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A B S T R A C T   

Growing environmental challenges necessitate increased focus on sustainability education. This 
study examines the effects of environmental education programs in China on air and water 
quality perception, waste reduction, and energy consumption reduction. A comparative quanti-
tative design with 650 participants divided into four groups was employed. Data were collected 
using the Environmental Sustainability Assessment Survey (ESAS) instrument to assess environ-
mental awareness and behavior changes. Statistical tests were used to identify significant dif-
ferences between groups. Findings showed significant improvements in perceived air and water 
quality, with web-based programs demonstrating particular success. Waste reduction efforts also 
varied, with web-based education again proving effective. Energy consumption reduction was 
most evident in the corporate sector, where leadership in electric vehicles and sustainable 
transportation played a key role. Supportive government policies and environmental NGOs 
further highlighted the power of informed environmental decision-making. This study emphasizes 
the critical role of environmental education in addressing sustainability challenges. It empowers 
individuals and communities to actively engage in environmental conservation actively, fostering 
a harmonious relationship between humans and the environment. Our findings have global im-
plications, highlighting education’s vital role in shaping a sustainable future.   

1. Introduction 

The global climate crisis is one of humanity’s most pressing challenges in our rapidly changing world. Unchecked environmental 
degradation manifests increasingly evident consequences, from rising temperatures to alarming resource depletion [1,2]. In response, 
societies worldwide seek innovative solutions to address the crisis and promote sustainable living. Education expenditure plays a 
central role in nurturing environmental innovation. 

Research by Chen et al. [3] identifies multiple factors driving global climate change, including industrialization, deforestation, and 
excessive fossil fuel use. These factors contribute to environmental issues like temperature rise, extreme weather events, sea-level rise, 
and habitat destruction [3]. Comprehensive measures are necessary to mitigate climate change’s impact and propel societies towards a 
sustainable future [4]. Environmental education stands as a critical avenue for addressing this challenge. It empowers individuals and 
communities with the knowledge and skills to understand, appreciate, and protect the environment [5]. Environmental education 
fosters a sense of environmental responsibility and promotes sustainable practices that are pivotal in achieving a sustainable future. 

As defined by Diprose et al. [6] as making informed choices that prioritize environmentally friendly products and services, green 
consumption has gained significant traction [6]. Educating individuals about the environmental impact of their consumption habits 

* Corresponding author. 
E-mail addresses: ChanxiYang91@gmail.com (C. Yang), fzz123760@anyang.ac.kr (Z. Fang).  

Contents lists available at ScienceDirect 

Heliyon 

journal homepage: www.cell.com/heliyon 

https://doi.org/10.1016/j.heliyon.2024.e32446 
Received 13 December 2023; Received in revised form 29 May 2024; Accepted 4 June 2024   

mailto:ChanxiYang91@gmail.com
mailto:fzz123760@anyang.ac.kr
www.sciencedirect.com/science/journal/24058440
https://www.cell.com/heliyon
https://doi.org/10.1016/j.heliyon.2024.e32446
https://doi.org/10.1016/j.heliyon.2024.e32446
https://doi.org/10.1016/j.heliyon.2024.e32446
http://creativecommons.org/licenses/by-nc/4.0/


Heliyon 10 (2024) e32446

2

and promoting eco-friendly alternatives can significantly reduce the ecological burden on our planet [7–9]. Substantial investments in 
environmental education in European countries like Sweden and Denmark have demonstrably fostered eco-friendly practices among 
citizens [9,10]. These countries have witnessed a surge in renewable energy adoption, including wind, solar, and hydroelectric power. 
Additionally, energy-saving practices, sustainable transportation (public transit and cycling), and waste reduction/recycling efforts 
have thrived, all contributing to reduced energy consumption, greenhouse gas emissions, and landfill waste. 

China has also made strides in environmental education. Liao et al. [11] report integrating environmental education initiatives into 
the national curriculum, reaching millions of students. The government’s commitment is further evidenced by the "Green Schools" 
program promoting sustainable practices in educational institutions [12]. China’s dedication to fostering environmental innovation is 
further underscored by a staggering $546 billion investment in 2022 for solar, wind energy, electric vehicles, and batteries [13]. This 
investment significantly surpasses those of the US ($141 billion) and the European Union ($180 billion) in the same year, making 
China a global leader in clean energy investments [13]. 

The concept of low-carbon economies, central to achieving sustainable development, emphasizes minimizing carbon emissions 
[14]. This transition necessitates education expenditure for developing and implementing strategies like renewable energy adoption, 
enhanced energy efficiency, and sustainable production methods [15]. Driven by climate change concerns, the global shift towards a 
low-carbon economy has garnered significant scientific, political, and public attention [16]. International agreements like the UNFCCC 
and the Paris Agreement set ambitious targets for limiting the rise of global temperature and facilitating emission reduction efforts 
[16]. Developed countries like the UK, France, and Germany have pledged substantial carbon reduction goals by 2050 [17]. 

These efforts have spurred innovative actions in developed nations, particularly in renewable energy, clean technology, carbon 
trading markets, and low-carbon city development [18]. Initiatives like the EU-ETS and CDM have played critical roles in global carbon 
emission reduction [19]. Cities like Vancouver, with its Greenest City Action Plan 2020, exemplify the embrace of zero-carbon city 
concepts [20,21]. In pollution control, environmental education empowers individuals and communities to identify, prevent, and 
mitigate various forms of pollution, from air and water contamination to soil degradation [22,23]. An informed populace can actively 
participate in pollution control efforts, holding industries and governments accountable for their environmental impact [22,23]. 

China’s economic reforms since 1978 have propelled it to become one of the world’s largest greenhouse gas emitters, characterized 
by high energy consumption and elevated emissions [24]. Between 2000 and 2015 alone, China’s CO2 emissions skyrocketed, reaching 
over 20 times that of France [25]. Recognizing its role as a significant emitter, China has actively pursued a low-carbon economic 
development strategy to address climate change concerns [25]. President Xi Jinping’s vision of "ecological civilization" introduced 
during the 19th National Congress exemplifies China’s commitment [26]. Recent pledges include reductions in carbon emission in-
tensity and achieving peak emissions around 2030, paving the way for a low-carbon economy and potential leadership in global 
climate governance [27]. 

To assess the effectiveness of environmental education in driving environmental innovation, a holistic understanding of its in-
fluence mechanisms is crucial. This encompasses formal education, informal learning, public awareness campaigns, and policy in-
terventions [28]. Environmental education extends beyond fostering sustainable practices in agriculture and urban planning; it aims to 
achieve sustainable development by meeting current needs without jeopardizing the future [29]. Furthermore, it fosters a sense of 
interconnectedness between humanity and the environment, instilling values conducive to sustainable living and ensuring the planet’s 
long-term health [30]. 

Fig. 1. Illustration of the research design.  
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1.1. Rationale and main objective 

Existing research on environmental education programs in China primarily investigates their impact on specific environmental 
outcomes like air/water quality, waste reduction, and energy use. However, a gap exists in directly examining the link between 
environmental education expenditure and environmental innovation. This study addresses this gap by investigating the effects of 
environmental education expenditure on sustainable development in China. We explore how these programs influence air and water 
quality improvements, waste reduction practices, and energy consumption reduction efforts. 

2. Methods 

2.1. Research design 

Our study adopted a comparative and quantitative research design to investigate the impact of education expenditure on envi-
ronmental innovation in China (see Fig. 1). This design was chosen for its suitability in analyzing the relationship between education 
expenditure levels and environmental innovation outcomes across different Chinese provinces. 

2.2. Participants 

Our study involved a total of 650 participants, comprising 400 males and 250 females. The participants’ ages ranged from 18 to 65 
years, with a mean age of 35.4 years and a standard deviation of 4.7 years. This diverse group represented environmental experts, 
students, community representatives, and government officials from the selected Chinese provinces. Participants were recruited 
through a purposive sampling technique, ensuring that individuals with expertise and experience relevant to the study were included. 
Ethical considerations were observed throughout the recruitment process, with necessary permissions obtained as required. 

2.3. Grouping 

Participants were categorized into four groups for streamlined reference, each having roughly equal representation. Group A 
consisted of 200 participants, primarily students and teachers actively participating in formal environmental education programs 
within schools. Group B included 150 individuals drawn from communities or regions in China where local organizations or NGOs 
actively implemented environmental education programs. Group C encompassed 150 individuals engaged in web-based environ-
mental education programs or awareness campaigns, offering unique insights into online education’s impact on sustainability. Finally, 
Group D involved 150 businesses and industries in China that integrated environmental education into their corporate sustainability 
strategies. 

2.4. Data collection 

Data was collected from January 2022 to August 2023. All participants were issued an information sheet containing details 
about the study preceded by a consent form allowing them to participate or withdraw from the study. After this, they provided 
their demographic details on age and gender before completing the ESAS questionnaire. 

Our study used the "Environmental Sustainability Assessment Survey (ESAS)” instrument consisting of 25 questions distributed 
across various sections of environmental sustainability (https://jmp.sh/0ivR6I3N). Each question was measured on a 5-point Likert 
scale, where respondents rated their agreement or frequency on a scale ranging from 1 (Strongly Disagree) to 5 (Strongly Agree) or 
from 1 (Never) to 5 (Always), depending on the nature of the question. The total scores for each dependent variable were calculated by 
summing the responses to the respective questions, with higher scores indicating more favorable outcomes related to environmental 
sustainability. 

2.5. Data analysis 

All statistical analyses were performed using GraphPad Prism version 9.5.1 (GraphPad Software, San Diego, CA, USA). The Kruskal- 
Wallis H test assessed the impact of environmental education on dependent variables, including air/water quality improvements, 
waste reduction, resource conservation, biodiversity protection, energy use reduction, and public transit use (see Table 1). Regression 
analyses (including potentially specifying the type used) were conducted within each participant group to identify significant 

Table 1 
List of dependent and independent variables in the study.  

Independent Variables (Participant Groups) Dependent Variables (Environmental Outcomes) 

School-based programs Air quality, Water quality, Waste reduction, Resource conservation, Biodiversity, Energy use, Public transit 
Community-based initiatives Air quality, Water quality, Waste reduction, Resource conservation, Biodiversity, Energy use, Public transit 
Online platforms Air quality, Water quality, Waste reduction, Resource conservation, Biodiversity, Energy use, Public transit 
Corporate sustainability Air quality, Water quality, Waste reduction, Resource conservation, Biodiversity, Energy use, Public transit  
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predictors of environmental sustainability outcomes. Correlation analyses (Pearson’s coefficient) explored associations between 
dependent variables. Chi-square tests were used for categorical data to assess relationships with environmental sustainability re-
sponses. Statistical significance was set at p < 00.05 for all analyses. 

3. Results 

According to Table 2, Group A comprised 200 participants with an average age of 32.5 years (32.5 ± 4.2) and a gender distribution 
of 45 % male. In Group B, there were 150 participants with a mean age of 34.2 years and a higher proportion of males at 52 %. Group C 
included 180 participants, with an average age of 36.7 years and a gender distribution of 48 % male. Group D consisted of 120 
participants, with a mean age of 31.8 years and an even gender distribution of 50 % male. 

Fig. 2 displays the mean (M) and standard deviation (SD) for "Improvements in Air Quality" and "Improvements in Water Quality" 
across the four groups. In Group A, participants reported an average improvement in air quality of 2.5 (SD = 0.6) and an average 
improvement in water quality of 2.8 (SD = 0.5). Group B had slightly lower mean scores for air quality (M = 2.3, SD = 0.5) and water 
quality (M = 2.6, SD = 0.4). Group C showed the highest mean improvements, with 2.7 (SD = 0.7) for air quality and 2.9 (SD = 0.6) for 
water quality. Finally, in Group D, participants reported an average improvement in air quality of 2.4 (SD = 0.6) and an average 
improvement in water quality of 2.7 (SD = 0.5). 

According to Table 3, the Kruskal-Wallis H test revealed a statistically significant difference in the perceived impact of environ-
mental education on improvements in air and water quality across the four groups (χ2 (3) = 32.50, p = 0.002), suggesting that 
participants in some groups reported experiencing more significant positive environmental changes compared to others. 

Fig. 3 presents the mean (M) and standard deviation (SD) for "Reductions in Waste Generation" across the four groups. In Group A, 
participants reported an average reduction in waste generation of 3.0 (SD = 0.7), indicating a positive impact on waste reduction. 
Group B showed a slightly lower mean score for waste reduction (M = 2.8, SD = 0.6). Group C exhibited the highest mean decrease in 
waste generation, with a score of 3.2 (SD = 0.8), suggesting significant progress in waste reduction efforts. In contrast, Group D re-
ported an average reduction score of 2.9 (SD = 0.7). 

In Table 4, the Kruskal-Wallis H test revealed a statistically significant difference in the perceived impact of environmental edu-
cation on reductions in waste generation across the four groups (χ2 (3) = 42.76, p = 0.045). This suggests that participants’ perceptions 
of how environmental education influenced their waste reduction practices varied significantly between at least two groups. 

Fig. 4 displays the mean (M) and standard deviation (SD) for "Conservation of Natural Resources" across the four groups. In Group 
A, participants reported an average level of conservation of natural resources with a 2.9 (SD = 0.6) score. Group B showed a slightly 
lower mean score for conservation (M = 2.7, SD = 0.5). Group C exhibited the highest mean conservation score, with a value of 3.0 (SD 
= 0.7), indicating solid efforts in conserving natural resources. In contrast, Group D reported an average conservation score of 2.8 (SD 
= 0.6). 

In Table 5, the Kruskal-Wallis H test revealed a statistically significant difference in the perceived impact of environmental edu-
cation on conservation knowledge and practices related to natural resources and biodiversity across the groups (χ2 (3) = 56.25, p =
0.019). This suggests that participants in some groups reported a more significant influence of environmental education on their 
conservation efforts than others. 

Fig. 5 presents the mean (M) and standard deviation (SD) for "Reduction in Energy Use" across the four groups. In Group A, 
participants reported an average reduction in energy use with a score of 3.2 (SD = 0.7), indicating successful efforts in reducing energy 
consumption. Group B showed a slightly lower mean score for energy reduction (M = 3.0, SD = 0.6). Group C exhibited the highest 
mean energy reduction score, with a value of 3.3 (SD = 0.8), suggesting significant progress in reducing energy use. In contrast, Group 
D reported an average energy reduction score of 3.1 (SD = 0.7). 

According to Table 6, A multiple regression analysis was conducted to predict the reduction in energy use as an outcome of 
environmental education, with Group A to Group D as predictor variables. The regression model demonstrated statistical significance, 
F (3, 646) = 12.45, p < 0.001, and accounted for a substantial proportion of the variance in reduction in energy use, R^2 = 0.167. 
Significantly, all four predictor variables (Group A, Group B, Group C, and Group D) contributed statistically significantly to the 
prediction, p < 0.05. 

According to Table 7, A multiple regression analysis was conducted to predict the expansion of public transit options as an outcome 
of environmental education, with Group A to Group D as predictor variables. The regression model demonstrated statistical signifi-
cance, F (3, 646) = 15.82, p < 0.001, and accounted for a substantial proportion of the variance in expanding public transit options, 
R^2 = 0.213. Significantly, all four predictor variables (Group A, Group B, Group C, and Group D) contributed statistically significantly 
to the prediction, with p-values less than 0.05. 

Table 2 
Descriptive statistics for age and gender distribution across four groups.  

Group N Age (M ± SD) Gender Distribution (% Male) 

Group A 200 32.5 ± 4.2 45 % 
Group B 150 34.2 ± 3.8 52 % 
Group C 180 36.7 ± 4.1 48 % 
Group D 120 31.8 ± 3.5 50 %  
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4. Discussion 

Environmental education programs significantly impacted participants’ perceptions and behaviors related to sustainability. All 
groups reported improved air and water quality perceptions, highlighting the programs’ success in raising awareness. Waste reduction 
efforts varied across groups, with Group C demonstrating the most significant reduction, suggesting program design can influence 
waste management practices. Furthermore, environmental education positively influenced participants’ engagement in conservation 
practices, energy reduction behaviors, and public transportation utilization, underscoring the programs’ potential to promote broader 
sustainable living. Our findings on improved air and water quality perceptions and waste reduction efforts align with China’s proactive 
environmental policies. Studies by Li et al. [31] and Feng et al. [32] highlight government initiatives like phasing out coal-fired power 
plants and the Air Pollution Action Plan, which significantly improved air quality between 2013 and 2017. In Beijing, PM2.5 levels 
decreased by 33 % (Cheng et al. [33]), attributed to advancements in monitoring and a shift towards controlling secondary aerosols 
like ammonium nitrate and sulfate (previously neglected) [33]. These findings echo Gill and Lang’s [34] proposition that broader 
environmental efforts can contextualize environmental education. 

Our findings on environmental NGOs’ impact on reducing pollution and raising protection awareness align with previous research. 
Wang et al. [35] linked increased NGO presence with reduced PM2.5 concentrations, a key air pollutant harming public health. 
Similarly, Li et al. [36] showed NGOs’ influence on water quality improvement, likely due to their role in raising public awareness and 
advocating for stricter water quality standards. This aligns with the global focus on environmental health risks. A 2016 WHO study 
[37] found environmental factors contribute to roughly 23 % of global deaths (12.6 million annually), encompassing air pollution, 
poor water access, and sanitation issues. Environmental NGOs are critical in mitigating these risks by advocating for policy changes, 
conducting research, and raising public awareness. Zhang et al. further support our findings on the positive influence of environmental 
NGOs in China [38]. Their study linked higher NGO activity in Chinese cities with lower concentrations of particulate matter and sulfur 
dioxide, both pollutants associated with increased mortality rates. This suggests that environmental NGOs can play a pivotal role in 

Fig. 2. Mean and SD for improvements in air and water quality.  

Table 3 
Kruskal-Wallis H test for Perceived Impact of Environmental Education on Improvements in Air and Water Quality.  

Group N Median Rank 

A 200 325 
B 150 200 
C 180 400 
D 120 175 
Statistic Value df Asymp. Sig. (2-tailed) 
Kruskal-Wallis H 32.5 3 0.002  
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improving air quality and reducing mortality rates. 
Environmental education significantly influenced participants’ perceptions of natural resource conservation and biodiversity. 

Notably, online and web-based programs like the Green School Project demonstrated effectiveness. This aligns with Zeng et al. [39], 
who reported the project’s success in enhancing environmental consciousness among teachers and students. The project fosters a 
deeper understanding of environmental issues and promotes a commitment to protection through various activities [40,41]. Similarly, 
McBeath et al. [42] documented the China Environmental Education Centre’s (CEEC) National Contest for Middle School Students on 
Water Scientific Invention. This competition, linked to the Stockholm Junior Water Prize, encourages students to apply scientific 
knowledge to address water challenges, fostering observation, problem-solving, and environmental participation [40]. 

Our study aligns with research highlighting the effectiveness of specific environmental education programs in China. The Green 
Community Project, for example, promotes green consumption and fosters environmentally conscious lifestyles [43]. National green 
communities, numbering over 236, serve as micro-models of sustainable development, contributing to national environmental goals 
and fostering human-environment harmony [41]. Additionally, the China BELL Project, an international initiative focused on envi-
ronmental education, has demonstrated success through its multifaceted approach, including awareness raising, project expansion, 
and teacher training [41]. These examples showcase the positive influence of well-designed environmental education programs in 
promoting sustainable behaviors. 

The Environmental Kuznets Curve (EKC) hypothesis suggests a link between economic development and environmental degra-
dation, with pollution rising initially before technological advancements and environmental awareness leading to a decline [44]. Our 
study aligns with this concept. We observed that environmental education, potentially linked to increased spending on Sustainable 
Development Goal 4 (SDG 4), can foster innovation and responsible behavior changes. These changes can ultimately contribute to 
improved environmental outcomes in China, reinforcing education’s crucial role in achieving the UN SDGs related to environmental 
sustainability. Existing initiatives like the 1000 Environment-Friendly Youth Ambassadors Action Program exemplify this point. The 
program aligns with China’s environmental policy focus on energy conservation and emissions reduction, stimulating young volun-
teers’ enthusiasm for environmental protection and encouraging active involvement [41,45,46]. Highlighting the potential of envi-
ronmental education to mobilize young people and foster collective action, we propose scaling up such efforts to mobilize one million 

Fig. 3. Mean and SD for reductions in waste generation.  

Table 4 
Kruskal Wallis H test for Perceived Impact of Environmental Education on Reductions in Waste Generation.  

Group N Median Rank 

A 200 420 
B 150 300 
C 180 500 
D 120 280 
Statistic Value df Asymp. Sig. (2-tailed) 
Kruskal-Wallis H 42.76 3 0.045  

C. Yang and Z. Fang                                                                                                                                                                                                  



Heliyon 10 (2024) e32446

7

individuals in energy conservation and environmental protection. 
Environmental education has played a pivotal role in reducing energy consumption across various sectors, including Shenzhen’s 

corporate and industrial landscape. Qu et al. [47] found that businesses and industrial parks in the region have integrated environ-
mental education into their sustainability strategies, leading to the adoption of energy-efficient technologies and practices. This shift 
lowers energy use and enhances competitiveness and cost savings. Shenzhen’s position as an electric vehicle (EV) industry leader is a 
testament to the influence of environmental education [48]. These programs have raised awareness about the environmental benefits 
of EVs, driving the widespread adoption of electric buses and charging infrastructure. The city has also championed eco-friendly 
transportation options, such as maglev trains and rapid railways, reducing carbon emissions and improving urban mobility. These 
findings were echoed by Song et al. [49], who showed that environmental education initiatives have played a vital role in promoting 
energy-efficient buses and developing sustainable railway systems in public transport. By educating the public about the environ-
mental impacts of transportation choices and the benefits of low-emission options, Shenzhen has seen a significant shift towards more 
sustainable modes of travel [50]. 

Human capital fostered through education expenditure, is critical for environmental innovation [51]. An educated population with 
scientific knowledge and technical skills can develop environmentally friendly technologies in renewable energy, sustainable mate-
rials, and pollution control. Increased investment in education can cultivate a workforce capable of driving such innovation. Education 
is vital in raising environmental awareness and critical thinking skills. An environmentally literate population is more likely to un-
derstand environmental challenges, develop creative solutions, and adopt sustainable behaviors [52–54]. This highlights the inter-
connectedness of human capital, the environment, and education. Research suggests that human capital and renewable energy 

Fig. 4. Mean and SD for conservation of natural resources and biodiversity.  

Table 5 
Kruskal Wallis H test for Perceived Impact of Environmental Education on Conservation of Natural Resources and Biodiversity.  

Group N Median Rank 

A 200 450 
B 150 250 
C 180 520 
D 120 180 
Statistic Value df Asymp. Sig. (2-tailed) 
Kruskal-Wallis H 56.25 3 0.019  
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consumption significantly impact China’s environmental performance [52]. Similarly, studies show a positive influence of human 
capital on environmental quality, not just economic factors [53,54]. 

Studies in China support the positive influence of human capital on environmental sustainability. Lin et al. [55] found a correlation 
between innovative human capital and regional sustainability, suggesting that education fosters environmental awareness, 
problem-solving skills, and the ability to implement sustainable solutions. The impact extends beyond innovation. In middle-income 
countries, Choi et al. [56] demonstrated a positive association between environmental quality, human capital, and technological 
innovation. This suggests an educated population fosters public participation and advocacy for environmental protection, driving 
technological advancements and policy changes. 

Our study strengthens the case for environmental education by quantifying its environmental benefits and highlighting its uni-
versality and the potential for targeted approaches. The positive outcomes observed across diverse participant groups – school-based, 

Fig. 5. Mean and SD for reduction in energy use.  

Table 6 
Regression analysis for reduction in energy use.  

Predictor Variable Estimate SE 95 % CI Lower 95 % CI Upper p-value 

Group A 0.09 0.03 0.04 0.14 0.002 
Group B 0.06 0.02 0.03 0.09 0.007 
Group C 0.11 0.04 0.06 0.16 0.001 
Group D 0.05 0.02 0.02 0.08 0.009  

Table 7 
Regression analysis for expanding public transit options.  

Predictor Variable Estimate SE 95 % CI Lower 95 % CI Upper p-value 

Group A 0.14 0.05 0.08 0.20 0.001 
Group B 0.10 0.04 0.05 0.15 0.003 
Group C 0.17 0.06 0.10 0.24 0.001 
Group D 0.12 0.04 0.07 0.17 0.001  
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community-based, online, and corporate – demonstrate the broad applicability of environmental education. Our research goes beyond 
acknowledging this impact by providing evidence of measurable improvements in air/water quality, waste reduction, resource con-
servation, energy use, and public transit utilization. Furthermore, our findings suggest tailoring programs to specific contexts can 
enhance effectiveness. For example, online platforms might be ideal for promoting waste reduction strategies, while community 
programs could excel in fostering hands-on resource conservation practices. This highlights the need to move beyond a "one size fits all" 
approach and embrace targeted environmental education strategies. 

4.1. Strengths and limitations 

Our study offers valuable insights into the connection between environmental education programs and sustainable development 
practices in China. A key strength lies in its focus on measuring both environmental behaviors (waste reduction, energy use) and 
knowledge acquisition through the "Environmental Sustainability Assessment Survey" (ESAS). This allows for a more comprehensive 
understanding of the program’s impact. However, limitations are also present. The study relies on self-reported data, which can be 
susceptible to bias as perceptions might not perfectly reflect reality [57]. Additionally, focusing on the past five years might not capture 
long-term behavioral changes influenced by past educational experiences. Future research could benefit from incorporating objective 
measures of environmental outcomes alongside surveys and examining program design variations in greater depth. 

5. Conclusion 

This study provided compelling evidence for the multifaceted benefits of environmental education in promoting sustainable 
practices in China. We observed significant improvements in air and water quality perceptions, with online programs demonstrating 
particular effectiveness. Waste reduction efforts also showed promise, especially in online programs, highlighting their potential. 
Additionally, environmental education played a crucial role in promoting energy conservation, which is evident in Shenzhen’s 
transition towards sustainable transportation practices. These findings extend existing research by quantifying the positive impacts of 
environmental education on measurable environmental outcomes. Furthermore, our study offers valuable insights for policymakers. 
The effectiveness of targeted programs suggests the value of a multi-pronged approach. This includes mandating environmental ed-
ucation curricula across all educational levels, encouraging and supporting community-based environmental initiatives, investing in 
the development and accessibility of online environmental education platforms, and promoting collaboration between educational 
institutions and businesses to foster sustainable practices across sectors. By implementing these recommendations and learning from 
successful programs like the Green School Project and the National Water Invention Contest, China can further empower its citizens to 
contribute to environmental sustainability. The combined efforts of government policies, environmental NGOs, and educational ini-
tiatives hold immense potential for achieving long-term environmental progress and a harmonious relationship between humans and 
the environment. 
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Appendix 1. ESAS Questionnaire 

Introduction 

Thank you for taking the time to participate in this survey. This survey aims to understand the impact of environmental education 
programs on sustainable development practices in China. Your responses are anonymous and confidential. 

Demographics  

• Age: (open-ended)  
• Gender: (Select one)  

o Male  
o Female  
o Non-binary 
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o Prefer not to say 

Environmental Education Experience/Measurement  

• How important is environmental education in promoting sustainable development practices? (1–5)  
• To what extent do you believe environmental education programs have increased your knowledge about environmental issues in 

China? (1–5)  
• How likely are you to recommend an environmental education program to a friend or family member? (1–5) 

Environmental Sustainability Practices  

1. How knowledgeable do you feel about environmental issues facing China today? (1- Strongly Disagree; 5- Strongly Agree) 
2. To what extent do you believe environmental education programs have influenced your understanding of environmental sus-

tainability? (1- Not at all; 5- To a great extent)  
3. How likely are you to participate in future environmental education programs or initiatives? (1- Very unlikely; 5- Very likely) 

Environmental Sustainability Assessment (Please rate your agreement with the following statements) 

Section 1: Improvements in Air and Water Quality  

1. To what extent do you agree or disagree that environmental education has increased your awareness of air quality issues?  
• Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

2. How frequently do you engage in activities to reduce air pollution since participating in environmental education programs?  
• Never (1) - Rarely (2) - Occasionally (3) - Often (4) - Always (5)  

3. Have you noticed improvements in the quality of the water sources in your community following environmental education 
initiatives?  
• Not at all (1) - Slightly (2) - Moderately (3) - Significantly (4) - Very significantly (5)  

4. Do you actively participate in water conservation efforts as a result of environmental education?  
• Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

5. Please rate the overall impact of environmental education on air and water quality in your area.  
• No Impact (1) - Minimal Impact (2) - Moderate Impact (3) - Significant Impact (4) - Very Significant Impact (5) 

Section 2: Reductions in Waste Generation 

1. How often do you practice waste reduction techniques learned through environmental education? Never (1) - Rarely (2) - Occa-
sionally (3) - Often 

(4) - Always (5)  

2. Has environmental education influenced your recycling habits? Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - 
Strongly Agree (5)  

3. Have you observed a decrease in waste generation within your household or community due to environmental education efforts? 
Not at all (1) - Slightly (2) - Moderately (3) - Significantly (4) - Very significantly (5)  

4. Do you actively participate in initiatives to reduce plastic usage after environmental education? Strongly Disagree (1) - Disagree (2) 
- Neutral 

(3) - Agree (4) - Strongly Agree (5)  

5. Please rate the overall impact of environmental education on waste reduction in your area. No Impact (1) - Minimal Impact (2) - 
Moderate Impact (3) - Significant Impact (4) - Very Significant Impact (5) 

Section 3: Conservation of Natural Resources  

1. To what extent do you agree or disagree that environmental education has increased your awareness of the importance of natural 
resource conservation? 

Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

2. How frequently do you engage in activities aimed at conserving natural resources since participating in environmental education 
programs? 
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Never (1) - Rarely (2) - Occasionally (3) - Often (4) - Always (5)  

3. Have you noticed improvements in the conservation of local natural resources following environmental education initiatives? 

Not at all (1) - Slightly (2) - Moderately (3) - Significantly (4) - Very significantly (5)  

4. Do you actively participate in reforestation or habitat restoration efforts as a result of environmental education? 

Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

5. Please rate the overall impact of environmental education on the conservation of natural resources in your area. 

No Impact (1) - Minimal Impact (2) - Moderate Impact (3) - Significant Impact (4) - Very Significant Impact (5) 

Section 4: Protection of Biodiversity  

1. To what extent do you agree or disagree that environmental education has increased your understanding of biodiversity 
conservation? 

Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

2. How often do you participate in biodiversity conservation activities after taking part in environmental education programs?  
• Never (1) - Rarely (2) - Occasionally (3) - Often (4) - Always (5)  

3. Have you observed an increase in the protection of local biodiversity due to environmental education efforts?  
• Not at all (1) - Slightly (2) - Moderately (3) - Significantly (4) - Very significantly (5)  

4. Do you actively engage in wildlife protection or habitat preservation as a result of environmental education?  
• Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

5. Please rate the overall impact of environmental education on the protection of biodiversity in your area.  
• No Impact (1) - Minimal Impact (2) - Moderate Impact (3) - Significant Impact (4) - Very Significant Impact (5) 

Section 5: Reducing Energy Use  

1. To what extent do you agree or disagree that environmental education has increased your understanding of energy conservation 
and efficiency?  
• Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

2. How often do you implement energy-saving practices following participation in environmental education programs?  
• Never (1) - Rarely (2) - Occasionally (3) - Often (4) - Always (5)  

3. Have you observed a reduction in energy consumption within your household or community due to environmental education 
efforts?  
• Not at all (1) - Slightly (2) - Moderately (3) - Significantly (4) - Very significantly (5)  

4. Do you actively support renewable energy sources and energy-efficient technologies as a result of environmental education?  
5. Please rate the overall impact of environmental education on reducing energy use in your area.  

• No Impact (1) - Minimal Impact (2) - Moderate Impact (3) - Significant Impact (4) - Very Significant Impact (5) 

Section 6: Public Transit Options  

1. How often do you choose public transportation over personal vehicles as a sustainable means of travel since participating in 
environmental education programs?  
• Never (1) - Rarely (2) - Occasionally (3) - Often (4) - Always (5)  

2. Has environmental education influenced your preference for eco-friendly transportation options, such as public transit or 
carpooling?  
• Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

3. Have you observed an increase in the availability and accessibility of public transit options in your area due to environmental 
education initiatives?  
• Not at all (1) - Slightly (2) - Moderately (3) - Significantly (4) - Very significantly (5)  

4. Do you actively promote the use of public transit and sustainable transportation methods as a result of environmental education?  
• Strongly Disagree (1) - Disagree (2) - Neutral (3) - Agree (4) - Strongly Agree (5)  

5. Please rate the overall impact of environmental education on expanding public transit options in your area.  
• No Impact (1) - Minimal Impact (2) - Moderate Impact (3) - Significant Impact (4) - Very Significant Impact (5) 
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Additional Information 

Is there anything else you would like to share about your views on environmental sustainability or your experience with envi-
ronmental education programs? (open-ended). 

Thank you! 
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