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Abstract: The aim of this paper is to provide a new approach for assessing the input-output efficiency
of education and technology for national science and education department. We used the Data
Envelopment Analysis (DEA) method to analyze the efficiency sharing activities in education and
technology sector, and classify input variables and output variables accordingly. Using the panel data
in the education and technology sector of 53 countries, we found that the countries with significant
progress in educational efficiency and technological efficiency mainly concentrated in East Asia,
especially in Japan, Korea, Taiwan and some other developing countries. We further evaluate the effect
of educational and technological efficiencies on national competitiveness, balanced development
of the country, national energy efficiency, export, and employment. We found that the efficiency of
science and technology has an effect on the balanced development of the country, but that of education
has played a counter-productive role; Educational efficiency has a large role and related the country’s
educational development. In addition, using the panel data analysis, we showed that educational
and technological efficiency has different degrees of contributions to the development from 2000 to
2014. It mainly depends on the economic development progress and the push for the education and
technological policy. The proposed approach in this paper provides the decision-making support
for the education and technological policy formulation, specially the selection of the appropriate
education and technological strategies for resource allocation and process evaluation.
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1. Introduction

The importance of education and technology is evident in the advancement of global knowledge
and technology. Governments are increasing their budgetary investment in education and technology
each year to improve the national education standards and science and technology productivity.
Nevertheless, achievement in education and technology requires accumulation. Despite such
significant growth, low efficiency in investment faces constant criticism (So 2011). Lin et al. (2010)
shows that by increasing budgetary inputs, the outputs of education and technology differ across
countries. Thus, input-output efficiency is a crucial factor both in education and technology. Wu (2009)
proved that efficiency on the output growth is the main driver of growth disparity. As both are
noteworthy issues, evaluating the efficiency of education and technology depends not only on the
amount of public input but also on operation efficiency and policy sustainability.

Lavado and Cabanda (2009) pointed out that efficiency is defined as the deviation from the
frontier that represents the maximum output attainable from each input level. Efficiency is estimated
using data envelopment analysis (DEA), and it can help in budget allocation and rationalization
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(Lavado and Cabanda 2009). Park (2015) insisted that DEA is adopted to measure efficiency and
productivity. For example, Cordero-Ferrera et al. (2008) measured educational efficiency by using
DEA for evaluating schools. Lin et al. (2010) applies the performance framework in competitive
advantage issues associated with the DEA method to evaluate the relative efficiency of technology
across countries. Therefore, DEA is an appropriate approach to measure the input-output efficiency
of education and technology. DEA is adopted to measure efficiency and productivity; it is a
nonparametric method in operations research and economics for the estimation of production frontiers.
DEA is a linear programming model to measure the relative efficiencies of decision-making units
(DMUs) (Cooper et al. 1997) allowing each DMU to choose the optimal weights of inputs and outputs
which maximize its relative efficiency (Cherchye et al. 2007). It calculates relative efficiency scores for
a set of peer entities in the range of [0, 1]. Each entity pursuing the same objective is called a DMU
and has common multiple input-output variables. For this reason, DEA is an appropriate approach to
measure the input-output efficiency of education and technology.

The first part of this paper focuses on measuring the efficiency of education and technology.
The next section further identifies their effect on national development by using panel data, such as
national comprehensive competitiveness.

Many studies (Cordero-Ferrera et al. 2008; Mu et al. 2010; Grosskopf et al. 2014) show how the
efficiency of education and technology affect the development of a country. Grosskopf et al. (2014)
implicated the effect of technical and school efficiencies on economic development. The potential
applications and strengths of DEA and intellectual capital in assessing the performance of technology
development program are also highlighted (Lu and Hung 2011). Realizing the importance of technology
as a critical driving force for national competitive advantage, government has been steadily increasing
their public budget in recent years (So 2011). Lu et al. (2016) examined technology and socio-economic
efficiencies of Taiwan’s dual-use technology development programs using DEA. They showed that these
efficiencies are substantially higher than socio-economic efficiency and provided insights into the policy
of resource utilization. These input-output efficiencies exert a certain effect on national development.

The contribution of this paper mainly on measuring the efficiency of technology and education
through the DEA model; On the basis of results of technology and education efficiency, measuring
their influences on national development. Change the fact that the past measure only focused on
inputs, ignoring the efficiency of technology and education. The evaluation on efficiency of technology
and education can highlight the effective utilization of resources, it is more reasonable to evaluate
education and technology development. No one used efficiency as drivers to measure its influence on
the development of a country before.

There are some limitations of the study. It is necessary to consider the consistency international
panel data. Although it is the international database, many countries index statistics caliber is not
completely consistent. In addition, it is still necessary to verify if the objective factors are accurate, we
only use the control factor of population and GDP per capita, which remains to be further studied.

The rest of this paper is structured as follows. Section 2 reviews the literature on measuring
the efficiency of education and technology, and discussing the significance of a series of efficiency
indicators to determine the extent and nature education and technology. Section 3 focuses on the
research design, data resources, and methodology. Section 4 describes the results of using DEA model
and panel data to calculate the input-output efficiency of education and technology of each country;
and select some logarithmic indicators to eliminate the heteroscedasticity and improve the fitting
degree of the calculated results to evaluate the effects of educational efficiency and technological
efficiency on national development. Section 5 concludes this paper.

2. Literature Review

Education and technology not only focus on budget input but also depended on use efficiency
and continuous input. High-efficiency and long-term resource guarantee and the effect on national
development are worthy of research.



Soc. Sci. 2017, 6, 136 3 of 13

Geva-May (2001) provided a series of efficiency indicators to determine the extent and nature
of Israeli higher education policy goal attainment of Israeli universities. Lavado and Cabanda (2009)
selected expenditures and secondary enrollment rates to evaluate the educational efficiency of the
Philippines. Bursalioglu and Selim (2015) stated that investigating their efficiency in academic and
research activities is important, along with the factors that determine efficiency by using DEA, including
public expenditure in higher education and the ratio of higher education graduates to the total population.
Aristovnik and Obadić (2014) also used the DEA method to study educational efficiency provided in
the secondary and tertiary education sectors. Lassibille and Gómez (2000) and Grosskopf et al. (2014)
selected the secondary school enrollment to reflect school efficiency and description of national education
systems. Chen and Chen (2011) adopted DEA to evaluate the efficiency of Taiwanese universities and
judge the efficiency of cost expenditures. Chang et al. (2012) used DEA to evaluate the allocated education
resources. Thus, total public expenditure in education (percentage of gross domestic product (GDP)) and
total public expenditure on education per capita are selected as key input indicators (Mu et al. 2010);
secondary school enrollment and higher education achievement are selected as key output indicators.
Overall, DEA is viewed as an effective method to evaluate educational efficiency.

The findings of the present study highlight the importance of intellectual capital in achieving research
and development (R&D) and high levels of technology development program efficiency (Mu et al. 2010;
Lu and Hung 2011). Mu et al. (2010) developed the national innovative development index and the
national innovation capacity index with a view to monitor the progress in innovation development.
Park (2015) analyzed efficiency and productivity change within government subsidy recipients of a
national technology innovation R&D program. This finding implies that the government should control
the ratio of the subsidy to the total R&D budget. Thus, evaluation and management of R&D performance
are now an important consideration in national R&D activities (So 2011). Clermont (2016) revealed that
the initial positive developments of effectiveness and efficiency are mainly due to technology advances,
whereas the following decreases are basically a result of technology backwardness. Wei et al. (2016)
pointed out that a country has also increased the input of technology and R&D to prompt technological
reformation and imported technology absorption. Park (2014) analyzed the efficiency of small- and
medium-sized enterprises of a national technology innovation R&D program. Choi and Hwang (2014)
considered that patent can be viewed as a key indicator of technology development efficiency. Park (2015)
pointed out that intellectual property-related output includes publications and patents. Lin et al. (2010)
pointed out each country’s annual research and development (R&D) expenditures are treated as input
while patents and academic publications, indexed by Science Citation Index (SCI) and Engineering
Index (EI), are considered as outputs. Thus, the four performance factors are published articles, patent
applications and registrations, patents used, and profited commercialization. In addition, the economic
effects of R&D investment may not be realized in the short term, and, thus, additional research using
longitudinal data is needed to confirm the findings (Mu et al. 2010; So 2011). Park (2015) showed that
Sharma and Thomas (2008) compared the national R&D programs of 22 countries and found that a small
number of R&D programs conducted by developing countries were benchmarks located on the frontier.
Bitman and Sharif (2008) examined the characteristics of five common methodologies for evaluating
R&D performance, and one of them is DEA. Rouse and Putterill (2003) selected three typical methods
for the analysis of performance productivity, such as stochastic frontier analysis, total factor productivity,
and DEA. In addition, the IMD World Competitiveness Yearbook has provided the science base and
technology base in its indicator system (Mu et al. 2010). Thus, total expenditure on R&D and total R&D
personnel nationwide are selected as key input indicators. Scientific articles, patent applications and
grants are selected as key output indicators.
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3. Research Design

3.1. Research Question and Methods

This research makes two main goals based on education and technology, which is better to provide
an approach to improve its implementation and success. This study adopts DEA as a main analyzing
tool to measure and compare the results of different countries using the efficiency score. In this study,
we not only quantitatively measured efficiencies of education and technology but also paid special
attention to analyzing their effects on national competitive and development, and energy, export,
high-tech and employment.

Goal 1: Measuring DEA on education and technology

By measuring DEA, we compare and analyze the efficiency of education and technology among
different countries and judge the next tendency.

Park (2014) revealed that based on the analysis of technological efficiency, the central measures
of DEA efficiency scores were reduced as the government R&D subsidy size increases. Park (2015)
implied that the government should control the ratio of the subsidy to the total R&D budget with an
appropriate upper limit.

Goal 2: Identifying the effects of educational and technological efficiencies on national development

Based on the input-output efficiency of education and technology, we identify its effect on the
country’s macro and micro factors via the two-way fixed effect panel data, as shown in Figure 1.
We measure the efficiency of technology and education first, and then judge their impacts on national
development using efficiency of technology and education as DEA independent variables. The elements
of national development including export, high technology, and employment, as well as WCY and
IMD, We propose national competitiveness and the level of human development as macroscopic
factors reflecting the level of national development, the IMD World Competitiveness Yearbook (WCY),
and Human Development Index (HDI), respectively.
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Figure 1. Relationship among input-output efficiency and national development factors.

We further propose four micro factors, namely, energy, export, high technology, and employment,
as a reflection of the national level of development of micro-factors, in order to find implications and
managerial insights which may be applied to improve the efficiency of education and technology.
Population and GDP per capita are used in the panel data model as national control variables.
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3.2. Data Collection and Indicators

Through the previous study and discussion, we construct the DEA model of the efficiency of
education and technology, shown in Table 1, according to the following indicators as input and
output variables.

Table 1. DEA models: input-output variable.

Variable Name Unit of Variable

Educational
efficiency

Education input

Total public expenditure
on education

Percentage of GDP

Total public expenditure on
education per capita

US$ per capita

Education output

Secondary school enrollment Percentage of relevant age group
receiving fulltime education

Higher education achievement
Percentage of population that
has attained at least tertiary
education for persons 25–34

Technological
efficiency

Technology input
Total expenditure on R&D ($) US$ millions

Total R&D personnel nationwide Fulltime work
equivalent (thousands)

Technology output

Scientific articles Scientific articles published by
origin of author

Patent applications Number of applications filed by
applicant’s origin

Patent grants
Number of patents granted by

applicant’s origin
(average 2011–2013)

Data Source: World Bank database, IMD World Competitiveness Yearbook (WCY).

We have selected a series of representative indicators to further determine the effect of efficiency
on national development, as shown in Table 2. WCY and HDI are comprehensive indicators that reflect
the level of national development.

â WCY is an annual report published by the Swiss-based International Institute for Management
Development on the competitiveness of nations, which has been published since 1989.

â HDI is a composite statistic of life expectancy, education, and per capita income indicators, which
are used to rank countries into four tiers of human development and published by United Nations
Development Program since 1990.

We have chosen some representative indicators to support the national elements of development
based on the literature and the international authoritative database.

Energy Energy and CO2 emission intensities can be used as representative indicators of national
energy consumption.

â Energy intensity: amount of energy consumed for each dollar of GDP.
â CO2 emission intensity: total CO2 emissions refer to the mass of CO2 released from the burning

(combustion) of fuel in a particular country or region.

Export Exports of goods, exports of goods per capita and exports of goods growth can be used as
representative indicators of national export and economic trade activity.

High technology High-tech industry is unarguably important for national development. High-tech
export value and high-tech industries which accounted for the proportion of the manufacturing sector
are the most representative indicators.
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â High-tech exports (m $): High-tech exports are products with high R&D intensity, such as in
aerospace, computers, pharmaceuticals, scientific instruments, and electrical machinery.

â High-tech exports (%): This variable denotes the percentage of manufactured exports. High-tech
exports are products with high R&D intensity, such as in aerospace, computers, pharmaceuticals,
scientific instruments, and electrical machinery.

Employment Employment is a key factor reflecting national economic development and social stability.
The total employment population, proportion of the employed population, and the change/growth of the
employment rate are some representative indicators.

Table 2. Summary of the variables in the level of national development.

Variable Name Unit of Variables

Macro Development WCY /
HDI /

Micro

Energy Energy intensity Commercial energy consumed for each
dollar of GDP in kilojoules

CO2 emissions intensity CO2 industrial emissions in metric tons
per one million US$ of GDP

Exports
Exports of goods US$ billions

Exports of goods per capita US$ per capita
Exports of goods growth Percentage change, based on US$ values

High-tech High-tech exports (m $) US$ millions
High-tech exports (%) Percentage of manufactured exports

Employment
Employment Total employment in millions

Employment (%) Percentage of population
Employment growth Estimates: percentage change

Data Source: IMD World Competitiveness Yearbook (WCY), Human Development Index (HDI), World
Bank Database.

Fifty-three countries or regions are selected, and unstructured panel data are collected from 2000
to 2014. The above data need be standardized. We calculated the input-output efficiency of education
and technology using the DEA software (Worcester Polytechnic Institute, Worcester, MA, USA) and
further evaluated the effect of educational and technological efficiencies on national development
using STATA software (StataCorp LLC, College Station, TX, USA).

Some US technology output data are not available from the World Intellectual Property
Organization. Thus, US was not selected as a sample country, which is also the limitation of this study.

4. Results

4.1. Descriptive of Input-Output Efficiency of Education and Technology

The input-output efficiency of education and technology of each country are calculated from 2000
to 2014, and we take their average efficiency level. The correlation coefficient among the efficiency of
education and technology reaches 0.22 (p value < 0.01) using Pearson correlation analysis. In addition,
technological efficiency is positively correlated with GDP per capita (r = 0.17, p value < 0.01), indicating
that a higher GDP per country may be caused by a higher efficiency in science and technology.
Educational efficiency is positively correlated with population market size (r = 0.35, p value < 0.01) but
negatively correlated with GDP per capita (r = −0.18, p value < 0.01).

According to the average results of educational (x axis) and technological efficiencies (y axis), we
build the DEA matrix of 53 countries or regions, as shown in Figure 2, which is used to analyze the
input-output efficiency of education and technology in various countries.
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Figure 2 shows that, countries with high efficiency of education and technology are less, most
countries located on the medium level. Most countries at medium level are developed European
countries such as Britain and Germany, except for Thailand. The counties at low level are almost
developing countries such as Brazil and Malaysia. Among the 53 countries, the input-output efficiency
of education of Singapore, Philippines, India, Mainland China, Indonesia, Taiwan, Korea, Russia, and
Japan are most prominent (DEA > 0.8); the input-output efficiency of technology of China, Hong Kong,
Korea, Taiwan, Japan, and Switzerland are most efficient (DEA > 0.8). Through further analysis, we
reveal that the countries with remarkable results in educational efficiency and technological efficiency
are mainly concentrated in East Asia. These countries almost covered the “Four Asian Dragons”
and “Tiger Cub Economies”. Japan, Korea, and Taiwan have outstanding results in education and
technology in promoting the East Asian economy, and the world economy has played the “engine” role.
We proposed that education and technology have a significant effect on promoting national economic
growth and development, especially in the East Asia. We will test it by static unstructured panel data.
Moreover, the output efficiency of European regions and other traditional developed economies in
education and technology are significantly behind the East Asia.

4.2. Effects of Educational Efficiency and Technological Efficiency on National Development

Based on Goal 2, we will identify the effects of efficiency of education and technology on national
macro and micro development from WCY, HDI to energy, export, high technology, and employment.
Population and GDP per capita are used in the panel data model by fixed effects within regression
as control variables. We selected some logarithmic indicators to eliminate the heteroscedasticity and
improve the fitting degree of the calculated results.

4.3. Effects of Education and Technology on WCY and HDI

WCY is dedicated to the advancement of knowledge on world competitiveness by offering
benchmarking services for countries and companies using the latest and most relevant data on the
subject. WCY has pioneered research on how nations and enterprises compete to lay the foundations
for future prosperity for over 25 years.

HDI is a composite statistic of life expectancy, education, and per capita income indicators, which
are used to rank countries into four tiers of human development. A country scores a higher HDI when
the lifespan, education level, and GDP per capita are higher. The HDI was published by the United
Nations Development Program, often framed in terms of whether people are able to “be” and “do”
desirable things in their life.

Population and GDP per capita have significant effect on the level of national competitiveness based
on the analysis of static unstructured panel data. After increasing the educational and technological
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efficiency variables, the overall description of the model has been improved, indicating that education
and technology have positive effect on the level of national competitiveness.

However, in the HDI test, GDP per capita is promoted significantly, but the effect of the population
is not obvious. After increasing the efficiency variables, technological efficiency and GDP per capita
still promote development, but population and educational efficiency have negative effect, shown in
Table 3. Studies have shown that the total population is too large to cause the uneven development,
according to the demographic situation of these countries.

Table 3. Effect of education and technology on WCY and HDI.

WCY HDI

(1) (2) (1) (2)

Technological
efficiency 8.92 ** (2.47) 0.06 ** (0.01)

Educational
efficiency 8.79 ** (2.66) −0.05 ** (0.01)

Ln population 1.01* (0.50) 0.25 (0.45) −0.01 (0.00) −0.01 * (0.00)
Ln GDP per capita 16.41 ** (0.94) 15.39 ** (0.66) 0.12 ** (0.00) 0.11 ** (0.00)

Constant −115.50 ** (16.50) −101.2** (12.80) −0.37 ** (0.03) −0.29 ** (0.03)
Observations 753 753 759 759

R-squared 0.44 0.47 0.79 0.81
Number of country 53 53 53 53

** p < 0.01, * p < 0.05.

4.4. Effects of Education and Technology on Energy

In Table 4, population and GDP per capita contribute to energy intensity reduction, indicating that
the larger the population size, the higher the GDP per capita, thereby reducing energy intensity. The
effect of technological efficiency on energy intensity is not obvious. However, educational efficiency
has a significant effect on energy intensity; the higher the educational output, the more energy is
consumed. This phenomenon may be due to the fact that some countries with emerging education are
mainly some of the economically emerging countries in Asia and are not as good as the traditional
developed countries in terms of energy intensity.

Table 4. Effect of education and technology on energy.

Ln Energy Intensity Ln CO2 Emissions Intensity

(1) (2) (3) (4)

Technological
efficiency −0.02 (−0.18) 0.03 (0.29)

Educational
efficiency 0.315 * (2.38) 0.65 ** (3.93)

Ln population −0.07 ** (−9.95) −0.08 ** (−20.08) −0.01 (−0.77) −0.04 ** (−3.90)
Ln GDP per capita −0.68 ** (−34.16) −0.68 ** (−22.13) −0.64 ** (−27.83) −0.64 ** (−17.16)

Constant 12.76 ** (42.24) 12.75 ** (31.73) 12.60 ** (27.91) 12.65 ** (21.83)
Observations 729 729 736 736

R-squared 0.52 0.53 0.40 0.44
Number of country 53 53 53 53

** p < 0.01, * p < 0.05.

GDP per capita helps to reduce CO2 emissions intensity, indicating that the economy is more
developed if CO2 emissions intensity is lower. Thus, the effect of technology efficiency is not obvious,
but educational efficiency has a significant effect on CO2 emissions intensity, indicating that the
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higher the educational output, more CO2 is consumed, which is related to the development stage of
educationally emerging countries. In addition, the large population also contributes to the reduction
of CO2 emissions intensity.

Some scholars show that the technological development can improve regional energy efficiency in
the longitudinal case study (Wei et al. 2016); however, in the global context, the effect of technological
efficiency on energy intensity is not obvious.

4.5. Effects of Education and Technology on Exports

In Table 5, population size contributes to the promotion of exports of goods, but it is not
appropriate to gauge the export of goods per capita and exports of goods growth. Development
of some developing countries is not balanced because of the large population. Countries with higher
GDP per capita, mainly developed countries, have obvious advantages in the export of goods and
exports of goods per capita. However, the level of development is already mature, and growth in the
exports of goods is already declining.

After obtaining technological and educational efficiencies, we found that the technological
efficiency has a significant effect on both exports of goods and exports of goods per capita, but
educational efficiency has no significant effect on exports. We deduce that high technological efficiency
can directly affect the technical content of goods and is appropriate for improving value of products
and exports, but educational efficiency is still in the basic stage and cannot be directly converted into
commodity value.

Table 5. Effect of education and technology on exports.

Ln Exports of Goods ($bn) Exports of Goods
per Capita Exports of Goods Growth

(1) (2) (3) (4) (5) (6)

Technological
efficiency

0.55 **
(10.35) 0.55 **(10.29) −1.82

(−0.82)
Educational

efficiency 0.157 (1.70) 0.16(1.73) 4.51 (1.74)

Ln
population

0.88 **
(178.2)

0.86 **
(230.7)

−0.12 **
(−23.8)

−0.15 **
(−37.4)

−0.60
*(−2.6)

−0.72 **
(−3.4)

Ln GDP per
capita 1.56 ** (74.1) 1.50 **

(136.3) 1.55 ** (69.3) 1.50 **
(118.5)

−2.65
**(−4.4)

−2.42 **
(−3.9)

Constant −25.79 **
(−129)

−25.11 **
(−191)

−5.01 **
(−22.0)

−4.32 **
(−28.3) 50.86 ** (5.7) 48.79 ** (5.4)

Observations 792 792 790 790 738 738
R-squared 0.84 0.85 0.85 0.86 0.03 0.04
Number of

country 53 53 53 53 53 53

** p < 0.01, * p < 0.05.

4.6. Effects of Education and Technology on High-Tech

In Table 6, population and GDP per capita have a significant effect on high-tech exports, whether
in the total size or proportion. The level of technological efficiency has a significant positive effect on
high-tech exports; however, educational efficiency has an effect on the proportion of high-tech exports
and has no significant effect on the total size. This phenomenon may be the rapid increase in the level
of education in developing countries, and its technological level has not yet reached the expected
results. In short, the effect of educational and technological efficiencies on high-tech exports is even
greater than their effect on general products exports, which has an important role in improving the
technological content and economic value added of export products.
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Table 6. Effect of education and technology on high-tech exports.

Ln High-Tech Exports (m $) High-Tech Exports (%)

(1) (2) (3) (4)

Technological
efficiency 2.25 ** (0.21) 6.21 ** (3.32)

Educational
efficiency −0.40 (0.34) 21.20 ** (7.71)

Ln population 1.11 ** (0.04) 1.05 ** (0.04) 0.92 ** (0.17) −0.16 (−0.93)
Ln GDP per capita 1.67 ** (0.05) 1.42 ** (0.10) 1.31 ** (0.36) 1.01 (1.97)

Constant −12.88 ** (0.95) −9.95 ** (1.51) −11.92 (6.26) −5.08 (−0.64)
Observations 774 774 775 775

R-squared 0.38 0.42 0.01 0.12
Number of country 53 53 53 53

** p < 0.01, * p < 0.05.

4.7. Effects of Education and Technology on Employment

In Table 7, population is positively related to total employment, but there is a negative effect
on employment rate and employment growth rate because some developing countries with large
population size have low employment rate. The higher the GDP per capita, with strong national
economy, the higher the employment rate, but the economically developed countries usually do not
have labor–intensive employment, and employment scale is in reverse relationship.

Table 7. Effect of education and technology on employment.

Variables
Employment Employment (%) Employment growth

(1) (2) (3) (4) (5) (6)

Technological
efficiency 15.48(1.17) 2.55 ** (4.75) −3.09 **

(−3.31)
Educational

efficiency
84.74 **
(6.79) 8.66 ** (7.84) 2.95 (1.95)

Ln
population

32.90 **
(33.4)

28.78 **
(50.5) 0.09 (0.9) −0.37 **

(−5.2)
−0.33 **
(−4.7)

−0.35 **
(−4.3)

Ln GDP per
capita

−31.65 **
(−34.9)

−32.00 **
(−22.6) 5.96 ** (9.5) 5.82 ** (8.7) −0.25 (−0.6) 0.10 (0.1)

Constant −194.5 **
(−8.0)

−175.6 **
(−10.6)

−15.65
(−2.1)

−12.35
(−1.6) 10.30 * (2.3) 6.64 (1.2)

Observations 787 787 785 785 728 728
R-squared 0.37 0.39 0.26 0.32 0.02 0.08
Number of

country 53 53 53 53 53 53

** p < 0.01, * p < 0.05.

The efficiency of technology is proportional to the economic level, which is positive effect on the
employment rate. Raising educational efficiency also has a positive effect on the employment scale
and rate. Developing education has a positive role on the stability and development both in developed
and developing countries.

In sum, based on various perspectives, educational and technological efficiencies have varying
degrees of effect on the country’s competitiveness and balanced development, as well as energy
efficiency, export, and employment. Increasing the input and output of education and improving
technological efficiency are inevitable choices whether it is a developed or developing country,
regardless of which stage of development.
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5. Conclusions

In this study, we selected input and output indicators, measured educational efficiency and
technological efficiency of 53 sample countries, and measured the input-output efficiency of these
countries in education and technology. By measuring DEA, we compared and analyzed the efficiency
of education and technology among different countries and judged the next tendency. Based on
Goal 2, we identified the effects of efficiency of education and technology on national macro and
micro development from WCY, HDI to energy, export, high technology, and employment. Population
and GDP per capita were used in the panel data model by fixed effects within regression as control
variables. We selected some logarithmic indicators to eliminate the heteroscedasticity and improve the
fitting degree of the calculated results.

This study focused on the efficiency that reflects the effectiveness of resources utilization; it is a
more reasonable measure for the assessment of the development of technology and education instead
of measuring the development of the technology and education input. In this study, we measured the
efficiency of technology and education through the DEA model, and further measured their influences
on the national development on the basis of results of technology and education efficiency measuring.
Efficiency used as drivers to measure its influence on the development of a country for the first time.

Based on matrix analysis on educational and technological efficiencies, the most competitive
countries in East Asia and Southeast Asia have achieved good results in educational output, even some
developing countries including Philippines, India, Mainland China, and Indonesia. Korea, Taiwan,
and Japan are countries where educational and technological efficiencies are prominent. Based on
these findings, East Asian and Southeast Asian countries have great potential for development. How
to further improve educational and science and technological output efficiency is the next step.

We further evaluate the effect of educational and technological efficiencies on national
competitiveness, balanced development of the country, national energy efficiency, export, and
employment according to the nonstructural panel data. Both the efficiency of education and science
and technology positively affect the level of national competitiveness. The efficiency of science and
technology has an effect on the balanced development of the country, but that of education has played a
counter-productive role, which may be due to the rapid development of education in some developing
countries and the lack of balance in other areas. Educational efficiency has a large role and related
the country’s educational development. Energy intensity and CO2 emissions of these countries lag
behind developed countries, leading to higher educational level and higher energy intensity. In terms
of exports, countries with high technological efficiency have a clear advantage in terms of total export
volume and per capita exports, particularly high-tech exports. For educationally efficient countries,
high-tech products in exports have obvious advantages. Therefore, national exports have an obvious
role in enhancing education and technology, either in dev eloped countries or China. The effect of
the level of employment in the country and educational efficiency on the promotion of employment
remains obvious.

China is a typical developing country. In the past two decades, science and technology or
education has made considerable progress. From the early “invigorating the country through science”
to the current “popular entrepreneurship and innovation,” a series of national policies has made great
progress. Although China’s education and technology has been rapid development, due to the weak
foundation, there is a big gap with the developed countries (Mu et al. 2010). Educational efficiency has
some advantages. However, China has obvious deficiencies in technological efficiency, indicating the
need for a transformation process. The products of education will be transformed into the products of
science and technology to increase the market value.

The effect of technology efficiency is not obvious, but educational efficiency has a significant effect
on energy intensity; the higher the educational output, the more energy is consumed. Therefore, it is
worth to keep the balance between education and energy intensity. We found that the technological
efficiency has a significant effect on both exports of goods and exports of goods per capita, but
educational efficiency has no significant effect on exports. Thus it is necessary to improve technology



Soc. Sci. 2017, 6, 136 12 of 13

efficiency to keep advantages in exports. The efficiency of technology is proportional to the economic
level, which is positive effect on the employment rate. Raising educational efficiency also has a positive
effect on the country’s employment scale and rate. Developing education has a positive role on the
stability and development both in developed and developing countries. In sum, based on various
perspectives, educational and technological efficiencies have varying degrees of effect on the country’s
competitiveness and balanced development, as well as energy efficiency, export, and employment.
Increasing the input and output of education and improving technological efficiency are inevitable
choices whether it is a developed or developing country, regardless of which stage of development.
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