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Abstract: We research the impact of foreign direct investment (FDI), information and 

communication technology (ICT), financial development, and CO2 emissions on economic growth. 

The study was carried out using the OLS regression method with data from 20 countries and 

territories belonging to the Asia-Pacific Economic Cooperation (APEC) period 2000 - 2020. 

Empirical results find that Foreign Direct Investment (FDI) has a positive impact on the economic 

growth of developing countries, but not an impact on the economic growth of developed countries 

in APEC, while the development of the information and communication technology (ICT) system 

has a negative effect. However, ICT has an unclear impact on the economic growth of developed 

countries. Besides, a country's financial development as represented by its financial liquidity index 

(DLIQLIA) has a negative impact on economic growth, especially for developing countries. In 

addition, domestic financial development is not a catalyst for FDI to have an impact on economic 

growth in that country. CO2 emissions have a positive impact on economic growth and have a 

greater impact on economic growth in developed countries than in developing countries. The results 

have practical implications from which to make policy proposals for economic growth, 

environmental protection, and effective access to technology. 

Keywords: CO2 emissions, Economic growth, FDI, Financial development, ICT
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1. Introduction 

1.1. Reason 

The study of economic growth is a complex process, upheaval and has evolved over the 

years. From the early works of Adam Smith and Malthus to this day, researchers and economists 

have always tried to explain and step-by-step affirm the necessity of economic growth for the 

development of each country and the whole world (Boldeanu & Constantinescu, 2015). The issue 

that needs attention is which factors have an impact on economic growth. What should we do to 

guarantee economic development while still meeting the requirements of reality? 

Economic growth is an issue that has always been of interest to many economists, from the 

initial studies of  Schumpeter (1911) on the role of financial development in economic growth to 

recent studies about the impact of foreign direct investment on economic growth. However, Hong 

(2015) has newer findings when studying the combination of the above two factors, FDI and 

financial development, on economic growth. This relationship has been studied extensively and is a 

crucial aspect of economic growth. It seems that studies on this issue are still quite limited in terms 

of space and time. Therefore, with the economy and times constantly fluctuating, it is crucial to 

have up-to-date data and research to make informed decisions. 

Besides, today, when the world is in the context of the Industrial Revolution 4.0, along with 

the Internet, ICT has transformed manufacturing processes in most industries in many countries 

(Maurseth, 2018). The study of ICT infrastructure has received a lot of attention in recent studies 

due to its potential role in contributing to economic growth. However, empirical evidence on the 

importance of ICT infrastructure for growth is still scant in the literature (Nam, 2021). A correct and 

comprehensive understanding of both the opportunities and challenges of ICT is one of the 

prerequisites for developing and growing the economy in the most optimal direction. 

Along with that, over the past three decades, CO2 emissions have increased significantly 

due to various economic and non-economic activities (Sarwar et al,. 2019). The current increase in 

164             L. Q. Chi et al.



 
 

CO2 emissions is the biggest threat to environmental change (Muhammad & Khan, 2019). This is 

considered a challenge that shows that environmental protection is urgent to prevent some negative 

impacts on human health while ensuring sustainable development. Efforts to mitigate global 

warming and reduce CO2 emissions have become priorities in national and international climate 

policies (Haggar, 2012). How to maintain green development is very important in the future. 

Therefore, currently, determining the impact of CO2 emissions on growth is still an issue that 

attracts a lot of attention from researchers. 

This study can add to the CO2 emissions literature and also provide a real understanding of 

the impact of CO2 emissions, ICT, FDI, and financial development on APEC's economic growth in 

general and of each group of developed and developing countries in the APEC block in particular. 

To achieve the ―Sustainable Development Goals‖ by 2030, policymakers, governments, and 

researchers are constantly looking for solutions that bring ecological balance along with economic 

development. Therefore, we researched the topic ―The effects of FDI, ICT, CO2 emissions and 

Financial Development on Economic Growth: Evidence from the APEC‖. From there, make policy 

recommendations to promote sustainable economic development through upgrading industrial 

structure. 

2. Literature Review 

2.1 FDI 

The Impact of FDI on Economic Growth, foreign direct investment (FDI) is the 

movement of capital or assets from one country to another receiving investment. The following 

analysis will provide an overview of the theories, thereby drawing the role of FDI in economic 

growth. 

Classical Economic Growth Theory, classical theories focus on factors of production such 

as labor, capital, and land. The classical theory of Smith (1776) suggested that land and population 
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played an important role in growth. If you want to grow, you must expand your land and increase 

your population. Adam Smith considers income distribution as one of the most important factors 

determining the growth rate of a country. However, Ricardo (1817) argued that output growth 

requires growth in inputs, which means that for growth, more land must be used for farming, but the 

limitation of agricultural land leads to a tendency to reduce the profits of both producers and affects 

economic growth. 

Karl Marx (1818-1883) further developed factors that affect economic growth including 

land, labor, capital, and technical progress. He argues that falling profit rates do not prevent capital 

accumulation. Capitalists could increase their rate of profit back by bringing machines into 

production. In addition, Keynesian analysis with the Harrod-Domar model (Harrod, 1939; Domar, 

1947) assumes that expansion and the prediction of a higher saving (for investment) rate can 

promote economic growth higher. The logic of this theory is that the income of a country (as well as 

an individual) consists of two items, saving (for investment) and consumption, so the larger the 

savings rate, the faster the growth. Later, Kaldor (1957) proposed that savings could vary and would 

reach the value needed to bring the real growth rate back to its guaranteed path. 

Exogenous Growth Theory, the growth model of Solow (1957) assumes flexible 

substitution of capital and labor. The land is fixed and is replaced by physical capital. Because 

capital is different from land, it can be produced and accumulated. Capital accumulation increases 

production capacity and improves labor productivity, opening the prospect of overcoming the law of 

diminishing returns. 

The basic Solow model emphasizes the role of capital in production and savings to generate 

new capital. However, the model cannot account for a real trend in average incomes increasing over 

time around the world. A new research direction opens: if the technology level is allowed to 

increase over time, the average capital and average income will increase accordingly. Technological 

progress is included in the analysis of the extended Solow model. Because there is no incentive to 

produce new technology, the model is forced to assume that the technology grows exogenously. 
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Through exogenous growth theory, FDI affects economic growth through its impact on total 

domestic investment (Herzer et al,. 2008). 

Endogenous Growth Theory, the endogenous growth model considers technology as an 

endogenous variable of the model, while knowledge capital is the determining factor in the rate of 

technological progress. Here, knowledge capital is defined as knowledge spillover - positive 

externalities (Romer, 1986),  human capital Lucas (1988), and R&D activities (Romer, 1990). Thus, 

output is related to capital, labor, and knowledge (Romer, 1990). Clearly, the authors always try to 

understand the interaction between knowledge capital and technological progress, thereby 

explaining how the combination between them leads to economic growth. The model of Romer 

(1986) explains economic growth following technological progress as capital accumulation. 

Pervasive knowledge can generate returns to scale across the economy as more and more people use 

knowledge. The combination of technical progress and returns to scale makes it possible for an 

economy to sustain economic growth in the long run. Thereby, it is found that economic growth 

depends on the level of investment for each type of capital (Lucas, 1988). Therefore, investment 

plays a very important role in promoting economic growth. Endogenous growth theory focuses on 

the development of production technology in the host country and assumes that FDI is more 

efficient than domestic investment (de Mello, 1999). 

Experimental Research Evidence, a study of de Mello (1997) shows that FDI has a 

positive impact on economic growth in 17 OECD countries through capital, technology, and human 

resources. The study of De Gregorio (1992) shows that there is a positive impact between FDI on 

economic growth and the productivity of FDI is higher than the productivity of investment in the 

country. Borensztein et al,. (1998) concluded that FDI has a positive impact on economic growth 

through industrial transmission channels. However, this impact is also affected by another factor: 

the quality of human resources in the receiving country. For the group, there are several other 

factors: low costs, low tariff barriers, a free and investor-friendly investment environment that help 

the economies of developing countries benefit from FDI. 
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However, the study of Hong (2015) shows that FDI has a negative effect on economic 

growth in the host country. The study of Falki (2009) shows that there is a negative and not 

statistically significant relationship between FDI and economic growth in Pakistan. And some other 

studies such as Bende‐Nabende et al,. (2001), the study of Li & Liu (2005), and Chaudhury et al,. 

(2020) have similar results. 

2.2 Financial Development 

The Impact of Financial Development on Economic Growth, the financial system plays a 

particularly important role in promoting economic growth by performing basic functions such as 

generating information about investments, monitoring investments for corporate and risk 

management purposes, mobilizing and allocating savings, and promoting favorable transactions 

(Levine, 2005). In addition, the early studies by Schumpeter (1911) on financial development 

clearly stated and provided an objective view of economic development theory. He said that 

economic development is driven by innovation in financial intermediaries, businesses need access to 

credit to finance the application of technical advances as well as new technologies, thereby can 

promote business activities. Agreeing with Levine (2005), Goldsmith (1969), Vanags (1971), 

Gurley & Shaw (1955) all affirmed that the development of the financial system will promote 

economic growth. With high economic growth, there will also be developed financial markets, and 

in those countries, developed financial markets lead to higher economic growth by increasing the 

size of savings and improving efficiency investment (McKinnon, 2010; Shaw, 1973). In other 

words, financial markets play an important role when it comes to providing liquidity to investors 

(Diamond & Dybvig, 1983). In addition, financial intermediaries reduce the amount of savings held 

as unproductive liquid assets and prevent the misallocation of capital due to liquidity needs 

(Bencivenga & Smith, 1991). Grossman & Stiglitz (1980) also show that the stock market 

stimulates the production of information about firms and with the growing liquid financial markets, 

agents easily gather information and seek profits. 
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Experimental Research Evidence , m any researchers have chosen topics related to 

financial development and economic growth as a guideline for their research work. The study 

conducted by King & Levine (1993), found a positive relationship between economic growth and 

financial development. This relationship is explained by the fact that financial development 

increases profits based on the innovation of the provision of three services. Similarly, other studies 

with similar results determining that financial development has a positive effect on economic 

growth (Rioja & Valev, 2004; Rousseau & Wachtel, 2001). 

On the other hand, there are also studies that argue that financial development has a negative 

impact on economic growth. Typically, there is a study by Lan & Trung (2019) , which uses panel 

data and generalized moment estimation methods with data taken from 1961-2015 from more than 

135 countries. As a result, there exists an inverted U-shaped relationship between bank credit and 

economic growth. That is, when exceeding the threshold of 103% of GDP, increasing the 

credit/GDP ratio will reduce economic growth and vice versa. Research by Kieu et al,. (2016) and 

Hong (2015) found a negative relationship between financial development and economic growth. 

However, the estimation results of the groups of developed, developing and underdeveloped 

countries show that there is a difference in the impact of financial development on economic growth 

between groups of countries. Specifically, financial development has a positive impact on economic 

growth in developed countries and a negative impact on the remaining two groups of countries. This 

is explained by the fact that the financial system in developed countries is more stable, with less 

chance of rapid growth leading to collapse. The studies of Chee & Nair (2010) and Loayza & 

Rancière (2006) also have similar results. The reason for this result can be attributed to the short-

term instability and fragility of the financial systems in those countries (Loayza & Rancière, 2006). 
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2.3 CO2 Emission 

The Relationship between CO2 Emission and Economic Growth, carbon dioxide (CO2) 

is a colorless, odorless, and non-toxic gas formed from the combustion of carbon or during the 

respiration of living organisms and is considered a greenhouse gas. The amount of CO2 in the 

atmosphere stores heat and causes weather variations, causing global temperatures to rise and other 

climate changes to occur. It can be seen that CO2 emissions are a significant contributor to climate 

change and global warming. Tollefson (2020) suggests that global temperatures will increase by 5 to 

6°C by the end of the 21st century if the current rate of greenhouse gas increase remains the same. It 

can be seen that the increase in issues related to climate change has pushed countries to shift 

towards economic low-carbon emissions development quickly (Stern, 2007; Zhou & Li, 2019) and 

promote the goals of the Paris Agreement (Ren et al,. 2022). To achieve the goal, countries must 

face many challenges when energy is an essential driving force for economic development as well 

as a direct factor in increasing CO2 emissions. Evidence that China's rapid economic development 

is also accompanied by a rapid increase in energy consumption and the emission of many 

greenhouse gases (Riti et al,. 2017). 

In general, previous empirical studies have left behind a treasure trove of literature but there 

is still no consensus among viewpoints. The results indicate that the relationship between CO2 

emissions and economic growth is very diverse, it may not exist or be a two-way relationship or a 

one-way impact from CO2 emissions to economic growth and vice versa. Therefore, this study 

examined the impact of CO2 emissions on economic growth in APEC countries and the differences 

between groups of countries in the region. 

Experimental Research Evidence, many studies support the existence of the Kuznet curve 

such as Maddison's (2008) study examining the causal relationship between economic growth and 

CO2 emissions through Granger tests. Research results show that there is a two-way relationship 

between GDP and CO2, similar results when dividing countries by income group. Mamun et al,. 
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(2014) researched 5 groups of countries including low-income countries; medium-low income; 

medium-high income; high income within the OECD, and high income outside the OECD. It shown 

that, except for the group of high-income countries, the Kuznets curve was a common phenomenon 

globally. 

Some other studies believe that the relationship between CO2 emissions and economic 

growth exists in an N shape. In the study of Akpan & Chuku (2011) was shown that economic 

growth is significantly associated with increased environmental degradation in Nigeria both in the 

short and long term. Similarly, Adebayo et al,. (2020) also found that the relationship between CO2 

emissions and economic growth is N-shaped. 

In addition, many experimental studies also do not support the environmental Kuznets curve 

(EKC) theory. In particular, the study of Galeotti et al,. (2006) testing stationarity and cointegration 

of panel data with data from 24 OECD countries from 1960 to 2002 confirms that the environmental 

Kuznets curve (EKC) is still a fragile concept. Research by Chebbi & Boujelbene (2008) for Tunisia 

from 1971 - 2004 and research by Saboori et al,. (2011) conducted with Iranian data from 1971 - 

2007, both studies used the ARDL distributed lag regression method and also relied on the theory of 

the environmental Kuznets curve and the research results did not support it. Increasing pollution 

levels cause economic growth to expand. 

2.4 Digital infrastructure 

Impact of Digital Infrastructure (ICT - Information and Communication Technology) 

on Economic Growth, digital infrastructure or technology in general is measured through 

information and communication technology (ICT). Information and communication technology 

(ICT) has been a very dynamic investment area over the past decade (OECD, 2004). Since the 

1990s, ICT has been one of the tools of technical innovation to modify the economic and industrial 

structure. These benefits were most evident during the period linked with the profound changes 
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brought on by the COVID-19 pandemic when ICT made it possible for the "new normal" to operate 

(Mińska-Struzik et al,. 2021). Romer (1986) contends that the diagnosis of long-term economic 

growth predicated on an increase in the margin of production leads to the enhancement of input 

quality, which contributes positively to achieving a competitive advantage. This attribute is evident 

through the use of technology, which is emerging more rapidly in larger countries than in smaller 

ones. ICT helps disseminate ideas among institutions and encourages the role of competition in the 

development of innovative products that contribute to the creation of effective activities in a macro 

economy. Classical endogenous theory predicts ICT's contribution to economic prosperity by 

introducing new processes, innovative products, and business models (Liao & Zeng, 2023). ICT 

increases business revenue by cutting costs, providing new job opportunities, and promoting market 

efficiency (abid et al., 2023). Karaman Aksentijević et al,. (2021) argue that IT contributes 

significantly to economic growth. The impacts of IT are significant on economic growth in lower-

middle-income and low-income countries. However, this impact is insignificant in high- and 

middle-income countries. Thus, in business operations, where ICT plays an important role, the 

benefits of ICT-induced productivity gains are real in the economy. More specifically, the benefits 

of innovations brought about by ICT have an impact on economic change. Besides, ICT also plays 

an important role in promoting competitiveness, as well as improving productivity in all sectors of 

the economy. Research by Chowdhury (2006) suggests that every 1% increase in the number of 

Internet users will reduce the impact of inflation by 40%. This characteristic explains the influence 

of communication technology on the economic environment. The results also show that the ICT 

investment sector has a positive impact on the overall expansion of the market. Despite the obvious 

important impacts of ICT on the economy and society at large, the growth impact from ICT is still 

hard to find in the macro data. In addition, the growth rate tends to decrease for decades and this is 

seen as the Solow paradox (Maurseth, 2018). 

Experimental Research Evidence, many studies have documented that ICT is a driver of 

economic growth (Thong et al,. 2020; Zhang et al,. 2022). Choi & Yi (2009) found that in the period 
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from 1990-2000, ICT stimulates economic growth. However, from 1990-2015, the study showed 

that ICT has significant negative effects on economic growth. The study by Toader et al,. (2018) 

and Nam (2021) about the European Union and Vietnam also showed similar results, digital 

infrastructure or ICT has a positive impact on economic growth. However, Pohjola (2002) did not 

find any statistically significant correlation between ICT investment and economic growth when 

studying 43 countries from 1985-1999. According to the author, this result is due to the accessibility 

of communication technology and the existence of outdated technology in many developing 

countries. Kallal et al,. (2021) analyzed Tunisia during the period 1997–2015 and found that in the 

long run, ICT has a positive impact on economic growth. Otherwise, in the short term, the result is a 

negative impact. Papaioannou & Dimelis (2007) found that investment in ICT only promotes 

growth in developed countries. Appiah-Otoo & Song (2021) examined the impact of ICT on 

economic growth by comparing rich (HIC) and poor (MIC and LIC) countries from 2002 to 2017. 

They found that ICT increases economic growth in both rich and poor countries. The findings also 

further showed that the gains from ICT in poor countries are larger than those of rich countries. 

Niebel (2018) investigates the importance of ICT for economic growth based on a sample of 59 

countries over the period 1995–2010. The regression of the full sample of countries reveals an 

output elasticity of ICT that is larger than the ICT factor compensation share, indicating possible 

spillovers and complementarities of investments in ICT. These excess returns confirm the positive 

impact between ICT and economic development. However, the regressions for the three country 

subsamples reveal rather small differences in the output elasticities of ICT between developing, 

emerging, and developed countries. As a consequence, there is no clear statistical indication that 

developing and emerging countries are gaining more from investments in ICT than developed 

economies. Besides, Yousefi (2011) shows that the impact of ICT is more significant in middle-

income countries than in high-income countries and in both cases, it contributes positively to 

economic growth. This demonstrates that a country's income level influences different responses to 

the development of the telecommunications industry. 
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2.5 The Relationship between FDI, Financial Development, and Economic Growth 

The role of FDI and development in the financial sector for economic growth has been one 

of the topics of most interest to researchers in recent years. There are many empirical studies 

showing that the financial sector is an important part of the economic growth process. This shows 

that a good financial system is an essential condition for the development of a market economy 

(King & Levine, 1993; Levine, 2005 ), so countries tend to be more interested in attracting FDI. 

Besides, financial development also helps the economies of FDI recipient countries to absorb more 

fully the benefits of this capital inflow (Hermes & Lensink, 2003; Patrick, 1966). In the long run, 

financial sector development is crucial for FDI to have a positive effect on economic growth 

(Choong et al,. 2004). However, Hermes & Lensink (2003) conducted a study with 67 countries in 

Latin America and Asia and found that 37 out of 67 countries have sufficiently developed financial 

systems to allow FDI to contribute positively to economic growth. Accordingly, in the initial 

regression model, the variable measuring FDI has a negative regression coefficient, which is 

statistically significant, but when adding to the model of the interaction variable between FDI and 

financial development, the interaction variable has a positive index, statistically significant numbers. 

And almost all other countries that are in Sub-Saharan Africa have very weak financial systems and 

consequently, FDI does not contribute positively to growth. Research by Hong (2015) finds that 

financial development has no impact on the relationship between FDI and economic growth in 

ASEAN countries in the period 1995-2013, and the author has argued that the instability and 

fragility of the financial system in the ASEAN region can be the cause of the non-statistically 

significant interaction variable between FDI and financial development. The results also show that 

the interaction variable has a positive impact on developing and underdeveloped countries. In 

particular, the regression coefficient of the interaction variable in the group of underdeveloped 

countries is the highest, showing that the role of financial development in the relationship between 

FDI and economic growth in the group of underdeveloped countries is the largest. FDI only 

promotes economic growth when the financial development index is large, which means that the 
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economy of the receiving country can only absorb the benefits of FDI when the domestic financial 

market achieves a certain level of development (Azman-Saini et al,. 2010). 

3. Data and Methodology 

3.1 Data 

The paper analyzed data sheets were collected from 20 countries within the Asia-Pacific 

Economic Cooperation (APEC) during the period of 2000 to 2020. The majority of the data used in 

our paper was obtained from reputable sources such as the World Bank (WB) and International 

Monetary Fund (IMF). 

3.2 Regression Model and Variables 

Regression Model, based on Hong's (2015) study, which examines the impact of FDI, 

financial development and the interaction between these variables on economic growth, we have 

expanded the topic to investigate the additional impact of CO2 emissions and digital infrastructure 

on the dependent variable. 

Therefore, we have the regression model below: 

 

                                 (          )                       

                    

With the proxy for financial development is credits to private sector from the sources of 

financial intermediaries (PRICRE): 

                                 (          )                       

                                                                                            (1) 
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With the proxy for financial development is liquidity index of the financial system 

(LIQLIA): 

                                 (          )                       

                                                                                                                  (2) 

Table 3.1 Variables used in the model 

 Name Variable name Calculation Expectation 

Dependent variable 

1 Economic Growth GROWTH Growth rate of real GDP per capita (%)  

Independent variable 

2 Foreign Direct Investment FDI FDI/real GDP (%) + 

3a Liquidity of the financial system LIQLIA M2/real GDP (%) + 

3b Credits to private sector PRICRE Credits to private sector/real GDP (%) + 

4 CO2 emissions CO2 Metric tons per capita (tons) + 

5 Digital infrastructure TECH Percentage of population using the Internet (%) + 

Control variables 

6 Trade openness TRAOPE Total import and export/real GDP (%) + 

7 Population growth POPGO Population growth rate (%) - 

8 Government expenditure GOVEXP Total government expenditure/real GDP (%) +/- 
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9 Gross capital formation GCF Gross capital formation/real GDP (%) + 

 

Hypothesis 

Hypothesis H1: FDI positively influences economic growth. 

Hypothesis H2: Financial development positively influences economic growth. 

Hypothesis H3: The interaction between FDI and Financial development positively influences 

economic growth. 

Hypothesis H4: CO2 emissions positively influences economic growth. 

Hypothesis H5: Digital infrastructure positively influences economic growth. 
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3.3 Methodology 

In panel data analysis, it is crucial to verify the stationarity of the data before starting the 

research process. The authors use the Phillips-Perron's Fisher test to check for stationarity in the 

data. We also employ different models like Pooled OLS, Fixed Effects Model (FEM), Random 

Effects Model (REM) and use statistical tests like F-test, Breusch Pagan test and Hausman test to 

compare and select the most appropriate model.  

Moreover, the seasonality of the data along with the previous issues is another factor to 

consider in the regression analysis. To control for this and increase data stability, the authors 

constructed a model with a dummy variable for the year and evaluated the model's reliability. 

Finally, to address any existing misspecifications and validate the reliability of the study 

after selecting the optimal model, the authors use the Feasible Generalized Least Squares (FGLS) 

estimation. The FGLS method helps to rectify any existing shortcomings in the analysis and 

enhance the credibility of these findings. 
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4. Results 

4.1 Descriptive Statistics 

Our raw data set presents descriptive statistics of the variables in the author's proposed 

research model for 20 countries and territories belonging to the Asia-Pacific Economic Cooperation 

(APEC) forum in the period from 2000 to 2020, excluding Taiwan, which corresponds to 420 

observations in the sample. An overview of the data about the descriptive statistics for the variables 

used in our study is presented in table 4.1 

Table 4.1 Descriptive statistics of the variables in the research model 

Variables Observations Mean 

Standard  

Deviation 

Min Max 

GROWTH 420     2.4109     3.4156 -12.1539    13.6358 

FDI 420     4.7431     7.6373   -3.8118    58.5184 

PRICRE 420     96.3923      55.8888    12.8777    258.9028 

LIQLIA 420     105.0157     71.1779    20.0125    454.7032 

CO2 420     7.3815    5.7897     0.5129    21.7058 

TECH 420     50.1116     29.5680    0.2542    96.5051 

TRAOPE 420 104.1828     95.1260     19.5596      442.6200 

POPGO 420 1.1217     0.7957   -1.4745    5.3215 

GOVEXP 420 27.7993     8.7366    12.9741    50.8146 

GCF 420 25.3586     6.2153     10.4374    46.6601 

Source: Compilation of the author team from Stata 17.0 

This table presents summary descriptive statistics for the main variables used in this study. 

During the study period, the average value of the GROWTH variable in the 20 countries was 

2.4109, with minimum and maximum values of -12.1539 and 13.6358, respectively. The standard 
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deviation of this variable is 3.4156. Foreign direct investment (FDI) flows by each country and 

territory show the smallest value of -3.8118 and the largest value of 58.5184 (2015), the average net 

capital inflow of APEC is 7.6373. Regarding private sector credit (PRICRE), a proxy for financial 

development, the average ratio is 55.8888, ranging from 12.8777 to 258.9028. Another financial 

development index (LIQLIA) has a mean value of 105.0157, ranging from 20.0125 to 454.7032. For 

CO2 emissions (CO2), there are data ranging from 0.5129 to 21.7058, with an average of 7.3815. 

Finally, digital infrastructure (TECH) has the highest value of 96.5051 and the lowest value of 

0.2542, reaching an average value of 29.5680. 

4.2 Results 

Regression Results with DLIQLIA 

Table 4.2 Regression results with DLIQLIA 

Variables  All 

(REM) 

Developing 

Countries  

(REM) 

Developed 

Countries (REM) 

FDI 0.1036*** 0.2635**    

 

0.0354  

DLIQLIA -0.0326* 

 

-0.2139*** 

 

0.0098    

 

FDI x DLIQLIA -0.0018 

 

0.0319***     

 

-0.0035***    

 

DCO2 0.8120*** 

 

0.6101**    

 

1.5623***    

 

TECH -0.0486***      -0.0560***    -0.0178     
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TRAOPE -0.0005 

 

0.0023    

 

0.0033    

 

DPOPGO 0.3350 

 

6.4781***     

 

0.1177    

 

DGOVEXP -0.3175***    -0.1851***    

 

-0.3755***  

 

GCF 0.1837*** 

 

0.2171***     

 

0.1055**    

 

Constant -0.1357 

 

-1.4324    

 

0.1538    

 

Observations 400 240 160 

Countries 20 12 8 

R squared  0.5563 0.5887 0.7072 

F test - - - 

λ2 231.53*** 182.63*** 170.11*** 

Hausman test 15.30* 16.15* 12.49 

The symbols ***, **, * represent statistical significance at 1%, 5%, 10%, respectively 

Source: Compiled by the author's team 

The regression results in table 4.2 provide evidence that FDI increases economic growth 

(GROWTH) in APEC countries. Statistical evidence from our sample shows a positive relationship 

between FDI and GROWTH at the 1% significance level. This relationship is similar in the case of 

developing countries but is somewhat less strong than the total sample at the 5% statistical 

significance level, while for developed countries it is not statistically significant. These findings are 

consistent with the research of de Mello's (1997), De Gregorio (1992), Borensztein et al,. (1998) 

show that FDI has a positive impact on economic growth. 
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Next, financial development expressed through the liquidity of the financial system 

(DLIQLIA) reduces economic growth at a statistically significant level of 10%, which in the case of 

developing countries also reduces economic growth economic growth and the impact is stronger 

than in the total sample; developed countries are not statistically significant. This demonstrates the 

fragility of the financial systems of APEC countries, especially developing countries. This study has 

similar results to those of Kieu et al,. (2016), Hong (2015), Lan & Trung (2019). 

The relationship between FDI and financial development has no impact on the economic 

growth of APEC countries. However, for developing countries, there is a positive impact, similar to 

the studies of Choong et al,. (2004), Hermes & Lensink (2003), Hong (2015). The regression 

coefficient of the interaction variable is negative but relatively small for developed countries. This 

result shows that the role of financial development in the relationship between FDI and economic 

growth in developing countries is more important. 

Next, CO2 emissions (DCO2) have a positive impact on economic growth and are 

statistically significant at the 1% level. The results obtained by the statistical team are similar to the 

results of two research articles by Muhammad & Khan (2019), Lee & Brahmasrene (2014). From 

the table above, it can also be seen that the CO2 regression coefficient of the two groups of 

countries has a positive and statistically significant impact on economic growth in developed 

countries more than in developing countries. Developed countries, also known as technological 

countries, will emit a lot of CO2. The change in the volume of the economy will also be very large. 

This is consistent with the research of Chebbi & Boujelbene (2008), Saboori (2011). 

For digital infrastructure (TECH), this variable is statistically significant at the 1% level and 

has a negative impact on economic growth in the model. This result is consistent with research by 

Kallal et al,. (2021) analyze Tunisia (a developing country during the period 1997–2015). Research 

shows that in the long term, IT has a positive impact on economic growth, but in the short term, it 

has a negative impact. This study is also consistent with the group's results on the relationship 

between IT and the economic growth of developing countries. Developing countries account for 



 
 

The Effects of FDI, ICT, CO2 Emissions and Financial             183

12/20 APEC countries. Meanwhile, IT has an unclear impact on the economic growth of developed 

countries, possibly due to a lack of research data and a lack of universality, reducing the 

persuasiveness of research. 

Check the Robustness of the Research Model by Using the DPRICRE Variable 

The authors continue to regress the research model with the DPRICRE variable to test the 

model's robustness. It shows that the independent variables tend to have an impact on the 

GROWTH variable, similar to DLIQLIA's model. From the results of model research, the author 

has achieved the initially set goal. The use of DPRICRE produced similar results, indicating a level 

of certainty in the regression results. 

Table 4.3 Regression Results with DPRICRE 

Variables REM 

FDI 0.0952***    

 

DPRICRE -0.0443*    

 

FDI x DPRICRE 0.0005   

 

DCO2 0.8467*** 

 

TECH -0.0486*** 

 

TRAOPE -0.0002 
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DPOPGO 0.5154 

 

DGOVEXP -0.3407*** 

 

GCF 0.1920***  

 

Constant -0.2775 

 

Observations 400 

Countries 20 

R squared  0.5703 

F test - 

λ2 219.64*** 

Hausman test 12.35 

The symbols ***, **, * represent statistical significance at 1%, 5%, 10%, respectively 

Source: Compiled by the author's team 

Check the Robustness of the Research Model by Using the Seasonal Adjustment 

One problem that the research model may encounter in regression is the seasonality of the 

data, which can affect the stability of the data. According to research by Zaremba et al,. (2021); 

Bakry et al,. (2022), to eliminate the seasonality of research data, the author uses year dummy 

variables. Specifically, the group adjusted the research model as follows: 

                                 (          )                       

              ∑   
    

          
        

TIMDUM1 = 1 for the year 2000, 0 for other years; TIMDUM2 = 1 for 2001, 0 for the rest; 

and similarly for the years 2002 to 2020. The regression results presented in the table below show 
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that after seasonal adjustment, the data set is still statistically significant, with the regression 

coefficient not too different from that without seasonal adjustment. In addition, the impact direction 

of FDI, DCO2, and TECH remains the same as the original at the 1% significance level. Thereby, 

making the regression results of the study more certain. However, DLIQLIA is not statistically 

significant, and the interaction variable becomes statistically significant at the 10% level. The team 

will study this more closely using the FGLS method. 

Table 4.4 Regression Results by Seasonal Adjustment 

Variables REM 

FDI 0.0812***    

 

DLIQLIA 0.0188    

 

FDI x DLIQLIA -0.0022*   

 

DCO2 0.6995*** 

 

TECH -0.0502*** 

  

TRAOPE -0.0003 

 

DPOPGO -0.0474 

 

DGOVEXP -0.0731 

 



 
 

186             L. Q. Chi et al.

GCF 0.1401***  

 

Constant -3.7612*** 

 

Seasonal adjustment Yes 

Observations 400 

Countries 20 

R squared  0.5703 

F test - 

λ2 219.64*** 

Hausman test 12.35 

The symbols ***, **, * represent statistical significance at 1%, 5%, 10%, respectively 

Source: Compiled by the author's team 

Check the Robustness of the Research Model by Using the FGLS Method 

After selecting a suitable model, the author's team carried out tests for heteroscedasticity and 

autocorrelation. However, both of the above models have these defects. Since then, the research 

team has used the FGLS method to control the phenomenon of autocorrelation and variance, 

according to Westerlund & Narayan (2014). The FGLS method will estimate the model according to 

the OLS method (even in the case of the existence of autocorrelation and heteroscedasticity). The 

errors drawn from the model will be used to estimate the matrix of variance—the covariance of the 

error. Finally, use this matrix to transform the original variables and estimate the values of the 

parameters to look for in the model. The results of the regression are presented in the following 

table: 

Table 4.5 Regression Results by FGLS Method 
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Variables FGLS FGLS 

FDI 0.0651** 

 

0.0663** 

 

DLIQLIA -0.0272** 

 

0.0092 

 

FDI x DLIQLIA -0.0009 

 

-0.0007   

 

DCO2 0.8411*** 

 

0.3676** 

 

TECH -0.0309*** 

 

-0.0295*** 

 

TRAOPE 0.0014 

 

-0.0004 

 

DPOPGO 0.2458 

 

-0.0404 

 

DGOVEXP -0.2766*** 

 

-0.0810** 

  

GCF 0.2263*** 

 

0.2234***  

 

Constant -2.0273** 

 

-6.9147*** 

 

Seasonal adjustment No Yes 

Observations 400 400 

Countries 20 20 

λ2 367.09*** 859.46*** 
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The symbols ***, **, * represent statistical significance at 1%, 5%, 10%, respectively 

Source: Compiled by the author's team 

The regression results from the table 4.5 show that the FGLS estimation method for both 

seasonal adjustment and non-seasonal adjustment give the same results when regressing with the 

DLIQLIA variable. All have high statistical significance, and the magnitude of the regression 

coefficient is not significantly different (except for DLIQLIA, which is statistically significant at the 

5% level when non-seasonal adjustment and is not statistically significant when seasonal 

adjustment). From there, make the research team's conclusions more certain. 

5. Conclusion 

Research studies on the impact of foreign direct investment (FDI) on economic growth do 

not reach a consensus. This study was conducted to try to determine the impact of FDI inflows on 

economic growth and examine the effect of FDI inflows on economic growth through financial 

development. We use the OLS regression method with data from 20 countries of the Asia-Pacific 

Economic Cooperation (APEC) for the period 2000 - 2020 to calculate the impact of many factors 

on economic growth. Factors include FDI, financial development, digital infrastructure (ICT), and 

CO2 emissions. 

 Based on the initial research objectives and expectations about the influence of the 

variables, we have regresss and obtained the following results: 

 First, FDI has a positive impact on the economic growth of developing countries but has 

no impact on the economic growth of developed countries in APEC. Besides, while 

developed countries in APEC are not affected by financial development, developing 

countries in APEC are significantly negatively affected. The financial development of the 

region, especially developing countries, needs to be maintained and further improved to 

avoid negative impacts when a crisis occurs that will damage the financial system, leading 

to negative impacts on economic growth. 
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 Second, financial development plays a role in promoting the positive impact of FDI on 

economic growth in developing countries and vice versa for developed countries. Thus, 

this result shows that the role of financial development in the relationship between FDI 

and economic growth in developing countries is the most important. 

 Third, CO2 emissions have more influence on economic growth in developed countries 

than in developing countries. Because in the process of economic development, developed 

countries, also known as technological countries, will emit a lot of CO2 and the change in 

the volume of the economy will also be very large. However, to transition to a sustainable 

economy, the focus is on decoupling economic growth from CO2 emissions. This 

involves promoting energy efficiency, the use of renewable energy, and low-carbon 

technologies to achieve sustainable growth (Balsalobre-Lorente et al,. 2023). Thus, to 

reduce CO2 emissions and maintain sustainable economic growth, we recommend 

government and management agencies should also increase the use of various policy tools 

to strengthen and promote measures to reduce CO2 emissions, improve the efficiency of 

economic growth, and develop a sustainable economy. 

 Four, in the long term, ICT has a positive impact on economic growth, but in the short 

term, it has a negative impact on the economic growth of developing countries. 

Meanwhile, ICT has an unclear impact on the economic growth of developed countries. 

The cause of this negative impact may be due to the underdeveloped information and 

communication system in the region. Therefore, we recommend that policymakers study 

the negative impacts of information and communications technology (ICT) systems on the 

economic growth of the region in general and each country in particular. From there, 

practical measures can be taken to help increase the effectiveness of ICT on economic 

growth. 

 Finally, economic growth is also negatively affected by government spending 

(DGOVEXP), while gross capital formation (GCF) has a positive impact on economic 



 
 

190             L. Q. Chi et al.

growth. In addition, trade openness (TRAOPE) and population growth (DPOPGO) have 

no impact on the economic growth of countries in APEC. 
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Appendix 1: Stationarity of table data 
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Appendix 2: Correlation analysis of variables 

1. Matrix of correlation coefficients in model (using the first difference of the LIQLIA variable, 

representing the financial development variable) 
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2. VIF between variables in model (using the first difference of the LIQLIA variable, representing 
the financial development variable) 
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Appendix 3: Regression model with DLIQLIA (All) 

1. Regression model by methods: OLS, FEM, REM 
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2. Model selection test 
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3. Matching model results 
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Appendix 4: Regression model with DLIQLIA (Developing Countries) 

1. Regression model by methods: OLS, FEM, REM 
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2. Model selection test 
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3. Matching model results 
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Appendix 5: Regression model with DLIQLIA (Developed Countries) 

1. Regression model by methods: OLS, FEM, REM 
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2. Model selection test 

 

 



 

 

 

 

 

 

 

The Effects of FDI, ICT, CO2 Emissions and Financial             225

 

3. Matching model results 

 



 

 

 

 

 

 

 

 

226             L. Q. Chi et al.
 

 

Appendix 6: Regression model with DPRICRE 

1. Regression model by methods: OLS, FEM, REM 

 



 

 

 

 

 

 

 

 

The Effects of FDI, ICT, CO2 Emissions and Financial             227

 

 



228             L. Q. Chi et al.

 

 



 

 

 

 

 

 

 

 

 

The Effects of FDI, ICT, CO2 Emissions and Financial             229

 

2. Model selection test 
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3. Matching model results 
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Appendix 7: Seasonal adjustment with DLIQLIA 

1. Regression model by methods: OLS, FEM, REM 

OLS 
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FEM 
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REM  
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2. Model selection test 
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3. Matching model results 
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Appendix 8: Defect testing of the model 

1. Autocorrelation in the non-seasonal adjustment model 

 

2. Heteroscedasticity in the non-seasonal adjustment model 

 

 

3. Autocorrelation in the seasonal adjustment model 
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4. Heteroscedasticity in the seasonal adjustment model 
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Appendix 9: Regression model by FGLS methods  

1. Regression in the non-seasonal adjustment model 

 



 

 

242             L. Q. Chi et al.

 

 

 

 

2. Regression in the seasonal adjustment model 
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