in this area, the obstacle of data availability must be taken into account.
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Table A1. A list of the search variables as entered in EViews.






Table A1. A list of the search variables as entered in EViews.





	Study Variables
	Coding as Input Evi





	the logarithm of GDP per capita in US dollars
	LNGDPPC



	the logarithm of technology innovation index
	LNTI



	the logarithm of foreign direct investment to GDP
	LNFDI



	the average high school years in total population that measures human capital
	SCH



	inflation
	INF



	the logarithm of the share of gross capital formation in GDP
	LNINV
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Table A2. The data used in the standard analysis of the form.
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	Year
	LNGDPPC
	lnti
	lnfdi
	SCH
	INF
	LNINV





	1990
	6.640715
	2.639057
	0.970422
	63.70742
	16.75637
	23.24338



	1991
	6.478629
	2.833213
	1.041411
	62.56241
	19.74854
	22.90594



	1992
	6.570116
	2.70805
	0.996229
	66.61417
	13.63742
	22.82128



	1993
	6.656544
	2.944439
	1.079918
	65.14559
	12.08979
	22.94681



	1994
	6.744592
	2.995732
	1.097189
	59.76788
	8.154231
	23.09444



	1995
	6.872243
	3.091042
	1.128508
	60.84077
	15.74223
	23.21812



	1996
	6.969164
	3.401197
	1.224127
	62.12461
	7.187104
	23.22961



	1997
	7.097317
	3.526361
	1.260266
	57.96401
	4.625606
	23.34648



	1998
	7.155706
	3.688879
	1.305323
	57.36139
	3.872575
	23.62688



	1999
	7.203072
	3.7612
	1.324738
	52.80823
	3.079499
	23.69931



	2000
	7.279647
	3.663562
	1.298436
	51.44253
	2.683805
	23.69471



	2001
	7.228536
	3.806662
	1.336753
	50.569
	2.269757
	23.60415



	2002
	7.082635
	3.688879
	1.305323
	51.30312
	2.737239
	23.48391



	2003
	7.005307
	3.806662
	1.336753
	52.11751
	4.507776
	23.36232



	2004
	6.968058
	3.988984
	1.383537
	53.4264
	11.27062
	23.31553



	2005
	7.078673
	3.951244
	1.37403
	53.97211
	4.869397
	23.50333



	2006
	7.242395
	4.127134
	1.417583
	53.84931
	7.644526
	23.72548



	2007
	7.418972
	4.304065
	1.45956
	62.48122
	9.318969
	23.91003



	2008
	7.622922
	4.330733
	1.465737
	69.03409
	18.31683
	24.31921



	2009
	7.754168
	4.330733
	1.465737
	73.0308
	11.7635
	24.31426



	2010
	7.880793
	4.304065
	1.45956
	72.53662
	11.26519
	24.47723



	2011
	7.934446
	3.374169
	1.216149
	65.4763
	10.06493
	24.42111



	2012
	8.08014
	3.328627
	1.20256
	65.55324
	7.111729
	24.5248



	2013
	8.090297
	3.349202
	1.208722
	65.30968
	9.46972
	24.43708



	2014
	8.1255
	3.402197
	1.224421
	66.09724
	10.07022
	24.45329



	2015
	8.178339
	3.363842
	1.213084
	65.15725
	10.37049
	24.58484



	2016
	8.16618
	3.256557
	1.180671
	64.8022
	13.81361
	24.63669



	2017
	7.80151
	3.258097
	1.181143
	64.73919
	29.50661
	24.30539



	2018
	7.838787
	3.303217
	1.194897
	64.63338
	14.40147
	24.45592



	2019
	8.012749
	3.314186
	1.198212
	63.98357
	15.25414
	24.48102
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Figure 1. Relationship between foreign direct investment and economic growth. Source: Compiled by the authors based on previous studies. 
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Figure 2. Forms of technology transfer using foreign direct investment. Source: Compiled by the authors based on previous studies. 
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Figure 3. The ideal model for slowdown periods using the AIC standard. 
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Figure 4. Cumulative sum of recurrent residuals (CUSUM) and cumulative sum of recurrent residuals squares (CUSUM of Squares). Source: Prepared by researchers based on EVIEWS 9. 
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Figure 5. Actual and estimated values: Economic growth, Egypt, 1990–2019. 
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Figure 6. Foreign direct investment, net inflows (%GDP). Source: World Bank. 
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Table 1. Matrix of correlation coefficients.






Table 1. Matrix of correlation coefficients.














	
	LGDPPC
	LNFDI
	INF
	LNINV
	LNTI
	SCH





	LGDPPC
	1.00
	0.31
	0.11
	0.98
	0.28
	0.44



	LNFDI
	0.31
	1.00
	0.36
	0.35
	0.99
	−0.17



	INF
	0.11
	−0.37
	1.00
	0.16
	−0.34
	0.60



	LNINV
	0.98
	0.35
	0.17
	1.00
	0.32
	0.46



	LNTI
	0.28
	0.99
	−0.34
	0.32
	1.00
	−0.14



	SCH
	0.44
	−0.17
	0.60
	0.46
	−0.14
	1.00







Source: prepared by researchers, depending on the statistical program (EVIEWS:9) Note: We judge the existence of correlation if the correlation coefficient in absolute value is greater or equal to 0.50, and the relationship is considered positive if the correlation coefficient is greater than zero and negative (inverse) if it is less than zero. Cells filled with bold color express the higher the correlation coefficient. As in Table A2.
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Table 2. Unit root test results to estimate the impact of foreign direct investment and technological innovation on economic growth, according to the expanded Dick–Fuller test (ADF) during the period (1990–2019).
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Variables

	
Level

	
1st Difference




	
Intercept

	
Trend and Intercept

	
Without Constant and Trend

	
Intercept

	
Trend and Intercept

	
Without Constant and Trend






	
LNGDPPC

	
−1.5181

	
−2.6597

	
1.6644

	
−3.6655

	
−3.6860

	
−3.1242




	
t-Statistic

	
0.5900

	
0.2593

	
0.9736

	
0.0106

	
0.0403

	
0.0030




	
Prob.

	
no

	
no

	
no

	
**

	
**

	
***




	
LNFDI

	
−2.1530

	
−1.5006

	
0.4895

	
−4.8626

	
−5.2654

	
−4.9211




	
t-Statistic

	
0.2268

	
0.8060

	
0.8149

	
0.0005

	
0.0011

	
0.0000




	
Prob.

	
no

	
no

	
no

	
***

	
***

	
***




	
INF

	
−2.8530

	
−3.0647

	
−1.3747

	
−7.6503

	
−7.7900

	
−7.7889




	
t-Statistic

	
0.0634

	
0.1332

	
0.1535

	
0.0000

	
0.0000

	
0.0000




	
Prob.

	
*

	
no

	
no

	
***

	
***

	
***




	
LNINV

	
−0.5847

	
−2.7513

	
1.3923

	
−4.7340

	
−4.6396

	
−4.3183




	
t-Statistic

	
0.8592

	
0.2258

	
0.9555

	
0.0008

	
0.0048

	
0.0001




	
Prob.

	
no

	
no

	
no

	
***

	
***

	
***




	
LNTI

	
−1.9551

	
−1.4042

	
0.3276

	
−4.7224

	
−5.0346

	
−4.7889




	
t-Statistic

	
0.3039

	
0.8382

	
0.7734

	
0.0008

	
0.0019

	
0.0000




	
Prob.

	
no

	
no

	
no

	
***

	
***

	
***




	
SCH

	
−1.8147

	
−2.0450

	
−0.1981

	
−3.7531

	
−3.6886

	
−3.8237




	
t-Statistic

	
0.3660

	
0.5525

	
0.6376

	
0.0086

	
0.0400

	
0.0004




	
Prob.

	
no

	
no

	
no

	
***

	
**

	
***








Notes: (*) Significant at the 10%; (**) significant at the 5%; (***) significant at the 1%., and (no) not significant. Source: Prepared by researchers based on the program output EViews9.
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Table 3. Unit root test results to estimate the impact of foreign direct investment and technological innovation on economic growth, according to the Phillips and Perron test (PP) during the period (1990–2019).
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Variables

	
Level

	
1st Difference




	
Intercept

	
Trend and Intercept

	
Without Constant and Trend

	
Intercept

	
Trend and Intercept

	
Without Constant and Trend






	
LNGDPPC

	
−0.8750

	
−1.9851

	
1.6537

	
−3.6655

	
−3.6860

	
−3.2011




	
t-Statistic

	
0.7816

	
0.5847

	
0.9731

	
0.0106

	
0.0403

	
0.0024




	
Prob.

	
no

	
no

	
no

	
**

	
**

	
***




	
LNFDI

	
−2.1572

	
−1.5006

	
0.3981

	
−4.8797

	
−5.2663

	
−4.9341




	
t-Statistic

	
0.2253

	
0.8060

	
0.7921

	
0.0005

	
0.0011

	
0.0000




	
Prob.

	
no

	
no

	
no

	
***

	
***

	
***




	
INF

	
−2.7415

	
−2.9374

	
−1.1288

	
−8.0758

	
−11.8218

	
−8.2517




	
t-Statistic

	
0.0794

	
0.1662

	
0.2293

	
0.0000

	
0.0000

	
0.0000




	
Prob.

	
*

	
no

	
no

	
***

	
***

	
***




	
LNINV

	
−0.5847

	
−2.6655

	
1.3923

	
−4.7340

	
−4.6463

	
−4.3420




	
t-Statistic

	
0.8592

	
0.2569

	
0.9555

	
0.0008

	
0.0048

	
0.0001




	
Prob.

	
no

	
no

	
no

	
***

	
***

	
***




	
LNTI

	
−1.9913

	
−1.4042

	
0.2724

	
−4.7377

	
−5.0366

	
−4.8016




	
t-Statistic

	
0.2888

	
0.8328

	
0.7581

	
0.0007

	
0.0019

	
0.0000




	
Prob.

	
no

	
no

	
no

	
***

	
***

	
***




	
SCH

	
−1.5044

	
−1.5778

	
−0.1387

	
−3.7574

	
−3.6855

	
−3.8248




	
t-Statistic

	
0.5173

	
0.7770

	
0.6273

	
0.0086

	
0.0403

	
0.0004




	
Prob.

	
no

	
no

	
no

	
***

	
**

	
***








Notes: (*) Significant at the 10%; (**) significant at the 5%; (***) significant at the 1%., and (no) not significant. MacKinnon (1996) one-sided p-values. Source: Prepared by researchers based on the program output EViews9.
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Table 4. The degree of integration of the variables of the model under study.
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	Variables
	LNGDPPC
	LNFDI
	INF
	LNINV
	LNTI
	SCH





	Degree of integration
	I (1)
	I (1)
	I (0)
	I (1)
	I (1)
	I (1)







Prepared by researchers based on Table 2 and Table 3.
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Table 5. Slowdown periods using the Akaike information criteria (AIC) standard.






Table 5. Slowdown periods using the Akaike information criteria (AIC) standard.





	K = 5
	Wald Test F-Statistics





	lngdppc = f (lnfdi, lnti, lninv, inf,sch)
	8.960134



	ARDL = (3, 1, 0, 1, 0, 0)
	(0.0000)



	lnfdi = f (lngdppc, lnti, lninv, inf,sch)
	7.598015



	ARDL = (3, 2, 3, 3, 3, 1)
	(0.0131)



	lnti = f (lnfdi, lngdppc, lninv, inf,sch)
	7.001588



	ARDL = (3, 2, 3, 3, 3, 1)
	(0.0160)



	lninv = f (lnfdi,lnti, lngdppc, inf,sch)
	1.822663



	ARDL = (1, 0, 3, 3, 3, 2)
	(0.2045)



	inf = f (lnfdi,lnti,lninv, lngdppc,sch)
	2.054288



	ARDL = (1, 3, 1, 3, 1, 3)
	(0.159)



	sch = f (lnfdi,lnti,lninv, lngdppc, inf)
	8.395756



	ARDL = (3, 0, 3, 3, 0, 3)
	(0.0042)
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Table 6. Bounds test results according to autoregressive distribution lag (ARDL) methodology.






Table 6. Bounds test results according to autoregressive distribution lag (ARDL) methodology.





	
Significance

	
10%

	
5%

	
2.5%

	
1%




	
I0 Bound

	
2.26

	
2.62

	
2.96

	
3.41




	
I1 Bound

	
3.35

	
3.79

	
4.18

	
4.68




	
F-statistic 2.32740




	
Comparison

	
It is sandwiched between the two values

	
No significance

	
No significance

	
No significance




	
the decision

	
The decision cannot be made

	
Accept H1

	
Accept H1

	
Accept H1








Source: Prepared by researchers based on the program output EViews9.
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Table 7. Results of estimating long-term coefficients (cointegration test).






Table 7. Results of estimating long-term coefficients (cointegration test).





	
Long-Run: Dependent Variable LNGDPPC




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
Prob.






	
LNFDI

	
7.338343

	
4.074558

	
1.801016

	
0.0906




	
INF

	
−0.013042

	
0.004425

	
−2.947470

	
0.0095




	
LNINV

	
0.769165

	
0.080144

	
9.597347

	
0.0000




	
LNTI

	
−2.145063

	
1.113503

	
−1.926411

	
0.0720




	
SCH

	
0.019897

	
0.007406

	
2.686548

	
0.0162




	
C

	
−13.591854

	
1.315164

	
−10.334720

	
0.0000








Source: Prepared by researchers based on EVIEWS 9.
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Table 8. Results of estimating the error correction model according to the ARDL methodology (short-term coefficients).






Table 8. Results of estimating the error correction model according to the ARDL methodology (short-term coefficients).





	
Cointegrating Form




	
Variable

	
Coefficient

	
Std. Error

	
t-Statistic

	
p-Value






	
D (LNGDPPC (−1))

	
0.212335

	
0.091467

	
2.321439

	
0.0338




	
D (LNGDPPC (−2))

	
−0.236574

	
0.090317

	
−2.619364

	
0.0186




	
D(LNFDI)

	
−1.567963

	
3.820435

	
−0.410415

	
0.6869




	
D(INF)

	
−0.008503

	
0.002328

	
−3.653128

	
0.0021




	
D(LNINV)

	
0.501480

	
0.084223

	
5.954160

	
0.0000




	
D(LNTI)

	
0.335417

	
1.010459

	
0.331945

	
0.7442




	
D(SCH)

	
0.012973

	
0.004527

	
2.865347

	
0.0112




	
CointEq (−1) *

	
−0.651980

	
0.080050

	
−8.144683

	
0.0000




	
R2 = 0.99; Adjusted R2 = 0.9919; S.E. of regression = 0.044; SSR = 0.031




	
F-stat = 321.9467; Prob(F-stat) =0.000000; DW = 1.811687








Note: * The error correction factor must be negative and hence the corresponding probability is less than 1% (probability = 0.0000).; Source: Prepared by researchers.
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Table 9. Table showing the diagnostic test results for the estimated ARDL model.






Table 9. Table showing the diagnostic test results for the estimated ARDL model.





	
Test

	
Value

	
Prob-Value






	
Serial Correlation LM Test

	
F statistical = 0.422724

	
0.6634




	
Obs*R-squared = 1.537650

	
0.4636




	
Jaque-Bera

	
2.624808

	
0.269




	
ARCH

	
F statistical = 0.057663

	
0.8123




	
Obs*R-squared = 0.062318

	
0.8029




	

	
t-statistic = 1.602032

	
0.1300




	
F-statistic = 2.566506

	
0.1300








Source: Prepared by researchers based on EVIEWS 9.
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Table 10. Results of the predictive performance evaluation of the used unrestricted error correction model.






Table 10. Results of the predictive performance evaluation of the used unrestricted error correction model.





	U
	UM
	US
	UC





	0.004206
	0.000000
	0.003466
	0.996534







Source: Prepared by researchers.



















	
	
Publisher’s Note: MDPI stays neutral with regard to jurisdictional claims in published maps and institutional affiliations.











© 2021 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (http://creativecommons.org/licenses/by/4.0/).






nav.xhtml


  sustainability-13-03265


  
    		
      sustainability-13-03265
    


  




  





media/file8.jpg
2

12

—

18

12

06

o

o0

04

04 05 05 07 08 09 10 11 12 13 14 15 16 17 8 19

0405 06 07 08 08 10 11 12 13 14 15 16 17 18 8

USUM of Sauares — 5% Signkeance]






media/file11.png
Forecast: LNGDPPCF
Actual;: LNGDPPC

Forecast sample: 1990 2019

Included observations: 30
Root Mean Squared Error
Mean Absolute Error
Mean Abs. Percent Error
Theil Inequality Coefficient
Bias Proportion
Variance Proportion
Covariance Proportion

0.062176
0.049164
0.667983
0.004206
0.000000
0.003466
0.996534

—— LNGDPPCF

+2 S.E

T T T T T T T T T T T T T T T T T T T T T T T T T 1
90 92 94 96 98 00 02 04 O6 08 10 12 14 16 18






media/file6.jpg
Akaike Information Criteria (top 20 models)

= €01 02 'eNawy
- [©'1 000 enawy
= (0'0"1 "0 0 'Da¥Y
L0k 0 'eauY
e (€110 'OnawY
e [©1 111 00wy
o [G0 1 oo
— [©z' 1 oy
\\\\\ e ©'0°z'0"t 'eNawY
\\\\\ - (001 "0 2 'OawY
\\\\\ - (€'2'1 0L 'ONawY
|||||| - [0 11 om0y
|||||| = [©0'0"1 0 'enawy
||||||| = [©'e'1 01 onawy
||||||||| 3 [©'+'101 onawy
\\\\\\\\\\ - ('0"1 "0 "L 'DaNY
\\\\\\\\\\ — (0'2'1'0"L 'DnauY
\\\\\\\\\\\\\ - (0°0°L "1 "1 'enayY
\\\\\\\\\\\\\\\ . [€01 0 oo
||||||||||||||||||| — |00t oo

paeeg ©

314





media/file13.png
10

0

-2

1985

1990

1995

2000

FDI

2005

2010

2015

2020

2025





media/file10.jpg
Forecast (NGDPPCF
Actual: LNGDPPC

Forecast sample: 1990 2019

Inciuded obsenations: 30

Root Mean Squared Error

Mean Absolute Eror

Mean Abs. Percent Ermor

ThelInequality Coeficient
Bias Proportion
Variance Propartion
Covarance Proportion

0062176
0049164
0667083
0004206
0.000000
0.003486
0906534

52 50 5 58 00 02 0d 06 08 0 % W % %

NGOPPGF — 125E






media/file7.png
Akaike Information Criteria (top 20 models)

(€ ‘0 ‘I ‘0 ‘z ‘e)1ayv
(0100 ‘0 ‘9aNV
(0010 ‘0 ‘DaNY
(010" 0 ‘©IauV
(€110 'DIay
0L L DY
(LU0 L L)L 'NauY
0211 DIy
(00201 ‘Oauv
(001 ‘0 ' ‘©1auV
(€210} ‘©IauV
(€01 L L D)IaaY
(000} ‘0 ‘DaNY
(0L 0L ‘©IauV
0110 L ‘©IauY
(L0101 ‘9IauV
(02101 ‘'OIauv
(001 ‘L ‘L ‘DIauY
(€010} ‘©IauV
(001 0L ‘OIauY






media/file12.jpg
10

———
|

S a o op 0 W Ee 2 up






media/file9.png
-12

| | | T T T T T | | | | | | |
04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

— CUSUM  ———-- 5% Significance

T T T T T T T T T T T T T T T
04 05 06 07 08 09 10 11 12 13 14 15 16 17 18 19

—— CUSUM of Squares ---- 5% Significance






media/file5.png
Foreign
direct
investment

uman capital

’:ccumulation

Productivity of
factors of
production

innovation
New knowledge

Technical
progress

a Research and
‘Technological

Economic
growth

development

Improvement of
existing products
and production

of new products





media/file3.png
Direct foreign investment

[\

Foreign Manufacturing Domestic

Technology

transfer trade investment

T/

Economic growth

strategy





media/file0.png





media/file4.jpg
.Fwﬂ(n
direct
investment

I .

tuman capital
‘accumulation

Productivity of
factors of
production

innovation
New knowledge

Technical
progress

P
=

Research and
development

Improvement of
existing products
and production

of new products





media/file2.jpg
Direct foreign investment

Technology Domestic

Foreign Manufacturing
transfer s - investment

Economic growth





