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ABSTRACT 

TITLE: An Assessment of Environmental Literacy among Undergraduate Students 

at Two National Universities in Hubei Province, China 

AUTHOR: Yan Zhu 

MAJOR ADVISOR: Thomas J. Marcinkowski, Ph. D. 

 

In China, there have been several national environmental surveys and 

studies of environmental literacy (EL) variables, but no broader assessment of EL 

in any population. This study investigated the status of EL among undergraduate 

students at two national universities in Hubei Province, China. Based on reviews of 

environmental education literature, as well as frameworks for and assessments of 

EL, eight variables were selected for this investigation: environmental worldview 

(NEP), environmental sensitivity (ES), willingness to act (WILL), perceived skills 

in investigating and evaluating problems and issues (PSPI), perceived skills in 

using citizen participation strategies (CPS), perceived knowledge of ecology and 

earth system science (PKEE), perceived knowledge of environmental science 

(PKES), and environmentally responsible behavior (ERB). 

The researcher developed and validated the Undergraduate Students 

Environmental Literacy Instrument (USELI) based on Dunlap et al.’s (2000) NEP 

scale, results of pilot studies, reliability and factor analyses, and a validity panel 

review. The USELI was administered as a pencil-and-paper survey to 

undergraduate students majoring in science and non-science fields at these two 



 

iv 

 

universities (N = 577). After data preparation and preliminary analyses, descriptive 

statistics were calculated for Research Question 1 (N = 464). For Research 

Questions 2−4, hierarchical regression was used to determine the effects of Set A 

(Affective Dispositions), Set B (Perceived Skills), and Set C (Perceived 

Knowledge) on ERB (N = 406).  

For the total sample, students’ average scores were: WILL (80%), NEP 

(77%), PKEE (67%), PKES (66%), ES (63%), PSPI (51%), ERB (46%), and CPS 

(45%). After transforming scale scores into component scores, average component 

scores were: affective dispositions (71%), perceived knowledge (67%), perceived 

skills (48%), and ERB (46%). For the hierarchical regression analyses, the overall 

model containing Sets A, B, and C accounted for 50.8% of the variance in students’ 

ERB scores. Null hypotheses regarding the influence of Set A, Set B, and Set C on 

students’ ERB scores were rejected. This study contributes a valid and reliable 

instrument for use in future studies of this kind. Findings from this study also add 

to the research base for developing an EL framework that reflects political, socio-

economic, and ecological conditions in China. 
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Chapter 1 

Introduction 

Background 

In the past century, rapid industrialization, urbanization, and population 

growth on a global scale have caused increasing anthropogenic environmental 

problems. As of December 2014, China had the world’s largest population of 1.36 

billion (Population Reference Bureau, 2014), and also was the world’s largest 

consumer of energy (Swartz & Oster, 2010). Since the Chinese government 

adopted the policy of reform and opening up to the outside world in 1978, China 

has experienced rapid economic growth (World Bank, 2007). Nonetheless, many 

Chinese citizens failed to realize that the soaring economy in their country was 

achieved with a heavy price, namely environmental pollution and ecological 

deterioration (World Bank, 2007). 

Environmental conditions in China. According to the 2014 

Environmental Performance Index reported by a research team at Yale University, 

China ranked 118 out of 178 countries in the world (Yale University, 2014). The 

coal that has powered prosperous economic growth in China also devastated its 

environment and endangered the health of millions of residents there. A study in 

Nature reported that acid rain has covered a quarter of major cities in China for 

more than 60% of rainy days per year since 1990, and three quarters of Chinese 

residents lived in urban areas with a China’s Air Quality Index of three, meaning 

that it was unhealthy to breathe and may cause heart or lung diseases (Liu & 
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Diamond, 2005). In the past winters, many cities in Northern China experienced 

prolonged smog so severe that the visibility shrank to less than 50 meters. With a 

growing affluence of the average Chinese household, the number of vehicles and 

the expansive transportation network further worsened the air quality. Although the 

Chinese government has issued regulations to phase out leaded gasoline since 

1999, in metropolitan areas with a population of at least 10 million, 9.2% of 

children showed a blood lead level (BLL) higher than 10 μg/dL, which is the 

threshold BLL recommended by the World Health Organization (Shi et al., 2011). 

Water scarcity and water pollution are other chronic problems. With an 

increasing demand for agricultural, domestic, and industrial use, two-thirds of 

approximately 660 cities in China had less water than they need, and densely 

populated megacities such as Beijing, suffered severe water shortages (Economy, 

2004). Further, water quality has been under serious threats from a variety of 

sources, including untreated domestic sewage, agricultural runoff with excessive 

pesticides and fertilizers, illegal discharge of industrial wastewater, and 

contaminated groundwater caused by hazardous waste landfills (World Bank, 

2007). It is alarming that 42% of the water in the seven major river systems in 

China had a Water Quality Index of three, meaning it was unfit for human 

consumption (Brettell, 2003). 

In addition to air pollution and water problems, China has been affected by 

other global environmental problems, including climate change, ocean 

acidification, desertification, and loss of biodiversity (Organization for Economic 
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Co-operation and Development [OECD], 2008). The environmental crisis in 

current China has worsened to a point of causing economic decline and even 

jeopardizing social stability and international reputation (Brettell, 2003). 

Neighboring countries such as Japan and South Korea have long complained of the 

acid rain produced by China’s coal-burning power plants and toxic particles carried 

by the eastbound dust storms that sweep across the Pacific Ocean. 

Evolution of environmental education in China. Although a philosophy 

of “harmonious existence of human and nature” was articulated by Lao Tzu in the 

Tao Te Ching thousands of years ago (Hu, 2014; Marks, 2012), China lagged 

behind the international community on conservation and environmental protection. 

The United Nations Conference on the Human Environment held in Stockholm, 

Sweden in 1972 was a milestone in the history of environmental education (EE) in 

China (Kwan & Lidstone, 1997; Lee & Tilbury, 1998; Tian, 2004; United Nations 

[UN], 1972). Following this conference, EE was formally established in China 

through administrative and legislative efforts that provided for environmental 

protection. An Environmental Protection Working Group was formed by the State 

Council in 1973, and later was institutionalized as the State Environmental 

Protection Administration (SEPA). For the first time, The Constitution of The 

People’s Republic of China stated the significance of environmental protection, 

conservation, and prevention of environmental pollution and hazards (National 

People’s Congress [NPC], 1978). Accordingly, The Trial of Environmental 

Protection Law specified the legal responsibilities of environmentally destructive 
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behavior and addressed the needs for environmental publicity and education (NPC, 

1979). Subsequently, EE entered formal education at the tertiary level when 

Qinghua University initiated the first undergraduate program in environmental 

engineering in 1977 (Li, 2005). However, neither the government nor the general 

public realized the importance of a broader goal and a wider audience of EE at this 

early stage (Institute for Global Environmental Strategies [IGES], 2009). During 

the Initiation Period (1972–1991), EE was treated as environmental 

science/technology education, and was targeted at environmental professionals and 

governmental officials (Ji, 2010; Tian, 2004). 

After the Chinese delegation attended the United Nations Conference on 

Environment and Development held in Rio de Janeiro, Brazil in 1992 (UN, 1992), 

the ideas of sustainability, together with its definition and principles, were 

incorporated into national policies and gained wide popularity among the Chinese 

society (Administrative Center for China’s Agenda 21 [ACCA], 1994; Tian, 2004; 

Yang, 2006). The Chinese government realized the urgent need for EE at the 

elementary and secondary levels, and soon issued a National Action Plan on 

Environmental Publicity and Education (1996–2010) that clarified the objectives, 

characteristics, content, and types of EE in China (SEPA, 1996). During the 

Developing Period (1992–2001), major EE efforts included the establishment of the 

Center for Environmental Education and Communication (CEEC) as an affiliation 

to SEPA, and the implementation of several nationwide EE programs such as 

Environmental Educators’ Initiative and Green Schools. These programs greatly 
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contributed to EE trainings for pre-service and in-service teachers, the compiling 

and dissemination of lesson plans and teaching materials for EE, as well as 

literature reviews, research studies, and evaluation in the field of EE (World Wide 

Fund for Nature [WWF], 2014). 

In addition to governmental efforts, environmental non-governmental 

organizations (ENGOs) also played a significant role in increasing public 

awareness of, and participation in environmental protection, both informally and 

socially. For instance, the China Environmental Culture Promotion Association 

organized nationwide activities such as China Environmental Culture Festival and 

Green Person of the Year. In addition, the China Environmental Protection 

Foundation funded several nationwide environmental surveys and organized annual 

environmental protection forum. Further, Beijing-headquartered ENGOs such as 

Friends of Nature have been instrumental in the development of more than 2,000 

grassroots ENGOs and on-campus environmental clubs or associations across 

China (Li & Dong, 2010). 

Although China’s Agenda 21 recommended that schools should either offer 

EE as a separate course or integrate EE content in the required subjects such as 

biology and geography (ACCA, 1994), there were not any official document 

directly relating to the practice of EE through compulsory education during this 

second stage. After the World Summit on Sustainable Development was held in 

Johannesburg, South Africa in 2002, the Ministry of Education (MOE) issued two 

official documents on EE: The Educational Outline on Environmental Education 
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for Elementary and Secondary Schools, and The Implementation Guidelines on 

Environmental Education for Elementary and Secondary Schools (MOE, 2003a, 

2003b). These two documents provided a comprehensive description of program or 

projects that can be developed and implemented in China’s elementary and 

secondary schools. During the eighth basic education reform in China, EE was 

integrated into the national curriculum based upon its interdisciplinary nature. 

During the Transformation Period (2002–present), SEPA was upgraded and 

renamed as the Ministry of Environmental Protection (MEP), a cabinet-level 

ministry with major responsibilities in areas such as implementing environmental 

policies, monitoring environmental problems, enforcing environmental laws and 

regulations, and promoting environmental communication and education. To 

commemorate the 45th World Earth Day, the Chinese government recently passed 

The Third Environmental Protection Law, which provided legal basis for the annual 

observance of World Environment Day (WED) on June 5 and the integration of EE 

into formal education (NPC, 2014).  

To summarize, although EE in China has been following the international 

trend since 1972, it has evolved from an imported concept to a localized practice 

with Chinese characteristics. With more than 40 years of development in China, 

both the goals and the content of EE have broadened and diversified, as have the 

people engaged in EE and the methods used for EE. It appears that EE was 

established in China through administrative and legislative efforts that provided for 

environmental protection, but the Chinese government has withdrawn gradually 
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from the center of the stage and has allowed a collaborative effort among 

governmental agencies, ENGOs, businesses, and other social sectors (Economy, 

2004; Moore, 2001; Roch, Wilkening, & Hart, 2007). Nonetheless, there were 

criticisms that economic development still ranked top on the government’s agenda 

(Wasmer, 2005), despite that environmental protection has been established as one 

of the fundamental national policies in China since 1983 (Tian & Zeng, 2011). In 

addition, a historical review of EE in China revealed that the priority of EE has 

been given to the knowledge of science and technology for use in solving 

environmental problems, rather than to the cognitive skills for use in dealing with 

environmental issues involving political, socio-economic, and ecological concerns 

(Tian, 2004). Beyond this, it was argued that China has shifted from EE to 

education for sustainable development (ESD) after the signing of Agenda 21 (e.g., 

IGES, 2009; Yang, Lam, & Wong, 2010). Therefore, greater efforts are required for 

future development of EE in China, and the responsibility of researchers and 

practitioners in the fields of EE and ESD to promote environmental literacy with 

sustainability in mind is tremendous. 

Research Problem 

Although the term environmental literacy (EL) appears to have been first 

used in an issue of Massachusetts Audubon by Roth in 1968 (McBride, Brewer, 

Berkowitz, & Borrie, 2013; Roth, 1992), this word was not translated into Chinese 

until 1999 when the Chinese Academy of Educational Science and Beijing Institute 

of Education conducted an assessment of EL among secondary teachers in Beijing 
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City, China (Zeng, 2004). When SEPA officially used huan jing su yang (i.e., EL in 

Chinese Pinyin) in its newsletter for Green School Program in 2001, EL attracted 

the attention of Chinese scholars in the field of education (Zeng, 2004). However, 

my review of published EE literature in China over the years 2003–2013 revealed 

that EL and its associated variables are not well understood there. Due to several 

nationwide environmental surveys in China (e.g., MEP, 2014; SEPA, 1998; SEPA, 

2008), environmental awareness has been regarded as a broad concept, or an 

equivalent construct as EL, rather than as an aspect, or a subset of EL. 

Since the 1980s, EE has been considered as the most important means of 

implementing the goals for environmental protection set by the Chinese 

government (ACCA, 1994; Li, 2005), and there has been a growing effort to 

investigate knowledge, attitudes, and behavior of Chinese citizens toward the 

environment (e.g., Sun, 2006; Zeng, 2004). Although such emphasis on knowledge, 

attitudes, and behavior has been relatively common (e.g., SEPA, 1998; Wang, 

2007), the use of this as a framework for EL is not supported by prior research 

outside China (e.g., Hungerford & Volk, 1990; Kolmuss & Agyeman, 2002). In 

addition, previous studies in China missed several key components of EL, 

including cognitive skills and other affective components such as environmental 

sensitivity and willingness to act (Hollweg et al., 2011; Hungerford & Volk, 1990; 

Roth, 1992; Simmons, 1995; Wilke, 1995). Finally, it is difficult to draw 

generalizations from the existing EE studies in China due to methodological issues 
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related to the validity and reliability of their instruments, sampling strategies, as 

well as data collection and analysis methods within and across these studies. 

Internationally, several models have been proposed to achieve the goals of 

EE. Early research adopted the knowledge–attitude–behavior model, which 

suggested that more environmental knowledge would contribute to the 

development of pro-environmental attitudes, and subsequently led to 

environmentally responsible behavior (e.g., Bohl, 1977; Eyers, 1976; Perkes, 1974; 

Ramsey & Rickson, 1977; Richmond, 1977). However, reviews of theory and 

research into the underlying assumptions pertaining to the knowledge–behavior, 

knowledge–attitude, and attitude–behavior relationship do not support the validity 

of the knowledge–attitude–behavior model (Bamberg & Moser, 2007; Hines, 

Hungerford, & Tomera, 1986/87; Hungerford & Volk, 1990; Kolmuss & Agyeman, 

2002; Marcinkowski, 2004). 

On the basis of historical definitions, the research and evaluation literature, 

and significant learning outcomes in EE, researchers in the United States have 

developed well-acknowledged frameworks for EL (McBride et al., 2013). Since 

2000, a number of research teams have adopted these frameworks and conducted 

large-scale assessments of EL across the world (Marcinkowski et al., 2013), 

including countries and regions such as the South Korea (2002–2003), Israel 

(2004–2006), the United States (2006–2008), Turkey (2008–2009), and Taiwan 

(2012–2013). Nonetheless, there has not yet been any broad assessment of EL in 

China. 
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Research Purpose 

The purpose of this study was to investigate the status of environmental 

literacy among undergraduate students at two national universities in Hubei 

Province, China. The overarching research question for this study was: “What are 

the characteristics of environmental literacy among undergraduate students at two 

national universities in Hubei Province, China?” 

Research questions. Four research questions were derived from the 

purpose of this study. 

1. What is the status of environmental literacy among undergraduate 

students at two national universities in Hubei Province of China 

pertaining to the following environmental literacy variables: 

a. environmental worldview,  

b. environmental sensitivity,  

c. environmentally responsible behavior,  

d. perceived knowledge of ecology and earth system science, 

e. perceived knowledge of environmental science, 

f. perceived skills in investigating and evaluating problems and 

issues, 

g. perceived skills in using citizen participation strategies, and 

h. willingness to act? 
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2. What is the relationship between Affective Dispositions (Set A: 

environmental worldview, environmental sensitivity, and willingness to 

act) and environmentally responsible behavior? 

3. What is the relationship between Perceived Skills (Set B: perceived 

skills in investigating and evaluating problems and issues, and 

perceived skills in using citizen participation strategies) and 

environmentally responsible behavior in the presence of Affective 

Dispositions (Set A)? 

4. What is the relationship between Perceived Knowledge (Set C: 

perceived knowledge of ecology and earth system science, and 

perceived knowledge of environmental science) and environmentally 

responsible behavior in the presence of Affective Dispositions (Set A) 

and Perceived Skills (Set B)? 

Research hypotheses. The first research question (RQ 1) is descriptive in 

nature, so no research hypothesis is needed. The next three research questions  

(RQs 2–4) pertain to the relationships of sets of EL variables in this investigation to 

environmentally responsible behavior. On the basis of prior research, the relative 

order and strength of these relationships were hypothesized as follows. 

H1: Affective Dispositions (Set A: environmental worldview, environmental 

sensitivity, and willingness to act) will make a statistically significant contribution 

to the explained variance in the environmentally responsible behavior scores. 



 

12 

H2: When examined in the presence of Affective Dispositions (Set A), 

Perceived Skills (Set B: perceived skills in investigating and evaluating problems 

and issues, and perceived skills in using citizen participation strategies) will make a 

statistically significant contribution to the explained variance in the 

environmentally responsible behavior scores. 

H3: When examined in the presence of Affective Dispositions (Set A) and 

Perceived Skills (Set B), Perceived Knowledge (Set C: perceived knowledge of 

ecology and earth system science, and perceived knowledge of environmental 

science) will make a statistically significant contribution to the explained variance 

in the environmentally responsible behavior scores. 

Significance of the Study 

The idea that education can make an important contribution to the well-

being of human society is axiomatic. The Tbilisi Declaration and Agenda 21 

emphasized the significance of basic education, both formal and non-formal, in 

improving people’s knowledge and skills about environmental problems and issues, 

as well as in promoting environmental and ethical awareness, values and attitudes, 

and behavior consistent with sustainable development (UN, 1992; The United 

Nations Organization for Education, Science and Culture [UNESCO], 1978). If 

human activities are one of the main causes of environmental problems and issues, 

humans can and should be part of the solution. With urgent concerns about 

environmental pollution and ecological destruction, China must prepare its people 
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to be environmentally literate citizens in order to find feasible, optimal solutions for 

its growing environmental challenges. 

Undergraduate students are receptive to new knowledge and innovative 

ideas, and are one of the major forces for social progress. With a college enrollment 

rate of 30%, undergraduate students studying at 2,790 universities and colleges in 

China play an important role in shaping the future of China (MOE, 2014). 

According to China’s National Plan for Medium and Long-term Education Reform 

and Development (2010–2020), it is estimated that the number of Chinese citizens 

with a bachelor’s degree will double to nearly 200 million by 2020 (MOE, 2009). 

Nonetheless, EE studies in China focused more on the general public or school 

children there, or mixed undergraduate students with other adult populations. In 

addition, studies investigating one or more EL variables among university and 

college students did not adopt the well-acknowledged EL frameworks used by 

researchers outside China, missing several key components of EL such as cognitive 

skills and other affective variables (e.g., environmental sensitivity). Thus, this was 

the first study to conduct a broader assessment of EL among undergraduate 

students at two national universities in Hubei Province, China.  

My review of EE studies in China raised questions about the validity and 

reliability of their scales and instruments used to assess one or more EL variables 

there. Due to a limited understanding of the nature and conceptualization of EL, 

there is a need for researchers to report their detailed instrument development 

procedures. The current study developed and validated a researcher-constructed 
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instrument called the Undergraduate Students Environmental Literacy Instrument 

(USELI) on the basis of a thorough review and analysis of EE literature, an in-

depth understanding of existing frameworks for EL, and results of pilot studies 

pertaining to the use of the New Ecological Paradigm (NEP) scale within Chinese 

populations, experiences or factors associated with environmental sensitivity, self-

reported environmental behaviors by undergraduate students, and the 

environmental content in the MOE’s (2003c) high school curriculum. Feedback 

from validity panelists and results of reliability analyses indicated that the USELI 

had sufficient validity and reliability. Therefore, the USELI can be used in future 

assessments of EL among undergraduate students in China, and this will allow 

comparisons across studies. Furthermore, findings from this study and from future 

studies can add to the research base for developing an EL framework in accordance 

with political, socio-economic, and ecological conditions in China.  

As there has not yet been a broad assessment of EL among any population 

in China, results of this study can be used as a reference point to understand the 

current status of EL among undergraduate students at two national universities in 

Hubei Province, China. Findings from this study also can be used to reexamine the 

goals and objectives of existing EE programs for undergraduate students at these 

two universities, and to design effective EE programs at the university level in 

China. Finally, this study can provide empirical information to improve the 

implementation of EE policies and guidelines issued by China’s Ministry of 

Education in order to increase the level of EL among undergraduate students there. 
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Assumptions, Delimitations, and Limitations of the Study 

Assumptions for this study included: (a) selected EL variables in this study 

are measurable attributes that students possess to some observable and/or 

measurable extent; (b) the general concept of EL is transferable across cultural 

backgrounds, but the content of each EL variable and the relationships among these 

variables are culturally-based; and (c) students followed the directions and provided 

honest responses to the items in the USELI. 

Delimitations. Delimitations are restrictions that a researcher imposes to 

make the implementation of a study realistically feasible. The scope and methods 

of the current study were delimited in several ways. First, this study was delimited 

to 577 full-time undergraduate students enrolled in spring 2015 semester at two of 

seven national universities in Hubei Province, China, including a national 

comprehensive university (i.e., University 01) and a national normal university 

(i.e., University 02). Thus, it might not be appropriate to extend findings from this 

study to undergraduate students at the provincial or private universities and 

colleges in Hubei Province, to part-time student or graduate students at any 

university and college in Hubei Province, or to undergraduate and graduate students 

at the national, provincial, or private universities and colleges outside Hubei 

Province, China.  

Second, for practical reasons and feasibility, this study was delimited to 

undergraduate students majoring in five science fields (i.e., environmental sciences, 

geography, biology, chemistry, and physics), and five non-science fields (i.e., 
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journalism, Chinese, history, political science, and public administration) at these 

two universities. Due to a variety of educational background and the diversity of 

socio-economic status of undergraduate students, students who participated in this 

study did not all have equal access to EE activities or field trips organized by their 

schools, lectures and community service projects organized by environmental 

organizations, or family vacations to natural area prior to their participation in this 

survey. Thus, it might not be appropriate to extend findings from this study to a 

different sample with distinct demographic, educational, and parental 

characteristics of the total sample in this study. 

Third, due to the restriction of resources and the differences among existing 

frameworks for EL, this study was delimited to eight EL variables selected for this 

investigation. These eight EL variables were: environmental worldview (NEP), 

environmental sensitivity (ES), willingness to act (WILL), perceived skills in 

investigating and evaluating problems and issues (PSPI), perceived skills in using 

citizen participation strategies (CPS), perceived knowledge of ecology and earth 

system science (PKEE), perceived knowledge of environmental science (PKES), 

and environmentally responsible behavior (ERB). Thus, results of this study would 

not be applicable to other EL variables in the published EL frameworks (e.g., locus 

of control, personal responsibility or personal norms).  

A fourth delimitation pertains to the instrument and the method for data 

collection. This study was delimited to a pencil-and-paper survey using a 

researcher-constructed instrument called the USELI, which consisted of 69 items 
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measured on a 5-point Likert scale, as well as open-ended questions and items 

using a multiple-choice format. For this reason, studies that use direct observation, 

online survey, a different instrument, or the same instrument in which items are 

measured on a different scale might not get the same results.  

Limitations. Limitations are conditions outside the control of the researcher 

that limit the generalizability of the results of a study. It is my hope that the results 

of this study may be generalized to my target population that included all full-time 

undergraduate students at a national comprehensive university and a national 

normal university in Hubei Province, China. Nonetheless, any conclusions or 

inferences based on the results of this study should be considered with respect to 

the limitations as follows.  

First, this study used a convenience sample of 577 undergraduate students 

majoring in 10 academic fields at two national universities in Hubei Province, 

China. To address the selection bias as a threat to internal validity, the researcher 

planned to collect demographic information from both the target population and the 

accessible population, and compared the sample characteristics to those two 

populations. Unfortunately, information about the characteristics of the accessible 

population could not be obtained by the researcher, and therefore could not be 

compared in this study. In addition, only limited information could be obtained by 

the researcher to describe the demographic characteristics of the target population. 

For this reason, studies that use a random sample or a convenience sample with 

different sample characteristics might not get the same results. 
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Second, this study used a researcher-constructed instrument, which has been 

translated by the researcher from English to Chinese to facilitate data collection. To 

control instrumentation as a threat to internal validity, the researcher submitted 

both English and Chinese versions of a draft of the USELI to a validity panel 

consisting of six Chinese experts for content validity, face validity, translation 

problems, and ease of use. Based on their comments and suggestions, the 

researcher revised and field-tested the draft version of the USELI prior to the full 

study. Results of reliability analyses suggested a relatively high internal consistency 

of the USELI with Cronbach’s alpha values ranging from .70 to .94 (Table 3.12, p. 

141). Items with corrected item-total correction values less than .30 were modified, 

dropped, or retranslated for use in the final USELI. Thus, studies that use a 

different translation of the NEP scale developed by Dunlap, Van Liere, Mertig, and 

Jones (2000), or use a different instrument for EL assessment might not get the 

same results. 

Third, the USELI was administered as a pencil-and-paper survey to a 

sample of 577 undergraduate students in this investigation. However, among the 

568 returned surveys, only 510 provided valid responses, resulting in a final 

response rate of 88.54%. Further, due to a considerable number of invalid responses 

within scales in the USELI, results of preliminary analyses revealed that only a 

sample of 464 students could be used in the primary data analysis. The substantial 

loss of participants (n = 113) may be explained by my absence at the data collection 

sites and the number of data collectors (i.e., 10 student representatives at University 
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01 and one faculty member at University 02). To control data collector bias, the 

researcher met and provided clear instruction to data collectors prior to the 

administration of the USELI so that they were able to administer the survey in a 

consistent way. Thus, subsequent studies that have a higher rate of valid responses, 

a strict control over data collection procedures, or use other data collection methods 

such as face-to-face interview or online survey, might yield different results. 

Fourth, this study was limited to a statistical model using a hierarchical 

multiple regression analysis and outlier analyses using Mahalanobis Distance and 

Cook’s D. In order to meet the six regression assumptions suggested by Cohen, 

Cohen, West, and Aiken (2003), 58 outliers were removed from the study sample. 

Thus, studies that use a different statistical model (e.g., bootstrapping), or a 

different method concerning the identification and removal of outliers, might not 

get the same results. 

Lastly, results of Set C, Perceived Knowledge, were limited by the power of 

this study. As reported in Table 3.6 (p. 126), the statistical power for the overall 

model as well as for Sets A and B was 1, higher than the threshold power level 

recommended by Cohen et al. (2003). However, the power for Set C was only .42, 

and in order for Set C to reach a power of .80, a sample of at least 967 students 

would have been needed to participate in this study. Thus, studies that use a larger 

sample size might not get the same results. 

Definition of Terms 

Key terms relevant to this study were defined as follows. 



 

20 

1. Affective dispositions refers to factors within individuals that allow them to 

reflect on environmental features, conditions, problems, or issues at the 

interpersonal level, and to act on them if they judge these problems or issues 

warrant action (Simmons, 1995). In this study, affective dispositions included 

three variables: environmental worldview, environmental sensitivity, and 

willingness to act. 

2. Assessment is defined as a purposeful data collection process that includes 

gathering, scoring, and interpretation evidence of prior experience, learning, 

and development, but that does not encompasses decisions or value judgments 

(Marcinkowski, 1993, 2006). 

3. Attitudes refer to a set of cognitive and affective dispositions that function 

according to an individual’s views, pro or con, favorable or unfavorable, toward 

some particular aspects of the environment or objects related to the 

environment (Hines et al., 1986/87). In this study, environmental attitude is 

used interchangeably with environmental worldview, which was defined 

operationally by the NEP scores measured using a Chinese version of the  

15-item NEP scale developed by Dunlap et al. (2000). 

4. China refers to the People’s Republic of China that consisted of 22 provinces 

(e.g., Hubei Province), five autonomous regions (i.e., Xinjiang, Inner Mongolia, 

Tibet, Ningxia, and Guangxi), and four direct-controlled municipalities (i.e., 

Beijing, Tianjin, Shanghai, and Chongqing). The vast geographical territory of 

China, including two special administrative regions (i.e., Hong Kong and 
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Macau), and disputed regions such as Taiwan and islands in the South China 

Sea, are not within the scope of this investigation. 

5. Environment refers to the circumstances or conditions that surround an 

organism or group of organisms as well as the complex of social or cultural 

conditions that affect an individual or community (Cunningham & Saigo, 

2001). 

6. Environmental education can be defined as a process aimed at producing a 

citizenry that is knowledgeable concerning the biophysical environment and its 

associated problems, aware of how to solve these problems, and motivated to 

work toward their solution  (Stapp, 1969, p. 31) 

7. Environmental literacy can be defined using characteristics of an 

environmentally literate person—someone who possesses, to varying degrees: 

(1) the knowledge and understanding of a wide range of environmental 

concepts, problems, and issues; (2) a set of cognitive and affective dispositions; 

(3) a set of cognitive skills and abilities; and (4) the appropriate behavioral 

strategies to apply such knowledge and understanding in order to make sound 

and effective decisions in a range of environmental contexts (Hollweg et al., 

2011, pp. 2–3 and 2–4). For the purpose of this study, environmental literacy 

was defined operationally by the EL component and composite scores measured 

using a researcher-constructed instrument called the Undergraduate Students 

Environmental Literacy Instrument (i.e., the USELI). 
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8. Environmental problem can be defined as an observable condition in the 

environment that represents a negative impact or a threat of an impact to 

someone or something. An environmental problem is not a natural or man-made 

event, but problems may result from them (Marcinkowski et al., 2000, p. 68, 

adapted from Hungerford, Litherland, Peyton, Ramsey, & Volk, 1990).  

9. Environmental issue can be defined as a difference, disagreement, or conflict 

between or among people related to an environment problem or its proposed 

solution. Something becomes an issue when people take different positions, and 

support their positions with different facets, beliefs, and/or values 

(Marcinkowski et al., 2000, p. 71, adapted from Hungerford et al., 1990). 

10. Environmentally responsible behavior can be defined on the basis of its impact 

(i.e., what people do have some type of observable and positive impact on the 

environment), and the actor’s intent (i.e., what people do are intended to help 

protect or restore the environment in some way) (Stern, 2000, p. 8). In other 

studies, this term may be used as responsible environmental behavior, 

environmentally significant behavior, pro-environmental behavior, 

environmental behavior, behavior, or participation. Four categories of 

environmentally responsible behavior used in this study are defined as follows. 

a. Ecomanagement/direct conservation action refers to those environmental 

behaviors in which people work directly with the natural world to help 

prevent or resolve environmental problems and/or issues (Hungerford, 

Volk, & Marcinkowski, 1994); 
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b. Consumer/economic action refers to those environmental behaviors in 

which people use monetary support or financial pressure to help prevent or 

resolve environmental problems and/or issues (Hungerford et al., 1994); 

c. Persuasion refers to those environmental behaviors in which people 

encourage and appeal to others to help prevent or resolve environmental 

problems and/or issues (Erdogan, Ok, & Marcinkowski, 2012); and 

d. Civic action refers to those environmental behaviors in which people use 

governmental and political means (i.e., political action), or legislation or 

law enforcement (i.e., legal action) to help prevent or resolve 

environmental problems and/or issues (Erdogan et al., 2012; Hungerford et 

al., 1994).  

For the purpose of this study, environmentally responsible behavior was 

defined operationally by the ERB scores measured using 20 Likert-type items 

in Part Three of the USELI. 

11. Environmental sensitivity refers to a set of affective attributes such as 

appreciation, caring, or valuing, which results in an individual viewing the 

environment from an empathetic perspective (Peterson, 1982, p. 5). For the 

purpose of this study, environmental sensitivity was defined operationally by 

the ES scores measured using 13 Likert-type items in Part Two of the USELI. 

12. Literacy. The capacity of students to apply knowledge and skills in key subject 

areas and to analyze, reason, and communicate effectively as they pose, solve, 

and interpret problems in a variety of situations (OECD, 2009) 
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13. Perceived knowledge refers to what a person thinks he or she knows about the 

ecology, earth system science, and environmental science. In this study, 

perceived knowledge (PK) included two variables: perceived knowledge of 

ecology and earth system science, and perceived knowledge of environmental 

science. For the purpose of this study, perceived knowledge was defined 

operationally by the PK scores measured using a 7-item scale in Part Four of 

the USELI. 

14. Perceived skills refer to the perceived ability to analyze, synthesize, and 

evaluate information about environmental problems/issues and to evaluate a 

selected problem/issue on the basis of evidence and personal values, as well as 

skills necessary for selecting appropriate action strategies, and for creating, 

evaluating, and implementing an action plan (Simmons, 1995). In this study, 

perceived skills (PS) included two variables: perceived skills in investigating 

and evaluating problems and issues, and perceived skills in using citizen 

participation strategies. For the purpose of this study, perceived skills were 

defined operationally by the PS scores measured using a 10-item scale in Part 

Four of the USELI. 

15. Students refer to full-time undergraduate students who were enrolled during 

spring 2015 semester at two national universities in Hubei Province, China. 

International students or students from Hong Kong, Macau, or Taiwan studying 

at these two universities are excluded from this study. 
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16. Willingness to act refers to an individual’s predisposition, felt or expressed, to 

engage in specified categories of environmental behavior that aimed at 

preventing or resolving environmental problems and/or issues (adapted from 

Marcinkowski, 1989, p. 62). This term may be used as intention to act or verbal 

commitment in the EE literature. For the purpose of this study, willingness to 

act was defined operationally by the WILL scores measured using a 4-item 

scale in Part Four of the USELI. 

17. University refers to an institution of higher education and research that grants 

academic degrees in a variety of programs at the tertiary level. The word 

university is derived from the Latin universitas, which roughly indicates a 

community of teachers and scholars. Different types of universities used in this 

study are defined as follows: 

a. National university refers to a post-secondary institution that is authorized, 

supervised, and funded by a cabinet-level ministry of the People’s 

Republic of China. Top tier national universities may belong to one or two 

national projects funded by China’s Ministry of Education (MOE): (1) 

Project 211, a project initiated by MOE in 1995 with the intent of 

supporting key universities and raising the standards of higher education in 

China; and (2) Project 985, a project initiated by MOE in 1998 with the 

purpose of advancing 39 top-tier Chinese universities into world-renowned 

universities. 
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b. Provincial university refers to a post-secondary institution that is 

accredited by China’s MOE, but is supervised and funded by provincial or 

local governments in the People’s Republic of China.  

c. Comprehensive university refers to a post-secondary institution that is 

created to provide academic programs in a variety of disciplines (e.g., 

humanities, social sciences, natural sciences, engineering, and medicine), 

and to train high school graduates to become professionals in all types of 

industries.  

d. Normal university refers to a post-secondary institution that is created to 

provide academic programs with a concentration on educational theory 

and pedagogy, and to train high school graduates to become teachers, 

mainly at the elementary and secondary levels.  
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Chapter 2 

Review of Related Literature 

Introduction 

The primary purposes of this chapter is to review the literature related to: 

(1) the origin and evolution of environmental education in the world and in China; 

(2) definitions of and frameworks for environmental literacy, and prior research 

relating to the assessment of environmental literacy outside China; and (3) 

environmental education research in China investigating one or more 

environmental literacy variables. 

History of Environmental Education 

To discuss the evolution and features of environmental literacy, it is 

necessary to begin with an overview of the history and development of EE 

internationally, as well as in China. 

Goals and objectives of EE. The roots of EE in the United States, and in 

many countries around the world, lies in nature study, outdoor education, and 

conservation education in the late 19th and early 20th centuries (Disinger, 1983). 

As a milestone in the environmental protection movement, the United Nations 

Conference on the Human Environment held in Stockholm, Sweden from June 5 to 

June 16 in 1972 brought the world’s attention to environmental problems, and for 

the first time, the importance of EE was acknowledged by the international 

community upon The Declaration of the United Nations Conference on the Human 

Environment through Principle 19: 
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Education in environmental matters, for the younger generation as well as 

adults, giving due consideration to the underprivileged, is essential in order 

to broaden the basis for an enlightened opinion and responsible conduct by 

individuals, enterprises and communities in protecting and improving the 

environment in its full human dimension. (UN, 1972) 

 

However, this principle in The Stockholm Declaration was only a general 

statement, lacking clear definitions, goals, and characteristics of EE (Hsu, 1997). 

One of the earliest published definitions of EE was proposed by Stapp (1969, p. 31) 

as being the process of “producing a citizenry that is knowledgeable concerning the 

biophysical environment and its associated problems, aware of how to help solve 

these problems, and motivated to work toward their solution”. This definition has 

been accepted internationally and helped shape several subsequent types of 

definitional statements (Marcinkowski et al., 2013). 

Following the Stockholm Conference, UNESCO worked with 148 U.N. 

member nations, international non-governmental organizations, and the United 

Nations Environment Programme (UNEP) in the preparation of UNESCO’s 

International Environmental Education Programme (Stapp, 1979). These 

collaborative efforts led to The Belgrade Charter, which stated the goals of 

environmental education are: 

to develop a world population that is aware of, and concerned about, the 

environment and its associated problems, and which has the knowledge, 
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skills, attitudes, motivations, and commitment to work individually and 

collectively toward solutions of current problems and the prevention of new 

ones. (UNESCO–UNEP, 1976, p. 3) 

 

This statement in The Belgrade Charter served as one of the earliest 

international definitions of EE (Hollweg et al., 2011). Two years later, UNESCO 

organized another influential conference in cooperation with UNEP, and delegates 

from 66 member states, 65 representatives and observers from U.N. agencies and 

programs, and 23 international organizations participated in the First 

Intergovernmental Conference on Environmental Education that was convened in 

Tbilisi, Georgia from October 14–26, 1977 (UNESCO, 1978). The goals of EE 

were further refined and clarified this conference, and the five objectives of EE are 

stated as follows. 

1. Awareness: to help social groups and individuals acquire an awareness 

and sensitivity to the total environment and its allied problems, 

2. Knowledge: to help social groups and individuals gain a variety of 

experience in, and acquire a basic understanding of, the environment 

and its associated problems, 

3. Attitudes: to help social groups and individuals acquire a set of values 

and feelings of concern for the environment and the motivation for 

actively participating in environmental improvement and protection, 
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4. Skills: to help social groups and individuals acquire the skills for 

identifying and solving environmental problems, and  

5. Participation: to provide social groups and individuals with an 

opportunity to be actively involved at all levels in working toward 

resolution of environmental problems. (UNESCO, 1978, pp. 26–27) 

 

In light of recommendations to further clarify these goals and objectives for 

the use by environmental educators (e.g., Gustafson, 1983, p. 112; Stapp, 1978,  

p. 71), Hungerford, Peyton, and Wilke (1980) developed a hierarchical set of goals 

for curriculum development in EE. Hungerford et al. considered EE as a process 

“to aid citizens in becoming environmentally knowledgeable and above all, skilled 

and dedicated citizens who are willing to work, individually and collectively, 

toward achieving and/or maintaining a dynamic equilibrium between quality of life 

and quality of environment” (p. 43). Based on this superordinate goal, their 

sequential sets of goals for EE may be summarized as follows. 

At level 1, the Ecological Foundation Level, EE seeks to provide a learner 

with sufficient ecological knowledge so as to make ecological sound decisions 

pertaining to environmental issues. Nine components of ecological knowledge, 

including population, energy flow, homeostasis, and succession are presented 

within this level. 

At level 2, the Conceptual Awareness Level, EE is oriented at helping 

learners become aware of a variety of environmental issues facing human societies, 
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and of roles played by different beliefs and values in making decisions relating to 

these issues. 

At level 3, the Investigation and Evaluation Level, EE is directed at 

providing learners with the knowledge and skills necessary to identify, analyze, 

investigate, and evaluate past and alternative solutions in the remediation of these 

issues. Further, learners should be given opportunities to put these skills into 

practice, and to clarify and evaluate their value perspectives. 

At level 4, the Environmental Action Skills Level, EE aims to guide the 

development of learners’ skills necessary to engage in environmentally responsible 

behavior in order to achieve the above-mentioned superordinate goal. Learner 

should also be given opportunities to take individual and/or group actions that are 

consistent with their values (adapted from Hungerford et al., 1980, pp. 43–44). 

Subsequently, in order to set standards for the implementation of high-

quality EE, the National Project for Excellence in Environmental Education was 

initiated by the North American Association for Environmental Education 

(NAAEE) in 1993. A series of guidelines were developed for different topics, 

including EE materials, EE for K−12 learning, professional development, non-

formal EE programs, and EE for early childhood. Two documents most relevant to 

this study are summarized below. 

The first document is The Environmental Education Materials: Guidelines 

for Excellence (NAAEE, 2004a), which provided a set of guidelines for developing 

and selecting EE instructional materials. Over 1,000 practitioners and scholars in 
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the EE field, including classroom teachers, education administrators, environmental 

scientists, and curriculum developers, participated in the review and development 

of these guidelines. Six key characteristics of high-quality EE materials were 

addressed in this document (i.e., fairness and accuracy, depth, emphasis on skills 

building, action orientation, instructional orientation, and usability). Each of these 

characteristics is accompanied by the guidelines for EE materials, and each 

guideline is accompanied by specific indicators. Overall, this document offered a 

set of ideas about what the EE curriculum might look like, a way of evaluating a 

wide array of available EE materials, and a standard to develop activity guides, 

lesson plans, and other instructional materials for EE (NAAEE, 2004a). 

The other document is The Excellence in Environmental Education: 

Guidelines for Learning (K−12) (NAAEE, 2004b), which provided a set of 

guidelines to achieve an environmental literate citizenry. Using the findings from 

U. S. national assessment of EL, these guidelines were revised in 2010 to support 

the state and local EE efforts by setting expectations for performance and 

achievement in Grades 4, 8, and 12. This document is organized into four strands: 

(1) questioning, analysis and interpretation skills; (2) knowledge of environmental 

processes and systems; (3) skills for understanding and addressing environmental 

issues; and (4) personal and civic responsibility. Each strand is delineated by a set 

of guidelines that describe a level of skills or knowledge appropriate for a specific 

grade level, and users can compare how these guidelines progress across three 

grade levels. Overall, this document defined the aims of EE from the perspective of 
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what an environmentally literate person should know and be able to do, developed 

a framework for effective EE programs and curricula at the K−12 levels, and 

demonstrated how EE can be used to meet standards set by the traditional 

disciplines (NAAEE, 2004b). 

These four documents—The Belgrade Charter, The Tbilisi Declaration, The 

Goals for Curriculum Development in Environmental Education, and The National 

Guidelines for Excellence in EE—not only provide a foundation for EE, but also 

serve as an important set of sources that helped to define and clarify EL (e.g., 

Marcinkowski, 1993; McBeth, 1997; McBride et al, 2013).  

Review of the EE literature. Harvey (1977a, 1977b) was the first 

researcher to carry out an extensive review of more than a hundred published 

documents in EE. While working on his doctoral dissertation, he found there was 

no single generally accepted substantive framework available for EE. Thus, from 

his review, he conceptualized a substantive structure of EE that consisted of four 

parts: (a) the generic substantive structure, (b) the specifics of the substantive 

structure or implementation, (c) a superordinate goal, and (d) a philosophy base. 

Harvey stated “the superordinate goal of the man-environment relationship is to 

achieve/maintain a homeostasis between quality of life and quality of environment” 

(Harvey, 1977a, p. 68). To achieve this goal, the substantive structure of EE should 

center on two parts: curriculum and instruction, and action implementation 

strategies. Specifically, curriculum and instruction can be implemented in two 

approaches: a topical approach deals with EE episodically (e.g., lessons, units, and 
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courses), and an infused approach deals with EE by infusing or integrating EE into 

the regular curricula, or integrating the regular curricula into an EE curriculum. The 

second part was called action implementation strategies that consisted of three 

components: the philosophy of “spaceship earth/lifeboat”, the precept of “man-

environment relationship” in a value-laden context, and the expected outcomes in 

three levels (i.e., an environmental literate, competent, and dedicated person). 

Harvey’s (1977b) dissertation greatly contributed to the theoretical 

foundation and practical application of EE (e.g., Disinger, 1983). However, there 

was still a need for a broader and easier to understand set of guiding principles for 

EE (Schmeider, 1977). These principles were summarized in The Tbilisi 

Declaration, and stated that EE should: 

 consider the environment in its totality—natural and built, 

technological and social (i.e., economic, political, cultural-historical, 

moral, and aesthetic); 

 be a continuous lifelong process, beginning at the preschool level and 

continuing through all formal and non-formal stages; 

 be interdisciplinary in its approach, drawing on the specific content of 

each discipline in making possible a holistic and balanced perspective; 

 examine major environmental issues from local, national, regional, and 

international points of view so that students receive insights into 

environmental conditions in other geographical areas; 
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 focus on current and potential environmental situations while taking 

into account the historical perspective; 

 promote the value and necessity of local, national, and international 

cooperation in the prevention and solution of environmental problems; 

 explicitly consider environmental aspects in plans for development and 

growth; 

 enable learners to have a role in planning their learning experiences 

and provide an opportunity for making decisions and accepting their 

consequences; 

 relate environmental sensitivity, knowledge, problem-solving skills, 

and values clarification to every age, but with special emphasis on 

environmental sensitivity to the learner’s own community in early 

years; 

 help learners discover the symptoms and real causes of environmental 

problems; 

 emphasize the complexity of environmental problems and the need to 

develop critical thinking and problem-solving skills;  

 utilize diverse learning environments and a broad array of educational 

approaches to teaching, learning about and from the environment with 

due stress on practical activities and first-hand experience. (UNESCO, 

1978, p. 27) 
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In an effort to build upon Harvey’s (1977a, 1977b) work and to refine these 

above-mentioned guiding principles, Hart (1980, 1981) conducted a broad review 

of the EE literature between 1966 and 1978 by the Educational Resources 

Information Center (ERIC), a worldwide identifier index, and ERIC Clearinghouse 

for EE. Using content analysis procedures, he identified 25 key characteristics of 

EE (Hart, 1981). To help organize these characteristics, Hart developed a 

framework with five elements: educational program, educational program support 

system, contextual elements, organizational elements, as well as research and 

development elements (Hart, 1980, p. 85). He found that some of these key 

characteristics occurred more frequently in the EE literature than others, but it may 

have been spurious to interpret these characteristics as more important than others. 

For instance, interdisciplinary occurred more frequently than system thinking in 

these EE documents he reviewed, but the latter was relatively new to EE at that 

time. In addition, a general comparison between these key characteristics and the 

general guiding principles in The Tbilisi Declaration revealed substantial 

commonalities—both regarded EE as a multi-level, interdisciplinary process 

throughout the entire education system with special emphasis on environmental 

issue-oriented and problem-solving skills, as well as active participation. This 

research contributed to the conceptualization of EE and the theoretical foundation 

on which meaningful research, evaluation, and curriculum development for EE 

could be based. 



 

37 

Environmental education in China. Because this study was conducted in 

a province in Central China, it is appropriate to describe the historical settings for 

this research. Since the late 19th century, the international community has initiated 

several waves of the conservation and environmental movements that have focused 

on the preservation of the natural environment, conservation of natural resources, 

environmental quality, and, more recently, sustainability (Sato, 2006; Stapp, 1974; 

UNESCO, 1997). Despite this, the Chinese people have suffered from constant 

wars and unstable political and social conditions, giving no attention to, or perhaps 

developing a negative attitude toward the natural environment. For instance, during 

Maoist China (1949–1976), the doctrine “man must conquer nature” asked every 

Chinese to wage war against nature so that the natural world would bend to human 

will (Shapiro, 2001). Another example is the Great Leap Forward (1958–1961) that 

saw a dramatic increase in the scale and speed of deforestation, overgrazing, and 

soil erosion (Liu & Diamond, 2005; Shapiro, 2001). 

Previous EE literature has tried to categorize the development of EE in 

China into different stages. Some scholars identified 1972–1982 as the first stage 

when the importance of EE centered on environmental science/technology 

education (e.g., IGES, 2009; Li, 2005; Lee, Wang, & Yang, 2013; Wasmer, 2005). 

The second stage that some scholars have agreed upon was 1983–1992, when EE 

took a boarder approach and diverse form (e.g., IGES, 2009; Li, 2005; Wasmer, 

2005; Yang, 2006). Nonetheless, there were some disagreements concerning the 

recent stages of EE. Some researchers regarded 1993–present as the fast-
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developing stage of EE (e.g., Li, 2005), but other researchers pointed out that there 

has been a shift from EE to ESD in China (e.g., IGES, 2009; Yang, Lam, & Wong, 

2010). Lee, Wang, and Yang (2013) also identified this stage as the sustainability 

phase that brought into the national curriculum reform, and alignment with the 

United Nations’ Decade of Education for Sustainable Development (2005–2014).  

In the past four decades, the People’s Republic of China, as one of five 

permanent members of the U.N. Security Council, has actively participated in the 

U.N. conferences, and thus brought back home new ideas and international trends 

in environmental protection. Thus, in this study, the author has chosen to describe 

the origin and evolution of EE in China based on these three influential conferences 

on environmental protection and sustainability: the United Nations Conference on 

the Human Environment held in Stockholm, Sweden (1972); the United Nations 

Conference on Environment and Development held in Rio de Janeiro, Brazil 

(1992); and the World Summit on Sustainable Development held in Johannesburg, 

South Africa (2002). Accordingly, this section classified the history of EE in China 

into these three stages: the Initiation Period (1972–1991), the Developing Period 

(1992–2001), and the Transformation Period (2002–present). 

Stage 1: The initiation period (1972–1991). As a wake-up call to many 

other nations in the world, the United Nations Conference on the Human 

Environment held in Stockholm, Sweden in 1972 was a milestone in the history of 

EE in China (Kwan & Lidstone, 1997; Lee & Tilbury, 1998; Tian, 2004; UN, 

1972). Following the Stockholm Conference, the Chinese government began to 
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recognize the importance of environmental protection, and the First National 

Conference on Environmental Protection was held in 1973 in Beijing, with several 

important decisions made on protecting and improving the quality of environment 

(Li, 2005, Tian & Zeng, 2011). Subsequently, an Environmental Protection 

Working Group was formed, and a series of laws and regulations on environmental 

protection were passed. For instance, the Standing Committee of the Fifth National 

People’s Congress amended The PRC Constitution in 1978, which for the first time 

stated the significance of environmental protection, natural resources conservation, 

and prevention of environmental pollution and hazards (NPC, 1978). A year later, 

The Environmental Protection Law entered into force for trial use, addressing the 

importance of environmental science research and the training of environmental 

professionals in China in order to solve environmental problems (NPC, 1979).  

When the Second National Conference on Environmental Protection was 

held in 1983, the Central People’s Government of China has established 

environmental protection as one of the fundamental national policies (Tian & Zeng, 

2011). At the same time, to better implement environmental laws and policies, the 

Environmental Protection Working Group was institutionalized as the State 

Environmental Protection Administration, which became an affiliation to the State 

Council, the chief administrative authority of China. Other legislative efforts during 

this stage included the enactment of environment laws on marine environment 

(1982), forest (1984), mineral resources (1986), land management (1986), wildlife 

(1988), and soil/water conservation (1991). Subsequently, several other 
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governmental agencies started to take responsibility for environmental protection, 

including the Ministry of Land and Resources for marine protection, the Ministry 

of Water Resource for soil/water conservation, and the Ministry of Agriculture for 

fishery management (Central People’s Government of China, 2013). 

To meet the country’s need for environmental professionals, EE entered the 

tertiary level with emphasis on knowledge of environmental problems, pollution 

control, and waste management. Qinghua University, a top-tier university in China, 

initiated the first undergraduate program in environmental engineering in 1977 (Li, 

2005). In 1978, the Chinese Research Academy of Environmental Sciences was 

established as a national research institute to train environmental scientists. With a 

purpose of implementing environmental laws and regulations, as well as preventing 

and solving environmental problems, the Environmental Management College of 

China was established in 1981 to train governmental officials who work for SEPA 

and other governmental agencies (Li, 2005). In the 1980s, more and more 

universities and colleges started to offer environmental courses to undergraduate 

students in a variety of academic fields, including engineering, geography, forestry, 

agriculture, chemistry, and oceanography (Niu, Jiang, & Li, 2010). 

Although the word environmental education was translated to, and used by 

the Chinese community during the first stage, the well-acknowledged goals, 

objectives, and guiding principles of EE were not found in any government 

document or scholarly publication. This might be explained by the fact that no 

Chinese delegation attended the world’s first intergovernmental EE conference held 
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in Tbilisi, Georgia in 1977 (UNESCO, 1978). The need for EE at the elementary 

and secondary levels was identified in the first stage, and EE in non-formal settings 

or using informal approach may be inferred, but were hardly ever put into practice. 

Overall, the development of EE in higher education laid a foundation for better 

decision making at the governmental level and for EE to enter schools in the next 

stage (IGES, 2009). 

Stage 2: The developing period (1992–2001). When the Chinese delegation 

attended the United Nations Conference on Environment and Development held in 

Rio de Janeiro, Brazil in 1992, the word sustainable development was 

simultaneously introduced to the Chinese community via mass media, and the 

general public became increasingly aware of environmental challenges facing the 

developing nations (Tian, 2004). After signing several conventions on climate 

change, biodiversity, desertification, and especially Agenda 21: A Program of 

Action for Sustainable Development (UN, 1992), the Chinese government issued a 

localized whitepaper on population, environment, and development and named this 

document as China’s Agenda 21 (ACCA, 1994). The ideas of sustainability, 

together with its definition and principles, were soon incorporated into 

governments’ policies and gained wide popularity in the Chinese society (Yang, 

2006). Chapter 36 of Agenda 21 stated that education is the major means of 

“promoting sustainable development and improving the capacity of people to 

address environment and development issues” (UN, 1992, p. 264). Chapter 6 of 

China’s Agenda 21 also identified the need for education and capacity building. In 
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particular, it stated that information about natural resources, ecology, environment 

science, and sustainability should be incorporated into formal education, and 

strategies should be implemented to improve environmental awareness of the 

general public using both formal and informal education (ACCA, 1994). 

To further address EE as one of the most important means of achieving 

national policies and goals of environmental protection, SEPA issued a National 

Action Plan on Environmental Publicity and Education (1996–2010), which 

clarified the objectives, characteristics, content, and types of EE. In addition to 

degree-oriented programs and vocational education for environmental 

professionals, the government finally recognized the urgent need for EE in basic 

education. In collaboration with two other governmental agencies (i.e., Department 

of Publicity and Ministry of Education), SEPA started to operate Green Schools 

Program at the elementary and secondary levels (Sayers, 2006/07). To the present, 

there have been more than 40,000 schools participating in this program at Grades 

1–12. Among these schools that are distributed in all 31 provinces, autonomous 

regions, and municipalities across China, about 705 green schools were accredited 

as national demonstration sites (IGES, 2009). Further, SEPA started a new 

affiliation, the Center for Environmental Education and Communication (CEEC), 

which served as the leader and coordinator for environmental publicity and 

education centers in provinces and cities across China (CEEC, 2014). 

At the same time, EE continued to develop at the post-secondary 

institutions. By 2000, more than 140 universities and colleges in China have 
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offered undergraduate programs relating to environmental protection and 

sustainability (e.g., environmental science, environmental engineering, 

environmental management, and environmental laws). Further, Qinghua University 

has required all its students to take an introductory course on sustainable 

development and environmental protection since 1998, and thus was awarded as 

the first Green University by SEPA to promote a green culture among university 

students (Niu et al., 2010). More recently, Tongji University initiated the China 

Green University Network (CGUN) to advance the practice of energy-saving 

campus and green buildings across China (CGUN, 2014). 

In addition to governmental efforts, the role of environmental non-

governmental organizations in increasing public awareness of, and participation in 

environmental protection could not be underestimated in China. As it was 

emphasized in Chapter 27 of Agenda 21,  

Non-governmental organizations play a vital role in implementation of 

Agenda 21…society, governments and international bodies should develop 

mechanisms to allow non-governmental organizations to play their 

partnership role responsibly and effectively in the process of 

environmentally sound and sustainable development. (UN, 1992, Paragraph 

27.5) 

 

The Chinese government started to show a relatively supportive attitude 

toward NGOs, and took the lead to support two ENGOs: the China Environmental 
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Culture Promotion Association (CECPA), and the China Environmental Protection 

Foundation (CEPF). Since 1992, the CECPA has invited nationwide celebrities, 

including entrepreneurs, film makers, actors, and actress, to attend China 

Environmental Culture Festival once every two years, and organized the 

nomination and selection of Environmental Ambassadors of China and Green 

Person of the Year (Li & Dong, 2010). Founded by Professor Geping Qu, the first 

director of SEPA (1987–1993) and the first Chinese with UNEP’s Sasakawa Prize, 

the CEPF funded a number of nationwide EE projects, including general public 

environmental surveys, the Geping Green Aid Project, Environmental Protection 

Forum, and a variety of campaigns on wildlife protection and ecological 

conservation (CEPF, 2014).  

As the first grassroots ENGO in China, Friends of Nature was founded in 

1994 by Mr. Liang Congjie, a Chinese historian and environmental activist. Since 

then, Friends of Nature has carried out influential EE projects, including the 

Antelope Vehicle as the first mobile EE station and Green Hope Action for EE in 

elementary schools of rural areas (Li & Dong, 2010). Subsequently, other 

forerunners of grassroots ENGOs emerged at a fast rate in China, including Ms. 

Sheri Xiaoyi Liao and Global Village of Beijing (1996), Mr. Xiyang Tang and the 

Green Camp for University Students (1996), as well as a group of well-known 

entrepreneurs and Alax SEE Ecological Association (2004). These Beijing-

headquartered ENGOs have been instrumental in the establishment of more than 

2,000 grassroots ENGOs and environmental associations/clubs across China.  
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World Wide Fund for Nature (WWF) started its programs in China as early 

as 1980, but due to the lack of legal basis for registration and operations as an 

international organization, it was not until 1996 that WWF established its Beijing 

office as the first international ENGO in China (WWF, 2014). Since then, WWF 

has become the most influential international ENGO with seven local offices 

throughout China, including Xi’an, Chengdu, Wuhan, and Lhasa. Because 

environmental problems are relatively nonpolitical and fit into the Chinese 

government’s urgent agenda, more and more international ENGOs such as the US-

based Nature Conservancy, and the Switzerland-based International Union for the 

Conservation of Nature and Natural Resources (IUCN), gained permission to set up 

their offices in China. This not only provided sufficient funds, grants, projects, and 

training for China-based ENGOs, but also led to a collaborative partnership 

including multinational companies and governmental agencies in a wide variety of 

EE programs (Gunter & Rosen, 2012).  

One notable program was carried out by a joint effort among the Ministry of 

Education, WWF–China, and British Petroleum (BP) Company. Since 1997, the 

Environmental Educators’ Initiative (EEI) program has become a tremendous 

success to promote EE in China, and marked the beginning of a cooperative 

mechanism among the Chinese government, international organizations, and 

multinational corporations (WWF, 2014). The first phase of EEI (1997–2000) 

contributed greatly to the preparation and professional development of 

environmental educators in China. Three EE training centers were established in 



 

46 

renowned normal universities (i.e., Beijing Normal University, East China Normal 

University, and South West China Normal University). These centers played an 

important role in training in-service teachers and school district administrators, 

developing academic programs in EE, and preparing lesson plans for Grades 1–9. 

Subsequently, the second phase (2001–2004) paved the road for the integration of 

EE content into school curriculum, and the third phase (2005–2007) provided 

groundbreaking practices to increase EE capacity in 76 pilot schools and three field 

bases in China (WWF, 2014). 

Unlike the first stage when EE solely focused on solving environment 

problems with environmental science and technology education, EE in the second 

stage began to embrace a broader perspective that included viewing the 

environment: as nature to be appreciated, respected, and protected; as resources to 

be sustainably managed and used; or as community projects for public participation 

(Ji, 2010). Most importantly, it appeared that China began to adopt the goals, 

objectives, and characteristics of EE identified in The Tbilisi Declaration and used 

by EE researchers and practitioners worldwide.  

Stage 3: The transformation period (2002–present). Since the People’s 

Republic of China was founded in 1949, China’s national curriculum for basic 

education (Grades 1–9) has been revised on a routine basis. The idea of integrating 

EE into school curriculum was mentioned in several governmental documents, 

including Syllabus for Full-time Public Elementary and Middle School in Nine Year 

Compulsory Education (1987), Suggestions to the Adjustment of Curriculum in 
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High School (1990), and Curriculum Plan for Full-time Public Elementary and 

Middle School in Nine Year Compulsory Education (1992) (IGES, 2009). However, 

it was not until the World Summit on Sustainable Development held in 

Johannesburg, South Africa in 2002 that the Chinese government took action to 

implement EE in its compulsory education. During the eighth basic education 

reform, EE were integrated in the national curriculum taught at public schools 

across China, notably in required subjects such as nature and science at the 

elementary level, as well as biology, geography, chemistry, and physics at the 

secondary level (MOE, 2003c).  

Another groundbreaking outcome of this stage was two governmental 

documents issued by China’s Ministry of Education in 2003: The Educational 

Outline on Environmental Education for Elementary and Secondary Schools and 

The Implementation Guidelines on Environmental Education for Elementary and 

Secondary Schools (MOE, 2003a, 2003b). As there has not yet been a National EE 

Act in China, this outline and these guidelines for EE served as the first official 

documents issued by the Chinese government. Most importantly, the objectives of 

EE went beyond environmental knowledge and attitudes, and brought attention to 

skills, behavior, and other affective dispositions such as environmental values for 

the first time. At the elementary level, students were encouraged to cultivate their 

interest and curiosity toward nature, to develop observational skills in the 

environment, and to become aware of social and economic forces that may threaten 

the natural environment. When students reach the secondary level, they should be 



 

48 

knowledgeable of basic concepts in environmental science, acquire cognitive skills 

in solving environmental problems and issues, and develop positive attitudes 

towards the environment. In addition to teaching EE through national curriculum, 

elective courses and extracurricular activities should be designed to increase 

students’ participation in environmental protection (MOE, 2003a, 2003b). 

Mass media have played an important role in regard to informal EE. Since 

1981, the China Central Television (CCTV), a predominant state television 

broadcaster in China, has launched a classic TV program called Animal World so 

that the Chinese audience can learn about the animals and their habitat on this 

living planet and gain a better understanding of the web of life on earth. Since 

1994, a popular TV program called Human and Nature has been produced by 

CCTV with a purpose of introducing the impact of human on the animals, plants, 

and the environment as a whole, and fostering an awareness of environmental 

problems and issues. After the translation and introduction of documentaries 

produced by the British Broadcasting Corporation (BBC) such as The Blue Planet 

(2001) and Planet Earth (2006), CCTV coproduced with BBC for a six-part nature 

documentary series on the natural history of China called Wild China in 2008. In 

recent years, nature-oriented magazines or TV programs, as well as films and books 

about wildlife or environmental problems/issues have emerged at a fast pace, 

including China National Geographic Magazine (2000), The Legend of Nature 

(2001), Kekexili or Mountain Patrol (2004), Geography of China (2010), and 

Translated Book Series of Nature Writings in the United States. (2012). 
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When the 29th Olympic Games were held in Beijing in 2008, SEPA was 

upgraded and adopted its current name as the Ministry of Environmental Protection 

(MEP), a cabinet-level ministry with major responsibilities in areas such as 

implementing environmental policies, monitoring environmental problems and 

issues, and enforcing environmental laws and regulations. To promote the ideas of 

Green Olympics, MEP set up an Office of Communication and Education for better 

coordination and collaboration with other ministries and governmental agencies, 

provincial departments, and local bureaus, notably for the observance of 

environmental theme days such as Earth Day and World Environment Day. 

Summary. Since 1972, EE has evolved from an imported concept to a 

localized practice with respect to political, socio-economic, ecological, and cultural 

conditions in China. Early EE focused solely on training environmental 

professionals and governmental officials, but it gradually embraced a broader 

audience including students and general public in order to achieve national policies 

of environmental protection and sustainability. Since 2003, EE has been integrated 

into MOE’s national curriculum, and more than 200 million students at 

approximately 50,000 elementary and secondary schools in China have an 

opportunity to receive EE directly through classroom instruction (MOE, 2014; 

WWF, 2014). In addition to formal education, ENGOs in China have encouraged 

public participation and community involvement in EE and brought civic action 

regarding environmental issues. Beyond a growing social effort, non-formal and 

informal EE has embraced a wide range of audience and used a variety of methods 
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for effective communication of environmental information. Further, the Chinese 

government has withdrew from the center of the stage and allowed collaborative 

efforts among government agencies, schools and universities, ENGOs, companies, 

and other social sectors (Economy, 2004; Moore, 2001; Roch et al., 2010). 

Despite the scale and extent of governmental efforts in addressing the 

important of EE, there have been criticisms that economic development still ranked 

first in the Chinese government’s agenda (Wasmer, 2005). A historical review of EE 

in China conducted by Tian (2004) revealed that the priority has been given to the 

knowledge of science and technology for use in solving environmental problems, 

rather than to the cognitive skills for use in identifying, investigating, and analyzing 

environmental issues associated with political, socio-economic, and ecological 

concerns. Tian (2004) also argued that formal education system and public EE 

programs in China failed to foster environmental awareness, and the Chinese 

people are concerned about environmental problems only from the standpoint of 

their own comfort. Further, Ji (2010) concluded that EE in China is regarded as a 

kind of “state supported public good”, and is usually equated with environmental 

protection education and environmental awareness education, which centered on 

environmental science and technology, environmental laws and regulation, and 

environmental management. Moreover, a recent survey found that 54.5% of 

teachers in Beijing did not know much about the Green Schools program, which 

may indicated that green school was more like a brand name (Zhu, Wang, & Ma, 
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2009). Therefore, greater efforts are still needed for the development of EE in 

China. 

Based upon the historical settings of EE in China, it appeared that EL only 

included knowledge of environmental science and technology in the early stage, 

but the perception of EL has evolved over time among the Chinese community. In 

recent stages, the components of EL went beyond environmental knowledge and 

attitudes, and started to address environmental behavior. Nonetheless, due to three 

nationwide environmental surveys, environmental awareness has been regarded as 

a broad concept, or an equivalent construct as EL, rather than as an aspect, or 

subset of EL. Further, cognitive skills also fit in these historical settings, but were 

not addressed as an important component of EL. Therefore, it is important to 

measure EL within Chinese populations from a broader perspective, including all 

four components of EL: knowledge, skills, affective dispositions, and 

environmentally responsible behavior.  

Origins and Evolution of Environmental Literacy 

The term environmental literacy appears to have been first used in an issue 

of Massachusetts Audubon in 1968 by Roth, who asked “How shall we know the 

environmentally literate citizen?” (McBride et al., 2013; Roth, 1992). Nonetheless, 

there have been individuals who have questioned the use of literacy in association 

with anything other than reading and writing (Roth, 1992). In addition, due to a 

lack of precise definition in early research, EL was used in so many different ways 

that it had little useful meaning (Disinger & Roth, 1992; Hsu, 1997). For this 
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reason, this section focuses only on prior research that were influential in defining 

EL as it is understood currently, and well-recognized frameworks in the 

development of EL. 

Definitions of and frameworks for EL. One of the earliest definitions of 

and frameworks for EL was proposed by Harvey (1977a, 1977b), who stated “the 

superordinate goal of the man-environment relationship is to achieve/maintain a 

homeostasis between quality of life and quality of environment” (Harvey, 1977a,  

p. 68). To meet this goal, Harvey addressed the necessity to develop “an 

environmentally literate citizenry”, and defined EL as a continuum of three levels: 

 Environmentally literate person—one who possesses basic skills, 

understandings, and feelings for the man-environment relationship. 

 Environmentally competent person—one who is environmentally 

literate, and in addition, has the ability to apply, analyze, synthesize, 

and evaluate knowledge; has the skills necessary for implementation; 

and has values consistent with the man-environment relationship 

superordinate goal.  

 Environmentally dedicated person—one who is environmentally 

literate and environmentally competent in the affective domain, and in 

addition, is characterized by a value system in which one acts 

consistently in a manner compatible with homeostasis between quality 

of life and quality of environment. (Harvey, 1977a, p. 67) 
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Although this framework is not directly used to identify EL variables, 

Harvey suggested that EL consists of learning outcomes in three domains: the 

cognitive, affective, and psychomotor domains. It may be inferred that an 

environmentally dedicated person is able to operate at the highest levels of the 

cognitive, affective, and psychomotor domains. 

Hungerford and Volk (1990) perceived that the ultimate expression of EL is 

environmentally responsible behavior, so they defined EL from a perspective of an 

environmentally responsible citizen as one who has: 

(1) an awareness and sensitivity to the total environment and its allied 

problems [and/or issues]; (2) a basic understanding of the environment and 

its allied problems [and/or issues]; (3) feeling of concern for the 

environment and motivation for actively participating in environmental 

improvement and protection; (4) skills for identifying and solving 

environmental problems [and/or issues]; and (5) active involvement at all 

levels in working toward resolution of environmental problems [and/or 

issues]. (Hungerford & Volk, 1990, p. 9) 

 

Hungerford and Volk developed a citizenship behavior model and identified 

three categories of variables (i.e., entry-level variables, ownership variables, and 

empowerment variables), and expressed what needs to be done to cultivate 

environmentally responsible citizens (Figure 2.1, p. 54). Major variables in this 

model included environmental sensitivity, in-depth knowledge about issues,  
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Figure 2.1. Model of citizenship environmental behavior. Adapted from “Changing 

Learner Behavior Through Environmental Education,” by H. R. Hungerford and T. 

L. Volk, 1990, The Journal of Environmental Education, 21(3), p. 11. 

 

personal investment in issues and the environment, knowledge of and skills in 

using environmental action strategies, locus of control, and intention to act. Minor 

variables of this behavioral model included knowledge of ecology, attitudes, 

knowledge of the consequences of behavior, a personal commitment, and in-depth 

knowledge about issues (Hungerford & Volk, 1990, pp. 11–12). 
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Roth (1992) summarized and elaborated on the development of EL and 

suggested a third framework for EL assessment based on four strands—knowledge, 

skills, affect, and behavior—which reflected four of the five objectives in The 

Tbilisi Declaration. He further defined EL on a continuum of competencies on 

three levels. 

1. Nominal environmental literacy indicates a person who has a very 

rudimentary knowledge of how natural systems work and how human 

society systems interact with the natural systems, and who is developing 

an awareness and sensitivity toward the environment. 

2. Functional environmental literacy indicates a person who has a broader 

knowledge and understanding of the nature as well as interactions 

between human social systems and natural systems, who is aware of and 

concerned for negative interactions on the environment, and who has 

developed skills to analyze, synthesize, and evaluate the information 

using primary and secondary sources. 

3. Operational environmental literacy indicates a person who demonstrates 

a strong sense of investment in and responsibility for preventing or 

resolving environmental problems, both personally and collectively, and 

who is likely to take actions at several levels from local to global at 

large. (adapted from Roth, 1992, p. 26) 
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In the fall of 1993, the Environmental Literacy Assessment Consortium 

reflected on historical definitions, research and evaluation literature, and significant 

learning outcomes in EE (Wilke, 1995). On the basis of this, the Consortium 

developed and validated a fourth EL framework, which was used for the National 

Environmental Literacy Assessment among middle school students in the United 

States (McBeth, Hungerford, Marcinkowski, Volk, & Meyers, 2008; McBeth et al., 

2011). This framework included four clusters of EL components, as outlined below. 

1. Cognitive dimensions (knowledge and skills) 

a. knowledge of ecological and socio-political foundations; 

b. knowledge of and ability to identify, analyze, investigate and 

evaluate environmental problems and issues; 

c. knowledge of and ability to apply environmental action strategies 

seeking to influence outcomes of environmental problems and 

issues; and 

d. ability to develop and evaluate an appropriate action plan for the 

resolution of environmental problems or issues. 

2. Affective dimension 

a. recognition of the importance of environmental quality and the 

existence of environmental problems and issues; 

b. empathic, appreciative and caring attitude toward the environment; 

and 
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c. willingness to work toward the prevention and/or remediation of 

environmental problems and issues. 

3. Additional determinants of environmentally responsible behavior 

a. belief in their ability, both individually and collectively, to influence 

outcomes of environmental problems and issues; and 

b. assumption of responsibility for personal actions that influence the 

environment. 

4. Personal and/or group involvement in environmentally responsible 

behaviors 

a. ecomanagement; 

b. economic/consumer action; 

c. persuasion; 

d. political action; and 

e. legal action. (Wilke, 1995, pp. I–7, and I–8) 

 

A fifth framework for EL was developed by Simmons (1995). After a 

thorough comparative review of the definitions, frameworks and/or models of EL 

from 26 relevant sources (e.g., individuals, consortiums, organizations, state and 

national guidelines), Simmons (1995) synthesized previous EE literature into an EL 

framework that consisted of seven components, each of which is described below. 

1. Affect: Environmental sensitivity or appreciation; attitudes toward 

pollution, technology, economics, conservation, and environmental 
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action; willingness to recognize and choose among different value 

perspectives associated with problems and issues; motivation to 

actively participate in environmental improvement and protection; 

making decisions and judgments about environmental issues 

according to one’s sense of morality (i.e., moral reasoning). 

2. Ecological knowledge: Knowledge of major ecological concepts; 

knowledge and understanding of how natural systems work, and how 

social systems interface with natural systems. 

3. Socio-political knowledge: An understanding of the relationship 

between beliefs, political systems, and environmental values of 

various cultures, as well as how religious, economic, political, social 

and other human cultural activities influence the environment from an 

ecological perspective. 

4. Knowledge of environmental issues: An understanding of 

environmental problems and issues caused as the result of human 

interaction with the environment on a local to global scale. 

5. Skills: Ability to analyze, synthesize, and evaluate information about 

environmental problems/issues and to evaluate a select problem/issue 

on the basis of evidence and personal values, as well as skills 

necessary for selecting appropriate action strategies, for creating, 

evaluating, and implementing an action plan. 
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6. Additional determinants of environmentally responsible behavior: 

Locus of control and the assumption of personal responsibility. 

7. Environmentally responsible behaviors: Active participation aimed at 

solving problems and resolving issues. (adapted from Simmons, 1995, 

pp. 56–58) 

 

Consistent with various curricula and state standards, Simmons’ (1995) 

framework aimed to developing a national EE standard in the United States. Thus, 

this framework served as a basis for NAAEE’s Guidelines for Excellent, and was 

adopted and used as a framework for several large-scale EL assessments in 

countries outside the United States including South Korea (Shin et al., 2005) and 

Turkey (Erdogan, 2009).  

Most recently, Hollweg et al. (2011) identified four major areas or 

components of EL, namely knowledge, affective dispositions, skills, and behavior. 

Individuals develop in each of these areas, as well as across these areas, over time 

as a result of their exposure to a variety of experiences, sources of information and 

ideas, and educational programs. In this framework, an environmentally literate 

person was defined as: 

someone who possess, to varying degrees: (1) the knowledge and 

understanding of a wide range of environmental concepts, problems, and 

issues; (2) a set of cognitive and affective dispositions; (3) a set of cognitive 

skills and abilities; and (4) the appropriate behavioral strategies to apply 



 

60 

such knowledge and understanding in order to make sound and effective 

decisions in a range of environmental contexts. (Hollweg et al., 2011,  

pp. 2–3, 2–4) 

 

To be more specific, knowledge concerns what a person knows about: (1) 

physical and ecological systems; (2) social, cultural and political systems; (3) 

environmental issues; (4) multiple solutions to environmental issues, and (5) citizen 

participation and action strategies. Dispositions refer to how a person responds to 

environmental issues, and these variables included: (1) environmental sensitivity; 

(2) attitudes and concern toward the environment; (3) assumption of personal 

responsibility; (4) locus of control/self-efficacy; and (5) motivation and intention to 

act. Competencies include skills and abilities that a person has acquired and knows 

when and how to apply. These skills and abilities are: (1) identify environmental 

issues; (2) ask relevant questions about environment issues; (3) analyze 

environmental issues; (4) investigate environmental issues; (5) evaluate and make 

personal judgments about environmental issues; (6) use evidence and knowledge to 

defend position and resolve issues; and (7) create and evaluate plans to resolve 

environmental issues (Hollweg et al., 2011, pp. 3–2, 3–15, 4–2). 

Competencies, together with knowledge, and dispositions, enable and are 

expressed as environmentally responsible behavior (ERB), meaning the 

involvement in intentional and habitual behavior, individually or as a member of a 

group, that work toward solving current problems and preventing new ones. In the 
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behavioral dimension, Hollweg et al. described three conceptualizations of ERB, 

one of which was consistent with the five categories of ERB included in both 

Wilke’s (1995) and Simmons’ (1995) frameworks. Hollweg et al.’s (2011) 

framework also addressed the importance of context, as environmental issues do 

not operate in a vacuum, but in a variety of physical, personal, social, and political 

contexts. 

To summarize, EL is viewed as something dynamic and changing, because 

knowledge and skills, environmental problems and issues, experience, social 

influences, personal beliefs and values, and behaviors may develop and evolve over 

time. Therefore, individuals should not be viewed as being either environmentally 

literate or illiterate, and not everyone develop their EL in the same way (e.g., 

Hollweg et al., 2011; Marcinkowski et al., 2013; Roth, 1992). A review of the 

aforementioned EL frameworks indicated that EL consists of four components: 

knowledge, affective dispositions, skills, and behavior. Overall, these four 

components of EL echoed the goals and objectives of EE in The Belgrade Charter, 

The Tbilisi Declaration, and The Goals for Curriculum Development in 

Environmental Education discussed in the last section. 

Review of research pertaining to EL. In addition to the development of 

EL frameworks, researchers have attempted to investigate important EL variables. 

An important review of research that included the EL variables identified by 

Simmons (1995) was prepared by Volk and McBeth (1997). They criticized the lack 

of instructional and research effort in skills and behavior, whereas the affective 
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domain of EL, especially attitudes, seemed to be overrepresented and 

overemphasized in both EE and EL research. After conducting a discrepancy 

analysis of EL research in the US using Simmons’ (1995) framework, Volk and 

McBeth revealed the disparity between the actual status of EL and expected goals 

of EE in the United States.  

Within the United States, it appeared that EE was far from accomplishing its 

major goals of EL: the affective domain of EL was at a moderate level, but 

ecological and socio-political knowledge or knowledge of environmental issues 

was low, and so was behavior. Further, no inference can be made with respect to 

skills and additional determinants of environmentally responsible behavior due to 

lack of research investigating these variables. As to the instructional effectiveness 

on EL, again it was found that attitudes were most frequently investigated (i.e., 

76%), but 38% of all experimental studies in this review showed that instruction in 

various types of EE programs had no significant effect on attitudes. On the other 

hand, only 13% of these studies measured cognitive skills, but all reported positive 

instructional impacts on EL. Therefore, they identified the need for a 

comprehensive, national EL assessment that focus on various aspects of EL, 

because skills and behavior were less investigated in prior studies at that time. 

In addition to this review, particular attention is given here to selected 

research on environmental worldview, environmental sensitivity, environmentally 

responsible behavior, perceived knowledge, perceived skills, and willingness to act 
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due to their relevance to this study. A description of prior studies pertaining to the 

EL variables selected for this investigation follows. 

Environmental worldview. The New Environmental Paradigm scale was 

published as a 12-item measure of environmental worldview or attitudes in 1978 

(Dunlap & Van Liere, 1978), and was revised and renamed the New Ecological 

Paradigm (NEP) scale in 2000 (Dunlap et al., 2000). Both the original and revised 

versions of the NEP scale have been subjected to many analyses, and have been 

widely acknowledged as valid scales to measure environmental attitudes, beliefs, or 

worldview (Hawcroft & Milfont, 2010). The revised 15-item NEP scale has a 

Cronbach’s alpha value of .83, indicating a slightly greater internal consistency 

than the original version with an alpha value of .81 (Dunlap et al., 2000).  

Table 2.1 (p. 64) presents the five dimensions of the NEP scale, showing a 

balanced set of pro-NEP and anti-NEP items. Each item consists of a statement 

about the relationship between human and the environment, and asks the 

participants to indicate the extent to which they agree or disagree with it on a 5-

point Likert scale. Agreement with the eight odd-numbered items and disagreement 

with the seven even-numbered items indicates pro-environmental worldview. For 

pro-NEP items, responses are coded as 5 (strongly agree), 4, 3, 2, or 1 (strongly 

disagree), whereas for anti-NEP items, responses are coded in reverse as 1 

(strongly agree), 2, 3, 4, or 5 (strongly disagree). 
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Table 2.1  

The New Ecological Paradigm (NEP) Scale with Dimensions and Item Description 

Dimension Item Description Paradigm 

Limits to Growth  1. We are approaching the limit of the number 
of people the earth can support. 

Pro-NEP 

6. The earth has plenty of natural resources if 
we just learn how to develop them. 

Anti-NEP 

11. The earth is like a spaceship with very 
limited room and resources. 

Pro-NEP 

Anthropocentrism 
 

2. Humans have the right to modify the natural 
environmental to suit their needs. 

Anti-NEP 

7. Plants and animals have as much right as 
humans to exist. 

Pro-NEP 

12. Humans were meant to rule over the rest of 
nature. 

Anti-NEP 

Fragility of Nature’s 
Balance 
 

3. When humans interfere with nature it often 
produces disastrous consequences. 

Pro-NEP 

8. The balance of nature is strong enough to 
cope with the impacts of modern industrial 
nations. 

Anti-NEP 

13. The balance of nature is very delicate and 
easily upset. 

Pro-NEP 

Human  
Exemptionalism 
 

4. Human ingenuity will insure that we do 
NOT make the earth unlivable. 

Anti-NEP 

9. Despite our special abilities, humans are still 
subject to the laws of nature. 

Pro-NEP 

14. Humans will eventually learn enough about 
how nature works to be able to control it. 

Anti-NEP 

Possibility  
of Eco-Crisis 
 

5. Humans are severely abusing the 
environment. 

Pro-NEP 

10. The so-called “ecological crisis” facing 
humankind has been greatly exaggerated. 

Anti-NEP 

15. If things continue on their present course, 
we will soon experience a major ecological 
catastrophe. 

Pro-NEP 

Note. Adapted from “The New Ecological Paradigm Revisited: Anchoring the NEP Scale in 

Environmental Ethics,” by C. Lundmark, 2007, Environmental Education Research, 13(3), p.335. 
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Hawcroft and Milfont (2010) conducted a meta-analysis of 68 studies from 

36 countries using the NEP scale over the last 30 years. Despite the fact that the 

NEP scale has attracted widespread use, considerable variations were found in the 

way that the NEP scale is used (e.g., the number of items used, and the number of 

points on the Likert scale employed). Results from weighted regression analyses 

revealed that variations in scale length have a significant effect on the NEP scores. 

For instance, participants scored higher on the 6-item version of the scale than on 

the revised 15-item version, and scored lower on versions of the scale containing 

10 items. Due to a lack of empirical and theoretical integration in studies 

employing the NEP scale as a measure of environmental attitudes, it was 

recommended that the consistent use of the 15-item NEP scale is needed to provide 

a better conceptualization of the content and structure of environmental attitudes. 

Environmental sensitivity. Environmental sensitivity (ES) has been 

included in the statements of goals and objectives of EE for several decades (e.g., 

Roth, 1992; UNESCO, 1978). Nonetheless, as an important variable in EE 

research, ES received limited attention due to the difficulties in defining and 

measuring the dimensions of this construct. As an early and prominent researcher 

in this area, Tanner (1980) examined autobiographical statements of environmental 

professionals in the United States, and found striking similarities among the life 

experiences they cited as having influenced them to choose conservation work 

(e.g., outdoors, habitat, and parents). Subsequently, Peterson (1982) interviewed 22 

environmental educators who attended a NAAEE conference. Unlike Tanner’s 
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interest in the antecedents of environmental activism and career choice, Peterson 

asked different questions regarding influential aspects of educators’ lives, and 

found factors associated with ES included outdoors, family, and study of natural 

system (Peterson, 1982). 

Outside the United States, ES and significant life experiences have been 

studied in countries and regions such as the United Kingdom, Norway, El Salvador, 

and Taiwan (e.g., Chawla, 1999; Hsu, 2002; Palmer, 1993; Sward, 1997). Palmer 

(1993) mailed out open-ended surveys to 238 members of National Environmental 

Education Association in the United Kingdom, and identified 13 categories in 

developing personal concern for the environment (e.g., outdoors, education, family, 

and participation in environmental organizations). Chawla (1999) conducted a 

study in both the United States and Norway, and found similar factors that 

influenced participants’ commitment to environmental protection, including 

experience of natural areas, family, organizations, and negative experiences. As an 

attempt to replicate Peterson’s study, results of Sward’s (1997) dissertation also 

were consistent with previous findings (e.g., outdoor experiences, environmental 

destruction, and education), but she found ‘growing plants and raising animals’ to 

be a major ES variable for environmental professionals in El Salvador. Table 2.2  

(p. 67) summarizes and compares findings from five ES studies discussed above. 

It appeared that Hsu (2002) initiated ES research in Taiwan. Hsu and Li 

(2004) examined significant life experiences by interviewing three female 

environmental leaders in Hualien County of Taiwan. Content analysis revealed that  
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Table 2.2  

Major Variables in the Selected Environmental Sensitivity Research 

Factor 
Associated  

with ES 

Percentage of Total Participants 

Tanner, 
1980 

(n = 45) 

Peterson, 
1982 

(n = 22) 

Palmer, 
1993 

(n = 232) 

Sward, 
1997 

(n = 17) 

Chawla, 
1999 

(n = 56) 

 
Outdoors 

 
78 

 
91 

 
91 

 
88 
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Education  45 59 35 38 

Family 47 45 38  77 

Other Role 

Models 
58 64 21 12 32 

Experiences of 

Impacts/Threats 
24 23 18 41 39 

Environmental 

Jobs 
 27  24 27 

Environmental 

Organizations 
 18 36  55 

Books and 

TV/Media 
29 18 38  20 

Habitat 28     

Concern for 

Future 

Generations 
   6 4 

Travel 11  19   

Innate Affinity 

toward Nature 
   18  

Sense of Social 

Justice 
    25 

Note. Adapted from “Significant Life Experiences Revisited: A Review of Research on Sources of 

Environmental Sensitivity,” by L. Chawla, 1998, The Journal of Environmental Education, 29(3), 

pp.13–17.  
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the internal factors (e.g., environmentally friendly lifestyles, positive attitudes 

toward nature, personality, and social justice), external factors (e.g., childhood play, 

time spent in the outdoors as an adult, family, and friends), and other key factors 

(e.g., concerns about environmental problems and participation in environmental 

groups) together contributed to the cultivation of environmental behaviors of these 

Taiwanese leaders. Hsu (2009) extended this research to a purposive sample of 40 

educators and governmental officials, and also found that the top three categories 

included environmental organizations, loss of beloved natural places, and friends.  

In China, the only study I found that was related to ES appeared to be a 

qualitative study investigating the significant life experiences of 14 university 

professors who have participated in the Environmental Educators’ Initiative project 

(Ji, 2007). It was found that negative experience of environmental impacts or 

problems, work/job, and education ranked top among 15 categories of significant 

life experiences that led to their involvement in EE. 

In addition to individual studies such as these, Chawla (1998) conducted a 

literature review of a number of qualitative studies of significant life experiences of 

environmental educators and environmental professionals, and provided several 

suggestions for future research in this area. These suggestions included defining 

participants and key terms, reporting inter-coder reliability, and repeating 

observation or interviews through longitudinal designs. Chawla also identified a 

need for consistency in categories of analysis so that comparisons could be made 

among results of these studies. Sward and Marcinkowski (2001) conducted a 
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similar review of ES research reported between 1980 and 1995. They found that 

there was no agreed-upon definition for ES at that time, and that varied definitions 

and uses of ES presented challenges for their review, so they relied upon Peterson’s 

(1982) definition. In their discussion of the educational implications of this body of 

research, they indicated that K−12 education played a significant role in two salient 

factors affecting the development of ES: role models and environmental 

knowledge. However, their review of other studies indicated that K−12 educators 

found it difficult to include outdoor activities in their programs due to the lack of 

teacher training and funding, as well as support and time required to plan and carry 

out formative outdoor experiences. 

To summarize, ES appeared to be largely dependent on time spent in the 

outdoors, role models, and factors associated with education. This consistency was 

found among ES studies and reviews across cultural background (e.g., the United 

States, the United Kingdom, Norway, El Salvador, and Taiwan). Nonetheless, 

research on ES is still limited or lacking in many countries such as China. 

Environmentally responsible behavior. Environmentally responsible 

behavior has been included in various definitional statements of EE, such as “work 

toward the solution” in Stapp’s definition of EE (1969), and “participation” as one 

of the five objectives in The Tbilisi Declaration (UNESCO, 1978). In addition, 

behavior has been identified as an important variable in the aforementioned EL 

frameworks (Hollweg et al., 2011; Hungerford & Volk, 1990; Roth, 1992; 

Simmons, 1995; Wilke, 1995), as well as in a recent review of such frameworks 
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(McBride et al., 2013). Further, ERB has been considered as the ultimate goal, or 

the desired outcome of EE (e.g., Hines et al., 1986/87; Hungerford & Volk, 1990). 

Just as there have been many terms or phrases to describe the behavioral domain of 

EL, there has been several ways of conceptualizing ERB. 

An early and most commonly used categorization of ERB was proposed by 

Hungerford and Peyton (1980) that responsible environmental behavior consists of 

six categories, and later their categorization was modified to include five 

categories: ecomanagement, consumer/economic action, persuasion, political 

action, and legal action (e.g., Simmons, 1995; Wilke, 1995). This categorization 

was widely used by studies in the United States (e.g., Champeau & Peyton, 1984; 

Marcinkowski, 1989; Newhouse, 1986; Peyton, 1977; Sia, Hungerford, & Tomera, 

1985/86; Sivek & Hungerford, 1988), as well as in other countries and regions 

including Taiwan (Hsu, 1997) and Turkey (Erdogan, 2009). 

A second categorization of ERB was proposed by Stern (2000). First, Stern 

defined behavior in two ways: on the one hand, environmentally significant 

behavior can be defined by its impact—the extent to which it changes the 

availability of materials or energy from the environment or alters the structure and 

dynamics of ecosystems or the biosphere; and on the other hand, environmentally 

significant behavior can be defined from the participant’s standpoint—behavior that 

is undertaken with the intention to benefit the environment. On the basis of both the 

impact-oriented and the intention-oriented definitions, Stern categorized four types 
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of behaviors: environmental activism, non-activist behavior in the public sphere, 

private-sphere environmentalism, and other environmentally significant behavior.  

Although Hungerford and Peyton’s (1980) categorization differs from the 

four types of environmental behavior proposed by Stern (2000), both frameworks 

reflect the results of Dietz, Stern, and Gaugnano’s (1998) factor analysis of 

responses to the 1993 General Social Survey (Stern, 2000, pp. 410−411) as well as 

to the 1994 national environmental survey (Stern, Dietz, Abel, Guagnano, & Kalof, 

1999), and therefore appear to be compatible. It is noted that there are several 

similarities in the comparisons of Stern’s (2000) four types to Hungerford and 

Peyton’s (1980) categories of ERB. For instance, ecomanagement and 

consumer/economic action may be categorized as private-sphere environmentalism, 

and environmental activism appears to include the legal and political actions.  

Hines et al. (1986/87) conducted the first meta-analysis of correlational and 

experimental studies on responsible environmental behavior, and proposed a model 

of responsible environmental behavior. The steps followed in this meta-analysis 

included: (a) location of 380 studies from over 15 secondary sources (e.g., EIRC, 

dissertation bibliography, unpublished documents); (b) extraction of pertinent 

information from 128 studies which could be accessed and which met her selection 

criteria (i.e., each assessed variables in association with behavior and which 

reported empirical data on this relationship); and (c) analysis and synthesis of the 

extracted information using the Schmidt-Hunter meta-analysis procedures.  
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This meta-analysis resulted in the emergence of three major categories of 

variables that had been investigated in association with behavior (i.e., psycho-social 

variables, cognitive variables, and demographic variables). It was found that 

psychosocial variables and cognitive variables had relatively moderate relationships 

with behavior. Nonetheless, all demographic variables showed weak relationships 

with behavior (e.g., age, income, education, and gender), and thus were excluded 

from this model. On the basis of these findings, Hines et al. constructed a 

behavioral model based on the correlations between responsible environmental 

behavior and the investigated variables (Figure 2.2).  

 

Figure 2.2. Model of responsible environmental behavior. Adapted from “Analysis 

and Synthesis of Research on Responsible Environmental Behavior: A Meta-

Analysis,” by J. E. Hines, H. R. Hungerford, and A. N. Tomera, 1986/87, The 

Journal of Environmental Education, 18(2), p. 7. 
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In this model, intention to act appeared to be the most significant predictor 

to behavior (r = .491), and a moderate correlation was found between behavior and 

other investigated variables including knowledge, locus of control, attitudes, and 

personal responsibility. Because of a weak correlation, demographic variables were 

excluded from this model. Although skills were not found to be significant 

correlates to responsible environmental behavior in this meta-analysis, Hines et al. 

cautioned the erroneous assumption that skills may evolve naturally from 

knowledge, and thus included skills as a critical component in this model. Overall, 

Hines et al.’s meta-analysis contributed to the understanding of the relationships 

between other EL variables and responsible environmental behavior.  

As a replication as well as an extension of the Hines et al. (1986/87), a more 

recent meta-analysis of pro-environmental behavior was conducted by Bamberg 

and Moser (2007). Based on the information from a total of 57 samples, Bamberg 

and Moser not only identified variables associated with pro-environmental 

behavior, but also determined quantitatively the strengths of these relationships. In 

this study, mean correlations between psycho-social variables and pro-

environmental behavior were similar to those reported by Hines et al. (1986/87) 

(Table 2.3, p. 74). After summarizing the results of correlational tests of theoretical 

frameworks used in the last decade for the prediction of pro-environmental 

behavior, Bamberg and Moser recommended that more laboratory and field 

experiments that systematically manipulate one or more variables are needed in 

order to determine actual performance of pro-environmental behavior.  
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Table 2.3  

Comparison of Correlation Coefficients of Two Meta-analyses of Environmentally 

Responsible Behavior  

Predictor 

Corrected Correlation 

Coefficient 

Random-Effects 

Mean Correlation 

Hines et al., 1896/87 
Bamberg and Moser, 

2007 

Verbal Commitment 

(Intention) 

.491 .52 

Locus of Control 

(Perceived Behavior 

Control) 

.365 .30 

Attitude .347 .42 

Personal Responsibility 

(Personal Norms) 

.328 .39 

Knowledge .299  

Educational Level .185  

Income .162  

Economic Orientation .160  

Age −.151  

Gender .075  

Note. Variables investigated in Hines et al. (1986/87) were named differently in those reported by 

Bamberg and Moser (2007), so only comparable variables in these two meta-analyses were included 

in this table. Names of comparable variables used by Bamberg and Moser (2007) were included in 

the parentheses. 

 

To summarize, as the desirable outcome of EE, environmentally responsible 

behavior is an important variable in the EL frameworks, and an indispensable 

component of EL assessment. Nonetheless, treating behavior as a component of 

large-scale EL assessments is considered controversial by some researchers, 

because it is more difficult to assess than the other EL components, and tends to 

rely heavily on self-reported data (Hollweg et al., 2011). 

Perceived knowledge and perceived skills. Knowledge and skills are 

included as major objectives of EE (UNESCO, 1978), and are crucial components 
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of EL (e.g., Simmons, 1995; Wilke, 1995). These variables are important because 

they are interrelated in the cognitive domain, and may be directly addressed 

through formal EE (Hungerford & Volk, 1990). Thus, knowledge of and skills in 

using environmental action strategies have been identified as empowerment 

variables in Hungerford and Volk’s (1990) environmental citizenship behavior 

model. In this study, perceived knowledge and perceived skills were investigated 

rather than actual knowledge and skills due to a lack of resources. A number of 

studies have investigated perceived knowledge of, and perceived skills in using 

citizen participation strategies, and found these variables as strong predictors of 

responsible environmental behavior (e.g., Marcinkowski, 1989; Sia, 1985; Sivek, 

1989).  

Sia (1985) developed a behavior inventory of environmental action and 

conducted a study on predictors of responsible environmental behavior using a 

convenience sample of members from Sierra Club and Elderhostel. Data analysis 

using 171 valid responses revealed a significant positive relationship between 

perceived knowledge of environmental action strategies and behavior (r = .55), and 

between perceived skills in using environmental action strategies and behavior  

(r = .59). Results of his correlational and regression analyses may be compared to 

those obtained by Sivek (1989) and Marcinkowski (1989) subsequently. 

Sivek (1989) replicated Sia’s (1985) dissertation using a survey instrument 

adapted from Sia et al. (1985/86). Three randomly selected samples of 200 

members from the Wisconsin Council of Trout Unlimited (TU), the Wisconsin 
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Trapper’s Association (WTA), and Wisconsin members of Ducks Unlimited (DU) 

participated in this study. Significant positive relationships were found between 

knowledge and behavior, as well as between skills and behavior for all samples. In 

particular, the highest correlation was found between perceived skills and behavior 

within the WTA sample (r = .52), and the lowest correlation was found between 

perceived knowledge and behavior within the TU sample (r = .20).  

Marcinkowski (1989) also replicated Sia’s (1985) dissertation using two 

samples of 147 members of the Southern Illinois Chapter of the Illinois Audubon 

Society, and 194 members of the Shawnee Chapter of the Sierra Club. Valid 

responses from 31 members of Sierra Club were compared to Sia’s Sierra Club 

sample (n = 105). It was found that in both samples, top predictors for behavior 

were perceived knowledge of and skills in using environmental action strategies, 

and attitudes toward technology. Moreover, there were noticeable differences 

between both samples on ordering and percent contribution to the explained 

variance in behavior (Marcinkowski, 2001). For instance, Marcinkowski (1989) 

reported that the strongest predictor of responsible environmental behavior was 

perceived knowledge of action strategies that accounted from nearly 40% of the 

variance in behavior, whereas skills in using action strategies only contributed a 

little more than 5% of the variance. 

These three dissertation studies—Sia (1985), Sivek (1989), and 

Marcinkowski (1989)—led to the inclusion of perceived knowledge and perceived 

skills in the Secondary Student Environmental Literacy Instrument (SSELI). A 
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modified version of SSELI has been used by Hsu (1997) for secondary teachers and 

Ekstrom (2008) for college students. Finally, as indicated in the aforementioned 

frameworks (e.g., Simmons, 1995; Wilke, 1995), the current study investigated 

selected areas of perceived knowledge and perceived skills, including perceived 

knowledge of ecology and earth system science, perceived knowledge of 

environmental science, perceived skills in investigating and evaluating problems 

and issues, and perceived skills in using citizen participation strategies. 

Willingness to act. Willingness to act refers to an individual’s 

predisposition to engage in environmental behavior that aimed at preventing or 

resolving environmental problems and issues. When there is an expressed intention 

to act upon a special environmental problem or issue, this term may be called as 

verbal commitment. As commitment was a measure of intention, not necessarily 

expressed verbally, and because this variable were assessed by the use of written 

instrument in most cases, willingness to act was used in this study to address the 

intention to act and behavior relationship. 

In Hines et al. (1986/87) meta-analysis, willingness to act appeared to be 

the most significant predictor to environmentally responsible behavior (r = .491). 

This indicated that participants who express an intention to perform some action 

related to the environment were more likely to have reported engaging in 

environmental behavior than participants who had express no such intentions. 

Bamberg and Moser (2007) conducted a similar meta-analysis and also found a 

relatively high mean correlation of intention and ERB (r = .52) with the 95% 
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confidence interval varying from .42 to .61. However, it was found that intention on 

average predicts only 27% of the variance in behavior. Therefore, Bamberg and 

Moser concluded that the mechanism how willingness to act contribute the actual 

enactment of environmentally responsible behavior are not fully understood. 

Assessments of EL among university students/teachers. After a review of 

existing frameworks and studies pertaining to EL variables, it is appropriate to 

understand the assessments of EL in diverse cultural settings among or closely 

related to my target population. The only study I found that assessed the EL of 

university students was conducted by Ekstrom (2008). The Secondary Student 

Environmental Literacy Instrument (SSELI), an existing instrument developed by 

the Environmental Literacy Assessment Consortium (Marcinkowski & Rehrig, 

1995), was modified and adapted to be use in this study. Using an online survey 

provider called Survey Monkey, a revised version of SSELI was administered to a 

convenience sample of 154 freshmen and 102 seniors at Plymouth State University 

in New Hampshire, United States. Data were analyzed using a statistical program 

called STATISTICA.  

Regardless of grade levels, the highest scores were found in the affective 

domain, but participants showed a moderate level in the cognitive domain, and a 

low level of behavior in environmental actions. With respect to the cognitive 

variables, students showed a higher level of perceived knowledge of environmental 

problems and issues than perceived knowledge of citizen action strategies. 

Similarly, students reported a higher level of perceived skills in investigating 
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environmental problems and issues than perceived skills in citizen action strategies. 

As to the behavior scale, the highest mean score was found in ecomanagement, 

followed by consumer/economic action and persuasion, and with political and legal 

action as the lowest. It was recommended that more assessments should be 

conducted at the tertiary level so as to develop an environmentally literate citizenry. 

Hsu’s (1997) dissertation was one of the first studies investigating the level 

of EL among Taiwanese teachers, and the relationship of between selected EL 

variables and responsible environmental behavior. Both English and Chinese 

versions of a researcher-constructed instrument were submitted to a validity panel 

of three experts and three doctoral students who were fluent in both languages and 

in the field of EE or environmental science for content validity, translation bias, and 

ease of use. Subsequently, a nine-page survey was mailed to a random sample of 

300 secondary teachers in Hualien County of Taiwan, and the response rate is 

78.7%. In addition to descriptive statistics, correlation and stepwise multiple 

regression analyses were used for data analysis.  

Hsu concluded that Taiwanese teachers showed positive environmental 

attitudes, high levels of environmental sensitivity and personal responsibility, as 

well as moderate levels of locus of control and knowledge about environmental 

problems and issues. The significant predictors of responsible environmental 

behavior included perceived knowledge of environmental action strategies  

(r = .46), intention to act (r = .46), and perceived skills in using environmental 

action strategies (r = .45). This study was groundbreaking in the EE research 
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relating to EL and responsible environmental behavior in Taiwan, and provided 

empirical information for improving EE programs and instructional practices for 

in-service teachers at the secondary level. 

A second study that investigated the level of EL among secondary teachers 

was conducted by Taj (2011) in Pakistan. A stratified random sample of 626 

secondary teachers from five districts of Punjab, Pakistan was selected for this 

study. The instrument used for data collection was the Middle School 

Environmental Literacy Survey (MSELS) developed and used for national 

assessment of EL in the United States. The MSELS was translated from English to 

Urdu, the official language in Pakistan, to facilitate data collection. Data analysis 

strategies used in this study included descriptive statistics, analysis of variance 

(ANOVA), and multiple regression and correlation.  

Results of Taj’s (2011) dissertation research indicated that teachers have a 

moderate level of EL. The most significant correlates to responsible environmental 

behavior appeared to be perceived skills in using citizen action strategies (r = .45), 

perceived knowledge of citizen action strategies (r = .40), and environmental 

sensitivity (r = .20). Among eight EL variables investigated in this study, perceived 

skills in using citizen action strategies and environmental sensitivity collectively 

accounted for 20.6% of variance in the teachers’ behavior scores. With respect to 

demographics, females scored higher than males, and teachers in private schools 

scored higher than those in public schools. This study served as the first of its kind 



 

81 

in Pakistan, and provided empirical information for developing EE trainings for 

secondary teachers. 

Large-scale assessments of EL. The first wave of large-scale assessments 

in EE started in the 1970s, but nearly all of these studies focused on environmental 

knowledge and attitudes of K–12 students (e.g., Bohl, 1977; Eyers, 1976; Perkes, 

1974; Richimond, 1977). Since 2000, there has been a second wave of assessments 

that were expanded to include a wider range of EL components (i.e., knowledge, 

skills, affective dispositions, and behavior). Since 2000, a number of research 

teams have adopted and localized the well-acknowledged EL frameworks and 

conducted national assessments of EL, including countries and regions such as 

South Korea (2002–2003), Israel (2004–2006), the United States (2006–2008), 

Turkey (2008–2009) and, most recently, Taiwan (2012–2013). 

South Korean national assessment. The Department of Science Education 

at Dankook University conducted a national survey of the EL among the third-, 

seventh-, and 11th-grade students in South Korea over the 2002–2003 to 

understand what they know, how they feel, and how they act from the perspective 

of EL (Shin et al, 2005). On the basis of Simmons’ (1995) framework, nine EL 

variables were selected in this assessment, representing all four components of EL. 

Age-appropriate instruments were constructed for use with each grade level, and a 

pencil-and-paper survey was administered to a stratified sample of 2,993 students. 

Regardless of grade level, the highest correlations were found between attitudes 

and behavior. They also found a moderate relationship among attitudes and the 



 

82 

other eight EL variables. The correlations between knowledge and skills were 

relatively high, but low correlations were observed between skills and behavior, 

and also between knowledge and behavior. This study contributed to the curriculum 

reform in 2007, and since then, EL has been included as a major goal in the 

National EE curriculum in South Korea. 

Israeli national assessment. The Arava Institute for Environmental Studies 

initiated a national EL assessment of the sixth- and twelfth-grade students in Israel 

over the 2004–2006 (Negev, Sagy, Grab, Salzberg, & Tal, 2008). On the basis of 

several EL frameworks (e.g., Hungerford & Volk, 1990; Simmons, 1995), three of 

the four components of EL were included in this assessment. With the help of 

Israel’s Ministry of Education, a national sample of 3,121 students was selected and 

participated in researcher-constructed, grade-specific surveys in a 45-minute class 

period. Data analysis revealed significant positive correlations between knowledge 

and attitudes as well as between attitudes and behavior, but knowledge was not 

correlated with behavior. Compared to the sixth-grade students, a significant drop 

in environment behavior was found among the twelfth-grade students. It was 

recommended that EE should be implemented in the entire education system, and 

there was a need to prepare instructional materials for EE in Israel to promote a 

citizenry of environmental literacy. 

U.S. national assessment. With the support from the National Oceanic and 

Atmospheric Administration, the U.S. Environmental Protection Agency, and 

educational organizations such as NAAEE, a national environmental literacy 
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assessment (NELA) project was undertaken by a team of researchers in the United 

States. Phase One (2006–2008) identified baseline levels of EL among the sixth- 

and eighth-grade students using a nationally representative sample of 2,004 

students in randomly selected 48 middle schools (McBeth et al., 2008). Phase Two 

(2009–2011) assessed EL levels among the sixth-, seventh-, and eighth-grade 

students engaged in school-based EE programs using a purposeful sample of 7,965 

students in 64 middle schools (McBeth et al., 2011). Phase Three (2012–2014) 

included the secondary analyses of ancillary data collected in the two earlier phases 

in order to explore relationships between aspects of EL and socio-economic, 

demographic, and programmatic variables (McBeth et al., 2014).  

On the basis of the EL framework developed by the Environmental Literacy 

Assessment Consortium (Wilke, 1995), six EL variables were included in this 

assessment (Bluhm, Hungerford, McBeth, & Volk, 1995). Data were collected 

using the ninth version of the Middle School Environmental Literacy Survey 

(MSELS) that was developed, validated, refined, and field-tested with sufficient 

validity and reliability (i.e., Cronbach’s alpha values ranging from. 701 to .869 with 

one exception in the 3-item issue identification scale). Results showed that U.S. 

middle school students had a moderate level of EL. Regardless of grade level, the 

highest scores were observed in ecological knowledge, whereas the lowest scores 

were found in cognitive skills. Levels of knowledge and cognitive skills appeared 

to be higher among the eighth-grade students than among the sixth-grade students, 

while levels of affect and behavior appeared to be higher among the sixth-grade 
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students than among the eighth-grade students (McBeth et al., 2008). Significantly 

higher scores were attained by students in the ongoing EE programs than by their 

counterparts on EL variables including ecological knowledge, verbal commitment, 

environmental sensitivity, environmental feelings, and environmental behavior. 

Overall, this study provided a research base to understand the general status of EL 

among middle school students in the United States (McBeth & Volk, 2010). It was 

recommended that the MSELS, as a valid and reliable instrument, should be used in 

future assessments so as to compare findings from this study to those of various 

populations and samples. 

Turkish national assessment. On the basis of a thorough review and 

content analysis of EE research in Turkey, Erdogan (2009) found the absence of 

any nationwide survey on EL. In this context, the first national assessment of EL 

was conducted among the fifth-grade students in Turkey over 2007–2009 for his 

dissertation research. Using Simmons’ (1995) framework, the Elementary School 

Environmental Literacy Instrument was developed and administered to a sample of 

2,392 students there. Erdogan concluded that these students had a moderate level of 

EL with the lowest scores in cognitive skills and the highest scores in the affective 

dispositions. The study highlighted the need for contextualizing an EL framework 

in Turkey, and provided a research base for developing such framework. It was 

recommended that further assessments in Turkey should consider wider 

populations, including students at the secondary and tertiary levels. 
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Taiwanese national assessment. In light of a recent enacted Environmental 

Education Act in June 2011, and in order to better implement this act, an 

environmental literacy assessment was conducted among Grades 3–16 students and 

teachers, as well as governmental officials in 22 counties and cities in Taiwan over 

2012–2013 (Liang, Liu, Cai, & Fang, 2013). Funded by the Environmental 

Protection Administration (EPA), researchers at Shih Hsin University and National 

Taiwan Normal University collaboratively developed the framework and 

instruments for this assessment. Using a pencil-and-paper survey, a total of 115,990 

valid surveys were collected from September 2012 to October 2012.  

The report to Taiwan’s EPA (in Chinese) indicated that the lowest scores 

were found in environmental behavior for both the student and adult samples, 

despite that both samples showed a moderate level of environmental knowledge 

and a relatively high level of environmental attitudes. Compared to the student 

sample, the adult samples, including teachers and governmental officials, scored 

higher in both environmental knowledge and attitudes, but maintained a low level 

in behavior. Although cognitive skills, an important component of EL, was missing 

in this assessment, this study provided a base line of EL among Taiwanese students, 

teachers, and governmental officials, as well as a research basis for developing a 

broader EL framework in Taiwan (Liang et al., 2013). The time frames, grade 

level(s) sampled, sample sizes, and EL variables assessed in each of these 

aforementioned national assessments of EL are summarized in Table 2.4 (p. 86).   
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Table 2.4 

Summary of Five National Assessments of EL 

 
South 

Korea 
Israel U.S. Turkey Taiwan 

Relevant 

Studies/Reports 

Shin et al., 

2005 

Negev et 

al., 2008 

McBeth et al., 

2008, 2011 

Erdogen, 

2009 

Liang et 

al., 2013 

Time Frames 2002 

–2003 

2004 

–2006 

2006–2008, 

2009–2011a 

2007 

–2009 

2012 

–2013 

Grade Level(s) Grade 

3, 7, 11 

Grade 

6, 12 

Grade 

6, 7, 8 

Grade 5 Grade 

3–16b 

Sample Sizes (n) 2,993 3,121 n1 = 2,004 

n2 = 7,965 

2,392 115,990 

EL Variables Assessed 

Ecological 

Knowledge 
× × × × × 

Environmental 

Knowledge 
× ×  × × 

Cognitive Skills ×  × ×  

Environmental 

Sensitivity 
× × × × × 

Environmental 

Feelings 
 × ×   

Environmental 

Attitudes 
× ×  × × 

Personal 

Responsibility 
× ×    

Locus of 

Control/Efficacy 
× ×    

Intention/ 

Willingnessc 
× × × × × 

Note. Adapted from Table 31.15 in “National Assessments of Environmental Literacy: A Review, 

Comparison, and Analysis,” by T. Marcinkowski, D. Shin, K. Noh, M. Negev, G. Sagy, Y. Garb, W. 

McBeth, H. Hungerford, T. Volk, R. Meyers, and M. Erdogan, 2013, International Handbook of 

Research on Environmental Education, p. 326.  
aThe NELA project conducted in the United States included two phrases: Phase I (2006–2008) and 

Phase II (2009–2011). 

bThe Taiwanese national EL assessment also included teachers and governmental officials in their 

study samples. 
cThe term verbal commitment was used instead of intention/willingness to act in the NELA project 

conducted in the United States.  
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International assessment. There have been a limited number of 

international assessments of EL, and the only assessment I found was a subset of 

the 2006 Science Assessment conducted by the Programme for International 

Student Assessment (PISA) (Marcinkowski et al., 2013). More than 40, 000  

15-year-olds from 57 countries were assessed in the areas of environmental science 

and earth science (OECD, 2009). Although the PISA 2006 Science Assessment 

included only two of the four EL components (i.e., cognitive skills and attitudes), 

the item development and data analysis process of PISA 2006 was more extensive 

and sophisticated (Marcinkowski et al., 2013). Among the OECD countries, it was 

found, on average, 19% of 15-year-olds performed at the highest proficiency level 

in environmental science. However, a significant number of students in some 

countries failed to reach a basic proficiency level in environmental science and 

geoscience, particularly among students of a low socio-economic status and those 

who were immigrants (OECD, 2009).  

To summarize, these large-scale EL assessments provided a strong empirical 

basis for understanding the definitions of and frameworks for EL in diverse 

national and cultural settings, and may be used as a reference for future assessments 

of EL in these countries and regions. Researcher-constructed instruments such as 

the MSELS, showed a high validity and reliability, may be used in future 

assessments so as to compare findings from various populations and samples.  
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Environmental Education Research in China 

For this dissertation, the author conducted an in-depth review and analysis 

of the EE literature in China over the years 2003–2013 using databases provided by 

the China National Knowledge Infrastructure (CNKI, 1984 onwards). This time 

period was chosen because the first EE study in China, a doctoral dissertation, was 

not published until 1998, and during the time period from 1998 to 2002, there were 

only 12 doctoral dissertations and master theses associated with EE. Since 2003, 

the number of dissertations and theses in the field of EE has increased steadily. This 

trend may be explained by the governmental efforts on EE, as two official 

documents—outline and guidelines for EE—were issued by Ministry of Education 

in 2003, requiring the integration of EE at the elementary and secondary schools 

nationwide.  

An advanced search of environmental education using all four descriptors 

(i.e., topic, title, key words, and abstract) in CNKI’s journal databases revealed 

1,389 literature over 2003–2013. Nonetheless, as Ji (2007) had found in her content 

analysis of the EE literature published over 1995–2011 in The Chinese Journal of 

Environmental Education, an influential journal specializing in EE in China, most 

literature featured on theoretical/conceptual speculations, commentaries, and 

anecdotes, and there was a great need of empirical studies pertaining to EE. 

Therefore, for the purpose of this study, only journal articles in which research 

designs can be identified and the EL of university and/or college students had been 

investigated are reviewed and discussed in this section. 
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Another advanced search revealed 20 dissertations and 235 theses in 

CNKI’s Doctoral Dissertations and Outstanding Masters Theses Full-text Database 

that fit the time frame and descriptors. Of these 255 graduate studies, 220 were in 

the field of the social sciences and humanities, and of these, 67.3% were for degree 

programs in curriculum and instruction, and 22.3% were for degree programs in 

other fields of education. Nonetheless, only a very small number of master theses 

identified the research methodology and designs used, or reported the validity and 

reliability of their instruments for data collection. This indicated that a majority of 

master theses in China were neither detailed nor rigorous enough to be included for 

further analyses in this dissertation. Among the 20 doctoral dissertations, only those 

that used a quantitative survey to investigate one or more EL variables are included 

in this review.  

China general public environmental surveys. As indicated in earlier 

historical section, environmental awareness has been regarded as an equivalent 

construct as EL in China, rather than as an aspect of EL. Thus, it is appropriate to 

review three national assessments of environmental awareness among Chinese 

citizens in 1998, 2007, and 2013, respectively.  

Led by SEPA, the Contemporary China Research Center at Beijing 

University launched the first China general public environmental survey in 1998 

(SEPA, 1998). About 10,495 households from all 31 provinces, municipalities, and 

autonomous regions in China participated in this door-to-door survey. The sample 

consisted of 9,016 adults aged 16–65 and 2,582 children aged 10–15. It was found 
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that: (1) survey participants had a low level of environmental knowledge, with a 

mean of 2.8 on a 0–13 scale; (2) they showed a negative attitude toward the 

environment—for instance, more than half participants believed that economy 

development is more important than environmental protection; and (3) their level of 

participation in environmental behavior was low—for instance, less than 4% of 

participants took legal or political actions to prevent or resolve environmental 

problems/issues. With respect to the demographic variables, environmental 

awareness appeared to increase with education level but decrease with age. Further, 

city residents showed a higher level of awareness than rural residents. Most 

surprisingly, the Maoist doctrine that “man must conquer nature” appeared to still 

have an influence on participants’ view of the man-nature relationship at that time. 

For instance, nearly 25% of participants strongly agreed or agreed that people 

should seek to conquer nature for their own benefits. As the first large-scale 

nationwide survey on environmental awareness, this study provided the empirical 

data for understanding the status of environmental knowledge, attitudes, and 

behavior of Chinese citizens, and contributed to better decision making by the 

Chinese government on EE. 

A second nationwide survey called 2007 China General Public 

Environmental Survey was launched by the China Environmental Awareness 

Program with a purpose of raising environmental awareness of the whole nation. In 

collaboration with the United Nations Development Programme (UNDP), the 

Norwegian Embassy, and a multinational corporation named ArcelorMittal, SEPA 
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and its affiliated CEEC initiated this project (SEPA, 2008). The Institute of 

Sociology at the Chinese Academy of Social Sciences took a leading role in this 

survey, although the probability proportional sampling and survey procedures were 

carried out by Millward Brown–ACSR CO. Ltd to ensure the representativeness of 

the sample. More than 3,000 Chinese citizens aged 16–65 from both urban and 

rural areas of 20 provinces, municipalities, and autonomous regions participated in 

the computer-assisted telephone interviews. Compared to the 1998 survey, about 

70% of the participants showed a positive attitude on the man-nature relationship, 

and a significant increase was found in the environmental knowledge scores with a 

mean of 7.05 on a 0–12 scale, but behavioral scores stayed low.  

Results showed that Chinese residents appeared to be most active in 

behaviors such as: saving water, electricity, and gas (89.6%); not using disposable 

chopsticks or other disposable eating utensils (32.8%); and not using plastic bags 

for grocery shopping (22.1%). With respect to demographics, participants with 

higher education level and income seemed to show a higher level of environmental 

awareness. Nonetheless, age appeared to have a mixed relationship, because people 

aged 34 and younger scored higher on environmental attitudes, whereas people 

aged 24 and younger scored higher on environmental behavior. Lastly, sources of 

environmental information were obtained mainly from watching TV programs and 

documentaries with nature or environmental themes (82.9%), followed by reading 

newspapers and magazines (47.3%), and seeing environmental advertisements or 
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slogans (42.4%). This indicated that mass media appeared to serve as an important 

channel for disseminating environmental information. 

The most recent general public environmental survey called a National 

Survey on Ecological Civilization Awareness was carried out in 2013 by the MEP’s 

Department of Communication and Education and the China Environmental 

Culture Promotion Association (MEP, 2014). A stratified random sample of 14,977 

residents from 50 cities, towns, and rural areas participated in the pencil-and-paper 

survey, and a convenience sample of 6,665 Chinese completed the 29-item survey 

online. Like previous surveys, only three of the four components of EL were 

included (i.e., knowledge, attitudes, and behavior). It was found that on a scale of 0 

to 100, the score in attitude was moderate (74.8), but a low score was observed in 

both knowledge (48.2), and behavior (60.1). For instance, 99.8% of the participants 

were aware of smog, but less than 15.9% can identify major causes of air pollution. 

In addition, a positive relationship was found between education level and 

knowledge, but a higher level of knowledge was not associated with an increased 

level of behavior. Finally, more than 70% of these participants believed that the 

government and environmental protection agencies should be responsible for 

environmental protection, while a small percent believed that the companies 

(15.1%), or individuals (12.7%) should be responsible. 

Findings from these environmental surveys indicated a general empirical 

trend that Chinese citizens have started to show a positive attitude toward the 

environment, but still exhibit a relatively low level of knowledge and behavior 
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(MEP, 2014; SEPA, 1998; SEPA, 2008). Nonetheless, a close examination of items 

used for these surveys might raise some doubts about the construct and content 

validity of their instrument. For instance, items pertaining to environmental 

knowledge were mixed with items pertaining to opinions and attitude, with only a 

limited number of multiple choices targeting at knowledge of environmental 

problems (e.g., Wang, 2007). Further, these surveys missed several important 

components of EL, including cognitive skills and other affective variables such as 

environmental sensitivity. Lastly, it appeared that these surveys adopted the old 

knowledge–attitude–behavior model, which is not supported by reviews of EE 

research outside China (Bamberg & Moser, 2007; Hines et al., 1986/87; 

Hungerford & Volk, 1990; Kolmuss & Agyeman, 2000; Marcinkowski, 2004). 

Studies investigating K─12 students. Since EE has been identified as the 

most important means of implementing the goals of environmental protection in 

China’s Agenda 21, there has been a growing effort to investigate knowledge, 

attitudes, and behavior of Chinese students toward the environment. An early 

survey was carried out among a national representative sample of more than 15,000 

fifth- and tenth-grade students (Shen, 1995). Regardless of the grade level, students 

showed a moderate level of environmental knowledge, a high level of 

environmental attitudes, and a low level of environmental behavior. The tenth-

grade students scored slightly higher than the fifth-grade students in environmental 

knowledge, but lower than the latter group in environmental behavior. In addition, 

among all the environmental problems surveyed, students concerned most about air 
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pollution, solid waste, and noise pollution. Further, main sources of environment 

knowledge included school courses, and mass media such as TV, radio, 

newspapers, and magazines. Findings from this survey were published in The 

Chinese Journal of Environmental Education, and contributed to SEPA’s The 

National Action Plan on Environmental Publicity and Education (1996−2010) 

aiming at promoting EE at the elementary and secondary levels. 

Han’s (2008) dissertation investigated the status of EE among middle and 

high school students in China. A stratified sample of 400 students who took 

geography courses at selected secondary schools in Changchun City, Jilin Province 

of Northeast China, participated in a researcher-developed instrument with 33 

multiple choices and Likert-type items. The instrument showed an acceptable 

internal consistency with a Cronbach’s alpha value of .75, but the validity of this 

instrument was not reported. Data analysis of 381 valid responses revealed a low 

correlation between knowledge and behavior (r = .373), but moderate correlations 

between knowledge and attitude (r = .592), and between attitude and behavior  

(r = .558). Further, it was found that female students engaged more in 

environmental behavior than male students. It was recommended that more efforts 

are needed to address EL in the geography curriculum at the secondary level. 

Studies investigating mixed populations that included university 

students. Three EE studies in China were found to have included university 

students as the target population. However, none of these studies separated 

university students from other populations that were sampled.  
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Wang’s (2007) dissertation investigated public participation mechanism and 

environmental behavior among Chinese citizens. An existing instrument used for 

2007 China General Public Environmental Awareness Survey were administered to 

a random sample of 400 residents, university students, and governmental officials 

in Shanxi Province of West China. Significant positive correlations were found 

between knowledge and direct conservation behavior (r = .422), and between 

attitudes and direct conservation behavior (r = .418). With respect to demographic 

variables, females showed a higher level of participation in direct conservation 

action than males, but no significant difference was found regarding environmental 

activism (i.e., legal or political action). Also, a significant positive relationship was 

found between behavior and level of education (r = .316), but not between behavior 

and other demographic variables such as income and age, respectively. Further, 

knowledge, attitudes, and demographic variables together accounted for 29% of the 

variance in behavior. In comparison to results of general public environmental 

surveys, Wang concluded that there has been a dramatic increase in environmental 

knowledge and attitudes among Chinese residents, but no obvious change was 

found in their environmental behaviors. 

Qu’s (2008) dissertation investigated factors influencing recycling behavior 

of students and residents in Dalian City of Liaoning Province located in Northeast 

China. A theoretical behavioral model was adapted on the basis of the Theory of 

Planned Behavior (Ajzen, 1985; Fishbein & Ajzen, 1975). A researcher-adapted 

instrument with 79 multiple choices and Likert-type items was administered to a 
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convenience sample of 1,000 K−16 students, and a purposive sample of 150 urban 

residents. Using the valid responses of 716 participants, significant positive 

relationships were found between egocentric environmental values and intention to 

act, and between egocentric environmental values and self-reported recycling 

behavior. Predictors of recycling behavior also included subjective norms, 

perceived behavior control, environmental attitudes, and altruistic environmental 

values. With respect to demographic variables, those with higher levels of 

education and income tended to participate more in recycling behavior, but age did 

not make a difference on behavior among these participants. 

Zhu, Wang, and Ma (2009) appeared to be the only study investigating all 

four components of EL (i.e., knowledge, affective dispositions, skills, and 

behavior), and developed their EL framework on the basis of an article published 

by McKeown-Ice (1999) in Tennessee Conservationists. Three researcher-

constructed instruments that consisted of Likert-type items and open-ended 

questions were administered to a sample of 2,400 students from 16 schools and 13 

universities, 200 teachers and school administrators, and 903 residents in Beijing 

City. Overall, the highest mean scores were found in affective dispositions, 

followed by behavior and knowledge, and with cognitive skills as the lowest. 

Results of the student sample showed that female students had a higher level of EL 

than male students, but no significant difference was found between urban students 

and rural students, or between green schools and non-green schools. Responses 

from teachers and school administrators indicated a high level of environmentally 
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responsible behavior, and thus served as significant role models for students. 

Nonetheless, both teachers and administrators showed a lack of cognitive skills. It 

was recommended that sufficient and sustainable funding, teaching materials, as 

well as trainings for in-service teachers should be provided to strengthen EE 

through formal education. However, this study did not report the validity and 

reliability of their instruments, nor the sampling procedure. 

Studies investigating university students outside Hubei Province. These 

has been a small number of EE studies in China that measured one or more of EL 

variables among a population closely related to this dissertation. 

Zhong, Tan, and Zhang (2003) explored the relationship between 

environmental awareness and environmental behavior among 650 

university/college students from three universities and colleges in Hunan Province 

(n = 551). Data were collected using a researcher-developed instrument that 

consisted of 40 items for environmental awareness and 16 items for environmental 

behavior. It is noted that the environmental awareness scale also consisted of 

knowledge about environmental science (14 items), knowledge of man and nature 

relationship (6 items), environmental attitudes (8 items), and environmental ethics 

(12 items). As previously mentioned, environmental awareness has been regarded 

as a broad concept and thought to be synonymous with EL. Data analysis showed a 

significant, positive relationship between awareness and behavior. The highest 

correlation was found between environmental ethics and behavior (r = .517), 

followed by environmental attitudes and behavior (r = .325). With respect to 
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demographics, juniors scored higher in environmental ethics and attitudes than 

freshmen and sophomores, and students in the bachelor degree program scored 

higher than those in the associate degree program. Further, area of residence 

seemed to make no difference on the variables investigated in this study. 

Zeng’s (2004) dissertation might be the first published study in China 

focusing solely on EL of university/college students at normal universities/colleges 

(i.e., pre-service teachers). A pencil-and-paper survey was administered to a 

stratified sample of 2,511students at three normal universities and colleges in 

Jiangsu and Shandong Provinces of East China. Three components of EL were 

included in a researcher-constructed instrument: (1) ecological, environmental, and 

socio-political knowledge (19 items, multiple choices and True/False), which were 

developed on the basis of university textbooks for non-environmental majors; (2) 

environmental attitude (14 items on a 4-point Likert scale), which were adapted 

from the 12-item NEP scale developed by Dunlap and Van Liere (1978); and (3) 

environmental behavior (9 items, multiple choices), which were developed on the 

basis of Hungerford and Volk’s (1990) citizenship environmental model.  

Results showed that students had a relatively high level of EL. In the 

knowledge domain, higher scores were found among items pertaining to general 

environmental knowledge, but lower scores were found among items pertaining to 

specific environmental knowledge (i.e., identifying greenhouse gases). In addition, 

students showed a positive attitude toward the environment, but tended to 

participate more in ecomanagement than other categories of ERB. Further, the 
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highest correlation was found between knowledge and attitudes (r = .37), followed 

by attitudes and behavior (r = .21), and with the lowest among knowledge and 

behavior (r = .16). Finally, significant differences were found between selected EL 

variables and demographics, including major, grade level, and gender. Zeng 

recommended that normal universities and colleges should strengthen EE for pre-

service teachers in all majors but not limited to those related to EE such as 

geography, biology, and chemistry. Nonetheless, it appears that Zeng adopted the 

knowledge–attitude–behavior model, even though it is not supported by reviews of 

EE research outside China (Bamberg and Moser, 2007; Hungerford & Volk, 1990; 

Kolmuss & Agyeman, 2000; Marcinkowski, 2004), and recent EE studies in China 

(e.g., Sun, 2006; Zhu et al., 2009).  

Studies most relevant to this dissertation. There are two kinds of studies 

that are most relevant to my dissertation. These include: (1) studies investigating 

one or more EL variables among university students in Hubei Province; (2) studies 

of EL components that are most closely related to the variables under the 

investigation in this study. It is noteworthy that none of these studies were relevant 

to both the target population and eight EL variables selected for this investigation. 

Studies investigating university students in Hubei Province. Zhu’s (2010) 

dissertation examined the environmental preferences of university students in 

China. A researcher-developed instrument with multiple choices and Likert-type 

items was administered to a convenience sample of 250 students at one national 

university in Hubei Province (i.e., China University of Geosciences, Wuhan 
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campus). Both undergraduate and graduate students from seven majors participated 

in this study (e.g., geology, public administration, economics, and political 

education). Analysis of 245 valid responses revealed that students showed a low 

level of participation in three categories of environmental behaviors (i.e., 

ecomanagement, consumer/economic, and persuasion). It was inferred that a low 

willingness to pay may result from the fact that most students has no income and 

requires financial support from family. Further, contextual barriers might be 

another limiting factor for students to engage in ERB. 

Shen, Xie, Gao, and Huang (2010) investigated environmental behavior of 

university students in Wuhan City and analyzed major predictors of behavior. A 

stratified sample of 800 university students from all seven national universities in 

Hubei Province participated in a pencil-and-paper survey. A researcher-constructed 

instrument included items pertaining to knowledge of natural environment, 

knowledge of environmental problems, knowledge of environmental science, 

knowledge of environmental laws and regulations, environmental ethics, and two 

categories of environmental behaviors (i.e., ecomanagement and 

consumer/economic action). Each scale was reported with a Cronbach’s alpha value 

higher than .7. Results from 539 valid responses revealed that students showed a 

moderate level of environmental behavior, in which ecomanagement was higher 

than consumer/economic action. It was found that major predictors of 

environmental behavior included knowledge and environmental ethics. In addition, 

those who were females and who came from urban areas showed higher 
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participation in behavior. It was recommended that further studies of this kind 

should be conducted among university students. 

A review of studies investigating EL components among university/college 

students indicated some similarities in their findings. In general, students showed a 

positive attitude toward the environment, but maintained a moderate level of 

environmental knowledge, and a low level of behavior. Moreover, students tended 

to participate more in direct conservation behaviors such as conserving the water, 

rather than those belong to other categories of ERB. Overall, such emphases on 

environmental knowledge, attitudes, and behavior has been relatively common 

among EE studies in China, but most studies did not include some key components 

of EL, including cognitive skills and other affective variables such as 

environmental sensitivity. Further, a number of EE studies in China have attempted 

to examine environmental worldview using the NEP scale (e.g., Hong, 2005, 2006; 

Wu et al., 2012; Xiao, Dunlap, & Hong, 2013), to explore significant life 

experiences associated with the development of ES (Ji, 2011), and to investigate 

predictors of ERB (e.g., Sun, 2006; Zhang, 2013). This section reviews EE studies 

in China that are most relevant to this study due to the variables they measured. 

The application of the NEP scale in China. Dr. Hong, a professor of 

sociology at Renmin University in China, conducted a leading study to examine 

whether Chinese citizens have a coherent sense of generalized environmental 

worldview as has been found among North Americans (Hong, 2005, 2006). He 

developed an instrument for the environmental module of 2003 China General 
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Social Survey (CGSS), and was the first researcher to translate and introduce the 

NEP scale to the Chinese research community. A door-to-door interview was used 

to collect data from a nationwide, multi-stage, stratified sample of 5,073 residents 

from more than 2,500 cities and towns, covering 40.5% of the Chinese population. 

With a response rate of 77%, 51.8% of the participants were female, with an 

average age of 43.51, an average education of 12 years, and a mean annual 

household income of approximately 24,000 Yuan, roughly $3,500 U.S. in 2003 

(Hong, 2006). Results showed that Chinese citizens have a reasonably coherent 

environmental belief system, and those who were better educated, males, 

governmental officials, residents of large cities, and affiliated with the Communist 

Party of China were more environmentally concerned than their counterparts. 

However, item analysis of the NEP items showed that several items had a very low 

corrected item-total correlations (i.e., NEP04; r = .07, and NEP14; r = .17, 

respectively), and the internal consistency of the Chinese version NEP scale would 

increase if both items could be deleted, so Hong suggested using only 13 NEP 

items for future studies in China (Hong, 2006). 

In 2010, a research team from the Department of Psychology at Beijing 

Forestry University used a new Chinese translation of the NEP scale, with the 

support of faculty members from the Department of English and the Department of 

Philosophy (Wu et al., 2012). The NEP scale was retranslated and administered to a 

stratified random sample of 11,689 residents and university/college students from 

10 cities across China. Using valid responses from 11,620 participants, a high 
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internal reliability was found with a Cronbach’s alpha value of .81. Therefore, Wu 

et al. supported Hong’s (2006) findings that the NEP scale may be used as a valid 

and reliable measure of environmental worldview among Chinese citizens, but 

claimed that all 15 items should be included for future studies using the NEP scale 

within Chinese populations. Nonetheless, Wu et al. did not report the results of 

reliability analyses (i.e., Cronbach’s alpha values were not available), nor results of 

factor analyses, making it difficult to compare the findings of this study to other 

studies using the NEP among Chinese citizens (e.g., Hong, 2005, 2006). 

Wu (2012) developed a modified NEP scale to assess environmental 

attitudes of Chinese children. Three elementary schools in Shenzhen City of 

Guangdong Province located in South China were purposefully selected based on 

the Green School status and years of practice in EE. After structured interviews and 

pilot studies, a sample of 507 elementary students aged 10–12 who did not 

participate in the interviews or the pilot studies were randomly selected by school 

administrators to complete the questionnaire. Results showed a marginally 

acceptable level of internal consistency with a Cronbach’s alpha value of .65, but 

factor analyses presented a disordered multidimensional structure on the scale. It 

was inferred that the abnormalities might be partially attributed to some 

fundamental problems with the revision of the NEP scale mainly used for adults, or 

it might result from cultural differences in interpreting statements in the NEP scale 

between adults from China and from western nations. 



 

104 

Zhang’s (2013) thesis included the NEP scale in a researcher-adapted 

instrument, which was administered to a convenience sample of 415 city residents 

in Hainan Province, South China. Data analyses showed an internal consistency 

with a Cronbach’s alpha value of .74, and supported the use of the NEP scale as a 

measure of environmental attitudes among Chinese residents. Overall, these studies 

with a variety of samples and locations have provided a relatively strong 

endorsement of the NEP scale as a valid and reliable scale to measure 

environmental worldview among undergraduate students in this investigation. 

Studies associated with environmental sensitivity. Environmental 

sensitivity was identified as an entry-level variable in Hungerford and Volk’s 

(1990) framework for EL, and earlier research also found it to be a major predictor 

of environmentally responsible behavior (Marcinkowski, 1989; Sia, et al., 1985/86; 

Sivek & Hungerford, 1988). In China, however, most research in the area of ES has 

been conducted in the natural sciences rather than the social sciences (Dai, Li, Lin, 

& Xu, 2012; Wang, Prentice, & Ni, 2013; Yan & Xu, 2010), and rarely in the field 

of EE. Because ES may be considered a psychological construct in the affective 

domain, it is difficult to measure directly (i.e., the psychological dimensions of 

sensitivity). As has been done elsewhere, EE studies in China only attempted to 

investigate life experiences that appear to be associated with it, or that contribute to 

its formation and have included only one or two items that pertain to these 

psychological dimensions (Ji, 2007; Sun, 2006; Zhang, 2013). Some studies were 

grounded in prior theory and research such as Ji’s (2007) dissertation, but a close 
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examination of other studies may raise some doubts about the validity of their 

instruments. Although both Sun (2006) and Zhang (2013) found ES to be a 

significant predictor to ERB, a close examination of their instruments revealed that 

these ES items appeared to be more related to environmental concern, a construct 

pertaining more to environmental problems/issues than to nature. 

Thus, the EE study I found that is most closely relevant to ES was a 

qualitative study conducted by Ji (2007). In her doctoral dissertation at the 

University of Minnesota, Ji examined the significant life experiences of 14 

environmental educators from 12 universities across China. Telephone interviews 

were arranged on participants’ consent, and content analysis of these 

autobiographical statements revealed three themes: serendipity (i.e., by chance), 

“making peace with the situation” mentality, and a strong sense of responsibility 

toward the environment and their EE career.  

Studies of environmentally responsible behavior. Sun’s (2006) dissertation 

might be the first research available in China focusing on the relationship between 

environmental behavior and selected EL variables. A researcher-adapted instrument 

was administered to a convenience sample of 257 university students and 402 

urban residents from Dalian City of Liaoning Province in Northeast China. Except 

for the environmental behavior scale with 21 items, only a very limited number of 

items were used to investigate other selected EL variables, including perceived 

knowledge of environmental problems, perceived skills of citizen action strategies, 

environmental attitudes, personal responsibility, locus of control, environmental 
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values, and contextual variables. Environmental behavior was conceptualized in 

four categories: ecomanagement (6 items), consumer action (5 items), persuasion  

(5 items), and civic action (5 items). Results of this study revealed that participants 

showed a low level of environmental behavior, and were more likely to use 

ecomanagement and consumer action than use persuasion or civic action to prevent 

or resolve environmental problems. Perceived knowledge, personal responsibility, 

and environmental values were found to be significant predictors of environmental 

behavior that alone, or together explained for more than 24% of the variance in 

each category of environmental behavior. Sun noted that positive environmental 

attitudes may not lead to environmentally responsible behavior, and such 

correlation depended on contextual variables such as other’s participation in 

environmental behavior, contextual factors, as well as the restriction of laws and 

regulations on behavior. 

Zhang (2013) conducted another quantitative study to assess pro-

environment behavior of urban residents. A researcher-adapted instrument with 

multiple choices and items on a 5-point Likert scale was developed on the basis of 

Hungerford and Volk’s framework. A convenience sample of 415 residents from 

Haikou city of Hainan Province located in South China. In addition to descriptive 

statistics, inferential statistics such as correlation, ANOVA, and hierarchical 

regression were used for data analysis. Major results of this study were: (1) Haikou 

residents had a moderate level of intention to act, but a low level of pro-

environmental behavior; (2) major predictors of behavior included ES, 
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environmental attitude, knowledge of citizen action strategy, and self-efficacy; and 

(3) the interaction between ES and knowledge of citizen action strategy has a 

positive effect on pro-environmental behavior. 

To summarize, there has been a growing effort to investigate knowledge, 

attitudes, and behavior of Chinese citizens toward the environment since 1990s. 

Although prior research in China have provided empirical data for decision making 

on EE, most EE studies failed to assess cognitive skills, an important component of 

EL (e.g., Hollweg et al. 2011; Simmons, 1995; Wilke, 1995). Although these 

studies placed a greater emphasis on attitudes (e.g., Wang, 2007; Zeng, 2004), 

concerns were raised about the attitude-behavior relationship (e.g., Sun, 2006). 

Further, although there was an increased attention to other affective variables in a 

number of these studies (e.g., environmental sensitivity, environmental worldview, 

values, personal responsibility, self-efficacy, locus of control, and intention to act), 

careful analysis of researcher-constructed measures raised question about the 

construct validity of some of these. Beyond this, it is difficult to draw 

generalizations from the existing literature in terms of the validity and reliability of 

their instrument, populations examined, data collection and analysis techniques, 

and other methodological issues from one study to another. Finally, a large number 

of the EE literature in China regarded environmental attitude(s), environmental 

awareness, environmental concern, and environmental consciousness as equivalent 

terms that refer to the same construct, which makes it difficult, if not impossible, to 

compare findings from these studies.  
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Chapter 3 

Methodology 

Introduction 

According to the purpose and research questions of this dissertation 

research, this was a descriptive and predictive study in the quantitative paradigm. 

This section will start with a summary of four pilot studies used for 

instrumentation, and then describe the population and the sample, instrument 

development procedures, data collection procedures, and end with a description of 

potential threats to internal validity. 

Pilot Studies 

This section provides a brief description of four pilot studies pertaining to 

selected variables in this investigation. A full report of each study can be found in 

Appendix C. The purposes of these studies were to: (a) review, compare, and 

analyze results of prior studies using the NEP scale among Chinese citizens, and 

determine whether or not to keep all 15 items in the current study; (b) investigate 

life experiences or factors associated with the development of ES among 20 

Chinese environmental professionals, and use those findings to construct an ES 

scale for use with undergraduate students; (c) collect and analyze self-reported 

behaviors from 128 undergraduate students, and construct an ERB scale on the 

basis of their responses to five open-ended questions; and (d) conduct a content 

analysis of high school curriculum issued by China’s Ministry of Education on four 
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subjects (i.e., biology, geography, physics, and chemistry), and develop items to 

measure perceived knowledge of undergraduate students.  

Summary of the pilot study pertaining to NEP. A quantitative study 

investigating environmental worldview was conducted among school teachers and 

undergraduate students using the 15-item NEP scale developed by Dunlap et al. 

(2000). These items were translated by the author from English to Simplified 

Chinese to facilitate data collection. The teacher population consisted of 300 

teachers from an elementary school, a middle school, and two Grades 1–9 schools 

in a small city of Hubei Province, China. A convenience sample of 120 teachers 

participated in a pencil-and-paper survey in November 2013, with 74 returned 

survey forms. Further analysis revealed only 53 valid responses (i.e., a valid 

response rate of 44.2%). Among these 53 participants, 60.38% were female 

teachers, and the average age was 37 years old.  

A second sample of this pilot study included 150 full-time undergraduate 

students from 30 cities across China. In March 2014, they were administered an 

online survey using Wen Juan Xing, an online survey company in China that is 

similar to Survey Monkey. The sample consisted of 25% freshmen, 12% 

sophomores, 42% juniors, and 21% seniors in various academic fields, including 

engineering, science, social science, and humanities. Among the 128 participants 

who provided valid responses to all NEP items, 53.13% were male students, and 

the average age was 21 years old.  
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Reliability analyses were used to determine whether or not all 15 NEP items 

could legitimately be treated as measuring a single construct. Table 3.1 shows the 

corrected item-total correlations (Ri-t) using the two samples of this pilot study in 

comparison to Dunlap et al. (2000) and Hong (2006).  

 

Table 3.1  

Corrected Item-total Correlations of Four Studies Using the NEP Scale 

Item No. 

Ri-t 

Dunlap et al., 2000 

(n = 821)a 

Hong, 2006 

(n = 4,971)b 

Teachers 

(n = 53) 

Students 

(n = 128) 

NEP01 .43 .24 .43 .14 

NEP02 .35 .37 .38 .26 

NEP03 .42 .35 .30 .39 

NEP04 .38 .07 .11 −.06 

NEP05 .53 .39 .30 .43 

NEP06 .34 .32 .31 .22 

NEP07 .46 .19 .43 .30 

NEP08 .53 .45 .38 .23 

NEP09 .33 .26 .37 .35 

NEP10 .62 .34 .38 .35 

NEP11 .51 .35 .37 .19 

NEP12 .51 .41 .42 .32 

NEP13 .48 .34 .15 .37 

NEP14 .35 .17 .37 .35 

NEP15 .62 .38 .21 .47 

Cronbach’s 

Alpha 

.83 .71 .71 .65 

Note. aData were obtained from “Measuring Endorsement of the New Ecological Paradigm: A 

Revised NEP Scale,” by R. E. Dunlap, K. D. Van Liere, A. G. Mertig, and R. E. Jones, 2000, 

Journal of Social Issues, 56(3), p. 433. 
bData were obtained from “Measurement of Environmental Concern Using the NEP Scale in 

China,” D. Hong, 2006, Sociology, 26(5), p. 79. It is noted that results of Hong’s (2006) study were 

reported in Chinese and translated by the author. 
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Based on results for the teacher sample, the best items to measure 

environmental worldview appeared to be NEP01 (r = .43), NEP07 (r = .43), and 

NEP12 (r = .42). However, based on results for the student sample, the best items 

appeared to be NEP15 (r = .47) and NEP05 (r = .43).  These results seemed to be 

different from Hong’s (2006) findings, as the best items appeared to be NEP08  

(r = .45). On the other hand, results from both the teacher sample and Hong 

suggested NEP12 (r = .41) as a reliable item to measure NEP. 

For both my teacher and student sample, the item with the lowest item-total 

correlation was NEP04, with item-total correlations of r = .11 and r = −.06, 

respectively. This was consistent with Hong’s (2006) study, which also found the 

lowest item-total correlation for NEP04 (r = .07). Because these item-total 

correlation values were close to zero, NEP04 might not measure one of the 

dimensions of, or even the same construct as the rest of items in the NEP scale. On 

the other hand, my results for NEP07 appeared to be inconsistent with those 

reported by Hong (r = .19), as I found higher item-total correlations for both the 

teacher sample (r = .43) and the student sample (r = .30). This difference also was 

found for NEP14 with higher item-total correlations for both the teacher sample  

(r = .37) and the student sample (r = .35) than what Hong has reported (r = .17). 

This difference may be explained by my use of a different Chinese translation for 

NEP07 and NEP14. In addition, even though the same Chinese translation was 

used for both teachers and students in this pilot study, results for these two samples 

appeared to be inconsistent for NEP01 (teacher sample: r = .43; and student 
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sample: r = .14), NEP11 (teacher sample: r = .37; and student sample: r = .19), and 

for NEP13 (teacher sample: r = .15; and student sample: r = .37). 

Although it appeared that these Chinese versions of the NEP scale showed 

lower corrected item-total correlations and internal consistency compared to the 

original English version, it remains appropriate to keep all 15 items in the USELI 

for several reasons. First, the NEP scale is a well-established and widely used 

psychometric scale to measure environmental worldview among different 

populations in various countries including the United States, Japan, India, Spain, 

Nigeria, and New Zealand (e.g., Dunlap et al., 2000; Hawcroft & Milfont, 2010; 

Lundmark, 2007). Second, the NEP scale has been used in statistical analyses by 

researchers in various fields including psychology, sociology, education, political 

science, and economics for more than 30 years (Hawcroft & Milfont, 2010). Third, 

as Hawcraft and Milfont (2010) recommended in their meta-analysis, it is 

necessary to use the 15-item NEP scale consistently so as to provide a better 

conceptualization of the content and structure of environmental worldview or 

attitudes. Fourth, environmental attitudes appeared to be overemphasized in the EE 

literature in China, but due to the absence of a valid and reliable measure, it is 

extremely difficult to adapt or develop items to measure environmental worldview 

within Chinese populations. Therefore, I decided to keep all 15 items of the NEP 

scale, but further refined the Chinese translation for use in this full study. 

Summary of the pilot study pertaining to ES. A qualitative study 

investigating ES of Chinese environmental professionals was conducted using the 
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Environmental Sensitivity Profile Instrument (ESPI) adapted and translated from 

open-ended questions used by Peterson (1982) and Sward (1997). The Chinese 

version of the ESPI consisted of two parts: (1) demographic and supplementary 

information; and (2) information relating to experiences and factors in the 

development of ES and environmental career (Appendix B.2).  

A purposive sample of 20 Chinese environmental professionals participated 

in this pilot study. The sample consisted of 12 male and eight female participants 

from nine provinces and municipalities in China. Their age ranged from 27 to 61 

years old with an average age of 36. Among these 20 environmental professionals, 

there were nine researchers, five government officials, five university professors, 

and one environmental consultant. Due to limited resources and accessibility, I did 

not apply a semi-structured interview approach same as Peterson (1982) and Sward 

(1997) did in their studies. The ESPI, together with a cover letter and informed 

consent, was sent to these environmental professionals by email in May 2014. 

Self-reported autobiographical data were collected and translated by myself. 

For data entry, I assigned an anonymous code to each participant, and manually 

entered responses into an Excel spreadsheet. Due to the descriptive and naturalist 

design of the study, content analysis and descriptive statistics served as the primary 

method of data analysis. For multiple choices and ranking items, frequencies were 

counted and used to identify the number of participants, or to calculate the number 

of responses if participants provided multiple or tiered responses. Qualitative 
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responses for open-ended questions were organized into themes and categories for 

which frequencies and percentages of all responses were calculated.  

When participants were asked to rate the perceived level of their ES on a 

scale from 1 (lowest) to 10 (highest), their responses ranged from 4 to 10 with an 

average rating of 7.75. Among these 20 environmental professionals, 30% 

identified experiences as the primary factor in developing their ES, and 40% 

reported experiences combined with relationship, personality, or both contributed 

to the development of their love and appreciation of nature. As is shown in  

Table 3.2 (p. 115), outdoor experiences, experiences of environmental impact or 

threats, and formal education ranked top among 10 main categories emerged as 

instrumental experiences in the development of their ES. 

To summarize, it was found that outdoor experiences, especially childhood 

play, appeared to be the most influential factor on the development of participants’ 

ES. These experiences primarily took place in the natural or rural setting, alone or 

with family and friends, have remained an important part of their lives in 

adulthood. In addition, experience of environmental impact or threats was 

identified as the second most influential factor. For participants who was born and 

raised in the rural area, all indicated that they felt a sense of loss or sadness upon 

returning to their childhood habit that had been commercialized or polluted. 

Participants also reported that they were either directly or indirectly affected by 

environmental pollution (e.g., smog, bad water quality), or disasters (e.g., chemical 

spills, nuclear leakage). Further, education was a third major factor indicated by   
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Table 3.2 

Experiences Identified as Instrumental in Developing Chinese Environmental 

Professionals’ Environmental Sensitivity 

Experience Associated with  
the Development of ES 

Number of Participants 

Mentioned as 
Influential 

Ranked as 
Top Three 

Ranked as 
the Most 

Influential Outdoor Experiences 23 11 8 

     Childhood Play 10 6 6 

     Outdoor Activities 8 3  

     Family Vacation 5 2 2 

Farm Work 6 4 2 

Travel 4 4  

Habitat/Residence During the Youth 4 3 2 

Environmental Impact/Threats 9 7 5 

     Habitat Alternation 5 3 2 

     Environmental Disasters/Pollution  4 4 3 

Formal Education 7 7 3 

Informal Education 5 2  

Jobs in the Environmental Field 4 4  

Environmental Organizations 3 3  

Religion 1 1  

Note. n = 20. Results of content analysis of autobiographic statements among 20 Chinese 

environmental professionals were used to construct this table. Column total may exceed the number 

of participants due to participants providing multiple responses. 

 

these participants. It was found that either guided instruction in the classroom, or 

environmental information gained from media and environmental organizations had 

played a significant role in the development of their ES. 

Based on these findings, I first developed two items on a 5-point Likert 

scale to measure students’ perceived levels of their ES and their parents’ ES, 

respectively. Under the guidance of Dr. Marcinkowski, I then developed 12 items 
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on a 5-point Likert scale and nine open-ended items to measure major ES variables 

including role models, outdoor experiences, formal and informal education, and 

experiences of environmental impact or threats. Although ES seemed to be 

influenced by places where one grew up, I decided to include major area of 

residence as a demographic variable where it fits better.  

Summary of the pilot study pertaining to ERB. A third pilot study was 

conducted to investigate ERB among undergraduate students using a Chinese 

version of five open-ended questions developed on the basis of Hungerford and 

Peyton’s (1980) categorization of ERB: ecomanagement, consumer/economic 

action, persuasion, political action, and legal action (Appendix B.3). This study 

replicated the procedures used by Marcinkowski and Rehrig (1995) among 

secondary school students in the United States and by Erdogan (2009) among fifth-

grade students in Turkey. The sample included 128 undergraduate students who 

also participated in the first pilot study pertaining to the NEP scale, and more than 

500 responses were generated to these five open-ended ERB questions.  

Prior to the content analysis of these responses, two Microsoft Excel tables 

were created to better present and portray students’ responses. In the first table (i.e., 

raw data in Chinese), responses were examined whether or not they belong to each 

theoretical category of ERB, and only valid responses were tallied and translated 

from Chinese into English in the second table, in which responses were grouped by 

specific themes and presented in frequency counts of each category. It was found 

that 12 themes appeared to be associated with ecomanagement; eight themes to be 
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associated with consumer and economic action; eight themes to be associated with 

persuasion; five themes to be associated with political action; and five themes to be 

associated with legal action (Table 3.3, pp. 118–119). Upon selection, these themes 

were combined and transformed into a sentence format to be used in the USELI. 

It is noted that the term ecomanagement was changed to direct conservation 

action so as to be understood by undergraduate students. In addition, due to a small 

number of responses obtained from these students pertaining to the last two 

questions (i.e., political and legal action), these two categories were combined as 

civic action. Finally, I developed an ERB scale consisting of 20 items measured on 

a 5-point Likert scale, i.e., four 5-item subscales in direct conservation action, 

consumer/economic action, persuasion, and civic action. In addition, four open-

ended questions were designed to obtain responses that may not be included in the 

Likert-type items in these four subscales. 

Summary of the pilot study pertaining to PK. As previously mentioned 

in Chapter 2, my reviews of EE studies in China indicated that a number of 

knowledge items in their instruments were not grounded in textbooks or curricula, 

and were mixed with items pertaining to opinions and attitudes. Thus, it is difficult 

to either use or adapt the existing instruments in light of questions about their 

content validity. Since selected areas of perceived knowledge can provide useful 

information with a high degree of validity and reliability when properly developed, 

and were included as important EL variables in prior research (e.g., Hsu, 1997;  
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Table 3.3 

Frequency Counts of Students’ Responses to Five Open-ended ERB Questions 

Theme/Category Emerged from Students’ Responses Frequency 

1. Behaviors Related to Ecomanagement 

1.1 Electricity saving (e.g., turning off lights)  58 

1.2 Water saving 40 

1.3 Bring grocery bags for shopping 26 

1.4 Planting trees or growing flowers 26 

1.5 Paper saving 24 

1.6 Proper disposal of trash 17 

1.7 Green transportation (e.g., taking buses or riding bicycles) 9 

1.8 Resources saving (e.g., not using disposal chopsticks) 8 

1.9 Reuse materials (e.g., books, glass jars) 7 

1.10 Recycling (e.g., paper, plastic bottles, glass, cans, batteries) 6 

1.11 Protecting animals and plants 6 

1.12 Others (e.g., no littering) 4 

2. Behaviors Related to Consumer/Economic Action 

2.1 Not eating wildlife or buying animal products (e.g., leather bag) 41 
2.2 Avoid using disposable products or (e.g., plastic bags, paper cups, 

plastic plates/bowls, plastic wrap, or disposable chopsticks) 
41 

2.3 Donating or paying membership fee to environmental clubs 15 

2.4 Not buying products with excessive packing 5 

2.5 Purchasing recyclable products 5 

2.6 Purchasing product with green label 5 

2.7 Purchasing used products (e.g., used books, second-hand bicycles) 5 

2.8 Others (e.g., using solar power, purchasing in-season vegetables) 4 

3. Behaviors Related to Persuasion 

3.1 Persuading for not littering 40 

3.2 Persuading for recycling or reusing 21 

3.3 Sharing information through talking, bulletin board, or flyers 17 

3.4 Persuading for saving electricity and resources (e.g., water, paper) 16 

3.5 Persuading for protecting animals and plants 7 

3.6 Organizing environmental campaigns on campus 5 

3.7 Persuading for not buying disposable products (e.g., paper plates) 3 

3.8 Others (e.g., persuading for not wasting food) 3 

4. Behaviors Related to Political Action 

4.1 Voting for important environmental decisions 27 

4.2 Protesting or gathering in public places to express views 14 

4.3 Writing petition letters or emails 10 

4.4 Attending public meetings or hearings 4 

4.5 Talking with officials for solving environmental problems 3 
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Table 3.3 (continued) 
 
 
 
 
 

 

Theme/Category Emerged from Students’ Responses Frequency 

5. Behaviors Related to Legal Action 

5.1 Reporting polluting factories (e.g., chemical plants) 9 

5.2 Reporting noise pollution (e.g., construction sites, loud music)        5 

5.3 Reporting illegal discharge of hazardous water, gas, solid waste 4 

5.4 Others (e.g., reporting food safety issues) 3 

5.5 Reporting illegal trade of wildlife 2 

Note. n = 128. Results of content analysis of 128 students’ responses to five open-ended questions 

pertaining to ERB were used to construct this table. Column total may exceed the number of 

participants due to participants providing multiple responses. 

 

Marcinkowski, 1989; Sia, 1985; Sivek, 1989), a decision was made to develop a 

scale to measure perceived knowledge, instead of actual knowledge.  

To support the development of the perceived knowledge scale, a content 

analysis was conducted using MOE’s (2003c) high school curriculum on four 

subjects (i.e., biology, geography, physics, and chemistry). It was found that all four 

subjects heavily focused on natural resources, and three of these four subjects 

placed a great emphasis on environmental pollution. Further, ecological knowledge 

was included in biology with an emphasis on major concepts including population, 

community, and ecosystem. Biology also gave attention to environmental health. In 

addition, geography centered on the impact of human activities on natural 

environment, and included knowledge of environmental science including land use 

and climate change. Based on these findings, three items were constructed to 

measure perceived knowledge in ecology and earth system science, and four items 

were developed to measure perceived knowledge in environmental science. 
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Population and Sample 

Hubei Province, located in the central region of China, has an area of 

185,900 square kilometers with a population of approximately 60 million (Ministry 

of Commerce, 2014). The history of Hubei Province could be dated back to the 

Chu, a sovereign state during the Spring and Autumn period (770–476 B.C.). 

Geographically, the Yangtze River enters Hubei Province via the Three Gorges, 

making the Jianghan Plain and thousands of lakes the dominant landscape of the 

central and southern Hubei, while the west and the peripheries are mostly 

mountains and forests. The provincial capital, Wuhan City, is a major political, 

economic, and cultural center of Central China (UNDP, 2013). There are a total of 

66 accredited universities and colleges in Hubei Province. Among 35 public 

universities and colleges, seven are national universities funded and administered 

by China’s Ministry of Education with the intent of supporting post-secondary 

institutions and raising the standards of higher education. Hubei Province accounts 

for 6.25% of 112 national universities across China, making it a hub of higher 

education and scientific research in Central China (MOE, 2005).  

Population. The target population for this study included all full-time 

undergraduate students at a national comprehensive university (i.e., University 01) 

and a national normal university (i.e., University 02). Due to the restriction of time 

and resources, the accessible population included undergraduate students majoring 

in selected science and non-science fields at these two universities from which the 

researcher would be able to select participants and collect data. 
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University 01 is a national comprehensive university of both Project 211 

and Project 985 under the direct administration of the MOE. Founded in 1893 by 

the Governor of Hubei and Hunan during Qing Dynasty (1644–1912), University 

01 is one of the earliest national comprehensive universities in China. By March 

2015, there were 31,526 full-time undergraduate students enrolled in 119 

undergraduate programs and 3,639 full-time professors working in 45 colleges and 

departments. Among all undergraduate students at University 01, there were 17,598 

males and 13,928 females with 24.21% freshmen, 24.40% sophomores, 25.24% 

juniors, and 26.16% seniors. University 01 has established cooperative relationship 

with approximately 400 universities and research institutions in more than 70 

countries, and gained international reputation with remarkable achievements in a 

variety of academic fields including humanities, social science, natural science, 

engineering, and medicine. 

University 02 is a national normal university of Project 211 under the 

administration of the MOE. By March 2015, there were 21,526 full-time 

undergraduate students enrolled in 68 undergraduate programs and 1,834 full-time 

professors working in 25 colleges and departments. Among all undergraduate 

students at University 02, there were 6,821 males and 14,705 females with 24.85% 

freshmen, 25.69% sophomores, 24.76% juniors, and 24.71% seniors. University 02 

is highly recognized as an important base for cultivating future teachers for China, 

and served as a superior training center for in-service teachers, mainly at the 

elementary and secondary levels.  
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Sample. The sampling strategy used to acquire participants for this study 

was convenience sampling. This is a non-probability sampling strategies, so the 

resulting sample is not designed to represent the accessible population. 

Nonetheless, the following steps have been taken to increase the representativeness 

of the sample.  

First, I reviewed all the undergraduate programs available at these two 

universities, and made a list of academic majors found at both universities. From 

this list, I then selected five science majors that were closely related to the study of 

nature or the natural environment (i.e., environmental science, geography, biology, 

chemistry, and physics), and selected five non-science majors that were available 

for sampling (i.e., journalism, Chinese, history, political science, and public 

administration). Table 3.4 (p. 123) shows the list of these 10 specific majors, as 

well as colleges and academic programs from which the accessible population was 

drawn at University 01 and University 02.  

Based on a priori power analysis described in the next section, I planned to 

draw 25 students from each selected major, and a sample of 250 participants at each 

university. However, due to the number of incomplete and invalid responses, a 

follow-up survey was carried out among 25 students majoring in environmental 

science and biology, respectively, at University 01. Therefore, a sample of 300 

undergraduate students was drawn from University 01 with 297 returned survey 

forms and 253 valid surveys. Similarly, a follow-up survey was carried out among 

25 students majoring in public administration at School of Management at   
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Table 3.4 

Selected Majors from the Target Population 

Major 
College and Academic Program 

University 01 University 02 

Environmental 
Science (01) 

College of Resources and 
Environmental Science, 
Natural Resources and 
Environmental  
Science (0101) 

School of Urban Planning and 
Environmental Science, 
Natural Resources and 
Environmental  
Science (0201) 

Geography (02) College of Resources and 
Environmental Science, 
Geographical Science (0102) 

School of Urban Planning and 
Environmental Science, 
Geographical Science (0202) 

Biology (03) College of Life Science, 
Biological Science (0103) 

School of Life Science, 
Biological Science (0203) 

Chemistry (04) College of Chemistry and 
Molecular Science, 
Chemistry (0104) 

School of Chemistry, 
Chemistry (0204) 

Physics (05) College of Physics and 
Technology,  
Physics (0105) 

School of Physical Science and 
Technology,  
Physics (0205) 

Journalism (06) College of Journalism and 
Communication,  
Journalism (0106) 

School of Chinese Language 
and Literature,  
Journalism (0206) 

Chinese (07) College of Chinese Language 
and Literature, 
Chinese Language and 
Literature (0107) 

School of Chinese Language 
and Literature, 
Chinese Language and 
Literature (0207) 

History (08) College of History, 
Chinese/World History (0108) 

School of History and Culture, 
History (0208) 

Political Science 
(09) 

College of Political Science and 
Public Administration, 
Political Science (0109) 

School of Political Science and 
Law,  
Political Science (0209) 

Public 
Administration 
(10) 

College of Political Science and 
Public Administration, 
Public Administration (0110) 

School of Management, 
Public Administration (0210) 

Note. Science majors included: environmental science (01), geography (02), biology (03), chemistry 

(04), and physics (05). Non-science majors included: journalism (06), Chinese (07), history (08), 

political science (09), and public administration (10).  

http://english.ccnu.edu.cn/index.php/index-view-aid-152.html
http://english.ccnu.edu.cn/index.php/index-view-aid-152.html
http://english.ccnu.edu.cn/index.php/index-view-aid-151.html
http://english.ccnu.edu.cn/index.php/index-view-aid-149.html
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University 02. Finally, a sample of 277 undergraduate students participated in this 

survey University 02 with 271 returned survey forms and 257 valid surveys. 

Table 3.5 describes the major characteristics of the target population and the 

sample. Information for the target population only pertains to three demographic 

and educational variables that could be obtained by the researcher (i.e., gender, 

grade level, and province of residence). Unfortunately, information about the 

characteristics of the accessible population could not be obtained by the researcher, 

and therefore could not be reported here. 

 

Table 3.5 

Major Characteristics of the Target Population and the Sample by University 

Demographics 

Target Population (n = 53,052) Total Sample (n = 464) 

University 01 

(n = 31,526) 

University 02 

(n = 21,526) 

University 01 

(n = 225) 

University 02 

(n = 239) 

Gender     

Male 17,598 (55.8%) 6,821 (31.7%) 99 (44%) 63 (26.4%) 

Female 13,928 (44.2%) 14,705 (68.3%) 126 (56%) 176 (73.6%) 

Grade Level     

Freshmen 7,631 (24.2%) 5,349 (24.9%) 113 (49.8%) 31 (13%) 

Sophomores 7,691 (24.4%) 5,529 (25.7%) 64 (28.2%) 113 (47.3%) 

Juniors 7,958 (25.2%) 5,329 (24.8%) 48 (21.3%) 95 (39.7%) 

Seniors 8,246 (26.2%) 5,319 (24.7%)   

Province     

In Hubei 8,715 (27.64%)  65 (28.9%) 65 (27.2%) 

Outside Hubei 22,811 (72.36%)  160 (71.1%) 174 (72.8%) 

Note. Other demographic, educational, and parental information of the target population were not 

available by the researcher. Data pertaining to province of residence among the target population at 

University 02 were not available. With respect to grade level, the total sample included only seven 

seniors, so juniors and seniors were combined as one group. 
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Power analysis. Statistical power analyses are conducted to determine an 

appropriate sample size of a study prior to data collection (i.e., a priori power 

analysis), or to determine the probability of correctly rejecting a null hypothesis 

and properly accepting an alternative hypothesis after data collection and analysis 

(i.e., a post hoc power analysis). The components of a power analysis include the 

effect size (ES) for either the overall R2 or for a partial coefficient (sr2), the sample 

size (N), the number of independent variables (IVs), and the level of significance 

(α). Given three of these parameters (i.e., ES, number of IVs, and α), the fourth (N) 

can be calculated by using a computer program, power tables, or following the 

algorithm suggested by Cohen et al. (2003).  

To determine an appropriate sample size for data collection, I conducted a 

priori power analysis using a statistical program G*Power Version 3.1 (Faul, 

Erdfelder, Buchner, & Lang, 2009). The parameter α was set at .05, the power was 

set at .8, and the estimated effect size was set at .15 (i.e., medium effect size). As I 

planned to use a linear multiple regression model, I entered the number of 

predictors as 7, and other parameters required for this program (i.e., fixed model, R2 

deviation from zero, F-test). G*Power suggested that the minimum sample size for 

this study was 103. Given this, I decided to select 250 students at each university, a 

sample size larger than the priori power analysis suggested so that the potential loss 

of participants would not alter the study power. 

Post hoc power analysis was conducted after data collection and primary 

analyses. These calculations were based on a preset alpha level of .05, a sample 
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size of 406, as well as values of effect size that were calculated using an online ES 

calculator (Soper, 2015), and ES formula suggested by Cohen’s (1988). The post 

hoc power values also were calculated using G*Power. As reported in Table 3.6, 

the statistical power for the overall model was 1, which was much higher than .80, 

the threshold power level recommended by Cohen et al. (2003). The statistical 

powers were 1 for Set A and Set B, respectively, which implies that I am 100% 

confident that it would be appropriate to reject the null hypotheses pertaining to 

these two sets of EL variables. However, the power for Set C was only .42, so 

decisions regarding whether or not to reject the null hypothesis pertaining to Set C 

could have better made by flipping a coin. In order for Set C to reach a power 

of .80, a sample of at least 967 students would have been needed for this study. 

Given the potential loss of participants and the number of invalid responses and 

outliers, a sample size larger than 967 would have been needed for Set C. 

 

Table 3.6 

Post Hoc Power Analysis and Calculated Powers 

Model Actual R2/sR2 Actual ESa kb Power  

Overall Model (X1–X7) .508 1.033 7 1 

Set A (X1–X3) .280 0.389 3 1 

Set B (X4–X 5) .219 0.280 2 1 

Set C (X6–X7) .010 0.010 2 .42 

Note. α = .05. 
aEffect size (ES) was calculated using an online ES calculator (Soper, 2015), and rechecked using 

Cohen’s (1988) ES formula for an F-test: f2 = R2 ÷ (1 – R2). It is noted that sR2 was used to calculate 

ES with respect to Sets A, B, and C.  
bThe number of predictors (k) varies by the number of EL variables in the model.   
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Instrument 

Data for the current study were collected using a multi-scale, researcher-

constructed instrument called the Undergraduate Students Environmental Literacy 

Instrument (USELI). With the guidance and collaboration of Dr. Tom 

Marcinkowski, we developed the USELI based upon definitions of and frameworks 

for EL, results of pilot studies, as well as previous studies with similar purposes, 

populations, and methods. The USELI consisted of five parts and a total of 83 

items, which are listed below (see Appendix E.2).  

Part I: environmental worldview (15 items) 

Part II: environmental sensitivity (13 items) 

Part III: environmentally responsible behavior (24 items) 

 direct conservation action 

 consumer/economic action 

 persuasion 

 civic action 

Part IV: five selected EL variables (21 items) 

 perceived knowledge of ecology and earth system science 

 perceived knowledge of environmental science 

 perceived skills in investigating and evaluating problems and 

issues 

 perceived skills in using citizen participation strategies 

 willingness to act 



 

128 

Part V: demographic, educational, and parental variables (10 items) 

 demographic variables: age, gender, province of residence, 

major area of residence prior to adulthood 

 educational variables: high school major, current academic 

program major, grade level  

 parental variables: parental occupations, parents’ highest levels 

of education  

 major sources of environmental information  

 

As such, the USELI included demographic items and scales for all four 

components that are critical to EL: knowledge, skills, affective dispositions, and 

environmentally responsible behavior. The USELI consisted of 69 items measured 

on a 5-point Likert scale, as well as open-ended questions and items using a 

multiple-choice format. It was designed to be administered in a 30-minute time 

period during class meetings, and self-reported measures were used due to the 

distinct advantage of relatively low cost and ease of data collection. Table 3.7  

(pp. 129–130) lists the variables included in the USELI, item numbers and their 

formats (i.e., response scales), as well as existing measures and prior studies most 

relevant to this study. A description of the content, scoring, as well as the validity 

and reliability for each scale follows.   
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Table 3.7 

Variables in the USELI with a Description of Items and Relevant Studies 

Variable Measured 

in the USELI 

Item 

Relevant Studies 
Item No. 

Format/ 

Response Scale 

A. Environmental Literacy Variables  

Environmental  

Worldview (NEP) 

1.1 – 1.15 5-point Likert Scale Dunlap, 2000;  

Hong, 2006;  

Pilot 1 

Environmental 

Sensitivity (ES) 

2.1 – 2.13 5-point Likert Scale;  

Multiple Choices 

 

Peterson, 1982; 

Sward, 1997;  

Ji, 2007; 

Pilot 2 

Environmentally  

Responsible 

Behavior (ERB) 

 

3.1 – 3.24 5-point Likert Scale;  

Open-ended 

Erdogen et al., 2012;  

Hsu, 1997;  

Pilot 3 

 

Perceived 

Knowledge of 

Ecology and Earth 

System Science 

(PKEE) 

4.1 – 4.3 5-point Likert Scale Hsu, 1997;  

Pilot 4 

 

Perceived 

Knowledge of 

Environmental 

Science (PKES) 

 

4.4 – 4.7 5-point Likert Scale Hsu, 1997;  

Pilot 4 

Perceived Skills in 

Investigating and 

Evaluating 

Problems and Issues 

(PSPI) 

4.8 – 4.12 5-point Likert Scale Noh & Marcinkowski, 

2003 

Perceived Skills in 

Using Citizen 

Participation 

Strategies (CPS) 

 

4.13 – 

4.17 

5-point Likert Scale Hsu, 1997; 

Marcinkowski & Noh, 

2009 

Willingness to Act 

(WILL) 

4.18 – 

4.21 

5-point Likert Scale Hsu, 1997 
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Table 3.7 (continued)  

Variable Measured 

in the USELI 

Item 

Relevant Studies 
Item No. 

Format/ 

Response Scale 

B. Demographic, Educational, and Parental Variables 

Age 5.1 Open-ended  

Gender 5.2 Multiple Choices  

Province 5.3 Multiple Choices  

Area of Residence  5.4 Multiple Choices  

Father’s Occupation 5.5a Open-ended  

Mother’s 

Occupation 

5.5b Open-ended  

Father’s  

Education Level  

5.6a Multiple Choices  

Mother’s Education 

Level 

5.6b Multiple Choices  

High School Major 5.7 Multiple Choices  

University Major 5.8 Open-ended  

Grade Level 5.9 Multiple Choices  

Sources of 

Environmental 

Information 

5.10 Multiple Choices  

 

Environmental worldview. The New Ecological Paradigm (NEP) scale 

developed by Dunlap et al. (2000) has been a widely acknowledged multi-item 

measure of environmental worldview, attitudes, or beliefs. Prior reviews and meta-

analyses have provided a strong endorsement of the NEP scale as a research 

instrument, as well as important insights into environmental worldview across 

cultural background (Hawcroft & Milfont, 2010; Lundmark, 2007). Although there 

were only a small number of studies in which the NEP scale has been used within 
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Chinese populations, there has been reasonable evidence of its valid and reliable 

use in China (e.g., Hong, 2005; Wu et al. 2012; Zhang, 2013). Therefore, Part One 

of the USELI is a revised Chinese translation of the NEP scale used in my pilot 

study with a sample of 53 teachers and 128 undergraduate students, as well as a 

field-testing using a sample of 46 students. My translation of these 15 NEP items 

was based on two different Chinese versions translated and used by Hong (2005) 

and Wu et al. (2012). For pro-NEP items (i.e., eight odd-numbered items), 

responses were coded from 1 (strongly disagree) to 5 (strongly agree), whereas for 

anti-NEP items (i.e., seven even-numbered items), responses were coded reversely 

from 5 (strongly disagree) to 1 (strongly agree). Students’ total scores on the NEP 

scale were determined by adding up scores on all 15 items. Total scores could range 

from a minimum of 15 to a maximum of 75. 

Environmental sensitivity. On the basis of reviews of ES research 

(Chawla, 1998; Sward & Marcinkowski, 2001), my pilot study, and taking into the 

account that this study involved a different population (i.e., undergraduate students 

rather than environmental professionals), the final ES scale in the USELI consisted 

of 13 items on a 5-point Likert scale (Table 3.8, p. 132). If students responded 4 (to 

a considerable extent) or 5 (to a great extent) to items 2.3a–2.11a, they were asked 

to fill in nine follow-up items using a multiple-choice format (i.e., items 2.3b–

2.11b). Responses pertaining to 13 items measured on a 5-point Likert scale were 

coded from 1 (to no extent) to 5 (to a great extent). Students’ total scores on the ES 

scale were determined by adding up scores on all 13 items. Total scores could range  
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Table 3.8 

Description of the ES Scale in the USELI 

Major Category of ES Scale ES Item and Its Description 

Identify degree of ES on  

a 5-point Likert scale 

2.1 Students’ perception of their own ES 

2.2 Students’ perception of their parents’ ES 

Identify individuals who had  

a major influence on 

participants’ development of ES 

2.3 Family 

2.4 Teachers and professors 

2.5 Other adult role models 

Identify and describe life 

experiences or factors that 

influenced participants’ 

development of ES 

2.6 Playing outdoors as a child 

2.7 Family vacations to natural areas as a child 

2.8 School-organized EE activities or field trips 

2.9 Other outdoor activities as a child/youth (e.g., 

hiking, nature photography, gardening/farming) 

2.10 Environmental courses (e.g., environmental 

science, geography, biology) 

2.11 Media with nature or environmental themes 

2.12 Environmental organizations 

2.13 Experiences of environmental threats/impacts 

  

from a minimum of 13 to a maximum of 65. For students who responded 4 (to a 

considerable extent) or 5 (to a great extent) to items 2.3a–2.11a, and who filled in 

valid responses to the follow-up items 2.3b–2.11b, their responses were organized 

by frequency counts. For students who responded 2 (to a slight extent) or 3 (to a 

moderate extent) to items 2.3a–2.11a, but still filled in these follow-up items, 

frequencies of their responses were counted separately.  

Environmentally responsible behavior. As previously mentioned, my 

pilot study pertaining to ERB replicated the procedures used by Marcinkowski and 

Rehrig (1995) and Erdogan (2009). The conceptualization of ERB were based on 

five categories proposed by Hungerford and Peyton (1980), and used by 
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researchers in Taiwan (Hsu, 1997), in the United States (e.g., McBeth et al., 2008), 

and in Turkey (Erdogen, 2009). The ERB scale consisted of 20 items on a 5-point 

Likert scale and four open-ended items (i.e., direct conservation action, 

consumer/economic action, persuasion, and civic action). Responses to items on a 

5-point Likert scale were coded from 0 (never) to 4 (always). Students’ total scores 

on the ERB scale were determined by adding up scores on all 20 Likert-type items. 

Total scores could range from a minimum of 0 to a maximum of 80. Content 

analysis was used for students’ responses to those open-ended questions (i.e., items 

3.6, 3.12, 3.18, and 3.24). Their responses were first examined on whether or not 

they belong to the corresponding category of ERB, and only valid responses were 

tallied and presented in frequency counts of each category.  

Other environmental literacy variables. The fourth part of the USELI was 

designed to assess other selected EL variables nearly all of which fall within the 

cognitive domain. These variables include PKEE and PKES on the perceived 

knowledge scale, and PSPI and CPS on the perceived skills scale. Although the 

WILL scale may better fit in the affective domain, these four items were included 

in Part Four for the purpose of economizing on the format the Chinese version of 

the USELI. In addition, it is advisable to separate these items from those on the 

ERB scale in order to reduce the influence of social desirability and other 

recognizable limitations of self-reported measures.  

Items pertaining to perceived knowledge. The perceived knowledge scale 

in the USELI was developed on the basis of the results of content analysis on 
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MOE’s (2003c) high school curriculum. The PK scale consisted of seven items on a 

5-point Likert scale, and responses were coded from 1 (to no extent) to 5 (to a great 

extent). Students’ total scores on the PK scale were determined by adding up scores 

on all seven items. Total scores could range from a minimum of 7 to a maximum of 

35. Among these seven PK items, three pertain to ecological knowledge (e.g., 

population, community, and ecosystem) and knowledge of earth system science; 

and four pertain to knowledge of environmental science (e.g., natural resources, 

land use planning, environmental pollution, and environmental health). 

Items pertaining to perceived skills. As skills were not included in previous 

studies nor MOE’s (2003c) high school curriculum in China, the perceived skills 

scale in the USELI was developed on the basis of personal communications with 

Dr. Tom Marcinkowski, who provided two unpublished instruments. Thus, the PS 

scale was developed on the basis of 11 items used in Part I of the Environmental 

Investigation Skill Instrument (Noh & Marcinkowski, 2003), and nine items used in 

the Social and Community Project Skills Scale in the Learn and Serve for 

America’s Civic Engagement Student Survey (Marcinkowski & Noh, 2009).  

This PS scale consisted of 10 items on a 5-point Likert scale, and responses 

were coded from 1 (to no extent) to 5 (to a great extent). Students’ total scores on 

the PS scale were determined by adding up scores on all 10 items. Total scores 

could range from a minimum of 10 to a maximum of 50. Among these 10 PS items, 

five pertain to perceived skills in investigating and evaluating problems and issues 

(e.g., identifying an environmental problem/issue in a local community, collecting 
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background information and using survey procedures to investigate an 

environmental problem/issue, organizing and analyzing the data collected from a 

survey instrument, as well as drawing conclusions and providing recommendations 

based on the investigation of an environmental problem/issue). Another five items 

pertain to perceived skills in using citizen participation strategies (e.g., developing 

plans and finding resources for an environmental project, using available plans and 

resources to carry out an environmental project, preparing written or visual 

materials to present an environmental project, and evaluating an environmental 

project and its benefit on local community).  

Items pertaining to willingness to act. Although WILL is an EL variable in 

the affective domain, it pertains to students’ willingness to engage in the four 

categories of ERB, i.e., direct conservation action, consumer/economic action, 

persuasion, and civic action. The WILL scale consisted of four items on a 5-point 

Likert scale, and responses were coded from 1 (to no extent) to 5 (to a great extent). 

Students’ total scores on the WILL scale were determined by adding up scores on 

all four items. Total scores could range from a minimum of 4 to a maximum of 20. 

Demographic, educational, and parental variables. The fifth part of the 

USELI asked students to provide their demographic, educational, and parental 

information. Among these 10 variables, only age was measured on a ratio scale. 

The other three demographic variables were measured on a nominal scale, 

including gender, province of residence (i.e., in or outside Hubei Province), and 

major area of residence (i.e., rural, towns, counties, cities, and municipalities or 
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provincial capitals). Educational variables consisted of three items, including high 

school major (i.e., social studies or science), current academic program major, and 

grade level. Parental variables, including parents’ occupations and highest levels of 

education, were added to the draft USELI in order to understand the socio-

economic status of the sample. Table 3.9 (p. 137) provides the coding sheet for 

items 5.1–5.9 in Part Five of the USELI. Table 3.10 (p. 138) presents a separate 

coding sheet for parental occupations and an interpretation of socio-economic 

status based upon categories of occupations. It is noted that item 5.10 pertains to 

major sources of environmental information, and raw responses were used in 

frequency counts. Thus, this item was not included the coding procedures.  

Validity and reliability of the USELI. The USELI consisted of five parts, 

one of which was an existing scale (i.e., the NEP scale), and four of which were 

researcher-constructed scales based on the pilot studies and prior studies with 

similar purposes and methods. Therefore, six steps have been taken to ensure its 

validity and reliability. 

Step 1: selecting an existing scale for Part I (i.e., the NEP scale) 

Step 2: conducting pilot studies for ES, ERB, and PK 

Step 3: developing initial items for Part II, III, IV, and V & translating a   

            draft of the USELI into Chinese 

Step 4: obtaining expert opinions from a validity panel 

Step 5: piloting a second draft of the USELI and reliability analyses 

Step 6: revising and refining the USELI for the full study  
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Table 3.9 

Coding Sheet for Items in Part Five of the USELI 

Variable/Item No. Scale 
Coding 

0 1 2 3 

Demographic Variable     

5.1 Age Ratio     

5.2 Gender Binary Male Female   

5.3 Province Binary Hubei Not Hubei   

5.4 Area of 

Residencea Nominal  Rural Suburban  Urban  

Educational Variable     

5.7 High School 

Major Binary 
Social 

Studies 
Science   

5.8 University Majorb 
Nominal 

Non-

Science  
Science   

5.9 Grade Level 
Ordinal  Freshmen Sophomores 

Juniors & 

Seniors 

Parental Variable      

5.5a Father’s 

Occupation 
Nominal  Upper Middle Lower 

5.5b Mother’s 

Occupationc Nominal  Upper Middle Lower 

5.6a Father’s 

Education Level   
High 

School 
College Graduate 

5.6b Mother’s 

Education Level 
  

High 

School 
College Graduate 

Note. Missing data were coded as 9.  
aWith respect to item 5.4, responses to towns and counties were grouped as suburban, and responses 

to cities, municipalities, and provincial capitals were grouped as urban. 
bWith respect to item 5.8, science majors included: environmental science (01), geography (02), 

biology (03), chemistry (04), and physics (05). Non-science majors included: journalism (06), 

Chinese (07), history (08), political science (09), and public administration (10).  
cAlthough housewives are not considered as a regular occupation, mothers who work at home as 

housewives were coded as 4 as a non-income group.  
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Table 3.10  

Coding Sheet and Sample Responses for Parental Occupations in Part Five of the 

USELI 

Socio-economic Status Job Category Example of Responses 

Upper Group (01) Government (01) 
Governmental Officers, 

Policemen 

 Business (02) Managers, Directors 

Middle Group (02) Education (03) Professors, K–12 Teachers 

 
Other Professionals 

(04) 

Doctors, Nurses, Engineers, 

Lawyers, Bankers, Accountants 

Lower Group (03) Service Staff (05) 
Drivers, Waitresses, Cashiers, 

Salesperson, Self-employed 

 Workers (06)  

 Farmers (07)  

Non-income (04) Housewives (08)  

Note. Missing responses were coded as 9. 

 

Validity and reliability of the NEP scale. Both the original 12-item NEP 

scale (Dunlap & Van Liere, 1978) and the revised 15-item NEP scale (Dunlap et al., 

2000) have been subjected to many analyses and have been found to have 

considerable validity and reliability (Hawcroft & Milfont, 2010; Lundmark, 2007). 

On the basis of this body of work, Dunlap et al. (2000) has identified five 

dimensions of environmental worldview, each of which was measured on a 3-item 

subscale: limits to growth, anthropocentrism, fragility of nature’s balance, human 

exemptionalism, and possibility of eco-crisis. The revised 15-item NEP scale has a 

Cronbach’s alpha value of .83, slightly higher than the original 12-item version 

with an alpha value of .81 (Dunlap et al., 2000). Using data obtained from 2003 
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China General Social Survey, Hong (2005, 2006) found that Chinese citizens have 

a reasonably coherent environmental worldview as has been found among North 

Americans, reporting a Cronbach’s alpha value of .71. A research team at Beijing 

Forestry University also suggested the NEP scale as a valid and reliable measure of 

environmental worldview among the Chinese residents and university students, 

reporting a higher alpha value of .81 (Wu et al., 2012). 

It appeared that the corrected item-total correlations and Cronbach’s alpha 

values within Chinese populations was lower than Dunlap et al.’s (2000) findings. 

Based on reliability and factor analyses, Hong (2006) suggested the removal of two 

items, NEP04 and NEP14, for future studies using the NEP scale among Chinese 

citizens. Results of my pilot study also indicated that if NEP04 were removed, the 

internal consistency of the NEP scale would increase for both the teacher sample 

(i.e., a Cronbach’s alpha value from .71 to .73), and the student sample (i.e., a 

Cronbach’s alpha value from .65 to .69). However, as a widely acknowledged 

psychometric scale, the NEP scale has shown sufficient validity and reliability 

across different populations, locations, and cultural background. Therefore, the 

researcher decided to keep all 15 NEP items in the USELI for this investigation. 

Validity and reliability of researcher-developed scales and items. Except 

for Dunlap et al.’s (2000) NEP scale, other scales within the USELI were developed 

on the basis of the EE literature, scales with similar purposes, and results of my 

pilot studies. Table 3.11 (p. 140) presents the variables measured in the USELI 

along with an identification of agencies or researchers that have included those   
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Table 3.11 

Variables Measured in the USELI as Compared to Selected Definitions and Goals 

of EE and Frameworks for EL 

Framework/Document NEP ES ERB PKEE PKES PSPI CPS WILL 

UNESCO, 1978 × × × ×    × 

Hungerford et al., 1980   × × × ×   

Hungerford and Volk,  

1990 
× × × ×  ×   

Roth, 1992  × × × ×  ×   

Simmons, 1995 × × × × × × × × 

Wilke, 1996 × × × × × × × × 

Hollweg et al., 2011 × × × × × × × × 

Note. Adapted from Table 3 in “National Environmental Literacy Assessment Project: Year 1, 

National Baseline Study of Middle Grade Students (Final Research Report),” by B. McBeth, H. 

Hungerford, T. Marcinkowski, T. Volk, and R. Meyers, 2008, p. 15. 

NEP = Environmental Worldview; ES = Environmental Sensitivity; ERB = Environmentally 

Responsible Behavior; PKEE = Perceived Knowledge of Ecology and Earth System Science;  

PKES = Perceived Knowledge of Environmental Science; PSPI = Perceived Skills in Investigating 

and Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation 

Strategies; WILL = Willingness to Act. 

 

variables as the definitions or goals of EE, or as an important variable in the well-

recognized frameworks for EL. In addition, both English and Chinese versions of a 

draft of the USELI, together with a description for each scale, were submitted to a 

validity panel consisting of six Chinese experts who are fluent in both languages 

and in the field of EE (Appendix D.1). Validity panelists were asked to evaluate the 

USELI in terms of content validity, face validity, translation problems, and ease of 

use (Appendix D.2). According to their comments and suggestions (Appendix D.3), 

a modified draft of the USELI was field-tested using a sample of 46 students that 

were excluded from the sample in the full study. Using reliability analyses, 



 

141 

researcher-constructed items with corrected item-total correlations less than .30 

were dropped, modified, or retranslated (Appendix F.1). As shown in Table 3.12, a 

relatively high internal consistency was found for both the draft version of the 

USELI (i.e., Cronbach’s alpha values ranging from .70 to .94) and the final version 

(i.e., Cronbach’s alpha values ranging from .72 to .94). Thus, the final USELI had 

sufficient validity and reliability for use in this dissertation research.  

 

Table 3.12  

Cronbach’s Alpha Values of the Draft and Final Versions of the USELI 

Part/Scale in the USELI 
Cronbach’s Alpha 

Field Testing (n = 48) Full Study (n = 464) 

I. Environmental Worldview  .700 .719 

II. Environmental Sensitivity .793 .777 

III. Environmentally 

Responsible Behavior 
.909 .856 

IV. A. Perceived Knowledge .843 .821 

IV. B. Perceived Skills .944 .939 

IV. C. Willingness to Act .841 .841 

 

Procedures 

Data collection procedures. The USELI was administered as a pencil-and-

paper survey, which was chosen for several reasons such as the restriction of a low 

budget, the limitation of time stayed in China, and the likelihood of losing 

participants using an online survey. Because this research involved undergraduate 

students as participants, procedures had been taken to ensure the current study was 

in compliance with all appropriate regulations, including the U.S. Department of 
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Health and Human Subjects Regulations. First, I prepared and submitted a Human 

Subjects Research Proposal to Florida Institute of Technology’s Institutional 

Review Board (IRB) before data collection. Documents relating to the IRB 

approvals were included in Appendix A. Cover letters, consent forms, and the final 

instrument (i.e., the USELI) in both English and Chinese were included in 

Appendix E. Second, I corresponded with faculty members at University 01 and 

University 02 in Hubei Province, China, and identified two data collectors. Lastly, I 

scanned and emailed the approved IRB documents to these two data collectors, and 

gained their consents to administer the survey to 25 undergraduate students from 

each of the 10 selected majors at their universities. 

After I arrived in Hubei Province on March 7, I made appointments to meet 

with each data collector, and prepared 10 survey packets for each university. Each 

survey packet contained 25 cover letters, 25 informed consent forms, and 25 survey 

forms in a sealed envelope. Data collection was planned to start on Monday, March 

9, 2015 and end on Friday, March 20, 2015.  

On March 9, I met with the data collector at University 01, and planned to 

administer the USELI on my own to the selected students in classes, or after class 

meetings. However, my data collector identified 10 student representatives to 

administer the survey, so I had to be absent from the data collection site. Under 

these circumstances, I explained the materials provided in the survey packet, and 

provided clear directions to these student representatives so that they would 

administer the survey in a consistent manner. After that, I answered their questions 
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and provided my contact information in case they had further questions. On March 

19, I obtained 249 survey forms from University 01, but an initial examination 

showed a considerable number of invalid responses in the environmental science 

and biology majors (i.e., invalid surveys accounted for more than 50% in these two 

majors), so a follow-up survey was carried out among 25 students drawn from each 

of these two majors. By March 30, a total of 300 undergraduate students at 

University 01 had participated in this survey.  

On March 10, I met with the data collector at University 02. Like my 

experience at University 01, I could not personally present at the data collection site 

as an outsider, but my data collector at University 02 administered the survey at 

each classroom during class breaks, and collected the survey forms immediately 

after each class of students completed the survey. Due to a misunderstanding, 25 

students who were public administration majors at School of History and Culture 

participated in the survey, but those participants were supposed to be selected from 

School of Management. Therefore, a follow-up survey also was carried out among 

25 students majoring in public administration at School of Management at 

University 02. By March 23, a total of 277 undergraduate students at University 02 

had participated in this survey.  

Threats to internal validity. Internal validity can be described as the extent 

to which observed changes in the dependent variable (DV) can be attributed to the 

independent variables (IVs), and not to external influences or some other 

unintended variable(s). Campbell and Stanley (1963) described 10 major threats to 
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internal validity: subject characteristics, instrumentation, attitudes of subjects, 

location, mortality, regression, history, maturation, implementation, and testing. 

Below is a discussion of each threat, its potential impact on this study, and the steps 

taken to minimize these threats to internal validity. 

Subject characteristics. A subject characteristic threat refers to any unique 

distribution of participants’ characteristics that can influence the results and the 

interpretation of statistical analyses. Therefore, subject characteristics may be a 

potential threat to internal validity and must be considered. In this study, students 

were asked to provide: (1) demographic information regarding their age, gender, 

province, and area of residence; (2) educational information regarding high school 

major, current academic program major, and grade level; and (3) parental 

information regarding their parents’ occupations and highest levels of education. 

Data on these variables were used to describe the sample characteristics in Chapter 

4, and were planned to be compared to the characteristics of the target population 

so as to determine the extent to which results of this study appeared to be 

generalizable. However, detailed information about the characteristics of the 

accessible population and the target population could not be obtained by the 

researcher. As the sample in each university was a sample of convenience, it is very 

likely that each sample will reflect unique characteristics. For this reason, results of 

this study reflected only the characteristics of undergraduate students majoring in 

selected science and non-science fields at these two national universities from 

which the sample data were collected.  
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Instrumentation. An instrumentation threat refers to a change in the 

instrument used for data collection during the study or when the reliability of the 

instrument is questionable. Such changes might involve the type of the response 

scales, the level of difficulty, the survey administrators/scorers, the way the 

instrument(s) are administered, and other changes along these lines. These changes 

of the instrument can be categorized into three types of threats: instrument decay, 

data collector characteristics, and data collector bias. 

Instrument decay can occur when participants feel fatigue in completing the 

lengthy or repetitive instrument. To reduce the time in completing the survey, open-

ended questions in Part Two of the draft of the USELI were changed to a multiple-

choice format based upon the findings from my pilot studies and the results of 

content analysis using the field-testing data. Although on-site data collectors did 

not record the time students spent in completing all 83 items of the USELI, they did 

indicate that nearly all students took 20–30 minutes to complete the USELI. If this 

was accurate, it was unlikely that such decay due to fatigue would have influenced 

the results of this study.  

Data collector bias might be another concern in this study, because the 

researcher could not present at the classrooms at these two universities during data 

collection. I planned to be the only data collector in this study, but being an 

outsider, I had no opportunity to reach potential participants at these two 

universities, so I invited a faculty member at each university to assist in data 

collection. My data collector at University 02 was present at each classroom for 
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data collection, but my data collector at University 01 asked 10 student 

representatives to serve as data collectors at 10 selected classes. For this reason, 

data collector characteristics could have affected the data collection due to changes 

in the characteristics of data collector(s) at each university (e.g., age, gender, and 

prestige). 

Attitudes of subjects. Attitudes of the study participants can affect the 

overall results of the current study. For instance, students may respond in a manner 

that they believe that the survey administrator would prefer (i.e., a form of social 

desirability), and the potential inaccuracy of participant responses would alter the 

results of a study. In this study, participants were told that there are no right or 

wrong answers, and that their honesty is extremely important to the validity of this 

study. For instance, students were asked to voluntarily and honestly provide their 

own history of behaviors that aim to prevent or resolve environmental problems or 

issues, but it was likely that some individuals would answer these items in a 

socially desirable manner. Due to the use of self-reported measures in this study, 

the same situation may also happens to their environmental worldview, or their 

willingness to engage in environmentally responsible behavior. This threat 

represents a study limitation because the extent to which participants actually did 

this was out of my control. Therefore, in Chapter 4, I will review the results for the 

final data set to determine if there are any indicators of social desirability in 

students’ responses (e.g., Did average scores on each USELI scale for each major at 
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each university approach the maximum possible score, thereby reflect a ceiling 

effect? Were these average scores similar or was there a dispersion of scores?). 

Location. A location threat refers to the changes in the location at which a 

study takes place, as different locations may create a spurious and alternative 

explanation for the results of a study. In this study, the USELI was administered to 

students at two different universities, but the change in locations may limit the 

generalizability of the study. Therefore, in Chapter 4, I will compare the results 

between these two universities to determine if there are any observable differences. 

Mortality. A mortality threat refers to the loss of participants during the 

implementation of a study. This is always a potentially serious threat to the internal 

validity, because students were invited to participate in the pencil-and-paper on a 

voluntary basis. If students chose not to answer some items in the USELI, or if they 

changed their minds while completing the survey and decided to withdraw from 

this study, I would get incomplete and invalid survey forms. Therefore, in Chapter 

4, I plan to check and address these issues such as blank survey forms, response 

sets, duplicates, and incomplete or multiple responses.  

Regression. A statistical regression threat refers to the changes in the results 

of a study due to groups being selected on the basis of extreme scores. For 

example, if a group were consistently a low- or high-performing group, then the 

regression effect would be the tendency for extreme scores to regress toward the 

mean on subsequent measures. This threat is more applicable to intervention studies 
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than to survey research. As a result, regression was not considered a possible threat 

to internal validity of the current study. 

History. A history threat involves the occurrence of an unanticipated event 

that occurs during the administration of a survey instrument that can influence the 

responses of the study participants. In this study, it was unlikely that such an 

unplanned event would occur, because the USELI was administered to students 

during a relatively short time period (i.e., March 2015), and no significant 

environmental disasters occurred in China at that time. For this reason, no national 

historical events are likely to have occurred during the survey administration that 

could influence the results of the current study. 

Maturation. A maturation threat involves any changes (biological, 

cognitive, or physiological) that the study participants experience during their 

participation in a research study due to the lengthy passage of time. In the current 

study, it was anticipated that such a threat would not be an issue because the USELI 

was administered to undergraduate students during a relatively short time period 

(i.e., March 2015). In this manner, it was unlikely that these participants would 

have experienced maturation that could influence the results of the current study. 

Implementation. Implementation threats can occur in research studies that 

employ an intervention as part of a treatment. These threats are possible because a 

researcher can, consciously or unconsciously, introduce personal bias into the 

administration of the intervention or the comparison. This threat also can occur if 

two different individuals implement the same intervention as part of an experiment 
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in different ways. Because this study was a descriptive and predictive study and had 

no intervention component, it was not anticipated that any implementation threat 

would be present. 

Testing. A testing threat involves the administration of an instrument 

multiple times. When this is done, the results on the second administration are 

likely to be affected by the prior administration of that same instrument (e.g., by 

sensitizing study participants of what to expect on the survey). Because this threat 

is more applicable to intervention studies, and a single survey instrument (i.e., the 

USELI) was administered one time to students at these two universities, so a testing 

threat was not anticipated.  
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Chapter 4 

Results 

Introduction 

This chapter presents the results of data analyses and consists of seven 

major sections: Description of the Sample, Data Set Preparation, Preliminary 

Analyses, Descriptive Statistics, Results for Research Question 1 (RQ 1), Results 

for Research Questions 2 through 4 (RQs 2−4), and Additional Exploratory 

Analyses. Prior to data analyses, raw responses were examined in a consistent 

manner, and only valid responses were recorded, coded, and imported into the 

Statistical Package for the Social Sciences (SPSS) Version 23. Preliminary analyses 

included a description of missing data analyses, as well as analyses of outliers, 

regression assumptions, and multicollinearity. This was followed by the results of 

primary data analyses, in which descriptive statistics were used to present the 

central tendency and variability of students’ responses to the Likert-type items in 

the USELI. In addition, scale scores were transformed into the EL component and 

composite scores for RQ 1 (N = 464). Further, hierarchical multiple regression 

analyses were used to determine the relative contribution of Set A (Affective 

Dispositions), Set B (Perceived Skills), and Set C (Perceived Knowledge) on ERB 

(N = 406). Finally, additional exploratory analyses were conducted for nine 

multiple-choice items in the ES scale and four open-ended items in the ERB scale. 

Additional exploratory analyses also included correlation analyses among the eight 

EL variables, as well as demographic, educational, and parental variables. 
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Description of the Sample 

Of the 577 students drawn from the accessible population and invited to 

participate in the pencil-and-paper survey in March 2015, 568 survey forms were 

returned with a response rate of 98%. However, a further examination revealed a 

substantial number of invalid responses due to factors such as response sets, 

missing/blank responses, and duplicates. In order to prepare a valid data set for data 

analysis, the sample size was reduced to 464 students who provided valid responses 

to all scales in the USELI. These procedures will be discussed in the subsequent 

section on data set preparation. 

As shown in Table 4.1, among the 300 undergraduate students who 

participated in this study at University 01, 297 survey forms were returned with 

253 valid surveys, of which 225 students responded to all scales in the USELI. 

Among the 277 undergraduate students who participated in this study at University 

02, 271 survey forms were returned with 257 valid surveys, of which 239 students 

provided valid responses to all scales in the USELI. 

 

Table 4.1  

Description of Valid Responses for Data Analyses 

 University 01 University 02 Total 

Number of Participants 300 277 577 

Number of Respondents 297 271 568 

Number of Valid Surveys 253 257 510 

Number of Valid Responses  225 239 464 

Note. The number of valid responses only included students who provided valid  

responses to all scales within the USELI. 

  

Preliminary 
Analysis 
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Table 4.2 (p. 153) shows the sample characteristics of the 464 students used 

for data analysis in this study. Based on students’ responses to Part Five of the 

USELI, the average age of the total sample was 19.92 (SD = 1.26). Specifically, the 

average age of students at University 02 (M = 20.40, SD = 1.21) was slightly higher 

than the average age of students at University 01 (M = 19.42, SD = 1.10). This may 

be explained by the difference in grade levels between these two university 

samples. The majority of students at University 01 were freshmen (49.8%), 

whereas the majority of students at University 02 were sophomores (47.3%). 

Among the 464 students, 162 (35%) were male students and 302 (65%) were 

female students, suggesting that female students outnumbered male students by a 

2:1 ratio approximately. Among these students, 72% came from provinces and 

municipalities outside Hubei (e.g., Hunan Province), and only 28% chose Hubei 

Province as their primary province of residence. This may be explained by the fact 

that these two universities are national universities rather than provincial 

universities. In regard to area of residence, 57% of these 464 students were born 

and raised in the rural or suburban areas before studying at these two universities 

located in a provincial capital with a population of at least 10 million. 

With regard to educational variables, 48% of these 464 students majored in 

social studies at the high school level, but the ratio of students majoring in selected 

science and non-science fields at these two universities were close to 1:1. This 

suggested that about 2% changed their areas of study from non-science majors to 

science majors at the university level. The may be explained by the fact that  
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Table 4.2 

Demographic, Educational, and Parental Information of the Total Sample and Two 

University Samples 

Variable 
Number of Responses (% of Responses) 

Total Sample  
(N = 464) 

University 01 
(n = 225) 

University 02 
(n = 239) 

Gender    
     Male 162 (34.9%) 99 (44%) 63 (26.4%) 

 Female 302 (65.1%) 126 (56%) 176 (73.6%) 
Province    
     Hubei 130 (28.0%) 65 (28.9%) 65 (27.2%) 
     Other 334 (72.0%) 160 (71.1%) 174 (72.8%) 
Area of Residence     
     Rural 117 (25.2%) 47 (20.9%) 70 (29.3%) 
     Suburban 150 (32.3%) 74 (32.9%) 76 (31.8%) 
     Urban 197 (42.5%) 104 (46.2%) 93 (38.9%) 
High School Major    
     Science 223 (48.1%) 119 (52.9%) 104 (43.5%) 
     Social Studies 241 (51.9%) 106 (47.1%) 135 (56.5%) 
University Major    
     Science 234 (50.4%) 119 (52.9%) 115 (48.1%) 
     Non-Science 230 (49.6%) 106 (47.1%) 124 (51.9%) 
Grade Level    
     Freshmen 144 (31.0%) 113 (49.80%) 31 (13.0%) 
     Sophomores 177 (38.1%) 64 (28.92%) 113 (47.3%) 
     Juniors/Seniorsa 143 (30.8%) 48 (21.29%) 95 (39.7%) 
Father’s Occupation    

 Upper Group 58 (12.5%) 38 (16.9%) 20 (8.4%) 
 Middle Group 79 (17.0%) 46 (20.4%) 33 (13.8%) 
 Lower Group 259 (55.8%) 101 (44.9%) 158 (66.1%) 

     Missing 68 (14.7%) 40 (17.8%) 28 (11.7%) 
Mother’s Occupation   

 Upper Group 21 (4.5%) 15 (6.7%) 6 (2.5%) 
 Middle Group 87 (18.8%) 59 (26.2%) 28 (11.7%) 
 Lower Group 238 (51.3%) 89 (39.6%) 149 (62.3%) 
 Non-income 58 (12.5%) 24 (10.7%) 34 (14.2%) 

     Missing 60 (12.9%) 38 (16.9%) 22 (9.2%) 
Father’s Ed. Level    
     High School 264 (56.9%) 101 (44.9%) 163 (68.2%) 
     College 270 (36.6%) 99 (44.0%) 71 (29.7%) 
     Graduate 11 (2.4%) 9 (4.0%) 2 (0.8%) 
     Missing 19 (4.1%) 16 (7.1%) 3 (1.3%) 
Mother’s Ed. Level    
     High School 303 (65.3%) 116 (51.6%) 187 (78.2%) 
     College 135 (29.1%) 86 (38.2%) 49 (20.5%) 
     Graduate 7 (1.5%) 7 (3.1%)  
     Missing 19 (4.1%) 16 (7.7%) 3 (1.3%) 

Note. N = 464. aAmong these 464 students, only seven were seniors, and thus were combined  

with juniors as one group. 
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geography is a required subject for non-science major at Grades 10−12, but is 

considered as a science major at the university level. It appeared that the sample 

consisted of a close percentage of freshmen and juniors/seniors with a ratio of 1:1, 

but a slightly higher percentage of sophomores (38.1%). 

With regard to parental variables, the highest percentages of their parents’ 

occupations were found in the lower socio-economic group (e.g., workers, farmers, 

drivers, vendors, and cashiers). The percentages of the upper and middle socio-

economic groups pertaining to their fathers’ occupations were similar, but with 

respect to their mothers’ occupations, the percentage of the middle socio-economic 

group (e.g., teachers, doctors, and engineers) was 14% higher than the percentage 

of the upper socio-economic group (e.g., governmental officials, directors, and 

managers). In China, it is common that mothers may work at home as housewives. 

Thus, these responses were grouped as a separate non-income group that accounted 

for 12.5% of their mothers’ occupations. In regard to parental levels of education, 

students’ fathers appeared to have higher levels of education than their mothers. 

The percentages with a bachelor degree or higher degrees (i.e., master and Ph.D.) 

were 43% for their fathers and 34% for their mothers. 

University 01 showed a close gender ratio, but at University 02, female 

students outnumbered male students almost by a 3:1 ratio (𝑛F  = 176, 𝑛M = 63), 

suggesting the nature of a normal university. Although these two national 

universities are located in Hubei Province, the majority of students at both 

universities were from other provinces outside Hubei. With respect to area of 
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residence, the percentages of students from suburban areas were similar at both 

universities, but University 01 had more students from urban areas (i.e., 5% higher 

than University 02), and University 02 had more students from rural areas (i.e., 9% 

higher than University 01). As there was a substantial number of missing data 

regarding parental occupations and parental levels of education, the university 

samples cannot be compared regarding these parental variables. Further, due to the 

magnitude of missing data, only six of the 11 demographic, educational, and 

parental variables will be included in the additional exploratory analyses. 

As shown in Table 4.3 (p. 156), two major sources for these students to 

obtain environmental information were TV/Radio (85.3%) and websites/blogs 

(82.1%). In addition, students obtained environmental information from printed 

media such as books, newspapers, and magazines (64.7%), and courses taken at 

schools and universities (54.1%). Others sources of environmental information 

reported by these students included: environmental organizations (28.9%), 

lectures/meetings (15.9%), and family/friends (11.2%). 

Data Set Preparation 

Before I started to analyze the data, seven steps had been taken to prepare 

valid data sets for statistical analyses. These steps are described in this section in an 

order outlined below. 

Step 1: numbering returned survey forms with the six-digit code 

Step 2: identifying and removing incomplete and invalid survey forms 

Step 3: creating Microsoft Excel files and completing data entry  
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Table 4.3 

Frequency Counts and Percentages of Responses to the Main Sources of 

Environmental Information 

Source of Environmental 

Information 

Number of Responses (Percentage of Responses) 

Total Sample  

(N = 464) 

University 01 

(n = 225) 

University 02 

(n = 239) 

TV/Radio 396 (85.3%) 190 (84.4%) 206 (86.2%) 

Websites/Blogs 381 (82.1%) 175 (77.3%) 206 (86.2%) 

Books/Newspapers/Magazines 300 (64.7%) 148 (65.8%) 152 (63.6%) 

School/University Courses 251 (54.1%) 121 (53.8%) 130 (54.4%) 

Environmental Organizations 134 (28.9%) 59 (26.2%) 75 (31.4%) 

Lectures/Meetings 74 (15.9%) 41 (18.2%) 33 (13.3%) 

Family/Friends 52 (11.2%) 29 (12.9%) 23 (9.6%) 

Note. N = 464.  

 

Step 4: coding raw responses based upon scoring rubric or coding sheet 

Step 5: identifying invalid cases within each scale in the USELI 

Step 6: excluding invalid responses within scales in the USELI 

Step 7: importing Excel files to SPSS Version 23  

Because data were collected using a pencil-and-paper survey in this study, I 

began by numbering all the returned survey forms with a six-digit code. Each 

survey form was assigned a two-digit code for the university (i.e., 01 for the 

national comprehensive university, and 02 for the national normal university), a 

two-digit code for the specific major (e.g., 01 for environmental science, 02 for 

geography, 06 for journalism, and 10 for public administration), and a two-digit for 

each participant of the same major at the same university (e.g., 010203 represents 
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the third participant majoring in the geography at the national comprehensive 

university, and 020615 represents the 15th participant majoring in journalism at the 

national normal university ). 

Second, it is important to identify the incomplete and invalid survey forms 

collected from the sample. Survey forms were considered invalid for any of the 

following reasons: (a) instances in which a survey was returned as a blank form and 

no responses were recorded; (b) instances in which a survey was completed by an 

undergraduate student of other majors or by a graduate student; (c) instances in 

which there was an apparent trend to responses (i.e., a response set); and (d) 

instances in which students left blank on more than 25% of the total items in the 

survey instrument (i.e., missing 21 items or more out of all 83 items in the USELI). 

Therefore, although a total of 568 survey forms were collected from a sample of 

577 students in this study, only 510 valid survey forms were kept for further 

analyses. Appendix F.2 depicts the treatment of incomplete and invalid surveys at 

each university. 

Third, I created Microsoft Excel files for each university and labeled the 

columns with university code, major code, and student code, as well as item 

identification numbers corresponding to all 83 items in the USELI. Then I 

manually entered students’ responses in Chinese with the help of another researcher 

who read to me, and who randomly drew one in every 10 survey forms to cross 

check and ensure the correct data entry. To reduce potential errors caused by 
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fatigue, we took a 15-minute break after entering the responses of each set of 10 

students. The data entry lasted for two weeks. 

Fourth, I created a new Microsoft Excel file and coded raw responses into 

numerical data so that the sample data can be used in the statistical models. Among 

all 83 items in the USELI, 69 items were measured on a 5-point Likert scale. Raw 

responses to these Likert-type items were converted into numerical data based on 

the scoring rubric described in the instrument section of Chapter 3. On the other 

hand, qualitative data obtained from multiple choices and open-ended items were 

translated into English for content analysis and frequency counts in the additional 

exploratory analyses. Part Five consisted of demographic, educational, and parental 

variables on different scales of measurements (e.g., age on a ratio scale, and major 

on a nominal scale). To perform statistical analyses of the categorical data, separate 

coding sheets were used to guide the data preparation (e.g., gender using 

dichotomous coding, and area of residence using dummy coding).  

At this stage, I still found a considerable number of students that provided 

invalid responses within each scale in the USELI. This made it difficult to analyze 

the relationships among the eight EL variables selected for this investigation. For 

this reason, a fifth step involving the analyses and removal of invalid cases within 

each scale in the USELI (Appendix F.2). Cases were considered invalid for any of 

the following reasons: (1) instances in which there was a response set on one scale 

in the USELI (e.g., choosing the same response to all 17 items pertaining to 

perceived knowledge and perceived skills in Part Four), and (2) instances in which 
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participants left blank on more than 25% of the total items on one scale in the 

USELI (e.g., missing more than 3 out of 13 items in the ES scale).  

Six, due to a varied number of valid responses to each scale in the USELI, I 

was unable to investigate the relative contribution of each set of EL variables on 

students’ ERB scores. Therefore, 46 students who failed to provide valid responses 

to all scales in the USELI were excluded. Finally, an Excel file with coded 

responses from 464 students was imported to SPSS for primary analyses.  

Component and composite scores. In order to generate EL component 

(i.e., knowledge, skills, affective dispositions, and behavior) and composite scores, 

relevant scale scores were summed and weighted so that all component scores 

totaled 160. Although the weighted component and composite scores would include 

and reflect different kinds of learning and growth, and had the potential to mask 

smaller but noteworthy differences in measures with smaller raw scores, the 

potential advantage of calculating and reporting EL component and composite 

scores for educational policy makers, administrators, and practitioners appeared to 

outweigh these limitations (McBeth et al., 2008). Following procedures used in the 

national environmental literacy assessment (NELA) project in the United States. 

(e.g., McBeth et al., 2008; McBeth et al., 2011), raw scale scores of each EL 

variable were used to generate component scores, and then transformed into a 

single EL composite score. Table 4.4 (p. 160) shows the method used to calculate 

these EL component and composite scores.  



 

160 

Table 4.4 

Method Used to Transform Scale Scores to Component and Composite Scores 

Variable 

Measured 

in the 

USELI 

Range 

of Raw 

Scale 

Score 

Environmental 

Literacy 

Component 

Range of 

Unweighted 

Component 

Score 

Multiplier 

Range of 

Weighted 

Component 

Score 

PKEE 3−15 Perceived 

Knowledge 
7−35 4.57 32−160 

PKES 4−20 

PSPI 5−25 Perceived Skills 

 

10−50 3.2 32−160 

CPS 5−25 

NEP 15−75 Affective 

Dispositions 

32−160 1 32−160 

ES 13−65 

WILL 4−20 

ERB 0−80 Environmentally 

Responsible 

Behavior 

0−80 2 0−160 

Note. Adapted from Table 6 in “National Environmental Literacy Assessment Project: Year 1, 

National Baseline Study of Middle Grade Students (Final Research Report),” by B. McBeth, H. 

Hungerford, T. Marcinkowski, T. Volk, and R. Meyers, 2008, p. 33. 

PKEE = Perceived Knowledge of Ecology and Earth System Science;  

PKES = Perceived Knowledge of Environmental Science; PSPI = Perceived Skills in Investigating 

and Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation 

Strategies; NEP = Environmental Worldview; ES = Environmental Sensitivity; WILL = Willingness 

to Act; ERB = Environmentally Responsible Behavior. 

 

First, raw scores of eight EL variables were grouped by their domain-related 

similarities: (1) raw scores of three PKEE items and four PKES items were added, 

resulting in a component score for perceived knowledge; (2) raw scores of five 

PSPI items and five CPS items were added, resulting in a component score for 

perceived skills; (3) raw scores of 15 NEP items, 13 ES items, and 4 WILL items 

were added, resulting in a component score for affective dispositions; and (4) raw 

scores of 20 Likert-type items in the ERB scale were kept the same and used as a 

component score for ERB. Second, these component scores were adjusted with 

multipliers so that the sum of each of the four component scores equated to 160. 



 

161 

The following multipliers were used for these weighted component scores: 4.57 for 

perceived knowledge, 3.2 for perceived skills, 1 for affective dispositions, and 2 for 

environmentally responsible behavior. Third, these four weighted component 

scores were added to a single EL composite score with a range of 96 to 640.  

Preliminary Analyses 

Prior to descriptive statistics and hypothesis testing, preliminary analyses 

were conducted to ensure the data set were valid and ready for statistical analyses 

using SPSS, and to ensure the final data set for Research Questions 2 through 4 

were free of outliers, biases, and multicollinearity. This was accomplished by 

conducting analyses of missing/multiple responses and outliers, ensuring the data 

set was compliant with the ordinary least square (OLS) assumptions, and 

determining the absence of multicolinearity in the data set used for regression 

analyses. A discussion of these activities follows.  

Missing data analyses. After the removal of invalid cases, missing or 

multiple responses still posed a challenge for data analysis, and thus were identified 

and recorded. These cases included: (1) instances in which participants left blank 

on less than 25% of the total items within each scale in the USELI (e.g., missing 

one or two items in the ES scale), and (2) instances in which participants provided 

two responses to the same item (i.e., multiple responses). For cases with missing or 

multiple values, I filled these missing or multiple values with the item mean of each 

major group within each university sample (i.e., subgroup mean of a particular 
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item), rather than the mean of the total sample for these items so that I would not 

alter the mean for that data set. 

Outlier analyses. Outliers are atypical data points that do not fit with the 

rest of the data. Outliers may represent contaminated data (e.g., a recording error or 

coding error), or they may represent an accurate observation of rare cases (Cohen et 

al., 2003). Thus, outliers can have a profound impact on the estimates of the 

regression coefficients and the overall prediction, R2 (Cohen et al., 2003). During 

the data entry, cross checks were conducted with another researcher, so I can 

assume that the date set being analyzed in this stage have been carefully entered, 

and the outliers in this study were rare cases. 

To detect outliers with extremely high or low values, multivariate outlier 

analyses were performed to determine if these outliers should remain or be 

discarded from the data set. One statistic measure used to identify multivariate 

outliers is Mahalanobis distance (Mahalanobis, 1936). It is a measure of the 

distance of a case from the centroid of the remaining cases where the centroid is the 

point created at the intersection of the means of all the variables (Tabachnick & 

Fidell, 2013). Using a chi-square distribution table with df = 7, and α = .001, the 

cutoff value of Mahalanobis distance for outliers is 24.32. Mahalanobis distance for 

each case in the initial data set was calculated using SPSS, and four cases were 

found to have values of Mahalanobis distance higher than 24.32, so these four 

outliers were detected and removed. Nonetheless, as a very conservative probability 

estimate for outliers, Mahalanobis distance can either mask the effects of a real 
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outlier (i.e., produce a false negative), or swamp a normal case (i.e., produce a false 

positive) (Tabachnick & Fidell, 2013). Therefore, it may not be a reliable indicator 

of multivariate outliers, and should be used with caution.  

For this reason, I also calculated Cook’s distance to examine the overall 

influence of each observation on the results of the regression equation (Cohen et 

al., 2003). Cook’s D was introduced by Cook (1977) to identify outliers, and it has 

become the most commonly used estimate of the global influence of a data point in 

an OLS regression. Cook’s D measures the effect of deleting a given observation 

and identifies both outliers and high leverage points. Cook’s D ranges from a 

potential minimum value of zero to any positive rational numbers, and cases with 

higher values indicate a larger influence on the results of the regression analysis 

(Cohen et al., 2003). I calculated the cutoff value of Cook’s D using the formula 

4/(n – k – 1), in which n denotes number of observations (i.e., n = 464), and k 

denotes number of IVs (i.e., k = 7) (Belsley, Kuh, & Welsch, 2005).  

My initial analysis identified 37 extreme cases with a Cook’s D higher 

than .0088. To determine the impact of these 37 outliers, I ran two independent 

regression analyses, one in the presence of and one in the absence of outliers: in the 

presence of 37 outliers, R2 = .371, F(7, 456) = 38.374, p < .0001; and in the 

absence of 37 outliers, R2 = .440, F(7, 419) = 47.045, p < .0001 (Table 4.5, p. 164). 

Therefore, I removed these 37 outliers because the latter model yielded a larger F 

value and a stronger overall R2 value. 
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Table 4.5 

The Influence of Outliers on the Regression Model 

 N R2 F p 

With Outliers 464 .371 38.374 < .0001 

Without 37 Outliers 427 .440 47.045 < .0001 

Without 58 Outliers 406 .508 58.751 < .0001 

 

After removing these 37 extreme cases, further analysis indicated that the 

data set still violated the normality assumption. Therefore, a second outlier analysis 

was conducted using a threshold of Cook’s D higher than .0095 (i.e., n = 427 at this 

stage), and an additional number of 21 outliers were identified in this follow-up 

analysis. To determine the impact of these outliers, I ran another regression analysis 

in the absence of 58 outliers. As shown in 4.5, the absence of 58 outliers resulted in 

a stronger model with R2 = .508, F(7, 398) = 58.715, p < .0001. The R2 value 

was .137 units (13.7%) greater than that in the presence of 58 outliers, and .069 

units (6.9%) greater than that in the presence of 37 outliers. For these reason, I 

removed all 58 outliers as the model without the presence of outliers yield a larger 

F value and a stronger overall R2 value. This also reduced the sample size from  

N = 464 to N = 406. 

Regression assumptions. This study planned to use regression analyses to 

investigate Research Questions 2 through 4. According to Cohen et al. (2003), six 

underlying assumptions must be met to ensure a proper relationship involving the 
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independent variables (IVs) and dependent variable (DV) when using an ordinary 

least square (OLS) strategy. These assumptions are: (1) correct specification of the 

form of the relationship between the IVs and DV (i.e., linearity); (2) constant 

variances of the residuals (i.e., homoscedasticity); (3) normality of residuals; (4) 

correct specification of the IVs in the regression model; (5) reliable measurement of 

the IVs and DV; and (6) independence of residuals. Violations of any of these 

assumptions can lead to skewed regression coefficients and incorrect confidence 

intervals. A summary of results pertaining to each assumption is described below. 

Linearity. The first OLS regression assumption is concerned with the proper 

specification of the relationship between the IVs and the DV, as a multiple 

regression analysis presumes a linear relationship between these variables. If the 

data are related in a nonlinear manner, estimates of regression coefficients and 

standard error may be biased, and results of statistical significance would be 

misleading and unusable (Cohen et al., 2003). To confirm the compliance of the 

linearity assumption, a residual analysis was conducted for the DV in which the 

residuals were plotted against the predicted values (Appendix F.3). The results of 

this analysis revealed no discernable pattern, which implies that the data set 

satisfied the linearity assumption. 

Homoscedasticity of residuals. The second OLS regression assumption 

presumes that the variance of the residuals around the regression line in the 

regression model remain constant as the values of the IVs change. If this 

assumption is violated, the statistical results of a regression analysis will be 
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incorrect. If a non-constant variance is indicated, separate models for different 

values of the IVs should be used. As the residuals versus the predicted plots 

revealed no discernable pattern, the data set was in compliance with the 

homoscedasticity of residuals assumption (Appendix F.3). 

Normality. The normality assumption presumes that the error represented 

by the residuals should be normally distributed for each set of values for the IVs. 

To satisfy this assumption, the residuals must have a normal distribution for any 

value of the IVs. Two analyses were performed to check for any violation of this 

assumption. First, a histogram of the residuals was plotted, and the superimposed 

curve approximated a normal curve. This implies that the residuals were in close 

approximation to a normal distribution. Even though the histogram is the easiest 

way to assess the normality, the normal quantile-quantile plot (q-q plot) is the most 

commonly used and effective diagnostic tool for checking normality of the data. 

When the q-q plot of the residuals was constructed and examined, it appeared that 

the majority of the data fell within 95% confidence intervals and were approximate 

to the central line (Appendix F.3). Thus, the data set was in compliance with the 

normality of residual assumption. 

Correct specification of the IVs. The fourth OLS assumption concerns the 

correct specification of the IVs in the regression model. In other words, this 

assumption looks for confirmation that every IV in the model contributes to the 

variance of the dependent variable. If this assumption is not satisfied, the results of 

the analysis can be misinterpreted. In this study, the selection of IVs was based on 
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well-acknowledged frameworks for environmental literacy (Hollweg et al., 2011; 

Hungerford & Volk, 1990; Roth, 1992; Simmons, 1995; Wilke, 1995), and prior 

studies with similar purposes and methods (e.g., Hsu, 1997; McBeth et al., 2008). 

Therefore, the IVs included in this model were deemed relevant and appropriate.  

Measurement error specification. The fifth OLS regression assumption 

concerns the reliability of the instrument, and assumes that all the IVs and DV in 

the regression model are measured without error. If this assumption is not satisfied, 

measurement error may cause biased results. In this study, a reliability coefficient 

was calculated using Cronbach’s α, and a value of .70 is generally regarded as a 

minimum threshold for reliability (Cronbach, 1951; George & Mallery, 2003). As 

shown in Table 3.12 (p. 141), results of reliability analyses showed that each scale 

in the final USELI has an alpha value greater than the .70 threshold: the NEP scale 

(.719), the ES scale (.777), the ERB scale (.856), the PK scale (.821), the PS scale 

(.939), and the WILL scale (.841). These values suggested a relatively high 

reliability for scales in the USELI. However, this assumption may be problematic, 

because the data were obtained from self-reported measures in this study (i.e., a 

pencil-and-paper survey). In this manner, student honesty is an integral aspect of 

this data set. The problematic nature relating to the data collection method was 

treated as a study limitation. 

Independence of residuals. The sixth OLS regression assumption concerns 

the independence of the residuals. In other words, the residuals of the observations 

must be independent of one another, and there should be no relationship among the 
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residuals for any subset of cases in the analysis (Cohen et al., 2003). Violations of 

this assumption can occur when multiple observations are measured from a single 

subjects or group of subjects over time. To determine the independence of the 

residuals, I plotted the residuals of ERB against the case numbers, and the scatter 

plots showed no discernable pattern among the residuals (Appendix F.3). As there 

was no relationship among the residuals for any subset of cases in the analysis, the 

independence of residuals assumption was satisfied. 

Multicollinearity. In addition to problems that may arise from specific 

cases in the data set as I discussed in the previous sections, problems may also arise 

from specific IVs. Multiple regression assume that each IV can potentially add to 

the prediction of the DV, and if one of the IVs becomes increasingly correlated with 

the set of other IVs in the regression equation, this IV will have less unique 

information that contribute to the prediction of the DV (Cohen et al., 2003). In 

other words, multicollinearity occurs when highly related IVs are in a regression 

model, and their overlapping influence on the DV would result in unreliable 

estimates of regression coefficients and large standard error (Cohen et al., 2003). 

Each of the seven IVs in the regression model was not highly related as variance 

inflation factors (VIF) values for each variable were less than 4, which is much 

lower than conventional statistical rule of thumb as VIF = 10 (O’Brien, 2007). In 

this manner, I concluded that multicollinearity was not present in this data set. As a 

result of the foregoing preliminary analyses, the final sample size was reduced from 

N = 464 to N = 406 to test three hypotheses for RQs 2−4. 
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Descriptive Statistics 

The results reported here consist of descriptive statistics relating to: (1) raw 

scores of each EL variable, as well as scales and subscales in the USELI; and (2) 

the central tendency and variability to each of the 69 items measured on a 5-point 

Likert scale in the USELI. Frequency counts for nine ES items using a multiple-

choice format (i.e., items 2.3b to 2.11b), and results of content analysis of four 

open-ended items in the ERB scale (i.e., items 3.6, 3.12, 3.18, and 3.24) are 

included in the additional exploratory analyses. 

Environmental literacy variables. Using responses from the total sample 

(N = 464), descriptive statistics were conducted for the eight EL variables selected 

for this investigation. Table 4.6 (p. 170) presents the number of Likert-type items, 

possible ranges of scores, as well as the values of the mean, standard deviation, 

median, range, maximum, and minimum. In addition, percent scores were 

calculated for better comparison among these EL variables. Because these results 

pertain to Research Question 1, they will not be discussed here. However, the 

central tendency and variability of each EL variable, scales and subscales in the 

USELI, as well as means and standard deviations for each of the 69 Likert-type 

items in the USELI are reported below. 
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Table 4.6 

Descriptive Statistics of Major Environmental Literacy Variables of the Total Sample 

Environmental Literacy 

Variable Measured in the USELI 

No. of 

Likert 

Items 

Possible 

Range of 

Scores 

Range Min Max Median M SD 
Percent 

Score (%) 

Environmental Worldview  15 15−75 40 35 75 58 57.55 6.91 76.73% 

Environmental Sensitivity  13 13−65 35 21 56 41 40.66 5.78 62.55% 

Environmentally Responsible Behavior  20 0−80 60 12 72 37 37.04 9.50 46.30% 

Direct Conservation Action 5 0−20 15 5 20 14 14.25 2.72 71.25% 

Consumer/Economic Action 5 0−20 20 0 20 11 11.46 2.94 57.30% 

Persuasion 5 0−20 20 0 20 8 8.27 3.67 41.35% 

Civic Action 5 0−20 20 0 20 2 3.05 3.53 15.25% 

Perceived Knowledge  7 7−35 26 9 35 23 23.30 4.41 66.57% 

of Ecology/Earth System Science 3 3−15 12 3 15 10 10.10 2.31 67.33% 

of Environmental Science  4 4−20 14 6 20 13 13.20 2.62 66.00% 

Perceived Skills 10 10−50 40 10 50 24 24.00 8.07 48.00% 

of Problem & Issue Investigation 5 5−25 20 5 25 12 12.65 4.12 50.60% 

of Citizen Participation Strategies 5 5−25 20 5 25 11 11.35 4.37 45.40% 

Willingness to Act  4 4−20 16 4 20 16 16.01 2.57 80.05% 

Note. N = 464. Percent score (%) is calculated using the formula suggested by McBeth et al. (2008):  

Percent score = (Mean Score) ÷ (Maximum Possible Score) × 100%  



 

171 

Environmental worldview. The first part of the USELI included 15 NEP 

items measured on a 5-point Likert scale (i.e., items 1.1–1.15). Table 4.7 presents 

the results of descriptive statistics of students’ responses to these statements 

pertaining to their worldview towards the human–environment relationship. 

 

Table 4.7 

Summary of Responses for the 15-item NEP Scale 

Environmental Worldview Statement in the NEP Scale M SD 

1.1 We are approaching the limit of the number of people the earth can 
support. 

3.83 1.06 

1.2 Humans have the right to modify the natural environmental to suit their 
needs. 

3.39 1.19 

1.3 When humans interfere with nature it often produces disastrous 
consequences. 

4.11 0.98 

1.4 Human ingenuity will ensure that we do NOT make the earth 
unlivable. 

3.05 1.07 

1.5 Humans are severely abusing the environment. 4.07 0.92 

1.6 The earth has plenty of natural resources if we just learn how to 
develop them. 

3.30 1.27 

1.7 Plants and animals have as much right as humans to exist. 4.25 0.99 

1.8 The balance of nature is strong enough to cope with the impacts of 
modern industrial nations. 

4.09 0.95 

1.9 Despite our special abilities, humans are still subject to the laws of 
nature. 

4.65 0.75 

1.10 The so-called “ecological crisis” facing humankind has been greatly 
exaggerated. 

3.92 0.91 

1.11 The earth is like a spaceship with very limited room and resources. 3.78 1.13 

1.12 Humans were meant to rule over the rest of nature. 4.36 0.92 

1.13 The balance of nature is very delicate and easily upset. 3.38 1.14 

1.14 Humans will eventually learn enough about how nature works to be 
able to control it. 

3.44 1.18 

1.15 If things continue on their present course, we will soon experience a 
major ecological catastrophe. 

3.92 0.96 

Notes. N = 464. For pro-NEP items (i.e., eight odd-numbered items), responses were coded from 1 

(strongly disagree) to 5 (strongly agree). For anti-NEP items (i.e., seven even-numbered items), 

responses were coded reversely from 5 (strongly disagree) to 1 (strongly agree).   
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Students’ average scores to each NEP statement ranged from 3.05 to 4.65. 

The range of means implied that students showed a pro-environmental worldview 

to a moderate-to-great extent. Among the pro-NEP items (i.e., eight odd-numbered 

items), the item with the lowest mean score (i.e., the statement students least agreed 

with) was NEP13: The balance of nature is very delicate and easily upset  

(M = 3.38, SD = 1.14). The item with the highest mean score (i.e., the statement 

students most agreed with) was NEP09: Despite our special abilities, humans are 

still subject to the laws of nature (M = 4.65, SD = 0.75).  

Among the anti-NEP items (i.e., seven even-numbered items), the item with 

the lowest mean score (i.e., the statement students most agreed with) was NEP04: 

Human ingenuity will ensure that we do NOT make the earth unlivable  

(M = 3.05, SD = 1.07). The item with the highest mean score (i.e., the statement 

students least agreed with) was NEP12: Humans were meant to rule over the rest of 

nature (M = 4.36, SD = 0.92).  

Environmental sensitivity. The second part of the USELI was a researcher-

constructed scale and included 13 ES items measured on a 5-point Likert scale (i.e., 

items 2.1–2.13) and nine items using a multiple-choice format (i.e., items 2.3b–

2.11b). Table 4.8 (p. 173) presents the results of descriptive statistics of students’ 

responses to the 13 Likert-type ES items. If students responded to nine multiple-

choice items that closely follow items 2.3a–2.11a, frequency counts and content 

analysis of their responses will be reported in the additional exploratory analyses. 
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Table 4.8  

Summary of Responses for the 13 Likert-type Items in the ES Scale 

Likert-type Item in the ES Scale M SD 

2.1 To what extent do you feel that you appreciate, love, and care about 

the natural environment? 

3.49 0.73 

2.2 To what extent do you feel that your parents are environmentally 

sensitive? 

2.93 0.76 

2.3a To what extent do you feel that your ES has been influenced by 

members of your family? 

2.93 0.86 

2.4a To what extent do you feel that your ES has been influenced by 

your teachers? 

3.28 0.83 

2.5a To what extent do you feel that your ES has been influenced by 

other adult(s)? 

2.94 0.80 

2.6a To what extent do you feel that your ES has been influenced by 

playing outdoors as a child? 

3.08 0.98 

2.7a To what extent do you feel that your ES has been influenced by 

family vacations to natural areas? 

3.11 1.00 

2.8a To what extent do you feel that your ES has been influenced by 

school-organized environmental education activities or field trips? 

2.78 0.85 

2.9a To what extent do you feel that your ES has been influenced by 

recreational environmental interests or outdoor activities? 

3.14 0.90 

2.10a To what extent do you feel that your ES has been influenced by 

environmental courses you took in schools or at the university? 

3.10 0.90 

2.11a To what extent do you feel that your ES has been influenced by 

books, newspapers, magazines, documentaries, TV programs, or 

other media with nature or environmental themes ? 

3.41 0.84 

2.12 To what extent do you feel that your ES has been influenced by 

environmental clubs/associations on campus or non-governmental 

environmental organizations? 

2.77 0.87 

2.13 To what extent do you feel that your ES has been influenced by 

experiences of environmental threats or negative impacts (e.g., 

direct or indirect experience of habitat destruction or 

environmental pollution/disasters)? 

3.72 0.80 

Note. N = 464. Scores were measured on a 5-point Likert scale (1 = to no extent; 2 = to a slight 

extent; 3 = to a moderate extent; 4 = to a considerable extent; 5 = to a great extent). Items 2.3 to 2.11 

also consist of nine follow-up items using a multiple-choice format (items 2.3b to 2.11b).  
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Students’ average scores to each ES item ranged from 2.77 to 3.72. The 

range of means implied that students showed a moderate-to-considerable level of 

environmental sensitivity. Among these 13 ES items, the item with the lowest mean 

score (i.e., the factors or experiences that students identified as having the least 

influence on their environmental sensitivity) was ES12: environmental 

clubs/associations on campus or environmental organizations (M = 2.77,  

SD = 0.87). The item with the highest mean score (i.e., the factors or experiences 

that students identified as having the greatest influence on their environmental 

sensitivity) was ES13: experiences of environmental threats or negative impacts 

(e.g., direct or indirect experience of habitat destruction or environmental 

pollution/disasters) (M = 3.72, SD = 0.80).  

Environmentally responsible behavior. The third part of the USELI 

consisted of 24 ERB items, 20 of which were measured on a 5-point Likert scale 

and coded from 0 (never) to 4 (always). Table 4.9 (pp. 175–176) presents the 

results of descriptive statistics for these 20 Likert-type items. Results of content 

analysis of students’ responses to the four open-ended ERB items will be reported 

in the additional exploratory analyses.  

Students’ average scores to each ERB item ranged from 0.48 to 3.39. 

Among these 20 Likert-type items, the item with the lowest mean score (i.e., 

behavior students had least participated) was ERB23: reporting the names of 

companies responsible for some kind of environmental damage or destruction to 

authorities (M = 0.48, SD = 0.82). The item with the highest mean score (i.e.,   
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Table 4.9 

Summary of Responses for the 20 Likert-type Items in the ERB Scale 

Likert-type Item in the ERB Scale M SD 

A. Direct Conservation Action (0–20) 14.25 2.72 

3.1 I took steps to reduce energy use (e.g., turning off lights and 
appliances when they are not being used). 

3.17 0.72 

3.2 I took steps to conserve water (e.g., turning off the faucets not 
in use, filling a cup with water to brush my teeth). 

3.39 0.67 

3.2 I improved the quality of environment near my residence 
(e.g., planting trees, flowers, and other plants; participating 
in campus clean ups). 

2.07 0.96 

3.4 I properly disposed of trash, or picked up litter in public 
places. 

3.28 0.77 

3.5 I took steps to reuse and/or recycle paper, cans, plastics, 
glass, and other recyclable materials. 

2.34 1.04 

B. Consumer/Economic Action (0–20) 11.46 2.94 

3.7 I did not purchase products directly associated with damage 
to wildlife or their habitats (e.g., not eating wildlife, not 
buying clothing products such as fur coats or leather bags). 

3.20 0.97 

3.8 I did not purchase disposable products (e.g., paper cups, 
plastic plates/bowls, or disposable chopsticks). 

1.83 0.98 

3.9 I purchased products that are recyclable, made from recycled 
material, or certified with green labels. 

2.17 0.86 

3.10 I used green transportation (e.g., taking buses; riding 
bicycles). 

3.12 0.95 

3.11 I paid membership fees to, or donated money to 
environmental clubs or organizations. 

1.14 1.08 

C. Persuasion (0–20) 8.27 3.67 

3.13 I asked others who were involved in some kind of 
environmentally unfriendly behavior to stop (e.g., littering, 
smoking, and wasting food). 

1.97 0.95 

3.14 I encouraged others to recycle and/or reuse materials. 1.99 0.94 

3.15 I talked to my family and friends about what they can do to 
conserve water or energy. 

2.10 0.99 

3.16 I prepared or distributed environmental materials for use on 
campus or in other public places (e.g., flyers, pamphlets, 
bulletin board materials such as posters and pictures). 

1.10 1.00 

3.17 I presented information about environmental protection to 
others (e.g., organizing lectures, photo competition, and 
recycled crafts exhibition). 

1.11 1.05 
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Table 4.9 (continued) 
 

  

Likert-type Item in the ERB Scale M SD 

D. Civic Action (0–20) 3.05 3.53 

3.19 I voted onsite or online to support pro-environment 
governmental officials or decisions. 

0.90 0.98 

3.20 I sent petitions to government officials asking for their help 
in solving environmental problems (e.g., writing letters, 
sending emails, making phone calls using the 
environmental/green hotline 12369). 

0.60 0.81 

3.21 I participated in public meetings or hearings concerning 
environmental policies or environmental impact assessment 
(EIA) plans. 

0.56 0.81 

3.22 I reported that to environmental authorities when I found an 
illegal discharge of wastewater, harmful gas, or solid waste. 

0.51 0.79 

3.23 I reported the names of companies responsible for some 
kind of environmental damage or destruction to authorities. 

0.48 0.82 

Note. N = 464. Scores were measured on a 5-point Likert scale (0 = never; 1 = rarely; 2 = 

sometimes; 3 = usually; 4 = always). Items 3.6, 3.12, 3.18, and 3.24 are open-ended questions, and 

will be included in the additional exploratory analyses.  

 

behavior students had most participated) was ERB02: taking steps to conserve 

water (e.g., turning off the faucets not in use) (M = 3.39, SD = 0.67).  

For each of the four subscales of ERB (i.e., direct conservation action, 

consumer/economic action, persuasion, and civic action), the possible score could 

range from a minimum of 0 to a maximum of 20. Within each subscale, the mean 

value for direct conservation action items ranged from 2.07 to 3.39, for 

consumer/economic action items from 1.14 to 3.20, for persuasion items from 1.10 

to 2.10, and for civic action items from 0.48 to 0.90. This range of mean scores 

varied across these four subscales, implying that students’ participation in 

behaviors varied both within and across these four subscales of ERB. This trend 



 

177 

also is apparent in the range of scores and the overall average scores for each 

subscale: direct conservation action (M = 14.25, SD = 2.72), consumer/economic 

action (M = 11.46, SD = 2.94), persuasion (M = 8.27, SD = 3.67), and civic action 

(M = 3.05, SD = 3.53). Thus, it appeared that students had most participated in 

direct conservation action, followed by consumer/economic action, whereas they 

had less participated in persuasion and civic action. 

Perceived knowledge. The fourth part of the USELI consisted of seven PK 

items measured on a 5-point Likert scale, three of which pertaining to PKEE (i.e., 

items 4.1 to 4.3), and four of which pertaining to PKES (i.e., items 4.4 to 4.7). 

Table 4.10 (p. 178) presents the results of descriptive statistics of students’ 

responses to these seven items pertaining to perceived knowledge of ecology, earth 

system science, and environmental science. 

Students’ average scores to each PK item ranged from 3.08 to 3.49, and this 

range of means indicated that students believed that they had a moderate-to-

substantial level of environmental knowledge. The item with the lowest mean score 

(i.e., students were least knowledgeable) was PK05: environmental science 

knowledge relating to land use planning (e.g., urban development that results in 

loss of wetlands or agricultural lands) (M = 3.08, SD = 0.92). The item with the 

highest mean score (i.e., students were most knowledgeable) was PK06: 

environmental science knowledge relating to environmental pollution (e.g., marine 

pollution, acid rain, and smog) (M = 3.49, SD = 0.81).   
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Table 4.10  

Summary of Responses for the Perceived Knowledge Scale 

Item Pertaining to Perceived Knowledge in the USELI M SD 

A. Perceived Knowledge of Ecology & Earth System Science  

4.1 Population and community in ecology (e.g., dynamics of a 

population, succession of a biological community) 

3.23 1.03 

4.2 Ecosystem in ecology (e.g., energy flow, cycles of matter) 3.42 0.93 

4.3 Earth system science (e.g., plate tectonics, currents and 

circulation in the oceans, the earth’s climate patterns) 

3.46 0.91 

B. Perceived Knowledge of Environmental Science   

4.4 Natural resource management (e.g. renewable and non-

renewable energy, declines in biological resources and 

minerals) 

3.31 0.85 

4.5 Land use planning (e.g., urban development that results in loss 

of wetlands or loss of agricultural lands) 

3.08 0.92 

4.6 Environmental pollution (e.g., marine/coastal pollution, acid 

rain, smog, white pollution) 

3.49 0.81 

4.7 Interaction between the environment and human health (e.g., 

air-borne disease, genetically modified foods) 

3.34 0.87 

Note. N = 464. Scores were measured on a 5-point Likert scale (1 = to no extent; 2 = to a slight 

extent; 3 = to a moderate extent; 4 = to a considerable extent; 5 = to a great extent).  

 

Perceived skills. The fourth part of the USELI also consisted of 10 PS items 

measured on a 5-point Likert scale, five of which pertaining to PSPI (i.e., items 4.8 

to 4.13), and five of which pertaining to CPS (i.e., items 4.13 to 4.17). Table 4.11 

(p. 179) presents the results of descriptive statistics of students’ responses to these 

10 items pertaining to perceived skills in investigating and evaluating 

problems/issues and in using citizen participation strategies.  

Students’ average scores to each PS item ranged from 2.08 to 2.74, and this 

range of means indicated that students believed that they had a moderate-to-low   
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Table 4.11 

Summary of Responses for the Perceived Skills Scale 

Item Pertaining to Perceived Skills in the USELI M SD 

A. Perceived Skills in Investigating & Evaluating Problems/Issues 

4.8 Identifying an environmental problem or issue in a local 

community 

2.74 0.89 

4.9 Collecting background information for an environmental 

problem or issue 

2.69 1.01 

4.10 Using survey instruments and procedures to investigate an 

environmental problem or issue 

2.43 1.03 

4.11 Organizing and analyzing the data collected from a survey 

instrument 

2.36 1.01 

4.12 Drawing conclusion and providing recommendations based on 

the investigation of an environmental problem or issue 

2.42 1.03 

B. Perceived Skills in Using Citizen Participation Strategies 

4.13 Developing plans for an environmental project 2.29 1.02 

4.14 Finding resources for an environmental project 2.08 0.96 

4.15 Using available plans and resources to carry out an 

environmental project 

2.23 1.00 

4.16 Preparing written/visual materials to present an environmental 

project 

2.51 1.09 

4.17 Evaluating an environmental project and its benefit on local 

community. 

2.23 1.02 

Note. N = 464. Scores were measured on a 5-point Likert scale (1 = to no extent; 2 = to a slight 

extent; 3 = to a moderate extent; 4 = to a considerable extent; 5 = to a great extent).  
 

level of skills in these areas. The item with the lowest mean score (i.e., students 

were least capable of) was PS14: finding resources for an environmental project 

(i.e., a perceived skill relating to citizen participation strategies) (M = 2.08,  
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SD = 0.96). The item with the highest mean score (i.e., students were most capable 

of) was PS08: identifying an environmental problem or issue in a local community 

(i.e., a perceived skill relating to the investigation of problems and issues)  

(M = 2.74, SD = 0.89). 

Willingness to act. The fourth part of the USELI also included four WILL 

items measured on a 5-point Likert scale and corresponded to each of the four 

categories of ERB, i.e., direct conservation action, consumer/economic action, 

persuasion, and civic action. As shown in Table 4.12 (p. 181), students’ average 

scores to each WILL item ranged from 3.91 to 4.18, and this range of means 

implied that students expressed a high level of willingness to prevent or solve 

environmental problems and/or issues. The item with the lowest mean score (i.e., 

students were least willing to act) was WILL21: civic action (M = 3.91, SD = 0.81). 

The item with the highest mean score (i.e., students were most willing to act) was 

WILL18: direct conservation action (M = 4.18, SD = 0.75). 

Results for Research Question 1 

Research Question 1 states: What is the status of environmental literacy 

among undergraduate students at two national universities in Hubei Province of 

China pertaining to environmental worldview, environmental sensitivity, 

environmentally responsible behavior, perceived knowledge of ecology and earth 

system science, perceived knowledge of environmental science, perceived skills in 

investigating and evaluating problems and issues, perceived skills in using citizen 

participation strategies, and willingness to act?  
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Table 4.12 

Summary of Responses for the Willingness to Act Scale 

Item Pertaining to Willingness to Act in the USELI M SD 

4.18 To what extent are you willing to make use of direct 

conservation action and work directly with the natural world 

to help prevent or solve environmental problems? 

4.18 0.75 

4.19 To what extent are you willing to make use of 

consumer/economic action (e.g., using purchases/boycotts or 

donating money) to help prevent or solve environmental 

problems? 

4.00 0.78 

4.20 To what extent are you willing to make use of persuasion 

(e.g., encouraging or appealing to others) to help prevent or 

solve environmental problems? 

3.91 0.82 

4.21 To what extent are you willing to make use of civic action 

(e.g., using governmental or legal means) to help prevent or 

solve environmental problems? 

3.91a 0.81 

Note. N = 464. Scores were measured on a 5-point Likert scale (1 = to no extent; 2 = to a slight 

extent; 3 = to a moderate extent; 4 = to a considerable extent; 5 = to a great extent).  
aMean value for item 4.21 was the lowest among these four WILL items, but rounding 3.9097 to the 

nearest hundredth gives 3.91, which appears to be the same as the mean value for item 4.20. 

 

The simplest way to answer this research question is to report descriptive 

statistics for the total sample (N = 464). Values of the mean, standard deviation, 

median, maximum, minimum, and range were used to show the central tendency 

and variability of each EL variable. These values also were calculated for the 

subsamples grouped by university (i.e., a national comprehensive university vs. a 

national normal university), by major fields (i.e., science vs. non-science), and by 

10 specific majors. Further, raw scale scores were added to component scores, and 

then transformed into weighted component and composite scores. This section will 

describe these results in details. 
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The total sample. In a descending order, students’ average scores of the 

eight EL variables were: WILL, NEP, PKEE, PKES, ES, PSPI, ERB, and CPS 

(Table 4.6, p. 170). Among the four cognitive variables selected for this 

investigation, students’ average scores were: perceived knowledge of ecology and 

earth system science (PKEE: M = 10.10 on a scale of 3–15 or 67%, SD = 2.31), 

perceived knowledge of environmental sciences (PKES: M = 13.20 on a scale of  

4–20 or 66%, SD = 2.62), perceived skills in investigating and evaluating problems 

and issues (PSPI: M = 12.65 on a scale of 5–25 or 51%, SD = 4.12), and perceived 

skills in using citizen participation strategies (CPS: M = 11.35 on a scale of 5–25 or 

45%, SD = 4.37). Among three affective variables in this investigation, the highest 

mean scores were found on willingness to act (WILL: M = 16.01 on a scale of 4–20 

or 80%, SD = 2.57), followed by environmental worldview (NEP: M = 57.55 on a 

scale of 15–75 or 77%, SD = 6.91), and with the lowest mean scores on 

environmental sensitivity (ES: M = 40.66 on a scale of 13–65 or 63%, SD = 5.78).  

On average, students’ scores were low on environmentally responsible 

behavior (ERB: M = 37.04 on a scale of 0–80 or 46%, SD = 9.50). Among the four 

categories of ERB, students scored highest on the direct conservation action 

subscale (M = 14.25 on a scale of 0–20 or 71%, SD = 2.72), followed by the 

consumer/economic action subscale (M = 11.46 on a scale of 0–20 or 57%,  

SD = 2.94), then the persuasion subscale (M = 8.27 on a scale of 0–20 or 41%,  

SD = 3.67), and lowest on the civic action subscale (M = 3.05 on a scale of 0–20 or 

15%, SD = 3.53). 
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Component and composite scores. Additional insight into the status of EL 

among these 464 students can be gained by examining both unweighted and 

weighted component scores, as well as a single composite score (Table 4.13). Of 

the four EL components, students’ average scores were higher on the affective 

dispositions and perceived knowledge than on the perceived skills and ERB  

 

Table 4.13 

Descriptive Statistics of EL Component and Composite Scores of the Total Sample 

Environmental  

Literacy Score 

Possible 

Score 

Range 

Min Max Median M SD % 

A. Component Score        

Perceived 

Knowledge 

Unweighted 7−35 9 35 23 23.30 4.41 67% 

Weighted 32−160 41 160 105 106.49 20.14 67% 

Perceived 

Skills 

Unweighted 10−50 10 50 24 24.00 8.07 48% 

Weighted 32−160 32 160 77 76.81 25.81 48% 

Affective 

Dispositions 

Unweighted/ 

Weighted 
32−160 69 145 115 114.21 11.14 71% 

Behavior 

Unweighted 0−80 12 72 37 37.04 9.50 46% 

Weighted 0−160 24 144 74 74.08 19.00 46% 

B. Composite Score 96−640 214 565 367 371.59 53.80 58% 

Note. N = 464. These unweighted component scores were adjusted with multipliers so that the sum 

of each of the four components of EL equated to 160. The following multipliers were used for each 

unweighted component score: 4.57 for perceived knowledge, 3.2 for perceived skills, 1 for affective 

dispositions, and 2 for environmentally responsible behavior. 

 

To be more specific, students’ average scores were about 19% higher on the 

perceived knowledge scale (weighted M = 106.49 on a scale of 32–160 or 66.56%) 

than on the perceived skills scale (weighted M = 76.81 on a scale of 32–160 or 
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48.00%). Further, students’ average scores were about 25% higher on the affective 

dispositions (weighted M = 114.21 on a scale of 32–160 or 71.38%) than on the 

ERB scale (weighted M = 74.08 on a scale of 0–160 or 46.30%). After transforming 

weighted component scores into a single composite score, the results indicated a 

moderate level of EL among the 464 undergraduate students at these two 

universities (weighted M = 371.59 on a scale of 96–640 or 58.06%). 

Two university samples. As shown in Tables 4.14 and 4.15 (p. 185), 

students’ average scores were very similar at both universities and reflected the 

trend apparent in the total sample. Of the eight EL variables, the highest mean 

scores were found on WILL (University 01: M = 16.15 on a scale of 4–20 or 81%,  

SD = 2.43; University 02: M = 15.88 on a scale of 4–20 or 79%, SD = 2.68), and 

the lowest mean scores were found on CPS (University 01: M = 11.66 on a scale of 

5–25 or 47%, SD = 4.55; University 02: M = 11.07 on a scale of 5–25 or 44%,  

SD = 4.19). Of the four EL components, the highest mean scores were found on the 

affective dispositions (University 01: weighted M = 113.87 on a scale of 32–160 or 

71.2%; University 02: weighted M = 114.54 on a scale of 32–160 or 71.6%), and 

the lowest mean scores were found on the ERB component (University 01: 

weighted M = 73.71 on a scale of 0–160 or 46.1%; University 02: weighted  

M = 74.42 on a scale of 0–160 or 46.5%).The composite scores for each university 

sample also indicated a moderate level of EL among these students (University 01: 

weighted M = 374 on a scale of 96–640 or 58.4%; University 02: weighted M = 369 

on a scale of 96–640 or 57.7%).   
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Table 4.14 

Descriptive Statistics of Major EL Variables of the Two University Samples 

Environmental Literacy 

Variable Measured  

in the USELI 

Possible 
Score 
Range 

University 01 
(n = 225) 

University 02 
(n = 239) 

Min− 
Max 

M SD 
Min− 
Max 

M SD 

Environmental Worldview  15−75 35−75 57.33 7.30 36−75 57.75 6.53 

Environmental Sensitivity  13−65 23−56 40.39 5.80 21−54 40.91 5.76 

Environmentally 
Responsible Behavior  

0−80 12−72 36.85 10.32 16−58 37.21 8.67 

Conservation  0−20 7−20 14.24 2.69 5−20 14.26 2.75 

Consumer/Economic  0−20 0−20 11.27 3.01 3−20 11.64 2.88 

Persuasion 0−20 0−20 8.19 4.03 1−18 8.36 3.29 

Civic Action 0−20 0−20 3.16 3.89 0−13 2.96 3.16 

Perceived Knowledge  7−35 13−35 23.74 4.09 9−35 22.89 4.66 

PKEE 3−15 5−15 10.43 2.27 3−15 9.80 2.31 

PKES  4−20 7−20 13.31 2.48 6−20 13.10 2.75 

Perceived Skills 10−50 10−50 24.36 8.33 10−48 23.67 7.81 

PSPI 5−25 5−25 12.70 4.14 5−25 12.61 4.11 

CPS 5−25 5−25 11.66 4.55 5−23 11.07 4.19 

Willingness to Act  4−20 5−20 16.15 2.43 4−20 15.88 2.68 

Note. N = 464. PKEE = Perceived Knowledge of Ecology and Earth System Science; PKES = 

Perceived Knowledge of Environmental Science; PSPI = Perceived Skills in Investigating and 

Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation Strategies. 

 

Table 4.15 

Descriptive Statistics of EL Component and Composite Scores by University 

Environmental  

Literacy Score 

University 01 (n = 225) University 02 (n = 239) 

Min− 

Max 
M SD 

Min− 

Max 
M SD 

A. Component Score       

Perceived 

Knowledge 

Unweighted 13−35 23.74 4.09 9−35 22.89 4.66 

Weighted 59−160 108.48 18.69 41−160 104.62 21.28 

Perceived 

Skills 

Unweighted 10−50 24.36 8.33 10−48 23.67 7.81 

Weighted 32−160 77.94 26.65 32−154 75.75 25.00 

Affective 

Dispositions 

Unweighted/ 

Weighted 
77−145 113.87 11.34 69−143 114.54 10.95 

Behavior 
Unweighted 12−72 36.85 10.32 16−58 37.21 8.67 

Weighted 24−144 73.71 20.65 32−116 74.42 17.35 

B. Composite Score 257−565 374.00 52.29 214−542 369.32 55.19 

Note. N = 464.  
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With respect to the eight EL variables in this study, students at University 

01 scored slightly higher than students at University 02 on PKEE, PKES, PSPI, 

CPS, and WILL. On the other hand, students at University 02 scored slightly higher 

than students at University 01 on NEP, ES, and ERB. Minor differences can be 

found using the component scores of these two university samples. Compared to 

students at University 02, students at University 01 scored 2.4% higher on the PK 

scale and 1.4% higher on the PS scale. Differences of students’ average scores in 

the affective dispositions and ERB components were less than 1%, and thus can be 

treated as equal. 

Samples grouped by science and non-science majors. As shown in Tables 

4.16 and 4.17 (p. 187), students’ average scores were very similar in science and 

non-science majors and, again, reflected the trend apparent in the total sample. Of 

the eight EL variables, students’ average scores were higher on WILL and NEP, but 

lower on ERB and CPS. Of the four EL components, the highest mean scores were 

found on the affective dispositions (science majors: weighted M = 113.84 on a scale 

of 32–160 or 71.2%; non-science majors: weighted M = 114.59 on a scale of  

32–160 or 71.6%), and the lowest mean scores were found on the ERB component 

(science majors: weighted M = 74.04 on a scale of 0–160 or 46.3%; non-science 

majors: weighted M = 74.11 on a scale of 0–160 or 46.3%). The composite scores 

of these two samples also indicated a moderate level of EL among these students 

(science majors: weighted M = 366.09 on a scale of 96–640 or 58.4%; non-science 

majors: weighted M = 377.01 on a scale of 96–640 or 57.8%).  



 

187 

Table 4.16 

Descriptive Statistics of Major EL Variables of the Sample Grouped by Science and 
Non-Science Majors 

Environmental Literacy 

Variable Measured  

in the USELI 

Possible 
Score 
Range 

Science Major  
(n = 234) 

Non-Science Major 
(n = 230) 

Min− 
Max M SD 

Min− 
Max M SD 

Environmental Worldview  15−75 35−75 57.08 6.98 37−75 58.02 6.81 

Environmental Sensitivity  13−65 23−56 40.83 5.62 21−54 40.48 5.94 

Environmentally 
Responsible Behavior 

0−80 12−72 37.02 9.55 16−68 37.06 9.47 

Conservation  0−20 7−20 14.12 2.60 5−20 14.38 2.83 

Consumer/Economic  0−20 1−20 11.45 2.88 0−20 11.46 3.01 

Persuasion 0−20 0−20 8.42 3.93 0−18 8.13 3.38 

Civic Action 0−20 0−20 3.10 3.42 0−13 3.00 3.64 

Perceived Knowledge  7−35 13−35 24.19 4.40 9−35 22.39 4.24 

PKEE 3−15 5−15 10.94 2.24 3−15 9.24 2.05 

PKES  4−20 7−20 13.25 2.63 6−20 13.15 2.61 

Perceived Skills 10−50 10−50 24.55 8.16 10−42 23.45 7.95 

PSPI 5−25 5−25 12.94 4.20 5−24 12.36 4.03 

CPS 5−25 5−25 11.62 4.38 5−21 11.09 4.40 

Willingness to Act  4−20 5−20 15.92 2.58 4−20 16.10 2.56 

Note. N = 464. PKEE = Perceived Knowledge of Ecology and Earth System Science; PKES = 

Perceived Knowledge of Environmental Science; PSPI = Perceived Skills in Investigating and 

Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation Strategies. 

 

Table 4.17 

Descriptive Statistics of EL Component and Composite Scores by Science and Non-
Science Majors 

Environmental  
Literacy Score 

Science Major  
(n = 234) 

Non-Science Major  
(n = 230) 

Min− 
Max 

M SD 
Min− 
Max 

M SD 

A. Component Score       
Perceived 
Knowledge 

Unweighted 13−35 24.19 4.40 9−35 22.39 4.24 
Weighted 59−160 110.56 20.09 41−160 102.35 19.37 

Perceived 
Skills 

Unweighted 10−50 24.55 8.16 10−42 23.45 7.95 
Weighted 32−160 78.57 26.11 32−134 75.03 25.43 

Affective 
Dispositions 

Unweighted/ 
Weighted 

77−145 113.84 11.51 69−137 114.59 10.76 

Behavior 
Unweighted 12−72 37.02 9.55 16−68 37.06 9.47 

Weighted 24−144 74.04 19.10 32−136 74.11 18.94 

B. Composite Score 214−516 366 52.61 214−516 377 54.51 

Note. N = 464.  
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With respect to the eight EL variables in this study, students majoring in the 

science fields scored slightly higher than those majoring in the non-science fields 

on ES, PKEE, PKES, PSPI, and CPS. On the other hand, students in the non-

science fields scored slightly higher than those majoring in the science fields on 

NEP, ERB, and WILL. Using the component scores, one notable difference was 

found on the perceived knowledge scale, for which students majoring in the science 

fields scored on average 5% higher than those majoring in the non-science fields 

(science majors: weighted M = 110.56 on a scale of 32–160 or 69%; and non-

science majors: weighted M = 102.35 on a scale of 32–160 or 64%). Specifically, 

students in the science majors scored on average about 4% higher on PKEE than 

those in the non-science majors, but their scores were similar on PKES. In addition, 

students in the science majors scored about 2% higher than those in the non-science 

majors on the perceived skills scale (science majors: weighted M = 78.57 on a scale 

of 32–160 or 49%; non-science majors: weighted M = 75.03 on a scale of 32–160 

or 47%). Differences of students’ average scores in the affective dispositions and 

ERB components were less than 1%, and thus can be treated as equal. 

Samples grouped by specific academic majors. Results for specific major 

samples also reflected the trend apparent in the total sample (Table 4.18, p. 189). Of 

the four EL components, students’ average scores were high on the affective 

dispositions and low on the ERB component. The composite scores of these 10 

major samples also indicated a moderate level of EL among these students. Among 

the 10 majors selected for this study, students in the environmental science major   
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Table 4.18 

Descriptive Statistics of EL Component and Composite Scores by Specific Majors 

Statistical  

Results 

Science Major ID Non-Science Major ID 

01 02 03 04 05 06 07 08 09 10 

A. Perceived Knowledge (7–35) 

M 24.1 25.1 24.4 23.8 23.6 20.2 22.1 23.7 22.6 22.4 

SD 4.3 3.9 4.5 4.8 4.5 4.4 4.1 4.3 4.0 3.9 

Median 23 26 23 23 24 21 22 24 23 23 

Min 14 18 17 13 15 9 14 14 10 13 

Max 35 35 33 35 31 26 33 35 35 30 

B. Perceived Skills (10–50) 

M 27.5 24.9 24.8 21.8 23.6 20.8 20.8 24.6 23.3 26.5 

SD 8.5 8.2 8.3 7.5 7.5 6.8 7.7 7.7 6.9 9.1 

Median 26 25.5 24.5 21 24 20 20 24 24 26 

Min 11 11 10 10 10 10 10 10 10 10 

Max 50 48 46 37 37 34 38 38 36 42 

C. Affective Dispositions (32–160) 

M 118 117 112 113 110 111 117 114 113 117 

SD 11.6 9.0 12.0 8.9 13.7 7.5 7.8 10.1 14.7 10.1 

Median 119 117 110 113 109 113 117 114 112 117 

Min  86 94 77 89 82 96 103 79 69 85 

Max 145 137 140 134 143 124 136 137 137 134 

D. Environmentally Responsible Behavior (0–80) 

M 42.5 39.7 33.2 36.0 34.2 34.2 36.4 38.9 34.7 39.9 

SD 9.8 8.8 8.3 8.8 9.2 6.8 7.7 9.1 8.7 12.4 

Median 41 39 33 35 32 33 36 38 36 38 

Min 23 17 16 19 12 16 24 20 16 23 

Max 72 61 55 68 50 48 55 57 58 68 

E. Environmental Literacy Composite Score(96–640) 

M 401 391 360 363 362 339 358 379 360 384 

SD 63 55 50 46 48 42 46 53 45 62 

Median 379 388 360 359 359 339 352 378 360 388 

Min 304 264 276 276 257 227 258 243 214 280 

Max 565 531 521 461 470 419 473 501 438 516 

Note. N = 464. Coding for specific majors: environmental science (01), geography (02), biology 

(03), chemistry (04), physics (05), journalism (06), Chinese (07), history (08), political science (09), 

and public administration (10).  
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had the highest mean scores on all EL components except for perceived knowledge, 

for which students in the geography major had the highest mean scores. On the 

other hand, students in the journalism major had the lowest mean scores on both 

perceived knowledge and perceived skills, and students in the physics major had 

the lowest mean scores on the affective dispositions. Further, students in these two 

majors (i.e., journalism and physics) had the lowest mean score on the ERB. 

Results for Research Questions 2, 3, and 4 

Research Question 2 states: What is the relationship between Affective 

Dispositions (Set A: environmental worldview, environmental sensitivity, and 

willingness to act) and environmentally responsible behavior? 

Research Question 3 states: What is the relationship between Perceived 

Skills (Set B: perceived skills in investigating and evaluating problems and issues, 

and perceived skills in using citizen participation strategies) and environmentally 

responsible behavior in the presence of Affective Dispositions (Set A)? 

Research Question 4 states: What is the relationship between Perceived 

Knowledge (Set C: perceived knowledge of ecology and earth system science, and 

perceived knowledge of environmental science) and environmentally responsible 

behavior in the presence of Affective Dispositions (Set A) and Perceived Skills (Set 

B)? 

These research questions investigated the relative contribution of seven EL 

variables as the IVs to the prediction of ERB as the DV. The seven IVs were 

grouped into three distinct sets based on their domain-related similarities. The set 
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order of entry for the hierarchical multiple regression analyses was: Set A 

(Affective Dispositions), Set B (Perceived Skills), and Set C (Perceived 

Knowledge). This order was chosen based on prior studies and meta-analyses 

(Bamberg & Moser, 2007; Hines et al., 1986/87; Hsu, 1997; Marcinkowski, 1989; 

Sia, 1985; Sivek, 1989). Figure 4.1 depicts the theorized relationships among the 

eight EL variables selected for this investigation. 

 

 
 

Figure 4.1. The theorized model illustrating the hypothesized relationships among 

sets of EL variables in this study. 

 

Research Question 2 and Hypothesis 1. Set A represents the affective 

component of EL, and consists of three variables: environmental worldview  

(X1 = NEP), environmental sensitivity (X2 = ES), and willingness to act  
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(X3 = WILL). The null hypothesis for Set A, Affective Dispositions, is that Set A 

will not make a statistically significant contribution to the explained variance in the 

ERB scores (H0: ρ
2

Y·A = 0). The alternative hypothesis for Set A, Affective 

Dispositions, is that Set A will make a statistically significant contribution to the 

explained variance in the ERB scores (H1: ρ
2

Y·A ≠ 0).  

With a F(3, 402) = 52.083, 𝑠𝑅Y·A
2  = .280, and p < .001, the unique 

contribution of Set A to the explained variance in the ERB scores was statistically 

significant (Table 4.19, p. 193). Thus, I rejected the null hypothesis (H0: ρ
2

Y·A = 0), 

and tentatively accepted the alternative hypothesis that Set A, Affective 

Dispositions, made a statistically significant contribution to the explained variance 

in the ERB scores (H1: ρ
2
Y·A ≠ 0). In other words, without any influence from Set B 

and Set C, Set A uniquely accounted for 28% of the variance in students’ ERB 

scores. From a more practical perspective, Model 1 containing Affective 

Dispositions alone provided 28% of the information needed to predict students’ 

ERB scores. Within Set A, both ES (X2) and WILL (X3) were found to be 

statistically significant predictors of ERB, p < .001. The regression equation for the 

first stage of the hierarchical regression analyses (Model 1) is: �̂� = 0.026X1 + 

0.517X2 + 0.939X3 – 1.337. 

Research Question 3 and Hypothesis 2. Set B represents the perceived 

skills component of EL, and consists of two variables: perceived skills in 

investigating and evaluating problems and issues (X4 = PSPI) and perceived skills 

in using citizen participation strategies (X5 = CPS). The null hypothesis for Set B,   
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Table 4.19 

Partial Values regarding Each Set from a Hierarchical Regression Perspective  

 Environmentally Responsible Behavior 

   Model 3c 

Variable Model 1a B Model 2b B B 95% CI 

Constant −1.337 −6.987 −9.241*** [−15.386, −3.097] 

X1 = NEP .026 .071 .067 [−0.024, 0.157] 

X2 = ES .517*** .389*** .366*** [0.262, 0.470] 

X3 = WILL .939*** .802*** .784*** [0.533, 1.035] 

X4 = PSPI  .113 .006 [−0.240, 0.251] 

X5 = CPS  .804*** .845* [0.626, 1.064] 

X6 = PKEE   .228 [−0075, 0.531] 

X7 = PKES   .174 [−0.094, 0.443] 

R2 .280 .499 .508  

F 52.083*** 79.573*** 58.751***  

∆R2  .219 .010  

∆F  87.275*** 3.856**  

Note. N = 406. CI = confidence interval. 
aModel 1 corresponds to the first stage of the hierarchical regression analyses (RQ 2, H1) when 

Environmentally Responsible Behavior (ERB) was regressed on Set A, Affective Dispositions. Set A 

consists of three variables: X1 = Environmental Worldview (NEP), X2 = Environmental Sensitivity 

(ES), and X3 = Willingness to Act (WILL). 
bModel 2 corresponds to the second stage of the hierarchical regression analyses (RQ 3, H2) when 

ERB was regressed on Set B, Perceived Skills, in the presence of Set A. Set B consists of two 

variables: X4 = Perceived Skills in Investigating and Evaluating Problems and Issues (PSPI) and  

X5 = Perceived Skills in Using Citizen Participation Strategies (CPS). 
cModel 3 corresponds to the third stage of the hierarchical regression analyses (RQ 4, H3) when 

ERB was regressed on Set C, Perceived Knowledge, in the presence of both Set A and Set B. Set C 

consists of two variables: X6 = Perceived Knowledge of Ecology and Earth System Science (PKEE) 

and X7 = Perceived Knowledge of Environmental Science (PKES). 

*p < .05. **p < .01. *** p < .001. 

 

Perceived Skills, is that when Set B is examined in the presence of Affective 

Dispositions (Set A), Set B will not make a statistically significant contribution to 

the explained variance in the ERB scores (H0: ρ
2

Y·B = 0). The alternative hypothesis 

for Set B, Perceived Skills, is that when Set B is examined in the presence of 

Affective Dispositions (Set A), Set B will make a statistically significant 

contribution to the explained variance in the ERB scores (H2: ρ
2

Y·B ≠ 0).  
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When Set B entered the analysis in the presence of Set A, the overall model 

was statistically significant, F(5, 400) = 79.573, 𝑅Y∙AB
2  = .499, and p < .001 (Table 

4.19, p. 193). From a more practical perspective, Model 2 containing both Set A 

and Set B (i.e., five IVs) collectively accounted for 49.9% of the information 

needed to predict students’ ERB scores. Further, in the presence of Set A and in the 

absence of Set C, the additional contribution of Set B to the explained variance in 

the ERB scores was statistically significant, ΔF(2, 400) = 87.275, 𝑠𝑅Y∙B
2  = .219, and 

p < .001. Thus, I rejected the null hypothesis (H0: ρ
2

Y·B = 0), and tentatively 

accepted the alternative hypothesis that Set B, Perceived Skills, when examined in 

the presence of Set A, Affective Dispositions, made a statistically significant 

contribution to the explained variance in the ERB scores (H2: ρ
2

Y·B ≠ 0). In other 

words, under the influence of Affective Dispositions, Perceived Skills accounted 

for an additional 21.9% of the variance in students’ ERB scores. Within Set B, CPS 

(X5) was found to be a statistically significant predictor of ERB, p < .05. The 

regression equation for the second stage of the hierarchical regression analyses 

(Model 2) is: �̂� = 0.071X1 + 0.389X2 + 0.802X3 + 0.113X4 + 0.804X5 – 6.987. 

Research Question 4 and Hypothesis 3. Set C represents the perceived 

knowledge component of EL, and consists of two variables: perceived knowledge 

of ecology and earth system science (X6 = PKEE) and perceived knowledge of 

environmental science (X7 = PKES). The null hypothesis for Set C, Perceived 

Knowledge, is that when Set C is examined in the presence of Set A and Set B, Set 

C will not make a statistically significant contribution to the explained variance in 
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the ERB scores (H0: ρ
2

Y·C = 0). The alternative hypothesis for Set C, Perceived 

Knowledge, is that when Set C is examined in the presence of Set A and Set B, Set 

C will make a statistically significant contribution to the explained variance in the 

ERB scores (H3: ρ
2

Y·C ≠ 0).  

When Set C entered the analysis in the presence of Set A and Set B, the 

overall model was statistically significant, F(7, 398) = 58.751, 𝑅Y∙ABC
2  = .508, and  

p < .001 (Table 4.19, p. 193). From a more practical perspective, Model 3 

containing Sets A, B, and C (i.e., seven IVs) collectively accounted for 50.8% of 

the information needed to predict students’ ERB scores. Further, in the presence of 

both Set A and Set B, the additional contribution of Set C to the explained variance 

in the ERB scores was statistically significant With a ΔF (2, 398) = 3.856,  

𝑠𝑅Y∙C
2  = .010, and p < .01. As a result, I rejected the null hypothesis (H0: ρ

2
Y·C = 0), 

and tentatively accepted the alternative hypothesis that, when examined in the 

presence of Sets A and Set B, Set C made a statistically significant contribution to 

the explained variance in the ERB scores (H3: ρ
2

Y·C ≠ 0). In other words, under the 

influence of Affective Dispositions and Perceived Skills, Perceived Knowledge 

accounted for an additional 1% of the variance in students’ ERB scores. Within  

Set C, none of the PK variables were found to be statistically significant predictors 

of ERB. The regression equation for the third stage of the hierarchical regression 

analyses (Model 3) is: �̂� = 0.067X1 + 0.366X2 + 0.784X3 + 0.006X4 + 0.845X5 + 

0.228X6 + 0.174X7 – 9.241. 
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Summary of hierarchical regression analyses. In summary, without any 

influence from Sets B and C, Set A, Affective Dispositions, uniquely accounted 

28% of the variance in ERB. In the presence of Set A, Set B added 21.9% of the 

variance in ERB. The overall model containing Sets A, B, and C collectively 

accounted for 50.8% of the variance in ERB. Therefore, these three sets of EL 

variables (i.e., Affective Dispositions, Perceived Skills, and Perceived Knowledge) 

did make a statistically significant contribution to the explained variance in 

students’ ERB scores measured using the USELI.  

Table 4.20 (p. 197) presents a summary of the decisions I made with respect 

to three research hypotheses corresponding to RQs 2−4. The decisions (i.e., to 

reject or fail to reject a null hypothesis) were based on the results of the 

aforementioned hierarchical multiple regression analyses. Nonetheless, the 

additional 1% of the variance in ERB contributed by Set C must be interpreted 

cautiously for two reasons. First, as indicated in Table 3.6 (p. 126), the statistical 

power for Set C was only 0.42, which is well below the threshold power level 

recommended by Cohen et al. (2003). Second, from the perspective of practical 

significance, a 1% increase in the explained variance is very small. Therefore, for 

both statistical and practical reasons, the additional increase in the explained 

variance contributed by Set C is open to criticism.  

Summary of simultaneous regression analysis. Because the overall model 

and all three sets were statistically significant (p < .05), a further examination of the 

IVs was allowed without violating the Fisher’s protected t test (Cohen et al., 2003).   
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Table 4.20 

Summary of Hypothesis Testing Results to RQs 2−4 

Null Hypothesis 
Regression 

Model 

Statistical Result 
Decision 

∆F p 

Set A: Affective Dispositions will not make a statistically 

significant contribution to the explained variance in the 

environmentally responsible behavior scores. 

Model 1a 52.083 <.001 Reject H0 

Set B: When examined in the presence of Affective Dispositions 

(Set A), Perceived Skills will not make a statistically significant 

contribution to the explained variance in the environmentally 

responsible behavior scores. 

Model 2b 87.275 <.001 Reject H0 

Set C: When examined in the presence of Affective Dispositions 

(Set A) and Perceived Skills (Set B), Perceived Knowledge will not 

make a statistically significant contribution to the explained 

variance in the environmentally responsible behavior scores. 

Model 3c 3.856 <.01 Reject H0 

Note. The IVs were grouped into three distinct sets based on their domain-related similarities, and the order of entry for this hierarchal regression 

model was Set A, Set B, and Set C. The DV was environmentally responsible behavior (ERB). 
aModel 1 corresponds to RQ 2 and H1 when Set A, Affective Dispositions, entered the hierarchical regression model alone. Set A consists of three 

variables: X1 = Environmental Worldview (NEP), X2 = Environmental Sensitivity (ES), and X3 = Willingness to Act (WILL). 
bModel 2 corresponds to RQ 3 and H2 when Set B, Perceived Skills, was analyzed in the presence of Set A. Set B consists of two variables:  

X4 = Perceived Skills in Investigating and Evaluating Problems and Issues (PSPI) and X5 = Perceived Skills in Using Citizen Participation 

Strategies (CPS). 
cModel 3 corresponds to RQ 4 and H3 when Set C, Perceived Knowledge, was analyzed in the presence of Set A and Set B. Set C consists of two 

variables: X6 = Perceived Knowledge of Ecology and Earth System Science (PKEE) and X7 = Perceived Knowledge of Environmental Science 

(PKES). It is noted that Set C violated the statistical power (i.e., 0.42 was below .80), and Set C only accounted for an additional 1% of the 

explained variance in students’ ERB scores. Therefore, the decision to reject H0 with respect to RQ 4 is open to criticism. 
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A simultaneous multiple regression analysis was conducted by regressing the DV 

on all seven IVs simultaneously (i.e., without any hierarchical order). The 

regression equation for the simultaneous regression model is: �̂� = 0.067X1 + 

0.366X2 + 0.784X3 + 0.006X4 + 0.845X5 + 0.228X6 + 0.174X7 – 9.241, and this was 

statistically significant, F(7, 398) = 58.751, 𝑅Y
2 = .508, and p < .001 (Table 4.21).  

 

Table 4.21 

ANOVA Table for the Simultaneous Regression Model  

Source df Sum of Squares Mean Square F Ratio p 

Model 7 12738.710 1819.816 58.751 <.001 

Error 398 12327.972 30.975   

Total 405 25066.682    

Note. N = 406. 

 

Consistent with the results of the hierarchical regression analyses, three EL 

variables found to be statistically significant predictors of students’ ERB scores: 

CPS, WILL, and ES in a descending order of regression coefficients (Table 4.22,  

p. 199). In the presence of the other six EL variables, CPS (X5) had a statistically 

significant effect on ERB, B5 = 0.845, t(405) = 7.587, p < .001; WILL (X3) had a 

statistically significant effect on ERB, B3 = 0.784, t(405) = 6.140, p < .001; and ES 

(X2) had a statistically significant effect on students’ ERB scores, B2 = 0.366,  

t(405) = 6.907, p < .001. None of the remaining variables (i.e., NEP, PSPI, PKEE, 

and PKES) were found to be statistically significant predictors of ERB.  
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Table 4.22 

Summary of Simultaneous Regression Analysis  

Variable Bi βi SE ti p 95% CI 

X1 0.067 0.055 0.046 1.452 .147 [−0.024, 0.157] 

X2 0.366 0.267 0.053 6.907 .000*** [0.262, 0.470] 

X3 0.784 0.232 0.128 6.140 .000*** [0.533, 1.035] 

X4 0.006 0.003 0.125 0.045 .964 [−0.240, 0.251] 

X5 0.845 0.454 0.111 7.587 .000*** [0.626, 1.064] 

X6 0.228 0.065 0.154 1.477 .140 [−0.075, 0.531] 

X7 0.174 0.057 0.137 1.275 .203 [−0.094, 0.443] 

Constant −9.241  3.126 −2.957 .003 [−15.386，−3.097] 

Note. N = 406. X1 = Environmental Worldview (NEP); X2 = Environmental Sensitivity (ES); X3 = 

Willingness to Act (WILL); X4 = Perceived Skills in Investigating and Evaluating Problems and 

Issues (PSPI); X5 = Perceived Skills in Using Citizen Participation Strategies (CPS); X6 = Perceived 

Knowledge of Ecology and Earth System Science (PKEE); X7 = Perceived Knowledge of 

Environmental Science (PKES).  

***p < .001. 

 

The only cognitive variable found to be significant predictors of ERB was 

CPS (X5), and its relationship with ERB may be interpreted in the presence of the 

other six IVs. For every point increase in students’ CPS scores, there was on 

average an estimated 0.845 increase in students’ ERB scores (B5 = 0.845). For 

example, a student with a CPS score of 20 would score on average 8.45 points 

higher on the ERB scale compared to a student with a CPS score of 10. The 

corresponding 95% confidence interval was [0.626, 1.064], and this indicated that 

if 100 samples of size N = 406 were randomly selected, then 95 of these samples 

would have their ERB scores varying from 0.626 to 1.064 with respect to the unit 

increase of the CPS scores. This interval was relatively narrow with small standard 
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error (SE = 0.111), indicating a moderate accuracy in predicting the true influence 

that students’ CPS scores had on their ERB scores. 

One of the two affective variables found to be significant predictors of ERB 

was WILL (X3), and its relationship with ERB may be interpreted in the presence of 

the other six IVs. For every point increase in students’ WILL scores, there was on 

average an estimated 0.784 increase in students’ ERB scores (B3 = 0.784). For 

example, a student with a WILL score of 20 would score on average 7.84 points 

higher on the ERB scale compared to a student with a WILL score of 10. The 

corresponding 95% confidence interval was [0.533, 1.035], which was relatively 

narrow with small standard error (SE = 0.128). This indicated a moderate accuracy 

in predicting the true influence that students’ WILL scores had on their ERB scores. 

The other affective variable was ES (X2), and its relationship with ERB may 

be interpreted in the presence of the other six IVs. For every point increase in 

students’ ES scores in the USELI, there was on average an estimated 0.366 increase 

in students’ ERB scores (B2 = 0.366). For example, a student with an ES score of 

50 would score on average 3.66 points higher on the ERB scale compared to a 

student with an ES score of 40. The corresponding 95% confidence interval was 

[0.262, 0.470], which contained no zero and indicated a statistical significance. 

This fairly narrow interval also suggested a high accuracy in predicting the true 

influence that students’ ES scores had on their ERB scores. 

Summary of regression analyses for Set B and Set C. In the hierarchical 

regression analyses, Set A was analyzed first (i.e., Model 1), so the influence of Set 
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B and Set C on the ERB scores was examined in presence of Set A. Further, in the 

simultaneous regression analysis, the cognitive variables in Set B and Set C also 

were analyzed in the presence of affective variables in Set A. As a result, neither of 

these regression analyses allowed Set B or Set C to be tested independently. For 

this reason, I ran two additional regression analyses. In the first, I evaluated the 

influence of Set B on the DV (i.e., ERB) independent of Set A and Set C. In the 

second, I evaluated the influence of Set C on the DV independent of Sets A and B. 

Regression analysis for variables in Set B. Without any influence from Set 

A and Set C, the unique contribution of Set B to the explained variance in students’ 

ERB scores was statistically significant, F(2, 403) = 94.660, 𝑅Y∙B
2  = .320, and  

p < .001 (Table 4.23, p. 202). In other words, without any influence of Affective 

Dispositions and Perceived Knowledge, Perceived Skills alone accounted for 32% 

of the information need to predict students’ ERB scores. 

As reported in the aforementioned hierarchical regression analyses, in the 

presence of Affective Dispositions, Perceived Skills accounted for an additional 

22% of the variance in students’ ERB scores. In this model containing only two 

variables in Set B (i.e., PSPI and CPS), Perceived Skills accounted for a 10% 

higher percentage of the variance in students’ ERB scores without any influence of 

Sets A and C. This indicated that the influence of Perceived Skills on the ERB 

might be reduced by the influence of Set A, Affective Dispositions, entered 

previously in the hierarchical regression model, because within Set A, both ES and 

WILL were found to be statistically significant predictors of ERB.  
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Table 4.23 

ANOVA Table for Variables in Set B with ERB as DV 

Source df Sum of Squares Mean Square F Ratio p 

Model 2 8011.901 4005.951 94.660 < .001 

Error 403 17054.781 42.320   

Total 405 25066.682    

Note. N = 406. 

 

In the hierarchical regression analyses, it appeared that CPS was the only 

cognitive variable found to be a significant predictor of ERB. Nonetheless, when 

ERB was regressed on Set B independent of affective variables in Set A, both PSPI 

and CPS were found to be statistically significant predictors of ERB (Table 4.24). 

These results indicated that the true influence of PSPI on ERB might be masked by 

the two affective variables in Set A (i.e., ES and WILL) that were found to be 

statistically significant predictors of ERB in the hierarchical regression analyses.  

 

Table 4.24 

Summary of Follow-Up Analysis of Variables in Set B 

Variable Bi βi SE ti p 95% CI 

PSPI 0.377 0.192 1.068 2.777 .006** [0.110, 0.644] 

CPS 0.744 0.399 0.136 5.778 .000*** [0.491, 0.997] 

X0 23.144     [−15.386，−3.097] 

Note. N = 406. PSPI = Perceived Skills in Investigating and Evaluating Problems and Issues; CPS = 

Perceived Skills in Using Citizen Participation Strategies. 
**p < .01, ***p < .001. 

 

In the presence of CPS, PSPI had a statistically significant effect on 

students’ ERB scores, BPSPI = 0.377, t(404) = 2.777, and p < .01 (Table 4.24). For 
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every point increase in students’ PSPI scores in the USELI, there was on average an 

estimated 0.377 increase in students’ ERB scores. For example, a student with a 

PSPI score of 20 would score on average 3.77 points higher on the ERB scale 

compared to a student with a PSPI score of 10. The corresponding 95% confidence 

interval was [0.110, 0.644], and this indicated that if 100 samples of size N = 406 

were randomly selected, then 95 of these samples would have their ERB scores 

varying from 0.110 to 0.644 with respect to the unit increase of the PSPI scores. 

This interval was relatively narrow, and suggested a fairly accuracy in predicting 

the true influence that students’ PSPI scores had on their ERB scores. 

In the presence of PSPI, CPS had a statistically significant effect on 

students’ ERB scores, BCPS = 0.774, t(404) = 5.778, and p < .001 (Table 4.24,  

p. 202). For every point increase in students’ CPS scores in the USELI, there was 

on average an estimated 0.774 increase in students’ ERB scores. For example, a 

student with a CPS score of 20 would score on average 7.74 points higher on the 

ERB scale compared to a student with a CPS score of 10. Although the 

corresponding 95% confidence interval [0.491, 0.997] still indicated a statistical 

significance, the regression coefficient for CPS was slightly lower than that in the 

hierarchical regression model (B5 = 0.845). 

Regression analysis for variables in Set C. Similarly, the influence of Set 

C, Perceived Knowledge, on students’ ERB scores appeared to be masked by the 

influences of Affective Dispositions and Perceived Skills in the hierarchical 

regression analyses. Without any influence from Set A and Set B, the unique 
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contribution of Set C to the explained variance in the ERB scores was statistically 

significant, F(2, 403) = 24.385, 𝑅Y∙C
2  = .108, and p < .001 (Table 4. 25). In other 

words, without any influence of Affective Dispositions and Perceived Skills, 

Perceived Knowledge uniquely accounted for 10.8% of the variance in ERB. 

 

Table 4.25 

ANOVA Table for Variables in Set C with ERB as DV 

Source df Sum of Squares Mean Square F Ratio p 

Model 2 2706.062 1353.031 24.385 < .001 

Error 403 22360.620 55.485   

Total 405 25066.682    

Note. N = 406. 

 

As reported in the hierarchical regression analyses, in the presence of 

Affective Dispositions and Perceived Skills, Perceived Knowledge accounted for 

an additional 1% of the variance in students’ ERB scores. In the model containing 

only two variables in Set C (i.e., PKEE and PKES) without any influence from Sets 

A and B, Perceived Knowledge uniquely accounted for 11% of the variance in 

students’ ERB scores without any influence of the other IVs in Sets A and B. These 

results indicated that the influence of Perceived Knowledge on ERB may be 

reduced by the influences of variables in Affective Dispositions and Perceived 

Skills that entered previously in the hierarchical regression model, as three of those 

variables were found to be significant predictors of ERB (i.e., ES, WILL, and 

CPS). 
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In the hierarchical regression model, it appeared that none of the variables 

in Set C were found to be statistically significant predictors of ERB. Nonetheless, 

when ERB was regressed only on the two IVs in Set C, both PKEE and PKES were 

found to be statistically significant predictors of ERB (Table 4.26). These results 

indicated that the true influence of PKEE and PKES on students’ ERB scores may 

be masked by the two affective variables in Set A (i.e., ES and WILL) and one 

cognitive variable in Set B (i.e., CPS) that were found to be statistically significant 

predictors of ERB.  

 

Table 4.26 

Summary of Follow-Up Analysis of Variables in Set C 

Variable Bi βi SE ti p 95% CI 

PKEE 0.521 0.150 0.202 2.586 .010* [0.125, 0.918] 

PKES 0.665 0.218 0.176 3.771 .000*** [0.318, 1.012] 

Constant 22.214  2.041   [18.201, 26.226] 

Note. N = 406. PKEE = Perceived Knowledge of Ecology and Earth System Science; PKES = 

Perceived Knowledge of Environmental Science 

*p < .05, ***p < .001. 

 

In the presence of PKES, PKEE had a significant effect on ERB, BPKEE = 

0.521, t(404) = 2.586, and p < .05 (Table 4.26). For every point increase in 

students’ PKEE scores in the USELI, there was on average an estimated 0.521 

increase in students’ ERB scores. For example, a student with a PKEE score of 15 

would score on average 5.21 points higher on the ERB scale compared to a student 

with a PKEE score of 5. The corresponding 95% confidence interval was  
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[0.125, 0.918], and this indicated that if 100 samples of size N = 406 were 

randomly selected, then 95 of these samples would have their ERB scores varying 

from 0.125 to 0.918 with respect to the unit increase of the PKEE scores. 

In the presence of PKEE, PKES also had a significant effect on ERB,  

BPKES = 0.665, t(404) = 3.771, and p < .001 (Table 4.26, p. 205). For every point 

increase in students’ PKES scores in the USELI, there was on average an estimated 

0.665 increase in students’ ERB scores. For example, a student with a PKES score 

of 20 would score on average 6.65 points higher on the ERB scale compared to a 

student with a PKES score of 10. The corresponding 95% confidence interval was  

[0.318, 1.012], and this indicated that if 100 samples of size N = 406 were 

randomly selected, then 95 of these samples would have their ERB scores varying 

from 0.318 to 1.012 with respect to the unit increase of the PKES scores.  

Summary. Using sets of EL variables in the hierarchical analyses and all 

seven IVs in the simultaneous regression model, three EL variables were found to 

be significant predictors of ERB, including ES, WILL, and CPS, two of which 

belong to the affective domain. When the variables in Set B and Set C were tested 

in the absence of the affective variables, all four cognitive variables were found to 

be significant predictors of ERB, including PKEE, PKES, PSPI, and CPS. These 

results indicated that the true influences of cognitive variables measured by the PK 

and PS scales within the USELI appeared to be masked by the influence of 

affective variables, notably ES and WILL, on students’ ERB scores.  
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Additional Exploratory Analyses 

Given the exploratory nature of this study, the researcher performed several 

additional exploratory analyses to supplement the primary analyses. Two 

supplemental analyses were conducted pertaining to qualitative data collected from 

multiple-choice and open-ended items in Parts Two and Three of the USELI. In 

addition, correlation analyses were conducted to investigate the relationships 

among the eight EL variables, as well as the selected demographic, educational, and 

parental variables. A discussion of these analyses follows. 

Supplementary analyses to the ES scale. In addition to the 13 Likert-type 

items, the ES scale also included nine items that use a multiple-choice format and 

closely follow items 2.3a–2.11a to obtain qualitative data (i.e., items 2.3b–2.11b). 

For students who responded 4 (to a considerable extent) or 5 (to a great extent) to 

items 2.3a–2.11a, and who filled in these follow-up items, their responses were 

organized by frequency counts of each category. Students who responded 2  

(to a slight extent) or 3 (to a moderate extent) to the ES scale, were not asked to 

complete these follow-up items, and thus frequency counts of their responses were 

calculated separately. 

As shown in Table 4.27 (pp. 208–211), students’ mothers appeared to be the 

most influential role models in the development of their ES, followed by their 

fathers, grandparents, and other family members (e.g., cousins). Familiar role 

models also included K–16 educators, among which high school teachers were 

reported as the most influential educators in the development of their ES, followed 
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Table 4.27  

Frequency Counts of Students’ Responses to ES Items 2.3b to 2.11b 

Environmental Sensitivity Item 

2.3b–2.11b 

Overall 

(n = 464) 

University 01 

 (n = 225) 

University 02  

(n = 239) 

2.3b Family 
Rating of 4 or 5    

Father 63 30 33 
Mother 75 35 40 
Grandparents 22 7 15 
Others (cousins, aunt) 3  3 

Rating of 2 or 3    
Father 34 14 20 
Mother 45 15 30 
Grandparents 15 8 7 

2.4b Teachers/Professors 
Rating of 4 or 5    

Elementary 49 29 20 
Middle School 54 25 29 
High School 121 61 60 
University 72 33 39 

Rating of 2 or 3    
Elementary 2 1 1 
Middle School 8 4 4 
High School 15 5 10 
University 7  7 

2.5b Non-familiar Role Models 
Rating of 4 or 5    

Book Authors 26 13 13 
Environmental Leaders 63 24 39 
Journalists/TV hosts 51 22 29 
Others (film director, celebrities) 14 5 9 

Rating of 2 or 3    
Book Authors 9 3 6 
Environmental Leaders 15 6 9 
Journalists/TV hosts 22 6 16 

2.6b Childhood Play 
Rating of 4 or 5    

After School 87 43 44 
Weekends 49 21 28 
National Holidays 39 20 19 
Winter/Summer Vacation 103 54 49 
Others (preschool) 5 2 3 

Rating of 2 or 3    
After School 8 3 5 
National Holidays 3  3 
Winter/Summer Vacation 7 2 5 
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Table 4.27 (continued) 
 

 

 

 

 

   
    

Environmental Sensitivity Item 

2.3b–2.11b 

Overall 

(n = 464) 

University 01 

 (n = 225) 

University 02  

(n = 239) 

2.7b Natural Area visited on Family Vacation 
Rating of 4 or 5    

Mountains 84 44 40 
Forests 96 42 54 
Lakes 81 39 42 
Rivers 88 38 50 
Oceans 56 24 32 
Prairie 51 29 22 
Caves 13 5 8 
Others (woods, desert, glacier) 9 7 2 

Rating of 2 or 3    
Mountains 2 1 1 
Forests 5 2 3 
Lakes 7 2 5 
Rivers 2 1 1 
Oceans 5 3 2 
Prairie 4 2 2 
Caves 1 1  

2.8b EE Activities on Campus 
Rating of 4 or 5    

Debates 8 3 5 
Knowledge Contests 19 10 9 
Writings and Essays 27 13 14 
WED Theme Activities 25 12 13 
Tree Planting Day 36 17 19 
Visiting Museums 27 14 13 
Other (e.g., zoos, farms) 10 4 6 

Rating of 2 or 3    
        Debates 1  1 

Knowledge Contests 6  6 
Writings and Essays 7 1 6 
WED Theme Activities 2  2 
Tree Planting Day 8 3 5 
Visiting Museums 10 2 8 

2.9b Outdoor Activities or Environmental interests 
Rating of 4 or 5    

Hiking 85 42 43 
Camping 42 23 19 
Climbing Mountains 101 46 55 
Fishing 44 21 23 
Gardening 37 18 19 
Farming 39 16 23 
Bird Watching 23 11 12 
Nature Photography 45 15 30 
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Table 4.27 (continued) 

 

   
    

Environmental Sensitivity Item 

2.3b–2.11b 

Overall 

(n = 464) 

University 01 

 (n = 225) 

University 02  

(n = 239) 

Visiting Botanic Garden 45 21 24 
Visiting a Zoo 39 15 24 
Traveling to Natural Areas 122 59 63 

Rating of 2 or 3    
Hiking 6 3 3 
Camping 3 1 2 
Climbing Mountains 4 3 1 
Fishing 3 2 1 
Gardening 6 2 4 
Farming 5 2 3 
Nature Photography 4 2 2 
Visiting Botanic Garden 4  4 
Visiting a Zoo 4  4 
Traveling to Natural Areas 7 3 4 

2.10b Environmental Courses 
Rating of 4 or 5    

Nature  51 17 34 
Science  30 15 15 
Geography  88 32 56 
Biology 61 24 37 
Ecology  59 20 39 
Intro to Environmental Studies 32 20 12 
Environmental Science 40 16 24 
Sustainable Development 36 14 22 
Other Required Courses 34 10 24 
Other Electives  36 14 22 

Rating of 2 or 3    
Nature  10 4 6 
Science  5 2 3 
Geography  8 2 6 
Biology 9 2 7 
Ecology  5 2 3 
Environmental Science 1 1  
Sustainable Development 2 1 1 

2.11b Media with Nature Themes 
Ratings of 4 or 5    

National Geography Magazine 81 34 47 
Animal World  131 56 75 
Human and Nature  144 61 83 
China Geography 68 23 45 
CCTV Documentaries 111 53 58 
BBC Documentaries 85 40 45 
Other TV programs/documentaries 19 6 13 
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Table 4.27 (continued) 
 

   
    

Environmental Sensitivity Item 

2.3b–2.11b 

Overall 

(n = 464) 

University 01 

 (n = 225) 

University 02  

(n = 239) 

Rating of 2 or 3    
        National Geography Magazine 2 2  

Animal World  10 4 6 
Human and Nature  13 5 8 
China Geography 4 4  
CCTV Documentaries 4  4 
BBC Documentaries 7 3 4 

Note. N = 464. 

 

by their university professors, middle school teachers, and elementary school 

teachers. In addition, non-familiar role models such as environmental leaders were 

reported as being the most influential, followed by journalists/TV hosts, book 

authors, and other non-familiar role models such as “film directors”, and 

“environmental ambassadors of China”. 

Outdoor experience was found as a second influential factor in the 

development of students’ appreciation and love of nature. Among these 464 

students, 22% spent their winter or summer vacations playing in the natural 

environment, and 19% played in the outdoors on a daily basis after school. An 

additional 19% played outside on weekends or during national holidays. Family 

vacation to the natural areas also had a great influence on students’ ES.  Four of the 

most popular natural areas where students visited with their families were forests, 

rivers, mountains, and lakes. Other types of natural areas they visited on family 

vacations included oceans, prairie, caves, woods, dessert, and glacier. Furthermore, 

recreational outdoor activities appeared to foster the development of their ES. The 
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top three reported by these students were: traveling to the natural areas, climbing 

the mountains, and hiking. Outdoor activities in which they frequently participated 

also included nature photography, visiting a botanic garden, fishing, and camping. 

Formal education was found as a third influential factor that contributed to 

the development of students’ ES. With respect to school-organized EE activities, 

the most frequent responses included theme day activities on Tree Planting Day and 

World Environment Day, field trips to a museum of natural history, and writing 

essays on environmental protection. Among the required subjects at the elementary 

and secondary levels, “geography” was reported as the most influential course to 

the development of their ES, followed by “biology”, “nature”, and “science”. At the 

university level, “ecology” was the most influential course to the development of 

their ES. Courses that may foster their sensitivity toward the natural environment 

also included: environmental science, sustainable development, and introduction to 

environmental studies, as well as other required or elective courses that vary by 

specific majors at the university level. 

Nature-oriented media was a fourth influential factor that contributed to 

students’ ES. The most frequent responses were two popular China Central 

Television (CCTV) programs called Animal World and Human and Nature. In 

addition, students indicated that documentaries produced by CCTV and BBC, 

China National Geography Magazine, and other CCTV programs such as China 

Geography to be influential in the development of their ES. 



 

213 

Supplementary analyses to the ERB scale. In addition to the 20 ERB 

items measured on a 5-point Likert scale, the ERB scale also included four open-

ended items (i.e., items 3.6, 3.12, 3.18, and 3.24) that correspond to four subscales 

of the ERB scale so as to obtain additional responses that could not be included in 

those Likert-type items. Analyses of students’ responses to these open-ended items 

are summarized in Table 4.28. 

 

Table 4.28 

Frequency Counts of Responses to Four Open-end Questions of the ERB Scale 

Subscale of ERB 

Repetition of 

Existing Items 

Non-Repetition of  

Existing Items 

Item 

No. 

No. of 

Responses 

Fit 

Categories 

Do not Fit 

Categories 

Direct Conservation 

Action  

3.2 1 59  

3.3 1 

3.5 13 

Consumer/Economic 

Action 

3.8 1 2 3 

3.9 2 

Persuasion 3.13 5 2 4 

3.14 1 

3.15 4 

3.16 3 

3.17 12 

Civic Action 3.20 1  1 

3.23 1 

Note. N = 464. 

 

For the first part of this analysis, I counted the number of open-ended 

responses that repeated phrasing appeared in any of the Likert-type items in each 

subscale. A total of 50 responses were identified, with the greatest number of 

repeated responses appearing in the persuasion subscale (n = 25), and the smallest 
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number of repeated responses appearing in the civic action subscale (n = 2). For the 

second part of this analysis, I counted the number of valid responses that did not 

repeat phrasing appeared in any of the Likert-type items. A total of 71 responses 

were identified, with the greatest number of responses appearing in the direct 

conservation action subscale (n = 59). As shown in Table 4.29, five categories 

emerged from these non-repeated responses, including “bringing grocery bags”, 

“using green/public transportation”, “saving resources”, “protecting animals, 

plants, and a nice environment”, and “not using disposal eating utensils”. As 

students provided limited responses (n = 12) to open-ended items of the other three 

subscales of ERB (i.e., consumer/economic action, persuasion, and civic action), 

and a close examination revealed that eight of these 12 responses did not fit any 

category of ERB. Thus, additional analyses were not applicable to these responses. 

 

Table 4.29 

Frequency Counts of Non-repeated Responses to Direct Conservation Action 

Theme Emerged from Students’ Responses to Item 3.6 Frequency 

1. Bringing grocery bags (i.e., not using plastic bags) 16 

2. Using green/public transportation (i.e., walk, riding bikes, or 

taking buses) 

16 

3. Saving resources (e.g., food, paper, using e-card instead of 

paper card, not drinking bottled water) 

11 

4. Protecting animals, plants, and a nice environment (e.g., not 

stepping on the lawn, not picking flowers or breaking off tree 

branch, caring for homeless animals) 

10 

5. Not using disposal eating utensils (i.e., disposal chopsticks) 6 

Note. n = 59. 
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Correlations of EL variables and non-EL variables. Although it is 

important to examine the partial regression coefficients and R2 using multiple 

regression analyses in the previous section, it also is useful to interpret the zero-

order correlations among these eight EL variables (Cohen et al., 2003). As these EL 

variables were measured on a 5-point Likert scale, the correlation coefficients were 

calculated using Pearson r. According to Cohen et al. (2003), correlations with 

absolute values less than .40 indicate a weak relationship (i.e., there is little to no 

relationship between variables when |r| < .40), whereas those with absolute values 

greater than or equal to .40 indicate a moderate (.40 ≤ |r| < .70), high (.70 ≤ |r| < 

.90), or very high relationship (|r| ≥ .90).  

Table 4.30 (p. 216) presents the correlation coefficients among the eight EL 

variables selected for this investigation. Except for the correlations between NEP 

and three cognitive variables (i.e., PKEE, CPS, and PSPI), all bivariate correlation 

coefficients between each pair of these EL variables were statistically significant. 

The highest correlation was found between PSPI and CPS with r = .804; and the 

lowest correlation was found between CPS and NEP with r = −.005. It is 

noteworthy that three of these variables (i.e., CPS, PSPI, and ES) had moderate 

relationships with ERB, and these correlations were: CPS and ERB (r = .544), PSPI 

and ERB (r = .513), as well as ES and ERB (r = .451).  

Correlation coefficients also was calculated for the EL component and 

composite scores. Of the four EL components, the highest correlation was found 

between PS and ERB, r = .562, and the lowest correlation was found between PS  
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Table 4.30 

Correlation Coefficients among the Eight EL Variables 

 PKES PSPI CPS NEP ES WILL ERB 

PKEE .582** .334** .191** .048 .226** .117* .277** 

PKES  .355** .225** .136* .256** .134** .305** 

PSPI   .804** .028 .266** .132** .513** 

CPS    −.005 .182** .103* .554** 

NEP     .254** .314** .205** 

ES      .247** .451** 

WILL        .378* 

Note. N = 406. PKEE = Perceived Knowledge of Ecology and Earth System Science;  

PKES = Perceived Knowledge of Environmental Science; PSPI = Perceived Skills in Investigating 

and Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation 

Strategies; NEP = Environmental Worldview; ES = Environmental Sensitivity;  

WILL = Willingness to Act; ERB = Environmentally Responsible Behavior. 

*p < .05. **p < .01. 

 

and affective dispositions, r = .158 (Table 4.31). A moderate correlation was found 

between affective dispositions and ERB, r = .446. As the component scores are part 

of the EL composite score, these scores were highly correlated with correlation 

coefficients ranging from .511 to .811. Table 4.32 (p. 217) presents a 

comprehensive correlation matrix involving all EL variables in this investigation as 

well as the scales and subscales in the USELI. 

 

Table 4.31 

Correlation Coefficients among EL Component and Composite Scores 

 Perceived 

Skills 

Affective 

Dispositions 

ERB Composite 

Score 

Perceived Knowledge .325** .240** .328** .687** 

Perceived Skills  .158** .562** .811** 

Affective Dispositions   .446** .511** 

ERB    .793** 

Note. N = 406. **p < .01. 
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Table 4.32 

Correlation Coefficients among Eight EL Variables and Their Subscales 

 
PKES PK PSPI CPS PS NEP ES WILL Consv Econc Persn Civic ERB 

PKEE 
.582 .873 .334 .191 .274 .048 .226 .117 .211 .221 .231 .098 .277 

PKES  
905 .355 .225 .303 .136 .256 .134 .266 .221 .265 .092 .305 

PK   .388 
.235 .325 .107 .272 .142 .270 .248 .280 .107 .328 

PSPI    
.804 .947 .028 .266 .132 .195 .308 .490 .369 .513 

CPS     
.952 –.005 .182 .103 .172 .305 .516 .455 .554 

PS      .011 
.234 .123 .193 .323 .530 .435 .562 

NEP       
.254 .314 .220 .256 .161 –.040 .205 

ES        
.247 .366 .372 .363 .147 .451 

WILL         .404 .444 .238 –.028 .378 

Consv          .493 .311 –.108 .565 

Econc           .421 .121 .704 

Persn            .441 .818 

Civic             .555 

Note. N = 406. PKEE = Perceived Knowledge of Ecology and Earth System Science; PKES = Perceived Knowledge of Environmental Science; 

PSPI = Perceived Skills in Investigating and Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation Strategies; 

NEP = Environmental Worldview; ES = Environmental Sensitivity; WILL = Willingness to Act; Consv = Direct Conservation Action;  

Econc = Consumer/Economic Action; Persn = Persuasion; Civic = Civic Action; ERB = Environmentally Responsible Behavior. 

Note that level of significance cannot be shown in the table due to required margins and format problems.
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The fifth part of the USELI included the demographic, educational, and 

parental variables, and I planned to use a hierarchical multiple regression analysis 

to examine their relative contribution to the explained variance in students’ EL 

composite scores. Nonetheless, due to a considerable number of invalid and 

incomplete responses to parental variables, and the difficulty of coding these 

variables measured on a nominal or ordinal scale, only six of these variables were 

used for further analyses using correlation. Table 4.33 presents these 12 variables, 

their scales and format used in the USELI, and the decision on whether or not to 

keep them in this additional analysis. 

 

Table 4.33  

Selection of Demographic, Educational, and Parental Variables for Additional 

Analyses 

Non-EL Variable  

Measured in the USELI 
Item No. Scale Format Selection 

Age 5.1 Ratio Open-ended  

Gender 5.2 Nominal Multiple Choices × 

Province 5.3 Nominal Multiple Choices  

Area of Residence 5.4 Nominal Multiple Choices × 

Father’s Occupation 5.5a Ordinal Open-ended  

Mother’s Occupation 5.5b Ordinal Open-ended  

Father’s Years of Education  5.6a Ratioa Multiple Choices × 

Mother’s Years of Education 5.6b Ratio Multiple Choices × 

High School Major 5.7 Nominal Multiple Choices × 

University Major 5.8 Nominal Open-ended × 

Grade Level 5.9 Nominal Multiple Choices  

Sources of Environmental 

Information 
5.10 Nominal Multiple Choices  

Note. aParental education levels measured on a nominal scale were converted to years of education 

on a ratio scale for correlation analysis, using 12 years for High School Level, 14 years for Some 

College, 16 years for Bachelor’s Degree, 18 years for Master’s Degree, and 21 years for Ph.D. 
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Six variables were selected in this correlation analyses, and they were: (1) 

two demographic variables, gender and area of residence measured on a nominal 

scale; (2) two educational variables: high school major and university majors 

measured on a nominal scale; and (3) two parental variables: father’s years of 

education, and mother’s years of education. As these variables were measured on 

different scales, two separate correlation analyses were conducted (Table 4.34).  

 

Table 4.34 

Summary of Correlation Coefficients among Demographic, Educational, and 

Parental Variables and EL Variables 

 PKEE PKES PSPI CPS NEP ES WILL ERB 

Part A: η       

Gender .231 .063 .123 .123 .192 .055 .142 .039 

Residence .067 .035 .099 .097 .037 .063 .067 .031 

High School  

Major 
.329 .004 .055 .047 .093 .011 .074 .008 

University  

Major 
.392 .032 .076 .048 .077 .039 .072 .045 

Part B: Pearson r       

Father’s 

Education 
.119 .070 .122 .098 –.016 .083 –.001 .045 

Mother’s 

Education 
.101 .030 .088 .053 –.046 .063 –.037 –.016 

Note. N = 406. PKEE = Perceived Knowledge of Ecology and Earth System Science;  

PKES = Perceived Knowledge of Environmental Science; PSPI = Perceived Skills in Investigating 

and Evaluating Problems and Issues; CPS = Perceived Skills in Using Citizen Participation 

Strategies; NEP = Environmental Worldview; ES = Environmental Sensitivity; WILL = Willingness 

to Act; ERB = Environmentally Responsible Behavior. 

 

First, η was used to examine the relationship among eight EL variables and 

four categorical variables including gender, area of residence, high school major, 

and university major (Sidney, 1956). The only notable correlations were between 
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PKEE and three selected demographic and educational variables. With respect to 

students who were female, studied science at the high school level, or majored in 

the science fields at the university level, it appeared that these students believed 

that they were more knowledgeable in ecology and earth system science than those 

who were male, studied social studies at the high school level, or majored in the 

non-science fields at the university level. With respect to area of residence, it 

appeared that no statistical difference was found among the urban, suburban, and 

rural groups. 

Second, Pearson’s r was used to examine relationship among the EL 

variables and these two continuous variable—parental education levels that were 

coded using years of education. However, no statistical difference was found 

among these two parental variables and the EL variables. 
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Chapter 5 

Conclusions, Implications, and Recommendations 

Summary of the Study 

The purpose of this study was to investigate the status of environmental 

literacy among undergraduate students at two national universities in Hubei 

Province, China. The study was grounded in reviews of the EE literature (e.g., Hart, 

1980, 1981; Harvey, 1977a, 1977b), well-acknowledged EL frameworks (Hollweg 

et al., 2011; Hungerford & Volk, 1990; Roth, 1992; Simmons, 1995; Wilke, 1995), 

and prior EL assessments with similar purposes and populations (e.g., Erdogan, 

2009; Hsu, 1997; McBeth et al., 2008). Eight EL variables were selected for this 

investigation, including environmental worldview (NEP), environmental sensitivity 

(ES), environmentally responsible behavior (ERB), perceived knowledge of 

ecology and earth system science (PKEE), perceived knowledge of environmental 

science (PKES), perceived skills in investigating and evaluating problems and 

issues (PSPI), perceived skills in using citizen participation strategies (CPS), and 

willingness to act (WILL). 

The study also investigated the relative contribution of sets of EL variables 

to the prediction of environmentally responsible behavior. The IVs were grouped 

into three distinct sets based on their domain-related similarities. Set A represents 

the affective component of EL and includes three variables: X1 = NEP, X2 = ES, and 

X3 = WILL. Set B represents the perceived skills component of EL and includes 

two variables: X4 = PSPI and X5 = CPS. Set C represents the knowledge component 
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of EL and includes two variables: X6 = PKEE and X7 = PKES. The dependent 

variable represents the behavioral component of EL (i.e., Y = ERB). The set order 

of entry for the hierarchical multiple regression analyses was: Set A (Affective 

Dispositions), Set B (Perceived Skills), and Set C (Perceived Knowledge). This 

order was chosen based on prior theory and studies (e.g., Bamberg & Moser, 2007; 

Hines et al., 1986/87; Marcinkowski, 1989; Sia, 1985; Sivek, 1989). 

Due to the absence of a valid and reliable instrument for the purpose of this 

study, four pilot studies were conducted to support the instrumentation. In the first 

pilot study, the researcher reviewed, compared, and analyzed results of prior studies 

using the NEP scale among Chinese citizens, as well as piloted a Chinese version 

of the 15-item NEP scale among teachers and undergraduate students in China. 

This led to a decision to keep all 15 items for this dissertation research. In the 

second pilot study, the researcher investigated life experiences or factors associated 

with the development of environmental sensitivity among 20 Chinese 

environmental professionals, and used those findings to construct the ES scale for 

use with undergraduate students in China. In the third pilot study, the researcher 

collected and analyzed self-reported behaviors from 128 undergraduate students, 

and constructed the ERB scale based on their responses to five open-ended ERB 

questions. In the fourth pilot study, the researcher conducted a content analysis of 

environmental content in the Ministry of Education’s high school curriculum in 

four required subjects (i.e., biology, geography, physics, and chemistry), and used 

those results to develop items for the PK scale.  
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The resulting instrument used for this study was called the Undergraduate 

Students Environmental Literacy Instrument (USELI). It consisted of a Chinese 

version of the NEP scale developed by Dunlap et al. (2000), and researcher-

constructed scales to measure environmental sensitivity, environmentally 

responsible behavior, perceived knowledge, perceived skills, and willingness to act. 

The USELI also included a researcher-constructed scale to collect demographic, 

educational, and parental data from undergraduate students. The initial draft of the 

USELI, in both English and Chinese, was submitted to a validity panel consisting 

of six Chinese EE experts, who evaluated the content and face validity of the 

USELI, and provided comments and suggestions for revising Chinese translation 

and format. The revised USELI was field-tested, refined, and retranslated based on 

the results of reliability analyses. The final version of the USELI used for this 

dissertation research had Cronbach’s alpha values ranging from .72 to .94, greater 

than the threshold suggested by Cohen et al. (2003). These steps indicated that the 

USELI had sufficient validity and reliability.  

In March 2015, the USELI was administered as a pencil-and-paper survey 

to 577 students at two national universities in Hubei Province, China. Despite a 

response rate of 98%, only 464 students were kept for data analysis due to a 

substantial number of invalid and incomplete responses (n = 113). Further, outlier 

analyses identified 58 extreme cases that accounted for 12.5% of the total sample 

(N = 464). In the presence of outliers, the data set did not satisfy the OLS 

regression assumptions. In the absence of outliers, the data set showed a higher F 
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value and a stronger overall R2. For this reason, decisions were made to remove 

these 58 outliers, resulting in a smaller sample for regression analyses (N = 406). 

Five kinds of statistical analyses were conducted. First, raw scale scores for 

the 69 Likert-type items in the USELI were analyzed using the total sample  

(N = 464). Values of the mean, standard deviation, median, minimum, maximum, 

and range were calculated for each scale, subscale, and item, as well as for different 

subgroups, including two university samples, two major samples (i.e., science vs. 

non-science), and 10 samples of specific majors. Second, raw scale scores were 

used to generate four component scores (i.e., perceived knowledge, perceived 

skills, affective dispositions, and environmentally responsible behavior). At this 

stage, weighted component scores were transformed into a single EL composite 

score for its advantage of clear representation and easy interpretation. Third, after 

satisfying all six OLS assumptions and determining the absence of 

multicollinearity, regression analyses were conducted using a hierarchical multiple 

regression strategy (N = 406). Fourth, content analyses were conducted for 

supplementary responses to nine multiple-choice items in the ES scale and four 

open-end items in the ERB scale. Fifth, exploratory correlation analyses were 

conducted to investigate the relationships among eight EL variables as well as 

among these EL variables and demographic, educational, and parental variables. 

Finally, results of these analyses led to a description of the status of EL for the total 

sample and the subsamples (i.e., a national comprehensive university vs. a national 

normal university, science majors vs. non-science majors, and 10 specific majors), 
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as well as the decisions of hypothesis testing with regard to the effects of each set 

(i.e., Set A, Set B, and Set C) on ERB. 

Summary of Findings 

This study investigated the status of environmental literacy among 

undergraduate students at two national universities in Hubei Province, China  

(N = 464). Of the eight EL variables selected for this investigation, students’ 

average scores were: WILL (80%), NEP (77%), PKEE (67%), PKES (66%), ES 

(63%), PSPI (51%), ERB (46%), and CPS (45%). The highest mean scores were 

found among the affective variables: WILL (M = 16.01 on a scale of 4–20 or 80%), 

followed by NEP (M = 57.55 on a scale of 15–75 or 77%), and ES (M = 40.66 on a 

scale of 13–65 or 63%). Among the cognitive variables, students’ average scores 

were 19% higher on the perceived knowledge scale than on the perceived skills 

scale. Within the PK scale, students’ average scores were similar on PKEE  

(M = 10.10 on a scale of 3–15 or 67%) and PKES (PKES: M = 13.20 on a scale of 

4–20 or 66%). Within the PS scale, students scored on average 6% higher on PSPI 

(M = 12.65 on a scale of 5–25 or 51%) than on CPS (M = 11.35 on a scale of 5–25 

or 45%). Among these eight EL variables, students’ average scores were relatively 

low on ERB (M = 37.04 on a scale of 0–80 or 46%). Within the ERB scale, the 

highest mean scores were found on the direct conservation action subscale  

(M = 14.25 on a scale of 0–20 or 71%), followed by the consumer/economic action 

subscale (M = 11.46 on a scale of 0–20 or 57%), then the persuasion subscale  
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(M = 8.27 on a scale of 0–20 or 41%), and with the lowest mean scores on the civic 

action subscale (M = 3.05 on a scale of 0–20 or 15%). 

In order to present these findings in a simpler and direct manner, raw scale 

scores were transformed into four component scores and a single composite score. 

Of the four EL components, the highest mean score was found on the affective 

dispositions (weighted M = 114 on a scale of 32–160 or 71%), and the lowest on 

the ERB component (weighted M = 74 on a scale of 0–160 or 46%). In the 

cognitive domain, students’ average scores were higher on the perceived 

knowledge component (weighted M = 106 on a scale of 32–160 or 67%) than on 

the perceived skills component (weighted M = 77 on a scale of 32–160 or 48%). 

After transforming these weighted component scores into a single EL composite 

score, the results indicated a moderate level of EL among the 464 students at these 

two universities (weighted M = 372 on a scale of 96–640 or 58%). 

Regression analyses were conducted for Research Questions 2–4. Following 

the removal of 58 outliers (N = 406), all six OLS assumptions were satisfied, and 

the data set indicated the absence of multicollinearity. Hierarchical multiple 

regression analyses were conducted to determine the effects of three sets of EL 

variables on students’ ERB scores, and the order of entry was: Set A (Affective 

Dispositions), Set B (Perceived Skills), and Set C (Perceived Knowledge). As 

shown in Table 4.19 (p. 193), the unique contribution of Set A, Affective 

Dispositions, to the explained variance in students’ ERB scores was statistically 

significant, 𝑠𝑅Y·A
2  = .280, F(3, 402) = 52.083, and p < .001. When Set B, Perceived 
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Skills, was examined in the presence of Set A, the additional contribution of Set B 

to the explained variance in students’ ERB scores was statistically significant,  

𝑠𝑅Y·B
2  = .219, ΔF(2, 400) = 87.275, and p < .001. When examined in the presence 

of Set A and Set B, the additional contribution of Set C, Perceived Knowledge, to 

the explained variance in students’ ERB scores was statistically significant,  

𝑠𝑅Y·C
2  = .010, ΔF(2, 398) = 3.856, and p < .01. However, Set C violated the study 

power requirements (i.e., .42 was below .80), which compromised the significance 

of these results for Set C. In addition, under the influences of Set A and Set B, Set 

C only added 1% to the explained variance in students’ ERB scores, which was not 

significant from a practical perspective.  

In summary, the overall model containing all three sets (i.e., seven IVs) 

collectively accounted for 50.8% of the variance in students’ ERB scores. Thus, 

Affective Dispositions, Perceived Skills, and Perceived Knowledge investigated in 

this study did have a statistically significant effect on ERB. In the hierarchal 

regression analyses, CPS, WILL, and ES were the only three variables found to be 

statistically significant predictors of ERB. Nonetheless, the follow-up regression 

analyses indicated that the influences of Set B and Set C on students’ ERB scores 

may be reduced by the influence of Set A, which included two statistically 

significant predictors of ERB (i.e., ES and WILL). Thus, when the variables in Set 

B and Set C were tested in the absence of these affective variables in Set A, all four 

cognitive variables were found to be statistically significant predictors of ERB, 

including PKEE, PKES, PSPI, and CPS. These results indicated that the influences 
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of cognitive variables measured by the PK and PS scales within the USELI 

appeared to be masked by the influence of affective variables on ERB. 

Conclusions and Inferences 

This section presents the conclusions for the four research questions that 

guided this study. The discussion includes a summary of findings based on 

statistical analyses in the context of each research question, interpretations of these 

results, and plausible explanations for these results. 

Research question 1. What is the status of environmental literacy among 

undergraduate students at two national universities in Hubei Province of China 

pertaining to environmental worldview, environmental sensitivity, environmentally 

responsible behavior, perceived knowledge of ecology and earth system science, 

perceived knowledge of environmental science, perceived skills in investigating and 

evaluating problems and issues, perceived skills in using citizen participation 

strategies, and willingness to act? 

Of the eight EL variables selected for this investigation, students’ average 

scores were: WILL (80%), NEP (77%), PKEE (67%), PKES (66%), ES (63%), 

PSPI (51%), ERB (46%), and CPS (45%). After transforming scale scores into 

component scores, students’ average scores were: affective dispositions (71%), 

perceived knowledge (67%), perceived skills (48%), and ERB (46%). After 

transforming weighted component scores into a single EL composite score, the 

results indicated a moderate level of EL among these students (58%). Due to the 

fact that none of these scales within in the USELI reflected a ceiling effect, and did 
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reflect a dispersion of average scores, it appeared unlikely that social desirability 

had a substantial influence on these results.  

On a scale-by-scale basis, WILL was measured by items 4.18 to 4.21 in the 

USELI with a possible score ranging from 4 to 20. The mean score of the total 

sample on the WILL scale was 16.01 (80%), which indicated that the 464 students 

at these two universities showed a high level of willingness to engage in behaviors 

that aimed to prevent or solve environmental problems/issues. Nonetheless, the 

mean score for ERB was 37.04 (46%), which indicated that the 464 students at 

these two universities showed a moderate-to-low level of ERB. Among the four 

subscales, it appeared that students were most active in the area of direct 

conservation action, and nearly as active in consumer/economic action, but they 

appeared not to be active in persuasion and civic actions. 

Environmental worldview was measured by the NEP scale with a possible 

score ranging from 15 to 75. The mean score of the total sample was 57.55 (77%), 

which indicated that the 464 students at these two universities showed a relatively 

high level of pro-environmental worldview. Among the 15 NEP statements, it 

appeared that students most agreed with the statement—human ingenuity will 

ensure that we do not make the earth unlivable; and they least agreed with the 

statement—humans were meant to rule over the rest of nature. 

Environmental sensitivity was measured by items 2.1 to 2.13 in the USELI 

with a possible score ranging from 13 to 65. The mean score of the total sample 

was 40.66 (63%), which indicated that the 464 students at these two universities 



 

230 

were environmentally sensitive to a moderate-to-substantial extent. The most 

influential factor or experience associated with the development of their ES 

appeared to be experiences of environmental threats or negative impacts (e.g., 

direct or indirect experience of habitat destruction or environmental 

pollution/disasters). The least influential factor or experience associated with the 

development of their ES appeared to be environmental organizations. 

Perceived knowledge was measured by items 4.1 to 4.7 in the USELI with a 

possible score ranging from 7 to 35. The mean score of the total sample was 23.30 

(67%), which indicated that these 464 students believed that they had a moderate-

to-substantial level of environmental knowledge. In particular, students believed 

that they were most knowledgeable in environmental science regarding 

environmental pollution (e.g., marine/coastal pollution, acid rain, and smog), and 

least knowledgeable in environmental science regarding land use planning (e.g., 

urban development that results in loss of wetlands or loss of agricultural lands). 

Perceived skills were measured by items 4.8 to 4.17 in the USELI with a 

possible score ranging from 10 to 50. The mean score of the total sample was 24.00 

(48%), which indicated that these 464 students believed that they had a moderate-

to-low level of skills in investigating and evaluating problems and issues, and in 

using citizen participation strategies. Students believed that they were most capable 

of identifying an environmental problem or issue in a local community (i.e., a 

perceived skill relating to the investigation of problems and issues), and they were 
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least capable of finding resources for an environmental project (i.e., a perceived 

skill relating to citizen participation strategies).  

Students’ average scores were very similar between the two university 

samples, and reflected the trend apparent in the total sample. Minor differences 

may be found using the weighted component and composite scores. Compared to 

students at University 02, students at University 01 scored 2.4% higher on the 

perceived knowledge scale, and 1.4% higher on the perceived skills scale. With 

regard to the other EL components, the differences between these two university 

samples were less than 1%. Given these minor differences, it appears as if location 

was not a threat to internal validity.  

Similarly, no obvious differences were found in students’ average scores 

between science and non-science subgroups, and among 10 subsamples of specific 

majors. Results for these subgroups, again, reflected the trend apparent in the total 

sample, and the EL composite scores for these subgroups also indicated a moderate 

level of EL. Compared to students majoring in the non-science fields, students 

majoring in the science fields scored about 5% higher on the perceived knowledge 

scale, and 2.2% higher on the perceived skills scale. Differences among the other 

EL components were less than 1%, and thus may be treated equal. Given these 

minor differences, it appears as if the sampling design was not a threat to internal 

validity. With respect to 10 different majors, students majoring environmental 

science and geography appeared to score slightly higher on the EL components 

than students majoring in journalism and physics major.  
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Research question 2. What is the relationship between Affective 

Dispositions (Set A: environmental worldview, environmental sensitivity, and 

willingness to act) and environmentally responsible behavior?  

Hierarchical regression analysis pertaining to the relative contribution of 

Affective Dispositions (Set A) to the prediction of ERB showed: without any 

influence from Set B and Set C, Set A uniquely accounted for 28% of the variance 

in students’ ERB scores, which was statistically significant. Within Set A, ES and 

WILL were found to be statistically significant predictors of ERB: BES = .366, 

t(405) = 6.907, p < .001; and BWILL = .784, t(405) = 6.140, p < .001. This finding 

indicated that ES had a significant effect on ERB in the presence of the other six 

EL variables. A plausible explanation for this result is related to the nature of 

environmental sensitivity. Students who scored higher on environmental sensitivity 

were more sensitive to the natural environment. Due to their love of nature and care 

for the natural environment, they appeared to be more likely to engage in ERB. In 

addition, the finding indicated that WILL had a significant effect on ERB in the 

presence of the other six EL variables. A plausible explanation for this result also is 

related to the nature of willingness or intention to act. Students who showed a 

higher willingness to engage in ERB appeared to be more likely to take steps to 

prevent and resolve environmental problems and/or issues. 

Research question 3. What is the relationship between Perceived Skills (Set 

B: perceived skills in investigating and evaluating problems and issues, and 
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perceived skills in using citizen participation strategies) and environmentally 

responsible behavior in the presence of Affective Dispositions (Set A)?  

Hierarchical regression analysis pertaining to the relative contribution of 

Perceived Skills (Set B) to the prediction of ERB in the presence of Set A (but not 

Set C) showed: Set B added 21.9% to the explained variance in students’ ERB 

scores, which was statistically significant. In the presence of Set A, CPS was the 

only variable within Set B that was found to be statistically significant predictor of 

students’ ERB scores, BCPS = .845, t(405) = 7.587, p < .001. This finding indicated 

that CPS had a significant effect on ERB in the presence of the other six EL 

variables. A plausible explanation for this result is that students who were more 

capable of using citizen participation strategies appeared to be more active in taking 

actions to prevent and resolve environmental problems and/or issues. 

Research question 4. What is the relationship between Perceived 

Knowledge (Set C: perceived knowledge of ecology and earth system science, and 

perceived knowledge of environmental science) and environmentally responsible 

behavior in the presence of Affective Dispositions (Set A) and Perceived Skills (Set 

B)?  

Hierarchical regression analysis pertaining to the relative contribution of 

Perceived Knowledge (Set C) to the prediction of ERB in the presence of Set A and 

Set B showed: Set C made a statistically significant contribution to the variance in 

students’ ERB scores. Although the additional contribution of Set C to the overall 

model was statistically significant, Set C violated the study power requirements 
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(i.e., 0.42 was below 0.8), which compromised the significance of these results for 

Set C. Further, under the influences of Sets A and Set B, Set C only added 1% to 

the variance in students’ ERB scores. This implies that the influence of Perceived 

Knowledge on ERB was not significant for both statistical and practical reasons. 

Research Questions 2 through 4. In addition to results to each research 

question, this section discusses the results across RQs 2, 3, and 4. Using the 

hierarchical multiple regression analyses, the overall model containing Sets A, B, 

and C (i.e., seven IVs) collectively accounted for 50.8% of the explained variances 

in students’ ERB scores. With a F(7, 398) = 58.751, 𝑅Y∙ABC
2  = .508, and p < .001, 

Affective Dispositions, Perceived Skills, and Perceived Knowledge investigated in 

this study did make a statistically significant contribution to the explained variance 

in students’ ERB scores. Within these respective research questions, null 

hypotheses regarding the influences of Set A, Set B, and Set C on students’ ERB 

scores were rejected, respectively. Nonetheless, post hoc power analysis indicated 

that the statistical power for Set C was only 0.42, much lower than the .80 

threshold suggested by Cohen et al. (2003). In addition, a 1% increase in the 

explained variance is very small from a practical perspective. Thus, when examined 

in the presence of Affective Dispositions and Perceived Skills, it is open to 

criticism on whether or not Set C, Perceived Knowledge, did make a significant 

contribution to the explained variance in students’ ERB scores. 

Therefore, the best model to predict ERB appeared to be Model 2, with a 

F(5, 400) = 79.573, 𝑅Y∙AB
2  = .499, and p < .001. In other words, Model 2 containing 
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both Sets A and B (i.e., five IVs) collectively accounted for 49.9% of the variance 

in students’ ERB scores. Within Model 2, both Set A and Set B made a statistically 

significant contribution to the explained variance in students’ ERB scores (Set A: 

NEP, ES, and WILL, 𝑠𝑅Y·A
2  = .280, F(3, 402) = 52.083, p < .001; Set B: PSPI and 

CPS, s𝑅Y∙B
2  = .219, ΔF(2, 400) = 87.275, p < .001). These results indicated that 

among these three sets of EL variables (i.e., Sets A, B, and C), Affective 

Dispositions and Perceived Skills served as the most parsimonious set of predictors 

of ERB.  

In the aforementioned hierarchical regression analyses, only three of the 

seven EL variables were found to be statistically significant predictors of ERB: 

perceived skills in using citizen participation strategies (X5), willingness to act (X3), 

and environmental sensitivity (X2). As the cognitive variables in Sets B and C were 

examined in the presence of affective variables in Set A for both hierarchical and 

simultaneous regression analyses, these variables were tested independently in the 

follow-up regression analyses. The results indicated that the variances in the DV 

explained by Set B and Set C, respectively, might be reduced by the variance 

explained by Set A, Affective Dispositions, which entered first in the hierarchical 

regression model.  

In the model containing only two variables in Set B, PSPI and CPS 

collectively accounted for 32% of the explained variance in students’ ERB scores in 

the absence of Set A and Set C. Without any influence of the other IVs, both PSPI 

and CPS were found to be statistically significant predictors of ERB. In the model 
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containing only two variables in Set C, PKEE and PKES collectively accounted for 

11% of the explained variance in students’ ERB scores in the absence of Set A and 

Set B. Without any influence of the other IVs, both PKEE and PKES were found to 

be statistically significant predictors of ERB. Thus, when the variables in Set B and 

Set C were tested without any influence of the affective variables in Set A, all four 

cognitive variables were found to be significant predictors of ERB, including 

PKEE, PKES, PSPI, and CPS. These results indicated that the influences of the 

cognitive variables on the ERB appeared to be masked by the influence of the 

affective variables measured in the USELI. 

Implications 

Implications of this study relative to prior theory and studies are discussed 

in this section. Some of these implications serve as the basis for recommendations 

for future research. However, because this study was the first broad assessment of 

EL among any populations in China, and because this study included a convenience 

sample of students at only two national universities in one province, the 

implications of these results for instructional practices or program development are 

limited and will be discussed cautiously.  

Implications relative to EL variables. Using the results of primary 

analyses and additional analyses, findings from this study were compared to prior 

studies on a variable-to-variable basis. 

Implications relative to environmental worldview. As noted in Chapter 4, 

students’ average scores on environmental worldview accounted for 77% of the 
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maximum possible value measured using a Chinese version of the 15-item NEP 

scale in the USELI. This result indicated that students showed a relatively high 

level of pro-environmental worldview, and this was consistent with one of the two 

studies using the NEP scale among Chinese residents and university students  

(Wu et al., 2012: 75%). However, results of 2003 China General Social Survey 

indicated a lower percent score (Hong, 2006: 61%), using a sample of 5,073 

Chinese residents with an average age of 43.51.  

Using students’ responses to the 15 NEP items in Part One of the USELI, 

the Cronbach’s alpha value of the NEP scale used in this study was .72, and this 

was consistent with the alpha value of .71 reported by Hong (2006). Although the 

Cronbach’s alpha values of the Chinese versions of the NEP scale were lower than 

the original English version developed by Dunlap et al. (2000), the NEP scale still 

can be used as a valid and reliable instrument to measure environmental worldview 

among Chinese citizens. As noted in Chapter 2, the majority studies in China failed 

to adopt a widely used measure of environmental worldview, attitudes, or beliefs. 

Therefore, it is important that future studies in China use a well-grounded 

translation of the NEP scale in order to provide a better understanding of the 

content and structure of perceptions associated with environmental worldview or 

attitudes within Chinese populations. 

In addition, NEP was not found to be a significant predictor to ERB in the 

regression analyses, and correlation coefficients between NEP and other EL 

variables ranged from −.005 to .314, suggesting a relatively low correlation. This 
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was consistent with prior meta-analyses of predictors of ERB that a relatively low 

correlation was found between environmental attitudes and ERB (e.g., Hines et al., 

1986/87: r = .347). Although environmental attitudes have been overemphasized in 

the EE literature in China, there has not yet been any meta-analysis relating to this 

variable. Thus, it would be necessary for future studies to conduct such analyses. 

Implications relative to environmental sensitivity. As noted in Chapter 4, 

students’ average scores on the ES scale accounted for 63% of the maximum 

possible value measured using the 13 Likert-type items in Part Two of the USELI. 

This indicated that students were environmentally sensitive to a moderate-to-

substantial extent. In addition, the predictive relationship between ES and ERB 

were consistent with prior studies in which this variable was found to be a predictor 

of ERB in selected adult populations (Marcinkowski, 1989; Sia et al., 1985/1986; 

Sivek & Hungerford, 1988). Further, the correlation coefficient between ES and 

ERB was r = .45, suggesting a consistency with prior studies in which ES had a 

moderate correlation with ERB (e.g., Sia, 1985, r = .56). As noted in Chapter 2, the 

dimensions of ES as a psychological construct are not well understood in China. 

Due to the absence of a valid and reliable measure of ES, this study developed a 

13-item ES scale based on the results of reviews of ES research as well as a pilot 

study among Chinese environmental professionals. Thus, there is a need for 

researchers in China to investigate the psychological dimensions, experiential 

precursors and correlates, and development of ES over time as part of their future 

studies in order to better understand this construct within Chinese populations. 
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Implications relative to perceived knowledge and perceived skills. As 

noted in Chapter 4, students’ average scores on the perceived knowledge scale 

accounted for 67% of the maximum possible value measured using a 7-item scale 

in Part Four of the USELI. This result suggested that students believed that they 

had a moderate-to-substantial level of knowledge in ecology, earth system science, 

and environmental science. Nonetheless, students’ average scores on the perceived 

skills scale only accounted for 48% of the maximum possible value measured using 

a 10-item scale in Part Four of the USELI. This result indicated that students 

believed that they had a moderate-to-low level of perceived skills in investigating 

and evaluating problems and issues, and in using citizen participation strategies.  

Using hierarchical regression analyses, CPS was found to be a significant 

predictor of ERB in this study. This finding coincides with those findings of three 

dissertation studies conducted in the United States (Marcinowski, 1989; Sia, 1985; 

Sivek, 1989) and one dissertation research conducted in Taiwan (Hsu, 1997). In 

addition, a correlation analysis showed that among the seven EL variables, CPS had 

the highest correlation with ERB (r = .554). This finding coincides with those 

findings of prior studies conducted in the United States (e.g., Sia, 1985; Sivek, 

1989). When Set B was examined in the absence of Set A and Set C, PSPI also 

were found to be a statistically significant predictor of ERB in this study (BPSPI = 

0.377). In addition, a correlation analysis showed that among the seven EL 

variables, PSPI had the second highest correlation with ERB (r = .513). 
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As mentioned in Chapter 2, my review of EE research in China indicated 

that these existing studies did not include cognitive skills, a key component of EL. 

If the desired outcome of EE in China is to produce a citizenry of environmental 

literacy, it is important that future studies in China include selected areas of 

perceived skills as important variables in their investigation (e.g., PSPI and CPS). It 

is noteworthy that selected areas of perceived knowledge (i.e., PKEE and PKES) 

also were found to be significant predictors of ERB when Set C was examined 

without any influence of Set A and Set B. Because the USELI measured the 

perceived knowledge rather than the actual knowledge of undergraduate students, it 

is important that future studies in China include additional measures of actual 

knowledge in their investigations. 

Implications relative to willingness to act. As noted in Chapter 4, students’ 

average scores on the WILL scale accounted for 80% of the maximum possible 

value measured using the last four items in Part Four of the USELI (i.e., items 

4.18−4.21). This indicated that students showed a high level of willingness to 

engage in environmentally responsible behavior. In addition, WILL was found to be 

a statistically significant predictor of ERB using the hierarchical regression 

analyses (B3 = 0.784), and this is consistent with findings reported in theory and 

studies regarding the intention–behavior relationship (e.g., the Theory of Reasoned 

Action and Theory of Planned Behavior in Ajzen, 1985; Fishbein & Ajzen, 1975). 

Nonetheless, the correlation coefficient between WILL and ERB (r = .38) in this 

study were slightly lower than those reported in two meta-analyses of ERB 
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research (Hines et al., 1986/87: r = .49; and Bamberg & Moser, 2007: r = .52). As 

Bamberg and Moser (2007) concluded, the mechanism how willingness to act 

contribute the actual enactment of environmentally responsible behavior are not 

fully understood. For this reason, it is important that future studies in China include 

willingness to act in their investigation to better understand this construct. 

Implications relative to ERB. As noted in Chapter 4, students’ scores on 

ERB accounted for 46% of the maximum possible value measured using 20 Likert-

type items in Part Three of the USELI. This result suggested that students reflected 

a low participation in ERB, which were consistent with national environmental 

surveys of Chinese residents (MEP, 2014; SEPA, 1996, 2008) and studies 

investigating ERB within Chinese populations (e.g., Sun, 2006; Zhang, 2013).  

Implications relative to social desirability. With respect to social 

desirability, the range and variability of students’ responses indicated the absence 

of the ceiling effect. In addition, a different response pattern was found among 

eight EL variables selected for this investigation. Thus, despite self-reported 

measures were used in this study, it appeared that social disability was not a factor 

influencing general responses of the total sample. 

Implications relative to prior assessments. Although this study is not a 

national assessment of environmental literacy, this is the first broad assessment of 

EL within the Chinese populations (i.e., undergraduate students), and thus 

implications relative to prior assessments of EL in other locations and cultures are 

applicable. The only two assessments I found in which the scale scores were 
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transformed into component and composite scores were Phases One and Two of the 

NELA project conducted in the United States (McBeth et al., 2008; McBeth et al., 

2011). Even though the sample in this study reflected different characteristics than 

the sample in those studies (e.g., age, grade level), similar procedures were used in 

this study and thus are comparable.  

Among the 464 undergraduate students participated in this study, moderate 

levels were found for the four EL components, with higher scores on the affective 

dispositions and perceived knowledge scales, and lower scores on the perceived 

skills and ERB scales. The single composite scored also indicated a moderate level 

of EL among these students. These findings were consistent with the results 

reported for the NELA project that levels of general environmental literacy appear 

to be at the moderate level for middle school students in the United States (McBeth 

et al., 2008; McBeth et al., 2011). McBeth et al. (2008) found that, although still in 

the moderate range, levels of cognitive skills were markedly lower among both 

sixth and eighth graders than levels of knowledge, affect or behavior. It is 

noteworthy that in the MSELS, items were developed to measure actual skills, 

whereas the USELI only investigated perceived skills. Thus, it is important that 

future studies in China develop a valid and reliable scale to measure actual skills in 

addition to perceived skills so as to better understand selected areas of cognitive 

skills as a key component of EL. 

Using regression analysis, MSELS scale scores explained 54% and 52% of 

the variance in ERB scores for the Phase One samples (i.e., sixth and eighth 
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graders) (McBeth et al., 2008). Similarly, MSELS scale scores explained 54%, 

56%, and 54% of the variance in ERB scores for the Phase Two samples (i.e., sixth, 

seventh, and eighth graders) (McBeth et al., 2011). For both Phases One and Two 

studies, verbal commitment (i.e., WILL) and environmental sensitivity were found 

to be significant predictors of ERB for both grades. In addition, an MSELS skill 

scale was found to be a significant predictor in each of the three grades in Phase 

Two. These findings were reflected in the current study. The overall model 

containing all three sets (i.e., seven IVs) collectively accounted for 50.8% of the 

variance in students’ ERB scores. Among all these variables, environmental 

sensitivity, willingness to act, and perceived skills in using citizen participation 

strategies were found to be significant predictors of ERB. Thus, it is important that 

future studies in China include similar variables and use similar methods in their 

investigation to better understand the relationships of other EL variables to the 

prediction of ERB. 

Implication relative to two models of ERB. Among other seven EL 

variables selected for this investigation, three were found to be statistically 

significant predictors of ERB, namely CPS, WILL, and ES. These results are 

consistent with Hungerford and Volk’s (1990) model of citizenship environmental 

behavior (Figure 2.1, p. 54), in which ES was identified as one of the major entry-

level variables, and CPS was identified as one of the major empowerment 

variables. These findings also are reflected in Hines et al.’s (1986/87) model of 

responsible environmental behavior (Figure 2.2, p. 72), in which 
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intention/willingness to act was identified as the most significant predictor to 

behavior (r = .491), and action skills was included as an educational variable. 

Although Hines et al. did not find ES to be a correlate of ERB, this was due to the 

absence of studies that investigated this relationship prior to 1985. Subsequent 

research, such as that reviewed by Hungerford and Volk (1990), found ES to be a 

moderate-to-strong correlate of ERB, in which case, it would be included as an 

additional personality variable in the Hines et al. model. Therefore, it is important 

that future studies investigate what needs to be done to cultivate environmentally 

responsible citizens within Chinese populations, and develop a behavior model in 

accordance with the political, socio-economic, and ecological conditions in China. 

Implication relative to educational practice. As this study was the first of 

its kind within Chinese populations, further studies are needed to provide 

meaningful and important implications for curriculum development and 

instructional practice. In this section, the educational implications will be discussed 

with caution.  

First, perceived skills in using citizen participation strategies and in 

investigating and evaluating problems and issues were found to be two statistically 

significant predictors of ERB in this study. If the desired outcome of EE is to 

develop environmentally responsible citizens, it is important that these two 

variables should be included in the EE guidelines and programs throughout the 

entire education system in China. As Hungerford et al. (1980) indicated in The 

Goals for Curriculum Development in EE, skills for the investigation and 
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evaluation of problems/issues (Goal Level 3) and environmental action skills (Goal 

Level 4) are goals that belong to the higher levels of a hierarchical set of goals. 

Although EE efforts in China have placed emphasis on the foundational goals that 

focus on ecological and environmental knowledge (Goal Levels 1 and 2) through 

compulsory education, but cognitive skills were not emphasized in the Ministry of 

Education’s curriculum or guidelines. Beyond this, there has not yet been any 

outlines or guidelines for EE at the university level. 

Therefore, it is important for educators and practitioners in the EE field in 

China to develop EE guidelines for use in universities and colleges there, to include 

these sets of skills in the educational outlines at Grades 3–16 there, and to address 

these sets of skills in the required and elective courses of both science and non-

science majors through formal education, so that these sets of skills can be taught 

directly through an instructional classroom setting. In addition to formal education, 

it is necessary for ENGOs, community/learning centers, and non-formal EE sites 

such as museums, aquariums, zoos, and botanic gardens, to integrate these sets of 

skills in the goals and objectives of their EE programs, so that these sets of skills 

can also be learned and/or applied through instructional settings outside classroom. 

Second, in the absence of Affective Dispositions and Perceived Skills, 

perceived knowledge of ecology and earth system science and of environmental 

science also were found to be two statistically significant predictors of ERB in this 

study. As Hungerford et al. (1980) indicated in The Goals for Curriculum 

Development in EE, ecological knowledge and conceptual awareness of 
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environmental problems are the foundational goals on which higher levels of goals 

such as skills can be built and developed. It is important that these two predictors 

should be addressed as an important goal in the EE guidelines and programs in 

China to a greater extent. Although selected areas of ecological and environmental 

knowledge have been integrated in the required subjects at the primary and 

secondary levels in China, there has not yet been a well-acknowledged and widely 

used EE curriculum at Grades 3–16 there.  

Therefore, it is important for educators and practitioners in the EE field in 

China to further integrate EE contents in the required subjects through formal 

classroom instruction, and at the same time, to address these selected areas of 

knowledge in combination with the aforementioned sets of skills, and to develop a 

comprehensive EE curriculum beginning at the preschool level and continuing 

through all formal and non-formal stages.  

Lastly, although WILL and ES were found to be significant predictors of 

ERB, the educational implications of these findings are limited with respect to the 

affective domain. Knowledge and skills can be taught directly in classroom and 

other educational settings, but it takes time to cultivate and foster affective 

dispositions such as ES and WILL toward the natural environment. In addition, 

these affective dispositions may combine with other EL variables and act 

differently in a variety of contextual settings (Hines et al., 1986/87). Based on the 

findings of this study, educators and practitioners in the EE field in China may 

provide opportunities for students to gain positive experiences in the nature or the 
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natural environment, so that students may develop an appreciation and love of 

nature, and show a willingness to engage in environmentally responsible behavior. 

For instance, school may organize field trips to natural areas or EE activities on 

environmental theme days such as Word Environment Day, set up a school library 

with documentaries and books relative to nature and environment, or provide 

opportunities for students to share their attitudes, perceptions, or values relating to 

human-environment relationship and solutions to environmental problems/issues. 

Delimitations, Limitations, and Generalizability 

The findings reported in this dissertation were subject to several 

delimitations and limitations and as such, have a direct impact on the 

generalizability of the study’s results. The results from Chapter 4, and 

corresponding interpretations of these results outlined in this chapter, are confined 

by the delimitations and limitations as follows. 

Delimitations. A study delimitation is a way in which the researcher 

narrows the scope of a study in order to make it more feasible. In other words, 

delimitations can be viewed as features of a study chosen by a researcher to define 

its boundaries or limits. Delimitations of this study included the study sample, 

location and/or settings, variables and theoretical framework, and instrument. The 

scope and methods of the current study were delimited in several noteworthy ways.  

1. Location and settings: this study was delimited to undergraduate 

students enrolled in spring 2015 semester at two of seven national 

universities in Hubei Province, China. 
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2. Population and sample: this study was delimited to undergraduate 

students selected from five science majors (i.e., environmental sciences, 

geography, biology, chemistry, and physics), and five non-science 

majors (i.e., journalism, Chinese, history, political science, and public 

administration) at a national comprehensive university (University 01) 

and a national normal university (University 02).  

3. Variables: this study was delimited to eight EL variables selected on the 

basis of well-acknowledge EL frameworks: (a) environmental 

worldview, (b) environmental sensitivity, (c) environmentally 

responsible behavior, (d) perceived knowledge of ecology and earth 

system science, (e) perceived knowledge of environmental science, (f) 

perceived skills in investigating and evaluating problems and issues, (g) 

perceived skills in using citizen participation strategies, and (h) 

willingness to act. 

4. Instrument: this study was delimited to a researcher-constructed 

instrument called the USELI, which consisted of 69 items measured on 

a 5-point Likert scale, as well as open-ended questions and items using a 

multiple-choice format.  

Limitations. A study limitation is any feature of the study design or 

procedures that the researcher has not controlled or has not been able to control, 

and that could have a major influence on the results of a study. Due to the 

challenges and difficulties of working with human subjects, the following 
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limitations can have an influence on the internal validity of a study, and may limit 

the implications for the external validity of a study. 

1. Sampling strategy: a convenience sample of 577 undergraduate 

students was drawn from selected majors at only two national 

universities in Hubei Province, China.  

2. Instrument: a researcher-constructed instrument called the 

Undergraduate Students Environmental Literacy Instrument (USELI) 

has been translated by the author alone from English to Simplified 

Chinese to facilitate data collection.  

3. Data collection: the USELI was administered as a pencil-and-paper 

survey to 300 students at University 01 and 277 students at University 

02 in March 2015. The researcher had limited control over the data 

collection procedures, so there were multiple data collectors at different 

classrooms at these two universities. 

4. Mortality: of the 577 students drawn from the accessible population and 

invited to participate in this study, 568 survey forms were returned with 

a response rate of 98%. However, a further examination revealed a 

substantial number of invalid responses due to factors such as response 

sets, missing/blank responses, and duplicates (n = 113). Thus, the 

sample size was reduced to 464 for primary analyses.  
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5. Data analysis: this study was limited to outlier analyses using 

Mahalanobis Distance and Cook’s D. Following the removal of 58 

outliers, the data set was reduced to N = 406 for regression analyses. 

6. Study power: results of Set C, Perceived Knowledge, were limited by 

the power of this study. As reported in the post hoc power analysis, the 

power for Set C was only .42, and in order for Set C to reach a power 

of .80, a sample of at least 967 students would have been needed to 

participate in this study.  

Generalizability. Generalizability, or external validity, involves (a) 

population generalizability, which refers to the degree to which a sample represents 

the population of interest and (b) ecological generalizability, which refers to the 

degree to which a study can be extended to other settings (Fraenkel, Wallen, & 

Hyun, 2011).  

First, this study can be generalized to the accessible population due to 

similarities between the sample and the accessible population on type of 

universities and majors (Table 3.4, p. 123). These similarities were due to the nature 

of the sampling from which the sample was drawn and from whom the data for this 

study were collected. 

Second, the sample in this study was approximately 1% of the target 

population (n = 53,052). As presented in Table 3.5 (p. 124), this study carries a 

moderate degree of generalizability to this population based on similarities between 

the sample and the target population.  
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Further, the results from this study appear to be generalizable to other 

populations and settings with similar characteristics. For example, it would be 

feasible to generalize the results to local populations such as undergraduate 

students in the other five national universities in Hubei Province, China, and to 

national populations and settings such as undergraduate students in other national 

universities in China. 

Recommendations  

In this section, recommendations for research that address this study’s 

delimitations and limitations are presented. Second, recommendations for research 

that reflect the methods and results of this study are discussed. Third, 

recommendations for researchers that aim to extend the scope of this study are 

offered. Finally, due to the preliminary and exploratory nature of this research, and 

the limited number of prior studies to which these results can be compared, there 

were few, if any, implications for practice and even fewer apparent 

recommendations pertaining to educational practice (e.g., for these universities or 

on any larger scale) to be offered. For this reason, no recommendations for 

educational practice are discussed in this section. 

Recommendations for future research relative to study delimitations 

and limitations. The purpose of this study was to investigate the status of EL 

among undergraduate students at two national universities in Hubei Province, 

China. Due to the restriction of time and resources, this study used a convenience 

sample, a researcher-constructed instrument, and a pencil-and-paper survey, and the 
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researcher had limited control over data collection. Thus, the following 

recommendations are offered relative the delimitations and limitations of this study. 

1. This study used a convenience sample of 577 undergraduate students 

drawn from five science majors and five non-science majors at the two 

of seven national universities in Hubei Province, China. Although steps 

had been taken to make sure that the sample is drawn from the 

accessible population, one major concern was that the sample may not 

represent the target population, which included all undergraduate 

students in more than 68 majors at these two universities. Results of 

post hoc power analysis indicated that Set C violated the study power, 

and in order for Set C to reach a power of .80, a sample of 967 students 

would have been needed to participate in the survey. Thus, it is 

recommended that future research should use a more inclusive, larger, 

random sample of undergraduate students from a variety of majors at 

the two national universities in their investigation. Researchers are 

encouraged to replicate this study among undergraduate students from 

the other five national universities in Hubei Province, or extend their 

studies among students at other national universities in China. 

2. The instrument used for data collection in the current study was a 

researcher-constructed instrument called the Undergraduate Students 

Environmental Literacy Instrument (USELI), which consisted of 69 

items on a 5-point Likert scale, as well as multiple choices and open-
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ended items. Although the USELI has shown sufficient validity and 

reliability based on a validity panel review and reliability analyses, the 

USELI was translated by the author alone from English to Simplified 

Chinese to facilitate data collection. It is recommended that future 

researchers should retranslate the NEP items and other items in the 

English version of the USELI by a team of trained translators who are 

qualified in both languages, recheck the validity of the USELI by a team 

of environmental researchers and practitioners in China, and field-test 

the Chinese version prior to data collection. 

3. In this study, a pencil-and-paper survey was administered to a sample of 

577 students at two national universities in Hubei Province in March 

2015. Unfortunately, as an outsider, the researcher was unable to present 

at the data collection sites (i.e., classrooms at these two universities), 

and check each survey form to make sure all the items in the USELI 

were filled with valid responses. This may explain a substantial loss of 

valid responses during preliminary data analysis that reduced the sample 

size to 464. It is recommended that future research should have full 

control over the data collection procedures. For instance, if there were 

more than one data collectors, they should be trained researchers who 

can provide consistent direction and clear description to participants so 

as to ensure the quality of data collection.  
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4. This study was limited to statistical analyses using Mahalanobis 

Distance and Cook’s D for outlier analyses and hierarchical multiple 

regression analyses for hypothesis testing. It is recommended that future 

research can apply more advanced data analysis strategies such as 

bootstrapping to better investigate these EL variables. 

Recommendations for future research relative to implications. The 

researcher only investigated eight EL variables in this study: (a) environmental 

worldview, (b) environmental sensitivity, (c) environmentally responsible behavior, 

(d) perceived knowledge of ecology and earth system science, (e) perceived 

knowledge of environmental science, (f) perceived skills in investigating and 

evaluating problems and issues, (g) perceived skills in using citizen participation 

strategies, and (h) willingness to act. However, as the first broad assessment of EL 

within Chinese populations, this study may serve as a starting point for subsequent 

assessments of EL there.  

It is recommended that future assessments of EL in China should include all 

four components of EL, notably cognitive skills, to better understand the status and 

conceptualization of EL and the relationships among EL variables. In addition, it is 

recommended that future studies should investigate important EL variables such as 

selected areas of cognitive skills, willingness to act, and environmental sensitivity 

in order to examine the mechanism how these variables contribute to the actual 

enactment of environmentally responsible behavior. Further, researchers in China 

are recommended to investigate what needs to be done to cultivate a more 
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environmentally literate citizenry in order to solve and prevent environmental 

problems and/or issues that China faces today and in the future. 

As the instrument used in this study had shown sufficient validity and 

reliability, it is recommended that the USELI may be used in future studies of this 

kind so as to compare findings from various populations and samples in China. 

Future researchers also are recommended to replicate the instrument development 

procedures used in this study to develop scales and measures with respect to EL 

variables in their investigation. In addition, it is recommended that future research 

can develop items to measure actual knowledge and skills in addition to perceived 

knowledge and perceived skills, in order to reduce the effects of possible bias in 

self-estimation involved in self-reporting and as a check on the relative degree of 

accuracy of these self-reported measures when both actual and perceived measures 

are used concurrently. Further, it is recommended that future research can develop 

items to investigate additional EL variables such as personal responsibility and 

locus of control so as to develop a framework for EL in accordance with the 

political, socio-economic, and ecological conditions in China. Beyond this, it is 

recommended that future research can develop age-appropriate instruments for EL 

assessments among students at Grades 3−12 and conduct national assessments of 

EL among any population in China. 

Concluding Remarks  

This study aimed to understand the status of environmental literacy among 

undergraduate students at two national universities in Hubei Province, China. As 
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the first broad assessment of environmental literacy among undergraduate students 

there, the researcher developed and validated the Undergraduate Students 

Environmental Literacy Instrument (USELI) based on reviews of environmental 

literacy frameworks and previous assessments outside China, prior work on the 

NEP scale by Dunlap et al. (2000), results of pilot studies, reliability and factor 

analyses, and a validity panel review. Using the hierarchical multiple regression 

analyses, the overall model containing Affective Dispositions, Perceived Skills, and 

Perceived Knowledge collectively accounted for 50.8% of the variance in students’ 

environmentally responsible behavior score. The USELI can be used in future 

assessments of EL among undergraduate students in China, and this will allow 

comparisons across studies of this kind. Furthermore, findings from this study and 

from future studies can provide a research base for developing an EL framework in 

accordance with political, socio-economic, and ecological conditions in China. 

Subsequent studies for replicating and extending this research are planned in the 

future with the goal of conducting a national environmental literacy assessment 

among various populations in China (e.g., K−12 students, university students, 

teachers, and other adult populations). Improvements also are planned to develop 

age-appropriate instruments with a wider range of EL variables in future 

assessments of Chinese citizens.
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B.1: The New Ecological Paradigm (NEP) Scale 

This instrument includes 15 items about your environmental worldview, or 

attitudes. Please check the most appropriate description that best reflects how you 

feel. SD = strongly disagree; D = disagree; N = neutral; A = agree; SA = strongly agree. 

 

To what extent do you agree or disagree with the following 

statement? 

S

D 
D N A 

S

A 

1. We are approaching the limit of the number of people the 

Earth can support. 

     

2. Humans have the right to modify the natural environmental to 

suit their needs. 

     

3. When humans interfere with nature it often produces 

disastrous consequences. 

     

4. Human ingenuity will ensure that we do NOT make the 

Earth unlivable. 

     

5. Humans are severely abusing the environment. 
     

6. The Earth has plenty of natural resources if we just learn 

how to develop them. 

     

7. Plants and animals have as much right as humans to exist. 
     

8. The balance of nature is strong enough to cope with the 

impacts of modern industrial nations. 

     

9. Despite our special abilities, humans are still subject to the 

laws of nature. 

     

10. The so-called “ecological crisis” facing humankind has 

been greatly exaggerated. 

     

11. The Earth is like a spaceship with very limited room and 

resources. 

     

12. Humans were meant to rule over the rest of nature. 
     

13. The balance of nature is very delicate and easily upset. 
     

14. Humans will eventually learn enough about how nature 

works to be able to control it. 

     

15. If things continue on their present course, we will soon 

experience a major ecological catastrophe. 

     

Note. This instrument was used with the permission of Dr. Riley Dunlap, and was obtained from 

“Measuring Endorsement of the New Ecological Paradigm: A Revised NEP Scale,” by R. E. 

Dunlap, K. D. Van Liere, A. G. Mertig, and R. E. Jones, 2000, Journal of Social Issues, 56(3),  

p. 433. 
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B.2: The Environmental Sensitivity Profile Instrument  

Part I: Demographic and Supplementary Information 

1. Current Position: ________________________ 

    Number of Years in This Position: _____ years 

 

2. Gender: ☐Male ☐Female 

3. Age: _____ years old 

 

4. Please list, in rank order, your current job responsibility in each of the following 

fields. Number one would reflect your greatest responsibility, number two the 

next greatest, and so on. Disregard any categories that do not apply to your 

situation, and feel free to add categories that are important to your situation. 

 

 

 

 

 

 

 

5. At what time in your life did you become interested in and/or feel love for nature 

or the natural environment? 

     ☐Primary School ☐Secondary School ☐During College ☐Post College 

6. At what time in your life did you decide to work in the environmental field? 

    ☐Primary School ☐Secondary School ☐During College ☐Post College 

Rank No. Fields of Your Job Responsibilities 

 Natural Science Research 

 Social Science Research 

 Administration 

 Classroom Instruction 

 Ecological Conservation 

 Pollution Control 

 Environmental Publicity and Education 

 Field Work 

 Others (please specify) 
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7. What recreational environmental interests or activities would you perceive as 

major influences in your life today and/or in earlier years? Please list your 

environmental interests/activities and place a check under the current or past 

column.  

     Examples: 

Interests/Activities Current Past 

A. Hiking √ × 

B. Catching Crabs × √ 

C. Planting Trees √ √ 

     Please list at least three environmental interests or activities: 

Interests/Activities Current Past 

   

   

   

   

   

8. Please check your major sources of environmental information: 

    ☐TV/Radio ☐Internet ☐Books/Journals/Newspapers/Magazines  

    ☐Jobs in the Environmental Field ☐Lectures/Meetings  

    ☐Courses/Trainings ☐Others_________________(please specify) 

 

Part II: Items Relating to Environmental Sensitivity and Career Development 

For the purpose of this study, environmental sensitivity is a construct used in 

environmental education, and was defined as a set of affective attributes (i.e., a 

personal appreciation, caring, or valuing of the natural environment), which results 

in an individual viewing the nature or the natural environment from an empathetic 

perspective (Peterson 1982, 5). For instance, people with high environmental 

sensitivity tend to be drawn to the natural areas, appreciate the beauty of nature, 

and care about the intrinsic value of the natural environment.  
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The following questions aim to explore the development of your love and 

empathy towards the natural environment. These are difficult questions. Please take 

all the time you need to think and recall, and answer the following questions as 

specifically as possible.  

 

1. On a scale from 1 to 10, with 10 being the highest, how would you rate your 

degree of environmental sensitivity? Please explain why you chose that 

particular number rating. 

 

 

 

 

 

2. To what do you attribute the development of your love and appreciation of 

nature, or valuing and caring for the natural environment? Was it more a 

function of the experiences and/or relationships you had, or would you say it 

was more of a function of your personality? 

 

 

 

 

 

3. What experiences or events do you feel were instrumental in developing your 

environmental sensitivity? For example, you can describe your childhood and 

youth, your schooling and academic background, or time you spent with your 

family, friends, or colleagues. Please describe in details how these experiences 

or events made you respond to the environment in the way you did. If there is 

more than one events, try to rank order them. 
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4. Was there one or perhaps several individuals whom you believe had a major 

influence on your development of environmental sensitivity? Please describe 

who he/she is, or who they are; when and how you got to know him/her/them; 

what their interests are; and what are their personality or professional character? 

 

 

 

 

 

5. Did you spend time in natural areas (i.e., in the forest, or by the sea), or scenic 

landscapes like city parks or suburban farmland? Alone or with family and/or 

friends? If so, at what age and how often (i.e., once per year)?  

 

 

 

 

 

6. At what age or time in your life do you believe that you became sensitive to 

nature or the natural environment? Why at that time? What was happening? 
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7. In terms of rural, towns, counties, cities, and municipality or provincial capitals, 

where have you lived in and for how long (in years)? If you live in urban areas, 

did you frequent any other types of environments (i.e., suburban or rural)? If so, 

how often did you visit them? 

 

 

 

 

 

 

 

 

8. What prior experiences, if any, do you feel were instrumental in developing 

your interest in and/or dedication to environmental profession? For example, 

you can describe experiences such as working on an environmental project, 

organizing an environmental lecture, carrying out a field study in the outdoors, 

or volunteering in an environmental organization, please specify the exact 

work/job, outdoor experience, or organizational experience. Again, if there is 

more than one events, try to rand order them. (This question is very similar to 

item 2.3, but you are asked to describe the development of your career interest). 

 

 

 

 

 

Area of Residence Time of Residency (in years) 

1. Rural  

2. Towns  

3. Counties  

4. Cities  

5. Municipalities/Provincial Capitals  
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9. What reason(s) or event(s) lead you to your first environmental position? 

 

 

 

 

 

 

 

 

 

Thank you for your participation! 

 

 

 

 

Note. The Environmental Sensitivity Profile Instrument (ESPI) used in this pilot 

study was adapted on the basis of two previous studies of similar purposes (i.e., 

Peterson, 1982; Sward, 1997). The English version of the ESPI was translated into 

Simplified Chinese by the author to facilitate data collection. The Chinese version 

of the EPSI is available at the request of the author at yzhu2015@gmail.com. 
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B.3: The Environmentally Responsible Behavior Inventory 

Within the past six months, have you, on your own or with others, been engaged in or 

had plans to engage in behaviors that aim to prevent or resolve environmental 

problems and/or issues? Please list at least three environmental behaviors for each 

category described below. 

 

A. Ecomanagement refers to environmental behaviors in which individuals 

involve in their daily life to help prevent or resolve environmental problems 

and/or issues (e.g., turning off lights, using both sides of the paper, planting 

flowers and trees, bringing your own water bottle). 

1. 

2. 

3. 

B. Consumer/economic action refers to environmental actions in which 

individuals use monetary support or financial pressure to help prevent or 

resolve environmental problems and/or issues (e.g., buying organic food, 

donating for environmental organizations). 

1. 

2. 

3. 

C. Persuasion refers to environmental actions in which individuals or groups 

encourage and appeal to others to help prevent or resolve environmental 

problems and/or issues (e.g., asking others to stop littering, encouraging 

family and friends to participate in recycling). 

1. 

2. 

3. 

D. Political action refers to environmental actions in which individuals or 

groups use governmental and political means to help prevent or resolve 

environmental problems and/or issues (e.g., voting, writing petition, 

participating in public meetings and protests). 

1. 

2. 

3. 

E. Legal action refers to environmental actions in which individuals or groups 

use legislation or law enforcement to help prevent or resolve environmental 

problems and/or issues (e.g., reporting illegal discharge of wastewater or 

harmful gas). 

1. 

2. 

3. 



 

 

Appendix C 

Summary of Pilot Studies 
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C.1: A Pilot Study Using the NEP Scale 

This purpose of this pilot study was to review, compare, and analyze results 

of prior research using the NEP scale among Chinese citizens, and to determine 

whether or not to keep all 15 NEP items in this dissertation research. A quantitative 

study investigating environmental worldview was conducted among elementary 

and middle school teachers in Hubei Province and undergraduate students in China 

using a Chinese version of the 15-item NEP scale developed by Dunlap et al. 

(2000). The following section presents a brief description with respect to the 

application of the NEP scale, a well-established and reliable measure of 

environmental worldview among Chinese citizens. 

Sample and data collection. One target population of this pilot study 

included all full-time elementary and middle school teachers in a small city in 

Hubei Province, China. However, it was extremely difficult to reach out to local 

school administrators in order to obtain principals’ permission to collect data from 

teachers. Therefore, the accessible population included 300 teachers from an 

elementary school, a middle school, and two Grades 1−9 schools, as well as 200 

attendees to a teachers’ conference in Hubei Province. A convenience sample of 

120 teachers participated in a pencil-and-paper survey in November 2013, with 74 

returned survey forms. Further analysis revealed only 53 valid responses (i.e., a 

valid response rate of 44.2%). Among these 53 participants, 60.38% were female 

teachers, and the average age was 37 years old. 
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A second sample of this pilot study included 150 full-time undergraduate 

students from 30 cities across China. In March 2014, they were administered an 

online survey using Wen Juan Xing, an online survey company in China that is 

similar to Survey Monkey. The sample consisted of 25% freshmen, 12% 

sophomores, 42% juniors, and 21% seniors in various academic fields, including 

engineering, science, social science, and humanities. Among the 128 participants 

who provided valid responses to the NEP items, 53.13% were male students, and 

the average age was 21 years old. More than half of these participants (66%) 

majored in science at the high school level, while 27% in social studies and 7% in 

art. Table C.1 presents the demographic characteristics of both samples in this study 

in comparison to those in previous two studies in China (Hong, 2005; Wu et al., 

2012). 

 

Table C.1 

Demographics of Four Studies Using the NEP Scale in China 

Demographics 
Hong, 2005 

(n = 5,073)a 

Wu et al., 2012 

(n =11,620)b 

Teachers 

(n = 53) 

Students 

(n = 128) 

Age 43.51±13.18  37.36±8.65 21. 17±2.36 

Gender     

Male 2,443 5,810 18 68 

Female 2,630 5,783 35 60 

Note. aHong (2005) used a national sample for 2003 China General Social Survey that included 

5,073 residents from more than 2,500 cities and towns.  
bWu et al. (2012) used a stratified sample of 11,689 residents and university/college students from 

10 different cities across China. However, age were reported as frequency counts for age intervals, 

and thus were not comparable.  
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Data analyses and interpretation. Valid data from a Microsoft Excel file 

were imported to SPSS. A preliminary analysis with and without outliers led to the 

decision of keeping all the extreme cases, as a case-by-case examination indicated 

that these outliers were valid representation of participants who scored higher or 

lower than the average score. Table C.2 presents the central tendency and 

variability of NEP scores in comparison to two studies in China. 

 

Table C.2 

Comparison of Converted NEP Scores to Previous Studies 

 
Hong, 2005 

(n = 4,971) 

Wu et al., 2012 

(n =11,620) 

Teachers 

(n = 53) 

Students 

(n = 128) 

M ± SD 61.42±12.07 74.86±12.72 70.31±12.63 72.67±10.19 

Max 100 100 93.33 96.67 

Min 13.33 18.67 43.33 46.67 

below 50a 14.1% 1.8% 7.5% 3.1% 

50–59  33.1% 9.8% 9.5% 11% 

60–69 27.6% 27.4% 32.1% 25.7% 

70–79 16.8% 22.3% 24.5% 40.7% 

above 80 8.4% 38.7% 26.4% 19.5% 

Note. In order to compare the NEP scores of this pilot study to previous studies using the NEP scale 

in China, raw scores were converted to a 0–100 scale using the formula suggested by Dr. Hong: 

Derived NEP score = (raw score – 15) × 100 ÷ (75 – 15). 
 

Reliability analyses were used to determine whether or not all 15 NEP items 

could legitimately be treated as measuring a single construct. As shown in Table 

3.1 (p. 110), the most reliable items for the teacher sample appeared to be NEP01 

and NEP07, both with item-total correlation as r = .43. However, the most reliable 

item for the student sample appeared to be NEP15 (r = .47), and NEP05 (r = .43). 
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This was consistent with Hong’s (2005) results for these two items (NEP05: r = 

.39; and NEP15: r = .38). The item with the lowest item-total correlation was 

NEP04 (teachers: r = .11; and students: r = –.06). This was consistent with Hong’s 

(2005) study, in which that the item with the lowest item-total correlation also was 

NEP04 (r = .07). As these item-total correlations were close to zero, NEP04 might 

not measure one of the dimensions of, or even the same construct as the rest of 

items in the NEP scale.   

On the other hand, I found greater item-total correlations of r = .43 for 

teachers, r = .30 for students, which appeared to be inconsistent with those reported 

by Hong (2005) for NEP07 (r = .19). These differences also were found for NEP14 

(teachers: r = .37; and students: r = .35), as Hong (2005) reported a much lower 

item-total correlation (r = .17). This may be explained by my use of a different 

Chinese translation for NEP07 and NEP14. In addition, even though the same 

Chinese version of these 15 NEP items was used for both teachers and students, 

results for these two samples appeared to be inconsistent for NEP01 (teachers: r = 

.43, and students: r = .14). This trend also was apparent in NEP13 (teachers: r = 

.15, and students: r = .37), and NEP15 (teachers: r = .21, and students: r = .47). 

Beyond this, it was noted that both the corrected item-total correlation and the 

Cronbach’s alpha for the translated Chinese versions were lower than the original 

English version. 

Internal consistency also could be examined using values of alpha if item 

deleted, which estimates what the value of Cronbach’s alpha would be after 
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excluding a particular item. When an alpha value, if a particular item were 

removed, greater than the alpha for the entire 15-item scale (e.g., .71 for the teacher 

sample and .65 for the student sample), that item reduces the reliability of the scale. 

As shown in Table C.3, the Cronbach’s alpha of the NEP scale would increase both 

for the teacher sample (from .71 to .73) and for the student sample (from .65 to .69) 

with the removal of NEP04. Although values of alpha if deleted would increase for 

other NEP items (i.e., for the teacher sample: NEP13; and for the student sample: 

NEP01), these increases were not as large as for NEP04. 

 

Table C.3 

Comparison of Alpha-if-item-deleted to Previous Studies 

Item No. 

Alpha-if-item-deleted 

Hong, 2006 

(n = 4,971) 

Teacher 

(n = 53) 

Student 

(n = 128) 

NEP01 .70 .68 .66 

NEP02 .69 .69 .64 

NEP03 .69 .70 .62 

NEP04 .72 .73 .69 

NEP05 .69 .70 .62 

NEP06 .70 .70 .65 

NEP07 .71 .69 .63 

NEP08 .68 .69 .64 

NEP09 .70 .70 .64 

NEP10 .69 .69 .62 

NEP11 .69 .69 .65 

NEP12 .68 .68 .63 

NEP13 .69 .72 .62 

NEP14 .71 .69 .62 

NEP15 .69 .71 .61 

 

  



 

308 

A third method of assessing internal consistency was conducted using 

principal-components factor analysis. Varimax rotation was employed to create 

orthogonal dimensions. Table C.4 and Table C.5 (p. 309) showed results of factor 

loadings for two samples in this study.  

 

Table C.4 

Principal Component Analysis of NEP Items with Varimax Rotation for Teachers 

Item No. Dimension 
Factor 

1 2 3 4 5 

NEP05 Eco-Crisis .731 .083 .038 –.138 .099 

NEP01 Limits .685 .128 .290 .188 –.004 

NEP09 Anti-Exempt .662 –.026 –.045 .102 .293 

NEP03 Balance .621 –.050 .500 –.011 –.020 

NEP06 Limits .155 .776 –.284 .100 .035 

NEP07 Anti-Anthro .020 .742 .237 .105 .096 

NEP08 Balance  –.277 .623 .106 .101 .539 

NEP15 Eco-Crisis .160 .524 .399 –.354 –.046 

NEP11 Limits .029 .063 .803 .076 .297 

NEP13 Balance .266 .061 .740 –.083 –.187 

NEP04 Anti-Exempt –.130 –.080 .100 .818 –.039 

NEP14 Anti-Exempt .131 .144 –.029 .759 .127 

NEP12 Anti-Anthro .229 .254 –.267 .574 .383 

NEP10 Eco-Crisis .181 –.053 .183 .006 .808 

NEP02 Anti-Anthro .157 .210 –.122 .153 .663 

Eigenvalue 

Percentage of variance 

3.27 2.43 1.67 1.27 1.10 

21.77 16.12 11.16 8.44 7.26 

Note. n = 53. 

 

For the data from both teacher and student samples, five factors with Eigen 

values greater than 1.0 were apparent in results of Varimax rotation analyses. 

Results for the teacher sample indicated that four items (NEP01, NEP03, NEP05,  
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Table C.5 

Principal Component Analysis of NEP Items with Varimax Rotation for Students 

Item 

No. 
Dimension 

Factor 

1 2 3 4 5 

NEP05 Eco-Crisis .736 .261 .033 .000 .042 

NEP15 Eco-Crisis .730 .273 .116 .020 .056 

NEP03 Balance .635 –.068 .320 .151 –.042 

NEP01 Limits .470 –.147 –.178 .238 –.076 

NEP08 Balance –.016 .772 –.120 .161 .022 

NEP10 Eco-Crisis .062 .682 .274 .032 –.008 

NEP09 Anti-Exempt .346 .614 –.030 .085 –.062 

NEP02 Anti-Anthro –.191 .141 .707 .222 .066 

NEP07 Anti-Anthro .180 –.061 .634 .079 .054 

NEP13 Balance .463 .018 .525 –.044 .024 

NEP11 Limits .290 .193 .374 –.257 –.354 

NEP14 Anti-Exempt .176 .041 .108 .814 .071 

NEP12 Anti-Anthro .050 .275 .135 .762 –.083 

NEP04 Anti-Exempt .038 –.277 .038 –.109 .783 

NEP06 Limits .013 .317 .103 .072 .739 

Eigenvalue 

Percentage of variance 

3.18 1.60 1.42 1.21 1.16 

21.20 10.66 9.50 8.04 7.72 

Note. n = 128. 

 

and NEP09) loaded on Factor 1, with factor loadings ranging from .621 to .731. 

This factor explained 21.77 % of the total variance in item responses, compared to 

16.12% for the second factor. Another four items loaded on the second factor, 

including NEP06, NEP07, NEP08 and NEP15, with factor loadings ranging from 

.524 to .776. The total percentage of variance explained by the five-factor model 

was 64.75%. For the student sample, four items (NEP01, NEP03, NEP05, and 

NEP15) loaded on the first factor, with factor loadings ranging from .470 to .736. 

This factor explained 21.20 % of the total variance in item responses, compared to 
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10.66% for the second factor. Three items loaded on the second factor, including 

NEP08, NEP09, and NEP10, with factor loadings ranging from .614 to .772.The 

total percentage of variance explained by the five-factor model was 57.12%. 

Comparison of factor analysis results. Before comparing factor analysis 

results reported by Dunlap (2000), Hong (2005, 2006), and two pilot samples, it is 

important to compare the populations from which these samples were drawn. 

Dunlap (2000) piloted the 15-item NEP instrument with college students, then 

administered the instrument by mail to 1,300 residents in the State of Washington 

who also have participated in the 1976 survey of the old version of 12-item NEP. 

After two follow-ups, 676 completed questionnaires were collected with a 

completion rate of 58.5%. Similarly, Hong (2005) used a national sample of 

Chinese residents from 2,500 cities and towns, covering 40.5% of the Chinese 

population. With a response rate of 77%, 5,073 Chinese residents participated in the 

door-to-door survey. 

In this pilot study, the target population was different from Dunlap et al. 

(2000) and Hong (2005). It is noted that teachers as a specific profession and 

students as a particular group might lead to the difference in results. In addition, it 

is important to clarify the factor analysis procedures used in each study. In all three 

studies, data were analyzed using SPSS following the same method of principal-

components factor analysis with Varimax rotation. Item-total correlation and 

Cronbach’s alpha were reported in all three studies. Further, the two general results 

of any factor analyses are the number of resulting factors and the total percentage 
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of explained variance within the data set. For example, Dunlap’s (2000) analysis 

made use of a four-factor model that explained 56.5% of the variance, and Hong’s 

(2006) made use of a three-factor model that explained 43.74% of the variance. In 

this pilot study, a five-factor model were used from both teacher and student 

samples, and the total percentage of variance explained is 64.75% for teachers, and 

57.12% for students. It is noted that adding factors can maximum the overall R2 of 

the study. Nonetheless, according to the principle of parsimony, it is advisable to 

reduce to the smallest number of important factors.  

Conclusion. Since its creation, the original 12-NEP items has been widely 

used in the United States (Dunlap, 1978; Dunlap et al., 2000), and in other 

countries such as Japan, Canada, the Baltic states, Sweden, Turkey, and Latin 

American nations and Spain (Dunlap et al., 2000). More recently, the revised 15-

item version has gained in popularity and used in nations such as China (e.g., 

Hong, 2005; Xiao et al., 2013), Nigeria, New Zealand, India, and Spain (Dunlap et 

al., 2000). Overall, these studies with a variety of samples and locations have 

provided a relatively strong endorsement of the NEP as a research instrument, as 

well as important insights into environmental worldview across cultural 

background. 

Although factor analysis did not suggest the presence of one major factor, 

the corrected item-total correlation and Cronbach’s alpha appeared to be reasonable 

and were consistent with previous studies. In addition, when using an accepted 

scale obtained from a published source, it was advisable to use the whole scale in 
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order to compare the findings with previous studies. To summarize, the NEP scale 

has been used in statistical analyses by researchers in various fields such as 

psychology, sociology, education, political science, and economics for more than 

30 years (Hawcroft & Milfont, 2010; Lundmark, 2007). As a well-established and 

widely-used psychometric scale of pro-environmental worldview by different 

population, it is reasonable and advisable to keep all 15 NEP items for this 

dissertation research. In addition, if I drop any items of this well-recognized 

instrument, I will not be able to compare my results to results of others who have 

used the scale. Therefore, I have decided to keep all 15 NEP items, but will further 

polish the Chinese translation for use in my dissertation. 
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C.2: A Pilot Study Pertaining to Environmental Sensitivity 

The purpose of this pilot study was to investigate life experiences or factors 

associated with the development of environmental sensitivity among 20 Chinese 

environmental professionals, and to use those findings to construct an 

environmental sensitivity scale for this dissertation research. A qualitative study 

investigating ES was conducted among Chinese environmental professionals using 

a Chinese version of the Environmental Sensitivity Profile Instrument translated 

and adapted from the instrument used by Peterson’s (1982) and Sward’s (1997). 

The following section presents a brief description of the procedures and findings 

from this pilot study. 

Sample. A purposive sample of 20 Chinese environmental professionals 

from nine provinces and municipalities across China was chosen to participate in 

this pilot. A Chinese environmental professional was defined as an individual who 

was born and raised in China, and currently works in environmental fields such as 

environmental education, environmental protection, ecological conservation, 

pollution control, and sustainable development. The sample consisted of nine 

researchers, five government officials, five university professors, and one 

environmental consultant. There were 12 male and eight female participants in this 

study. Their age ranged from 27 to 61 years of age, with an average age of 36. 

Their job responsibilities mainly included natural science research, environmental 

publicity and education, ecological conservation, and pollution control. Half of 
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these participants have been in their current positions for more than five years, and 

three participants have been in the environmental field for more than 10 years.  

Among these 20 participants, 17 (85%) decided to enter their environmental 

profession during college. Events or reasons that led participants to their first 

environmental position included: obtaining a degree in environmental majors 

(60%), personal interest or curiosity of the nature (30%), sense of responsibility to 

protect the environment (5%), and volunteering or internship at environmental units 

(5%). Working in the environmental field (45%) and participation in environmental 

education activities (40%) further contributed to their dedication to environmental 

career. In addition, participants obtained environmental information mainly by 

traditional media (35%), Internet (27%), daily work (19%), lectures/meetings 

(12%), and courses/trainings (7%). 

Instrument. The Environmental Sensitivity Profile Instrument (ESPI) was 

validated by a five-member jury in the field of environmental education and science 

education (Peterson, 1982). Initially used for environmental professionals in 

developed countries (e.g., the United States), the credibility and transferability of 

the ESPI was supported by Sward (1997) in her study of ES of environmental 

professionals in El Salvador, a developing nation. For the purpose of this study, the 

ESPI was adapted and translated into Chinese to facilitate data collection from 

Chinese participants. Both English and Chinese versions of the instrument were 

submitted to a Chinese environmental expert for comments on the clarity, format, 

ease of use, and translation problems. The final version of the ESPI consisted of 
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two parts: (1) demographic and supplementary information; and (2) experiences or 

factors associated with the development of ES and career development. Table C.6 

describes the items and questions in the adapted version of the ESPI. 

 

Table C.6 

Description of Items in the Environmental Sensitivity Profile Instrument 

Part I. Demographic and 

Supplementary Information 
Part II. Item Relating to Environmental Sensitivity 

and Career Development 

1.1a Current occupation 2.1 Explain perceived rating of environmental 

sensitivity (ES) on a scale from 1 to 10 

1.1b Number of years in the 

current position 
2.2 Identify whether the development of ES was 

more a function of experiences, relationships, or 

personality  

1.2 Gender 2.3 Describe experiences that were instrumental to 

their development of ES 

1.3 Age  2.4 Describe individuals who had a major influence 

on their development of ES 

1.4 Job responsibilities they 

engaged in most often 
2.5 Identify time of life they stared to visit natural 

areas and frequency of their visits 

1.5 Time of life when they 

became interested in nature 
2.6 Identify time of life when they developed ES 

1.6 Time of life when they 

decided to enter the 

environmental profession 

2.7 Identify habitat/environments they lived in and 

frequented 

1.7 Past/current environmental 

interests or activities 
2.8 Describe experiences that were instrumental in 

developing their interest in and/or dedication to the 

environmental profession 

1.8 Major sources of 

environmental information 
2.9 Describe what led to their first environmental 

position 

Note. Adapted from Environmental Sensitivity Profile Instrument developed by Peterson (1982) and 

used by Sward (1997).  
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Data collection and analysis procedures. The ESPI, together with a letter 

of content to serve as a participant in this study, was sent to participants via email. 

For data entry, I assigned an anonymous code to each participant, and manually 

entered responses into a Microsoft Excel spreadsheet.  

Due to the descriptive and naturalistic design of the study, content analysis 

and descriptive statistics served as the primary methods of data analysis. For 

multiple choices and ranking items, frequencies were counted and used to identify 

the number of participants, or to calculate the number of responses if participants 

provided multiple or tiered responses. For autobiographical statements in Chinese, 

qualitative responses to each open-ended question were organized into themes and 

categories for which frequencies and percentages were calculated. To ensure the 

credibility of this study, conservative content analysis procedures were used and 

only those responses with explicit or manifest references were tallied. 

Results. When participants were asked to rate their perceived level of ES on 

a scale from 1 (lowest) to 10 (highest), their responses ranged from 4 to 10, with an 

average ES rating of 7.75. Participants then were asked to identify whether their 

development of ES was a function of experiences, relationships, personality, or 

some combination of these factors. Six (30%) of these participants indicated 

experiences as the primary factor in developing their ES, and another eight (40%) 

reported that experiences combined with personality and/or relationships had 

contributed to the development of their love and appreciation of nature. Item 2.3 

asked about instrumental experiences in developing participants’ feelings of nature, 
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or appreciation and caring toward the natural environment.  In the content analysis 

of these responses, 10 categories emerged. The three categories with the most 

frequent responses were: outdoor experiences, experiences of environmental 

impact/threats, and formal education (Table 3.2, p. 115). 

It was found that participants frequently interacted with nature as a child, 

and such interaction continued throughout their adolescence and adulthood. Eight 

(40%) of these participants ranked outdoor experiences as the instrumental 

experience that contributed most to their love and appreciation of nature. One 

participant recalled, 

North of my village was the towering Qilian Mountain, and south was 

the winding Huangshui River. My house was located in the walking 

distance to the mountain and the river. I was very fortunate to have the 

landscape of the mountain decorating my window, which changed with 

four seasons. Before going to school, I had a lot of fun playing in the 

backyard with fruit trees, flowers, and vegetables around. 

 

Another participant described, 

I enjoyed playing outside as a child, and spent almost all my weekends 

and summer/winter vacations in the grassy fields and mountains. 

Although I am over thirty years old now, I still feel like a child 

whenever I am hiking or taking pictures in the wild. There are always 

happy surprises being with Mother Nature.  
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In addition to childhood play in the outdoors, other outdoor experiences 

mentioned by participants may be categorized as recreational outdoor activities and 

family vacations to natural areas. It was noted that as a child and as an adolescent, 

recreational outdoor activities mentioned by participants tended to be consumptive 

activities such as “catching frogs”, “keeping silkworms”, “picking mushrooms”, 

and “fishing”. However, after they entered adulthood, they seemed to participate 

more regularly in non-consumptive outdoor activities, including “hiking”, 

“climbing the mountains”, “nature photography”, “bird watching”, and “planting 

flowers/trees”. Two of the most common natural areas where participants visited on 

their own or with family/friends were mountains and forests, and other types of 

environments included lakes, rivers, oceans, caves, and prairie. 

Although farm work may appear to be a subcategory of outdoor 

experiences, I treated these responses separately due to the fact that participants 

were obligated to work on a farm as a family chore or school requirement. Two 

(10%) of these participants ranked farm work as the instrumental experience that 

contributed most to their development of ES. When these participants recalled such 

experience later on, they realized that farm work played a positive role in 

developing their ES. For example, one participant mentioned, 

Planting helped me understand natural conditions that are required for 

sowing, germination, flowering, and fruiting. While I was working on 

the farm, I often encountered a variety of critters such as bees, 
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butterflies, rabbits, and earthworms. This not only raised my interest to 

study plants and animals, but also let me fall in love with nature. 

 

In addition, I did not include travel as a subcategory of outdoor experiences. 

Rather, I treated these responses separately because what participants described was 

combined with other kinds of experiences, such as educational and work 

experiences. As a result, this separate category for travel included school-organized 

field trips that took place in the outdoors (e.g., “planting trees”, “visiting a zoo”), 

work-related field trips (e.g., “collecting water sample on the sea”), or traveling 

abroad (e.g., “visiting national parks in the United States”). 

Beyond this, it was found that 60% of the participants started to love nature 

prior to adulthood, and 85% indicated that they had developed their ES before 

graduating from college. Further, nearly all the participants (95%) started to visit 

natural areas in their childhood and adolescence. It was noted that half of the 

participants grew up in a rural setting with easy access to forests, lakes, hills, and 

other natural areas. Two (10%) participants ranked habitat as the instrumental 

experience that contributed most to their development of ES, and four (20%) 

participants mentioned that their rural residence during the youth had a great 

influence on their love and appreciation of nature. 

As an extension of this, five (25%) participants ranked experiences of 

environmental impact/threats as the instrumental experience that contributed most 

to their development of ES, which includes experiences of habitat alteration and 
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experiences of environmental disasters/pollution. For 10 participants who grew up 

in the countryside, they all left their rural villages, studying and working in the 

cities. Although they still returned their rural home for family reunion or leisure 

time, five (25%) participants mentioned their feelings associated with the alteration 

or loss of those childhood habitats due to the massive urbanization and 

industrialization in China. One participant described, 

There was a river in my village where I used to swim with my friends 

every day in the summer. It was dried up now. As a child, I often hiked 

to a hill nearby and was able to find many pigeon nests in the cave, but 

I could not see any pigeons now. I also remembered there were a lot of 

swallows flying in the sky. What a pity that children in my village 

could no longer seek the joy of nature! 

 

Another participant recalled, 

I spent every summer at my grandparents’ rural house. At that time, I 

could see the starry sky, hear the chirping insects, and smell the 

fragrance of crops. Those were some of my most cherished childhood 

memories. As I grew up, my rural village became a suburban town due 

to the growth of economy and population, but the living environment 

started to deteriorate. I chose to major in environmental science because 

I do not want those beautiful scenes to be destroyed. 
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Four (20%) participants expressed their deepest sorrows and frustrations 

after they experienced severe environmental pollution (e.g., “smog”, soil 

contamination), or after they read about, heard about, or saw an environmental 

catastrophe (e.g., “chemical spills in the Songhua River, Northeast China”, “nuclear 

leak in Fukushima, Japan”). Especially for participants who were parents, they felt 

very upset about environmental challenges facing China, and were eager to prevent 

and/or solve these environmental problems and issues so that their children may 

“breathe in clean air, drink clean water, and grow up in a nice environment”. These 

negative experiences of environmental impact/threats allowed participants to 

generate empathy for nature, and to reflect upon the heavy costs that can and 

sometimes do accompany the pursuit of economic interests. 

In addition to experiences in the outdoors and of environmental 

impact/threats, seven (35%) participants wrote about the importance of formal 

education in the development of their ES, especially regarding the development of 

knowledge and skills related to environmental protection. Three (15%) participants 

ranked formal education as the instrumental experience that contributed most to 

their development of ES. They mentioned courses provided at the primary and 

secondary levels (e.g., Nature, Science, Biology, and Geography), and college-level 

courses required in their academic programs (e.g., Ecology, Environmental 

Sciences, and Sustainable Development), so that they were able to study nature or 

the natural environment more systematically. As they graduated and worked as 

environmental professionals, they indicated that they had more opportunities to 
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participate in work-related field trips and on-site research, and these experiences 

further helped them understand the importance of maintaining a natural balance of 

the environment on human health and social development. 

In addition to formal education, five (25%) participants expressed their 

interests in nature and furthered their knowledge of nature through informal 

education, such as reading books and magazines (e.g., China National Geography 

Magazine), watching documentaries and TV programs (e.g., The Blue Planet, a 

documentary series produced by the BBC; Animal World or Man and Nature 

broadcasted by the CCTV, a public TV station in China). As it was shown in 3.2 (p. 

110), participants also mentioned other experiences as influential in their 

development of ES, including jobs in the environmental field, participation or 

membership in the environmental organizations, and religious practices (i.e., “as a 

Buddhist”). 

Among the participants in this study, seven (35%) also identified 

relationships, together with personality and/or experiences, as an influential factor 

in the development of their ES. First, family members played a fundamental role in 

developing participants’ valuing and caring of nature. For instance, habits and 

hobbies of their parents and grandparents (e.g., “saving water and electricity”, 

“gardening”), family members’ personality (e.g., “respect for life”, “love of 

animals”), and family religion (e.g., the Buddhist doctrine that “all living things are 

equal”) appeared to have some influences on participants’ ES. One participant 

wrote, 
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When I was a child, my grandmother was my primary caregiver. She 

grew up in the mountains of Northeast China and had rich knowledge 

of Chinese medicine. I used to follow her into the mountains, gathering 

wild vegetables, berries, and herbs. 

 

Another participant recalled, 

My dad loves fishing, and as a child, I used to tag along him whenever 

he went like ‘his tail’. I was a curious boy, and in fact, one of my 

birthday gifts was a book named A Hundred Thousand Whys. I would 

ask ‘what’s this’, ‘what’s that’, ‘why this’, and ‘why that’ on our 

fishing trip. My dad would patiently explain everything he knows. He is 

so knowledgeable of natural history, and this raised my interest in 

nature. 

 

Second, teachers and college professors appeared to be another primary 

influences on participants’ development of ES. One participant wrote of a science 

teacher in her elementary school, “my teacher taught me the common names of 

birds, plants, and rocks in my neighborhood. Wherever I saw them later on, I would 

feel like meeting old friends.” Another participant mentioned an ecology professor 

who often talked of his field trips across China, and wrote that this professor’s 

passion of ecology had a great influence on him. 
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Lastly, non-familiar role models such as book authors (e.g., Rachel Carson), 

environmental leaders (e.g., Mr. Liang Cong Jie, Founder of Friends of Nature, the 

Beijing-based grassroots environmental organization), and journalists also played 

an important role in the development of participants’ ES. 

Apart from experiences and relationships, personality emerged as another 

important factor in developing participants’ love and care of nature. One participant 

wrote that he is “a grateful person and cherishes whatever is bestowed to him”, and 

this personality led to his gratitude toward nature and appreciation for the natural 

environment. One participant attributed her love of nature to her dislike of “noises 

and crowds in the built environment” and her contentment of “being in the natural 

environment”. Another participant believed that his interest toward nature seem 

innate, and recalled what his parents told him that “as an infant, I can play with a 

silkworm all day long while I could not even walk or talk”. Other participants 

described the joy of observing natural phenomena, such as “swimming tadpoles”, 

“dancing butterflies”, “migratory birds”, “flowering plants”, and “budding trees”. 

The reason why they prefer the natural environment to the man-made environment 

was that they “feel calm and happy in the nature”. 
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C.3: A Pilot Study Pertaining to Environmentally Responsible Behavior 

The purpose of this pilot study was to collect and analyze self-reported 

behaviors among undergraduate students, and to construct an environmentally 

responsible behavior scale on the basis of their responses to five open-ended 

questions. This study replicated the procedures used by Marcinkowski and Rehrig 

(1995) for developing a behavior scale for use with secondary students in the 

United States, and Erdogan (2009) for developing a children’s behavior scale for 

use with elementary students in Turkey. The following section presented a brief 

description with respect to the procedures and findings from this pilot study.  

Procedures. On the basis of literature review and analyses of similar 

instrument used in previous studies (Erdogan, 2009; Hsu, 1997), five open-ended 

questions were developed corresponding to five categories of ERB: 

ecomanagement, consumer/economic action, persuasion, political action, and legal 

action (Hungerford & Peyton, 1980; Simmons, 1995; Wilke, 1995). These five-

opened items were translated from English to Chinese to facilitate date collection. 

Participants were asked to list at least three environmental behaviors within the past 

six months for each category. 

A sample of 150 undergraduate students from 30 cities across China were 

asked to provide their self-reported behaviors relating to five open-ended ERB 

questions in March 2014. Among 128 respondents, 53.13% were male with an 

average age of 21.17 years old. This sample consisted of 25% freshmen, 12% 

sophomores, 42% juniors, and 21% seniors in 45 majors.  
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Data analysis and interpretation. Students generated more than 500 

responses to these five open-ended items. Prior to the content analysis of the 

responses, two Microsoft Excel tables were created to better present and portray 

students’ responses. In the first table (i.e., raw data in Chinese), responses were 

examined whether or not they belong to each theoretical category of ERB, and only 

valid responses were tallied and translated from Chinese into English. In the second 

table, responses were grouped due to specific theme and presented in frequency of 

each category (Table 3.3, pp. 118−119).  

Content analysis revealed that 12 themes were found to be associated with 

ecomanagement; eight themes to be associated with consumer and economic 

action; eight themes to be associated with persuasion; five themes to be associated 

with political action; and five themes to be associated with legal action. Most 

students provided at least three responses to the first three questions, whereas their 

responses to last two questions were relatively limited. Due to a small number of 

responses regarding political and legal action, these two categories of ERB were 

combined as civic action. In addition, the term ecomanagement appeared to be 

difficult for many participants to comprehend, so it was changed to direct 

conservation action. Thus, 26 out of 38 themes emerged from about 500 responses 

were selected as possible items for constructing the instrument. Upon selection, 

these themes were combined and transformed into a sentence format to be used in 

Part III of the draft USELI. Further, an open-ended question was designed for each 

category to obtain responses that could not be included in the 20 items.  
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C.4: A Pilot Study Pertaining to Perceived Knowledge 

Introduction. There has been a growing effort in China to investigate 

environmental knowledge of undergraduate students toward the environment. On 

the one hand, my review of the EE literature in China indicated that prior studies on 

environmental knowledge has been relatively common (e.g., Li, 2005; Wang, 2007; 

Zhu et al., 2009). On the other hand, it is difficult to draw generalizations from 

these studies in terms of validity and reliability of their instruments. For instance, 

many of these researcher-constructed items used to measure environmental 

knowledge were not grounded in any textbook or curricula, but rather, random, 

factual knowledge. 

 The only research that I found in China that used a valid and reliable scale 

to measure environmental knowledge was conducted by Zeng (2004). On the basis 

of college textbooks for non-environmental majors, Zeng developed a 19-item scale 

to measure students’ actual knowledge in four areas (i.e., ecology, environmental 

problems and issues, energy and resource utilization, and laws and regulations). 

Nonetheless, items pertaining to environmental problems and laws need to be 

revised in accordance with the current ecological and political situation in China. 

Therefore, the purpose of this pilot study was to conduct a content analysis of high 

school curriculum (Grade 10−12) issued by China’s Ministry of Education and to 

use these results to develop items to measure perceived knowledge and perceived 

skills of undergraduate students. 
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Procedures. Using the most recent high school curriculum issued by 

China’s Ministry of Education (2002), I found four required subjects showed an 

integration of environmental concepts in their curricula (i.e., biology, geography, 

physics, and chemistry). Several steps have been taken in the content analysis of 

these documents. First, chapters and sections with environmental content in each of 

these four subjects were recorded, and major descriptors were used to summarize 

these content or learning goals. A description of these descriptors follows. 

 Biology 

2.4 Biological mutation: understand the genetically modified food 

2.6 Biological evolution and biodiversity 

3.4.1 List the main characteristics of a population 

3.4.2 Use a mathematical model to explain changes of a population 

3.4.3 Describe the structure of a community 

3.4.4 Illustrate successions in a community 

3.5 The structure of ecosystem: identify producer, consumer, decomposer, 

and abiotic component; analyze cycles of matter and energy flow in the 

ecosystem and its application (e.g., food chain, food web, carbon cycle, 

nitrogen cycle); illustrate the information transfer in an ecosystem; describe 

the equilibrium of an ecosystem. 

3.6 Protection of the ecological environment 

3.6.1 Investigate the impact of population growth on the environment 

3.6.3 Describe the significance of biodiversity conservation 

5.1 The production of organic food: describe the status of production or 

consumption of green food in your local area 

5.4 Biological sciences and environmental protection 

5.4.4 Understand the proper use of biological resources 
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 Geography 

1.4.1 Describe the impact of the quantity and quality of natural resources on 

human existence and development 

1.4.2 Describe the impact of climate changes on human existence and 

development (e.g., sea level rising, El Nino) 

2.1 Population and city: describe the relationship of environmental carrying 

capacity (focusing on human population) 

2.3 Harmonious development of human and geographical environment 

3.2 Sustainable development 

3.2.1. Analyze environmental problems relating to population and 

development in a region (e.g., soil/water erosion, desertification, 

deforestation and loss of wetland); understand the potential hazard of 

environmental problems and strategies for environmental protection 

3.2.3 Analyze the relationship between the reasonable utilization of energy 

and mineral resources for sustainable development 

5.2 Describe the problems and strategies in the development and utilization 

of mineral and biological resources 

5.3 List the major pollutants in the ocean and its harmful impact on marine 

environment; Describe main strategies for marine protection 

7.1 City/town planning and urbanization  

7.1.1 Describe the negative impact of urbanization 

9. Environmental Protection 

9.2.2 Illustrate the impact of the depletion of non-renewable resources on 

human society, and describe appropriate countermeasures. 

9.2.3 Describe problems caused by irrational use of renewable resources, 

and countermeasures to be taken for environmental protection 
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 Physics 

1.1.3 Describe energy-saving techniques in daily life 

1.1.4 Describe the use of solar energy and environmental problems caused 

by cars and air conditioning 

1.2.3 Describe the importance of energy in social development  

2.1 1. Understand the relationship of energy and human society (e.g., 

industrial revolution, nuclear waste, and air/water pollution)  

2.2.2 Identify atmosphere pollutants; understand air pollution caused by 

different sources such as air conditioning, cars, and refrigerators  

3.3.4 Describe the environmental protection strategies in energy 

development and consumption (e.g., solar energy, recycle and reuse) 

3.5.3 Understand the negative impact of nuclear energy (e.g., radioactive 

hazard) 

 

 Chemistry  

2.3 Chemistry and sustainable development 

2.3.1 Recognize the significance of rational use of fossil fuel 

2.3.2 Identify common polymer materials (e.g., plastic bags), and illustrate 

the application of polymer materials in daily life. 

2.3.3 Understand the role of chemistry in material transformation and 

recognize the value of chemistry in the comprehensive utilization of natural 

resources (e.g., seawater resources and metallic minerals) 

2.3.4 Use the prevention of acid rain and the use of phosphate-free 

detergents as examples to understand the role of chemistry in environmental 

protection 

3.2 Illustrate chemical composition and properties of common polymer 

materials; evaluate the use of polymer materials on the quality of life and 



 

331 

quality of environment; understand white pollution caused by plastic 

product of polystyrene, polypropylene, PVC and other polymers 

3.3 Chemistry and environmental protection 

3.3.1. Recognize the harm caused by water pollution and describe major 

chemical methods and principles in wastewater treatment. 

3.3.2. Remember major pollutants in the atmosphere, and describe major 

principles and methods to reduce or eliminate atmospheric pollutants. 

3.3.3. Identify major pollutants of indoor air pollution, and understand the 

harmful impact on human health 

3.3.4. Understand the hazards of white pollution and preventative methods  

3.3.5. Illustrates main methods of wastewater treatment, garbage and other 

domestic waste disposal. 

4.1 Chemistry and solid waste: recognize the role of chemistry in the 

regeneration and utilization of waste materials, and describe different ways 

to recycle waste plastics and other solid waste. 

6.1 Chemical reaction and energy: understand energy is the basis for human 

existence and development, and explain the role of chemistry in solving the 

energy crisis; recognize the significance of saving energy and improving 

energy efficiency  

 

Second, these content or learning goals were categorized into ten major 

environmental themes, of which population, community, and ecosystem pertain to 

knowledge of ecology, and the remaining themes pertains to knowledge of 

environmental science, including natural resources, human population, solid waste, 

air/water pollution, land use, climate change, and environmental health (Table C.7, 

p. 332).  
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Table C.7 

Content Analysis Results of Environmental Content in Four Subjects of MOE’s 

High School Curriculum 

Main Concept 
Subject 

Biology Geography Physics Chemistry 

Population 

(Ecology) 

3.4.1; 3.4.2     

Community 

(Ecology) 

3.4.3; 3.4.4    

Ecosystem 

(Ecology) 

2.6; 3.5; 3.6.3     

Natural 

Resources 

5.4.4  1.4.1; 3.2.3; 

5.2; 9.2.2; 

9.2.3 

1.1.3; 1.1.4; 

1.2.3; 2.1.1; 

3.3.4; 3.5.3 

2.3.1; 2.3.3; 

6.1 

Human 

Population 

3.6.1  2.1    

Solid waste    2.3.2; 3.2; 

3.3.4; 4.1 

Air/Water 

Pollution 

 5.3  2.2.2; 3.3.4 2.3.4; 3.3.1; 

3.3.2; 3.3.3; 

3.3.5 

Land Use  3.2.1; 7.1.1    

Climate Change  1.4.2    

Environmental 

Health 

2.4; 5.1     

 

Results. Three of these four subjects included specific sections with an 

emphasis on environmental protection or sustainable development. In the biology 

curriculum, section 3.6 focused on the protection of the ecological environment and 

section 5.4 centered on biological sciences and environmental protection. The 

geography curriculum placed a great emphasis on sustainable development (i.e., 
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section 3.2) and environmental protection (i.e., chapter 9). In the chemistry 

curriculum, two sections concentrated on the role of chemistry on sustainable 

development and environmental protection (i.e., sections 2.3 and 3.3). Although 

there was not an entire section focusing on environmental protection or sustainable 

development in the physics curriculum, substantial materials concentered on the 

proper use of energy. 

Overall, results of content analysis of MOE’s 2002 high school curriculum 

reflected an integration of environmental knowledge in four required subjects, i.e., 

biology, geography, physics, and chemistry. All four subjects heavily focused on 

natural resources, and three subject emphasized air and water pollution. Knowledge 

of ecology was included in biology curriculum with an emphasis on major 

ecological concepts including population, community, and ecosystem. Biology also 

gave attention to environmental health. Moreover, both biology and geography 

centered on the impact of human population and activities on natural environment. 

Geography also included knowledge of environmental science such as land use and 

climate change. Solid waste pollution was only included in chemistry. Nonetheless, 

skills were not emphasized in these curricula. 
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D.1 Members of the Validity Panel 

 

Dr. Tzuchau Chang, Professor 

Graduate Institute of Environmental Education  

National Taiwan Normal University 

Taipei, Taiwan  

 

Dr. Ju Chou, Professor 

Graduate Institute of Environmental Education 

National Taiwan Normal University 

Taipei, Taiwan  

 

Dr. Shun-mei Wang, Associate Professor 

Graduate Institute of Environmental Education 

National Taiwan Normal University 

Taipei, Taiwan 

 

Dr. Xia Ji, Associate Professor 

Department of Science Education 

University of Regina 

Saskatchewan, Canada 

 

Dr. Qing Tian, Associate Professor 

Environmental Education Center 

Beijing Normal University 

Beijing, China 

 

Dr. Qiaozhi Wang, Assistant Professor 

School of Resource and Environmental Engineering 

Wuhan University of Science and Technology 

Hubei, China 
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D.2 Validity Form 

The Undergraduate Students Environmental Literacy Instrument (USELI) 

consists of five parts as follows. 

 

Part I: Environmental worldview (15 items, the New Ecological Paradigm) 

Part II: Environmental sensitivity (14 items, researcher-developed scale) 

Part III: Environmental behavior (24 items, researcher-developed scale) 

  Items relating to ecomanagement  

i.e., direct conservation behavior 

6 items 

  Items relating to consumer/economic action 6 items 

  Items relating to persuasion 6 items 

  Items relating to civic action, i.e., political/legal action 6 items 

Part IV: Other EL variables (21 items, researcher-developed scale) 

 Perceived knowledge of ecology and earth system science 3 items 

 Perceived knowledge of environmental science 4 items 

 Perceived skills in investigating and evaluating 

problems/issues 

5 items 

 Perceived skills in using citizen participation strategies 5 items 

 Willingness to act 4 items 

Part V: Demographic and educational variables (8 items) 

 

Please evaluate this instrument with respect to the following questions: 

1. Overall, does the instrument appear to measure what is intended to be 

measured? 

2. How closely does the Chinese version of the instrument correspond 

with the English version? 

3. Please check the face validity of the Chinese version of the instrument 

(e.g., format, clarity, ease of use). 

4. Please check the content validity of the Chinese version in terms of 

cultural, political, economic, and ecological conditions in China.  
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D.3 Results from Validity Panelists 

The validity form and draft instrument were sent as an email attachment to 

six validity panelists in early November 2014, but only four of six responded by 

December 1, 2014.  

 

Comments and Suggestions by Dr. Tzuchau Chang 

Comments. In regard to the first question, in addition to Part I which has 

been published and tested for its validity (environmental worldview measured by 

the New Ecological Paradigm scale), I would agree that overall, Parts II, III, and IV 

of this researcher-constructed instrument measures what is intended to be 

measured. As to the second question, the translation of the Chinese version is good 

and represent its English version. As to the face validity of the Chinese version, I 

agree with the format, clarity, and ease of use of this instrument. However, I do 

have a concern of the number of items in the USELI (i.e., 81 items are too many).  

Suggestions. The instrument is well-designed and very comprehensive. It is 

advisable that variables measured in these five parts of the USELI can be organized 

into a diagram so as to better illustrate the relationships among the variables 

explored and investigated in this study. 

 

Comments and Suggestions by Dr. Ju Chou 

This is a summary and translation from Dr. Ju Chou’s comments and 

suggestions in Traditional Chinese. Overall, this instrument appears to be a valid 

measure of environmental worldview, environmental sensitivity, and 

environmentally responsible behavior, but there seemed to be some repeated items 

in Part IV pertaining to perceived knowledge and skills. The biggest problem of the 

Chinese version is the format, because the small font and narrow spacing might 

cause trouble for participants to read. Specifically, the format of Part II did not 

follow the format used in other parts of the USELI and resulted in an inconsistency. 
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It is advisable to label additional items (e.g., 2.3b), and leave enough blank space 

for open-ended questions in Part II. In addition, the Chinese version should provide 

a detailed direction for participants to follow so that students’ responses could be 

consistent and accurate. For instance, items 4.17 through 4.20 should use 

affirmative sentence as other items in Part IV, instead of a question format. Finally, 

there were several suggestions on the Chinese translations of specific words and 

phrases, including “strong disagree”, and items 3, 11, 19, and 24 (Part III). 

 

Comments and Suggestions by D. Shun-mei Wang’s Remark 

This is a summary and translation from Dr. Shun-mei Wang’s comments 

and suggestions in Traditional Chinese. This instrument is a representative measure 

of selected variables, because the instrumentation included pilot studies in 

comparison to previous studies, as well as the process of generating items on the 

basis of literature review and prior assessments of EL. The Chinese version 

corresponds with the English version in both construct and content, except for some 

minor problems. First, it is recommended that the Chinese translation should be 

further polished regarding item 14 (Part I), item 11 (Part III), and items 7, 8, and 16 

(Part IV). Second, it is recommended that open-ended questions in Part II should 

provide different examples to better describe those influential experience associated 

with the development of ES. Third, item 4 (Part III) asked two questions in one 

item, so it is recommended to use “or” instead of “and” to avoid any 

misunderstanding or confusion.  

 

Comments and Suggestions by Dr. Qiaozhi Wang  

This is a summary and translation from Dr. Qiaozhi Wang’s comments and 

suggestions in Simplified Chinese. This instrument appeared to measure what is 

intended to be measured, but the Chinese translation need to be refined in order to 

reduce ambiguity. In Part I, she posed three questions about the NEP scale 

regarding the translation of “modify the natural environmental” (NEP02), “impacts 



 

339 

of modern industrial nations” (NEP08), and “ecological crisis” (NEP10). She 

pointed out that people may respond differently due to their varied perspectives 

with respect to the intent of “modifying the natural environment” (i.e., for basic 

needs such as farming or housing, or for lucrative profits or unnecessary 

destruction to forest), “negative or positive” impact of modern industrialization, 

and different understanding in “ecological crisis”. For Part II, it is recommended 

that further explanation should be provided for “environmental sensitivity”, which 

is a new and unfamiliar construct for Chinese students. She also posed questions 

about multiple-choice items pertaining to role models (item 2.3b, and 2.5b) as this 

format may limit other responses provided by the survey participants. It is 

recommended that if students chose “to a considerable extent” or “to a great extent” 

in Part II, clear directions are needed for the follow-up items including open-ended 

questions, Lastly, suggestions regarding Chinese translation were provided to items 

16, 17, 19, and 21 (Part III), and items 4, 7, and 16 (Part IV). 
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E.1 Survey Cover Letters and Consent Forms 

 

COVER LETTER OF THE USELI 

 
Dear Student, 

I cordially invite you to participate in a research study in the area of environmental 

education. The primary purpose of this study is to assess the level of environmental literacy 

among undergraduate students at a national comprehensive university and a national 

normal university in Hubei Province, China.  

If you agree to participate in this study, you will be presented with a survey that 

asks about your environmental worldview, love of nature, environmentally responsible 

behaviors, perceived knowledge and skills, willingness to act, and background information. 

I assure you that your participation will not cause any physical pain or risk. Your responses 

will be assigned an anonymous code by me for data analysis, and your personal 

information will be kept strictly confidential. Any reports about this research will contain 

only data of an anonymous, summary, or statistical nature, and I will destroy all the survey 

forms three years after the completion of my dissertation research. 

Results of this study can be used as a reference point to understand the current 

level of environmental literacy among undergraduate students at these two national 

universities in Hubei Province. Findings from this study may be used as a guide for future 

research, as well as to design better environmental education programs for undergraduate 

students and pre-service teachers in Hubei Province.  

Should you have any questions regarding this research, please feel free to email 

Ms. Yan Zhu at yzhu2011@my.fit.edu. 

 

I deeply appreciate your time and help. 

 

Yan Zhu 

Ph.D. Candidate in Science Education 

Dept. of Education and Interdisciplinary Studies  

Florida Institute of Technology 

Melbourne, FL., U.S.A.  
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Informed Consent Form 

1. EXPLANATION OF RESEARCH 

 You are invited to participate in a study designed to assess the level of 

environmental literacy among undergraduate students at a national comprehensive 

university and a national normal university in Hubei Province, China. 

 Your role in this study is to complete an approximately 30-minute survey called the 

Undergraduate Students Environmental Literacy Instrument (USELI). 

 

2. YOUR RIGHT TO PARTICIPATE, SAY NO, OR WITHDRAW 

 Participation in this study is completely voluntary. You have the right to say no or 

choose not to answer specific questions. You may change your mind and withdraw 

at any time. 

 Whether or not you choose to participate in this study will not affect your grades or 

overall academic performance. 

 

3. RISKS AND BENEFITS ASSOCIATED WITH PARTICIPATION 

 There are no anticipated risks associated with your participation in this survey. 

Your responses will be assigned to an anonymous code by myself for data analysis, 

and your personal information will be kept strictly confidential. Any reports about 

this research will contain only data of an anonymous, summary, or statistical 

nature, and I will destroy all survey forms three years after the completion of my 

dissertation. 

 Your participation is crucial to understand the current level of environmental 

literacy of students at these two national universities in China. You will be 

provided an opportunity to express your views, as well as gain insights about 

environmental literacy and become more aware of solutions to prevent or resolve 

environmental problems and issues. 

 I will use the results of this study to complete my doctoral dissertation. In addition, 

I plan to present portions of this research at professional conferences and for 

publication in research journals. Finally, I will make a summary available to 

administrators and educators at each university upon request. 

 

4. CONTACT INFORMATION FOR QUESTIONS AND CONCERNS:  

If you have concerns or questions about this study, please contact the researcher: 

Yan Zhu            yzhu2011@my.fit.edu 

150 West University Blvd. Melbourne, FL  32901 

   

5. DOCUMENTATION OF INFORMED CONSENT: 

Your signature below means that you voluntarily agree to participate in this study. 

 

Signature:  ________________________________________  

Print Name:  _______________________________________ 

Date: ___/___/______ 
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E.2 Survey Instruments for the Full Study 
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Appendix F 

Additional Analyses and Results 
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F.1 Results of Field-Testing of the USELI 

 

Table F.1  

Results of Reliability Analysis of ES Items 

Item No. Ri-t Alpha-if-Item-deleted 

ES01 .438 .779 

ES02 .598 .765 

ES03 .412 .781 

ES04 .314 .787 

ES05 .589 .769 

ES06 .417 .780 

ES07 .454 .777 

ES08 .385 .783 

ES09 .383 .783 

ES10 .290 .790 

ES11 .501 .772 

ES12 .156 .802 

ES13 .377 .775 

ES14 .381 .783 

Cronbach’s Alpha .793 
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Table F.2  

Results of Reliability Analysis of ERB Items 

Item No. Ri-t Alpha-if-Item-deleted 

ERB01 .353 .908 

ERB02 .200 .911 

ERB03 .549 .904 

ERB04 .264 .910 

ERB05 .504 .905 

ERB07 .122 .913 

ERB08 .490 .906 

ERB09 .474 .906 

ERB10 .221 .911 

ERB11 .667 .901 

ERB13 .718 .899 

ERB14 .651 .901 

ERB15 .712 .899 

ERB16 .764 .898 

ERB17 .789 .897 

ERB19 .705 .900 

ERB20 .760 .900 

ERB21 .623 .903 

ERB22 .631 .903 

ERB23 .565 .904 

Cronbach’s alpha .909 

 
 
 
 
  



 

362 

Table F.3  

Results of Reliability Analysis of PK Items 

Item No. Ri-t Alpha-if-Item-deleted 

PK01 .612 .820 

PK02 .664 .812 

PK03 .618 .819 

PK04 .655 .813 

PK05 .457 .843 

PK06 .597 .822 

PK07 .596 .823 

Cronbach’s alpha .843 

 

Table F.4  

Results of Reliability Analysis of PS Items 

Item No. Ri-t Alpha-if-Item-deleted 

PS01 .611 .945 

PS02 .736 .940 

PS03 .799 .937 

PS04 .812 .937 

PS05 .835 .935 

PS06 .869 .934 

PS07 .739 .940 

PS08 .772 .938 

PS09 .814 .936 

PS10 .711 .941 

Cronbach’s alpha .944 
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Table F.5  

Results of Reliability Analysis of WILL Items 

Item No. Ri-t Alpha-if-Item-deleted 

WTA 1 .586 .836 

WTA 2 .757 .767 

WTA 3 .742 .768 

WTA 4 .648 .816 

Cronbach’s alpha .841 
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F.2 Data Set Preparation  

Table F.6 

Treatment of Invalid Surveys from University 01 

 Major ID 
Total 

 01 02 03 04 05 06 07 08 09 10 

No. of Participants 50 25 50 25 25 25 25 25 25 25 300 

No. of Returned Surveys 50 25 48 25 25 25 25 24 25 25 297 

Removal of Invalid Records            

No Response Recorded      3  2  1 6 

Other Major/Graduate 1       2   3 

Response Set 25  6        31 

Duplicate Responses           0 

Missing Responses 

 (> 25%) 
  2   1 1    4 

No. of Valid Surveys 24 25 40 25 25 21 24 20 25 24 253 

Note. Coding for specific majors are: environmental science (01), geography (02), biology (03), 

chemistry (04), physics (05), journalism (06), Chinese (07), history (08), political science (09), 

public administration (10). 

 

Table F.7 

Treatment of Invalid Surveys from University 02 

 Major ID 
Total 

 01 02 03 04 05 06 07 08 09 10 

No. of Participants 25 26 25 25 25 25 25 50 26 25 277 

No. of Returned Surveys 25 26 25 25 25 23 24 47 26 25 271 

Removal of Invalid Records            

No Response Recorded            

Other Major/Graduate            

Response Set    1  1 1    3 

Duplicate Responses   2   2  4   8 

Missing Responses  

(> 25%) 
    1 2     3 

No. of Valid Surveys 25 26 23 24 24 18 23 43 26 25 257 

Note. Coding for specific majors are: environmental science (01), geography (02), biology (03), 

chemistry (04), physics (05), journalism (06), Chinese (07), history (08), political science (09), 

public administration (10). 
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Table F.8 

Treatment of Invalid, Missing, and Multiple Responses from University 01 

 
Major ID 

Total 
01 02 03 04 05 06 07 08 09 10 

No. of Valid Surveys 24 25 40 25 25 21 24 20 25 24 253 

NEP Scale            

Missing (< 25%) 1  2 1   1 1   6 

Response Set    1       1 

No. of Valid Responses 24 25 40 24 25 21 24 20 25 24 252 

ES Scale            

Missing (< 25%)  3 3 5 1   4 2 2 1 21 

Response Set 2 3  1 1 2    1 10 

Missing (> 25%)   2 2 1 1 3    9 

No. of Valid Responses 22 22 38 22 23 18 21 20 25 23 234 

ERB Scale            

Missing (< 25%)     1     1 2 

Multiple     1     1 2 

Response Set   2       1 3 

      No. of Valid Responses 24 25 38 25 25 21 24 20 25 23 250 

Part Four            

Missing (< 25%)  1 2 1 2 1 1  2  10 

Response Set  1  1   2   1 5 

      No. of Valid Responses 24 24 40 24 25 21 22 20 25 23 248 

Note. Coding for specific majors are: environmental science (01), geography (02), biology (03), 

chemistry (04), physics (05), journalism (06), Chinese (07), history (08), political science (09), 

public administration (10). 
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Table F.9 

Treatment of Invalid, Missing, and Multiple Responses from University 02  

 
Major ID 

Total 
01 02 03 04 05 06 07 08 09 10 

No. of Valid Surveys 25 26 23 24 24 18 23 43 26 25 257 

NEP Scale            

Missing (< 25%)   1      2  3 

Multiple     1  1 1   3 

No. of Valid Responses 25 26 23 24 24 18 23 43 26 25 257 

ES Scale            

Missing (< 25%)   2 4 1 1 1 2 3 3 3 20 

Response Set    1 1    1 1 4 

Missing (> 25%)  1 2   2 2 2   9 

No. of Valid Responses 25 25 21 23 23 16 21 41 25 24 244 

ERB Scale            

Missing (< 25%) 1    2 1   1 1 6 

Multiple        1   1 

Response Set     1      1 

      No. of Valid Responses 25 26 23 24 24 18 23 43 26 25 256 

Part Four            

Missing (< 25%) 1    3 1    1 6 

Multiple   1        1 

Response Set 1    1   1 1  4 

      No. of Valid Responses 24 26 23 24 23 18 23 42 25 25 253 

Note. Coding for specific majors are: environmental science (01), geography (02), biology (03), 

chemistry (04), physics (05), journalism (06), Chinese (07), history (08), political science (09), 

public administration (10). 
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F.3 SPSS Output Associated with the OLS Assumptions 
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Appendix G 

Raw Data 

 

Raw data are in Chinese, and are available on request from the author. 


