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Abstract

:

The New Generation Productive Capacity Index (PCI) and the E-Government Development Index (EGDI) are increasingly used in various economies. Therefore, can e-government contribute to the continuous development of the new generation of productive capacity? Focusing on this important issue, this paper systematically examines the mechanism of the impact of e-government on the new generation of productive capacity and tests it using relevant data from major global economies. Firstly, this paper conducts regression analysis using the panel fixed-effects model, and the results show that e-government has a positive facilitating effect on the new generation of productive capacity. Secondly, the development of e-government will directly reduce the time, procedural, and monetary costs for enterprises and individuals to obtain government services, thereby promoting the development of production capacity. Finally, the specific changes in the structure of social expenditures are that government education expenditures and general expenditures will increase, but total government expenditures and household expenditures will not be affected by the construction of e-government. The research contribution of this paper is mainly reflected in the following three aspects: first, in terms of research perspectives, this paper extends the research on e-government’s ability to improve the efficiency of governments and organizations in handling affairs and its impact on the productive capacity of a society. Second, it contributes to the theory on the topic of e-government. This paper proposes a general equilibrium model to reveal the impact of e-government construction on a government and the public, and to more comprehensively reveal the impact mechanism of e-government construction in the whole economy. Third, this paper contributes empirical evidence. This paper utilizes the data of the major economies around the world to reveal the mutual influence between the construction of e-government and the new generation of productive capacity, and then effectively proves the specific impact of e-government on governments, enterprises, and individuals through the test of cost mechanism and financial mechanism. Different from the existing literature, this paper focuses on the impact of e-government on the new generation of productive capacity, revealing that e-government construction does not increase the financial burden on governments but reduces the burden on firms and individuals, thus providing new insights into the productivity effects of e-government development.
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1. Introduction


Since 2001, the United Nations has assessed the current status of global e-government development, and they published the first annual e-government survey report in 2004, “UN Global E-Government Survey 2003” [1], whose E-Government Development Index (EGDI), as a composite index, is calculated by weighting three standardized indices, namely, the Telecommunications Infrastructure Index (TII), the Human Capital Index (HCI), and the Online Services Index (OSI), and is designed to assess the level of e-government development in the world’s major economies. According to the 2022 United Nations e-government survey [2], the level of global e-government development has continued to improve, with the average value of the E-Government Development Index (EGDI) increasing from 0.5988 in 2020 to 0.6102 in 2022, and more than two-thirds of countries having a high or very high EGDI, reflecting the continued development of e-government. With the continued development of e-government, the rapidity of government processing services has been improved, and the development of social production capacity has been promoted to a certain extent. Exploring the impact of e-government development on the development of a new generation of productive capacities and analyzing the mechanism of action behind it are key to better exploiting the role of e-government development in promoting sustained economic growth and accelerating poverty reduction, economic diversification, and job creation.



With the continuous innovation of internet technology, the development of e-government has become a focus of all major economies in the international community today. The United Nations, in order to help economies more accurately diagnose and measure their economic performance and ultimately formulate more effective policies and implementation programs, has introduced the New Generation Productive Capacity Index (PCI) to provide countries with a new indicator other than gross domestic product (GDP) to measure their economic progress. With the active use of both indices rising across economies, can e-government contribute to the continued development of the New Generation Productive Capacity Index (PCI)?



From the perspective of major global economies, e-government development can indeed promote the development of a new generation of productive capacities. In recent years, more and more countries have strengthened their institutional and legal frameworks for e-government development, committed themselves to promoting e-government development, and actively incorporated e-government into their national development strategies [3]. As early as 1993, the United States took the lead in proposing the development of e-government, calling for the establishment of a public-oriented “e-government” to provide the public with convenient access to government services and opportunities. Later, Canada, Germany, Singapore, and other economies launched e-government development plans one after another. Throughout the 11 e-government surveys published by the United Nations from 2003 to 2022 [4], there is a significant positive correlation between the level of e-government development and productive capacity development. Of course, this significant positive correlation cannot be simply interpreted as a certainty that e-government can contribute to economic development; after all, there is another possible explanation for this positive correlation, namely that the higher a country’s productive capacity is, the more capable it is of building e-government. Therefore, from a global perspective, to show that e-government can contribute to the development of the new generation of productive capacity, it is necessary to explore the development mechanism behind it and to clarify the magnitude of its role.



This paper systematically examines the mechanisms by which e-government building contributes to the development of a new generation of productive capacities from the perspective of e-government strengthening the capacity of government services. From the global data, there are certain commonalities in the organizational structures and service dimensions of e-government development in major economies, including the provision of convenient and efficient online government services to the public [5,6]. The United Nations E-Government Survey 2022 [2] emphasizes that, by promoting an integrated strategy of data design and delivery, governments can avoid a siloed approach to e-government and are better able to integrate and coordinate efforts among different sectoral agencies to deliver e-government services to all populations. Thus, in the area of government services, e-government development can enhance the ability of the government to serve the community or the public [7]. From the perspective of government departments, if there are more social enterprises that handle related affairs through e-government, this will inevitably reduce the manpower cost of the government in providing related government services and enhance the efficiency of the government [8]. From the perspective of the public, if the public obtains relevant government services through the e-government service platform, this will certainly reduce the cost of public time and labor in obtaining relevant government services and improve the efficiency of social production [9]. The benefits brought about by the use of e-government services by society are high efficiency and low marginal costs [10]. This is the essential feature of digital technology-enabled government services. Therefore, the more the public uses e-government, the lower the cost is for government departments to provide equivalent government services and the faster the development of social productive capacity will be.



For this reason, this paper models the above elements and constructs a general equilibrium model that endogenizes e-government, so as to examine the competitive behavior of internal government departments in the field of government services. In a nutshell, the provision of government services by the government for the public is one of the necessary elements for the public to participate in social production, and the public needs to pay a certain fee, such as paying a certain amount of tax, to access the government services provided by the government. Before the construction of e-government, the government only provided government services to the public through offline channels. The offline channel is a single monopolistic channel, which will inevitably produce a monopolistic market for government services. This market will surely impose mark-up pricing on government services due to costs, which will in turn increase the burden of paying taxes and fees on the public and affect the development of social production capacity. After the construction of e-government services, there is a certain degree of competition between e-government platforms and offline channels, and the monopolistic market of the past will be transformed into a dual oligopoly market, where competition will make the cost of government services fall. Whether the government builds an e-government service platform is determined by the government’s internal decision-making mechanism, and depends on the utilization rate or potential utilization rate of the e-government service platform. When the utilization growth reaches a certain height, the government will choose to build an e-government service platform. The use of e-government services affects the New Generation Productive Capacity Index (PCI) through two mechanisms: the construction of e-government services makes it possible to reduce the cost of service provision by the government, i.e., it generates compliance cost benefits. Having said that, the high frequency of e-government use by the public affects the cost of service provision by the government, which then affects the various tax rates of the whole society, i.e., it generates fiscal expenditure benefits. Under the dual mechanism of compliance cost benefits and fiscal expenditure benefits, e-government will further enhance the productive capacity index of society.



To summarize, the research contribution of this paper is mainly reflected in the following three aspects: first, the contribution on the research perspective. This paper extends the research on e-government in terms of improving the efficiency of governments and authorities in handling affairs to the research on its impact on the productive capacity of society. The implementation of e-government is crucial for governments [11], and its impact on social life is profound. The existing literature focuses mainly on studying how e-government affects the work of departments and their personnel within the government, such as the penetration rate of e-government websites [12], the maturity level of government authorities that are building e-government [13], the factors that promote the adoption of e-government in the government [14], the effectiveness of the access to the government’s e-government portals [15,16,17], etc. and there are insufficient discussions on how the application of e-government in the governmental sector impacts a country’s productive capacity. This paper focuses on the construction of e-government and deepens our comprehensive understanding of the spillover effects generated by the wide application of e-government. Second, this paper presents theoretical contributions. This paper proposes a general equilibrium model that reveals the impact of building e-government on the government and the public, and more comprehensively reveals the mechanism of the impact of e-government construction at the level of the whole economy. The existing literature mainly focuses on the study of public trust in e-government [18,19], revealing the extent of the impact of e-government on the relationship between residents and local governments [20]. The main purpose of this paper is to reveal that the development of e-government will change the original model of government services, and that this change in the model will affect the mechanism of social tax payment and reduce the cost burden on the public, especially on businesses. Third, this paper contributes empirical evidence. This paper utilizes the data of the major economies around the world to reveal the relationship between the construction of e-government and the new generation of productive capacity, and then effectively proves the specific impact of e-government on the government, enterprises, and individuals through the test of cost mechanism and financial mechanism. The current literature on e-government focuses on whether it affects the development of the financial sector [21], some of the literature evaluates the user experience of e-government services [22], and no literature has yet examined how e-government affects governments, firms, and individuals at the economic level. Unlike the existing literature, this paper focuses on the impact of e-government on the new generation of productive capacity, revealing that e-government construction does not increase the financial burden on the government, but reduces the burden on businesses and individuals, thus providing new insights into understanding the productivity effects of e-government development.



Therefore, the research objective of this paper is to use data to prove the fact that there exists a positive contribution of e-government to the new generation of productive capacity, and to verify whether e-government development will increase the government’s expenses and the time cost of accessing government services by enterprises and individuals, as well as the cost of expenses. In order to achieve the above research objectives, this paper is designed with the following argument structure: the first part clarifies the existence of an influential relationship between e-government development and the new generation of productive capacity. The second part explains the data and model of this study. The third part shows the results of the empirical evidence of this study. The fourth part analyzes the specific influence mechanism of e-government development on governments, enterprises, and individuals, and proves whether e-government is beneficial to the development of society’s productive capacity. The fifth part is the conclusion of this study.




2. Data and Model Description


In order to construct the model of this paper, this paper utilizes the data of the E-Government Development Index (EGDI) of 181 economies in the world from 2003 to 2022, and applies the relevant data published by the United Nations to empirically test the core conclusions of this paper’s model. In terms of variable selection, this paper utilizes the E-Government Development Index (EGI) published by the United Nations Department of Economic and Social Affairs (UNDESA) from 2003 to 2022 to measure the level of e-government development, and the New Generation Productive Capacity Index (PCI) from 2000 to 2022, introduced by the United Nations Conference on Trade and Development (UNCTAD), to measure the level of development of productive capacity in each economy. Since the EGI is not available on a yearly basis, only the EGIs and PCIs for 2003, 2004, 2005, 2008, 2010, 2012, 2014, 2016, 2018, 2020, and 2022 of the 181 economies are selected for this paper.



Table 1 mainly shows the variable explanation of all of the variables involved in this paper. The first row of the E-Government Development Index (EGDI) is the explanatory quantity (independent variable) of this paper, and the data are derived from the e-government surveys published by the United Nations Department of Economic and Social Affairs. The second row of the New Generation Productive Capacity Index (PCI) is the core explanatory variable (dependent variable) of this paper, with data derived from the United Nations Conference on Trade and Development. This paper seeks to investigate the extent to which e-government development affects the new generation of productive capacity. Digital technologies are increasingly being used by economies to improve their response to disasters or other emergencies in order to increase the resilience of the social organism [23]. The United Nations has called for economies to focus on e-government development and economic development at the same level. In addition, the United Nations, in order to access and measure their economic performance more accurately and develop more effective policies and programs, has launched the PCI to provide countries with new indicators beyond gross domestic product (GDP) to measure their economic progress. Rebeca Grynspan [24], Secretary-General of the UNCTAD, said, “No nation has ever developed without building the required productive capacities, which are key to enabling countries to achieve sustained economic growth with accelerated poverty reduction, economic diversification and job creation.” Thus, e-government is closely linked to productive capacity-building.



First, the PCI published by the United Nations Conference on Trade and Development has eight core components (control variable), namely natural capital, human capital, energy (electricity), information and communications technology, structural change, transport, private sector, and institutions. Among these, natural capital refers to the availability of resources for extractive industries and agriculture; human capital refers to the fertility rate, the educational status of the population, the embeddedness of research and development (R and D) activities, the health status of the population, and the amount of skills it possesses; energy (electricity) refers to the availability, sustainability, and efficiency of the energy used to generate electricity; ICT refers to the population’s access to, and use of, the communication system; structural change is the ability of an economy to effectively carry out structural transformation of the economy; transport is the ability to move people and goods between two places; private sector is the dynamism of the private sector within the economy and the level of policy support for the private sector; institutional setup is the political stability of the economy and the efficiency of the government’s administration. A higher PCI is an indication of an economy’s greater productive capacity and its higher economic potential.



Second, the procedures score, time score, cost score, and mean score in Table 1 are the variables of interest for the compliance cost effect in this paper. These data come from the Doing Business Report published by the World Bank [25]. Among them, the procedures score, time score, and cost score are commonly used to measure the scores of an economy in terms of the procedures, time, and cost of doing business, and the scores indicate the degree of convenience, with a range of values from 0 to 100 and a higher score indicating that simpler procedures, a shorter time required, and a lower cost of doing business for an individual or a business in that economy. In the cost mechanism test, the E-Government Development Index (EDGI) is used as the explanatory variable—the independent variable—and the procedures score, time score, cost score, and mean score are used as the dependent variable.



Third, in Table 1, the government expenditure on education, household consumption expenditure, general government final consumption expenditure, and final consumption expenditure are the relevant variables tested by the fiscal mechanism in this paper. These data are from the Economic Statistics Branch of the United Nations Statistics Division [26,27]. In the testing of fiscal mechanisms, the E-Government Development Index (EGDI) is used as the explanatory variable, that is, the independent variable. The government expenditure on education, household consumption expenditure, general government final consumption expenditure, and final consumption expenditure are the dependent variable.



Fourth, the last five rows in Table 1 are the central government debt (total), USD at current prices in millions GDP, Annual Consumer Price Index, population ageing rate (65+), and population growth rate (percentage), and these are the relevant variables of the mixed factor test. The data for the first three variables are from the United Nations World Bank and those for the last two are from the Population Division of the United Nations Department of Economic and Social Affairs. In the mixed-factor test, the E-Government Development Index (EGDI) is used as the explanatory variable, that is, the independent variable. The New Generation Productive Capacity Index (PCI) is the explanatory variable of this paper, that is, the dependent variable. The central government debt (total), USD at current prices in millions GDP, Annual Consumer Price Index, population ageing rate (65+), and population growth rate (percentage) are the moderating variables.



Descriptive statistical results for all of the above variables are shown in Table 2.



Table 3 is a survey of the natural capital, human capital, energy (electricity), information and communications technology, structural change, transport, private sector, institutions, procedures score, time score, cost score, mean score, government expenditure on education (logarithm), household consumption expenditure (logarithm), general government final consumption expenditure (logarithm), final consumption expenditure (logarithm), central government debt (total) (logarithm), USD at current prices in millions GDP (logarithm), Annual Consumer Price Index (logarithm), population ageing rate (65+), and population growth rate (percentage), all of which are the result of correlation analysis. The results showed that 187 pairs exhibited a significant positive correlation at the 1% level. The top three correlation coefficients are household consumption expenditure (logarithm) and final consumption expenditure (logarithm) (0.998); government expenditure on education (logarithm) and general government final consumption expenditure (logarithm) (0.989); and expenditure on education (logarithm) and USD at current prices in millions GDP (logarithm) (0.985). Five pairs showed significant positive correlation at the 5% level. The top three correlation coefficients are natural capital and central government debt (total) (logarithm) (0.105); private sector and central government debt (total) (logarithm) (0.103); time score and central government debt (total) (logarithm) (0.099); and mean score and central government debt (total) (logarithm) (0.099). Two pairs showed a significant positive correlation at the 10% level. They are cost score and central government debt (total) (logarithm) (0.083), and central government debt (total) (logarithm) and population growth rate (percentage) (0.078). A total of 45 pairs showed a significant negative correlation at the 1% level. The top three correlation correlations are natural capital and private sector (−0.684); energy (electricity) and natural capital (−0.664); and institutions and natural capital (−0.663). One pair showed a significant negative correlation at the 10% level: private sector and Annual Consumer Price Index (logarithm) (−0.037). The other 13 pairs had no significant correlation. The specific results of the correlation analysis are shown in Table 3.



Table 4 shows the results of the variance inflation factor VIF test on the variables. The purpose of conducting the variance inflation factor VIF test on variables is to prevent the problem of high linear correlation between explanatory variables and control variables during the variable selection process. After the test, it was found that the VIF values of all the variables were less than 10; therefore, there is no serious problem of multicollinearity in the experimental data. Although the VIF values of information and communications technology (ICT); human capital and E-Government Development Index (EGDI) exceeded five and there is a certain multicollinearity problem, they do not affect the final regression results, so there is no need to pay special attention to this phenomenon here.



In terms of empirical strategies, first, Figure 1 of this paper illustrates the relationship between the level of e-government development and the new generation of productive capacities in 181 economies in 2022: the level of e-government development and the level of development of the new generation of productive capacities are significantly and positively correlated.



Additionally, this paper uses a panel fixed-effects model to estimate the impact of e-government development on the new generation of productive capacity (see Table 5). The empirical results show that e-government can promote the development of the new generation of productive capacity. In particular, the estimated coefficient of the level of e-government development on the New Generation Productive Capacity Index (PCI) is 1.128, which is significantly positive at the 1% level. The data show that when the E-Government Development Index (EGDI) rises by 1%, the economy’s new generation production capacity index will increase by 16.955. In addition, from the model established in this paper, e-government construction is endogenous, and whether or not each economy has the behavior of constructing e-government is internally determined by each economy and is affected by the rate of e-government use; from the measurement data, the economic volume of each economy, especially the government spending, effects the level of e-government construction, so there may be some reverse causality between e-government construction and new generation production capacity. In order to verify whether there is endogeneity between the variables, this paper uses the average value of the E-Government Development Index (EGDI) of the economies within each region in each year as an instrumental variable, and the estimation results show that the level of e-government development can promote the development of the new generation of production capacity.



Finally, this paper empirically examines the specific mechanisms by which e-government construction promotes a new generation of productive capacity-building. This paper demonstrates, through the compliance cost effect, that e-government construction reduces the cost of doing business, indicating that e-government construction can reduce the cost of obtaining government services for enterprises; moreover, this paper demonstrates, through the financial expenditure effect, that e-government construction can promote the development of education in the economy.




3. Empirical Studies


	(i)

	
Baseline regression







The panel data in this paper were used for regression analysis. Firstly, the Hausman test was used to select the random effect model and the fixed-effect model, and the corresponding concomitant probability of the Hausman test was p = 0.000 (<0.05); therefore, the fixed-effect model was selected in this paper (see Table 5 for the results of the Hausman test).



This paper constructs a panel two-way fixed-effects model as:


   P  i t      = β   0     + β   1   E  i t      + β   2   D  i t      + μ   i     + u   t     + ε    i t    








where  i  denotes the economy and  t  denotes the year.    P  i t     denotes the level of development of the new generation of productive capacity,    E  i t     denotes the level of development of e-government construction,    μ  i     denotes economy fixed effects, and    u t    denotes year fixed effects. In addition,    D  i t     denotes the control variables affecting the New Generation Productive Capacity Index (PCI), which include natural capital, human capital, energy (electricity), information and communications technology, structural change, transport, private sector, and institutional setting.



Table 6 reports the regression results using a panel fixed-effects model. In column (1) of Table 6, the E-Government Development Index (EGDI) is the core explanatory variable. In column (1), controlling only for economy fixed effects and year fixed effects, the coefficient of the level of the EGDI at this point is 16.955, which is significantly positive at the 1% level, indicating that, when the level of the EGDI increases by 1%, the new generation of productive capacity will be increased by 16.955. When the control variables of energy (electricity) and human capital are added one by one from column (2) to (8), the coefficient of the level of the EGDI is significantly positive; the energy (electricity), human capital, and human capital control variables are added one by one in this case, and the coefficient of the level of the EGDI is significantly positive. The coefficient of the e-government development level is significantly positive; energy (electricity) is significantly positive and human capital is significantly positive. When adding the control variables of ICT, institutional setup, natural capital, private sector, and structural change one by one, the coefficient of the level of e-government development is significantly negative at this point; ICT, institutional setup, natural capital, private sector, and structural change are significantly positive. The results are not significant when the transport control variable is added.



	(ii)

	
Endogenous issues







Theoretically, this paper has demonstrated that there is a positive relationship between the level of e-government development and the new generation of productive capacity. Measurement-wise, there may be some reverse causality between the two, i.e., the higher the productive capacity of an economy, the more capable it is of promoting e-government. Therefore, the panel fixed-effects model may have estimation bias. In order to further verify the causal relationship between e-government building and the new generation’s productive capacity, this paper draws on Fisman and Svensson’s (2007) [28] study and uses the mean value of the E-Government Development Index (EGDI) of other economies within each region in each year as an instrumental variable, and conducts regression analyses using the panel fixed-effects model containing the instrumental variables (see Table 7). The reason for doing so is that the decision to develop e-government in economies within each region (The regions are: East Asia and the Pacific, Europe and Central Asia, Latin America and the Caribbean, the Middle East and North Africa, North America, South Asia, and sub-Saharan Africa. The categorization is derived from the World Bank) may come from the influence of neighboring countries. For example, the construction of e-government in neighboring countries will promote the flow of professionals in the neighboring countries into electronic technology, computer technology, and other related professions, or produce a spillover effect to affect the speed of e-government development in the neighboring countries; therefore, whether or not a country builds an e-government will be influenced by its neighboring countries. Moreover, the intensity of e-government construction in other economies generally does not affect the intensity of e-government construction a given economy through other channels, thus satisfying the exclusivity requirement of the instrumental variable.



Table 7 reports the regression results for the instrumental variables. Column (1) reports the effect of the level of e-government development on the new generation of productive capacity and shows that the regression coefficient for the level of e-government development is significantly positive at the 1% level, indicating that an increase in the level of e-government development can contribute to the advancement of the new generation of productive capacity. Control variables are added in columns (2) through (9) sequentially. The control variable added in column (2) is energy (electricity), which is significantly positive for the level of e-government development. The addition of the human capital control variable in column (3) yielded insignificant results, indicating that human capital plays a minor role in the process of e-government’s impact on the new generation’s productive capacity. In columns (3)–(9), when the control variables of human capital, ICT, institutional setup, natural capital, private sector, structural change, and transport are added one by one to energy (electricity), the results are significantly negative, suggesting that the new generation of productive capacity is negatively affected. This result is broadly consistent with the expectations of the theoretical model and verifies that the level of e-government development does have an impact on the new generation of productive capacity.



	(iii)

	
Robustness tests







Table 7 verifies the mechanism of the impact of e-government construction on the new generation of productive capacity with instrumental variables, and in this section, we will adjust the sample scope based on Table 7 to verify the robustness of this sample. The results of this regression are affected by the time horizon of the selected sample. Therefore, in order to verify whether the time horizon affects the results, column (1) of Table 8 restricts the time horizon to 2010 onwards to test the impact of the level of e-government development on the new generation of productive capacity, and the regression results are significantly positive. Column (2) tests the impact of the level of e-government development on the new generation of productive capacity by controlling for the region, based on controlling for the variable of energy (electricity), and the results show that the impact of the level of e-government development on the new generation of productive capacity is significantly positive at the 5% level when only selecting data for the economies of sub-Saharan Africa. Column (3) restricts the time horizon to 2010 onwards to test the effect of the level of e-government development on the new generation of productive capacity and the regression results are not significant. Columns (4) through (9) test the robustness of the sample by controlling for the year range and region range, respectively, and the results show that the new generation of productive capacity is negatively affected, further validating the robustness of the panel regression results using instrumental variables.




4. Mechanism Testing


	(i)

	
Cost mechanism test







In order to test the cost mechanism in the theoretical model, we cite the relevant data published in the World Bank’s Doing Business Report [25], from which we extract the cost score, time score, and procedures score, and calculate the average value of the above three variables, which in turn leads to the mean score of the cost mechanism test. This is taken as one of the explanatory variables. First of all, the Sobel test was conducted on the cost score, time score and procedures score, respectively: firstly, Table 9 shows the result of the Sobel test on the cost score in the “cost” variable. The result shows that the Sobel test’s result is 17.443, which is significant at the 1% level, i.e., the cost score can moderate the relationship between e-government and the new generation of productive capacity. Secondly, we can see the result of the Sobel test for the time score in the “cost” variable in Table 10. The result indicates that the Sobel test is 4.052, which is notable at the 1% level. In other words, the time score can also moderate the relationship between e-government and the new generation of production capacity. Thirdly, Table 11 displays that the Sobel test for the procedures score in the “cost” variable resulted in 4.796, which is significant at the 1% level, meaning that the procedures score can regulate the relationship between e-government and the new generation of production capacity. Fourth, it is shown in Table 12 that the result of the Sobel test on the mean score in the “cost” variable is 12.852, which is remarkable at the 1% level. That is to say, the mean score can also regulate the relationship between e-government and the new generation of productive capacity. Therefore, the “cost” variable can mediate the main relationship between e-government and the new generation of productive capacity.



The regression equation for the cost mechanism test is:


   C  i t      = β   0     + α   1   E  i t      + μ   i     + u   t     + ε    i t    








where    C  i t     denotes the economy  i  in the  t , which is the cost of accessing government services in a given year, the    E  i t     denotes the level of development of e-government construction, and    μ i    denotes time fixed effects. In this section of the experiment, we focus on the coefficients of    α 1   , where    α 1    denotes the cost mechanism effect under e-government construction and is expected to be significantly positive.



In Table 13, column (1) includes the “cost score” as an explanatory variable. The “cost score” is the average of the World Bank’s Doing Business Report scores for the cost of starting a business (male), the cost of starting a business (female), the cost of enforcing property, the cost of enforcing a contract, the cost of obtaining electricity, and the cost of obtaining a construction permit. The value of the “cost score” is closely related to the cost of obtaining government services, and the larger the value, the lower the cost of obtaining government services is for enterprises in the economy, and the more conducive the economy is to the development of productivity. The regression results show that the level of e-government development is significantly positively related to the cost of access to government services, which means that the development of e-government in an economy is conducive to reducing the cost of access to government services for firms within the economy. In column (2), the “time score” is used as an explanatory variable. The “Time Score” is calculated as the average of the World Bank’s Doing Business Report’s time to start a business (male) score, time to start a business (female) score, time to enforce property score, time to enforce contracts score, time to obtain electricity score, and time to apply for a construction permit score. The value of the “Time Score” is closely related to the cost of obtaining government services, and the larger the value, the shorter the time is for enterprises in the economy to obtain government services and the more conducive the economy is to the development of productivity. The regression results show that the level of e-government development is significantly positively related to the time score of firms’ access to government services, which implies that the development of e-government in an economy is conducive to shortening the time of firms’ access to government services within the economy. In column (3), the “procedures score” is used as an explanatory variable. The “procedures score” is calculated as the average of the World Bank’s Doing Business Report’s procedures score for starting a business (male), procedures score for starting a business (female), procedures score for enforcing property, procedures score for enforcing contracts, procedures score for obtaining electricity, and procedures score for obtaining a construction permit. The value of the “procedures score” is closely related to the cost of obtaining government services, and the larger its value, the fewer the procedures for obtaining government services for enterprises in an economy, meaning it is more conducive to the development of productivity. The regression results show that the level of e-government development is significantly positively related to the procedures score of firms’ access to government services, which means that the development of e-government in an economy is conducive to a reduction in the procedures score of firms’ access to government services within the economy. In column (4), the “mean score” is used as an explanatory variable. The “mean score” is calculated from the average of the first three items, the “cost score”, “time score”, and “procedures score”. The regression results show that the level of e-government development is significantly positively correlated with the mean values of the “cost score”, “time score”, and “procedures score”, which means that the development of e-government in an economy will lead to the development of the business sector. This means that the development of e-government in an economy will significantly reduce the cost of acquiring e-government. In summary, according to the regression results of the panel fixed-effects model, the development of e-government can reduce the cost of access to government services for enterprises within an economy, which is conducive to the development of productive capacity and verifies the results of the cost mechanism test in the theoretical model.



	(ii)

	
Financial mechanism test







This section focuses on testing the fiscal expenditure mechanism in the theoretical model. The results of the theoretical model indicate that, if an economy develops e-government, it will reduce the cost for firms to access government services, but there is a possibility that it will increase government or household expenditures. To further illustrate the relationship between e-government development and government expenditure on education, general government final consumption expenditure, final consumption expenditure, and household consumption expenditure, this section uses a panel fixed-effects model to validate the relationship between e-government building and the regression equation:


   Y  i t      = β   0     + α   2   E  i t      + μ   i     + u   t     + ε    i t    








where    C  i t     denotes the economy  i  in  t  fiscal expenditures in the year, the    E  i t     denotes the level of e-government construction development, and    μ i    denotes time fixed effects. In this section of the experiment, we focus on the coefficients of    α 2  ,   where    α 2    denotes the fiscal mechanism effect under e-government construction, and the sign of    α 2    determines the effect of e-government construction on fiscal expenditure within an economy.



In order to facilitate the study of fiscal expenditure effects within individual economies, this section takes the government expenditure on education, general government final consumption expenditure, final consumption expenditure, and household consumption expenditure as the explanatory variables to investigate the relationship between these four variables and the level of e-government development. Given that the values of government expenditure on education, general government final consumption expenditure, final consumption expenditure, and household consumption expenditure are too large, the relationship between these four variables and the level of e-government development is examined. The expenditure is too large for easy calculation, so the four variables are logarithmically treated in this section without affecting the experimental results. Since there are missing values for the government expenditure on education, general government final consumption expenditure, final consumption expenditure, and household consumption expenditure, this section will first study the relationship between the level of e-government development and the new generation of production capacity, i.e., selecting the variables containing government expenditure on education, general government final consumption expenditure, final consumption expenditure, and household consumption expenditure to verify whether the positive relationship between e-government development and the new generation of productive capacity still exists. According to the results of the panel fixed-effects model (see Table 14), in column (1), the positive relationship between e-government development and the new generation of productive capacity still exists in the selected sample of economies, and the result is significantly positive. In column (2), using the logarithm of the government expenditure on education as the explanatory variable, the regression coefficient for the level of e-government development is 0.489, which is significantly positive at the 10% level. In column (3), the logarithm of the general government final consumption expenditure is used as the explanatory variable, in which case the regression coefficient of the level of e-government development is 0.474, which is significantly positive at the five percent level. In columns (4) and (5), using the log of the final consumption expenditure and the household consumption expenditure as explanatory variables, respectively, the regression coefficients for the level of e-government development are 0.216 and 0.160, but both results are insignificant.



The theoretical model predicts that the level of e-government development will increase the government expenditure on education, which to some extent will contribute to the development of education in an economy and, thus, to the development of productive capacity. At the same time, the level of e-government development will increase general government expenditures without affecting the total government expenditures and the household consumption expenditures.



	(iii)

	
confounding factors test







According to Figure 1, above, the New Generation Productive Capacity Index (PCI) and the E-Government Development Index (EGDI) have some positive correlation. Since the New Generation Productive Capacity Index (PCI) and the E-Government Development Index (EGDI) are both variables that are country-level, they are both variables that are country-level aggregates that are endogenous to several state variables that proxy for the overall state of economic development of a country.



Consequently, in this section, the macroeconomic forces that may drive the positive correlation in Figure 1 will be discussed. Firstly, in the last decade, governments around the world have run large fiscal deficits because of the global financial crisis and COVID-19 pandemic. Large deficits affect the financing capacity of the banking sector [29], which in turn affects not only countries’ aggregate productive capacity but also the governments’ resources to invest in e-government capabilities. Secondly, notably, 2022 also coincides with the global surge in inflation due to supply chain issues following the Russian invasion of Ukraine [30]. Inflationary pressures affect both economic growth (and the potential GDP) and incentives to invest in government efficiency (i.e., e-government capabilities). Lastly, the aging global population (demographics) increases fiscal pressures on governments (i.e., social security burdens), which not only affects productive capacity (workforce reduction and decline in the labor share of income) but also creates incentives to invest in e-government capabilities.



This section examines the role of governments’ fiscal space, the inflationary pressures’ effect, and whether the studied demographics can positively drive the E-Government Development Index (EGDI) and the New Generation Productive Capacity Index (PCI). The EGDI and the New Generation Productive Capacity Index (PCI) are positively correlated. Therefore, the central government debt [31] and GDP (USD at current prices in millions GDP) [32] are selected as proxies for the role of governments’ fiscal space; the Annual Consumer Price Index [33] as a proxy for inflationary pressures’ effect; population ageing rate (65+) [34] and population growth rate [34] as proxy variables for the demographics. In addition, since the values of the central government debt and GDP are too large, the above three variables are logarithmized for the convenience of the study, which does not affect the experimental results.



In Table 15, the results of the moderating effect analysis of central government debt are presented. Column (2) shows that the interaction term variable (EGDIln_Debt, EGDIln_Debt = EGDI * ln_Debt) is significantly positively correlated at the 1% level in regards to the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI). However, according to columns (1) and (2), the EGDI, as the dependent variable, is significantly positively correlated at the 1% level before the inclusion of the interaction term variable (EGDIln_Debt), and becomes uncorrelated after the inclusion of the interaction term variable (EGDIln_Debt). Since the interaction term variable (EGDIln_Debt) is significant at the 1% level, this indicates that ln_Debt acts as a moderating variable and has a moderating effect on the relationship between the dependent variable (PCI) and the independent variable (EDGI). However, the reason for the above situation is that our model estimation is biased due to the high degree of covariance between the independent variable (EDGI) and the moderator variable (ln_Debt). In order to mitigate the high covariance between the independent variable (EDGI) and the moderating variable (ln_Debt) in the process of analyzing the moderating effect, the independent variable and the moderating variable need to be centered. By centering, the bias generated by the above model can be corrected without affecting the estimation of the model. After centering the independent variable (EDGI) and the moderator variable (ln_Debt), the interaction term variable (EGDIln_Debt_c, EGDIln_Debt_c = c_EGDI * c_ln_Debt) was generated. Putting the new interaction term variable (EGDIln_Debt_c) into the regression model yields the results in column (3). The results show that the new interaction term variable (EGDIln_Debt_c) is significantly positively correlated at the 1% level, which is consistent with the previous regression results obtained by adding the interaction term variable without centering; the independent variable (EDGI) also changes from non-significant to significantly positively correlated at the 1% level, which is more consistent with the original regression model. Therefore, in this model, centering corrects the bias generated by the model. According to column (3), the new interaction term variable (EGDIln_Debt_c) is significantly positively correlated at the 1% level, and the independent variable (EDGI) is also significantly positively correlated at the 1% level, which indicates that the moderator variable (ln_Debt) significantly enhances the effect of the independent variable (EDGI) on the dependent variable (PCI). That is to say, the central government debt plays a significant contributing role in the impact of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI).



In Table 16, the results of the moderating effect analysis of the GDP are presented. Column (2) shows that the interaction term variable (EGDIln_GDP, EGDIln_GDP = EGDI * ln_GDP) is significantly positively correlated at the 1% level in terms of the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI). Moreover, columns (1) and (2) show that the EGDI, as the independent variable, is significantly and positively correlated at the 1% level in terms of the effect of the E-Government Development Index (EGDI) on the dependent variable (PCI) before and after the addition of the interaction term variable (EGDIln_GDP). Therefore, it indicates that the moderator variable (ln_GDP) significantly enhances the effect of the independent variable (EDGI) on the dependent variable (PCI). That is to say, the GDP plays a significant role in the role of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI).



In Table 17, the results of the moderating effect analysis of the annual consumer price index are presented. Column (2) shows that the effect of the interaction term variable (EGDIln_Con, EGDIln_Con = EGDI * ln_Consumer) in the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI) is significantly negative at the 1% level. Moreover, columns (1) and (2) show that the EGDI, as the independent variable, is significantly positively correlated at the 1% level in terms of the action of the E-Government Development Index (EGDI) on the dependent variable (PCI) before and after the addition of the interaction term variable (EGDIln_Con). Therefore, it indicates that the moderating variable (ln-Consumer) significantly weakens the influence of the independent variable (EDGI) on the dependent variable (PCI), indicating that the annual consumer price index plays a significant inhibitory role in the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI).



In Table 18, the results of the moderating effect analysis of the population ageing rate are presented. Column (2) shows that the interaction term variable (EGDIAge, EGDIAge = EGDI * AgeingRate) is significantly negatively correlated at the 1% level in terms of effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI). Moreover, columns (1) and (2) show that the EGDI, as the independent variable, is significantly positively correlated at the 1% level in its effect on the dependent variable (PCI) both before and after the addition of the interaction term variable (EGDIAge). Therefore, it indicates that the adjusting variables (AgeingRate) significantly weaken the influence of the independent variable (EDGI) on the dependent variable (PCI), indicating that the population aging rate plays a significant inhibitory role in the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI).



In Table 19, the results of the moderating effect analysis of the population growth rate are demonstrated. Column (2) shows that the interaction term variable (EGDIGro, EGDIGro = EGDI * GrowthRate) is significantly positively correlated at the one percent level in the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI). Moreover, columns (1) and (2) show that the EGDI, as the independent variable, is significantly and positively correlated at the 1% level in the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI) before and after the addition of the interaction term variable (EGDIGro). Therefore, it indicates that the moderator variable (GrowthRate) significantly enhances the effect of the independent variable (EDGI) on the dependent variable (PCI), i.e., it shows the effect of the population growth rate in the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI).



Thus, according to the results in Table 15 and Table 16, the role of governments’ fiscal space plays a significant contributory role in the effect of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI). A good fiscal space will promote a country’s total productive capacity and enhance the government’s ability to invest in e-government.



According to the results in Table 17, the inflationary pressures not only hinder economic growth but also weaken the government’s e-government capacity.



According to the results in Table 18 and Table 19, demographics play a significant role in the impact of the E-Government Development Index (EGDI) on the New Generation Productive Capacity Index (PCI). Specifically, a good demographic not only promotes the development of production, but also enhances the ability of the state to invest in e-government; on the contrary, a bad demographic not only negatively affects the productive capacity, but also damages the ability of the state to invest in e-government.




5. Conclusions


This study designs an experiment using data published by the United Nations and the World Bank to investigate the relationship between a country’s level of e-government development and the new generation of productive capacity. First, we present the main findings of this study. This paper systematically examines the mechanism of the impact of e-government on the new generation of productive capacity and tests it using relevant data from major global economies. At the theoretical level, this paper constructs a general equilibrium model to digitize two macro things, e-government and productive capacity, and examines the impact of e-government construction on the new generation of productive capacity. At the evidence level, this paper identifies the impact of e-government on the new generation of productive capacity based on the data of 181 major economies around the world in 2003–2020. First, this paper conducts a regression analysis using a panel fixed-effects model, which shows that e-government has a positive contribution to the new generation of productive capacity. Second, this paper demonstrates the role of e-government in influencing the new generation of productive capacity by using the mean value of the E-Government Development Index (EGDI) of other economies in the same region as an instrumental variable. At the mechanism level, the development of e-government will directly reduce the time cost, procedural links, and expense cost of accessing government services for enterprises and individuals, and thus promote the development of productive capacity, which this paper finds through the cost-testing mechanism. In addition, the structure of social expenditures will undergo new changes with the development of e-government. The specific changes are as follows: the government education expenditure and general expenditure will increase, but the total government cost expenditure and household cost expenditure will not be affected by the construction of e-government, which this paper finds through the financial test mechanism. In other words, the government should introduce and vigorously promote online government services, which will help to reduce the cost of obtaining services for enterprises and individuals, so that society as a whole will have more money to invest in productive industries. In countries where e-government has not yet been vigorously developed, it is important to be bold enough to promote e-government, because the development of e-government will not significantly increase the total cost of government expenditure, but will reduce the pressure on the cost of expenditure of enterprises, and reduce the cost of time for the whole society to access the services of the government; these changes will further contribute to the internal development of a country, in particular the development of productive capacity.



Second, we present the limitations of this study and its future directions. As the work of this study is still in the preliminary stage, there are some limitations. One of them is that this paper mainly studies the impact relationship between e-government and the new generation of production capacity, but it has not studied in-depth how e-government develops and grows in developed countries, how production capacity becomes stronger gradually, and what the specific coordinating mechanism between the two is. Therefore, in the future, we can try to study in-depth the coordination mechanism between e-government construction and the new generation of production capacity, and combine it with relevant evidence, so as to provide valuable experience for underdeveloped countries or more slowly developing countries to give full play to the effectiveness of e-government construction. In the second place, how the government coordinates the processing of online government service applications submitted by enterprises or individuals and whether speeding up the processing of productive affairs contributes to the development of social productivity are both issues that are not solved in this paper, and that deserve to be studied in depth in the future. Thirdly, as each country promotes e-government, there may be a certain competitive relationship between various departments within the country as well as between governments, and it is worthwhile to study in-depth whether this relationship promotes or inhibits the development of productive capacity.



Third, we compare this paper with other published materials. For one, this paper is related to studies that examine e-government security and the factors that influence it during its use. Lee, Eun Seon et al. [35] and Perez, Timothy J [36] studied if web service security technology and network infrastructure determine whether government use of e-government is secure or not. Adala, Ajay [37] and Mensah, Isaac Kofi [7] found that the degree of connectedness among e-government actors can indicate the readiness and success or failure of e-government. Mensah, Isaac Kofi et al. [38] studied the impact of government capacity and e-government performance on the adoption of e-government services. Rakhmanov, Elyor [39] studied the existence of legislative barriers, administrative barriers, technological barriers, and user culture barriers in the development of e-government services. Unlike the existing literature, that focuses mainly on the factors influencing the development of e-government, this paper focuses on the impact of e-government on the new generation of productive capacity. The development of e-government can reduce the cost of accessing government services for enterprises or individuals, enhance social vitality, and affect the development of productive capacity. Secondly, this paper is related to the research on the impact of e-government development on economic development. Espinosa, Victor I [40] examined the role of e-government in promoting economic transformation and development, arguing that e-government utilizes public sector information and communication technologies to enhance competitiveness and well-being. Kassen, Maxat [41] analyzes blockchain developers’ perspectives on decentralized service delivery and details the unique algorithms of lifecycle ledgers, arguing that this technology can reliably and securely record e-government transactions. Tiika, Bernard John et al. [42] found that the adoption of e-government is expected to improve the efficiency of government service delivery to citizens across economic sectors and will have a transformative impact on public administration and social governance. Unlike existing studies, this paper enriches the research on the impact of e-government development on governments, firms, and individuals by focusing on the specific impact of e-government on the next generation of productive capacity at the micro level.



Fourth, we compare the current level of research with the initial expectations of this study. The level of this study is not high enough and it is still in the preliminary stage, and as stated in the previous statement on the future direction of this study, further in-depth research is still to be conducted in the future. At the beginning of this study, it was only found that e-government can promote the development of the new generation of production capacity, which was later proven to be true by the data; in addition, it was further found that the development of e-government will reduce the cost of obtaining government services by enterprises included in the economy, but it will increase the government’s expenditure on education and general expenditure, although it will not affect the government’s total cost or household consumption expenditure. Therefore, in terms of the expectations at the beginning of this study, this study has found the expected research results, with certain reference significance and credibility.
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Figure 1. Relationship between the level of e-government development and the level of development of the new generation of productive capacity in 2022. 
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Table 1. Variable explanation.






Table 1. Variable explanation.





	Variable
	Variable Meaning





	EGDI
	E-Government Development Index



	PCI
	Productive Capacities Index



	Energy
	Energy



	Human
	Human capital



	ICT
	Information and Communication Technology



	Institutions
	Institutions



	Natural
	Natural capital



	Private
	Private sector



	Structural
	Structural Change



	Transport
	Transport



	Procedures
	Score-Procedures



	Time
	Score-Time



	Cost
	Score-Cost



	Score-mean
	Score-Mean



	ln_Ex_education
	Government expenditure on education (logarithm)



	ln_Ex_household
	Household consumption expenditure (logarithm)



	ln_Ex_general
	General government final consumption expenditure (logarithm)



	ln_Ex_final
	Final consumption expenditure (logarithm)



	ln_Debt
	Central government debt (total) (logarithm)



	ln_GDP
	US$ at current prices in millions-GDP (logarithm)



	ln_Consumer
	Annual Consumer Price Index (logarithm)



	AgeingRate
	Population ageing rate (65+)



	GrowthRate
	Population Growth Rate (percentage)










 





Table 2. Descriptive statistics.






Table 2. Descriptive statistics.





	Variable
	Sample Size
	Mean
	Standard Deviation





	EGDI
	1991
	0.478
	0.226



	PCI
	1991
	43.47
	13.40



	Energy
	1991
	52.26
	22.35



	Human
	1991
	42.41
	18.30



	ICT
	1991
	37.99
	21.35



	Institutions
	1991
	54.10
	20.34



	Natural
	1991
	39.65
	14.57



	Private
	1991
	49.79
	16.32



	Structural
	1991
	54.49
	17.24



	Transport
	1991
	42.32
	19.87



	Procedures
	1557
	59.43
	11.70



	Time
	1420
	64.02
	15.71



	Cost
	1420
	70.17
	20.64



	Score-mean
	1557
	64.75
	12.11



	ln_Ex_education
	1039
	7.387
	2.339



	ln_Ex_household
	1936
	23.70
	2.266



	ln_Ex_general
	1936
	22.31
	2.360



	ln_Ex_final
	1936
	23.95
	2.266



	ln_Debt
	576
	26.155
	3.563



	ln_GDP
	1980
	10.316
	2.395



	ln_Consumer
	1969
	4.709
	0.875



	AgeingRate
	1810
	7.749
	5.647



	GrowthRate
	1810
	1.410
	1.515










 





Table 3. Correlation analysis.






Table 3. Correlation analysis.















	
	PCI
	EGDI
	Energy
	Human
	ICT
	Institutions
	Natural



	PCI
	1
	
	
	
	
	
	



	EGDI
	0.848 ***
	1
	
	
	
	
	



	Energy
	0.892 ***
	0.730 ***
	1
	
	
	
	



	Human
	0.896 ***
	0.861 ***
	0.779 ***
	1
	
	
	



	ICT
	0.902 ***
	0.889 ***
	0.800 ***
	0.878 ***
	1
	
	



	Institutions
	0.838 ***
	0.713 ***
	0.664 ***
	0.793 ***
	0.757 ***
	1
	



	Natural
	−0.632 ***
	−0.530 ***
	−0.664 ***
	−0.661 ***
	−0.638 ***
	−0.663 ***
	1



	Private
	0.851 ***
	0.726 ***
	0.738 ***
	0.810 ***
	0.795 ***
	0.822 ***
	−0.684 ***



	Structural
	0.806 ***
	0.710 ***
	0.682 ***
	0.759 ***
	0.702 ***
	0.668 ***
	−0.564 ***



	Transport
	0.668 ***
	0.368 ***
	0.673 ***
	0.503 ***
	0.494 ***
	0.638 ***
	−0.615 ***



	Procedures
	0.386 ***
	0.379 ***
	0.264 ***
	0.406 ***
	0.403 ***
	0.473 ***
	−0.325 ***



	Time
	0.423 ***
	0.429 ***
	0.339 ***
	0.395 ***
	0.445 ***
	0.414 ***
	−0.187 ***



	Cost
	0.784 ***
	0.719 ***
	0.794 ***
	0.690 ***
	0.745 ***
	0.584 ***
	−0.513 ***



	Score mean
	0.690 ***
	0.651 ***
	0.629 ***
	0.641 ***
	0.681 ***
	0.609 ***
	−0.444 ***



	ln_Ex_education
	0.628 ***
	0.709 ***
	0.551 ***
	0.657 ***
	0.598 ***
	0.455 ***
	−0.319 ***



	ln_Ex_household
	0.461 ***
	0.601 ***
	0.355 ***
	0.543 ***
	0.489 ***
	0.277 ***
	−0.159 ***



	ln_Ex_general
	0.570 ***
	0.666 ***
	0.465 ***
	0.625 ***
	0.570 ***
	0.375 ***
	−0.223 ***



	ln_Ex_final
	0.485 ***
	0.616 ***
	0.379 ***
	0.562 ***
	0.507 ***
	0.297 ***
	−0.171 ***



	ln_Debt
	0.145 ***
	0.385 ***
	0.017
	0.257 ***
	0.181 ***
	0.006
	0.105 **



	ln_GDP
	0.473 ***
	0.641 ***
	0.391 ***
	0.540 ***
	0.492 ***
	0.297 ***
	−0.167 ***



	ln_Consumer
	0.002
	0.107 ***
	0.008
	0.032
	0.142 ***
	−0.118 ***
	0.018



	AgeingRate
	0.714 ***
	0.728 ***
	0.586 ***
	0.833 ***
	0.754 ***
	0.682 ***
	−0.581 ***



	GrowthRate
	−0.419 ***
	−0.410 ***
	−0.379 ***
	−0.483 ***
	−0.414 ***
	−0.318 ***
	0.390 ***



	
	Private
	Structural
	Transport
	Procedures
	Time
	Cost
	Score-mean



	Private
	1
	
	
	
	
	
	



	Structural
	0.705 ***
	1
	
	
	
	
	



	Transport
	0.630 ***
	0.375 ***
	1
	
	
	
	



	Procedures
	0.437 ***
	0.322 ***
	0.292 ***
	1
	
	
	



	Time
	0.422 ***
	0.322 ***
	0.260 ***
	0.507 ***
	1
	
	



	Cost
	0.600 ***
	0.635 ***
	0.445 ***
	0.301 ***
	0.421 ***
	1
	



	Score mean
	0.608 ***
	0.553 ***
	0.425 ***
	0.694 ***
	0.807 ***
	0.818 ***
	1



	ln_Ex_education
	0.578 ***
	0.705 ***
	0.133 ***
	0.307 ***
	0.275 ***
	0.555 ***
	0.497 ***



	ln_Ex_household
	0.410 ***
	0.611 ***
	−0.137 ***
	0.162 ***
	0.224 ***
	0.430 ***
	0.352 ***



	ln_Ex_general
	0.506 ***
	0.682 ***
	−0.018
	0.192 ***
	0.249 ***
	0.500 ***
	0.406 ***



	ln_Ex_final
	0.431 ***
	0.627 ***
	−0.113 ***
	0.168 ***
	0.227 ***
	0.447 ***
	0.363 ***



	ln_Debt
	0.103 **
	0.347 ***
	−0.282 ***
	0.095 **
	0.099 **
	0.083 *
	0.099 **



	ln_GDP
	0.422 ***
	0.597 ***
	−0.089 ***
	0.181 ***
	0.207 ***
	0.441 ***
	0.361 ***



	ln_Consumer
	−0.037 *
	−0.033
	−0.115 ***
	−0.027
	−0.015
	0.022
	−0.010



	AgeingRate
	0.644 ***
	0.674 ***
	0.352 ***
	0.353 ***
	0.254 ***
	0.518 ***
	0.485 ***



	GrowthRate
	−0.319 ***
	−0.385 ***
	−0.232 ***
	−0.154 ***
	−0.106 ***
	−0.376 ***
	−0.281 ***



	
	ln_Ex_education
	ln_Ex_household
	ln_Ex_general
	ln_Ex_final
	ln_Debt
	ln_GDP
	ln_Consumer



	ln_Ex_education
	1
	
	
	
	
	
	



	ln_Ex_household
	0.975 ***
	1
	
	
	
	
	



	ln_Ex_general
	0.989 ***
	0.970 ***
	1
	
	
	
	



	ln_Ex_final
	0.983 ***
	0.998 ***
	0.981 ***
	1
	
	
	



	ln_Debt
	0.602 ***
	0.733 ***
	0.696 ***
	0.728 ***
	1
	
	



	ln_GDP
	0.985 ***
	0.942 ***
	0.936 ***
	0.946 ***
	0.724 ***
	1
	



	ln_Consumer
	0.192 ***
	0.103 ***
	0.083 ***
	0.100 ***
	0.172 ***
	0.093 ***
	1



	AgeingRate
	0.566 ***
	0.469 ***
	0.523 ***
	0.480 ***
	0.156 ***
	0.471 ***
	0.018



	GrowthRate
	−0.284 ***
	−0.173 ***
	−0.195 ***
	−0.176 ***
	0.078 *
	−0.139 ***
	−0.078 ***



	
	AgeingRate
	GrowthRate
	
	
	
	
	



	AgeingRate
	1
	
	
	
	
	
	



	GrowthRate
	−0.571 ***
	1
	
	
	
	
	







Notes: *** p < 0.01, ** p < 0.05, * p < 0.1.













 





Table 4. Variance inflation factor test.






Table 4. Variance inflation factor test.










	Variable
	VIF
	1/VIF





	ICT
	7.620
	0.131



	Human
	6.940
	0.144



	EGDI
	6.370
	0.157



	Energy
	4.840
	0.207



	Private
	4.670
	0.214



	Institutions
	4.470
	0.224



	Transport
	3.070
	0.326



	Structural
	2.840
	0.352



	Natural
	2.400
	0.417



	Mean
	4.800
	










 





Table 5. Hausman Test results.






Table 5. Hausman Test results.





	
Variables

	
(1)




	
Hausman-Test






	
EGDI

	
20.289 ***




	

	
(0.634)




	
Constant

	
33.772 ***




	

	
(0.545)




	
Observations

	
1991




	
Number of Economies

	
181




	
chi-squared

	
41.725




	
p-value for the chi-squared

	
0.000








Notes: Standard errors in parentheses, *** p < 0.01.













 





Table 6. Panel fixed-effects model regression results.






Table 6. Panel fixed-effects model regression results.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)




	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI






	
EGDI

	
16.955 ***

	
9.638 ***

	
3.684 ***

	
−2.546 **

	
−2.406 **

	
−2.380 **

	
−2.435 **

	
−1.710 *

	
0.549




	

	
(1.128)

	
(1.178)

	
(1.296)

	
(1.125)

	
(1.082)

	
(1.021)

	
(0.987)

	
(0.936)

	
(0.749)




	
Energy

	

	
0.427 ***

	
0.324 ***

	
0.245 ***

	
0.200 ***

	
0.209 ***

	
0.205 ***

	
0.183 ***

	
0.179 ***




	

	

	
(0.034)

	
(0.033)

	
(0.029)

	
(0.026)

	
(0.027)

	
(0.025)

	
(0.023)

	
(0.017)




	
Human

	

	

	
0.313 ***

	
0.161 ***

	
0.159 ***

	
0.180 ***

	
0.149 ***

	
0.137 ***

	
0.176 ***




	

	

	

	
(0.034)

	
(0.035)

	
(0.033)

	
(0.032)

	
(0.033)

	
(0.029)

	
(0.027)




	
ICT

	

	

	

	
0.151 ***

	
0.155 ***

	
0.158 ***

	
0.134 ***

	
0.129 ***

	
0.139 ***




	

	

	

	

	
(0.015)

	
(0.013)

	
(0.013)

	
(0.012)

	
(0.011)

	
(0.009)




	
Institutions

	

	

	

	

	
0.172 ***

	
0.179 ***

	
0.163 ***

	
0.136 ***

	
0.116 ***




	

	

	

	

	

	
(0.021)

	
(0.021)

	
(0.020)

	
(0.016)

	
(0.012)




	
Natural

	

	

	

	

	

	
0.152 ***

	
0.137 ***

	
0.161 ***

	
0.134 ***




	

	

	

	

	

	

	
(0.047)

	
(0.049)

	
(0.041)

	
(0.034)




	
private

	

	

	

	

	

	

	
0.153 ***

	
0.125 ***

	
0.127 ***




	

	

	

	

	

	

	

	
(0.020)

	
(0.018)

	
(0.015)




	
Structural

	

	

	

	

	

	

	

	
0.151 ***

	
0.137 ***




	

	

	

	

	

	

	

	

	
(0.012)

	
(0.010)




	
Transport

	

	

	

	

	

	

	

	

	
0.194 ***




	

	

	

	

	

	

	

	

	

	
(0.011)




	
Observations

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991




	
R-squared

	
0.301

	
0.543

	
0.627

	
0.696

	
0.731

	
0.746

	
0.766

	
0.821

	
0.907




	
Number of Economies

	
181

	
181

	
181

	
181

	
181

	
181

	
181

	
181

	
181








Notes: Cluster-robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.













 





Table 7. Instrumental variable regression results.






Table 7. Instrumental variable regression results.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)




	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI






	
EGDI

	
22.835 ***

	
13.280 ***

	
−3.600

	
−18.493 *

	
−19.925 **

	
−21.391 **

	
−17.442 *

	
−19.307 **

	
−15.882 **




	

	
(1.471)

	
(1.462)

	
(6.402)

	
(10.020)

	
(9.825)

	
(9.888)

	
(8.872)

	
(8.773)

	
(6.651)




	
Energy

	

	
0.387 ***

	
0.306 ***

	
0.236 ***

	
0.186 ***

	
0.191 ***

	
0.193 ***

	
0.168 ***

	
0.155 ***




	

	

	
(0.034)

	
(0.032)

	
(0.036)

	
(0.036)

	
(0.038)

	
(0.035)

	
(0.034)

	
(0.025)




	
Human

	

	

	
0.185 ***

	
0.203 ***

	
0.152 ***

	
0.167 ***

	
0.146 ***

	
0.136 ***

	
0.126 ***




	

	

	

	
(0.045)

	
(0.049)

	
(0.047)

	
(0.048)

	
(0.045)

	
(0.043)

	
(0.036)




	
ICT

	

	

	

	
0.234 ***

	
0.203 ***

	
0.212 ***

	
0.176 ***

	
0.189 ***

	
0.171 ***




	

	

	

	

	
(0.051)

	
(0.047)

	
(0.047)

	
(0.042)

	
(0.043)

	
(0.035)




	
Institutions

	

	

	

	

	
0.199 ***

	
0.207 ***

	
0.185 ***

	
0.161 ***

	
0.153 ***




	

	

	

	

	

	
(0.029)

	
(0.029)

	
(0.026)

	
(0.024)

	
(0.017)




	
Natural

	

	

	

	

	

	
0.138 ***

	
0.123 **

	
0.149 ***

	
0.135 ***




	

	

	

	

	

	

	
(0.052)

	
(0.052)

	
(0.046)

	
(0.040)




	
private

	

	

	

	

	

	

	
0.148 ***

	
0.125 ***

	
0.127 ***




	

	

	

	

	

	

	

	
(0.025)

	
(0.024)

	
(0.021)




	
Structural

	

	

	

	

	

	

	

	
0.135 ***

	
0.129 ***




	

	

	

	

	

	

	

	

	
(0.015)

	
(0.013)




	
Transport

	

	

	

	

	

	

	

	

	
0.202 ***




	

	

	

	

	

	

	

	

	

	
(0.014)




	
Observations

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991

	
1991




	
R-squared

	
0.264

	
0.532

	
0.274

	
0.072

	
0.124

	
0.103

	
0.270

	
0.313

	
0.586








Notes: Cluster-robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.













 





Table 8. Sample robustness test results.






Table 8. Sample robustness test results.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)




	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI

	
PCI






	
EGDI

	
40.981 **

	
17.395 **

	
23.701

	
−8.898 *

	
−34.005 ***

	
−21.257 **

	
−13.608 ***

	
−21.161 **

	
−13.868 **




	

	
(19.758)

	
(7.388)

	
(20.330)

	
(5.357)

	
(13.028)

	
(10.288)

	
(4.824)

	
(9.383)

	
(5.614)




	
Energy

	

	
0.341 ***

	
0.164 **

	
0.258 ***

	
0.159 ***

	
0.184 ***

	
0.213 ***

	
0.201 ***

	
0.155 ***




	

	

	
(0.040)

	
(0.077)

	
(0.031)

	
(0.046)

	
(0.044)

	
(0.026)

	
(0.034)

	
(0.024)




	
Human

	

	

	
0.215 ***

	
0.207 ***

	
0.137 **

	
0.164 ***

	
0.171 ***

	
0.114 **

	
0.169 ***




	

	

	

	
(0.055)

	
(0.046)

	
(0.059)

	
(0.050)

	
(0.040)

	
(0.047)

	
(0.030)




	
ICT

	

	

	

	
0.198 ***

	
0.258 ***

	
0.206 ***

	
0.162 ***

	
0.171 ***

	
0.148 ***




	

	

	

	

	
(0.029)

	
(0.064)

	
(0.049)

	
(0.023)

	
(0.044)

	
(0.025)




	
Institutions

	

	

	

	

	
0.216 ***

	
0.207 ***

	
0.180 ***

	
0.164 ***

	
0.162 ***




	

	

	

	

	

	
(0.037)

	
(0.030)

	
(0.021)

	
(0.026)

	
(0.018)




	
Natural

	

	

	

	

	

	
0.139 **

	
0.160 ***

	
0.139 ***

	
0.123 ***




	

	

	

	

	

	

	
(0.053)

	
(0.045)

	
(0.050)

	
(0.041)




	
private

	

	

	

	

	

	

	
0.146 ***

	
0.121 ***

	
0.146 ***




	

	

	

	

	

	

	

	
(0.020)

	
(0.027)

	
(0.020)




	
Structural

	

	

	

	

	

	

	

	
0.130 ***

	
0.129 ***




	

	

	

	

	

	

	

	

	
(0.016)

	
(0.012)




	
Transport

	

	

	

	

	

	

	

	

	
0.206 ***




	

	

	

	

	

	

	

	

	

	
(0.014)




	
time scale

	
2010 onwards

	
All years

	
2010 onwards

	
2005 onwards

	
All years

	
All years

	
2008 onwards

	
All years

	
All years




	
Scope of economies

	
All economies

	
Sub-Saharan Africa

	
All economies

	
All economies

	
North America

	
southern Asia

	
All economies

	
Europe and Central Asia

	
East Asia and the Pacific




	
Observations

	
1086

	
1485

	
1086

	
1448

	
1969

	
1903

	
1267

	
1760

	
1694








Notes: Cluster-robust standard errors in parentheses, *** p < 0.01, ** p < 0.05, * p < 0.1.













 





Table 9. Sobel test results for cost score.






Table 9. Sobel test results for cost score.





	
Variables

	
(1)

	
(2)

	
(3)




	
PCI

	
Cost

	
PCI






	
EGDI

	
15.675 ***

	
32.982 ***

	
11.056 ***




	

	
(12.008)

	
(8.694)

	
(8.178)




	
Cost

	

	

	
0.140 ***




	

	

	

	
(12.121)




	
Constant

	
36.261 ***

	
54.215 ***

	
28.667 ***




	

	
(57.437)

	
(29.552)

	
(33.119)




	
Observations

	
1420

	
1420

	
1420




	
R-squared

	
0.225

	
0.111

	
0.383




	
Number of Economies

	
173

	
173

	
173




	
Controls

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES




	
Firm

	
YES

	
YES

	
YES




	
Sobel Z

	
-

	
-

	
17.443 ***




	
R-squared

	
0.811

	
0.811

	
0.811




	
N

	
1420

	
1420

	
1420








Notes: Robust t-statistics in parentheses, *** p < 0.01.













 





Table 10. Sobel test results for time score.






Table 10. Sobel test results for time score.





	
Variables

	
(1)

	
(2)

	
(3)




	
PCI

	
Time

	
PCI






	
EGDI

	
15.675 ***

	
47.277 ***

	
10.939 ***




	

	
(12.008)

	
(9.926)

	
(7.045)




	
Time

	

	

	
0.100 ***




	

	

	

	
(7.632)




	
Constant

	
36.261 ***

	
41.160 ***

	
32.138 ***




	

	
(57.437)

	
(17.869)

	
(38.285)




	
Observations

	
1420

	
1420

	
1420




	
R-squared

	
0.225

	
0.178

	
0.320




	
Number of Economies

	
173

	
173

	
173




	
Controls

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES




	
Firm

	
YES

	
YES

	
YES




	
Sobel Z

	
-

	
-

	
4.052 ***




	
R-squared

	
0.763

	
0.763

	
0.763




	
N

	
1420

	
1420

	
1420








Notes: Robust t-statistics in parentheses, *** p < 0.01.













 





Table 11. Sobel test results for procedures score.






Table 11. Sobel test results for procedures score.





	
Variables

	
(1)

	
(2)

	
(3)




	
PCI

	
Procedures

	
PCI






	
EGDI

	
15.828 ***

	
18.723 ***

	
15.252 ***




	

	
(11.911)

	
(3.700)

	
(10.871)




	
Procedures

	

	

	
0.031 *




	

	

	

	
(1.655)




	
Constant

	
36.095 ***

	
50.535 ***

	
34.540 ***




	

	
(57.159)

	
(21.015)

	
(33.399)




	
Observations

	
1557

	
1557

	
1557




	
R-squared

	
0.231

	
0.044

	
0.238




	
Number of Economies

	
173

	
173

	
173




	
Controls

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES




	
Firm

	
YES

	
YES

	
YES




	
Sobel Z

	
-

	
-

	
4.796 ***




	
R-squared

	
0.751

	
0.751

	
0.751




	
N

	
1557

	
1557

	
1557








Notes: Robust t-statistics in parentheses, *** p < 0.01, * p < 0.1.













 





Table 12. Sobel test results for mean score.






Table 12. Sobel test results for mean score.





	
Variables

	
(1)

	
(2)

	
(3)




	
PCI

	
Score_mean

	
PCI






	
EGDI

	
15.828 ***

	
24.738 ***

	
13.422 ***




	

	
(11.911)

	
(6.109)

	
(9.024)




	
Score_mean

	

	

	
0.097 ***




	

	

	

	
(4.410)




	
Constant

	
36.095 ***

	
52.991 ***

	
30.941 ***




	

	
(57.159)

	
(27.540)

	
(25.734)




	
Observations

	
1557

	
1557

	
1557




	
R-squared

	
0.231

	
0.093

	
0.283




	
Number of Economies

	
173

	
173

	
173




	
Controls

	
YES

	
YES

	
YES




	
Year

	
YES

	
YES

	
YES




	
Firm

	
YES

	
YES

	
YES




	
Sobel Z

	
-

	
-

	
12.852 ***




	
R-squared

	
0.775

	
0.775

	
0.775




	
N

	
1557

	
1557

	
1557








Notes: Robust t-statistics in parentheses, *** p < 0.01.













 





Table 13. Results of the cost mechanism test.






Table 13. Results of the cost mechanism test.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)




	
Cost Score

	
Time Score

	
Procedures Score

	
Score_mean






	
EGDI

	
32.982 ***

	
47.277 ***

	
18.723 ***

	
24.738 ***




	

	
(3.793)

	
(4.763)

	
(5.061)

	
(4.049)




	
Observations

	
1420

	
1420

	
1557

	
1557




	
R-squared

	
0.111

	
0.178

	
0.044

	
0.093




	
Number of Economies

	
173

	
173

	
173

	
173








Notes: Cluster-robust standard errors in parentheses, *** p < 0.01.













 





Table 14. Results of the financial mechanism test.






Table 14. Results of the financial mechanism test.





	
Variables

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)




	
PCI

	
ln_Ex_education

	
ln_Ex_general

	
ln_Ex_final

	
ln_Ex_household






	
EGDI

	
3.731 **

	
0.489 *

	
0.474 **

	
0.216

	
0.160




	

	
(1.643)

	
(0.270)

	
(0.238)

	
(0.196)

	
(0.196)




	
Observations

	
1039

	
1039

	
1936

	
1936

	
1936




	
R-squared

	
0.589

	
0.684

	
0.680

	
0.761

	
0.751




	
Number of Economies

	
164

	
164

	
176

	
176

	
176








Notes: Cluster-robust standard errors in parentheses, ** p < 0.05, * p < 0.1.













 





Table 15. Results of the moderating effect analysis of central government debt.






Table 15. Results of the moderating effect analysis of central government debt.





	
Variables

	
(1)

	
(2)

	
(3)




	
PCI

	
PCI

	
PCI






	
EGDI

	
47.218 ***

	
−12.907

	
47.439 ***




	

	
(1.349)

	
(8.506)

	
(1.294)




	
ln_Debt

	
−0.579 ***

	
−1.865 ***

	
−0.763 ***




	

	
(0.075)

	
(0.194)

	
(0.076)




	
EGDIln_Debt

	

	
2.307 ***

	




	

	

	
(0.323)

	




	
EGDIln_Debt_c

	

	

	
2.307 ***




	

	

	

	
(0.323)




	
N

	
576

	
576

	
576




	
R-squared

	
0.687

	
0.712

	
0.712








Notes: Standard errors in parentheses, *** p < 0.01.













 





Table 16. Results of the moderating effect analysis of GDP.






Table 16. Results of the moderating effect analysis of GDP.





	
Variables

	
(1)

	
(2)




	
PCI

	
PCI






	
EGDI

	
54.826 ***

	
27.566 ***




	

	
(0.907)

	
(3.075)




	
ln_GDP

	
−0.666 ***

	
−1.951 ***




	

	
(0.086)

	
(0.162)




	
EGDIln_GDP

	

	
2.596 ***




	

	

	
(0.280)




	
N

	
1980

	
1980




	
R-squared

	
0.727

	
0.738








Notes: Standard errors in parentheses, *** p < 0.01.













 





Table 17. Results of the moderating effect analysis of annual consumer price index.






Table 17. Results of the moderating effect analysis of annual consumer price index.





	
Variables

	
(1)

	
(2)




	
PCI

	
PCI






	
EGDI

	
50.815 ***

	
90.123 ***




	

	
(0.713)

	
(8.012)




	
ln_Consumer

	
−1.356 ***

	
2.851 ***




	

	
(0.182)

	
(0.873)




	
EGDIl