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ABSTRACT
The present study aims to examine a step toward a sustainable envir-
onment in top Asian Countries by incorporating the role of higher
education and technology innovation. The sample data were col-
lected from (1995 to 2019). However, the most-suited methodological
approach i.e., the CS-ARDL technique is used to assess the long-run
and short impact of these variables on each other; in addition, the
modern theory of the EKC model is applied in the study to enhance
the credibility of the results. As per the short-run estimation, determi-
nants of higher education, GDP2, and technology innovation are
negatively associated with the environment (CO2 emission).
Although the long-run results of CS-ARDL signify that technology
innovation (GIN) represents a �0.312*** coefficient value which indi-
cates a negative and significant relationship with the environment,
whereas, HE & GDP shows a positive association with the environ-
ment (CO2 emission) having the coefficient values of 0.249*** and
0.437***, respectively. While the factor of GDP2 is negative in the
long-run and positive in the short run, thus the EKC model is sup-
ported under this theoretical framework. Based on these explorations,
the relevant implications are prescribed by the authors to get a sus-
tainable environment in these top Asian countries.
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1. Introduction

Due to the increased eccentricity in the climatic conditions and the continuous pro-
cess of industrialization, the natural phenomena of the universe experience a rapid
increase in global warming, depletion of natural resources, deforestation, and
increased carbon dioxide pollution. These are the leading destructive issues of an
economy that make it challenging for the governing authorities to attain a sustainable
environment successfully. However, environmental researcher Sarkis (2020) claims
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that markets are more concerned about growing the marvels of industrialization and
less likely to take preventive stability majors that must meet the adverse effects of
poverty, economic recession, unemployment, and degradation. Although it’s a prime
responsibility to assess the environmental risk before any industrial advancement
destroys the decorum of a sustainable environment. Thus mainly established countries
follow the guidance of the Environmental protection agency (EPA) (Chen et al., 2020;
Kostetska et al., 2020) to secure the globe and support the health and well-being of
civilians as per their social, economic, and environmental conditions. Among the fun-
damental proposed ideologies of sustaining ecological sustainability, higher education
has played a crucial role over the past several decades in diagnosing the detrimental
aspects of green contamination. In addition, Płotka-Wasylka et al. (2018) explained
that education provides awareness about the non-eco-friendly elements such as emis-
sion of CO2 gas and other detrimental energies, which brings economic instability.

Similarly, to enhance the knowledge of higher education (UNESCO) announced
the international Environment Education program (IEEP) to build a significant rela-
tionship between higher education and environmental sustainability. For instance, the
projected global population will reach 9.7 billion by 2050, which requires almost 2.3
earthly planets, as explored by (�Zal_enien_e & Pereira,2021). Currently, the renaissance
of this much earth space seems impossible due to the rising economic recession in
terms of natural resources, energy usage, and waste production, which increases the
ecological footprint, and harms the sustainable environment of the world. Thus, pre-
mium quality of knowledge and information is required to develop efficient and
effective strategies that should be transferred globally to minimize environmental
instability (Bautista-Puig & Sanz-Casado, 2021). In an account of this, UNESCO
(2020) declared that under the reform of the United Nations Decade of Education for
Sustainable Development, several programs were initiated to promote comprehensive
education. These include relative courses introduced that cover the primary agendas
of education and environmental issues, the enclosure of new approaches to learn
technical skills, the engagement stakeholders to invest in higher education develop-
ment incentives, the inclusion of numerous institutions that offer professional degrees
of specific professions, and the assimilation of education for sustainability in formal
education. However, Chankseliani and McCowan (2021) examined that higher educa-
tion development plays a dominant role in achieving (SDGs-Sustainable development
goals) that are planned to acquire a sustainable environment by providing peaceful,
organic, and justifiable life for everyone now and in the future.

Therefore, to get ease from macro and micro-level environmental issues, the
approach toward academic education should be modified, as addressed by SDGs.
According to Cerf (2019), SDGs goals issues are mainly related to technological
advancements adopted by the universe to gain the luxuries of an ultra-modern world,
primarily produced from the extreme emission of C02 gas. Hence, Zafar et al. (2020)
described that OCED countries struggle towards the quality of education via profes-
sionalized academic courses, developing the habit of critical and systematic thinking,
adopting innovative skills, and assertiveness towards empowering the coming genera-
tions to endure the necessary transformational changes that are eco-friendly, and
(Findler et al., 2019) highly sustainable and carbon-free. The characteristics
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mentioned earlier promote that when educational institutions provide opportunities
for students to enroll in professional-level programs, universities offer innovative
courses that provide information related to a green environment and encourage
mobilization to gain technical expertise from renowned developed countries, which
lessens the power of environmental degradation (Kim et al., 2019). Nonetheless,
established economies like the USA are much more focused on higher education
development activities (Işık et al., 2019), and that’s how they industrialized their mar-
ket through evolving nature-friendly technology innovations that omit the emission
of C02 gas. Higher educational expertise enables them to implement green innovation
technology tactics in their businesses to gain competitive advantages and acquire a
sustainable environment from all over the orb.

Correspondingly, the role of technology innovation in supporting a sustainable envir-
onment can be analyzed through the previous publication on environmental issues, where
numerous scholars (Khan et al., 2020; Shahbaz et al., 2020) enlightened the markets to
gain proficiency in advanced technical policies for mitigating various aspects of ecological
humiliation significantly reducing the emission of carbon dioxide. However, the typical
and complex association between a sustainable environment and technology innovation
was found because different types of implications are required that influence business
productivity (Hashmi & Alam, 2019). In this scenario, economies should be educated
enough to understand the efficient use of technology innovation with scarce resources.
However, the World Bank (2020) reported that the adoption of technological innovations
in emerging countries arises from 0.11 to 1.74 million (1980–2016); such progression
highlights the significance of technological innovations in economic growth. Mainly,
Asian countries are less responsive to adopting the procedures of technology innovation
that are implemented without hurting the quality of the sustainable environment (Chen
& Lei, 2018). For instance, transitioning from traditional technologies to eco-friendly
technologies with the essence of green supply chain procedures helps optimize the usage
of non-renewable resources that stabilize economic growth (Sohail et al., 2021). Still, the
localities of Asian countries are affected adversely by any environmental uncertainties
such as COVID-19; the forecasted GDP growth of Asian nations declined from 5.2% to
4.6% in 2022, and increases the inflation rate from 3.7% to 4.2% in 2022 (Our World in
data, 4 July 2022), these consequences show the inadequacy in sustain the sustainability
in Asian countries.

In this vein, the present authors ascertained Asian countries to investigate the per-
formance of sustainable development concerning social, economic, and environmental
issues. Though in Asian states besides deforestation and urbanization, 95% destruc-
tion of coral reefs occurred due to industrial works, marine and water-based contami-
nations, and overfishing. In addition, the highest rate of EVI-Environmental
Vulnerability Index in Asian regions was investigated, thus these realms face chal-
lenges to balance environmental quality, conserve resources, and maintain sustainabil-
ity (Younis & Chaudhary, 2020). Therefore, inspecting the ecological concerns in
Asian republics under the significant insight of higher education development and
technology innovation for a sustainable environment is one of the leading distinctive-
ness of the current study. Because very few prior peers highlight the importance of
higher education in terms of a sustainable environment and as such no evidence
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found for awareness in Asian people through higher education and transference
towards technical advancements, thus the present authors by using qualitative and
quantitative methods to evaluate the worth of education for attaining a sustainable
environment in top Asian countries such as China, Japan, Korea, Russia, Indonesia,
Malaysia, Philippines, Singapore, Thailand, and Vietnam. According to Chen and Lee
(2020), a transfiguration of technologies enhances productivity, decreases the time
duration, and effectively cuts down the extra cost entitled to the products and serv-
ices, such practices alleviate economic growth. Thus, hiring highly experienced and
knowledgeable people is compulsory to make profitable and rational long-term deci-
sions that will heighten economic growth and mitigate environmental pollution in
Asian nations.

Similarly, in previous studies, the theoretical concept of economic growth was pro-
posed by Grossman and Krueger in 1995, where they suggested the conceptual model
by using the inverted U-shape structure of the economy in which standards of envir-
onmental conditions are measured. Though the existent study rises the aspect of
value-addition by utilizing the EKC framework in the Asian countries surrounding
via linking the factor of sustainable environment, higher education development, and
technology innovation, which are not been collectively studied before under the data
of top Asian countries between 1995 and 2019. A further uniqueness relies on the
statistical tool which is the CS-ARDL technique, the analysis done to determine
cross-sectional dependency between the countries on the macro-level; however, such
methodological approaches that ensure the short-run and long-run results associa-
tions of environmental sustainability are missing from the prior literature. Hence the
method of CS-ARDL is used to generate genuine outcomes. Usman et al. (2022)
advised researchers to apply the CS-ARDL method for both short-run and long-run
estimation, this technique is convenient for heterogeneous and homogenous panel
data. Although past publications of Mehmood (2022) provide positive feedback
between EKC theory and the CS-ARDL method as it was proved beneficial in terms
of accurate prediction based on the results, therefore according to the authors CS-
ARDL method seems suitable for analyzing the sustainable environment and its
impacting factors, i.e., higher education development and technology innovation on
the panel data of top Asian countries.

The remainder of this study is planned as follows; this section describes the recent
work on econometric factors such as higher education, technology innovation, eco-
nomic growth, and sustainable environment. After this, Section 2 explains the latest lit-
erature reviews that present the relationship between the variables, and Section 3
describes the methodological technique to run the analysis of top Asian countries. Then,
Section 4 represents the estimations of the CS-ARDL method and the interpretations of
the results, and finally, Section 5 explains the conclusion and implications of the study.

2. Literature reviews

Nowadays, the tussle towards the organic environment rises abruptly as industrializa-
tion grows; due to these economic expansions, detrimental consequences on the
environment emerge, which deteriorate the sustainable environment (Ahmad et al.,
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2021). However, numerous investigations have been published in the context of a sus-
tainable environment to provide ways for mitigating the emission of carbon dioxide
gas. Thus, this study accumulated relevant and recent publications on the related vari-
ables such as higher education development, technology innovation, and sustainable
environment to develop a better acquaintance with the recent worldly goings-on.

2.1. Higher education and sustainable performance

After various testifications, it is obvious that if any deviation occurs in the climatic
conditions, environmental pollution, and resource-based activities, the sustainable
performance of the economies fluctuates. While to mitigate the repercussion of envir-
onmental-affected variables thousands of factors were introduced by environmental-
ists, among those higher education is one of the influential factors of environmental
sustainability. However, thru EKC theory the role of education in a sustainable envir-
onment is tested by many prior scholars (Katircioglu et al., 2020) because EKC theory
adequately represents the dependabilities of environmental determinants. Based on
this notion, the conceptual framework adopted by present researchers is the
Environmental Kuznets Curve theory (EKC) proposed by Grossman and Krueger in
1995. Here authors identified that the initial level of higher education harms the
environmental quality and environmental Kuznets represent instability. Still, after
continuing growth, the positive influence of education on the economic conditions
seems apparent, so the inverted u-shaped structure is approved. Similarly, Li et al.
(2021) engrossed the EKC framework to justify the direct linkage between education
and environmental performance, here they analyzed the inverted U-shaped connec-
tion. According to Cerf (2021), illiteracy or non-qualified residents in the economy
become the reason for inflation, unemployment, poverty, low self-esteem, a higher
number of crimes, a decrease in the inflow and outflow of incomes, and a lot of
socio-economic issues that arise and harm the overall sustainable environment.
Therefore, the element of education directly impacts economic stability; in this scen-
ario, Findler et al. (2019) study investigated the effects of higher education on sus-
tainable development by reviewing peer-reviewed journal articles between 2005 and
2017. The finding shows that higher education has a direct and indirect impact on
the sustained environment and provide a more holistic understanding of how higher
education educates the learners to consume less CO2 gas but still, there is a lack of
an all-inclusive assessment approach that may lead to future research to clarify the
impact of higher education on sustainable development. Jiang et al. (2021) also dem-
onstrated identical results when the EKC model tested the analysis of environmental
pollution and higher education in China.

However, �Zal_enien_e and Pereira (2021) conducted a study on higher education in
comparison with CO2 emission to present the mechanism for a society to be more
aware of sustainable problems in the countries. They described that a sustainable envir-
onment and lifestyle can be achieved when higher education consistently establishes
programs to secure the world from the emission of harmful energies. Likewise, other
socioeconomic variables have an impact on CO2 emissions and on the sustainability of
the environment. Majeed et al. (2022) addressed the crucial part that political instability
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plays in CO2 emission and decrease. The study also demonstrated the importance of
other elements i.e.; health and education. The study was carried out in Pakistan using
panel data from 1990 to 2019. It was determined that political instability promotes a
decline in energy use and creates obstacles to the expansion of the green economy. Still,
barriers affect the successful contribution to making a better environment. That’s why
there is a need for a transformation in the attitude toward ethical practice and imple-
menting effective policies for eco-friendly environments. Similarly, Novo-Corti et al.
(2018) highlighted the importance of economic studies and how they can influence
Romania’s sustainable environment. Findings show that the studies conducted in the
twenty-first century connect education and economic and social development.
Furthermore, it is also revealed that Romania is making efforts in economic higher edu-
cation by making slight adaptations of green technologies to improve the environmental
degradation in their society. Additionally, Xu et al. (2022) suggested that students can
innovate efficient and effective ways of manufacturing goods and services without dete-
riorating the healthy and clean environment through higher studies.

Another research is given by Demssie et al. (2020), who discussed the importance
of higher education for the development of a sustainable environment in Ethiopia
and Africa, where there is an extreme need to reform and transform the higher edu-
cation system to develop scientific and technological advancement, the main idea of
this article is to show that how Ethiopia face challenges an in renovating the higher
education sector for a sustainable environment in terms of economy, political, tech-
nology progress. Still, they must continue to struggle to make higher education a
centerpiece to reducing CO2 emissions. However, a study by Di et al. (2019)
explained the strategical ways to enhance the higher education developmental pro-
grams which motivate the youth to alleviate the increased consumption of non-
renewable energies, fossil fuels, and toxic gases, which damage economic growth.

Moreover, Abad-Segura and Gonz�alez-Zamar (2021) stated that higher education is
vital as it prepares most professionals who develop, manage, work, teach and influence
societies. This research study focuses on the transformation of higher education from
theoretical to practical level in the period (1990–2018) that may positively impact
thinking ability to promote the economic and technological development of society as
higher education have a responsibility to create a sustainable environment. He et al.
(2019) inspected the paper through the ARDL method to provide a deeper under-
standing of scientific, economic, technological and socio-economic policies, which help
mitigate the environmental consequences that arise in OCED and China countries.

Above mentioned reviews concluded that sustainable development is the current
issue on which higher education must begin to focus its mission. Similarly, a signifi-
cant association between a sustainable environment and higher education is analyzed
to ensure organic life for future generations. While Yang et al. (2019) agreed that
educational institutions are vested by society with the task of discerning truth,
imparting values, and preparing students to contribute to social progress and the
advancement of knowledge that will transform economic conditions. Primarily
through academic expertise, unique ways are introduced to regulate business opera-
tions without spoiling a sustainable environment.
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2.2. Green technology innovation and sustainable environment

After the Paris climate conference, the expansions in technological innovations were
observed around the globe because innovations increase economic growth and
decrease CO2 emissions. For instance, Yıldırım et al. (2022) used the EKC model to
investigate the role of technical advances, CO emissions, and the GDP growth of the
OECD countries, here they supported the EKC framework and show the positive con-
tribution of technologies to economic sustainability. When possible, sustainable energy
options adapt, and all negative consequences on each sector are reduced (Ma & Lee,
2019). Similarly, initiatives for a sustainable environment via technological innovations
can significantly contribute to the country’s economy. Based on these findings, Guo
et al. (2020) studied sustainable development with reference to green technology. The
study was applied to 20 countries, and their Sustainable development goals index was
compared to the Averaging sustainable development index. According to the results,
significant carbon emissions were noted in the brown industries of the Arab Emirates,
Korea, the US, Russia, and Kazakhstan. Russia was observed to have a positive trend
in green technology development apart from Switzerland and Kazakhstan since its
average sustainable development index was higher than its Sustainable development
goals index due to its intensive management of water and sanitation. Moreover,
Russia was the only developed country with a higher average sustainable development
index. The study concludes that it is unfavorable for developing countries to adopt
green technology compared to developed countries. In another journal, the positive
role of technology innovation, renewable energies, and globalization in mitigating the
environmental degradation in Pakistan is examined by Chien et al. (2021) by using
the QARDL method on time series data from 1980 to 2018.

Furthermore, the importance of green technology on the total energy factor was
shown by Wang et al. (2021); they used the panel threshold model and analyzed the
influence of green technology along with its influence mechanism. The influence was
calculated by using the mainland data of China from the year 2015 to 2018. After
data collection, the mediating test based on the data was influenced by the mechan-
ism. According to the results, a threshold impact of innovation in green technology
on the energy total factor exists. The up-gradation in the industry structure sector
affected the total energy factor. The effect was seen to be differentiating in different
regions of China. Thus, heterogeneity in the impact was observed. The threshold
effect was only found in the western region and not central and eastern since both
areas have crossed certain levels of developmental stages. Whereas, Sohail et al.
(2022) stated that sometimes governments are having difficulty coping with economic
expansion or unchecked environmental damages due to the technical enhancements,
that disturb the economic performance. In addition, Khattak et al. (2022) studied the
cyclic impact of green technology innovations and a sustainable environment on CO2
emissions in OECD economies. According to the results, there exits long-run cointe-
gration among the used variables. Moreover, it was proven that there occurs signifi-
cant long-term negative nexus between renewable energy usage, positive shocks to
green and sustainable technology innovation, and CO2 emissions. GDP per capita
and negative shocks to green and sustainable technology innovation contributed to
Carbon dioxide emission, which was also determined.
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A similar concept prevailed by Khattak et al. (2021), which determined the coun-
ter-cyclical relationships between green technology innovations and sustainable tech-
nologies and CO2 emissions. During the study, it was observed that green and
sustainable technology shocks contribute to CO2 emissions, but the positive shocks
mitigate the economic boom periods. Moreover, it was also found that carbon dioxide
emissions are reduced more due to renewable energy consumption than gross domes-
tic products. It is clear from the previous literature that information and communica-
tion technologies boost work prosperity and also enhance and utilize the trade sector
(Ahmed & Ridzuan, 2013). In order to demonstrate how ICT degrades the environ-
ment and to comprehend the intricate relationship between ICT, the effectiveness of
governance, and financial development, Andlib and Khan (2021) conducted a study.
In their research, ICT and the COE connection were also emphasized. The findings
successfully demonstrated that, whereas financial development positively impacts
COE, ICT has a negative impact on CO2 emission. Additionally, a number of sugges-
tions were made to enhance environmental values through efficient governance.

Another review by Bakar et al. (2011) studied Malaysia for its compliance with
green technology for sustainable business development. According to them, in devel-
oping countries, there is a need for massive growth in renewable energy so that dras-
tic cuts in fossil fuels can be made. One such country is Malaysia, in which the
economy, population, and industrialization growth demand a drastic increase in
renewable energy. This demand is the reason for the promotion of green technology.
A parallel study conducted by AlZgool (2020) also analyzed the EKC hypothesis. A
quadratic model was developed to survey the data collected from 1980 to 2018 in
Bahrain. ARDL technique was used. The variables were energy consumption and
financial development. Besides, trade liberalization was another supporting variable.
Moreover, carbon emission is found to be dependent on GDP2 and GDP. Outcomes
showed the validity of EKC as the relationship between economic growth and CO2
emissions was found positive, where GDP2 change negatively affects co2 emission. It
was further confirmed in both long and short-run settings that economic growth
positively affects financial development. Fujii and Managi, (2019) conducted a study
to find the determinants of sustainable green technology inventions. For this purpose,
the study was conducted in China, and a focus was imposed on the study of differen-
ces observed in green technology developmental priorities in 5 years using patent
publications. The contribution is considered to be due to the promotion of environ-
mental protection and the development of the economy. The study’s results demon-
strated an increase in sustainable green patent publications, which was observed to
improve efficiency, economic growth, and increased R&D expenditure shares.
Development switched from renewable energy technology to pollution control and
other sustainable green technologies.

In comparison to the above studies, Ali et al. (2021) researched solar power proj-
ects in Pakistan. They evaluated the strategies used in green technologies (solar power
projects) to determine sustainable development. According to them, energy is an
essential element for the sustainable development of an economy. In the study, data
were collected from 44 respondents by using the survey method. According to the
results, it was observed that there was a positive relation between green technologies
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on the sustainable development of solar projects. Moreover, it was also found that the
approaches’ cost and riskiness significantly modify the relationship between capital
budgeting strategies and the performance through the finance of solar power plants.

To conclude the above findings, it is analyzed that through technical advancement,
economic growth increases but environmental degradation rises (Konur, 2021; Andlib
& Khan, 2021). In emerging states like Asian countries, gigantic companies and busi-
nesses lack innovative technical skills that produce extraordinary carbon fumes and
utilize an extensive amount of natural resources that will increase environmental
depletion (Abid et al., 2019). Although, modification in the traditional process to
innovative manufacturing procedures can lead to a sustainable ecological system.

2.3. Data

To explain the relationship of parameters, the data of top Asian countries, i.e., China,
Japan, Korea, Russia, Indonesia, Malaysia, Philippines, Singapore, Thailand, and
Vietnam, is selected; the data comprises between the periods of 1995 to 2019. The
stream of data on Higher Education and GDP has been collected from the source of
the World Bank, where the number of employment of students in universities is
measured. However, from the website of OCED, the technology innovation (GIN) is
measured via the number of registered patents related to the environment, and the
environment is measured by CO2 emission from the website of British petroleum.

3. Methodology

3.1. Unit root test

For analysis, first CD between the factors was done. Testing for cross-sectional
dependence CD before specific root tests from the 1st, 2nd, and 3rd generation facili-
tates the dealing of cross-section dependence. Cross-section dependency is related to
economic and financial integration, residual interdependence, diverse stocks for
example; oil price shocks, crises related to global finance, omitted observable and
unobserved standard components, and globalization. The addressing of cross-section
dependency must be done since ignoring it can lead to results that are false, size dis-
tortion, biased stationarity, and cointegration results. The Pesaran (2015) CD test is
used to determine the presence of cross-section dependence concerns. Once the
cross-section dependency findings are acquired, the next step is to verify the statio-
narity of the data. Many researchers are concerned about non-stationarity in panel
data. There are 3 categories of non-stationary in panel data in the literature. These
generations are categorized into; 1st, 2n,d, and 3rd, these divisions are defined based
on the concerns addressed by each technique, such as the problems of non-stationar-
ity towards homogeneous panels handled by (Levin et al., 2002; Choi, 2001), and het-
erogeneous panels held by (Im et al., 2003). In the same way, Llus Carrion-i-Silvestre
et al. (2005) addresses the concern of numerous structural breakdowns but neglect
the issue of cross-sectional.

Second-generation devised by Pesaran (2007), and Moon and Perron (2012)
addresses not just heterogeneity but also cross-section dependency between units not
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like Levin et al. (2002). In contrast, if the global and local issues due to the too occur-
rence of structural breaches in the series happen, the performance of first and
second-generation will deteriorate and will lose power. In the existence of structural
breakdown, third-generation tests are applicable with probable structural breaks in
the data of the panel but also consider heterogeneity and cross-section dependency
difficulties. However, to address the issue related to comparison of non-stationarity
with cross-section dependency, as the existence of cross-section dependence renders t
incorrect use of 1st generation panel unit root tests (Jalil, 2014). Furthermore, we use
the Llus Carrion-i-Silvestre et al. (2005) experiment for each cross-section to account
for the influence of time dimension structural fractures.

3.2. Cointegration testing

After completing CD, we use a test (Swamy, 1970) modified by Pesaran and
Yamagata (2008). This test was used for the determination of homogeneity or hetero-
geneity of slope. According to the test, alternative and homogeneous slope parameters
are considered null hypotheses. The first-generation cointegration tactics by Pedroni
(2004), and Larsson et al. (2001) were not able to result in accurate figures. The
reason for such failure was distortion in properties of size. The assumption of cross-
section dependence is not even carried out by Pedroni (2001) but difficulties in non-
stationarity, cross-section dependency, and heterogeneity in the data, the methods to
estimate heterogeneity such as Westerlund and Edgerton (2008) are used in this study
(2017).

The methods mentioned above are good for identifying breaks in structure in co-
integration, apart from discussing the mentioned issues. The issues of parameters of
the heterogeneous slope problems related to cross-section dependence are discussed
by Westerlund (2007). Still, there are no mentioned possible structural breaks and
rejection of null hypothesis. In contrast to 1st and 2nd generation tests, Westerlund
and Edgerton (2008) approach takes into account not just cross-sectional dependency,
heterogeneous slopes, and some errors that are serially correlated but also probable
structural breakdowns at various sites for each cross-section. Another technique com-
parable to the one employed in this study for assessing the cointegrating connection
between variables was devised in 2017 by persons named as ‘Banerjee’ and ‘Carrion-i-
Silvestre’. The technique employs the concept of Common Correlated Effects Mean
Group i-e; CCEMG. The significance of using this method relies on the fact that it
can be used for weak as well as strong dependency, heterogeneity, panel data that is
non-stationary, and parameters, which can be consistently calculated in the frame-
work of spurious regression.

3.3. Cross-sectional (ARDL) technique

Oil prices and the crisis related to global finance, serve as common shocks that can
create cross-sectional dependence. If such factors are left unobserved while correlating
them with the regression model, it can result in misleading outcomes. The cross-sec-
tion ARDL can be used in the presence of slope heterogeneity and cross-section
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dependency. To address these difficulties, this test employs an estimator that corre-
lates common dynamic effects (Yao et al., 2019, Çoban & Topcu, 2013). The follow-
ing Eq. (2) is the starting point for CS-ARDL:

Ai, t ¼
XpA
I¼0

cI, i,Ai, t�1 þ
XpC
I¼0

bI, i,Ci, t�1 þ ei, t

The above Eq. (3) is a model for ARDL. With the help of averages of a cross-section
of each regressor, Eq. 4 is derived from Eq. 3. This helps overcome the unfitting conclu-
sion about the threshold effect produced by cross-section dependency (Chudik &
Pesaran, 2015). In cross-section dependency, Eq. (7) will produce misleading results.

Ai, t ¼
XpA
I¼0

cI, i,Ai, t�1 þ
XpC
I¼0

bI, i,Ci, t�1 þ
XpB
I¼0

a0i, IXi, t�1 þ ei, t

Xi, t�1 ¼ ðAi, t�1,Ci, t�1Þ Illustrated above, denotes the average obtained from
dependent and independent variables. At the same time, p is the lags for each vari-
able. ‘Sustainable environment’ is denoted by A (the dependent variable), and inde-
pendent variables; higher education, technology innovation, and economic growth are
characterized by C&B. To avoid the cross-sectional dependence due to spillover
effects, cross-sectional averages are indicated by X excluding the time dummies and
trends (Liddle, 2018a, 2018b). Long-run coefficients are calculated by CS-ARDL based
on coefficients that are short-run. The following equation explains the long-run coef-
ficient and mean group estimator:

pCS�ARDL, i ¼
PpC

I¼0 b̂I, i
PA

1�P
I ¼ 0

cI, i

The equation for the Mean group is:

pMG ¼ 1
N

XN

i¼0
p̂i

The equation for the short-run is:

DAi, t ¼#i Ai, t�1 � piCi, t½ � �
XPA�1

I¼1
cI, i,DIAi, t�1

þ
XPC

I¼0
bI, i,DICi, t þ

XpB
I¼0

a0i, IXi, t þ ei, t

where

DI ¼ t � ðt � 1Þ

si ¼ � 1�
XpA

I¼1
cI, i

� �
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p̂ ¼
PPC

I¼0 bI, i
si

�p̂ ¼ 1
N

XN

i¼0
p̂i

ECM (1) denoted for ‘The term Error Correction Mechanism’ is used to describe the
duration required by economy to gain equilibrium. In other words, it is the adjust-
ment of speed towards the equilibrium point for CS-ARDL and PMG which is the
pooled mean group.

3.4. Robustness tests

With the use of traditional techniques, there may be a chance of occurrence of slope
heterogeneity along with cross-sectional dependency. (Yao et al., 2019; Çoban &
Topcu, 2013). Common correlated effect means group i–e; CCEMG is employed here
with reference to two factors described before and some structural features (2006).
Furthermore, CCEMG outperforms, even with standards that are non-stationary and
factors that remain unobserved. The CCEMG considers time-variant unobservable
with diverse slope parameters while simultaneously overcoming the identification
problem. (Liddle, 2018a, 2018b) observed that CCEMG imposes averaging results on
all the cross-sections of dependent and independent variables in order to eliminate
the effect of spillover induced due to cross-section dependency, rather than only add-
ing time dummies or trends (Liddle, 2018a, 2018b). Whether weak or strong the vari-
able is, CCEMG is resilient to it for finite and numbers that are infinite as well, with
global shocks such as financial crises, effects due to local spillovers, and prices for oil
shocks (Pesaran & Tosetti, 2011)

4. Data Analysis

The foremost statistical estimation of the cross-section dependence test reported in
table 1, Pesaran (2015), based on the p-values results, indicates that cross-section
dependence is present in the panel data of Asian countries. In addition, the null
hypothesis of no (CD) of all the factors is rejected at 1%. This estimation is necessary
for the forthcoming tests because if cross-section dependence is not examined, the
other values projected are biased and missing (Salim et al., 2017).

Table 1. Results of cross-sectional dependence analysis.
Variable Test statistics (p-values)

CO2 43.148��� (0.000)
GDP 37.005��� (0.000)
GDP2 22.164��� (0.000)
HE 52.019��� (0.000)
TIN 49.185��� (0.000)

CO2 represents Carbon dioxide emission, GDP explains the Gross domestic product, HE denotes higher education
development, and TIN reflect Technology innovation.
Note: ��� explains the level of significance at 1%, whereas the values are in parentheses contains P-values.
Source: Authors estimations.
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Table 2 uses the (Pearson 2007) approach of a unit root. The test was carried out
in the presence of data with CD, heterogeneity, and structural fractures. The null
hypothesis of unit root and non-stationarity is supported since Z is smaller than 1.96,
which accounts for structural breakdowns, cross-section dependency, and variability.
Pearson (2007) describes a strategy in which all variables under test are stationary at
a level. As a result, the Bai & Carrion-I-Silvestre (2009) approach was used for first-
order differencing. According to the findings of this technique, the null hypothesis
was rejected. So it can be inferred that all of the variables (Carbon dioxide (environ-
mental pollution CO2), economic growth-GDP, GDP2, higher education-HE, and
green innovation-GIN) are stationary at first difference or are integrated at 1, in the
presence of CD, heterogeneity, and structural halts.

Table 3 describes the results obtained from the slope heterogeneity test. The test
aims to compare the distance between the coefficients obtained from cross-sectional
unit-specific regression. Thus, the slope heterogeneity technique detects whether a
slope is homozygous or heterozygous. Furthermore, it is expected that homozygous
slope coefficients might produce misleading findings. According to the Null hypoth-
esis, there exist homozygous slope coefficients. The p-value of the findings shows that
the null hypothesis is rejected at 1.5% and 10% levels, indicating that there are het-
erogeneous slope coefficients and no misleading results can be derived.

Co-integration analysis was done in Table 4 in order to determine the existence of
co-integration among factors in the occurrence of cross-section dependence, serial
correlation, structural breaks, and heterogeneity. For this purpose, a null hypothesis
was generated, stating that no co-integration exists among the variable provided the

Table 2. Results of unit root test with & without structural break Pesaran (2007).
Level I(0) First Difference I(1)

Variables CIPS M-CIPS CIPS M-CIPS

CO2 �3.185��� �6.009�� – –
GDP �6.011��� �3.174�� – –
GDP2 �4.172��� �5.038�� – –
HE �5.060��� �3.162�� – –
GIN �3.191��� �4.155��
Bai & Carrion-I-Silvestre (2009)

Z Pm P Z Pm P

CO2 0.254 0.168 16.174 �5.048��� 4.153��� 91.001���
GDP 0.310 0.245 20.051 �3.169��� 6.010��� 63.148���
GDP2 0.179 0.192 17.183 �6.007��� 3.174��� 87.059���
HE 0.238 0.330 21.049 �4.158��� 5.061��� 54.183���
GIN 0.161 0.176 18.166 �5.041��� 4.195��� 72.110���
Note: The significance level is determined by 1, 5, and 10% indicated through ���, ��, and �, respectively.
Source: Authors’ estimation.

Table 3. Results of slope heterogeneity analysis.
Statistics Test value (p-value)

Delta tilde 80.143��� (0.000)
Delta tilde adjusted 73.199��� (0.000)

Note: ���, �� & � explain the level of significance at 1%, 5% and 10%, respectively, whereas the values are in
parentheses contains p-values.
Source: Authors estimations.
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assumptions described before. The figures of the p-value are at a 1% level of signifi-
cance. The test results rejected the null hypothesis since the p-value is less than 0.05.
Thus it can be stated that there exists co-integration among the variable Ecological
Footprint (EFP), Carbon dioxide emissions (environmental pollution), economic
growth (GDP; GDP2), Higher education (HE), and Green innovation (GIN). An
identical view is represented before in the studies of (Ahmad et al., 2021; Abid
et al., 2021)

Table 5 represents the CS-ARDL long-run analysis results. Hence, economic
growth (GDP) positively influences the environment with a coefficient value of
(0.437), which is significant at 1%, 5%, and 10%. This signifies that a 1% increase in
the economic growth of top Asian countries causes environmental degradation by
(0.43%). This means that when stability in the economies is augmented consumption
of C02 emission in Asian countries rises, damaging the organic environment.
Similarly, It is observed by Khan et al. (2020) that whenever components of GDP
such as import exports, expenditures, investments, and consumption in terms of C02
emission attain progress overall environment deteriorates. Such circumstances lead to
unstable economic conditions by harming the sustainable environment (Andlib &
Khan, 2021).

Although, the factor of GDP2 extracted from the theory of EKC-the (the
Environmental Kuznets curve) represents the negative association with C02 emission
with a coefficient value of (0.075) which is significant at 1% and supports the theory
of EKC model. Therefore, the results provide that Asian countries (China, Japan,
Korea, Russia, Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam)
successfully sustain environmental stability in the long run; for instance, when the
gross domestic product doubles, the repercussion of CO2 emission decrease. This
outcome was previously supported by Saint Akadiri et al. (2019) when an investiga-
tion of economic growth and a sustainable environment in Africa was conducted.
Other scholars Shahsavari and Akbari (2018) stated that developing nations contrib-
ute a more significant number of goods and services that may contain a larger por-
tion of carbon production. Still, through technical advancements, consumption of
non-renewable energies transits to renewable energies.

Table 4. Results of Westerlund and Edgerton (2008).
Test No break Mean shift Regime shift

Dependent variable: EFP
Zu(N) �12.138��� �10.155��� �11.032���
Pvalue 0.000 0.000 0.000
Zs(N) �9.426��� �9.141��� �10.261���
Pvalue 0.000 0.000 0.000

Source: Authors’ estimation.

Table 5. Results of CS-ARDL analysis (long run results).
Variables Coefficients t-statistics p-values

GDP 0.437��� 4.005 0.000
GDP2 �0.075��� �2.969 0.002
HE 0.249��� 4.173 0.000
GIN �0.312��� �3.071 0.000

Source: Authors’ estimation.
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Alike economic growth, the factor of higher education development embodies a
positive relationship in the long run with the emission of C02 gas with a significant
value of (0.249). Hence, the results indicate that in Asian countries, the quality of
higher education is usually not enlightened or common in developing countries; peo-
ple are reluctant to enroll in higher education programs due to the educational
expenses, higher rate of unemployment, and rare source of income. Even though
Sharma et al. (2021) expressed the situation of Asian countries that a higher rate of
population increases the ecological footprint day by day and increases the rate of
inflation, thus people are more concerned over the income productive resources
rather than getting professional education that focuses on environmental issues.
Similar valuation suggested by Masron and Subramaniam (2019), their results elabor-
ate on the causes of environmental pollution in Asian countries, and fewer education
institutes, poor quality of education, and non-qualified teachers are responsible for
not providing innovative technical knowledge that helps to restrain the environmental
degradation in Asian countries.

Furthermore, the variable of GIN, i.e., technology innovation, shows a negative
relationship with the coefficient value of (0.312), which is significant at (0.01) with
the environment variable. This elaborates that the technical innovations negatively
impacted the environmental deprivation in selected Asian states in the long run.
While the past research of Ullah et al. (2021) also supports the present identification
in terms of a sustainable environment. In addition, Chen and Lee (2020) also investi-
gated that after adopting transform processes and procedures in technical develop-
ments, the consumption of non-renewable energies decreases, ultimately stabilizing
the developed countries’ economic industries. Moreover, Razzaq et al. (2021) explored
that in the long run, the negative impact of green technology innovation on CO2
emission is specific because all the ingredients used to manufacture the products are
nature friendly. Also, Do�gan et al. (2021) determined that the revolution of lower
consumption-based carbon items results in a stable socioeconomic condition and pro-
vides a sustainable environment in the future.

After CS-ARDL analysis, in the long run, the estimation illustrated short-run ana-
lysis in Table 6. Thus, the factor of GDP represents the same results as it is in the
long run. Like positive contribution in CO2 emission with a figure value of (0.129)
observed whenever the economic growth intensifies with the ratio of 1%.
Deceleration of authentic results obtained from the studies of Akram et al. (2020),
where they all supported the present outcomes in terms of CO2 emission and GDP
of Asian countries. In addition, Usman et al. (2021) second the present estimations.
However, the factor of GDP2 negatively affiliated with environmental sustainability in
the short-run also signifies that with the pace of time the stability in terms of

Table 6. Results of CS-ARDL analysis (short-run CS-ARDL Results).
Variables Coefficients t-statistics p-values

GDP 0.129��� 4.982 0.000
GDP2 �0.024��� �3.331 0.000
HE �0.085��� �6.003 0.000
GIN �0.094��� �3.477 0.000
ECM (-1) �0.286��� �4.103 0.000

Source: Authors’ estimation.
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environmental degradation attains in Asian countries. Katircioglu et al. (2020) stated
that moderate consumption of energy resources lessens the emission of CO2 gas. But
still, lack of resources and technical skills in emerging countries are facing extreme
environmental issues that severely affect their organic life of them even after the posi-
tive influence of economic growth (Do�gan et al., 2021).

Similarly, in Asian countries, higher education development represents a negative
link with CO2 emission and a significant coefficient value of (0.085) in the short run
of the CS-ARDL method. Thus, the outcome elaborates that in Asian countries profes-
sional experts play a vital role in decreasing the adverse effects of environmental pol-
lution. Such outcomes are also explored by Rose et al. (2019). Also, it is observed
that people of developing countries migrated more to different places to acquire a
higher level of professional education which surely stabilize their economic health.
Furthermore, the determinant of technology innovation represents the negative associ-
ation with the environment and has a significant coefficient value of (0.094). This
indicates that Asian countries are making the most from technological innovation in
spreading the strategic procedures of traditional developments to green developments
as cited by (Sun et al., 2022). In the paper by Khan et al. (2020), corresponding results
are shown by using the CS-ARDL method. Finally, the factor of ECM (-1) reflects the
adjustment speed towards an equilibrium which is (-0.286) for Cross-sectional aug-
mented autoregressive disturbed lags (CS-ARDL). However, it is noticed that the val-
ues in the short-run are comparably lower than in the long-run, mostly the reason is
these Asian countries are still in the phase of development and struggling hard to
overcome the adverse issues environment to sustain their economic sustainability.

In Table 7, the reported results of (CCEMC) are statistically tested to direct the
situation of Asian countries in terms of GDP, GDP2, HE, and GIN. As per the
results, GDP is positively associated with the environment; for instance, if there is a
1% increase in GDP, the robustness of the environment increases by (0.372%) in
Asian regions, similar identifications found earlier in the study of (Mughal et al.,
2022) while stimulating the impact of environmental externalities on economic
growth. Whereas the GDP2 represents the same results in the long-run and short-
run, a negative influence with a coefficient of (0.176%) on the environment of Asian
countries. Under this declaration, former scholars Chen et al. (2022) tested the impact
of environmental contamination as per the progression in economic growth meas-
ured. Thus, their results stated the negative correlation between GDP2 and ecological
sustainability. Furthermore, the factor of higher education indicates a positive affili-
ation with the environment in the short run; hence it is approved that Asian nations
have failed to collaborate the aspects of higher education in mitigating environmental

Table 7. Results of CCEMG for robustness check.

Dependent variables

A common correlated effect mean group (CCEMC)

Coefficients t-stats p-values

GDP 0.372��� 3.584 0.000
GDP2 �0.176�� �2.736 0.018
HE 0.135��� 6.143 0.000
GIN �0.237��� �5.386 0.000

Source: Authors’ estimation.
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degradation. However, Radianti et al. (2020) second the previous statement regarding
higher education with environmental stability. Likewise, Di et al. (2019) empower
emerging economies to bestow higher education facilities to gain positive ecological
sustainability. Lastly, the factor of GIN (technology innovation) represents the con-
trary results in the short-run; the element is positively significant to an environment;
this signifies that in the initial stages of technology adoption, the severe amount of
environmental pollution increases which deteriorates the sustainability of Asian coun-
tries such as China, Japan, Korea, Russia, Indonesia, Malaysia, Philippines, Singapore,
Thailand, and Vietnam. However, Sun et al. (2022) investigated the MENA regions
and declared that due to the inefficiency of green technologies the countries are
unwillingly involved in trading activities that raise environmental pollution there.
Present estimations of GIN are parallel to the studies of (Lin et al., 2022; Jiao et al.,
2021), where the positive association of technology innovation with environmental
sustainability has been investigated in emerging nations.

5. Conclusion and policy implications

To reduce the ecological issues, contemporary approaches are emerging relentlessly
around the globe, but still, comprehensive strategies are necessary to mitigate the
environmental hazards. Hence, the present study aims to examine a step toward a
sustainable environment in top Asian Countries by incorporating the role of higher
education and technology innovation. For future research, the authors collected data
from the period (1995 to 2019) in the selected countries such as China, Japan, Korea,
Russia, Indonesia, Malaysia, Philippines, Singapore, Thailand, and Vietnam.
Therefore, the methodology of the CS-ARDL is used to assess the long-run and short
impact of these variables on each other; in addition, the modern theory of the EKC
model is applied in the study to enhance the credibility of the results. Furthermore,
before the CS-ARDL method, the identification of CD is detected, and other tests like
(Cross-sectional augmented autoregressive disturbed lags) are applied to lessen the
consequences of false data. Although the results signify that technology innovation is
negatively significant to the environment in both the short and long run, higher edu-
cation detected positive outcomes in the long run. However, the economic growth
factor GDP is positively significant to the environment; other than that, the EKC
model is supported under this theoretical framework. Based on these explorations,
the implications are the relevant approaches prescribed by the authors to get a sus-
tainable environment in these top Asian countries.

5.1. Policy implications

Though, the CS-ARDL method, in the long run, indicates a positive association with
the environment (CO2 emission) for specific reasons. In alignment with these
results, a study by Franco et al. (2019) for South Asian countries suggested that poli-
cies for sustainable development using higher education need to be in alignment
with the agenda of sustainability in understudied countries but these efforts are not
properly encouraged by a governing approach to Higher education for sustainable
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development, nor are they effectively integrated to address social and environmental
sustainability. So, there is a need to integrate higher education into policy, and cur-
riculum, and should be practiced in alignment with sustainable development goals
being carried out globally. One of the most prominent reasons is the policymakers’
lack of rationality in integrating education with the environment. In Asian countries,
governmental authorities are not that educated to ensure that the relevance of know-
ledge prevailed in academics is environmental-oriented or not. However, one of the
implications is that heads of the educational sectors must assimilate their academic
agendas by concerning the future aspects of the environment. Second, educational
corporations must collaborate with the professionals of environmentalists who
deliver technical skills on the topic, such as energy transition, the transformation
from non-renewable to renewable, and the usage of less reactive gases in the produc-
tion of technologies.

Third, as the results indicate the negative affiliation of technology innovation with
the environment, thus policymakers develop systematized programs and procedures
for implementing eco-friendly techniques in production. Khan et al. (2020) recom-
mended policies that encourage technological innovations, which can ensure cleaner
production along with cleaner consumption at home of renewable energy. Even
though previous explorations showed favorable environmental outcomes, when green
practices are adopted in technological innovations, thus, by engrossing the critical fac-
tors of green techniques such as green bonds, green credit cards, and green loans.
Similarly, Yuan and Zhang (2020) found that technology innovation is highly affected
by environmental policies and is positively related to industrial sustainable develop-
ment so, environmental regulatory enforcement can contribute to the promotion of
technological innovations in the eastern region of China. Moreover, technological
innovations can improve Chinese sustainable development. So, other Asian regions
must improve firms’ ability to innovate independently, their government should
encourage industrial and mechanical enterprises to increase their research and devel-
opment intensity along with large and medium-sized industrial enterprises to develop
carbon-free equipment and also establish institutions or academic forums of scientific
research institutions. These intellectual implications nourish the Asian country’s eco-
nomic condition by alleviating the severe consumption of CO emissions and may
become successful in attaining a sustainable environment.

5.2. Limitations and recommendations for future studies

The current study inclusively covers all the aspects but still, some specific limitations
are there. For instance, future researchers may include more robust techniques such
as the QARDL method to get results on quantile basis. Also existing study has incor-
porated few independent variables as a proactive environmental factors, thus if more
modern econometric factors such as FDI and tourism are assimilated, the more
rational outcomes demonstrated. Similarly, the Asian nations are selected to analyze
their sustainability problems, if the comparison analyses done between Norden coun-
tries and Asian countries the more vivid depiction revealed in regard to sustainabil-
ity concerns.
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