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Abstract

:

The importance of education to national competitiveness and future development is self-evident. Resource input secures educational development. However, the efficiency of educational resources, their input–output ratio, and their effects on national competitiveness are matters of concern. This study aims to measure the efficiency of educational resources of a country within the scope of financial capacity. This study further evaluates the effects of educational efficiency on national competitiveness. Data envelopment analysis was applied to measure the efficiency of educational resources, and two-way fixed-effect panel data were used to evaluate the effects on national competitiveness. This study corroborated that among 53 countries, those with high educational efficiency and stable development are mainly concentrated in East and Southeast Asia. According to different levels of development and/or regional location, the driver of education is only significant in the most competitive economies. In addition, given the development stage, governments should depend on their own level of competitiveness in determining priority areas of development.
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1. Introduction


The importance of education is evident in the advancement of global knowledge and development. Governments are increasing their budgetary investment in education every year to improve national education standards [1]. However, achievement in education should be accumulated. For example, the relatively low efficiency of R&D investment has been constantly criticized despite the significant growth in public R&D budget [2]. Lin et al. (2010) affirmed the varied outputs of education across countries given the increasing budgetary inputs [3]. Input–output efficiency is crucial in education and national development. Wu (2009) proved that output growth efficiency is the main driver of growth disparity [4]. Hence, evaluating educational efficiency depends not only on the amount of public input, but also on operational efficiency and policy sustainability. Several studies examined educational issues involving investment in educational resources and level of education for residents [5,6,7], but only a few have focused on educational efficiency and its lack of evaluation. Governments only focus on investment in educational resources by increasing the budget for education and constructing school buildings [8]. Allocated resources will be wasted if governments do not consider the input–output ratio [9]. This finding is also the main reason this study focused on the efficiency of education.



In terms of the importance of education, most governments realized that educational efficiency is more important than educational expenditure or input. Thus, the measurement of educational efficiency is valuable. Efficiency reflects not only the output of education, but also the capability to utilize educational resources. Data envelopment analysis (DEA) and the Malmquist index (MI) are appropriate evaluation indicators that represent educational efficiency. Based on literature review, DEA is normally used to assess government, public health, and science and technology investment efficiencies [10,11,12].



DEA is an effective tool for assessing efficiency through input–output analysis. The first objective of this study is to assess the efficiency of education and fill the gap in educational research by assessing the relationship between educational input and output variables. This study uses the standard method of DEA.



DEA is a non-parametric method used in operations research and economics to estimate frontier productions. DEA is a linear programming model that measures relative efficiencies of decision-making units (DMUs) [13], allowing each DMU to select the optimal weights of input and output that maximize its relative efficiency [14]. This method calculates relative efficiency scores for a set of peer entities in the range (0–1). Each entity that pursues the same objective is called a DMU and has common multiple input–output variables. The MI can possibly calculate these variables for an entire region or nation. The change rate and educational progress index [13] constitute the aggregate production function. MI was applied to evaluate alteration of efficiency. DEA is an appropriate approach for measuring input–output efficiency. A value close to 1 indicates high efficiency of input and output. If the value is more than 0.7, it belongs to a high-efficiency stage. MI can be applied to evaluate the degree of continuous progress. A value close to 1 indicates that the efficiency of change is small, and the input and output continue to be stable. Deviation from 1 indicates instability. MI value greater than 1 means that efficiency is increasing. MI value lesser than 1 indicates that efficiency is declining. Lavado and Cabanda (2009) defined efficiency as deviation from the frontier that exemplifies the maximum output attainable from each input level [15]. In addition, efficiency is estimated using DEA, which aids in allocating and rationalizing the budget [15]. Park (2015) claimed that DEA could be adopted to measure efficiency and productivity [16]. Cordero-Ferrera et al. (2008) measured educational efficiency using DEA to evaluate schools [17]. Lin et al. (2010) applied the performance framework in competitive advantage issues associated with DEA to evaluate relative efficiency across countries [3].



Thus, the first step of this study focuses on measuring educational efficiency. The succeeding section further identifies its effect on national competitiveness through global panel data, clustering analysis, and grouping multiple linear regression.




2. Literature Review


Education not only focuses on budget input, but also depends on efficiency and continuous input. High-efficiency and the guarantee and effects of long-term resource on national development are worthy of research [18]. Cohn (1974) explored several techniques that could assist education managers in their attempt to arrive at considerably optimal input and output mixes [19]. Educational performance assessment involves examining related input–output (cost–benefit) relationships. Goodman (1979) elucidated that “outcome orientation” is rooted in program budgeting theory, with emphasis on cost–benefit analysis and input–output relationships that can be demonstrated and measured [20]. Hough (1991) conducted an input–output analysis in education in the U.K. [21]. Geva-May (2001) provided a series of efficiency indicators to determine the extent and nature of the goal attainment of higher education policy in Israeli universities [22]. By examining the last two decades of DEA and the MI, Katharaki and Katharakis (2010) collated numerous inputs and outputs on university education efficiency [23]; their study provided fundamental indicators for later research on educational efficiency. Johnes (2006) evaluated the possibility of measuring efficiency in the context of higher education [24]. Campbell (2010) also conducted a study on educational productivity and the evaluation of educational efficiency [25]. Bursalioglu and Selim (2015) claimed that investigating efficiency in academic and research activities is important, along with exploring the factors that determine efficiency through DEA; these factors include public expenditure in higher education and ratio of higher education graduates to the total population [26]. Lassibille and Gomez (2000) [27] and Grosskopf et al. (2014) [28] selected secondary school enrollment to reflect school efficiency and describe national education systems. To evaluate the educational efficiency in the Philippines, Lavado and Cabanda (2009) selected expenditures and secondary enrollment rates [15]. Bates (1997) [29] developed a method to assess the efficiency of educational outputs using DEA to measure the corresponding inputs in a substantially satisfactory manner using the results from the Local Education Authorities of England in the early 1980s.



DEA is used to empirically measure productive efficiency of DMUs. Although DEA does not provide a general relationship (equation) relating output and input, it allows estimation of the best-practice relationship between multiple inputs and outputs. The framework was adapted from multi-input, multi-output production functions and applied in many industries. This study does not provide substantial contribution to the theoretical development of DEA and regression model, but it explores the impact of the evaluation of educational efficiency on national competitiveness. This study is focused on the exploration of educational efficiency. DEA methods have been widely used in the evaluation of efficiency and research. Science and technology and other related fields have adopted DEA to measure efficiency, which also used similar input and output variables.



As discussed, DEA can be used to assess educational efficiency [23,30]. Chang et al. (2012) applied DEA to evaluate allocated education resources [31]. Aristovnik and Obadić (2014) used DEA to investigate the educational efficiency provided in the secondary and tertiary education [32]. Tsamadias and Kyratzi (2014) measured changes in efficiency and productivity in the Greek public higher technological educational institutions from 2005 to 2009 by using input-oriented DEA to provide directories and indexes to management for improving the performance of their institutions [33]. Accordingly, total public expenditure in education (as a percentage of gross domestic product [GDP]) and total public expenditure on education per capita were selected as key input indicators [23,24,34]; whereas secondary school enrollment and higher education achievement were chosen as key output indicators [23,24]. Overall, DEA is viewed as an effective method for educational efficiency evaluation, and the MI is used to evaluate the degree of continuous progress in educational efficiency.



Sustainability of education policy is also a crucial development indicator. Shriberg (2002) analyzed recent efforts to measure sustainability in higher education across institutions [35]. Wals and Jickling (2002) believed that “sustainability” in higher education has vital influence and significance [36].



The effects of educational efficiency on national competitiveness also awakened the concern and merited the research efforts of many scholars. Ives (1992) proved that education is a sustainable national competitive advantage [37]. Weibust (1992) indicated the central role of education in national development plans [38]. Sahlberg (2006) demonstrated the importance of education and education reform in economic development and national competitiveness [39]. Ross (2010) considered the contribution of education to national development and of science education toward creating a climate of public opinion for the use of science and technology in industrial development [40]. Finally, Ramoniene and Lanskoronskis (2011) explored the relationship between higher education and competitive strategy while synthesizing higher education elements that are expressed in competitiveness [41]. Whether pertaining to education reform or higher education, only a few studies focused on educational efficiency. The assumption in the present study is based on educational efficiency to determine its impact on national competitiveness.



According to the Global Competitiveness Report of the World Economic Forum (WEF), the “national competitiveness” concept examines the ability of a national economy to grow. National competitiveness is measured by a set of factors, policies and institutions that determine the productivity level of a country. The World Competitiveness Yearbook (WCY), an annual report published by the Swiss-based International Institute for Management Development (IMD) on the competitiveness of nations, has been published since 1989. We selected the WCY to reflect the level of national competitiveness. The yearbook benchmarks the performance of 60 countries based on 333 criteria that measure different facets of competitiveness [42]. Each country has a yearly competitive score, with 100 as the highest score.



The second problem in this study indicates that educational efficiency has a positive impact on national competitiveness. Improvement in educational efficiency helps improve the level of national competitiveness. Factors that affect national competition not only include education, but also economic and technical factors as pointed out in literature. We will further study and demonstrate model assumptions in the next section.




3. Design and Data


3.1. Design and Methods


This study aims to measure the efficiency of educational resources using educational input–output analysis by employing DEA and the MI in a sample of countries selected from WCY. Educational input–output analysis further evaluates the effects of educational efficiency on national competitiveness using national panel data fixed-effect and mixed-effect regressions. This study is divided into three steps. The first step calculates educational efficiency using educational input and output indicators. The second step identifies the effects of educational efficiency on national competitiveness using international panel data. The last step is based on different levels of national competitiveness that we further classified to determine the extent of educational efficiency impact. Is the efficiency of education consistent with the degree of impact on countries with different levels of competitiveness? What is the reason for the difference? We will further tap levels of national competitiveness after exploring the impact of educational efficiency.



The current data sources are limited, and differences in the understanding of indicators in different countries are evident. The educational input and output variables we selected have theoretical bases from literature, which is the best choice for the current educational efficiency. Previously, in the process of exploring, more input or output variables were used but inherent deficiencies were encountered from the viewpoint of data accuracy, completeness, and theoretical explanation. The variables selected in this study came from the WCY [42] and World Bank databases [43], which have high consistency and credibility. According to the previous literature research, the selected indicators are supported by literature. However, some assumptions and indicators proposed in literature were not used in the study because of non-availability. This is the limitation of the study. Data with high quality and consistency cannot be easily obtained from 53 countries.



First, we calculated DEA and the MI as assessment indicators of educational efficiency through educational input and output indicators. Total public expenditure in education (as % of GDP) and total public expenditure on education per capita were selected as educational input indicators. For educational output indicators, secondary school enrollment (in %) of the relevant age group that receives full-time education and higher educational achievement (in %) of the population that has attained at least tertiary education were selected [44,45]. We compared and analyzed educational efficiency among the major economies in the world by measuring DEA and determining the subsequent effects.



According to the correspondence relationship shown in Figure 1, we selected the following indicators to reflect economy, technology, exports and stability. The higher the GDP per capita, the higher the level of international economic development. Energy intensity is the amount of energy consumed for each USD dollar of GDP. Energy intensity reflects the efficiency of energy use that can represent the energy technology level of a country to a certain extent. This variable is the embodiment of national scientific and technological capabilities [46]. Low-energy intensity indicates high energy efficiency and high output [47]. As the high-tech industry is indisputably important for national development, the proportion of exports with high-tech products to the manufacturing exports is also another indicator [48]. High-tech exports are products with high research and development intensity, such as those related to the aerospace industry, computers, pharmaceuticals, scientific instruments, and electrical machinery. Regarding employment, the higher the employment rate, the higher the stability of society [49]. The proportion of the employed population (in %) is one of the most precise representative indicators. Population market size (in millions) is an objective indicator, which can reflect the size of a country and the difficulty of governance [50]. We deduce that the greater the total population, the higher the difficulty and the complexity of the governance of a country. In conjunction with the above indicators, we used panel data to test the impact of educational efficiency on national competitiveness. We selected the results of competitiveness in the WCY as a comprehensive evaluation indicator of national competitiveness [42]. DEA, MI, IMD, WCY are defined in Abbreviations.



Based on previous literature reviews, we believe that the factors that affect national competitiveness not only include education (education efficiency), but also economy (GDP per capita), technology and energy (energy intensity), exports (export ration for high-tech products), and social stability and development (employment rate). Using WCY and the World Bank databases, we selected some representative indicators corresponding to the above factors. Literature pointed out that the national population will also affect national competitiveness, which we will have to consider. Based on the selection of factors and indicators, we will construct a multiple regression model using global panel data. Among the many factors of mutual influence, we will identify the extent to which education efficiency affects national competitiveness.



We included the following explanatory variables: (1) educational efficiency (EDEA); (2) ln GDP per capita (lnGDPpc); (3) ln energy intensity (lnEI); (4) high-tech exports (in %) (Hte%); (5) employment (in %); and (6) ln population market size (lnPop). Some independent variables use the logarithm, which can eliminate heteroscedasticity. The use of logarithm to process new data is effective in eliminating the impact of heteroscedasticity. Taking the logarithm can reduce the absolute value of the data, which is now easy to calculate. This approach does not change the nature and relevance of the data, but compresses the scale of the variable. The natural logarithm does not affect interrelationship among variables. The logarithm of the original index is used to avoid fluctuation between the data and the model, making it more stable. The dependent variable is also the target variable “national competitiveness” from WCY database, which is abbreviated as “Comp”.



The panel data model can be divided into two types: a fixed-effects model and a random-effects model. Based on the result of Hausman test (Prob > chi2 = 0.000), the null hypothesis is rejected at the 10% level, which suggests that the fixed-effects model is an appropriate choice.



In addition, we can use the said model to control for unobserved heterogeneity when such heterogeneity is constant over time. We applied a two-way fixed-effects panel-data model (also known as the within estimator) for estimation.


   C o m  p  i t   =  α 0  +  β 1  E d u  E  i t   +  β 2  l n G D P p  c  i t   +  β 3  l n E  I  i t   +  β 4  H t e  %  i t   +  β 5  E m p l o y m e n t      ( % )    i t   +  β 6  l n   P o  p  i t   +  X  i t   γ +  u i  +  η t  +  ε  i t   ,   i = 1   … ,   53 ;   t = 1   … ,   15 ,   








where     X  i t      represents the variables matrix and     u i     denotes the individual fixed effect that does not change with time but varies from region to region (for example, the living standard of each country, local consumption preferences, and cultural preferences).     η t     represents time-period fixed effects with no individual differences, which, however, vary with time.     ε  i t      is an error vector that obeys i.i.d. (0,     σ 2    ).




3.2. Data Resource


Data were collected from the WCY and the World Bank. As pooled time series and cross-sectional data, the panel dataset covers 53 countries in the cross-section from 2000 to 2014 (year = 15) in the longitudinal section. The 53 countries cover the world’s major economies, which include developed and developing countries across the Americas, Europe, Asia, Africa and Oceania. Data in these countries are relatively complete. However, missing values are present in the panel data, which represents imbalance in the data. We added the missing values via K-means clustering, and the completed panel data reached 795 observations.



We calculated the input–output efficiency of education using the DEA software and further evaluated the effects of educational efficiency on national competitiveness using the STATA software.



The United States was not selected as a sample country in this study because some data were unavailable. This is a limitation of the study.





4. Results


4.1. Description of Educational Efficiency


The input–output efficiency of education for each country was calculated from 2000 to 2014, and their average level was considered.



According to the average results of educational efficiency through DEA (x axis) and educational continuous progress via the MI (y axis), we built a matrix of 53 countries or regions, as shown in Figure 2. This matrix was used to analyze the input–output efficiency of education in various countries.



Educational efficiencies in Singapore, the Philippines, India, Mainland China, Indonesia, Taiwan, South Korea, Russia and Japan are the most prominent (DEA > 0.8) among the 53 countries. In terms of sustainable development, the countries are stable and MI values were approximately 1.0. Only the MI values of Argentina and Indonesia are far from 1, which indicates that their educational inputs–outputs are unstable or not sustainable. This finding is possibly due to economic crises. The study corroborated that countries with high educational efficiency and stable development are mainly concentrated in East and Southeast Asia.




4.2. Panel Data and Clustering Analysis


Using panel data analysis, the level of each indicator and the impact of indicators on the degree of national competitiveness are significantly different. GDP per capita is the most significant indicator in the panel data model (Appendix A and Appendix B), whether a single fixed-effect panel or a two-way fixed-effect panel is used. We identified the value of economic drivers on the competitiveness of a country. However, the effect of educational efficiency on national competitiveness is not consistent among single and two-way fixed-effect panels. The p value of educational efficiency (EDEA) is 0.055 based on the single fixed-effect panel. However, in the two-way fixed-effect panel, the p value of educational efficiency (EDEA) is 0.892. The significant difference in educational efficiency occurred after the addition of time effect. This finding proved that educational efficiency and time are related, that is, educational efficiency is likely to include time trends, and the impact on the dependent variable is formed through this time trend. Accordingly, educational efficiency indicates the need to improve the effectiveness of national competitiveness. Mayor et al. (2012) explored whether differences in competitiveness among these economies can be explained by their affiliation to a group or a cluster [51]. The effects of educational efficiency on national competitiveness in different groups were identified using cluster analysis. The level of national competitiveness was divided into five grades (from very weak to very strong) using hierarchical clustering methods. Clustering analysis is based on the different levels of competitiveness of different countries to measure the similarity between different data sources. A total of 795 observations, classified from very strong to very weak, were assigned to different clusters according to their competitiveness, as shown in Figure 3.




	➢

	
If national competitiveness is very strong, score ranges from 88.37 to 100 (N = 59, 7.4%).




	➢

	
If national competitiveness is strong, score ranges from 71.9 to 87.82 (N = 250, 31.4%).




	➢

	
If national competitiveness is in the general level, score ranges from 49.25 to 71.55 (N = 344, 43.3%).




	➢

	
If national competitiveness is weak, score ranges from 30.28 to 49.02 (N = 132, 16.6%).




	➢

	
If national competitiveness is very weak, the score ranges from 18.27 to 27.97 (N = 10, 1.3%).









Each country corresponds to an independent sample in each year. Some groups have insufficient sample size. Thus, the panel data cannot be used and are replaced by linear mixed-effects regression.



We used linear mixed-effects regression to further test the effects of educational efficiency on the different grades of national competitiveness based on the five clustering groups (Table 1). We set up Model 1 (all observations) and Models 2 to 6 (five groups) according to the different levels of competitiveness of the five group.



4.2.1. Model 1: All Observations (N = 795)


GDP per capita, high-tech exports (in %), employment (in %), and energy intensity have significant effect on national competitiveness level based on the linear mixed regression. After increasing GDP per capita, high-tech exports (in %), and employment (in %), and decreasing energy intensity, the overall significance of the model improved. This result indicates that these indicators have a positive effect on the level of national competitiveness. However, the role of educational efficiency in the model is insignificant. Thus, we separated the sample groups for further analysis.




4.2.2. Model 2: Countries with Very Strong National Competitiveness (N = 59)


Major countries in this group include Australia, Canada, Hong Kong, Denmark, Finland, Germany, Iceland, Luxembourg, Norway, Qatar, Singapore, Sweden, Switzerland and Taiwan. Educational efficiency and energy intensity have significant effect on samples with very strong competitiveness based on linear mixed regression analysis. Increasing the educational efficiency and decreasing energy intensity are effective approaches for enhancing national competitiveness. However, both indicators from economy, high-tech exports, employment and population are insignificant. Therefore, education and technology are the most effective drivers of national competitiveness in most developed economies.




4.2.3. Models 3 and 4: Countries with Strong (N = 250) and Average (N = 344) National Competitiveness


For these countries with average to strong national competitiveness, GDP per capita, high-tech exports (%), and employment (%) have significant positive impact on national competitiveness. However, educational efficiency and energy intensity became insignificant. Therefore, economic output, high-tech exports, and employment are the most effective driving forces for national competitiveness in mid-developed economies.




4.2.4. Models 5 and 6: Countries with Weak (N = 132) and Very Weak (N = 10) National Competitiveness


The effect of the indicators on national competitiveness is insignificant in these underdeveloped economies.






5. Reflections and Conclusions


In this study, we selected input and output indicators and measured the educational efficiency of 53 sample countries. The results of East and Southeast Asian countries were obtained based on the matrix analysis of educational efficiency (DEA) and the degree of continuous progress (MI). In addition to developed economies such as South Korea, Taiwan, Singapore and Japan, developing countries such as China, India and Russia have great educational development potential because their educational efficiency (DEA) is higher than 0.8 (see Figure 2). Based on these findings, East and Southeast Asian countries have significant potential for future development. We further evaluated the effects of educational efficiency on national competitiveness according to the 53 countries or regions from 2000 to 2014. Educational efficiency is insignificant in the total samples based on a fixed-effect panel. Through further clustering analysis, we divided the 795 samples into five grades according to the degree of national competitiveness (strong or weak). Finally, we discovered through linear mixed regression that educational efficiency has the most significant impact on the most competitive countries and regions but is insignificant in other economies. Data mining should be conducted to determine the reasons why educational efficiency is not significant in mid- and underdeveloped economies.



The impact of educational efficiency on national competitiveness is reflected not only in management implications, but also in policy formulation. National government, religious culture, and stages of economic development will have certain impact on educational efficiency. This study concludes that the value of educational efficiency will only be highlighted when the level of national competitiveness reaches a certain stage regardless of the strength of basic education in developing countries and the effectiveness of educational efficiency.



The drivers of education and technology are significant in most competitive economies according to different developed countries and regions. The driver of economy, high-tech exports, and employment are significant in the second (mid-developed countries) and third (underdeveloped countries) groups. Therefore, governments should depend on their own level of competitiveness to determine the priority areas of development based on their stage of development. The role of the economy in promoting competitiveness dominates that of education for developing countries.



In future research, not only do we focus on the efficiency of the input and output of education but also on the sustainability and change of the input and output of educational resources. The current study is used to determine the future trend, that is, to help the government with more scientific and effective allocation and use of educational resources.
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The following abbreviations are used in this manuscript:



	DEA
	Data Envelopment Analysis



	MI
	Malmquist Index



	DMUs
	Decision-making units



	WEF
	World Economic Forum



	WCY
	World Competitiveness Yearbook



	IMD
	International Institute for Management Development



	EDEA
	Educational efficiency



	lnGDPpc
	Ln GDP per capita



	lnEI
	Ln energy intensity



	Hte%
	High-tech exports (in %)



	Comp
	National competitiveness
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Appendix B. Two-Way Fixed-Effect Panel
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Figure 1. Structure of educational efficiency and national competitiveness. 
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Figure 2. DEA (x axis) and MI (y axis) of educational efficiency. 
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Figure 3. Five grades of national competitiveness. 
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Table 1. Linear mixed regression based on clustering groups.
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	Model 1
	Model 2
	Model 3
	Model 4
	Model 5
	Model 6





	Competitiveness
	All observations
	Very strong
	Strong
	Average
	Weak
	Very weak



	Educational efficiency
	−0.041

(1.882)
	0.506 **

(2.198)
	−0.115

(1.681)
	0.029

(1.704)
	−1.536

(24.100)
	−0.050

(2.099)



	GDP per capita
	0.404 **

(0.973)
	−0.025

(3.169)
	0.383 **

(0.987)
	0.347 **

(0.870)
	2.139

(16.520)
	0.148

(1.299)



	Energy intensity
	−0.161 **

(0.828)
	−0.586 **

(0.861)
	0.009

(0.616)
	0.110

(0.853)
	0.782

(12.027)
	−0.214

(1.009)



	High-tech exports (%)
	0.274 **

(0.027)
	−0.064

(0.035)
	0.212 **

(0.025)
	0.144 **

(0.025)
	0.892

(0.381)
	0.232

(0.042)



	Employment (%)
	0.348 **

(0.055)
	0.180

(0.161)
	0.223 **

(0.041)
	0.230 **

(0.057)
	0.935

(0.358)
	0.107

(0.083)



	Population market size
	0.042

(0.278)
	−0.088

(0.489)
	0.005

(0.222)
	0.073

(0.230)
	1.852

(4.175)
	0.035

(0.403)



	R2adj
	0.639
	0.308
	0.199
	0.135
	0.377
	0.081



	N
	795
	59
	250
	344
	132
	10







Notes: * p < 0.05; ** p < 0.01.
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