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This study examines the impact of literacy rate and innovations on environmental pollution in China from 1990 to 2021. We applied the Quantile Autoregressive Distributed Lag method for the analysis, and our findings suggest that an increase in literacy rate leads to short- and long-term innovations. At the same time, literacy has a positive effect in 1st to 4th quantile in the long run. Furthermore, innovation has a positive effect on environmental pollution. However, in the short run, the literacy rate has negative implications for environmental pollution. These findings imply that education is essential to increase innovation in the economy. Besides, the literacy rate increases the standard of living, and thus, it is recommended that government should adopt environmental protection laws to reduce environmental pollution along with literacy increase. Additionally, China has achieved significant economic growth in the last few decades. To ensure sustainable economic growth government should introduce a carbon tax to minimize production externalities such as environmental pollution.
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1 INTRODUCTION
Chinese economic growth in recent years has been attributed to recent investments in physical and human capital investments. However, human capital’s contribution is low compared to physical assets. (Wei et al., 2001; Arayama & Miyoshi, 2004). According to Ding & Knight (2011), human capital is measured by the number of people enrolled in secondary and higher education, the number of science and technology workers in the labor force, and the amount of money on education and science. This is significantly associated with the number of innovations that occur within a nation. CHI (2008) synthesizes contradictory evidence: higher worker education does contribute to economic growth and innovations; however, its impact may be indirect, which explains its minimal direct effect on growth. Human capital, following the endogenous growth hypothesis, is hypothesized to motivate the development of new technologies and their dissemination, both of which, in turn, stimulate economic expansion. However, there is scant evidence that human capital affects innovation, and there is no evidence that education has any indirect positive effects on innovation-driven economic growth. Education plays a significant role in innovation at the regional level. Invention patent applications per capita were significantly correlated with the number of people who had earned advanced degrees (Chi & Qian, 2010). symptoms at presentation, physical exams and lab results.
Increasing prosperity in China has a trickle-down effect, bringing new management techniques and cutting-edge technologies that can bolster innovation in other parts of the world. Innovations are the main engine attributed to a higher level of economic growth in China (Zhu et al., 2019). State Environmental Status Bulletin reported that in 2018, environmental air quality regulations were met in just 121 out of 338 prefecture-level cities in China, or 35.8% of the country’s urban areas. There were 822 days in 338 cities where pollution levels were dangerously high, 20 more than in 2017. Sixty percent of the time, PM2.5 was the main pollutant on days with severe pollution. The endogenous growth theory posits that technological progress is crucial to stimulating economic expansion (Malamud & Zucchi, 2019). There is a long history of research into how technological progress impacts the natural world. Holdren and Ehrlich (1971) suggested an association between the three variables (IPAT) theory, which posits that technological progress can mitigate the increase in pollution caused by a growing human population. The author classified the causes of environmental pollution into three categories: large-scale impacts; structural effects; and technological effects; with the latter two categories receiving particular attention because of the importance of technology in improving environmental quality. There is consensus among academia on how technological progress might enhance environmental quality.
There has been a rise in studies examining the correlation between pollution reduction investments and creative output. Tursun et al. (2015) estimated the impact of engineering technology on pollution reduction from 2005 to 2010. Their results support the hypothesis that technical progress contributes to a 60% decrease in CO2 and SO2. Levinson investigated the environmental impacts of the United States’ industrial sector in light of global trade and technological progress in 2009. The findings of that study show that technological progress has had a substantial positive influence on the environment of the United States’ manufacturing sector, with SO2 emissions decreasing by 39% between 1987 and 2001. Pollution levels were inversely related to environmental research funding (Peng SJ, 2006). Increasing one’s potential for independent innovation can reduce the carbon dioxide intensity of the industrial sector, according to the results of a study done in China by Yang et al. (2014). Because of their increasing complexity and difficulty in assessment, environmental concerns are usually reduced to sound bites rather than being dealt with in a sensible matter. This is because their complexity is expanding. People with a substantial stake in a sort of economic development that is not sustainable and extracts resources can sometimes successfully derail efforts to address environmental concerns equitably. This is because they have a vested interest in the manner in which economic progress takes place. In order to ensure that education can play an essential part in defining and analyzing environmental issues and producing solutions to environmental challenges, the challenge is to convey this complexity in appealing and understandable ways to the audience that will be receiving this information.
Even though significant progress has been made in protecting aquatic ecosystems, additional problems are still to come due to the growing human population and increased industrial production. Besides, several reforms have been made to protect the environment. Despite the perception that it is “soft” and garnering less attention than other activities to preserve the environment, environmental education develops future environmental problem solutions. Environmental education needs to be successful in the twenty-first century in terms of its goals of cultivating the next-generation of environmental leaders and increasing public awareness and concern for environmental issues (Hudson, 2001). Research, development, and innovations have been growing in China for the last few decades. In addition, the literacy rate in China has reached the highest level in the region, and the recent trade openness and industrialization bring a significant increase in the country, which puts pressure on the environment and leads to increases the environmental pollution such as CO2 emissions. The past literature suggested a close association between innovations and CO2 emissions. However, the relationship between literacy rate and CO2 emissions relationship needs to be clarified in the literature. Therefore, the study aims to investigate the nexus between literacy rate, innovations, and environmental pollution in China. This study contributes to the existing literature from the following points; first, according to the best of our knowledge, this first study evaluates the nexus between literacy rate, innovations, and environmental pollution in China for the first time. This will help understand the implications of innovations and literacy for the CO2 emissions in China. The study suggests policy implications that could help to reduce air pollution and speed up innovation activities in the country. Second, this study uses a novel QARDL method for analysis, which provides both short-run and long-run estimations. The QARL provides more robust estimations than the conventional ARDL method and better policy recommendations.
2 LITERATURE REVIEW
The term “academic literacy” has been given several different definitions and interpretations, all of which may be discovered scattered throughout the many bodies of scholarly literature. There are many different ways to interpret the term “content-area literacy.” However, the most comprehensive interpretation is that the term refers to skills connected to having a solid command of a subject and higher-level reasoning. There are many different ways to interpret the term “content-area literacy" (Shanahan & Shanahan, 2008). The development of several abilities, such as critical and analytical thinking, linguistic fluency, social awareness, and involvement in the community, are all aspects of an education in literacy that should be comprehensive and well-rounded (Kiili et al., 2013). As a result, the concept comprises not just the fundamental literacy skills of reading and writing but also a wide range of academic capabilities in addition to those two specific literacies. In an effort to pin down just what we mean when we talk about “academic literacy,” various techniques have been tried throughout the years. It is a widely held view that to achieve academic literacy, one must possess a particular set of linguistic talents desirable in the employment market (Li, 2022). In various academic subfields, the idea of innovation has been the subject of research and discussion. Innovation can be defined as the process of coming up with new ideas, processes, or tools, as well as making use of those new ideas, methods, or technologies. There are many various types of innovation, some of which have been recognized in earlier research (De Vries et al., 2016), such as product and service innovation. Among the many different types of innovation, product innovation and service innovation are two of the most common. The creation and distribution of one-of-a-kind goods and services are the focus of the concepts known respectively as product innovation and service innovation. Process innovation refers to the development of new concepts, frames, or paradigms to assist in defining the nature of a problem and possible solutions, as opposed to conceptual innovation, which refers to shifts in the established procedures, techniques, routines, structures, or roles within an organization or administration. Conceptual innovation refers to developing new concepts, frames, or paradigms to assist in defining the nature of a problem and possible solutions (Liddle, 2013).
Higher education in China has advanced tremendously since the turn of the century, and the country has also made significant strides in technological innovation. Between 1978 and 2000, and again between 2000 and 2018, the average yearly growth rate of the total number of conventional universities was 2.55 percent. Since 1998, there has also been an uptick in the number of students enrolling in traditional forms of higher education. The average annual growth rate of patents was 20.73% from 2000 through 2018, much greater than the average annual growth rate of 12.77% from 1985 through 2000 (WIPO IP Statistics Data Center, n.d.). The period covered by this study was from 2000 through 2018. China’s educational system has benefited from several measures taken by the Chinese government. The Chinese government recommended putting into action the Strategy of Developing the Country via Science and Education in 1995 when it realized the significance of education in fostering a culture of innovation. The decision to accelerate the advancement of science and technology considered this recommendation and included it. The same year, as an essential component of the strategy, the Chinese government launched the “211 Project,” which prioritizes the expansion of approximately one hundred institutions and a wide variety of essential academic specialties. China’s “985 Project” was initiated in 1999 to create several top-tier universities. Currently, the project intends to encourage the establishment of 39 prestigious academic institutions located all over the country. In the meantime, the Ministry of Education in China published its Action Plan for Education Promotion for the 21st century. This plan gave “university expansion” the highest priority in China’s higher education reforms and hurried up the development of traditional universities. From 44.92 percent in the year 2000 to 94.48 percent in the year 2010, the percentage of Chinese inhabitants who hold a college degree has skyrocketed, as shown by statistics from both the Chinese National Bureau of Statistics and the United States Census Bureau. On the other hand, reports from the World Intellectual Property Organization reveal precisely the opposite of what was stated (Pan et al., 2020). One essential variable that drives corporate innovation is macro-level education at the higher education institution level. To begin, partnerships between universities and businesses, academic conferences, and attempts to train employees all contribute to an increase in the innovative capacity of companies. As a second thing to consider, educational institutions can supply businesses with trained workers. The majority of China’s high-tech development zones can be found in areas that are home to a significant number of highly regarded educational institutions and research labs (Grimpe & Sofka, 2009). The Chinese economy had witnessed consistent and rapid growth since 1978, when it started reforming and opening up to the outside world. Even though the long-term extended model played a part in China’s economic miracle, the country is currently grappling with the burden of delayed development and worsening environmental quality. This is although the model played a part in China’s economic miracle. Even though this paradigm was the primary impetus for China’s miraculous economic rise, this is the result (Zhang et al., 2020). Since the beginning of China’s economic reforms, the potential of the country to innovate has considerably expanded. This can be seen in the rise in both the input and the output indicators of innovation systems, such as the number of people working in research and development, the amount of money spent on research and development, patents, high-tech and service exports, and scientific and technical journal articles. These are all indicators of innovation systems. However, although increasing quantity is always the first stage in every catch-up approach, the quality of many indicators has been called into question. This is despite the fact that increasing quantity is always the first step (Fan, 2015). Liu et al. (2022) analyzed the role of renewable energy and eco-innovation in Environmental performance and international trade in China. Their findings suggest that innovation and renewable energy improve the environmental quality, while trade increases the CO2 emissions in China. Liu et al. (2022) investigated the relationship between infrastructure development, CO2 emissions, and HDI in China; they reported that infrastructure development increases CO2 emissions and HDI in China. Zeraibi, Ayoub, et al. (2022) reexamine the EKC hypothesis by adding China’s fiscal, monetary, and environmental development policies. Their results indicate a long-run relationship between fiscal and monetary expansion, economic growth, and CO2 emissions. Past research focuses on education’s effect on economic growth and development, such as Stites & Semali (1991), Coman Nuta et al. (2022); Treiman (2007), and Mazumdar (2005) found the literacy rate improves the economic growth and development. Some other researchers such as Mughal et al. (2022); Wang and Wang (2022); Ibrahim and Vo (2021) and Xin et al. (2022) investigated the innovations and environmental pollution. There are mixed findings. Some research suggests that innovation reduces environmental pollution, while others suggest that innovation has either a negative or no effect on environmental pollution. In contrast to past research, the current study analyzes the nexus between literacy rate, environmental pollution, and innovation in China.
3 THE TREND OF LITERACY RATE ON INNOVATIONS AND THE ENVIRONMENT IN CHINA
Economic development has adverse implications for environmental quality in China and raises environmental concerns. The incompatibility of economic growth and environmental quality is a pain point in China’s economic transition and development. The key to overcoming the pain point is to achieve innovation-driven development. In other words, economic growth and environmental quality are not compatible with one another. Human capital’s impact on creative ability is a very popular area of study. The primary premise of the endogenous growth hypothesis, which states that gains in human capital led to increases in technical innovation, which in turn led to increases in economic growth, receives only a small amount of support from empirical research. Several studies have investigated China’s human capital’s role in the country’s capacity to absorb foreign knowledge and increase domestic production. However, the impact of human capital on a nation’s capacity to produce its own unique body of knowledge has received little attention from researchers. In order to resolve this issue, we made use of data on patent applications and education at the province level, as well as methodologies from the field of spatial econometrics, to take into account the spatial dependence of observations. Figure 1 presents patent and CO2 emissions in China, while Figure 2 shows the patent and literacy Rate in China from 1985 to 2021. We found a strong correlation between the educational level of workers and the amount of innovation activity in the province, which was measured by the number of invention patent applications submitted for every 10,000 residents. The impact of higher education on innovation is far greater than that of primary and secondary schools combined. We also discovered something less encouraging: during the past decade, the significance of workers’ post-secondary education to the innovation process has decreased. More research is required to assess whether higher education’s impact on innovation has lessened and the reasons for this (Chi & Qian, 2010). Pan et al. (2020) explored the criteria that education plays a role in Promote Firm Innovation in China. They identified that The United Nations established seventeen goals for sustainable development in 2015, and many of them are interconnected.
[image: Figure 1]FIGURE 1 | Patent and CO2 emissions in China.
[image: Figure 2]FIGURE 2 | Patent and literacy rate in China.
Two of these goals are increasing access to education at a high level and discovering alternative sources of energy that are not dependent on fossil fuels. This study’s objective is to investigate the connection between the amount and quality of higher education and the innovative capacity of businesses. Data from the one-of-a-kind Chinese Patent Census Database (1991–2018), the Chinese Industrial Enterprise Database (1995–2013), and provincial-level schooling statistics were utilized in the empirical investigation. Inferences such as the following can be drawn from these findings of empirical research: The quality of higher education that was made available in those provinces was the key factor that contributed to the lack of average innovation outcomes achieved by Chinese businesses on a provincial level. The rapid increase in the number of persons with post-secondary educations from institutions that are not among the nation’s elites is one hypothesis that may help to explain this phenomenon. People who did not graduate from a prestigious university are less likely to be inventive. However, they have a higher likelihood of being employed by businesses that have this quality in common. Graduates typically find work in fields related to advanced technology. To put it another way, China’s efforts to expand access to education have placed excessive emphasis on expanding enrollment and insufficient attention on improving the standard of education being offered. Second, having a college degree was positively related to company innovation; however, having a degree from a less prestigious university was negatively connected with company creativity. There is a possibility that the Chinese government is increasing its support for famous universities in part because these institutions serve as experimental locations for educational reform programs meant to stimulate innovative thinking among students. Third, whereas prestigious higher education had almost little bearing on the innovative activities of SOEs and FOEs, it had a significant and positive role in the creative endeavors of POEs. This is because Chinese higher education institutions that are not considered to be of elite status place a greater focus on educating students for the workforce than they do on scientific inquiry and the development of new products. State-owned enterprises (SOEs) in China are frequently subject to significant amounts of influence from the government, and they provide little incentive for innovative personnel to produce. On the other hand, foreign-owned enterprises (FOEs) in China may obtain technology from their overseas parents. The implications of our empirical findings, both in terms of theory and in terms of practice, are significant. To begin, we separated the several hypotheses that endogenous growth models rely on. The unique qualities of each student’s selected school and institution will determine the extent to which they are encouraged to think creatively. Second, after successfully expanding the higher education sector, the Chinese government should shift its focus from education quantity to education quality and pay more attention to improving innovative capabilities in teaching and research, particularly for non-elite higher education institutions. This should be done because the Chinese government has successfully expanded the higher education sector. In the meantime, the most prestigious educational institutions continue to be crucial for the creativity of developing countries.
As a result of China’s rise to prominence as a major producer on the global market, the country’s environmental conditions have deteriorated considerably in recent decades, placing the country’s population in grave danger and contributing to a variety of ongoing socioeconomic problems. In the past 20 years, there have been significant shifts, most notably in the execution of environmental and emission standards, which have gone from weak to robust. These changes have been particularly notable in the United States.
In recent years, China’s environmental issues have emerged as a matter of national significance, making it necessary for the country to take action. The Air Pollution Prevention and Control Action Plan, the Environmental Protection Law of 2015, the Environmental Protection Tax Law of 2017, and several other significant efforts on national policy have all been passed and made operationally (Jin et al., 2016). China, the country with the largest industrial sector in the world, continues to face significant environmental difficulties even though numerous efforts and ambitious plans have been made at various periods at the local, provincial, and federal levels. China is particularly susceptible to the effects of SO2 and CO2 emissions on civilization. These consequences can be felt worldwide, but China is particularly at risk. Therefore, to solve the issue before it is too late, new environmental standards based on objective criteria need to be developed. The issues that were caused by pollution and smog in the country were balanced out by addressing the issue of carbon trading, which has added a significant agenda item to the government’s ambitions for the next 5 years. Environmental non-governmental organizations can help facilitate a more objective assessment of environmental problems and possible solutions to such problems.
The quick increase in CO2 emissions caused environmental degradation in past few decades. Chinese government have made significant efforts to reduces the emissions in the country. According to the findings of this study, there is a significant gap in effectiveness between the various regulatory agencies. However, government agencies now have greater leeway to initiate legal action against those who violate environmental regulations. The Environmental Protection Tax Law, which was just passed into law, includes a provision that proposes expanding the scope of environmental levies to include carbon dioxide emissions. It is necessary to make a payment for the carbon tax. However, the government should prioritize creating an economy with a minimal carbon footprint and a society that is, sympathetic to the environment. A better environmental future for China and the rest of the world requires paying attention to ensuring implementation compared to analyses of the results, public interest, participation, transparency, and efficiency in suggesting penalties on the responsible and then reviewing compatibilities of the environmental laws. Figure 3 presents the trend between literacy rate and CO2 emissions in China from 1985 to 2021. This is necessary to achieve the ultimate environmental goals (Khan & Chang, 2018). China’s environmental protection law (EPL) aims to improve the environment through a legal system. Share the environmental database that accurately measures environmental pollution; effectively implement the environment laws; close monitoring of industries that may affect the environment. Strict measures and extremely high accountability standards should be implemented to maintain the country’s emission level. Implementing carbon tax in industries to mitigate emissions is a good decision.
[image: Figure 3]FIGURE 3 | Literacy Rate and CO2 emissions in China.
Even if the revised EPL satisfies China’s environmental protection requirements, there is still a significant amount of potential for improvement. The following are a few suggestions that were made throughout this inquiry that might be of some use:
• Consistent legislative actions aiming at improving the legal system, with a primary emphasis on the approach for implementing the EPL;
• Establishing a framework for numerous government agencies to share environmental database information is essential to achieve the most effective harmonization, which must then be followed by the proper measures in order to build an inter-regional environmental enforcement mechanism;
• Increasing environmental intelligence is necessary in order to enforce laws more effectively and identify instances of contamination in the environment.
• The state’s economic authorities should encourage firms that are sustainable and beneficial to the environment, and they should phase out inefficient industrial methods.
• The non-governmental organizations (NGOs) that work to safeguard the environment play an important role in society and must receive funding. It is essential to make the most of their potential by increasing their capacities and fortifying their pathways;
• Polluters need to be held to extremely high accountability standards for installing suitable environmental monitoring equipment and maintaining accurate emission records when pollution is produced.
• In order to safeguard the environment to the greatest extent feasible, it is imperative that polluters be incentivized to work together and that efforts to educate the general public about the myriad of laws governing environmental protection be strengthened.
• Obtaining insurance is an excellent way to prepare for the approaching carbon tax. The world’s economy and the monetary system will undergo shifts as a direct consequence of the imposition of a price on carbon. China’s government is responsible for seizing the opportunity for a global low-carbon economy by identifying policies and activities pertinent to the issue.
• Building a low-carbon economy and culture on a large scale is needed. Before selecting how to impose a carbon tax, it is necessary to analyze both the benefits and the drawbacks of such a tax because its implementation is a foregone conclusion. The government has to prioritize raising the amount of support it provides for low-carbon innovation and providing aid to partnerships working to increase energy consumption and production.
• Second, we need to move forward with production methods that are cutting-edge, low-carbon, and ecologically benign while simultaneously building upon and boosting industries that are already well-established. In conclusion, the industry should devise, create, and distribute low-carbon products to eliminate trade barriers, increase market share, and advance the industry (Environmental Law: 2 Years On - China Water Risk, n.d.).
4 MATERIALS AND METHODS
The study uses the nexus between literacy rate, innovation, and environmental innovation in China; this study develops two models to analyze the data
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Where,
L = Literacy Rate is the independent variable,
R&D = R&D spending.
Pt = Patent (innovation)
NR = number of researchers in a country (per million people)
Env = Environmental pollution–CO2.
GDP = GDP.
E = Energy consumption.
The expected sign of the coefficients suggests holding a positive LI, GDP, R&D, and NR. At the same time, GDP and population have positive expected signs, and literacy rate is assumed a negative relationship with CO2 emissions. Further, the literature suggests that literacy can enhance environmental quality in China. Therefore, this study aims to measure the implications of literacy on innovation and the environment for the period 1985-2021. The study applied the QARDL model suggested by Hashmi et al. (2022). QARDL method allows us to investigate the long-run and short-run relationship between literacy rate, GDP, R&D, NR, and innovation. QARDL is a more advanced method than ARDL and measures variations in explanatory variables. We use two separate models in this study; the simplified version of ARDL can be written as
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The Quantile ARDL is the extension of the basic ARDL method; following these two models in Equations (1), (2), we can rewrite as follow,
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To account the possibility of serial correlations, the QARDL model in equations (2)&3) needs to be generalized, demonstrating the QARDL-ECM model:
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Whereas short-term cumulative effects of historical and present P, LI, R&D, NR, and ENV levels are calculated by:
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To determine the long-term parameter for P, LI, R&D, NR, and ENV, we use the formula:
[image: image]
ECM’s coefficient (p) is expected to have a significant negative value. The first step is to perform a unit root test in the estimation. However, no strict same odder integration is required, just like the Johansen test requires. The unit root test is applied to check the order of integration of the variables in the system. The unit root is essential for the reliability of long-term forecasting. It should be noted that the prediction may not be applicable and reliable when the series is unstable or when there are random shocks within the data. ADF method is used to test stationary properties of the data.
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Equations (7) and (8) suggest the ADF unit root estimation of series based on intercept and trend in all series.
Additionally, Lee Strazicich is more efficient for detecting a break in the data than Zivot Andrews (ZA). ZA test measures the discontinuity in the dataset at trend or intercept, but Lee Strazicich tests the data break exogenously by applying the trend and intercept simultaneously. Mathematically Lee Strazicich expressed as.
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However, to measure the overall significance of included variables in the model we used the Wald test, which provides joint significance. The significance of the Wald test implies that explanatory variables jointly determine the dependent variables. The test is applicable to multiple models, including those with binary variables.
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In addition, series data may face autocorrelation problems, indicating the two-time series are correlated.
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Testing linearity is also important; the study test assumes that non-linear combinations of explanatory variables respond to dependent variables. The model uses a polynomial or another non-linear functional form to the linearity of the model.
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5 RESULTS AND DISCUSSION
This section provides results and discussion; the first part of estimations is descriptive statistics. The estimations mainly discuss the overall trend, deviation in data, and symmetrical properties such as skewness and kurtosis. Table 1 provides descriptive statistics.
TABLE 1 | Descriptive analysis.
[image: Table 1]The descriptive statistics suggested following the standard value, implying that included variables are in the acceptable range. The symmetrical pattern suggests that its value lies in standard value. JB statistics also suggest that the model is consistent with the data. The Augmented Dickey-Fuller (ADF) test is used to check stationarity in data. The stationarity status of a variable assumes that the variable should have mean and constant over time. For the non-stationary series, mean and variance do not remain constant. The outcomes of ADF are reported in Table 2.
TABLE 2 | ADF estimation.
[image: Table 2]The information in Table 2 elaborates that at a 1% significance level, LI is stationary level. Although all the factors have zero mean and constant variance at the first difference, indicating that the statistical characteristics of the data do not change with time. The ADF results suggest that all variables are non-stationary at level and become stationary at first difference. Additionally, another test known as the Lee-Strazicich test (LS) is used to verify the stationary properties of the data further. The LS is used for stationarity testing if the data has structural breaks. The LS results are reported in Table 3.
TABLE 3 | LS estimation.
[image: Table 3]Table 3 presents that innovation, environment, literacy rate, number of researchers, and gross domestic product, have a break in their continuity. The Autoregressive Distributed Lag (ARDL) bounds test determines the long-run and short-run relationship between variables. This method determines whether one variable has a statistically significant effect on another variable (the dependent variable) over time. The results are reported in Table 4.
TABLE 4 | Estimations of model 1 and model 2.
[image: Table 4]Table 4 shows Model 1 and 2 bound tests which test the hypothesis of the long run; cointegration estimates the long-run relationship between the variables, and the bound test results indicate the existence of a long-run relationship. This indicates that innovations, CO2 emissions, and literacy rate has a long-run association. If cointegration exists in the model, it implies that all variables move together over time. However, there might possibility of short run deviation from the long run equilibrium, which ECM can measure.
The information in Table 5 reveals that LI, GDP, R&D, and NR influence innovation in the long run. The estimation discloses that in the 1st quantile, LI, GDP, R&D, and NR are significant and positively affecting innovation. In 2nd, 3rd and 4th quantile, LI, and GDP also have a positive association with innovation. These results imply that in the long run LI, GDP, R&D, and NR determine innovation in China. In addition, the short-run findings report that only literacy rate has a positive effect on innovations in 3rd quantile; similarly, R&D spending affected innovations only in 3rd quantile. This indicates that short-run estimations innovations need a large period.
TABLE 5 | Q-ARDL for model 1.
[image: Table 5]Table 6 contains results for Model 2, which indicates that in the long run, literacy has a positive and significant effect on environmental pollution. While in the short run, GDP can have a positive and significant effect on environmental pollution in 4th quantile. At the same time, the literacy rate has no effect on environmental pollution in the short run. These results imply that with the literacy rate increase in the long run, people attain higher living standards and increase their income level, raising energy consumption and environmental pollution. However, in the short run, the literacy rate does not affect the living standard and energy consumption; thus, literacy does not affect environmental pollution. Innovation is often seen as a critical driver of economic growth and competitiveness, allowing businesses and societies to continuously improve and adapt to changing circumstances. It is also essential in addressing global challenges such as climate change, health epidemics, and food and water security. Our results suggest a long-run association between innovations and environmental pollution in China. This implies a strong association between literacy and innovation. Highly literate societies tend to be more innovative, which enables individuals to access new information and knowledge. It also helps people to communicate their ideas effectively and collaborate with others, which leads to successful innovation. The positive association between literacy rate and innovation is supported by other studies (Cheung et al., 2021; Guzmán-Simón et al., 2020; Swain & Cara, 2019; Lau & Richards, 2021; Højen et al., 2021; Liu et al., 2021; Tian et al., 2020; García-Pérez-de-Lema et al., 2021; Fitriasari et al., 2021). Literate societies consider to be aware of environmental issues and more aware of understanding and addressing them. In addition, literate individuals tend to make more sustainable choices regarding consumption and disposal habits. In addition, literacy can assist people in understanding the science behind environmental problems and finding solutions.
TABLE 6 | Q-ARDL estimations for model 2.
[image: Table 6]The expenditure on R&D, however, is often viewed as a key element of innovation. Research and development projects involve creating new ideas and transforming them into innovative products, processes, or services. R&D contributes to the development of new technologies, improving existing products, and creating new businesses. R&D investments lead to innovative products and services, which enable organizations to gain a competitive advantage in the market. The findings are supported by other studies (Babelytė-Labanauskė & Nedzinskas, 2017; Hammar & Belarbi, 2021; Vrontis & Christofi, 2021; Heij et al., 2020). Innovation can also solve environmental problems; For example, developing new technologies, such as renewable energy sources or more efficient methods of production, can help reduce production’s impact on the environment. Innovation finds new ways to utilize resources sustainably and reduces the negative effect of the environment on societies.
6 CONCLUSION
China has made significant progress in increasing literacy rates in recent decades. Similarly, a significant achievement has been made in R&D and innovations. World Intellectual Property Organization reported that in 2019 China devoted about 2.18% of its GDP to R&D spending, which is the highest among all middle-income countries. Trade openness and sustained economic expansion over the last few decades resulted in a high level of environmental pollution. Therefore, this study analyzes the relationship between literacy rate and innovation and environmental pollution from 1985 to 2021. We applied Quantile ARDL method for data analysis and used two models; the first model takes innovations as the dependent variable, while literacy rate, GDP, R&D spending, and the number of researchers (NR) are taken as independent variables. While in the second model, we took environmental pollution (CO2) as the dependent variable, and literacy rate, GDP, and population as independent variables. Our study’s outcomes suggest a long-run relationship between innovations, literacy rate, and environmental pollution. However, the literacy rate does not affect environmental pollution in the short run. These findings have some useful policy implications; firstly, the literacy rate is essential in establishing innovations in China. Therefore, the government should make an effort to increase the literacy rate, especially in rural areas. Secondly, innovations have a positive and significant effect on environmental pollution, indicating that innovations are mostly taken to produce CO2 emissions-related products. Therefore, the government should focus on innovations, renewable energy sources, and sustainable products which reduce the country’s environmental pollution. Since the literacy rate does not affect environmental pollution in the short run, the government must add environment awareness-related content to the syllabus in the education system, especially at the primary and secondary education levels. The study has some limitations; this study focuses on a single country case, and future studies may use many countries and compare the region-wise relationship between literacy rate and innovation and environmental pollution. Future studies may use other advance methodologies for the data analysis and compare the results with past studies’ findings.
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