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CHAPTER 1 

 

Introduction 

 

 Humans depend on healthy ecosystems to provide water, energy, and food so that 

we can have a high quality of life. Yet, we are changing the natural world at an 

unprecedented rate, and the prevalence of human disease and ecosystem degradation is 

increasing (Pimentel, 2007). Below are a few challenges that we face as a global 

community and how those challenges affect our well-being. 

• Climate Change. In the last century, average global air temperature has increased 

by about 0.7°C (1.3°F). This increase in temperature is causing glaciers to recede 

on all continents, a major source of freshwater to millions of people, and extreme 

weather events to become more frequent and intense, for example, Hurricanes 

Katrina and Sandy (Intergovernmental Panel on Climate Change, 2007).  

• Deforestation. The United Nation’s Food and Agriculture Organization (FAO) 

reported that only 36% of the world’s forests remained relatively undisturbed by 

humans (FAO, 2001). Forests are an important carbon sink and deforestation 

compounds climate issues.  

• Increasing Human Population. Globally, the human population is estimated to 

reach 9 billion by 2050. This increase is projected to occur primarily in 

developing countries – from 5.6 billion in 2009 to 7.9 billion in 2050 (United 

Nations Department of Economic and Social Affairs, 2009). As the human 

population increases, demand will cause our natural resources to become further 

limited. The negative effects from limited resources will have the strongest effect 

amongst the poorest of our global citizens. 

• Sanitary Water. An increasing world population is causing a strain on water 

resources worldwide. The World Health Organization (WHO) reported that two 
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million people, mostly infants and children, died in 2011 from unsanitary water 

sources and that 2.4 billion people will still not have access to sanitary water in 

2015 (WHO, 2012).  

• Energy. As the human population increases, so does the demand for energy. In 

2012, 89.1 million barrels of oil were consumed globally and this amount is 

expected to reach 91.5 in 2014 (U.S. Energy Information Administration, 2013). 

Even though more energy is produced every year, 1.4 billion people will still not 

have access to electricity by 2030 (UN Energy, 2013).  

• Pollution. Worldwide, about 40% of deaths per year are caused by pollutants in 

the air, water, and soil. Annually, three million people die from air pollutants and 

two million from unsanitary water (Pimentel et al., 2007). Pollutants contribute to 

many illnesses including cancer, immune system disorders,  diarrhea, and birth 

defects (Carpenter et al., 2002)  

• Biodiversity. Roughly one-quarter (between 15-37%) of our world’s species could 

become endangered or extinct by 2050 because of anthropogenic climate change 

(Thomas et al., 2004). Biodiversity is important for human health because plants 

provide the basis for traditional and modern medicines, and many animals are 

used in biomedical research (Chivian, 2002). The economic value of biodiversity 

is estimated at 11% of the total world economy (Pimentel et al., 1997). Therefore, 

developing policy to protect our endangered and threatened species is essential for 

our health and our economy. 

 

These examples indicate a growing gap between the natural environment and 

society. This gap is environmental illiteracy and there are many approaches to address 

this issue. Government policy is a top-down approach that can be used at varying scales – 

local, regional, national, or international. For example, DDT 

(dichlorodiphenyltrichloroethane), a commonly used insecticide in the mid-twentieth 

century, was banned by the U.S. in 1972 (EPA, 1975) and internationally in 2004 

(Stockholm Convention, 2008). Grassroots and humanitarian efforts are bottom-up 
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approaches which start at a small scale but can grow into large, international efforts. For 

example, Earth Day is a grassroots initiative that was first celebrated in 1970 by a few 

U.S. cities and is now celebrated in more than 175 countries every year (Earth Day 

Network, 2013).  

Environmental initiatives were common in the 1970s and should have resulted in 

a society which understood the value of our natural resources. Yet, the U.S. population is 

largely ignorant and misinformed about the great number of impending environmental 

threats. American adults cannot pass a simple quiz on environmental issues (Coyle, 

2005). Our country’s K-12 students rank far behind other countries in math and science 

(National Center for Education Statistics, 2007). Forty percent of Americans do not 

accept evolutionary theory, despite conclusive scientific evidence (Miller et al., 2006). As 

a society we need to understand ecological concepts, value our natural resources, and 

behave in a way that fosters stewardship and sustainability. 

Environmental education offers a multi-faceted approach for bridging the gap 

between society and the natural environment (Hart, 2007). Environmental education is 

defined as a discipline which “teaches children and adults how to learn about and 

investigate their environment and to make intelligent, informed decisions about how they 

can take care of it” (Environmental Education and Training Partnership, EETAP, 2010; 

North American Association for Environmental Education, NAAEE, 2013). This 

discipline is implemented at many different scales, for example, geopolitical structures, 

formal or informal education, various age groups, and public or private institutions. The 

goal of environmental education is to increase environmental literacy which is defined as 

“the knowledge and understanding of a wide range of environmental concepts, problems, 

and issues, a set of cognitive and affective dispositions, a set of cognitive skills and 

abilities, and the appropriate behavioral strategies to apply such knowledge and 

understanding in order to make sound and effective decisions in a range of environmental 

contexts” (NAAEE, 2011).  
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This dissertation assesses the structure and function of environmental education 

and literacy at various scales in Texas. The role of nature experience in environmental 

education and literacy is examined and provides the unifying theme for the three studies 

of this dissertation. People who partake in nature experiences are: healthier (Maller et al., 

2008), more cooperative (Burdette, 2005), more creative (Kellert, 2005), more confident 

(Floriani & Kennedy, 2008), better problem-solvers (Kellert, 2005), have higher self-

esteem (Kaplan, 2001), have higher academic scores (Lieberman & Hoody, 1998), and 

develop self-discipline (Burdette, 2005).  

Here, I describe how nature experience unifies the three studies in this 

dissertation. First, I begin with an inductive and theoretical study which defines 

experiential environmental education and identifies direct contact with nature as an 

essential component. Second, I develop a state-wide database of environmental education 

organizations and identify the structure and function of program characteristics. Lastly, I 

measure the environmental literacy levels of TTU undergraduates and determine how 

nature experiences affect literacy patterns of different college majors. Overall, 

environmental literacy scores were low, but those who had more frequent nature 

experiences were more literate than those who did not have nature experiences. Below, I 

provide an abstract that details each study. 

Chapter Two: Defining Experiential Environmental Education using a Grounded 

Theory Approach 

Individual experiences within the natural environment are critical to stewardship 

and experiential programs are widely used in environmental education, yet a definition 

for experiential environmental education (EEE) has not been formally proposed in the 

literature. The objective of this study was to develop a definition for EEE using the 

voices of environmental education practitioners and grounded theory methodology. 

Based on this analysis, I propose a definition for Grounded EEE: environmental 

education that is purposefully conducted in an outdoor environment, whether natural or 

man-made, in which students actively participate in a process of exploration and 
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discovery of environmental topics, processes, and issues with the purpose of fostering an 

environmentally literate society by increasing students’ knowledge, attitude, cognitive 

skills, and behavior. Developing a theoretical definition for EEE provides a framework in 

which environmental education programs with an experiential component can be assessed 

and improved. 

Chapter Three: Identifying Patterns in Environmental Education and Stewardship 

Programs Across Texas: A Database and Survey Approach 

This paper records the diversity of environmental education (EE) in Texas by 

building a database of organizations based on the following characteristics: organization 

and visitor demographics, pedagogy and curriculum, NAAEE guidelines, operations, 

assessment, and sustainability. This was accomplished by surveying EE program 

directors state-wide. Results showed that only 6% of Texans are exposed to EE yearly, 

despite having hundreds of organizations which conduct EE programming. In 2009, each 

of these organizations conducted 19 programs to serve 6,000 people using only $7,500 

(based on medians). Seventy-two percent of all programs were conducted outdoors and 

many involved hiking, outdoor experiments, and water sports. Databases provide an 

efficient and comprehensive source of information which can assist in high quality 

research across multiple scales – geopolitical structures, formal or informal education, 

various age groups, and public or private institutions. This database builds the initial 

bridge that links organizations across the state and will hopefully catalyze efforts to 

further develop a comprehensive statewide EE program in Texas. 

Chapter Four: Outdoor Experiences as a Gateway for Environmental Literacy 

among Different College Majors: A Case Study of Texas Tech Undergraduate 

Students 

As the world population continues to increase and natural resources become 

limited, environmental education in universities plays an essential role in developing 

environmentally literate citizens who are capable of understanding and voting for sound 

environmental policies. This assessment measured the environmental literacy (EL) levels 
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(familiar knowledge, factual knowledge, attitude, behavior) of undergraduates and their 

exposure to nature experiences throughout four stages (childhood, adolescence, college, 

adulthood). Measuring environmental literacy on a scale of 0-100%, undergraduate 

students scored 52% indicating that they are not environmentally literate. Students had 

high attitudes (63%) but low levels of familiar knowledge (40%), factual knowledge 

(56%), and behavior (44%). Students who participated in nature experiences during all 

life stages had significantly higher environmental literacy scores than those who did not. 

College years are brief and formative; therefore, environmental education should be 

infused within university curricula in order to increase EL levels of students, our future 

policy makers, voters, businessmen, and teachers. 

 

Conclusion 

Climate change, deforestation, an increasing human population, a decrease in 

sanitary water sources, excessive use of unsustainable energy sources, pollution, and a 

loss of biodiversity have an effect on human health, our economy, and our overall well-

being. To address these concerns, we must have a well-educated society which 

understands environmental issues, cares about our natural resources, and is willing to 

work toward a sustainable future. Environmental education is a multi-faceted approach to 

creating environmentally literate citizens who have the knowledge and skills to develop 

solutions for anthropogenic environmental issues. This dissertation represents a picture of 

environmental education and literacy in Texas, which is one step towards the goal of 

creating global environmental stewards. 
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Chapter 2 

 

Defining Experiential Environmental Education using a Grounded Theory 

Approach 

 

Abstract 

Individual experiences within the natural environment are critical to stewardship 

and experiential programs are widely used in environmental education, yet a definition 

for experiential environmental education (EEE) has not been formally proposed in the 

literature. The objective of this study was to develop a definition for EEE using the 

voices of environmental education practitioners and grounded theory methodology. 

Based on this analysis, I propose a definition for Grounded EEE: environmental 

education that is purposefully conducted in an outdoor environment, whether natural or 

man-made, in which students actively participate in a process of exploration and 

discovery of environmental topics, processes, and issues with the purpose of fostering an 

environmentally literate society by increasing students’ knowledge, attitude, cognitive 

skills, and behavior. Developing a theoretical definition for EEE provides a framework in 

which environmental education programs with an experiential component can be assessed 

and improved. 

 

Purpose Statement 

Personal experience within a natural environment is a critical component for 

developing environmental stewards. The National Environmental Education and Training 

Foundation (NEETF 2000) identified direct experience with the natural world as a 

powerful tool for achieving educational goals and developing environmental stewards. 

Orr (1992) described experience within the natural environment as essential to 
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understanding it, and that knowing, caring, and practical competence are the basis of 

environmental literacy. Louv (2005) emphasized passion for the natural world as a 

crucial component for creating environmental stewards. Passion, he alleged, was the 

result of personal experience, not reading from a book or watching the Discovery 

channel. Experience appears critical to stewardship and experiential programs are widely 

used in environmental education, yet a definition for the latent construct, experiential 

environmental education (EEE), has not been formally proposed. This study uses the 

expertise of environmental education practitioners in Texas and grounded theory 

methodology (Glaser, 1978) to identify essential attributes of EEE programs. These 

attributes were combined to formulate a theoretical definition for EEE which was 

substantiated by descriptions of experience-based environmental education programs. 

Developing a theoretical definition for EEE provides a framework in which 

environmental education programs with an experiential component can be assessed and 

improved. 

 

Review of Literature 

Latent constructs are complex psychological concepts that cannot be measured 

directly, for example, love, behavior, intelligence, and education. Latent construct 

definitions are important for environmental education and EEE because they provide a 

framework for development, implementation, and assessment of the term. For example, 

construct definitions are essential to the development and assessment of theory (Hamblin, 

1960; Hinds, 1984). But, constructing a definition for constructs can be difficult because 

they are not directly observable or measureable (Bollen, 2002). Despite being indirectly 

measurable, definitions are essential for constructs because they add clarity and provide a 

framework of their essential attributes (Hinds, 1984; Jickling, 1997). These attributes 

must be clearly stated and described to provide a baseline for measurement of their 

corresponding constructs (Hinds, 1984) and to mitigate any potential confusion generated 

through the use of ambiguous language (Jickling, 1997). This task can be arduous, but 
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constructs need to be defined so they can be reviewed, contested, and refined by a 

community of experts (Jickling, 1997).  

Defining EEE, a latent construct, is problematic because the definition of 

education itself is elusive. The term education is a latent construct that exists on a 

continuum of interactive attributes that vary according to time and context; for example, 

structured learning lies on one end of the spectrum while life experiences falls toward the 

spectrum's other end (Jickling, 1997). Like education, environmental education includes a 

number of different attributes that can also vary according to time and context:  intended 

audience, environmental literacy components, educational strategies, and behavior 

change. When defining EEE it is important to first understand how environmental 

education is defined and used within the community of professionals. Below, I provide 

three commonly used definitions of environmental education and briefly describe which 

attributes they focus on. Identifying attributes is essential because it provides a 

framework for designing, implementing, and evaluating education programs. 

 William Stapp (1969) proposed the first formal definition for environmental 

education: “a discipline that is responsible for developing 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 

explicitly states “citizenry” as its audience which could imply a local, regional, national, 

or even international community. It also emphasizes the development of two 

environmental literacy components: knowledge and behavior (NAAEE, 2011). Stapp 

(1969) recognized environmental attitudes as an essential goal of environmental 

education but this was not explicitly stated in his definition. The definition’s ultimate 

objective is behavior change and suggests that knowledge is necessary for 

environmentally responsible behaviors.  

The Belgrade Charter (UNESCO-UNEP, 1976) was the first attempt to 

internationally define environmental education. It stated that the goal of environmental 

education is to “develop a world population that is aware of and concerned about, the 
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environment and its associated problems, and which has the knowledge, skills, attitudes, 

motivations, and commitment to work individually and collectively toward solutions of 

current problems and the prevention of new ones.” This definition indicates that 

environmental education should be geared toward all individuals worldwide and 

incorporates the four fundamental components of environmental literacy: knowledge, 

attitudes, skills, and behavior (NAAEE, 2011). Like Stapp’s (1969) definition, it lacks a 

specific reference to education or educational strategies, and its ultimate goal is behavior 

change. 

More recently, the Environmental Education and Training Partnership (EETAP, 

2010), along with the NAAEE (2013), states that environmental education “teaches 

children and adults how to learn about and investigate their environment and to make 

intelligent, informed decisions about how they can take care of it.” Here, instead of 

referring to a society, this definition focuses on educating individuals and it explicitly 

incorporates two environmental literacy components: knowledge and behavior. This 

definition differs from the previous definitions in that it refers to a specific educational 

strategy, investigation, and introduces knowledge as an important concept within itself. 

Like the previous definitions, it has a strong emphasis on behavior change. 

These definitions have many similarities, and likewise, share similar flaws. 

Similarities include: reference to a specific audience; identification of knowledge and 

behavior as essential attributes; and, they assume environmental stewardship and a 

responsible citizenry as critical outcomes. Each definition, however, is flawed in that it 

attempts to describe a specific type of education without referring to education itself 

(Jickling, 1997). Incorporating educational strategies within these definitions is important 

because research shows that some strategies are more effective than others (Freeman et 

al., 2007; Armbruster et al., 2009; Wood, 2009). For example, experiential education 

provides a framework for pedagogy and educational strategies which would give more 

substance to defining environmental education. 
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Experiential education strategies are often used in environmental education 

programs. John Dewey (1938), a twentieth-century philosopher of education, provided 

the foundation for experiential education when he suggested that a responsible and 

educated citizenry could be accomplished through structured learning experiences. 

Experiential education is defined by the Association of Experiential Education (2013) as 

“a philosophy and methodology in which educators purposefully engage with learners in 

direct experience and focused reflection to increase knowledge, develop skills and clarify 

values.” David Kolb (1984) argued that experiential education is “a process whereby 

knowledge is created through the transformation of experience.” Many environmental 

education programs use experiential education methods by incorporating hands-on, 

engaging, problem-based activities that involve direct experience with the topic being 

learned (Lieberman & Hoody 1998; SEER 2000; AIR 2005; SEER 2005).  

Environmental education programs that incorporate experiential education into 

their curricula report positive student outcomes, for example, increased test scores and 

improvements in attitudes and behavior. The California State Education and Environment 

Roundtable (SEER) and the American Institutes of Research (AIR) used an experimental 

design to test the difference between students exposed to a traditional curriculum with 

those involved in an experiential curriculum that used outdoor, hands-on, 

interdisciplinary, and engaging curricula. Results showed that students performed better 

on state standardized tests (Lieberman & Hoody 1998; SEER 2000; SEER 2005) and 

science knowledge exams (AIR 2005) when exposed to experiential programs. Students 

also showed improvement in attitude, behavior, attendance, engagement (Lieberman & 

Hoody 1998; SEER 2000; SEER 2005), conflict resolution skills, self-esteem, motivation 

to learn, problem-solving skills, cooperation, and environmentally responsible behaviors 

(AIR 2005). 

Many studies (Lieberman & Hoody 1998; SEER 2000; AIR 2005; SEER 2005) 

and environmental education philosophers (Orr 1992; Louv 2005) have discussed EEE. 

Some environmental education programs are even using the term EEE (Barr Foundation 

2006). Yet, we do not know what “experience” means in terms of environmental 
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education and EEE has not been formally defined in the literature. Because EEE is 

undefined, researchers and practitioners will have difficulty designing, implementing, and 

assessing experiential programs. For example, clear and measurable learning objects are 

critical for program assessment. A clear and measurable definition for EEE is necessary 

in writing learning objectives for experiential programs (Jickling, 1997).  

One way to define EEE is by using grounded theory methodology. Grounded 

theory is a qualitative approach for developing theory based on the data in which it is 

grounded – the data is systematically collected and analyzed to organize ideas that can 

build into theory (Glaser, 1978). This methodology is primarily inductive because ideas 

are generated from specific pieces of data, but also has deductive characteristics because 

the researcher may refine these ideas based on theory from the literature (Berg 2001). 

Potential advantages for using grounded theory include: theory development, theory 

complexity, and creativity (Turner 1981).     

I used a grounded theory approach to analyze essential attributes of EEE as 

provided by environmental education practitioners. Jickling (1997) suggested that 

practitioners play an essential role in developing definitions of education because they 

operate in environments that present constraints for student learning. He argues that any 

definition will need to line-up with practitioners’ idea of education and be operational in 

their work setting. By incorporating practitioners’ experiences, the literature, and an 

analysis of experience-based environmental education programs, I propose a theoretical 

definition for EEE and encourage refinement through the expertise of other scholars, 

practitioners, and administrators. A definition for EEE was developed through three 

stages: 1) developing and disseminating a survey to collect information on EEE from 

practitioners, 2) identification of essential attributes of EEE through grounded theory 

methodology, and 3) the formation of a theoretical definition for EEE. After forming a 

definition, it was validated through experiential program descriptions provided by 

environmental education practitioners. 
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Methods 

Identifying Environmental Education Organizations and Practitioners in Texas 

To build a database of Texas EE organizations I used a compilation of previously 

established databases, information from various Texas organizations, and an exhaustive 

Google search. First, I created a list of programs based on a booklet titled “Directory of 

Texas Environmental Education and Interpretive Facilities” (Chavez & Herron, 2000). A 

Google search for each organization determined if it was still operational. Next, I 

identified additional programs by reviewing websites from the following organizations: 

Texas Association for Environmental Education, Informal Science Education Association 

of Texas, Texas Outdoor Education Association, Texas Parks and Wildlife Department, 

Texas River Authorities, Texas Universities, and the National Park Service. Finally, I 

conducted a Google web search to exhaust any remaining EE programs that might not 

have been associated with the organizations listed above. The following key terms were 

searched in varying combinations: Texas, environment, education, EE, nature center, 

river authority, informal, formal, outdoor, museum, zoo, wildlife, and garden.   

Survey Instrument and Data Collection 

In the fall of 2010, 237 Texas environmental education organizations were 

contacted via email to participate in a survey designed to elicit essential attributes of 

EEE. These organizations were identified using the comprehensive list described above. 

Program directors were asked if they used experiential education in their curricula. This 

was used to provide a definition for experiential education associated with their 

programs. This survey instrument was checked for face and content validity by four 

environmental education experts (a director for a large organization, a practitioner, a 

college professor, and a Ph.D. graduate student), and disseminated via SurveyMonkey. 

Human subjects approval was granted by Texas Tech University’s Institutional Review 

Board (#502482). 
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Essential EEE Attributes  

Grounded theory was used to identify essential attributes of EEE through six 

interactive steps. During the first step, I gathered data through open-ended survey 

questions to elicit information on experience-based environmental education and 

consequently EEE. In the second step, an expert panel of five environmental education 

experts (three practitioners and two Ph.D. graduate students) individually made a list of 

attributes that they thought applied to each definition. They did this by coding and 

analyzing the data at the word, theme, and concept level to identify fundamental 

attributes of EEE. In step three, I reviewed relevant literature (Orr 1992; Lieberman & 

Hoody 1998; SEER 2000; AIR 2005; Louv 2005; SEER 2005) and identified any 

attributes that related to the definitions but were not explicitly listed by the expert panel. 

In step four, I compiled a list of essential attributes by reviewing the expert panel’s 

suggestions and the literature. The final attributes were chosen based on their prominence 

in definitions and the literature. Each attribute was defined by comparing words, themes, 

and concepts within and between each organization’s experiential definition. In step five, 

I formulated a theoretical definition for EEE based on the identified attributes and their 

definitions along with the guidelines provided by Hinds (1984) and Jickling (1997). In 

step six, I refined the proposed definition of EEE through continued review of the 

practitioners’ definitions, the essential attributes, and the literature (Hinds 1984; Glaser & 

Strauss 1967).  

A Theoretical Definition for EEE 

A theoretical definition for EEE was formed by combining essential attributes 

identified by the expert panel, relevant literature, and guidelines provided by Hinds 

(1984) and Jickling (1997). Hinds’ (1984) six rule approach for a theoretical definition 

included: 1) the definition must provide the essential attributes of the term being defined, 

2) it should not contain the subject being defined, 3) it should not be worded negatively, 

4) it should not be expressed in ambiguous language (rules 1-4 originate from Cohen & 

Nagel 1934), 5) it must exist on a continuum, and 6) it must indicate the context of the 
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word being defined (rules 5-6 originate from Hamblin 1960). Jickling (1997) suggested 

that education definitions should: 1) not use absolute language; 2) emphasize educational 

characteristics, for example active and cooperative learning; 3) involve academics, 

scholars, teachers, and administrators in the defining process; and 4) be advanced by 

encouraging revision and ultimately implementation. Violations of these suggestions are 

reported and discussed.  

Organizations that reported not to use experiential education in their 

environmental education programs were included in the grounded theory analysis for 

EEE definitions. Since these organizations knowingly reported that they did not offer 

these types of programs, they were assumed to have an understanding of EEE. And 

consequently, they did not provide individual program descriptions. Definitions and 

program descriptions provided by organizations that were unsure about implementing 

EEE were not included in either analysis. 

The definition for EEE generated through this study is termed Grounded EEE. 

Experiential environmental education is already being used generically among 

practitioners and organizations (Barr Foundation 2006). By labeling this definition as 

“Grounded EEE”, it separates an everyday use of the term from a term that has been 

generated through research. Grounded EEE provides specific attributes, and therefore 

guidelines, for future assessments of environmental education programs that are thought 

to have an experiential component. 

Experiential Program Descriptions  

To validate the essential attributes and definition of EEE that were generated 

through grounded theory methodology, organizations described in-house environmental 

education programs that they considered to be experiential. The descriptions that 

encompassed one or a combination of the essential attributes of EEE were recorded. This 

analysis was completed using an explicit interpretation of the program descriptions 

provided by each director, not the program curricula. Even though some descriptions 

might incorporate EEE attributes, judgments could only be made through direct 
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interpretation of the language used. By analyzing the descriptions of experience-based 

environmental education programs, the proposed definition of EEE was validated in 

practice as well as theory. 

 

Results and Discussion  

Step 1: Survey Instrument and Data Collection 

 Of 237 Texas environmental education organizations, 64 participated in the 

survey, a 27% response rate. Forty six (72%) claimed to use experiential education within 

their environmental education programs, 3 (<1%) claimed that they did not, and 15 (23%) 

were unsure. Forty-nine organizations provided a definition for EEE. Of those 

definitions, 46 came from organizations that claimed to implement this educational 

approach and three from those that did not. The organizations that claimed to incorporate 

experience-based environmental programs provided the titles and descriptions of 406 

programs that they used to educate their patrons. Twenty descriptions discussed the 

participants and not the program itself; therefore, 386 descriptions were used in the 

grounded theory analysis. 

Steps 2 & 3: Essential EEE Attributes  

Independent review by each expert panelist identified five initial attributes for 

EEE: active participation, exploration and discovery, outdoor environment, non-

traditional, and outreach. Active participation was identified by every expert panelist and 

associated with all 49 definitions. Exploration and discovery was also identified by every 

expert panelist and associated with many practitioners’ definitions (17, 35%). The 

outdoor environment was identified by a single panelist and retained as an essential 

attribute of EEE because it was a common theme among definitions (12, 24%, Table 1) 

and it was identified in the literature to be an important component of environmental 

education (Orr 1992; Lieberman & Hoody 1998; SEER 2000; AIR 2005; Louv 2005; 

SEER 2005). Outdoor environments provide contexts that are inherently interdisciplinary 



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

21 
 

and conducive to place-based education and cooperative learning. They assist students in 

thinking systemically and easily incorporate state learning objectives from different 

disciplines (NEETF, 2000). Non-traditional and outreach were not retained as essential 

attributes of EEE because they were identified by a single panelist, were associated with 

only two definitions, and did not have a strong basis in the literature. Thus, three essential 

attributes of Grounded EEE were used to objectively analyze the definitions of 

experiential education provided by environmental education practitioners.  

Step 4: Defining EEE Attributes 

The three essential attributes for Grounded EEE, as determined by the expert 

panel and the literature, were active participation, exploration and discovery, and outdoor 

environment. Definitions for these attributes are as follows: 

• Active Participation – students are involved in hands-on, engaging activities 

• Exploration and Discovery – a process of learning where students explore a 

topic/process and subsequently discover the characteristics of that topic or cause 

and effect relationships of that process 

• Outdoor Environment – students are physically located in the outdoor 

environment, natural or man-made, where the topics/processes being studied 

occur 

Based on these three attributes, I reanalyzed each individual definition for EEE 

and put them into one of three categories: active participation only, active participation 

and exploration and discovery, or active participation and outdoor environment. None of 

the definitions provided described the attributes of exploration and discovery only, 

outdoor environment only, or exploration and discovery within the outdoor environment. 

Likewise, there were no definitions of EEE that explicitly encompassed all three 

attributes. Table 1 includes three examples of definitions that fit into each of the three 

categories.  
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Step 5: A Preliminary Theoretical Definition for Grounded EEE 

An expert panel identified three essential attributes of Grounded EEE and I 

defined these attributes by using the practitioners’ voices – the qualitative data they 

supplied that described experience-based environmental education programs. From these 

attributes and their corresponding definitions, I formed a preliminary definition for 

Grounded EEE: environmental education that is purposefully conducted in an outdoor 

environment, whether natural or man-made, in which students actively participate in a 

process of exploration and discovery of environmental topics, processes, and issues. This 

definition includes the environment in which this educational approach occurs, the 

outdoors, and two educational strategies, active learning and exploration/discovery.  

This definition meets five of Hinds’ (1984) six rules for generating definitions. It 

describes the essential attributes of the term, it is not worded negatively, it is not written 

in ambiguous language, it allows for use in multiple settings and therefore exists on a 

continuum, and it uses the outdoors as a context for learning. It does, however, violate the 

rule of not containing the subject being defined – environmental education. As Jickling 

(1997) discussed, environmental education is a complex term and does not lend itself to 

being easily defined. Therefore, it is also difficult to integrate its true essence into another 

definition. Because of this limitation, the words “environmental education” were retained 

in the definition for Grounded EEE which allows for it to be used in whatever context 

environmental education is practiced. 

The Grounded EEE definition meets two of the four guidelines for defining 

education as outlined by Jickling (1997). It does not use absolute language and it 

emphasizes specific educational approaches, active participation and 

exploration/discovery. Jickling’s (1997) third rule suggests that experts and practitioners 

should be used in the defining process. This study used the expertise of practitioners and 

scholars to identify essential attributes of Grounded EEE, the final theoretical definition, 

however, was generated by myself. Therefore, additional input from other environmental 

educators is necessary to further validate the definition. The last rule for defining 
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education, as proposed by Jickling (1997), states that the definition should be revised by 

other experts and eventually be accepted by the environmental education community. 

More research is necessary to refine and eventually validate a definition for EEE. This 

needs to be conducted in other regions and using a multitude of diverse programs, for 

example, formal and informal programs hosted by private and government organizations. 

I encourage future studies to seek out a vast array of environmental education programs 

to keep with the field’s diverse nature. Also, it is essential that curricula be reviewed in 

addition to practitioners’ opinions. This would help to refine the definition so that it 

directly reflects the essence of the field and not people’s perceptions of the field. 

   Definitions tend to be prescriptive as well as descriptive (Jickling, 1997). This 

definition not only describes what Grounded EEE is, it also prescribes specific strategies 

to make an environmental education program experiential. Practitioners’ personal 

interpretations of EEE programs were used to formulate a definition, not the programs 

themselves. Therefore, an analysis of experiential program descriptions was essential to 

validate the theoretical definition as a practical and useable definition for Grounded EEE. 

Grounded EEE Program Descriptions 

The definitions for experience-based environmental education programs may have 

only fit into three categories, but the program descriptions allowed for a much wider 

range of attribute combinations (Table 2). Table 3 provides specific examples of 

programs that fit the attribute combinations described in Table 2. Table 4 provides six 

program descriptions that encompass all three attributes, supplying a good model for 

Grounded EEE programs. 

Potentially, many of these programs could contain multiple attributes that are 

essential to Grounded EEE, but are simply not identified because the directors provided a 

short description of each program. For example, in program description 10 the 

participants take pictures of nature and record biodiversity (Table 3). We can assume that 

the participants themselves attempt to discover the names of the organisms in the photos; 

however, this is not explicitly stated, therefore it is categorized as “active participation 



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

24 
 

and outdoor environment.” Likewise, with program description 12, you would assume 

that participants would be involved in some kind of hands-on activity to learn about these 

relationships, however, hiking is the only word that could be considered active. For this 

study, hiking alone is not sufficient for a program to be considered “active participation” 

because it does not meet the attribute’s definition – students are involved in hands-on, 

engaging activities. Similarly, the program descriptions that are categorized as “no 

attributes” are likely to incorporate one, if not many, attributes of Grounded EEE because 

they comprise 19% of all the responses. Perhaps the practitioners did not understand the 

question and therefore did not provide a good description. Or, maybe the practitioners 

focused on identifying all of their experiential programs, and therefore, shortened the 

descriptions because it took a long time for them to enter that information into the survey. 

This necessitates a follow up study to review the curricula itself, providing a more 

reliable source for determining if an environmental program is experiential. 

Interpretive trails provide a good example for the importance of differentiating 

between EEE programs as seen by the layman and Grounded EEE programs. The layman 

may consider all interpretive trails to be experiential because they involve hiking and 

reading signage. However, I argue that interpretive trails can only be considered 

experiential if they have a carry-along component, for example a worksheet or an 

interactive phone app, which creates an engaging learning environment that causes the 

hiker to explore and discover their surroundings. For example, Ray Roberts State Park 

provides a downloadable trail app that visitors can use as a guide while hiking in the 

park. Interpretive trails are a very important educational tool for increasing public 

awareness of environmental topics and issues. I am not arguing against the use of 

interpretive trails, only that some would be considered experiential and some would not.   

Step 6: The Final Theoretical Definition for Grounded EEE 

 The proposed definition meets important criteria, as described by Hind (1984) and 

Jickling (1997), and it addresses the flaws within previously proposed definitions for 

environmental education (Stapp, 1969; UNESCO-UNEP, 1976; EETAP, 2010; NAAEE, 
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2013). However, it is missing a necessary attribute – an intended outcome. The ultimate 

outcome for environmental education is to foster environmental literacy among society 

through initiatives that increase environmental knowledge, attitude, cognitive skills, and 

behavior (NAAEE, 2011). Therefore, I propose a final theoretical definition for 

Grounded EEE: environmental education that is purposefully conducted in an outdoor 

environment, whether natural or man-made, in which students actively participate in a 

process of exploration and discovery of environmental topics, processes, and issues with 

the purpose of fostering an environmentally literate society by increasing students’ 

knowledge, attitude, cognitive skills, and behavior. 

This theoretical definition can be used in any environmental education program 

which has an experiential component. Theories explain phenomena, predict future events, 

and reveal gaps in existing knowledge (Parsons 1938). There are many benefits for 

grounding educational materials in theory. This practice can: 1) improve communication 

among researchers and practitioners (Beauchamp 1982); 2) allow for better interpretation 

of research results (Robertson 1994, Dillon, 2003); 3) provide the most appropriate 

solution for a specific educational problem (Ertner & Newby 1993); and 4) improve the 

quality of future research (Parsons 1938, Ertner & Newby 1993). Due to the predictive 

powers of theories, researchers and practitioners can select the most appropriate 

educational strategy needed for a specific situation on the first try, rather than utilizing a 

trial and error approach. Not only is this more time and cost effective, but it will also 

improve research design and allow for better interpretation of results. Therefore, a 

theoretical definition for EEE is essential for improving environmental education 

programs with an experiential component. 

Conclusion 

Experiential programs are being used in environmental education and the 

literature shows that these programs lead to positive student outcomes, yet a definition for 

EEE had not been previously proposed. By identifying essential attributes (active 

participation, exploration/discovery, outdoor environment) and outcomes (environmental 
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literacy) of EEE, I created a theoretical definition that can be used in any environmental 

education program which has an experiential component. Writing clear definitions that 

contain the essential attributes of a latent construct is vital for research, pedagogy, and 

curriculum development. I urge other researchers to test this theoretical definition by 

using it to develop curricula, guide pedagogical techniques, and frame research questions. 

Future research should focus on environmental education curricula and student outcomes 

as well as practitioners’ opinions. 
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Table 2.1. Examples of proposed definitions for experience-based environmental 
education grouped by the attributes they describe (N=49). Direct quotes from 
practitioners are in italics. 

Active Participation only (n=20): 
• Hands-on education 
• Doing rather than just listening or watching  
• Learning through personal, hands-on, direct experiences 

Active Participation & Exploration and Discovery (n=17): 
• Any educational activity that allows for the objective to be discovered or arrived upon by the 

student through a process or experience 
• Activities and programs in which the participants learn real world concepts through hands-on 

learning, investigation, and discovery 
• Hands-on, engaging, interactive and often there is a take-home or make and take aspect of the 

program. We strive for inquiry based programs that engage students in science 
Active Participation & Outdoor Environment (n=12): 

• Hands-on education in the actual environment of which the topic is about 
• Education in which participants interact directly with the natural environment. This may include 

analyzing water quality, capturing and observing (and handling) organisms, developing nature 
trails, etc 

• Provides hands-on direct interaction with the environment and the education attributes that are 
being taught 
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Table 2.2. Number of program descriptions that incorporate the attributes of Grounded 
EEE. 

Grounded EEE Attribute Combinations Number of Program 
Descriptions (n=386) 

Active Participation 90 (23%) 
Exploration and Discovery 8 (2%) 
Outdoor Environment 41 (11%) 
Active Participation & Exploration and Discovery 27 (7%) 
Active Participation & Outdoor Environment 66 (17%) 
Exploration and Discovery & Outdoor Environment 4 (1%) 
Experiential Environmental Education 78 (20%) 
No Attributes 72 (19%) 
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Table 2.3. Examples of program descriptions for experience-based environmental 
education grouped by the attributes they describe. 

Active Participation only (n=90): 
1. On Stage: Bugs! stages of insects: place magnetized life-like stages of insects onto chart 
2. Zoo Class: A science concept is taught through activities and education animals. 

Exploration and Discovery only (n=8): 
3. Scavenger Hunt: students in small groups explore the Fort 
4. Erosion Prevention: examine causes and prevention of erosion on terrain 

Outdoor Environment only (n=41): 
5. Nature Hike: A half mile hike on an interpretive trail 
6. Bison Tour: Visitors observe herd of American Bison 

Active Participation & Exploration and Discovery (n=27): 
7. Black Bear Awareness: Through the use of our new Black Bear educational trunk, we are able to 

shed light on the increased migration of black bear into East Texas. The trunk includes skulls, 
teeth, claws, casted footprints, accurately weighted black bear cub dolls and our black bear maze. 
The black bear maze involves setting up stations that represent various woodland locations 
utilized by bear in different seasons. Participants must literally navigate the stations, gathering 
food and acting out certain scenarios (such as injuries) to give them a better understanding of the 
black bear and their yearly habits. 

8. Water Conservation: A program is presented to compare the amount of water in our world and 
the amount of actual water available for consumption. Kids are involved in the measuring of the 
water in the demonstration. Various items are presented to talk about trash thrown into the waters 
and the length of time it takes to break down. Kids are given cards with the items listed and then 
ask to place them in order of deterioration from shortest to longest. 

Active Participation & Outdoor Environment (n=66): 
9. Junior Trail Ranger Program: Students/Participants are asked to collect specimen on our Urban 

Wildscape Trail in hopes to better educate them in regards to species identification. 
10. Digital Surveying – photographing a site's organisms: recording biodiversity – we constantly find 

organisms not listed by any academician or enthusiast 
Exploration and Discovery & Outdoor Environment (n=4): 

11. Nature Walks: Participants go on a nature walk and discover the environment around them and 
learn about various plants and animals 

12. Field Trip for Students: Symbiotic Relationships: Students hike to discover and examine 
mutualistic, commensalistic, and parasitic plants/animals. 

No Attributes of EEE (n=72): 
13. What's Love Got to Do with It?: alligator mating habits 
14. Snakes, Spiders, Insects; Oh My: Introduction to species & adaptations 
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Table 2.4. Descriptions of Grounded EEE programs that incorporate active participation, 
exploration and discovery, and the outdoor environment. 

Experiential Environmental Education (n=78): 
1. Hidden Treasures: the program teaches students to use field collecting equipment so that they can 

examine small vertebrates and invertebrates to look for the diverse ways they are adapted to 
survive in the harsh beach environment. 

2. Wildflowers of the Big Thicket: after discussing (in classroom) why plants have flowers, parts of a 
flower, and what adaptations flowers use to attract pollinators, we go outside and walk around the 
grounds finding wildflowers, identifying them, and discussing how each might attract pollinators. 

3. Talking Trash: this program examines the marine debris issue on the Gulf Coast. Students begin 
with an engagement activity where they portray different "polluters" and watch as a jar of water 
representing the Gulf gets polluted as each additional component is poured into it. They follow up 
the activity with a beach cleanup and measure the amounts of various debris types that they 
collect. They finish with a discussion of where the debris might have come from and how they can 
help reduce it. 

4. GPS/Geocaching Adventure: Using GPS units the students navigate thru the wetlands looking for 
the hidden caches and answering science and math problems pertaining to our local wetland. 

5. Insect Adaptation Lab: Students capture and compare insects from prairie and aquatic ecosystems 
and compare their adaptations. 

6. Water Cycle – Basics of Life: Students use real science and water quality experiments to learn 
about how to test for water quality and what water quality means. They sample water from the 
museum's pond to discover information about the biotic life in the pond and discuss the properties 
of the water cycle. 
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CHAPTER 3 

 

Identifying Patterns in Environmental Education and Stewardship Programs        

Across Texas: A Database and Survey Approach 

 

Abstract 

This paper records the diversity of environmental education (EE) in Texas by 

building a database of organizations based on the following characteristics: organization 

and visitor demographics, pedagogy and curriculum, NAAEE guidelines, operations, 

assessment, and sustainability. This was accomplished by surveying EE program 

directors state-wide. Results showed that only 6% of Texans are exposed to EE yearly, 

despite having hundreds of organizations which conduct EE programming. In 2009, each 

of these organizations conducted 19 programs to serve 6,000 people using only $7,500. 

Seventy-two percent of all programs were conducted outdoors and many involved hiking, 

outdoor experiments, and water sports. Databases provide an efficient and comprehensive 

source of information which can assist in high quality research across multiple scales – 

geopolitical structures, formal or informal education, various age groups, and public or 

private institutions. This database builds the initial bridge that links organizations across 

the state and will hopefully catalyze efforts to further develop a comprehensive statewide 

EE program in Texas. 

 

Purpose Statement 

Support from national and state governments is essential for promoting 

environmental education (EE) in the U.S. The National Environmental Education Act of 

1990 established the Office of Environmental Education, the National Environmental 

Education Advisory Council (NEEAC), and the National Environmental Education and 
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Training Foundation (NEETF). The Act supported the development of model educational 

programs, curricula, training programs, and grant opportunities. This legislation resulted 

in over $30 million in grant money, professional development training for over 100,000 

educators, and a multitude of high quality materials for formal and informal settings 

(NEEAC, 2005). The No Child Left Inside Bill is a more recent piece of legislation (part 

of the new Elementary and Secondary Education Act) which would provide funding for 

local and state EE initiatives (NCLI 2008). This Bill was introduced to congress in 2009 

and 2011 and was referred to a committee both years (S. 866, 111th; S. 1372, 112th). 

Leadership by the national government is important for developing educational materials 

but it is up to state governments to take those materials and implement them by 

incorporating EE into formal education standards. 

Environmental education is not regulated within the state of Texas; consequently, 

EE is a byproduct of STEM (science, technology, engineering, and mathematics) 

disciplines and other initiatives such as hands-on service programs coordinated by 

volunteers. This indicates that EE is not a priority for the Texas Education Agency (TEA) 

– formal learning objectives, specific curricula, and pre-service teaching training are not 

required by the state. Although individual organizations and practitioners work hard to 

develop and implement quality EE programming, they are limited by a lack of support 

from the TEA. To enhance EE, it is important to know how this discipline is being 

implemented and to understand the characteristics that are associated with successful 

programs. This study describes the structure and diversity of EE organizations and 

program characteristics in Texas.  

 

Review of Literature 

Environmental Education in the U.S.  

Environmental education originated, not from a single discipline or event, but 

from a multitude of influences. During the late 19th and early 20th centuries, the nature 
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study movement, influenced by writers such as Wilbur Jackman (1891) and Anna 

Comstock (1911), encouraged the general public to develop a personal relationship with 

nature (as cited in McCrea, 2006 and Stevenson, 2007). In the early 20th century, 

President Theodore Roosevelt conserved over 230 million acres of land through national 

parks, monuments, forest, and preserves (Theodore Roosevelt Association, 2005). During 

the Dust Bowl of the 1930s, the conservation education movement focused on the use, 

and misuse, of natural resources (McCrea, 2006; Stevenson, 2007). In the 1960s-70s, the 

environmental movement, led by non-governmental organizations like the Sierra Club 

and Audubon Society, precipitated federal legislation and national events designed to 

protect natural resources and promote awareness of environmental problems (NEEAC, 

1996; Stevenson, 2007). In addition to these historical eras, the famous writing of 

environmentalists such as Aldo Leopold (1949), Rachel Carson (1962), John Muir 

(1911), and Henry David Thoreau (1854), to name a few, have had a lasting impact on 

EE by broadening awareness and the importance of environmental issues to the general 

public. 

The public concern over environmental degradation that arose from the 

environmental movement triggered the rise of EE in both informal and formal settings 

(NEEAC, 1996). Informal education provides an essential medium for disseminating EE 

materials and programs within nonprofit organizations, businesses, and other institutions 

that are not part of the formal school system. Formal K-12 programs incorporate EE into 

schools’ curriculum through environmental courses or by infusing environmental issues 

into lesson plans for other disciplines (NEEAC, 1996). Both formal and informal 

programs are in demand by U.S. citizens. Coyle (2005) found that 95% of Americans 

support EE in schools and over 85% agree that government agencies should support EE 

programs.  

Strides for improving EE at the national level are underway, and many states are 

following suit. The NEEAC (1996) emphasized the need for states to make a 

commitment to build a statewide EE infrastructure and incorporate EE into educational 

standards so that local programs can be cultivated. Kirk et al. (1997) and Ruskey et al. 
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(2001) provide a framework for building an effective state-wide EE program and detail 

EE criteria for all 50 states. For example, by 1995, Washington had developed a master 

plan, a K-12 instruction requirement with learning objectives and outcomes, a state-wide 

curriculum guide, state-level and regional offices, a state EE organization, and funding 

sources for EE (Kirk et al., 1997). More recently, Washington has developed a state-wide 

environmental literacy and sustainability plan (Dorn et al., 2011). 

 Individual organizations and practitioners have worked hard to promote and 

advance EE in Texas, but the state needs to make a commitment to incorporate this 

discipline into the formal curricula and learning objectives. It is critical that Texas 

residents understand environmental issues because the state population is forecasted to 

double in the next 50 years, indicating that our natural resources, especially water, will 

become even more strained. We need citizens who are aware of these issues and who 

have the ability to solve them. The most efficient way of doing this is to incorporate EE 

into the formal education system, establish a state-wide EE infrastructure (Kirk et al., 

1997; Ruskey et al., 2001), and follow the lead of states who have successfully 

incorporated EE (e.g., Washington).  

Environmental Education in Texas 

A few studies have assessed EE in Texas. In the 1970s and 80s, two qualitative 

studies (Disinger & Bowman, 1975; Cooper, 1989) described K-12 environmental 

courses across the state along with information booklets on conducting EE programming. 

In the 1990s, Kirk et al. (1997) and Ruskey et al. (2001) quantitatively assessed EE 

within individual states. Kirk et al. (1997) found that Texas had an EE association and 

advisory council but did not plan on creating a master plan or teacher certification 

program. In 1998, Ruskey et al. (2001) found that Texas had implemented statewide 

conferences and workshops, and planned on developing a master plan, certification 

program, learning objectives, and assessment tools (Table 1).  

Today, the Texas EE Partnership (TEEP, 2006) reports that Texas has made the 

following advancements in EE: adopted the North American Association for 
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Environmental Education (NAAEE) learning objectives and curricula guidelines; 

developed a master plan for EE; and developed a voluntary certification program for 

teachers. Although the TEEPs efforts are admirable, these initiatives have made little 

impact on EE in the state of Texas. For example, many practitioners are not aware of the 

NAAEE guidelines or master plan, and there is no information regarding a voluntary 

certification program online. In order to be effective, these initiatives need to have a well 

established group of stakeholders and be implemented into the state education standards. 

For example, Washington’s state education agency has incorporated EE within their 

formal education standards and has conducted empirical studies that show academic 

achievement across many disciplines (e.g., science, math, social studies) because of EE 

initiatives (Bergeson et al, 2007).  

In 2013, Texas developed a state-wide environmental literacy plan. This plan has 

a broad base of stakeholders associated with private and government organizations; 

however, the Texas government shows no signs of incorporating EE into formal 

education standards. Because EE is not regulated in the state, there is no information 

concerning the diversity of organizations and programs that implement EE initiatives. As 

a discipline, EE is in need of a comprehensive analysis of the large diversity of 

organizations and programs to evaluate the field and create high quality programs 

(NEEAC 1996). A comprehensive assessment of the different kinds of education centers 

are important because it details the structure of EE within the state, for example, formal 

and informal programming, government and private organizations (state and national 

parks, nature centers, zoos, museums, botanical gardens), and pedagogical strategies.  

One way to address this issue is to use a database which provides a powerful tool 

for increasing knowledge and research within EE. Databases allow researchers to deposit, 

retrieve, and analyze data so that comparisons can be made across different populations 

and theories can be tested using longitudinal data. Practical applications for an EE 

database include: identification of patterns at various scales, a quick resource for 

researchers who are interested in comparing specific program characteristics; a collection 

of information in which to build quality programs and identify best practices; and 
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comprehensive and longitudinal data for testing theories. A database of Texas EE 

organizations and their program characteristics is generated by surveying practitioners. 

This study provides a framework for recording the diversity of EE in Texas, identifies 

patterns among organization characteristics, suggests factors which may underlie these 

patterns, and provides a direction for advancement of the field. This is the first attempt to 

record the diversity of EE in Texas and is the first study of its kind nationwide 

Research Questions 

This database and resulting comparisons addressed a number of questions 

regarding EE in Texas. Research questions (RQ) 1-6 address the structural characteristics 

of EE organizations and programs. Research question 7 identifies functional patterns 

among those characteristics. The research questions are as follows:  

1. What are the demographic characteristics of Texas EE programs and their 

visitors? 

2. What curricula and pedagogical characteristics are most common among Texas 

EE programs? 

3. Do Texas EE organizations know about the NAAEE national guidelines and are 

these guidelines being implemented? 

4. What are the basic operational characteristics of Texas EE programs? 

5. Are Texas EE programs being assessed? How? 

6. Are Texas EE organizations implementing sustainable practices? 

7. Are there relationships among program characteristics of different organizations? 

 

Methods 

 A comprehensive database of Texas organizations that conduct EE programs was 

generated through four stages: 1) identifying criteria to characterize EE programs, 2) 

organizing criteria in a survey to collect data, 3) compiling a list of currently operating 
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EE organizations in the state and surveying them, and 4) analyzing responses to identify 

patterns among programs. Each stage is described below.   

Environmental Education Criteria  

Criteria to characterize important attributes of EE organizations were first 

identified through a literature review (Niedermeyer 1992, Kirk et al. 1997, Ruskey et al. 

2001), and then further refined by reviewing the websites of established EE organizations 

and determining common characteristics. The following criteria were considered most 

relevant: organization and visitor demographics, pedagogy and curriculum, NAAEE 

guidelines, operations, assessment, and sustainability. All criteria and their respective 

components are briefly described below. 

Organization and Visitor Demographics. This criterion refers to characteristics 

used to describe organizations that conduct EE programs and the people that partake in 

them. Organization demographic components included organization type, ecological 

region, visitation rate, and funding. Visitor demographic components included age, 

gender, race/ethnicity, and socio-economic grouping. The term “visitors” refers to a 

person who would use the services offered by the organization: those who visit the 

organization’s facilities (e.g., people who walk an interpretive trail), and those who used 

their programming services (e.g., elementary students who spend a day at the local nature 

center studying the water cycle). Organizations were asked to report relative frequencies 

(percentages) concerning all visitor demographic information. Since most organizations 

do not keep detailed records of these characteristics, percentages were the most 

appropriate parameter for collecting this type of data. 

Pedagogy and Curriculum. Pedagogy and curriculum components included the 

number of educational programs, number of educational programs conducted outdoors, 

formal and informal programming, internal and external curricula, active and passive 

learning strategies, recreational programming, biotic features used in education, and 

factors that influence outdoor programming. Formal programming referred to curricula 

based on the state’s educational standards and designed for K-12 children. Informal 
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programming referred to any curricula that were not based on state standards and could 

be used for children, college students, adults, and the general public. Internal curricula 

incorporated educational materials that were developed by individuals who worked 

within the organization, while external curricula (e.g., Project Learning Tree) 

incorporated materials that were developed by people who were not associated with the 

organization. Active learning strategies included activities in which the student was 

directly involved in the learning process (e.g. experiments, case studies, debate, 

cooperative learning, etc.). Passive learning strategies included any activity in which the 

student was not directly involved in the learning process (e.g. listening to a lecture, 

looking at power point slides, reading from a book, etc.). Recreational programming 

involved all outdoor recreational activities (e.g. hiking, fishing, kayaking, etc.) used in 

organizational curricula. Biotic feature referred to any living organism that was used as a 

teaching tool in EE programming. Finally, factors that influence outdoor programming 

referred to a select number of programming characteristics that had a positive or negative 

effect on getting visitors outside to learn about the environment.  

NAAEE Guidelines. Organizations reported if they were aware that national 

guidelines for EE had been established. They also indicated if their educational materials 

were aligned with select NAAEE (2004) guidelines. The following guidelines along with 

select indicators were included in this analysis: 1) fairness and accuracy (reflection of 

diversity), 2) depth (awareness, focus on concepts, concepts in context), 3) emphasis on 

skills building (critical and creative thinking, applying skills to issues, action skills), 4) 

action orientation (self efficacy, sense of personal stake and responsibility), 5) 

instructional soundness (learner centered instruction, interdisciplinary, connection to 

learners’ everyday lives, assessment), and 6) usability (fit with national, state, or local 

requirements). To keep the survey at a reasonable length, specific indicators (i.e. 20 

survey items, Appendix A) were chosen by a panel of four experts: an EE practitioner, a 

college professor, and two EE graduate students. The decision was based on NAAEE’s 

definition of EE and environmental literacy, and each expert’s experience in and 

knowledge of EE. 
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Operations. Organization operation components included land availability, 

staffing, and fees. Land availability referred to the number of acres available to each 

organization for outdoor programming. Staffing referred to the number of educators used 

by each organization, if those educators were paid employees or volunteers, and if they 

were certified Texas teachers. Fees referred to whether or not organizations charged 

visitors to partake in EE programs. 

Assessment. Organizations reported if they assessed visitors that partook in their 

educational programs, how the visitors were assessed (e.g. survey, observation, written 

exam, etc.), and if they kept track of school or classroom state standardized test scores. 

Sustainability. Organizations reported if they participated in various sustainable 

activities. Answer choices were simplified to yes, no, and I don’t know. A sustainability 

score was calculated by adding the total number of “yes” responses. Twelve items were 

used to elicit sustainability information (Appendix A), therefore potential scores ranged 

from zero to 12. This scale assumes equal weights between activities; however, activities 

can have different types of environmental impacts as well as varying magnitudes. Since 

computing the impact of various activities can be a time consuming and costly process, 

each activity was given equal weights. The questions were designed to elicit a general 

idea of sustainable actions in Texas EE organizations, not a detailed description of their 

activities. 

Survey Instrument and Data Collection 

A survey was created to measure the various components of these criteria for 

Texas EE organizations (Appendix A). The survey consisted of 69 items (14 program and 

participant demographic items; 13 pedagogy and curriculum items; 21 NAAEE 

guidelines items; 4 operations items; 3 assessment items, and 14 sustainability items). 

The survey instrument was checked for face and content validity by four EE experts (an 

EE practitioner, a college professor, an EE PhD graduate student, and an EE director for a 

large organization). An email was sent to all Texas organizations, identified through the 

database, in the fall of 2010 and included a link for the online survey via SurveyMonkey. 
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Directors of these programs were specifically targeted; however, since the survey 

involved multiple program attributes, they may have involved other employees to 

adequately answer the questions. 

Texas EE Organization Database  

To build a database of Texas EE organizations I used a compilation of previously 

established databases, information from various Texas organizations, and an exhaustive 

Google search. First, I created a list of programs based on a booklet titled “Directory of 

Texas Environmental Education and Interpretive Facilities” (Chavez & Herron, 2000). A 

Google search for each organization determined if it was still operational. Next, I 

identified additional programs by reviewing websites from the following organizations: 

Texas Association for Environmental Education, Informal Science Education Association 

of Texas, Texas Outdoor Education Association, Texas Parks and Wildlife Department, 

Texas River Authorities, Texas Universities, and the National Park Service. Finally, I 

conducted a Google web search to exhaust any remaining EE programs that might not 

have been associated with the organizations listed above. The following key terms were 

searched in varying combinations: Texas, environment, education, EE, nature center, 

river authority, informal, formal, outdoor, museum, zoo, wildlife, and garden.   

Analysis of Responses 

Analyses consisted of basic frequency statistics for each survey component. Both 

averages and medians were used to describe the data collected; however, medians better 

represent the sample. Most averages were inflated because of large ranges – some 

organizations operate at a very high capacity. Sample sizes vary according to each 

characteristic because program directors were given the choice to answer or skip 

questions. Comparisons were made between and within select survey components. The 

data was not able to meet the assumptions of parametric analyses; therefore, non-

parametric tests were used to make inferences about the data (Siegel 1957).  
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Spearman’s rho (rs) was used to identify relationships among components, while 

Kruskal-Wallis (H) was used to identify differences among components according to 

organization type (i.e. private, state, federal, municipal, university, river authority). If 

significance was found using Kruskal-Wallis, pairwise comparisons between 

organization type were conducted using Man-Whitney U with Bonferroni correction. All 

within component comparisons were conducted according to organization type because 

differences between types of organizations were assumed to be responsible for many of 

the characteristics studied (e.g. funding, formal programming, staffing, etc.). This was not 

meant to differentiate and isolate these organizations, but instead, to illustrate 

characteristics of organizations in hopes of developing relationships and partnerships that 

can work together to increase the prevalence and effectiveness of EE programs statewide. 

This project resulted in a large data set with the potential for multiple analyses. To 

present the information in an organized and useful fashion, I report the descriptive 

statistics for each component and select inferential statistics between and within 

components. All quantitative analyses were conducted using PAWS Statistics 18 

software, formerly known as SPSS. Human subjects approval was granted by Texas Tech 

University’s Institutional Review Board (#502482).  

 

Results and Discussion   

I identified 237 currently operating EE organizations within the state of Texas. Of 

these organizations, 82 participated in the study (a 35% response rate). This is a 

comprehensive assessment, but it is not all-encompassing. The 237 organizations are but 

a portion of the organizations that offer EE within the state, for example, many city 

departments (e.g. Parks and Recreation) have EE programs that are not listed online and 

therefore could not be identified. Also, there may be other important organizational 

characteristics that were not identified. This study represents the first attempt to record 

the diversity of EE in Texas and will need to be improved for subsequent studies. Below I 

outline results of the following criteria: organization and visitor demographics, pedagogy 
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and curriculum, NAAEE guidelines, operations, assessment, and sustainability. Results 

are organized by research question. 

RQ1. What are the demographic characteristics of Texas EE programs? 

Organization Type and Location (n=82). Thirty-one percent of organizations 

were run by private agencies (25), 48% by government agencies (21 state, 9 federal, and 

9 municipal), 12% by universities, 7% by river authorities (6), and 2% by private camps 

(2). Based on the initial database of 237 organizations, 58% of EE programs were 

associated with some kind of government agency (64 state, 28 federal, and 46 municipal). 

The majority of organizations that responded to the survey were located in the Prairie and 

Lakes region (27%) or the Gulf Coast region (20%) (Figure 1A, Appendix B). A larger 

number of EE organizations would be expected in areas that are densely populated 

(Figure 1B). 

Visitation Rate (n=76). The 2009 visitation rates ranged from 200-750,000, with 

an average of 39,417and a median of 6,000 (Figure 2, 3).  Assuming that each of the 237 

organization serves 6,000 visitors per year, then 1,422,000 (6%) Texans are participating 

in EE programming on a yearly basis (based on the U.S. Census Bureau’s (2010), 

estimation of 25,145,561 Texas residents).  

Organizational Funding (n=61). The annual budget for each organization ranged 

from $0-$2,000,000, with an average annual budget of $102,870 and a median of $7,500 

(Figure 3, 4). If each organization is serving 6,000 people at $7,500 per year, then 

approximately $1.25/person is being spent annually by EE organizations. Organization 

types had vastly different budgets for education in 2009, H(5,59)=22.85, p<.001 (Table 

2). Private ($120K) and university ($95K) organizations had much higher budgets than 

state organizations ($1K). The lack of funding for EE programming has been a serious 

problem in the past (NEEAC 1996) and there are several organization types in Texas in 

which funding remains a serious problem (Figure 3B).     



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

48 
 

Visitor Age Groups (n=69). Thirty-seven organizations (45%) primarily serve K-

12 students. Twenty-seven (33%) primarily served age groups other than K-12 (i.e. 

college, adult, general public), and 5 (6%) catered to an equal amount of both age groups. 

According to the US Census Bureau (2010), there are 4,878,238 people between the ages 

of five and eighteen living in Texas, representing the K-12 population. If 45% of EE 

organizations primarily serve K-12 students, then we can assume that 639,900 students 

are involved in EE programming yearly (based on 237 organizations serving 6,000 

people per year). That is approximately 13% of the state’s K-12 population. Coyle (2005) 

reported that 95% of Americans support EE in schools, and 85% agree that government 

agencies should support the development and implementation of EE. Yet, with 13% of K-

12 students and only 6% of the entire state population being exposed to EE per year, 

Texas is not meeting those demands.  

Visitor Gender, Race/Ethnicity, and Socio-Economic Grouping. Fourteen 

organizations reported information on patron gender, while 66 programs indicated that 

they do not collect this type of data. Of those 14, the percentages of male and female 

visitors were equally represented. Sixteen programs indicated that they primarily served 

Hispanic and Caucasian populations, while 62 did not collect information on 

race/ethnicity. Only 10 organizations provided socio-economic information. Five of those 

organizations reported that the majority of their visitors were considered low income (< 

$30K/year) and the other five reported to primarily serve middle or high income visitors.  

Overall very few organizations collect demographic information on their 

participants. This could be due to a lack of resources or the logistical inability to collect 

this information. Additionally, most of the programs offered are likely to be implemented 

during a short period of time with a variety of different visitor types, making it hard to 

collect demographic data.  The NEEAC (1996) argued that important audiences were not 

being adequately reached by EE programs (e.g., people of color, low-income populations, 

and non- English speakers). The Texas population is estimated to double by 2050 (Texas 

State Data Center, 2012), most of who will be Hispanic and living in urban areas. To 

prepare for these changes in demographics, organizations need to make collecting 
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information on race, socio-economic status, and gender a priority. The Texas Parks and 

Wildlife Department represents a good example of an organization that is trying to 

provide activities and facilities that are conducive to all demographic groups. To 

determine how to increase visitation rates of Hispanics, Texas Parks and Wildlife hosted 

a focus group. They determined that developing large-group camping sites in their parks 

would increase usage because many Hispanics prefer to camp as a multigenerational and 

extended family unit. 

RQ2. What curricula and pedagogical characteristics are most common among 

Texas EE programs? 

Number of Educational Programs (n=70). The number of educational programs 

delivered by each organization ranged from 3-150. The average number of programs 

offered was 28 with a median of 19. This indicates that the majority of organizations 

offer fewer than 20 educational programs on a yearly basis. The number of educational 

programs offered in 2009 was different among organization types, H(5,68)=11.13, p<.05 

(Table 2). Private organizations (30) had a higher number of educational programs than 

university organizations (15). 

The number of education programs reported was distorted by the interpretation of 

the word “program”. The survey question stated, “How many educational programs does 

your organization offer? Please provide us with the number of programs including all in-

class lectures, interpretive trails, recreational programs, experiments, night hikes, lesson 

plans for school teachers, etc.” This was confusing for program directors because it did 

not specify the difference between the program itself (e.g., a curriculum unit) and the 

frequency in which the programs were implemented. For example, 150 programs were 

reported by a small state park. It is doubtful that this small park had 150 different 

curriculum units, more likely, they implemented 150 total programs in 2009. Future 

research in this area should better define “program” so that more accurate results are 

collected. 
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Number of Education Programs Conducted Outdoors (n=71). A range of 1-

220 outdoor educational programs are conducted, with an average of 23 and a median of 

13. Based on the medians, 72% of Texas EE programs are conducted outside. 

Considering that land in Texas is 94% privately owned (Texas Environmental Profiles, 

2001), it is encouraging to know that three quarters of EE programs are being conducted 

in outdoor settings. Future research should differentiate between the frequency of outdoor 

learning in natural and built environments.  

These results could also be misleading. The question stated: “How many of your 

education programs are conducted outside?” This question assumed that the number of 

outdoor programs were a subset of the total number of educational programs. The 

organization that reported conducting 220 outdoor programs also reported 80 educational 

programs. This suggests that the program director interpreted the question in a way that 

was not intended. It is likely that this organization reported all outdoor activities (e.g., 

hiking, fishing, bird watching) and not those that had an EE component. Although these 

numbers are high, they were reported by a state-wide organization and are likely an 

accurate representation of their programs. In the future, survey questions should be 

simply stated with clear examples to obtain more accurate data.  

Formal/Informal Programming (n=72). Twenty-seven organizations (33%) 

primarily conducted formal education programs, while 38 (46%) conducted mostly 

informal programs (Figure 5). Seven organizations reported using an equal number of 

both formal and informal programming. Both formal and informal programs are 

necessary for improving EE nationwide. The NEEAC (2005) has recommended that the 

National Office of EE create legislation that institutionalizes EE across the country, 

therefore enhancing EE within K-12 education. The NEETF (2001) reported that EE 

should extend beyond the classroom, emphasizing the importance of informal programs. 

To create environmental stewards, EE programs and organizations need to become more 

adept in both formal and informal educational sectors. Providing bridges that link formal 

and informal programs found in different organization types is necessary for the success 



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

51 
 

of state and local EE initiates (NEEAC 1996), and databases provide a tool to bridge 

these programs. 

Internally/Externally Developed Curricula (n=72). The majority of 

organizations (69, 84%) reported to primarily use curricula that were developed internally 

by their staff. One organization mainly used external curricula and two reported using an 

equal number of both (Figure 5). Regardless of organization type (e.g., state, private), 

they all primarily used internally developed curricula to educate their visitors. This 

indicates the majority of organizations that participated in this study use curricula 

developed by their employees. Creating a sense of place has been identified as an 

important component for developing environmental stewards within a specific region, 

and using internally developed curricula is essential for place-based programs. However, 

national EE curricula should be used in addition to individual organizations’ curricula 

because they provide learning experiences that can be assessed at a large scale. For 

example, Texas students who partake in Project Learning Tree curricula could be 

compared to New York students who have had the same learning experiences. National 

curricula provide a unique opportunity for assessment across different programs, regions, 

and even countries that place-based curricula would not. 

Active/Passive Learning Strategies (n=72). Sixty-one (74%) organizations 

reported to primarily use active learning strategies, while nine primarily used passive 

learning strategies and two reported to use equal numbers of both. All organization types 

(e.g., state, private) primarily focused on active learning strategies to educate their 

participants (Figure 5). Among the active learning strategies provided in the survey, most 

organizations used experiments and group discussions to engage students with EE 

material (Appendix C).  

Recreational Programming. In Texas, the most common recreational activity 

used by EE organizations was hiking (68%, Appendix E). Similarly, 70% of 

organizations reported using interpretive trails as a common educational approach 

(Appendix D). The word “interpretation,” like program, refers to a wide array of 
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educational experiences, from signage along an unguided hiking trail to a park ranger’s 

discussion of a historical landmark. Therefore, it is unclear whether hiking programs are 

guided (e.g., park ranger, interactive phone app) or unguided. The second most common 

recreational activity included water sports such as fishing, kayaking, and canoeing. 

Similar to hiking, it is unclear whether these recreational activities are guided or not. In 

most cases, recreational equipment is rented or checked-out to the visitor with no addition 

information on environmental topics or issues. However, this is not the case for the Texas 

Paddling Trails established by the Texas Parks and Wildlife Department (2013). Each 

river trail has a website that describes local wildlife, ecology, historical landmarks, and 

provides information on stewardship. I would argue that these trails are guided because 

the website offers information on environmental topics, and the visitor can take this 

information with them as they paddle and explore the river. Recreation and outdoor 

experiences, especially those that are guided, provide a powerful tool for achieving 

educational goals and developing environmental stewards (NEETF, 2000).  Future 

research should differentiate between guided and unguided recreational and outdoor 

programs.  

Biotic Features Used in Education. Each organization was asked to list five 

biotic features that were found in their region and commonly used in their education 

programs. The most common biotic features used in EE were: 29 (35%) plants, 25(31%) 

amphibians and reptiles, 21 (26%) birds, 21 (26%) mammals, 21 (26%) invertebrates, and 

7(9%) fish. It is puzzling that the second most common recreational activity in Texas EE 

programs was fishing and the least common organism used for teaching was fish. This 

suggests that organizations are using fishing programs to get people outdoors but that 

these programs probably do not have an EE component. 

Factors that Influence Outdoor Programming. Weather conditions were most 

commonly reported as having a negative impact on outdoor programming (43, 61%), 

while support from an organization’s overseeing entity (e.g., government, private, 

university) was most commonly reported as having a positive impact (44, 62%) 

(Appendix F). These results are similar to previous research in some respects, and 
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contrary in others. Dyment (2005) identified five barriers to outdoor learning: student 

safety, teacher confidence, state standards, few resources, changes within educational 

sector like large classrooms. Dillon et al. (2005) identified four barriers: risk, funding, 

time, and resources. Similar to previous research, Texas organizations found safety, 

group size, time, and funding to be negative factors for outdoor learning. Contrary to 

previous research, organizations reported that teacher confidence, state standards, and 

resources had a positive effect on getting students outside to learn. These factors will 

vary according to organization type and region, which emphasizes a need for regional and 

state EE offices – a central hub for information regarding EE. Regional offices could help 

individual organizations to overcome these barriers by focusing on solutions to factors 

like safety, group size, time, and funding. 

RQ3. Do Texas EE programs know about the NAAEE national guidelines and are 

these guidelines being implemented? (n=71) 

Twenty-eight (34%) organizations incorporated NAAEE guidelines into EE 

programming, 26 (32%) did not use national guidelines, and 17 (21%) organizations were 

not aware that there were national guidelines for EE. Individual NAAEE guidelines and 

organization responses are detailed in Appendix G. The vast majority of organizations 

agree that their programs incorporate NAAEE guidelines, regardless if they were aware 

of them or not. This indicates that most EE organizations in the state are at least aware of 

national standards and may be incorporating some of them into their programs. The 

Texas EE Partnership (2006) has recommended that Texas adopt the NAAEE guidelines 

as educational standards, but this partnership has no regulatory ability to institute 

implementation.  These guidelines need to be incorporated into the formal learning 

standards for Texas. Doing so would provide professional development for EE program 

directors, funding to implement EE programming, a certification program for teachers, a 

network of organizations, and information on best practices. 

 

 



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

54 
 

RQ4. What are the basic operational characteristics of Texas EE programs? 

Acreage (n=64). The property size at which Texas organizations conduct their 

mission to implement EE programming ranged from 1.6 to 801,163 acres with an average 

of 21,186 and a median of 300 acres (Figure 3, 6). The amount of acreage for 

organization type differed, H(5,62)=20.98, p<0.01 (Table 2). State organizations (1,038) 

had more acreage than private organizations (100). Total acreage reported by 64 

organizations was 1,355,887 which is 0.8% of Texas’ land area (of 168,217,600 total 

acres, U.S. General Services Administration, 2004). Texas land is 94% privately owned 

(Texas Environmental Profiles, 2001), therefore most of the public land is unaccounted 

for in this survey. Federal, state, and municipal parks account for the majority of public 

land in Texas. Even though land in Texas is mostly private, organizations did not identify 

land availability as a negative factor for getting students outside to learn about the 

environment.  

This study represents a small sample of EE organizations in Texas and much of 

the land used for EE programming is not accounted for. By institutionalizing EE with the 

K-12 education system, more public and private land could be used to develop and grow 

EE programs across the state. Research shows that students who learn outdoors are 

healthier (Maller et al., 2008), more cooperative (Burdette, 2005), more creative (Kellert, 

2005), more confident (Floriani & Kennedy, 2008), better problem-solvers (Kellert, 

2005), better performers on academic tests (Lieberman & Hoody, 1998), and self-

disciplined (Burdette, 2005). Therefore, this discipline needs to be infused into formal 

education standards. 

Educators (n=68). Sixty-nine programs reported having a range of 0-45 

educators, with one Boy Scout council reporting 500 educators. The average number of 

educators was 14 with a median of three.  The number of educators for each organization 

type differed, H(5,67)=12.76, p<0.05. Private organizations (11) had more educators than 

state organizations (2). The majority (39, 48%) of organizations employed paid educators 

who were not certified Texas teachers. Thirteen programs (16%) reported that their 
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educators were paid and had Texas teaching certificates. Fourteen (17%) programs 

reported to primarily use volunteers. All organization types, except municipal, mostly 

employed teachers that were not certified. Equal numbers of municipal organizations 

reported to employ certified and uncertified teachers.    

Environmental education is not regulated at the state level, therefore, teachers are 

not required to be certified or have any kind of additional training. The use of mostly 

non-certified teachers or volunteers may relate to the preponderance of informal 

programs (46%) offered by EE organizations. The state would benefit from incorporating 

EE into pre-service and in-service teacher professional development; however, this will 

only be accomplished if Texas incorporates EE into state education standards. The TEEP 

attempted to implement a teacher certification program, but without support from the 

state, it did not come to pass. Texas reported to have coordinated teacher in-service for 

EE in 1995 and 1998 (Kirk et al. 1997, Ruskey et al. 2001); however, a current web 

search could not verify that this is still in practice (Table 1). The NEEAC (1996) suggests 

that teacher training is one of the most cost effective initiatives for enhancing EE 

nationwide. Environmental education must be part of K-12 standards so that teacher 

training and certification can be used as a tool to increase stewardship amongst Texas’ 

growing population. 

Fees (n=71). Organizations reported to have relatively equal numbers of programs 

that required a monetary fee for participation (23, 28%) and programs that were free (22, 

27%). Twenty-six (32%) organizations reported that they incorporate both paid and non-

paid educational programs. The majority of private organizations required a fee for EE 

programs, whereas the majority of government organizations provided free programs. 

RQ5. Are Texas EE programs being assessed? How? (n=72) 

The majority (40, 56%) of organizations assessed some of their educational 

programs but not others. Fifteen organizations assessed all their programs while 17 did 

not assess any. Of the organizations that assessed their programs, observational 

techniques or questionnaires were used most frequently. Nine organizations kept track of 
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their K-12 visitors’ state standardized test scores. Assessment is an essential tool for 

organizational performance, effectiveness, and program growth. Niedermeyer (1992) 

argued that EE program effectiveness was difficult to determine without proper 

assessment. The NEEAC (2005) argued for the development of a framework and tools to 

assess the effectiveness of EE programs to build a cumulative body of information in the 

field. Carleton-Hug and Hug (2010) stated that EE organizations could do more to 

evaluate their programs and suggested the use of free online publications from the 

NAAEE to aid the evaluative process (e.g., Using a Logic Model to Review and Analyze 

an Environmental Education Program, Marcinkowski 2004). The literature clearly 

defines the need for proper assessment and evaluation of EE programs for the field to 

grow, but nearly half of the programs in Texas are not being assessed.  

In 1998, Texas indicated its intentions for developing standardized EE assessment 

tools (Ruskey et al., 2001); however, this has not been implemented (Table 1). Moreover, 

the assessments currently being used by organizations may not be high quality (i.e., 

observations and questionnaires). This provides a much needed research opportunity to 

develop a framework for evaluating EE programs across different types of organizations 

which use various educational methodologies. Additionally, a comparative study on the 

nine organizations that keep track of K-12 standardized test scores would elicit important 

information comparing curricula and pedagogical techniques as they relate to statewide 

assessment tools. In order to ensure quality assessments, EE should be incorporated into 

state learning standards. 

RQ6. Are Texas EE programs implementing sustainable practices? (n=70) 

The average sustainability score for all organizations was 6.5 with a median of 6 

(possible scores ranged from 0-12).  This indicates that most organizations practiced half 

of the sustainability activities listed in the survey. No differences were found among 

organization types (Figure 7). When asked if their organization taught sustainability 

through demonstrating sustainable behaviors (e.g., recycling, water capture system), 91% 

said that they usually (36) or sometimes (28) modeled sustainable behaviors. Only four 
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organizations reported to model unsustainable behaviors and two reported that they did 

not know (Appendix H).  

Given that EE is an essential discipline necessary for developing environmental 

stewards (NEEAC 2005), it is crucial that organizations incorporate sustainable practices 

into their curricula as well as their operational and management plans. Possible reasons 

why some organizations are not able to participate in sustainable actions include: cost, 

policy, time and logistics, overseeing agency, staffing and training, and leadership buy-in. 

Future studies on sustainable EE organizations should address these issues along with 

solutions that would allow organizations of all types to increase sustainable activities.  

RQ7. Are there relationships among specific program characteristics? 

Relationships exist among many EE program characteristics (Table 3). These 

relationships likely have confounding variables and will require future studies to conduct 

more thorough analyses, for example, multivariate regression and cluster analysis. Below 

I discuss the relationships among specific program characteristics.  

Visitation Rate and Funding. A positive relationship was found between 

visitation rate and funding, rs(60)= 0.38, p<.01. More funding allows for high quality 

materials, highly trained educators, and a variety of programs likely to attract more 

visitors. Highly funded organizations can also hire professionals to improve advertising 

initiatives and increase visitation rates. On the other hand, visitation rates could be the 

independent variable within this relationship. By having more people participate in an 

organization’s programs, it might be able to acquire more funding from its overseeing 

agency. For example, if a federal park can show that visitation rates have steadily 

increased over time, the federal park service may be willing to increase their budget for 

education. Regardless of which variable drives the other, EE organizations need to 

increase both funding and visitation rates. An increase in funding will allow for higher 

quality programming, higher visitation rates and potentially increasing environmental 

literacy and environmental stewards.   
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Visitation Rate and Education Programs. Visitation rate was positively 

correlated with the number of educational programs, rs(67)= 0.48, p<.001. Increasing the 

number of programs could lead to higher visitation rates or higher visitation rates could 

lead to more programming. This relationship is likely mediated by funding and has the 

ability to support high quality programs and meet the education and recreation needs of 

many visitors. This relationship could also be affected by an organization’s attraction 

features, for example, a scenic area, kayaking in the river, an endangered bird species, or 

a historical site. People hear about these features and visit the EE organization; once 

there, the visitors experience quality programs which cause them to return. And lastly, the 

relationship between visitation rates and number of programs could be affected by an 

organization’s mission and the population they want to serve. For example, the Fort 

Worth Museum of Science and History serves over 650,000 people within a large city 

using 30 different programs. On the other hand, Hutchinson County Historical Museum 

serves a rural area and had 5,000 visitors in 2009 with 7 educational programs. 

Funding and Acreage. A negative relationship was found between acreage and 

funding, rs(53)= -0.33, p<.05. In this relationship, funding could determine the amount of 

acreage an organization has, or acreage could determine funding. Organization types 

were different in their amount of funding and acreage suggesting that underlying factors 

influence this relationship, for example, legislation. In 1995, Texas residents voted to 

support the state park system by enacting a sporting goods tax; however, the majority of 

funds generated from the tax go into a general account (General Appropriations Act). In 

2008, the Texas park system received $98M from the sporting goods tax, less than half of 

the amount they should have received, while over $117M was placed in general funds 

(Joint Legislative Task Force on the Use of the Sales Tax on Sporting Goods, 2009). 

Even though the Texas park system has ample land for conducting outdoor programs 

(about 1,000 acres each), these parks are not well funded for education (about $1K/year, 

Appendix I). Limited budgets for state parks are primarily spent on salaries and 

maintenance, leaving little for education programming. Private organizations, on the 

other hand, are funded through individual donors and grants. These organizations have 
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more money to conduct educational programming (about $120K/year), but tend to be 

limited in the amount of land available to conduct outdoor programs (about 100 acres, 

Appendix I).  

 

Limitations 

 This study represents the first state-wide, quantitative, comprehensive assessment 

of EE organizations and programs and provides valuable information for EE in Texas. 

Possible limitations include: a small response rate of organizations and a few somewhat 

ambiguous survey items. Response rate for this survey was 35%, which is an acceptable 

rate, but not all organization types were well represented. Only nine municipal 

organizations responded to the survey, and that number is proportionally low because 

most cities have a Parks and Recreation department that implement EE programming. 

Also, the survey item which asked about the number of programs was ambiguous and 

could have referred to the number of curriculum units or the frequency in which the 

programs were implemented. 

Recommendations 

Each EE organization in Texas represents an “island” in which people can learn 

about environmental topics and participate in nature activities. Given that the climate is 

warming, ecosystems are changing, the human population is growing, and our natural 

resources are becoming more limited, these islands play a crucial role in the development 

of environmentally literate citizens who practice stewardship. An informed citizenry is 

responsible for identifying environmental problems, developing solutions, and 

implementing sustainable practices. Organizations in Texas are working hard to provide 

high quality EE programs, but much can still be done to increase EE in the state. Only 

6% of Texas residents and 13% of Texas’ K-12 students are partaking in EE 

programming, therefore, we need to increase the prevalence of EE in formal and informal 

education. Formal education programs can be increased by passing legislation that 
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incorporates EE into the state learning objectives (Texas Essential Knowledge and Skills) 

and will reach K-12 students. Requiring formal EE programs will in turn increase the 

prevalence of informal programs and therefore reach the general public. Based upon this 

analysis, the results of Kirk et al. (1997) and Ruskey et al. (2001), and the literature 

(NEEAC, 1996, 2005; NEETF, 2001; Coyle, 2005), I make recommendations for 

improving EE for Texas (Table 4). 

 

Conclusions 

Environmental education is in need of a comprehensive analysis of the large 

diversity of EE organizations and program to evaluate the field and create high quality 

programs (NEEAC 1996). One way to address this is to use databases which provide a 

powerful tool for increasing knowledge and research within EE. Databases allow 

researchers to deposit, retrieve, and analyze data so that comparisons can be made across 

different populations and theories can be tested using longitudinal data. Theories provide 

a critically important guide for directing high quality research and are vital to the 

development and advancement of all academic disciplines (Parsons 1938). Other 

disciplines, such as medicine (Lal et al., 1999; Mari, 2005), have benefited greatly from 

databases that are efficient, public, and comprehensive. 

 This study represents the first comprehensive survey of Texas’ population of EE 

organizations. It provides a basic framework for other researchers to critique and build 

upon as they begin to survey EE organizations in their regions and states. Ultimately, 

criteria should be standardized so that national comparisons can be made. Practical 

applications for a state and even national database include: a quick resource for 

researchers who are interested in comparing specific program characteristics; a collection 

of information in which to build quality programs and identify best practices; and 

comprehensive and longitudinal data for testing theories. This database builds the initial 

bridge that links organizations across the state and will hopefully catalyze efforts to 

further develop a comprehensive statewide EE program in Texas.  
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Table 3.1. Texas results for EE state-wide criteria from 1995 (Kirk et al., 1997), 1998 
(Ruskey et al., 2001), and a web-based search in 2013. 

Criteria and Respective Components 1995 1998 2013 
Program Components 
State EE Master Plan   * ? 
K-12 EE Instruction Requirement   *  
Coordinated Teacher In-service for EE  X X  
EE Teacher Certification   * ?  
State EE Curriculum Guide    X   
EE Learning Objectives   * X  
State Supported EE Grant Program     
EE in State Assessment   *  
New Program Components Surveyed in 1998 
Train-the-Trainers of K-12 Educators  X  
Train-the-Trainers of Nonformal Educators  *  
Train-the-Trainers of University Faculty  *  
Annual EE Conference  X X 
State-Wide EE Workshops  X  
EE Correlations to State Standards  *  
EE Model Schools  X  
Structure Components 
State EE Advisory Council  X X X 
State EE Office   *  
Regional EE Offices  X *  
State Interagency EE Committee  X X X 
State EE Association  X X X 
Computerized EE Networking System  X X  
Funding Components 
Funding Sources for EE     
EE Trust Fund  X X ? 
An “X” indicates that these components were in place when the survey was conducted, while an asterisk 
indicates that the criteria were in the process of being developed. The information for 2013 was determined 
through a web-base analysis. A “?” indicates that the information can be found online but there is no 
evidence that the criteria are implemented.  
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Table 3.2. Differences between organization type (i.e. private, state, federal, municipal, 
university, and river authority) and specific program characteristics. 

Characteristic Difference between 
Organization Type Pair-wise Differences (Median) 

Visitation Rate NS  

Funding H(5,59)=22.85, p<.001 Private ($120K) & State ($1K) 
State ($1K) & University ($95K) 

Education Programs H(5,68)=11.13, p<.05 Private (30) & University (15) 
Outdoor Programs NS  
Acreage H(5,62)=20.98, p<.01 Private (100) & State (1,038) 
Educators H(5,67)=12.76, p<.05 Private (11) & State (2) 
NS = Not Significant 
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Table 3.3. Relationships among specific program characteristics. 

Characteristic Visitation 
Rate Funding Education 

Programs 
Outdoor 

Programs Acreage  Educators 

Visitation 
Rate ---      

Funding rs(60)= 0.38, 
p<.01 ---     

Education 
Programs 

rs(67)= 0.48, 
p<.001 NS ---    

Outdoor 
Programs 

rs(68)= 0.31, 
p<.01 NS rs(70)= 0.80, 

p<.001 ---   

Acreage NS rs(53)= -0.33, 
p<.05 NS NS ---  

Educators NS rs(54)= 0.37, 
p<.01 

rs(64)= 0.34, 
p<.01 

rs(65)= 0.33, 
p<.01 NS --- 

NS – Not Significant 
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Table 4. Recommendations for improving EE in Texas and their associated benefits. 

Suggestion Benefit 
Individual Organizations   
    Increase Visitation Rates 
through quality programming 
 

• Increasing visitation rates will increase the potential 
number of environmental stewards in Texas 

    Use focus groups and 
surveys to identify and 
address barriers for certain 
demographics  

• People of all races, genders, and socio-economic 
groupings will benefit from EE 

    Implement national EE 
curricula (e.g. Project 
Learning Tree) and assess 
students 

• Determine what pedagogical strategies help different 
demographic groups learn 

• Provide data for comparisons across different 
organization types to see if students have similar 
outcomes 

    Design and implement 
more outdoor EE programs 

• Studies show that being outdoors improves health, 
confidence, self-esteem, creativity, cooperation, 
problem-solving, self discipline, and academic 
scores 

    Advertise guided and 
unguided EE experiences 

• This will help visitors to choose they type of 
program they are interested in and therefore increase 
visitation rates 

    Advertise biotic, scenic, 
and historic features 

• Increased visitation rates  

    Develop high quality 
instruments for assessment 

• A few well developed assessments can indicate if 
learning outcomes are being met 

• Assessments can be used to determine overall 
effectiveness and growth of the organization 

• Build a cumulative body of information on best 
practices 

    Implement sustainable 
actions into organization 
curricula and operations 

• By demonstrating sustainable behaviors, 
organizations will have a stronger influence for 
changing visitor behaviors 

• Implementing programs that teach sustainability will 
increase stewardship in visitors 
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Table 4. Continued. 

Suggestion Benefit 
Regional 
    Develop Children in Nature 
initiatives in your region 

• Increase nature experiences among youth which will 
increase environmental literacy and stewardship 

    Develop regional EE 
offices 

• Provide individual organizations with information 
on best practices, curricula, funding, etc 

• Be an intermediary between individual EE 
organizations and state organizations like TAEE, 
TEEAC, TEEP, TEA 

State-wide 
    Incorporate EE into TEA 
education standards 

• Improve teacher training 
• Improve EE material quality 
• Provide an avenue for assessment 
• Institute state and regional offices for EE 

    Develop state EE offices • Provide individual organizations with information 
on best practices, curricula, funding, etc 

• Be an intermediary between individual EE 
organizations and state organizations like TAEE, 
TEEAC, TEEP, TEA 

    Developing funding 
programs 

• Provide yearly grants 
• Improve program quality by allowing for better 

materials and trained educators 
    Incorporate EE into pre-
service and in-service teacher 
training 

• This is one of the most cost effective and efficient 
methods to enhance EE 

• Better trained educators 
TEA – Texas Education Agency, TAEE – Texas Association for Environmental Education, TEEAC – 
Texas Environmental Education Advisory Council, TEEP – Texas Environmental Education Partnership 
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Figure 3.1. A) Texas ecoregions B) Texas population density – darker colors represent 
more dense counties (U.S. Census Bureau, 2010 ). 
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Figure 3.2. Visitation rates for different types of EE organizations in 2009. 
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Figure 3.3. Box plots of organization type according to visitation rate (A), budget (B), 
number of programs (C), number of outdoor programs (D), acreage (E), and number of 
educators (F). The plots represent the minimum value, lower quartile, median, upper 
quartile, and maximum value. Outliers are indicated by circles and stars; extreme outliers 
were excluded to better depict the spread of the data. 
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Figure 3. Continued. 
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Figure 3. Continued.
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Figure 3. Continued. 
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Figure 3. Continued.
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Figure 3. Continued. 
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Figure 3.4. Education budgets for different types of EE organizations in 2009. 
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Figure 3.5. Distribution of organizations using formal/informal programming, 

internal/external curricula, and active/passive learning strategies. 
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Figure 3.6. Acreage according to organization types. 

 

 

  

0

1

2

3

4

5

6

7

8

Private Federal State Municipal University River
Authority

# 
O

rg
an

iz
at

io
ns

 

Organization Type 

>1 Acre

>10

>100

>1,000

>10,000

>100,000



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

83 
 

Figure 3.7. Average sustainability score for each organization type (mean +/- 95% CI) 
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CHAPTER 4 

Role of Nature Experiences in Environmental Literacy of College Majors: A Case 

Study of Texas Tech University Undergraduate Students 

 

Abstract 

As the world population continues to increase and natural resources become 

limited, environmental education in universities play an essential role in developing 

environmentally literate citizens who are capable of understanding and voting for sound 

environmental policies. This assessment measured the EL levels (familiar knowledge, 

factual knowledge, attitude, behavior) of undergraduates and their exposure to nature 

experiences throughout four stages (childhood, adolescence, college, adulthood). 

Measuring environmental literacy on a scale of 0-100%, undergraduate students scored 

52% indicating that they are not environmentally literate. Students had somewhat high 

attitudes (63%) but low levels of familiar knowledge (40%), factual knowledge (56%), 

and behavior (44%). Students who participated in nature experiences during all life stages 

had significantly higher environmental literacy scores than those who did not. College 

years are brief and formative; therefore, environmental education should be infused 

within university curricula in order to increase EL levels of students, our future policy 

makers, voters, businessmen, and teachers. 

 

Purpose Statement 

 Since the industrial revolution, unprecedented large and rapid increases in fossil 

fuel consumption and deforestation have increased global temperatures and are 

responsible for changing ecosystems worldwide. This dramatic change in global climate 

coupled with the exponential growth of human population is changing the way in which 

we view and use our natural resources. Yet, with the great number of impending 
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environmental threats, the U.S. population is largely ignorant and misinformed. Millions 

of U.S. adults think the ocean is a source of fresh water, spray cans have 

chlorofluorocarbons, and disposable diapers are the leading problem with landfills 

(Coyle, 2005). Educating people about environmental issues and natural resources is vital 

for creating environmental stewards, knowledgeable voters, and a foundation for 

sustainability as resources become more limited. 

Universities play an integral role in developing an environmentally literate 

citizenry. The National Science Board (2010) has endorsed education as a way to 

increase our nation’s human capital, the economic value of a populations’ knowledge and 

skills. The National Research Council of the National Academies (2009) has identified 

higher education as an essential tool for economic competitiveness in a global society. 

Additionally, Kempton et al. (1995) showed that people with higher levels of education 

tend to have higher EL levels. Undergraduate students who become environmentally 

literate during their college years will use those skills as an adult, voting for policies and 

legislators that can have a profound effect on the environment. Because these educational 

years are brief and formative, this time should be used wisely. Therefore, an argument 

can be made to infuse environmental education throughout higher education to increase 

our human capital and develop environmental stewards. In this study, I assess Texas Tech 

University (TTU) undergraduates on the following variables: EL scores, demographic 

variables that are known to affect EL levels, and nature experiences that can influence 

stewardship. Based on the results and analyses of these variables, I provide a plan for 

increasing EL among undergraduates in U.S. universities and worldwide. This study 

provides novel information for the field because it is a large scale view of EL in terms of 

sample size, academic major, demographic variables, and nature experiences throughout 

students’ lives. 
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Review of Literature 

Environmental Literacy – Definition and Components  

The North American Association for Environmental Education (NAAEE, 2011) 

defines EL as “the knowledge and understanding of a wide range of environmental 

concepts, problems, and issues, a set of cognitive and affective dispositions, a set of 

cognitive skills and abilities, and the appropriate behavioral strategies to apply such 

knowledge and understanding in order to make sound and effective decisions in a range 

of environmental contexts.” Knowledge requires the individual to comprehend and 

analyze information in regards to human and natural systems. Attitude involves beliefs, 

values, and feelings toward the natural environment. Skills refer to the abilities that are 

required to analyze and evaluate environmental problems. Behavior includes individual 

and collective action towards solving environmental problems (Erdogan et al. 2008). 

Knowledge, attitude, skills, and behavior are often identified as essential components of 

EL by experts in the field, but the literature suggests that the framework of EL has not yet 

been solidified (Hungerford & Volk, 1990; Kibert, 2000; Erdogan et al. 2008; McBeth et 

al. 2008; Negev et al., 2008; NAAEE, 2011). 

The underlying theory of EL has not been determined because the literature shows 

that conceptual models vary greatly in terms of components, subcomponents, and linear 

relationships. For example, Kibert (2000), Negev et al. (2008), and Erdogan (2009) used 

a three component model of EL: knowledge, attitude, and behavior. Kibert (2000) and 

Negev et al. (2008) did not include skills as a necessary component of EL, while Erdogan 

(2009) included skills as a subcomponent of overall knowledge. Subcomponents also 

vary greatly, for example, Negev et al. (2008) included awareness as a subcomponent of 

attitude while Erdogan (2009) did not include awareness at all. Models also differ in the 

cause and effect relationships among components. Hines et al. (1986/87) suggested that 

responsible behaviors are the ultimate manifestation of an environmentally literate 

person, while the NAAEE (2011) represented EL as a cycle – knowledge and attitudes 

affect skills that shape behavior, which ultimately feeds back into knowledge and skills. 
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A comparison of EL models is beyond the scope of this paper, but it is important to 

acknowledge the contrasts among components, subcomponents and their relationships. 

One reason for these discrepancies is that EL is highly complex, and therefore, difficult to 

comprehensively measure with a single assessment (NAAEE 2011). Knowledge, attitude, 

and behavior are the most commonly studied components of EL (Hungerford & Volk, 

1990; Kibert, 2000; Erdogan et al. 2008; McBeth et al. 2008; Negev et al., 2008; 

NAAEE, 2011). Many studies show that people express high levels of attitudes toward 

the environment but low levels of knowledge and behavior. This trend is seen among 

Americans (Scott & Willits, 1994; Kibert, 2000; Coyle, 2005), and internationals 

(Diekmann & Preisendorfer, 1998; Connell et al., 1999; Erdogan, 2009). Because of the 

complex nature of EL, I chose to assess knowledge, attitude, and behavior. 

Many variables affect EL levels including demographic characteristics, nature 

experiences, and education. Gender, age, class status, political orientation, and 

rural/urban upbringing can have a profound influence on people’s EL levels (Schan & 

Holzer, 1990; Kempton et al., 1995; Tikka et al., 2000; Kibert, 2000; Ewert & Baker, 

2001; Coyle, 2005; Meinhold & Malkus, 2009). Nature experiences, during childhood 

and adolescence, play an important role in future environmental stewardship (Tanner, 

1980; Chawla, 1999; Wells & Lekies, 2006). Lastly, environmental courses in higher 

education have been shown to increase EL levels among undergraduates (Rideout, 2005; 

McMillan et al., 2004; Smith-Sebasto, 1995).  

Study Site 

Texas Tech University is a liberal arts university which focuses on research, 

education, and service of the sciences and humanities. Texas Tech University’s mission is 

to: “…advance knowledge through innovative and creative teaching, research, and 

scholarship. The university is dedicated to student success by preparing learners to be 

ethical leaders for a diverse and globally competitive workforce. The university is 

committed to enhancing the cultural and economic development of the state, nation, and 

world.” This statement suggests that TTU prepares ethical leaders to increase economic 
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development worldwide. Our economy is based on our natural resources, for example, 

the global economic value of biodiversity is estimated at 11% (Pimentel et al., 1997). 

Even though TTU claims to prepare world leaders, the university may be 

environmentally illiterate, both as an institution and as an undergraduate student body. 

Until recently, TTU has shown unsustainable practices and undergraduate 

students have reported low environmentally responsible behaviors. In the 2008 College 

Senior Survey (Higher Education Research Institute, 2013) administered to TTU seniors, 

a question asked students what they thought about programs that focused on cleaning-up 

the environment. Out of 466 respondents, 27% reported that environmental clean-up 

programs were either very important or essential. Less than one-third of TTU 

undergraduates had favorable attitudes toward clean-up programs, and likely, an even 

smaller portion of those students actually participate in these programs. Coyle (2005) 

surveyed U.S. adults and found that only 9% participated in a volunteer clean-up day, 

suggesting that actual participation in these types of behaviors are low nationwide. Texas 

Tech University has had equally low scores in terms of environmentally responsible 

behavior. In 2009, TTU was one out of eleven schools that received an “F” for 

sustainability on the Sierra Club’s annual college sustainability report. Moreover, the 

university was ranked 135 out of a total 135 schools polled (Sierra Club, 2009). In 2012, 

TTU failed again, ranking 93 out of 96 schools (Sierra Club, 2012). These results suggest 

that TTU may be environmentally illiterate, both as an institution and as an 

undergraduate student body.  

Texas Tech University is slowly becoming more sustainable due to grassroots 

efforts by individual departments. Housing services was responsible for recycling 98 tons 

of waste in 2011. In the last 10 years, the operations department has decreased electricity 

use by 25%. Hospitality Services sponsors a reusable cup program and Parking Services 

uses a paperless ePermit system (Cranford, 2012). Despite having these bottom-up 

initiatives, TTU has yet to establish a top-down approach to EL. Texas Tech University is 

in need of an EL plan, which would facilitate the development of new initiatives campus-

wide and support the growth of programs that are already in place. Before making 
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institution-wide changes, it is important to have a baseline assessment so growth in 

campus EL and sustainability can be accurately measured. This assessment measures the 

EL levels of TTU undergraduates (familiar knowledge, factual knowledge, attitude, 

behavior) and their exposure to nature experiences throughout many life stages 

(childhood, adolescence, college, adulthood).  

Research Questions 

There is a lot of fragmentary information in regards to EL and demographics, 

nature experiences and stewardship, and EL among college majors, but none have 

addressed a comprehensive analysis of all these variables. This study provides a large 

scale view of EL in terms of sample size, academic major, demographic variables, and 

nature experiences throughout students’ lives. It also provides a set of guidelines, from 

the literature and this study, for increasing EL among undergraduates. Research questions 

(RQ) and associated hypotheses (H) that were derived from the literature and are tested in 

this study are identified by citations. My original RQs and Hs are identified by a brief 

rationale. 

RQ 1: Are TTU undergraduates environmentally literate? 

H1. Natural science majors are more environmentally literate than other majors. 

(Smith-Sebasto, 1995; Tikka et al., 2000; Thapa, 2001; Sherburn & Devlin, 2004).  

H2. A student’s EL score will be positively correlated to the number of 

environmentally-related courses they have taken (Robinson & Crowther, 2001). 

RQ 2: Do EL scores differ among demographic variables (gender, age, class status, 

political orientation, and rural/urban upbringing)? 

H1. Males will have higher awareness and knowledge scores, whereas females will 

have higher attitude and behavior scores (Schan & Holzer, 1990; Kempton et al., 

1995; Kibert, 2000; Ewert & Baker, 2001; Coyle, 2005).  

H2. Older students are more environmentally literate than younger students (Kibert, 

2000; Robinson & Crowther, 2001; Coyle, 2005). 
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H3. Juniors and seniors are more environmentally literate than freshmen and 

sophomores because of academic maturation (Kibert, 2000). 

H4. Students with liberal political views are more likely to be environmentally literate 

than students with conservative political views (Sherburn & Devlin, 2004; Kempton 

et al., 1995). 

H5. Students who grew up in rural areas are more likely to be environmentally literate 

than students who grew up in urban areas (Kempton et al., 1995). 

RQ 3: What role does nature experience play in environmentally literate students? 

H1. Students who frequently participated in nature activities during their youth will 

have higher EL scores than those who did not (Tanner, 1980; Chawla, 1999; Wells & 

Lekie, 2006).   

H2. Students who frequently participate in a nature learning experience as a part of 

their college course curricula will have significantly higher environmental literacy 

scores than those who do not. 

H3. Seniors who did not have frequent nature experiences as a child or adolescent, 

but who had frequent nature experiences as part of their college curricula, will have 

significantly higher EL scores than seniors who did not have frequent nature 

experiences in youth or in college. 

 

Methods 

Participants 

 Texas Tech University undergraduate students of all majors were solicited to take 

part in this study through a campus-wide online announcement service called Tech 

Announce. Students were asked to complete an online survey (through Survey Monkey) 

concerning environmental literacy and were incentivized by a chance to win one of two 

$100 gift cards to the store of their choice. The survey was open for three months during 

the spring semester of 2011. I checked the frequency of each email address among the 



Texas Tech University, Jenny Lloyd-Strovas, May 2013 
 

91 
 

surveys to ensure no duplications of respondents, a possible occurrence considering that 

the survey was open and solicited for three months. If students were identified as filling 

out the survey multiple times, any subsequent responses were deleted. Any respondents 

who were not undergraduate students (i.e. graduate students, faculty, or staff) were 

deleted. Human subjects approval was granted by Texas Tech University’s Institutional 

Review Board (#502590).  

Instrument 

The survey was designed to provide a snapshot of EL levels at TTU during the 

spring of 2011. Students were asked to provide self-report data on what they knew 

(familiar and factual knowledge), how they felt (attitude), and how they acted (behavior) 

toward the environment at that moment in time. They were also asked to provide 

information on the frequency in which they participated in a number of nature activities 

at different times in their lives (Table 1.) They retrospectively answered questions 

concerning nature experiences as a child and during adolescence. They also reported on 

how frequently they participated in nature activities as a part of their college curriculum 

and in their personal lives as adults. Therefore, four components of EL (familiar 

knowledge, factual knowledge, attitude, behavior) and nature experiences during four life 

stages (childhood, adolescence, college, adult) were assessed in this study. Below I 

describe the pilot and final instruments used in this study. All analyses were conducted 

using PAWS 18 Statistics software. 

Pilot Survey. The pilot survey was designed from multiple studies (Dunlap & 

Van Liere, 1978; Tanner, 1980; Kempton et al., 1995; Chawla, 1999; Ewert & Baker, 

2001; Coyle, 2005; Meinhold & Malkus, 2005; Wells & Lekie, 2006) and pilot tested in 

302 undergraduate students from a non-majors biology course during the fall semester of 

2010. The pilot survey consisted of 109 items: 15 awareness items (Meinhold & Malkus, 

2005); 22 knowledge items (Meinhold & Malkus, 2005; US Census Bureau, 2011); 21 

attitude items (Dunlap & Van Liere, 1978; Kempton et al., 1995; Ewert & Baker, 2001); 

19 behavior items (Coyle, 2005); and 32 experience items – 8 items for each age group 
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(Tanner, 1980; Chawla, 1999; Wells & Lekie, 2006). The pilot instrument was tested for 

reliability (Chronbach’s alpha) and validity (factor analysis) to determine which items 

were best at discriminating among the various survey components. Items that had low 

Chronbach’s alpha levels or did not load well on their corresponding constructs were 

deleted.  

Final Survey. The final instrument consisted of five survey items for each EL 

component (familiar knowledge, factual knowledge, attitude, behavior) and six nature 

experience items for each life stage: (childhood, adolescence, college, adult) (Table 1). 

Gorsuch (1997) suggested that at least three items per component were necessary for 

factor analysis. I kept five items for each EL component and six items for each life stage 

to make the survey efficient without losing important information. The items included in 

the final instrument had the highest Chronbach’s alpha levels and factor loadings while 

still being theoretically relevant (Appendix J).  

Confirmatory factor analysis (CFA), using maximum likelihood regression and 

varimax rotation, verified that only four components were present for EL. The number of 

components was determined by visually interpreting scree plots. I retained the same four 

components with an eigenvalue greater than one. The assumptions for CFA include: 1) 

random and independent sample, 2) dependent variables are multivariately normally 

distributed, 3) homoscedasticity, and 4) interval or ratio data. The assumption of 

independence is met because each individual only responded to the survey once. The 

sample is representative of TTU undergraduates who: look at Tech Announce emails; 

actively choose to participate in online surveys; are driven by incentives; or are interested 

in environmental issues. Based on bivariate scatter plots, the variables are linearly related 

and no curvilinear relationships exist. The last assumption states that data must be 

interval or ratio in scale. Any Likert-based assessment tool automatically violates this 

assumption because it is not measured on a continuous scale. However, CFA is a valid 

statistical technique because studies show empirical evidence for the use of Likert-scaled 

data when running parametric analyses that assume continuous data (Labovitz, 1967; 

Jenkins & Taber, 1977; Rasmussen, 1989). 
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Computing Scores for Environmental Literacy 

The survey measured four components of EL (familiar knowledge, factual 

knowledge, attitude, behavior) and nature experiences during four life stages (childhood, 

adolescence, college, adult). All items, except knowledge items, used a Likert response 

scale. All components are represented on a six-point scale of 0-5, with 2.5 as a mid-point. 

In the survey, six-point scales were used for attitude, behavior, and experience items, 

therefore no transformations were necessary. To make all components comparable, 

familiar and factual knowledge measurement scales were transformed into a 0-5 scale. 

The familiar knowledge scale ranged from 1-5 and was transformed using the following 

formula: T=[(A-L)/(H-L)]*5. Where T= transformed familiar knowledge score, A= actual 

familiar knowledge score, L= the lowest possible score (i.e. 1), and H= the highest 

possible score (i.e. 5). Factual knowledge items were coded dichotomously – the student 

answered correctly or incorrectly. Since there were 5 factual knowledge items, a total 

score was computed by adding correct responses together.  

Initially, the familiar knowledge component was labeled as awareness. Awareness 

implies a simple consciousness of a subject, whereas knowledge implies understanding a 

subject, whether practically or theoretically. After reassessing the scale that was used, I 

found that the items which were initially labeled as awareness were actually assessing a 

type of familiar knowledge. Students who reported that they could discuss carrying 

capacity with experts in the field would have to be knowledgeable on the subject and 

therefore would have a much more sophisticated level of understanding when compared 

to someone who was just aware of carrying capacity. Therefore, this component was 

calculated with factual knowledge to create an overall cognition score. 

 A composite EL score was computed by giving equal weight to cognition 

(familiar and factual knowledge), attitude, and behavior. Since familiar and factual 

knowledge measure a common construct – cognition – they were computed into a single 

score using a 1:1 ratio (Grob, 1995; Meinhold & Malkus, 2005). A composite EL score 

was computed by giving equal weight to cognition, attitude, and behavior (Kibert, 2000; 
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McBeth et al., 2008; Erdogan, 2009; McBeth, 2011). I report familiar and factual 

knowledge, attitude, behavior, and the composite EL score. I do not report the combined 

cognition because this value can be easily calculated.   

 All EL scores were given a grade based on the following percentage grading 

system: A) 90-100%, B) 80-89%, C) 70-79%, D) 60-69%, and F) 59% and below. Since 

EL was measured on a scale of 0-5 the following scores represent this grading system: A) 

4.50-5.00, B) 4.00-4.49, C) 3.50-3.99, D) 3.00-3.49, F) 2.99 and below. In EL literature, 

both 60% (Kibert, 2000) and 70% (Coyle, 2005; Kaplowitz & Levine, 2005) have been 

used to indicate a passing EL score. There is no steadfast rule for a passing score, so I 

decided to follow Kibert (2000) in using 60% because that is the typical grading system 

used for undergraduate students at TTU. 

RQ 1: Are TTU undergraduates environmentally literate? 

Environmental literacy scores were calculated for all responding majors. In the 

spring of 2011, TTU had a total of 124 undergraduate majors. This total did not include 

“visiting student” or “pre” majors. For example, in the spring of 2011 there were three 

students classified under the “visiting student agriculture” major. Since visiting students 

are here for a limited time, these types of majors were not calculated in the final count. 

Similarly, pre-majors were not included in the total 124 TTU majors. All pre-majors were 

coded as the actual major. For example, all pre-journalism students were classified under 

journalism. All majors that included some kind of professional health-care profession 

(e.g., medicine, dental, etc., not including nursing) were classified under a single major: 

biology – pre-health professional.  

Analysis of variance (ANOVA, F) was used to compare composite EL scores 

between natural science and non-science majors. Natural science majors study the 

physical world and its phenomena. Those majors include: animal science, biochemistry, 

biology, biology – pre-health professional, cell and molecular biology, chemistry, 

environmental conservation of natural resources, geography, geosciences, microbiology, 

natural resource management, physics, range management, wildlife management, and 
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zoology. A Pearson correlation (r) was used to determine if students’ EL scores related to 

the number of environmental courses they had taken while in college.  

RQ2: Do EL scores differ among demographic variables (gender, age, class status, 

political orientation, and rural/urban upbringing)?  

T-tests (t) were used to determine the difference between EL scores based on 

gender (male, female) and upbringing (rural, urban). A Pearson correlation (r) was used 

to determine if there was a relationship between students’ EL scores and their age. 

ANOVAs (F) were used to determine if significant differences existed within class status 

(freshman, sophomore, junior, senior) and political orientation (conservative, moderate, 

liberal). I used unequal variance statistics for all t-tests and ANOVAs (Ruxton, 2006). 

Bonferroni post-hoc tests were used for all ANOVA analyses. 

RQ 3: What role does nature experience play in environmental literacy of students? 

 To determine if nature experiences in youth play a role in undergraduate EL 

levels, I computed the average EL scores for two groups: those who reported to 

frequently participate (fairly often, very often, always) in nature activities during 

childhood and adolescence, and those who infrequently participated (never, almost never, 

sometimes). These scores were compared using a t-test. T-tests were also used to 

compare EL scores of students who frequently (or infrequently) participated in nature 

activities as a part of college curriculum. The last hypothesis determined if frequent 

nature experiences in college increase EL levels of undergraduates who did not have 

prior nature experiences during their youth. This was accomplished by choosing 

participants who were seniors and who had infrequent nature experiences during 

childhood and adolescence. This group was then split into two groups: students who had 

frequent nature experiences as part of their college curriculum and those who did not. 
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Results and Discussion 

Participants 

Initially 2,038 students responded to the survey. Two graduate students responded 

to the survey and were deleted. I identified 124 instances in which an email address had 

been used multiple times and those cases were deleted. Therefore, the final sample 

consisted of 1,912 out of 29,604 undergraduate students, a response rate of 6%. This 

sample of students represented 91 TTU majors, 73% of all possible undergraduate majors 

(124) at TTU in the spring of 2011. 

Environmental Literacy Components 

 Familiar Knowledge. The average score for familiar knowledge among TTU 

undergraduates was low (2.01, 40% - scale of 0-5, percentage grade). Only 366 (19%, 

n=1874) students had a passing score. Individual analysis of each item showed that TTU 

undergraduates were most familiar with sustainability and not very familiar with 

biodiversity, the carbon cycle, carrying capacity, or environmental justice (Appendix J).  

Factual Knowledge. Factual knowledge among TTU undergraduates was also 

low. (2.78, 56%). Coyle (2005) also found that U.S. adults had a low score on factual 

knowledge questions. Even though TTUs knowledge score was not passing, many 

students were able to correctly answer simple questions on electricity generation, 

sustainability, and the human global population. Most students answered incorrectly on 

questions that involved more complex issues like water pollution and characteristics that 

make species vulnerable to extinction (Appendix J). For example, almost 400 students 

think that the majority of electricity in the U.S. is generated by hydroelectric power, and 

over 700 students think that water pollution is mostly caused by factory waste. These 

results indicate that TTU undergraduates have many misconceptions about the 

environment and human’s role in environmental problems. Miller (2002) suggests that 

80% of Americans are heavily influenced by environmental myths might help explain 

why so many students cannot answer a simple knowledge question. Knowledge levels are 
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expected to be lower among people who are easily influenced by inaccurate information 

(Miller, 2002).  

Attitude. Attitude scores among TTU undergraduates were passing (3.14, 63%). 

This component of EL had the highest average score among students, and the majority of 

individual scores were passing (1025, n=1650). But, an average score of 63% is barely 

passing. Interestingly, the statements with the highest level of agreement were that 

mankind was severely abusing the environment and that our earth has a limited number 

of resources. Many students also agreed that nature is able to cope with the impacts of 

modern society. These statements provide vital information concerning the next 

generation of voters and policy makers. Even though students have little knowledge 

concerning environmental problems, they are aware that problems exist and that we are 

subject to the laws of nature, that is, a limited number of resources (Appendix J). 

However, they also believe that nature can cope with the demands of industry. This 

illustrates a disconnect within TTU undergraduates. Even though technology provides a 

buffer, humans are still subject to the principle of carrying capacity which states that 

populations are limited based on the amount of resources in their environment (Molles, 

2008). It is important for students to have high attitudes toward the environment, but 

without high knowledge and behavior levels, it is unlikely that stewardship will change 

among these individuals. 

Behavior. The average score for behavior among TTU undergraduates was 2.18 

(44%). Only 348 (18%, n=1819) students had a passing behavior score.  The most 

commonly practiced environmentally responsible behavior was recycling (Appendix J) 

which is surprising considering that historically Lubbock, TX and TTU were not easy 

places to recycle. The city does not provide recycling at individual residences; instead, 

you take recyclable items to a center and sort them yourself. The only recycling efforts at 

TTU have been initiated by individual organizations or departments on campus. This 

necessitates a clarification for recycling. Students may report that they recycle often 

when they throw a plastic bottle into a recycling bin on campus. Even though they 

recycle a plastic bottle once or twice a week, they may not make the effort to recycle 
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more items like glass, aluminum, batteries, or car tires. The students perceive themselves 

as being environmental stewards when their behaviors are actually infrequent.   

The most infrequent environmentally responsible behavior among students was 

refusing to accept plastic shopping bags. The literature shows that complicated behaviors, 

those that require more work, are less likely to be practiced (Coyle, 2005). In this case, 

the “easy” behavior of bringing a reusable shopping bag was less frequent than the more 

complicated behavior of taking recyclables to a recycling center. This misperception of 

one’s actions is likely the case since research shows that complicated behaviors are not 

practiced very often when compared to simple behaviors. Considering that taking a 

reusable bag to a store is relatively simple, and this was the lowest scoring item among 

behaviors, it is likely that TTU students have even lower environmentally responsible 

behaviors than their low score indicates. 

Overall Environmental Literacy. Composite EL scores among TTU 

undergraduates was 2.59 (52%) (Figure 1). Based on individual scores, only 376 (20%, 

n=1522) students had a passing EL score. This indicates that the majority of TTU 

students are not environmentally literate. Even more disconcerting, sampling bias and the 

complications of self-report data suggest that actual scores could be even lower for the 

composite score and individual EL components. For example, if sampling bias is a factor 

with students who cared about the environment responding in greater numbers than the 

representative population, then EL levels are likely to be even lower. Similarly, self-

report data could inflate scores because people respond in ways that are socially 

favorable and therefore, do not accurately representing their actual EL levels (Kibert, 

2000).  

Kibert (2000) conducted a similar study on University of Florida (UF) 

undergraduates which measured knowledge, attitude, behavior, and overall 

environmental literacy. TTU and UF are similar in that neither had an EL plan and both 

are hybrid land-grant and liberal arts universities. Both populations scored highest in 

attitude, with intermediate knowledge scores and low behavior scores. Florida students 
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had higher knowledge and attitude scores, while TTU students practiced more 

environmentally friendly behaviors. Future research should compare EL levels among 

undergraduates of universities that have implemented an EL plan with those that have 

not, while controlling for survey instrument, university type, and student population. 

Some universities have implemented campus-wide EL plans, for example, the University 

of Georgia, but no studies have quantitatively assessed student EL levels to determine the 

effect of these plans.  

EL Components Discussion. This survey evaluates four components of 

environmental literacy: familiar knowledge, factual knowledge, attitude, and behavior. 

There is no official consensus of EL components or models among experts; however, 

knowledge, attitude and behavior are recognized as essential components of EL 

(Hungerford & Volk, 1990; Erdogan et al. 2008; Negev et al., 2008; McBeth et al. 2008; 

NAAEE, 2011). The components, subcomponents, and cause and effect relationships of 

EL models vary among researchers indicating that the field is in flux and that the 

underlying theory of EL has not been determined (Kuhn, 1962). Some models are based 

on Azjen’s (1988) Theory of Planned Behavior (Kibert, 2000), suggesting that 

knowledge affects attitudes which lead to behaviors. Others have suggested that EL is not 

a linear process, but that each component is interrelated (Harvey, 1977). Newer models, 

like the NAAEE’s (2011) Domain of EL, do not specify a theoretical framework.  

Familiar knowledge provides another example of the inconsistency and 

incongruence within the field of EL. When the survey was designed, familiar knowledge 

was labeled environmental awareness. It was later changed to familiar knowledge 

because the survey items were assessing knowledge, not awareness. Environmental 

awareness is a perplexing construct in environmental literacy. Historically, awareness 

was an important aspect of environmental education and literacy (UNESCO-UNEP, 

1976) but is not included in the most recent EL model developed by the NAAEE (2011). 

Awareness sometimes is considered a separate construct of EL (UNESCO-UNEP, 1976; 

Bayard & Jolly, 2007), is included as an subcomponent of knowledge (Grob, 1995; 

Meinhold & Malkus, 2005), is considered a subcomponent of attitude (Hungerford & 
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Volk, 1990; Palmer, et al., 1999; Bohdanowicz, 2006; Negev et al., 2008), and even used 

as a measure of knowledge but calculated into an attitude score (Gadenne et al., 2009). 

This shows the confusion associated with the use of awareness within EL. Future studies 

should determine the effect of awareness on EL and if it is a subcomponent of knowledge 

or attitude.   

The field of EL is highly complex, especially in terms of identifying cause and 

effect relationships among EL components and subcomponents. Much of the research is 

scattered and fragmentary, and there is not an underlying theory for EL. The field would 

benefit greatly by identifying an underlying theory and developing a framework which 

incorporates all necessary components and cause and effect relationships.  

RQ 1: Are TTU undergraduates environmentally literate in different majors? 

 Only 20% of TTU undergraduates had a passing EL score. Of 91 majors, only 12 

(13%) were environmentally literate (Appendix K): undeclared, environmental 

engineering, geography, zoology, French, wildlife management, cell and molecular 

biology, physics, environmental conservation of natural resources, natural resource 

management, natural history and humanities, and landscape architecture (listed in order 

of increasing EL scores). Of these passing majors, ten had a small sample size (six or 

less), suggesting sample bias – students who care about the environment may have been 

more likely to respond to the survey.  

H1. Of the 12 environmentally literate majors, 7 (58%) are associated with the 

natural sciences: cell and molecular biology, environmental conservation of natural 

resources, geography, natural resource management, physics, wildlife management, and 

zoology (Appendix K). Natural science majors had higher EL levels than other majors 

(t[1524]=7.62, p<.001) and support the hypothesis that they are more environmentally 

literate than non-science majors. Research shows that natural science majors score higher 

in environmental knowledge (Tikka et al., 2000; Kaplowitz & Levine, 2005) and attitude 

(Tikka et al., 2000; Ewert & Baker, 2001; Hodgkinson & Innes, 2001) than other majors. 

Surprisingly, biology, microbiology, and pre-health professional majors were not among 
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those that were EL. These majors share similar curricula which incorporate many hours 

of natural science courses. Despite ample education on environmental topics, these 

majors did not have a passing composite EL score, familiar or factual knowledge score, 

or behavior score. These results differ from other studies showing that biology majors 

tend to score higher than other majors on EL components (Tikka et al., 2000; Ewert & 

Baker, 2001; Hodgkinson & Innes, 2001). 

Environmental engineering, natural history and humanities, and landscape 

architecture majors are not natural science majors, but they incorporate environmental 

topics. Each of these majors had a passing EL score and represent 25% of the 12 majors 

that passed. Environmentally-related majors tend to have higher environmental attitudes 

than other majors (Wysor, 1983; Ewert & Baker, 2001; Hodgkinson & Innes, 2001; 

Thapa, 2001; Sherburn & Devlin, 2004).  

Environmental literacy may not only be a result of college major, but perhaps 

college major is a result of a priori EL levels. Hodgkinson & Innes (2001) found high 

environmental attitudes of first year undergraduate biology and environmental studies 

majors – students with higher attitudes chose majors that were related to the environment.  

H2. A weak but positive correlation was found between TTU EL scores and the 

number of environmental courses taken (r[1,514]=.24, p< .001, Figure 2) which supports 

the hypothesis that education increases EL levels among undergraduates. Studies show 

that environmental education within the university has a significant effect on 

environmental knowledge, attitude, and behavior (Smith-Sebasto, 1995; Robinson & 

Crowther, 2001; McMillan et al., 2004; Rideout, 2005). Even though students who take 

more environmental courses are likely to have higher EL levels, it does not mean that 

these students will be environmentally literate. TTU biology majors are a good example 

of this, they take many course hours related to environmental topics but, as a whole, do 

not have a passing EL score.   
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RQ 2: Do TTU EL scores differ among demographic variables (gender, age, class 

status, political orientation, and rural/urban upbringing)?  

H1. There were no differences in composite EL score by gender, but there were 

gender differences among components (Figure 3). Men scored significantly higher in 

familiar [t(1823)=6.51, p< .001] and factual knowledge [t(1839)=7.46, p< .001], while 

women scored significantly higher in attitude [t(1612)=5.32, p< .001] and behavior 

[t(1772)=3.36, p< .01] (Appendix L). These results are commonly seen in the literature 

(Schan & Holzer, 1990; Kempton et al., 1995; Tikka et al., 2000; Kibert, 2000; Ewert & 

Baker, 2001; Coyle, 2005; Meinhold & Malkus, 2009); however, Robinson and Crowther 

(2001) did not find a difference in knowledge levels by gender. 

H2. A positive but weak correlation was found between age and TTU EL score, 

r(1444)=.08, p< .01 (Figure 4, Appendix L). Previous studies show that an increase in 

age is related to higher overall EL scores (Kibert, 2000), knowledge scores (Robinson & 

Crowther, 2001), and attitude scores (Ewert & Baker, 2001), This could be due to age 

maturation – as people get older they are more exposed to information and gradually 

learn over time. Figure 4 shows that many of the non-traditional students had higher EL 

scores than the younger, traditional students. It could also be due to an increased 

worldview by attending college. Higher education is designed to create critical thinkers 

and to expose students to issues that not only affect them as individuals, but also affect 

societies worldwide.   

H3. Texas Tech University class status had no effect on EL score, but there was 

an effect among individual EL components (Figure 3). Differences among classification 

were found in familiar knowledge, F(3,1850)=3.30, p<.05, juniors were more aware of 

environmental issues than freshman, and factual knowledge, (F[3,1866]=4.46, p<.01), 

juniors and seniors being more knowledgeable about environmental topics than freshman 

(Appendix L). No differences were found in attitude or behavior scores. Kibert, 2000; 

Kaplowitz & Levine, 2005 showed that students with higher educational attainment tend 

to have higher levels of environmental knowledge. At the time of this study, there were 
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very few initiatives on campus related to the environment or sustainability; therefore, 

increases in familiar and factual knowledge levels might be attributed to college science 

courses or maturation due to age. A longitudinal study comparing university with non-

university students of the same age, demographic, and initial EL levels would determine 

the effects of maturation and college experience.  

H4. Liberals had higher EL scores than moderates, and moderates scored higher 

than conservatives, F(3,1508)=29.67, p<.001 (Figure 3). These differences occurred 

largely in attitude and behavior scores (Appendix L), since familiar and factual 

knowledge scores were similar among groups. Wysor (1983) and Sherburn & Devlin 

(2004) found that attitude levels were significantly different based on political 

orientation. Results showed that conservatives made up 35% of the sample, moderates 

34%, liberals 17% and the remaining students identified their political orientation as 

“none of the above” (Appendix M). The prevalence of conservatives and moderates may 

help explain the low EL scores among TTU students.  

H5.  Counter to my hypotheses TTU students who grew up in urban areas had 

higher EL scores than those who grew up in rural areas, t(1508)=2.00, p<.05 (Figure 3). 

Urban students scored higher on attitude and behavior, but equivalent on familiar and 

factual knowledge (Figure 3, Appendix L). Tikka et al. (2000) found that people who 

grew up in urban areas had higher environmental attitudes. In contrast, Kempton et al. 

(1995) found that a rural upbringing increases EL more than an urban upbringing, and 

Sherburn and Devlin (2004) did not find significant differences among attitudes between 

these groups. These contradictory results indicate that more research is needed to clarify 

this relationship. Historically, rural kids were assumed to be environmentally literate 

because they had frequent contact with nature, whereas urban kids typically did not have 

nature experiences. Now, Louv (2005) suggests that all kids are consumed with electronic 

technology and that few children, rural or urban, play outside. This may provide some 

explanation for these results.   
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RQ 3: What role does nature experience play in environmental literacy of students? 

H1. Students who frequently participate in nature activities during childhood and 

adolescence had higher composite EL scores than those who did not (Figure 5, Appendix 

N). This supports the hypothesis that nature experiences at an early age play an important 

role in contributing to EL and follows the trends established by previous research 

(Tanner, 1980; Chawla, 1999; Wells & Lekies, 2006). Tanner (1980) and Chawla (1999) 

conducted qualitative assessments of adult environmentalists to identify past formative 

experiences that influenced their commitment to the environment. Both researchers found 

that nature experiences (e.g., hunting, fishing, camping, etc.) during childhood or 

adolescence were most commonly identified as having a positive influence on 

environmentalism. Wells and Lekies (2006) studied environmental attitudes and 

behaviors of U.S. adults in relation to their nature experiences as children and found that 

experiences in wild (e.g., camping, hiking, hunting) and domestic (e.g., flowers, plants) 

nature during childhood had a positive influence on adult attitude and behavior. In 

addition to higher EL levels, children who partake in nature experiences are healthier 

(Maller et al., 2008), more cooperative (Burdette & Whitaker, 2005), more creative 

(Kellert, 2005), more confident (Floriani & Kennedy, 2008), have good problem solving 

skills (Kellert, 2005), have higher self-esteem (Kaplan, 2001), have higher academic 

scores (Lieberman & Hoody, 1998), and develop self-discipline (Burdette & Whitaker, 

2005). These results also provide empirical evidence for movements that encourage 

children to play outdoors (Louv, 2005; No Child Left Inside, 2013; Children & Nature 

Network, 2013). 

H2. TTU undergraduate students, who frequently participated in abiotic 

(observing geological features, weather, stars) learning experiences, environmental 

education, and domestic plant care as a part of their college course curricula, had higher 

composite EL scores than those who did not (Figure 5, Appendix N). This suggests that 

nature experiences can be used as a tool to increase EL among college students. Sherburn 

& Devlin (2004) and Cheruvelil & Ye (2012) looked at nature experiences of 

undergraduates but both failed to compare the frequency or type of nature experience 
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with EL levels. Tikka et al. (2000) found that natural science majors participated in more 

nature activities than non-natural science majors, but they did not study experiences that 

were part of college curricula or how those experiences related to EL levels. There is still 

much to learn concerning the relationship between nature experiences and EL levels 

among college students.  

 H3. After controlling for class status (seniors) of TTU undergraduates and 

infrequent nature experiences during childhood and adolescence, I had a sample size of 

258. Three of those students reported having frequent nature experiences as part of their 

college curricula while 255 did not. Although statistical analysis is not appropriate 

because one group had only 3 students, there is a large difference in average EL score 

among these two groups. Seniors, who had infrequent nature experiences during their 

youth but frequent nature experiences in college had an average EL score of 3.11 (62%, 

SD=0.67, n=3). The other group of seniors who had infrequent nature experiences during 

youth and college had an average EL score of 2.49 (50%, SD=0.60, n=255).  

Of the three students who frequently participated in nature experiences as part of 

their college curricula, two were EL and one was not. One student was a 22 y.o. male 

journalism major with moderate political beliefs and a rural upbringing (EL=3.10). He 

had high familiar knowledge (3.0) and attitude (4.2) scores but low factual knowledge 

(2.0) and behavior (2.6) scores. He frequently participated in every college nature 

experience except for activism and domestic nature. Another student was a 23 y.o. female 

natural history and humanities major with moderate political views and an urban 

upbringing (EL=3.80). She had high scores on all EL components (familiar knowledge 

=3.0, factual knowledge =3.0, attitude =4.2, behavior =4.2) and frequently participated in 

every college nature experiences except for activism and environmental education. The 

last student, a 23 y.o. female chemistry major with moderate political views and an urban 

upbringing, was not EL (2.45). She had high familiar (3.5) and factual (4.0) knowledge 

scores but low attitude (2.4) and behavior (1.2) scores. She frequently participated in all 

college nature activities except for activism. On average, these three students had taken 3 

courses on environmentally related topics. 
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No single major stood out among TTU undergraduate seniors who were 

environmentally illiterate. They scored 46% (2.29) for composite EL, with equally low 

scores on familiar knowledge (1.74), factual knowledge (2.55), attitude (2.90), and 

behavior (1.85). These students were mostly female, about 23 y.o., conservative or 

moderate in their political beliefs, and grew up in an urban setting. On average, these 

students had not taken a single course related to environmental topics. Between these two 

groups, the factor than stands out the most is the number of environmental courses taken. 

This suggests that education coupled with nature experiences can increase environmental 

literacy levels among undergraduate students. To clarify this relationship, an experiment 

should be conducted which partials out various nature experiences as part of college 

curricula, EL levels, and major. Even though this relationship is still undetermined, EL 

levels among undergraduates were higher for students who participated in environmental 

education, domestic plant care, and abiotic (observing geological features, weather, stars) 

learning experiences as a part of their college course curricula. Therefore, these activities 

are suggested for professors who desire to foster stewardship within their students. 

 

Limitations 

Limitations for this study include sampling bias, self-report data, and 

retrospective data (people report on past experiences). The sample might be bias because 

it is representative of TTU undergraduates who: look at Tech Announce emails, actively 

choose to participate in online surveys, are driven by incentives, heard about the survey 

through word-of-mouth, or are interested in environmental issues. For voluntary surveys, 

sampling bias is difficult to overcome. Self-report data is another limitation because it is 

inherently flawed – a person may not be able to accurately self-asses. However, studies 

which use outside observers to record data are costly, time consuming, and inefficient. A 

follow-up study could be conducted using a particular major and the data could be 

recorded by an outside observer to further study these trends. Finally, nature experiences 

for childhood and adolescence are based on retrospective data – a student’s memory 
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which may not be reliable and accurate. Longitudinal tests should be conducted to control 

for this type of memory bias. In this study, overall trends are based on a very large 

sample size, hopefully mitigating these limitations.  

Context and Recommendations 

Environmental illiteracy directly and negatively affects the natural world as well 

as society. Global temperatures have risen by 0.7°C in the last century 

(Intergovernmental Panel on Climate Change, 2007), only 36% of forests remain 

untouched (United Nation’s Food and Agriculture Organization, 2005), and the human 

population is estimated to reach 9 billion by 2050 (United Nations Department of 

Economic and Social Affairs, 2009). These anthropogenic influences disrupt ecological 

systems and negatively affect society. Misuse of natural resources has a negative effect 

on the economy, for example, the global economic value of biodiversity is estimated at 

11% (Pimentel et al., 1997) but roughly one-quarter of our world’s species could be 

committed to extinction by 2050 (Thomas et al., 2004). Mismanagement of our natural 

resources also has a negative effect on human health. Yearly, 40% of deaths worldwide 

are caused by pollutants in the air, water, and soil (Pimentel et al., 2007), and two million 

people die from unsanitary water sources (World Health Organization, 2012). 

Environmental illiteracy can also perpetuate inadequate education which results in fewer 

professionals, especially in natural resources and sustainability careers, who have a 

holistic understanding of natural systems, how to manage and maintain those systems, 

and human’s role in environmental degradation. 

  Nature experiences can be used as a tool to build literacy among society. In 

addition to providing ecological benefits by promoting stewardship, the literature states 

that people who partake in nature experiences are mentally and physically healthier 

(Munoz, 2009; Pretty et al., 2009; Bowler et al., 2010; Kuo, 2010; Townsend & 

Weerasuriya, 2010), have better cognitive skills like problem-solving and creativity 

(Wells, 2000; Burdette & Whitaker, 2005), are more socially adept with skills like self-

awareness and cooperation (Burdette & Whitaker, 2005), have lower stress levels (Wells 
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& Evans, 2003; Lederbogen, 2011), and experience fewer symptoms of Attention Deficit 

Hyper Disorder (Taylor & Kuo, 2011). Environmental education coupled with positive 

nature experiences can provide a powerful tool for developing our future conservation 

leaders, government legislators, business CEOs, and teachers who will be responsible for 

implementing sustainability initiatives and preserving our natural resources. 

Universities play an important role in fostering environmental stewards and future 

leaders in conservation and sustainability. To ensure that higher education is meeting this 

goal, universities must develop EL plans and build the infrastructure necessary to ensure 

the success of these plans. Below, I provide suggestions for building a campus-wide EL 

plan (Table 2) and a logic model which details potential outcomes if the plan is 

implemented successfully (Figure 6).  The following universities provide a model for 

sustainability: University of California, Davis; Georgia Institute of Technology; Stanford 

University; University of Washington, Seattle; University of Connecticut; University of 

New Hampshire; Duke University; Yale University; University of California, Irvine; and 

Appalachian State University (Top 10 Cool Schools, Sierra Club, 2012). 

 

Conclusion 

 The health of our global ecosystem and society are dependent upon a well-

educated public which has the ability to make informed decisions regarding 

environmentally responsible behaviors. These people can affect large scale stewardship 

initiatives through voting, promoting sustainability projects at work, getting involved 

with grassroots and humanitarian efforts, and decreasing the human population’s 

ecological footprint. Universities present an excellent opportunity to foster stewardship 

among undergraduates, and one way to accomplish this is to incorporate nature 

experiences into the college curricula. To build courses which incorporate nature 

experiences, faculty must be supported financially, logistically, and perhaps, by providing 

them with the information necessary to integrate nature experience, pedagogy, and course 

content. Designing and implementing a university EL plan will assist faculty in the 
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integration of environmental issues into their courses. It will build an infrastructure that 

fosters sustainability in all departments and create an environment conducive to learning 

about, appreciating, and taking action on environmental stewardship.  
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Table 4.1. Environmental literacy components and experiences at different life stages 
with their corresponding items and scales. 

Environmental Literacy Components and Items 
Familiar Knowledge 
How familiar are you with the terms below? (1 – I have never heard the term before; 2 – I  have heard 
the term but do not know what it means; 3 – I can define the term but nothing more; 4 – I can have an 
intelligent conversation with my peers concerning the term; 5 – I can easily debate the term with experts 
in the field) 

1. Carbon Cycle 
2. Biodiversity 
3. Carrying Capacity 
4. Sustainability 
5. Environmental Justice 

Factual Knowledge  
(Each item was coded as a 0 or 1, right or wrong, and then parceled into a composite knowledge score of 
0-5) 

6. How is most of the electricity in the U.S. generated? (by burning oil, coal, and wood; by nuclear 
power; by solar energy; by hydroelectric power) 

7. What is the most common cause of pollution of streams, rivers, lakes, and oceans? (dumping of 
garbage by cities; trash washed into the water from land; industrial waste dumped by factories; 
surface water running off yards, city streets, paved lots, and farm fields) 

8. For a resource to be considered renewable it must be able to: (be found in several different 
places at the same time; be re-used several times; be continually forming where it is found or 
capable of being grown; be made in a laboratory) 

9. Which of the following is NOT a characteristic that tends to make a species vulnerable to 
extinction? (small geographic range; small body size; low genetic diversity; all characteristics 
make a species vulnerable to extinction) 

10. Please indicate which statement is true concerning human global population. (the population is 
estimated to increase to 9 billion by 2050; the population is estimated to decrease to 6 billion by 
2050; the current population is estimated to stay the same; the population is estimated to level 
off at 7 billion by 2050) 

Attitude 
Please indicate to what extent you agree or disagree with the following statements. (0 – strongly 
disagree; 1 – disagree; 2 – slightly disagree; 3 – slightly agree; 4 – agree; 5 – strongly agree) 

11. We are approaching the limit of the number of people the earth can support. 
12. Human ingenuity will ensure that we do not make the earth unlivable. 
13. The earth is like a spaceship with only limited room and resources. 
14. Mankind is severely abusing the environment. 
15. The balance of nature is strong enough to cope with the impacts of modern industrial nations. 
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Table 4.1. Continued. 

Behavior 
Please indicate how often you participate in the following activities. (0 – never; 1 – almost never; 2 – 
sometimes; 3 – fairly often; 4 – very often; 5 – always) 

16. I use rechargeable batteries. 
17. If I am offered a plastic bag in a store, I take it. 
18. I recycle things such as newspapers, cans, and glass. 
19. I let water run until it is at the right temperature. 
20. I have pointed out to someone his/her environmentally Unfriendly behavior. 

 
Nature Experience Life Stages and Items 
Within each life stage [Child (birth to 10 years), Adolescent (11-17 years), College (as part of college 
coursework), Adult (non-college)], please indicate how often you have participated in the following 
activities. (0 – never; 1 – almost never; 2 – sometimes; 3 – fairly often; 4 – very often; 5 – always) 

• Wildlife: hunt / fish / bird watch / observe wildlife 
• Abiotic: observe geological features / weather / stars 
• EnvEd: environmental education (nature center, zoo, museum, etc.) 
• Activist: improve the local environment (building neighborhood gardens, trash clean-up at a local 

river or lake, etc.) 
• Adventure: camp / hike / backpack / paddle / rock climb / sail / scuba dive 
• Domestic: pick flowers, fruits, or vegetables from a garden / plant trees, seeds, or plants / take care 

of indoor or outdoor plants 
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Table 4.2. Suggestions for content and implementation of a campus-wide TTU EL plan. 

Suggestion Reference 
Upon graduation, students should know:  
• law of thermodynamics, basic principles of ecology, carrying capacity, 

energetics, least-cost end use analysis, how to live well in a place, the 
limits of technology, appropriate scale, sustainable agriculture and 
forestry, steady-state economics, and environmental ethics 

Orr, 1991 

  
• interactions and interdependence of individuals and populations, 

environmental influences and limiting factors, energy flow and nutrient 
cycling, community and ecosystem concepts, homeostasis, succession, 
humans as members of ecosystems, ecological implications of human 
activities and communities 

Hungerford & Volk, 
1991 

Individual courses should:  
• focus on attitudes and behaviors as well as knowledge Smith-Sebasto, 1995 
• address and correct misinformation concerning environmental issues  
• discuss students’ locus of control and perceived knowledge of behaviors  
• have students explore their emotional reactions to environmental and 

societal issues 
 

  
• discuss alternative solutions to environmental problems Hines et al., 1986/87 
• develop issue investigation and problem-solving skills  
• discuss values  
• use incentives to increase environmentally responsible behaviors   
University curricula should:  
• require a course which has a strong focus on ecology and the relationship 

between science and society 
Robinson & 
Crowther, 2001 

  
• require each department to offer a course that integrates environmental 

issues into disciplinary knowledge. These courses should  be 
interdisciplinary, incorporate team teaching, prerequisite-free, and 
incorporate the following objectives: 
• describe the relationship between society and nature; discuss 

historic and present issues at small and large scales; describe the 
economic, political, social, and ecological implications of issues; 
determine alternative solutions to issues; allow students to identify 
and evaluate personal impacts on the environment 

Wilke, 1995 

  
• Create an environmental studies program that is interdisciplinary, bridges 

silos across colleges, and provides a base camp for the environmental 
literacy plan and its initiatives 

Authors 
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Table 4.2. Continued. 

Suggestion Reference 

University EL plans should:  
• involve all stakeholders (i.e., students, faculty, staff, administrators) in the 

development process 
Larson, 2010 

• require ownership from all stakeholders 
• It should provide many different opportunities for individuals and 

departments to be involved. 

 

• meet the needs of the university and be adjusted according to financial 
constraints, administrative structure, etc. 

• incorporate freshmen curricula and events to integrate sustainable projects 
into the student body and increase student buy-in 

• provide workshops and seminars which touch on a diversity of issues (e.g., 
local “green” projects, energy and water usage reports, discussions on 
global ecological issues, integrating service learning and place-based 
learning projects into courses) 

 

  
• involve top-down and bottom-up initiatives simultaneously 
• write clear, obtainable goals for individual projects which can be 

accomplished in a reasonable time period (e.g, one year) 
• use place-based pedagogy (e.g., use local plants in gardens, recycle) 
• use green-campus projects as a pedagogical instrument within individual 

classes to increase stewardship 

Gross, 2010 
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Figure 4.1. Texas Tech Undergraduate composite and component EL scores. (mean +/- 
95% CI) Scores range from 0-5 with 3 as passing. 
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Figure 4.2. Relationship between TTU undergraduate EL score and the number of 
environmentally-related courses taken by students. 
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Figure 4.3. TTU undergraduate EL composite and component scores of demographic variables (mean +/-95% CI). 
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Figure 4.4. Relationship between EL score and student age. 
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Figure 4.5. TTU undergraduate EL scores according to each nature experience during 
each life stage: A) Childhood, B) Adolescence, C) College, D) Adult (mean +/-95% CI, 
Appendix N).  
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Figure 4.5. Continued. 
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Figure 4.6. Logic Model for Texas Tech University EL Plan.  
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CHAPTER 5 

 

Conclusion 

 

This dissertation assesses the structure and function of environmental education 

and literacy in Texas, and determines the role of nature experiences within these 

disciplines. First, I identified student contact with the natural world as an essential 

component for experience-based environmental education programs. Second, I found that 

Texas environmental education programs commonly use natural environments to educate 

their visitors with 72% of all programs being conducted outdoors. Third, I found that 

Texas Tech University undergraduates are not environmentally literate, but students who 

frequently participated in nature activities had higher environmental literacy scores than 

those who did not.   

These results indicate that nature experience may be an essential component of 

the complex process of developing literacy and stewardship. Future studies should 

examine the following research questions: 1) what is the theoretical basis of 

environmental education and literacy; 2) what is the mechanism of nature experience 

within the environmental literacy model; and 3) what are the differences between natural 

environments and urban play-scapes on environmental literacy? I hypothesize that: 1) 

constructivism is the underlying learning theory within environmental education; 2) 

nature experience is the foundation of the environmental literacy model; and 3) natural 

environments have a larger impact on environmental literacy than urban play-scapes. 

Climate change, deforestation, an increasing human population, a decrease in 

sanitary water sources, excessive use of unsustainable energy sources, pollution, and a 

loss of biodiversity have an effect on human health, our economy, and our overall well-

being. To address these concerns, we must have a well-educated society who understands 

environmental issues, cares about our natural resources, and are willing to work toward a 
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sustainable future. Environmental education is a multi-faceted approach to creating 

environmentally literate citizens who have the knowledge and skills to develop solutions 

for anthropogenic environmental issues. This dissertation represents one step toward the 

goal of global stewardship by examining the role of nature experience in environmental 

education and literacy in Texas.  
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Appendix A 

Survey of Texas Environmental Education Organizations 

Directions: Please answer the following questions to the best of your ability. If the 

questions involve information that is not part of your specific job, please refer this survey 

to the appropriate employee. This survey should take about 30 minutes of your time. 

There are no right or wrong answers. By participating, you are not only helping a fellow 

educator, but you are also adding to the body of knowledge concerning environmental 

education. However, participation is voluntary. You can quit the survey at any time and 

you can skip any question.  Thanks in advance for your help! 

Organization and Visitor Demographics 

1. What is the name of your educational organization (e.g. Valley Nature Center, 

Austin Zoo, Brazos River Authority, Heritage Museum)? 

2. Please fill in your organization’s contact information: physical address; email; 

phone; website. 

3. Who oversees your education program? (name; job title; email)  

4. Which entity oversees your organization: privately owned; state-based (park, 

natural area, etc.); federal-based (park, refuge, etc.); university-based; municipal-

based; Texas River Authority; other (please specify). 

5. Which best describes your organization: Nature Center; Museum; Zoo/Wildlife; 

Botanical Garden / Arboretum; Cave Learning Center; Other (please specify). 

6. In which geographic/ecological region is your program located, according to the 

Texas Parks and Wildlife Department? (Please reference the following webpage if 

you need help: http://www.tpwd.state.tx.us/spdest/findadest/.) (Prairies and Lakes, 

Gulf Coast; Hill Country; Pineywoods; Panhandle Plains; Big Bend Country; 

South Texas Plains) 

7. What is your organization’s target geographical area? (only your organization’s 

zip code; your organization’s zip code plus surrounding zip codes; only your 

organization’s town/city; your organization’s city plus surrounding cities; only 
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your organization’s county; your organization’s county plus surrounding counties; 

state-wide; other – please specify) 

8. How many people did your program serve in 2009? Please provide us with a 

NUMBER. 

9. Please identify the PERCENTAGE of your participants from 2009 that fall into 

the following categories? (K-12 children; college students; adults; general public; 

our organization does not collect this type of information) 

10. Please identify the PERCENTAGE of male and female participants that your 

organization served in 2009 (male; female; our organization does not collect this 

type of information). 

11. Please identify the PERCENTAGE of your participants that represented the 

following race/ethnic groups in 2009: Asian; African American; Caucasian; 

Hispanic; other; your organization does not collect this type of information. 

12. Please identify the PERCENTAGE of your participants that represented the 

following socioeconomic status (SES) groups in 2009: low SES (household 

income is less than $30,000/year); middle SES (household income is $30,000 -

$55,000/year); high SES (household income is greater than $55,000/year); our 

organization does not collect this type of information. 

13. On average, what is your annual budget on education? Please provide us with a 

NUMBER. 

14. Is your organization primarily site-based or do you provide educational 

training/materials by traveling to different venues? Site-based (you primarily 

conduct education programs out of your facility – nature centers, museums, zoos, 

etc.); not site-based (you primarily travel to provide training and educational 

materials through workshops, clinics, et.); other (please specify). 

Pedagogy and Curriculum 

15. How many different educational programs does your organization offer? Please 

provide us with a NUMBER of programs – including ALL in-class lectures, 
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interpretive trails, recreational programs, experiments, night hikes, lesson plans 

for school teachers, etc.  

16. How many of your educational programs are conducted outside? Please provide 

us with a NUMBER of programs. 

17. Do you feel that you use experiential education in your programs? (yes; no; I 

don’t know; if yes, how many do you offer? Please provide us with a NUMBER) 

18. Do you feel that the majority (greater than half) of your organization’s programs 

are purposefully conducted in an outdoor environment (whether natural or man-

made) in which students actively participate in a process of exploration and 

discover of environmental topics, processes, and issues? (yes; no; I don’t know; if 

yes, how many do you offer? Please provide us with a NUMBER) 

19. Please indicate the PERCENTAGE of your program that involves formal and 

informal education? Formal (TEKS-based curricula for K-12 children); informal 

(non-TEKS-based curricula for K-12 children, adults, college students, general 

public, etc) 

20. Please indicate the PERCENTAGE of your program’s curricula that is developed 

internally and externally? Internally (developed by individuals who work for your 

organization); externally (developed by individuals who are not associated with 

your organization). 

21. Please indicate the PERCENTAGE of your program that involves active learning 

and passive learning? Active learning (students are involved directly in the 

learning process through various activities such as role-playing, debate, case 

studies, experiments, cooperative learning, etc.); passive learning (students listen 

to a lecture, look at power point slides, read from a book, etc.). 

22. What are the main biotic features that are used as a teaching tool in your 

program? Please be specific (e.g. Eastern Pipistrelle Bat, Monarch Butterfly, 

Tobusch Fishhook Cactus, Leopard Frog, etc). (List: biotic feature 1-5) 

23. What types of educational programs does your organization conduct? Check all 

that apply. Indoor lectures within your facility; send teachers to local schools to 

give lectures (in classroom); experiments (conducted indoors); experiments 
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(conducted outside); recreational activities; interpretive trails; fireside chats; 

problem-based learning (students work in collaborative groups to solve open-

ended problems and are encouraged to organize their own learning process which 

is facilitated by the instructor); project-based learning (projects that use inquiry 

and technology to study issues that are relevant to the students' everyday lives); 

place-based learning (focuses on local history, environment, culture, economy, 

literature, art, etc); other (please specify). 

24. What types of teaching techniques are used by your organization? Check all that 

apply. Lecture/power point; hands-on indoor experiments; hands-on outdoor 

experiments; role playing; cooperative learning strategies; case studies; group 

discussion; writing exercises; other (please specify). 

25. How many of your programs include an outdoor recreational component (e.g. 

NUMBER of hiking, canoeing, fishing programs, etc)? 

26. If your program incorporates outdoor recreation into the curricula, what types of 

activities do your students participate in? Check all that apply. Day hikes; 

camping (stay overnight in a designated spot that you can drive up to); 

backpacking (stay overnight in a place that you have to hike to); canoeing; 

kayaking; river rafting; rock climbing/bouldering; caving; fishing; hunting; 

high/low ropes course; other (please specify). 

27. Below is a list of barriers to outdoor-based environmental education. Please 

indicate if your program is positively or negatively affected by each of these 

factors. This factor POSITIVELY affects my program's ability to get students 

outside; this factor NEGATIVELY affects my program's ability to get students 

outside; this factor has no affect; I don’t know; not applicable. Factors included: 

funding; teacher confidence; hazards and safety concerns for being outdoors; time 

available for outdoor activities; weather conditions; TEKS requirements; 

paperwork involved with taking people outside; the size of groups that utilize 

your program; appropriate resources for outdoor learning; support from your 

governing agency. 
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NAAEE Guidelines 

28. Is your organization currently incorporating national guidelines for environmental 

education? (yes, no; I was not aware that there are national guidelines for EE) 

29. I feel that the majority (greater than half) of our organization’s lesson plans: 

(strongly disagree; disagree; slightly disagree; slightly agree; agree; strongly 

agree; I don’t know; this information does not apply to my program) 

a. Include readings and additional resources that present concepts and 

perspectives from different cultures. 

b. Include activities that provide opportunities for experiences that increase 

learners’ awareness of the natural and built environments. Materials help 

learners understand the interdependence of all life forms, including 

humans (i.e., dependence of human life on the resources of the planet and 

on a healthful environment). 

c. Include ideas that are presented logically and are connected throughout the 

materials, emphasizing a depth of understanding rather than encyclopedic 

breadth. 

d. Offer opportunities for learners to examine multiple perspectives on the 

issue and to gain an understanding of the complexity of issues, as 

appropriate for their developmental level. 

e. Include materials that provide learners with opportunities to practice 

critical thinking processes such as problem definition, forming hypotheses, 

collecting and organizing information, analyzing information, 

synthesizing, drawing conclusions, formulating possible solutions, and 

identifying opportunities for action. 

f. Present environmental issues with a range of possible solutions as well as 

information about how the problems are currently being addressed. 

Materials compel learners to consider the implications of different 

approaches. 
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g. Include materials that give learners an opportunity to learn basic skills for 

addressing environmental issues, as appropriate for the intended age level. 

These skills may include defining an issue, determining if action is 

warranted, identifying others involved in the issue, selecting appropriate 

action strategies and understanding their likely consequences, creating an 

action plan, evaluating an action plan, implementing an action plan, and 

evaluating results. 

h. Provide learners with opportunities to reflect on the effects of their actions 

and to sort out their opinions about what, if anything, they should do 

differently. 

i. Include materials that provide a variety of individual and community 

strategies for citizen involvement and provide learners with opportunities 

to practice these strategies through projects they generate individually in 

their school or in the larger community. 

j. Provide activities that allow learners to build from previous knowledge 

and lead toward further learning. 

k. Include case studies and examples that are relevant to the learner. If the 

material is designed for use in a specific area of the country, the content 

and illustrations are appropriate for that area. 

l. Include materials that help develop skills useful in other subject areas, 

such as reading comprehension, math, writing, and map reading and 

analysis. 

m. Suggest assessment techniques that are practical and efficient. 

n. Provide materials that can be readily integrated into established curricula. 

o. Include activities that provide opportunities for experiences that increase 

learners’ awareness of the natural and built environments. 

p. Introduce concepts through experiences that are relevant to learners’ lives. 

q. Encourage learners to gain understanding through research, discussion, 

application, and practical experiences. 
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r. Provide opportunities for students to learn from expression and 

experience—for example, using music, art, poetry, and drama, or 

involving parents, families, and the community in learning. 

s. Teach concepts that are related directly to students’ experiences. 

t. Provide opportunities for learners to explore the world around them. 

Assessment 

30. Does your program assess/evaluate your participants? (yes, all our programs are 

assessed; no, none of our programs are assessed; some programs are assessed and 

others are not) 

31. Of the programs you assess, please indicate how often (PERCENTAGE) you use 

the following methods: observation; written exam; anecdotal information; 

survey/questionnaire; participant quotes; other (please specify). 

32. Do you keep track of school (or classroom) TAKS scores that participate in your 

program? (yes, no, I don’t know) 

 

Operations 

33. How much acreage does your organization use? 

34. How many educators work for your program? 

35. Which best describes the majority of your educators: they are paid employees but 

are not Texas certified teachers; they are paid employees and are Texas certified 

teachers; they are volunteers; other (please specify). 

36. Is there any entry fee associated with your program? (yes, no, some programs are 

free while others have a fee) 

Sustainability 

37. Do you produce some type of renewable energy at your facility that is used to 

power operations?  (yes, no, I don’t know) 

38. Do you offer recycling at your facility that is used by both employees and 

patrons? (yes, no, I don’t know) 
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39. Does your organization take measures to increase water efficiency (e.g. install 

low-flow toilets or waterless urinals, regularly check and repair leaks, install 

low/no water landscaping)? (yes, no, I don’t know) 

40. Has your facility improved local diversity? (yes, no, I don’t know) 

41. Is your facility located at least ¼ mile from a public transportation stop? (yes, no, 

I don’t know) 

42. Can your facility be used by other organizations (e.g. rented out for events like 

weddings or business meetings)? (yes, no, I don’t know) 

43. Has an on-site energy audit been conducted for your facility? (yes, no, I don’t 

know) 

44. Does your organization have an outdoor learning space that was created to 

represent native flora? (yes, no, I don’t know) 

45. Does your program teach a specific lesson that concentrates on sustainability? 

(yes, no, I don’t know) 

46. Does your organization purchase carbon offsets to reduce its carbon footprint? 

(yes, no, I don’t know) 

47. When purchasing paper products for your organization, do you try to buy recycled 

materials? (yes, no, I don’t know) 

48. When purchasing chemicals (e.g. janitorial, pest-control, and facility maintenance 

products), do you try to buy “green” products? (yes, no, I don’t know) 

49. Do you feel like your program teaches students how to live more sustainably by 

modeling appropriate behavior? (yes, no, I don’t know, sometimes) 

50. Do you have any further information regarding sustainability at your organization 

that you would like us to know about? 

 

Permission for Publication 

 

51. We would like to include your organization’s information in an online database. 

This database will allow you to easily network with nearby programs, or ones 

with similar characteristics and goals. It will also allow the public to see what you 
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have to offer them which could potentially increase your program’s participation 

rates. Only the following information will be included: organization name, contact 

Information, organization type, geographic region, patrons, local ecosystem, 

biotic features, formal/informal, types of educational programs, percentage of 

outdoor-based programs, outdoor recreation, assessment, renewable energy at 

facility, recycling, lessons on sustainability, carbon offsets, acreage, state certified 

teachers, and fees. Are you willing to share this information online? (yes, no) 

 

For questions about your rights as a subject or about injuries caused by this research, 

contact the Texas Tech University Institutional Review Board for the Protection of 

Human Subjects, Office of Research Services, Texas Tech University, Lubbock, TX 

79409. Or you can call (806) 742-3884. 
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Appendix B  

Demographic characteristics for Texas EE organizations 

 

Organization 
Type n=82 Ecological 

Region n=82 Target Geographic 
Population n=81 

Private 25(31%) Prairies & Lakes 22(27%) County & Surrounding 39(48%) 
State 21(26%) Gulf Coast 16(20%) State-Wide 31(38%) 
University 10(12%) Hill Country 12(15%) Zip Code & Surrounding 3(4%) 
Municipal 9(11%) Pineywoods 11(13%) City & Surrounding 3(4%) 
Federal 9(11%) Panhandle Plains 9(11%) County 3(4%) 
River Authority 6(7%) Big Bend Country 8(10%) School District 1(1%) 
Other 2(2%) South Texas Plains 4(5%) Zip Code 1(1%) 
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Appendix C  

The number of Texas EE organizations that reported using the following teaching 
techniques in educational programming. 

 

Teaching Techniques n (N=82) 
Hands-on outdoor experiments 60 (73%) 
Group discussions 55 (67%) 
Lecture / power point 50 (61%) 
Story telling 48 (59%) 
Cooperative learning strategies 46 (56%) 
Hands-on indoor experiments 45 (55%) 
Role playing 29 (35%) 
Writing exercises 24 (29%) 
Case studies 20 (24%) 
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Appendix D 

The number of Texas EE organizations that reported using the following 
approaches in educational programming 

 

Educational Approaches n (N=82) 
Place-based learning 60 (73%) 
Recreational activities 58 (71%) 
Interpretive trails 57 (70%) 
Experiments (conducted outdoors) 51 (62%) 
Educators give lectures in local schools  48 (59%) 
Indoor lectures within facility 45 (55%) 
Project-based learning 40 (49%) 
Problem-based learning 37 (45%) 
Experiments (conducted indoors) 30 (37%) 
Fireside chats 21 (26%) 
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Appendix E 

The number of Texas EE organizations that reported using the following 
recreational activities in their curricula 

 

Outdoor Recreation Activities n (N=82) 
Day hikes 56 (68%) 
Fishing 30 (37%) 
Kayaking 25 (31%) 
Canoeing   22 (27%) 
Camping  21 (26%) 
Rock climbing / Bouldering 13 (16%) 
Backpacking  9 (11%) 
High/Low ropes course 8 (10%) 
River rafting 7 (9%) 
Hunting 5 (6%) 
Caving 4 (5%) 
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Appendix F 

Factors that influence an organization’s ability to conduct outdoor programming.  

 

Barrier n Positive Negative No 
Affect 

Don’t 
Know NA 

Weather conditions  70 8 43 15 1 3 
Time available for outdoor activities  70 18 30 15 3 4 
Funding  69 20 29 15 1 4 
The size of groups that utilize your program  71 20 24 22 2 3 
Hazards and safety concerns for being outdoors  66 11 20 26 5 4 
State educational requirements (TEKS) 70 23 15 22 3 7 
Paper work involved with taking people outside  70 4 13 43 2 8 
Teacher confidence  71 31 11 17 7 5 
Appropriate resources for outdoor learning activities  71 36 10 21 1 3 
Support from your governing agency  71 44 7 16 0 4 
Factors are ranked in descending order according to those that most negatively affect outdoor programming 
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Appendix G 

The level of agreement of Texas EE organizations for select NAAEE curricula 
guidelines. “I feel that the majority of our organization’s lessons plans:” 

 

NAAEE 
# 

NAAEE Guideline n StD D SlD SlA A StA DN NA 

1.4.5 Include readings and additional resources that 
present concepts and perspectives from 
different cultures. 

73 2 9 5 12 25 8 1 11 

2.1.3 Materials help learners understand the 
interdependence of all life forms, including 
humans (i.e., dependence of human life on the 
resources of the planet and on a healthful 
environment). 

73 0 2 1 1 25 43 0 1 

2.2.4 Include ideas that are presented logically and 
are connected throughout the materials, 
emphasizing a depth of understanding rather 
than encyclopedic breadth. 

73 0 2 1 4 31 33 1 1 

2.3.3 Offer opportunities for learners to examine 
multiple perspectives on the issue and to gain 
an understanding of the complexity of issues, 
as appropriate for their developmental level. 

73 0 2 2 12 35 16 2 4 

3.1.1 Include materials that provide learners with 
opportunities to practice critical thinking 
processes such as problem definition, forming 
hypotheses, collecting and organizing 
information, analyzing information, 
synthesizing, drawing conclusions, 
formulating possible solutions, and identifying 
opportunities for action. 

72 1 3 3 7 26 25 2 5 

3.2.6 Present environmental issues with a range of 
possible solutions as well as information about 
how the problems are currently being 
addressed. Materials compel learners to 
consider the implications of different 
approaches. 

73 0 3 5 11 32 15 0 7 

3.3.1 Include materials that give learners an 
opportunity to learn basic skills for addressing 
environmental issues, as appropriate for the 
intended age level. These skills may include 
defining an issue, determining if action is 
warranted, identifying others involved in the 
issue, selecting appropriate action strategies 
and understanding their likely consequences, 
creating an action plan, evaluating an action 
plan, implementing an action plan, and 
evaluating results. 

73 0 5 5 10 25 20 2 6 

4.1.2 Provide learners with opportunities to reflect 
on the effects of their actions and to sort out 
their opinions about what, if anything, they 
should do differently.  

73 0 2 3 8 35 17 1 7 

4.2.2 Include materials that provide a variety of 
individual and community strategies for 
citizen involvement and provide learners with 
opportunities to practice these strategies 
through projects they generate individually in 
their school or in the larger community. 

72 0 6 4 18 23 9 2 10 

StD-Strongly Disagree, D-Disagree, SlD-Slightly Disagree, SlA-Slightly Agree, A-Agree, StA-Strongly 
Agree, DN-Don’t Know, NA-Not Applicable 
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Appendix G. Continued. 

NAAEE 
# 

NAAEE Guideline n StD D SlD SlA A StA DN NA 

5.1.1 Provide activities that allow learners to build 
from previous knowledge and lead toward 
further learning. 

72 0 2 2 4 26 37 0 1 

5.3.2 Include case studies and examples that are 
relevant to the learner. If the material is 
designed for use in a specific area of the 
country, the content and illustrations are 
appropriate for that area. 

71 0 5 4 11 26 13 1 11 

5.5.2 Include materials that help develop skills 
useful in other subject areas, such as reading 
comprehension, math, writing, and map 
reading and analysis. 

72 0 4 2 10 22 31 0 3 

5.8.5 Suggest assessment techniques that are 
practical and efficient. 

72 0 1
1 

1 10 27 14 1 8 

6.7.2 Provide materials that can be readily 
integrated into established curricula. 

71 0 2 1 4 28 32 2 2 

2.1.2 Include activities that provide opportunities 
for experiences that increase learners’ 
awareness of the natural and built 
environments. 

72 0 1 1 2 20 46 0 2 

2.3.5 Introduce concepts through experiences that 
are relevant to learners’ lives.  

72 0 0 1 1 30 39 0 1 

5.1.2 Encourage learners to gain understanding 
through research, discussion, application, and 
practical experiences. 

72 0 1 3 7 31 26 0 4 

5.2.4 Provide opportunities for students to learn 
from expression and experience—for 
example, using music, art, poetry, and drama, 
or involving parents, families, and the 
community in learning. 

72 1 5 6 14 21 20 1 4 

5.3.1 Teach concepts that are related directly to 
students’ experiences. 

72 0 2 1 6 29 33 0 1 

2.1.1 Provide opportunities for learners to explore 
the world around them. 

70 0 0 0 2 15 52 0 1 

StD-Strongly Disagree, D-Disagree, SlD-Slightly Disagree, SlA-Slightly Agree, A-Agree, StA-Strongly 
Agree, DN-Don’t Know, NA-Not Applicable 
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Appendix H 

Sustainable actions practiced by Texas EE organizations 

 

Sustainable Action n Yes No Don’t Know 
Do you produce some type of renewable energy at 
your facility that is used to power operations? 

70 11 57 2 

Do you offer recycling at your facility that can be 
used by both employees and patrons? 

69 51 18 0 

Does your organization take measures to increase 
water efficiency (e.g. install low-flow toilets or 
waterless urinals, regularly check and repair leaks, 
install low/no water landscaping)? 

70 53 13 4 

Has your facility improved local ecological 
diversity? 

71 50 11 10 

Is your facility located at least ¼ mile from a public 
transportation stop? 

70 33 33 4 

Can your facility be used by other organizations (e.g. 
rented out for events like weddings or business 
meetings)? 

69 61 8 0 

Has an on-site energy audit been conducted for your 
facility? 

68 18 29 21 

Does your organization have an outdoor learning 
space that was created to represent native flora? 

69 51 17 1 

Does your program teach a specific lesson that 
concentrates on sustainability? 

67 38 28 1 

Does your organization purchase carbon offsets to 
reduce its carbon footprint? 

70 3 51 16 

When purchasing paper products for your 
organization, do you try to buy recycled materials? 

69 46 8 15 

When purchasing chemicals (e.g. janitorial, pest-
control, and facility maintenance products), do you 
try to buy environmentally friendly products? 

69 40 8 21 

Do you feel like your program teaches students how 
to live more sustainably by modeling appropriate 
behavior? 

70 36 (28-
sometimes) 

4 2 
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Appendix I 

Means and medians of select program characteristics according to organization type 

 

Criteria 
Characteristic 

Overall Private Federal State Municipal University River 
Authority 

Mean 
Median 

n 
Organization & Visitor Demographics 

Visitation 
Rate 

39,417 
6,000 

76 

93,806 
11,500 

22 

24,494 
6,000 

7 

18,039  
3,358 

21 

13,058 
5,000 

9 

17,177 
10,257 

10 

14,555  
1,000 

5 

Funding 
102,870 
7,500 

61 

210,597  
120,000 

19 

81,750  
87,500 

4 

2,675  
1,000 

18 

141,263  
52,500 

8 

107,167  
95,000 

6 

7,625  
5,000 

4 
Pedagogy & Curriculum 

Educational 
Programs 

28 
19 
70 

35 
30 
20 

31 
30 
7 

31 
15 
19 

27 
15 
8 

14 
15 
9 

20 
10 
5 

Outdoor 
Programs 

23 
13 
71 

22 
22 
20 

35 
18 
7 

31 
12 
20 

16 
14 
8 

10 
8 
9 

15 
5 
5 

Experiential 
Programs 

20 
12 
48 

24 
20 
12 

36 
17 
6 

11 
10 
9 

24 
12 
7 

12 
10 
7 

18 
7 
5 

Operations 

Acreage 
21,186  

300 
64 

235 
100 
18 

162,751 
 25,040 

6 

18,322 
 1,038 

20 

318 
260 

8 

170 
60 
7 

963  
1,100 

3 

Educators 
14 
3 
69 

38 
11 
19 

8 
3 
6 

2 
2 

20 

5 
3 
8 

7 
3 
9 

3 
3 
5 

Sustainability 

Overall Score 
6.5 
6.0 
62 

7.0 
7.0 
17 

7.5 
8.5 
6 

5.8 
6.0 
17 

6.7 
7.0 
7 

6.1 
5.5 
8 

7.2 
8.0 
5 

. 
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Appendix J 

Item Scores and Chronbach’s alpha levels for each component 

 

Component and 
Corresponding Item 

Chronbach’s 
alpha M/SD(n) 

Environmental Literacy Components and Items 

Awareness  .81  
1  1.87/1.15(1910) 
2  1.95/1.29(1903) 
3  1.85/1.37(1897) 
4  2.64/1.24(1905) 
5  1.72/1.34(1900) 

Knowledge  .37 Frequencies 
6  a)1167, b)296, c)64, d)382 
7  a)249, b)237, c)744, d) 679 
8  a)27, b)611, c)1239, d)28 
9  a)91, b)760, c)141, d)917 
10  a)1454, b)189, c)39, d)222 

Attitude .68  
11  2.92/1.38(1852) 
12  2.42/1.27(1769) 
13  3.34/1.31(1877) 
14  3.88/1.20(1867) 
15  3.17/1.23(1837) 

Behavior .60  
16  2.30/1.39(1875) 
17  1.80/1.42(1885) 
18  2.65/1.47(1889) 
19  2.11/1.40(1889) 
20  2.04/1.31(1889) 
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Appendix J. Continued. 

Nature Experience Life Stages and Items 
Child .750  

Wildlife  1.87/1.46(1873) 
Abiotic  2.12/1.38(1850) 
EnvEd  2.40/1.19(1874) 
Activist  1.18/1.13(1867) 
Adventure  2.31/1.38(1873) 
Domestic  2.31/1.39(1877) 

Adolecent .730  
Wildlife  1.91/1.43(1871) 
Abiotic  2.26/1.32(1853) 
EnvEd  2.09/1.11(1873) 
Activist  1.58/1.20(1868) 
Adventure  2.37/1.271876) 
Domestic  1.85/1.18(1872) 

College .806  
Wildlife  0.72/1.15(1862) 
Abiotic  1.29/1.42(1841) 
EnvEd  0.90/1.13(1862) 
Activist  0.73/1.02(1858) 
Adventure  0.79/1.16(1863) 
Domestic  0.48/0.88(1863) 

Adult .851  
Wildlife  1.27/1.44(1620) 
Abiotic  1.78/1.56(1598) 
EnvEd  1.18/1.25(1618) 
Activist  0.87/1.09(1614) 
Adventure  1.43/1.40(1623) 
Domestic  0.96/1.24(1625) 
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Appendix K  

Environmental literacy component and composite scores for TTU majors. Majors 
with an environmental literacy score of 60% or higher are highlighted in grey. 

M/SD(n) 

# Major Familiar 
Knowledge 

Factual 
Knowledge Attitude Behavior EL Score P/F 

(Grade) 

 All 2.01/ 
0.96(1874) 

2.78/ 
1.26(1888) 

3.14/ 
0.85(1650) 

2.18/ 
0.86(1819) 

2.59/ 
0.60(1526) F 

1 Accounting 2.11/ 
1.07(57) 

2.81/ 
1.25(57) 

3.15/ 
0.75(52) 

2.14/ 
0.93(54) 

2.62/ 
0.52(50) F 

2 Advertising 1.87/ 
0.82(30) 

2.59/ 
1.27(29) 

2.81/ 
0.77(24) 

1.85/ 
0.75(30) 

2.27/ 
0.41(23) F 

3 Agribusiness 2.04/ 
0.99(6) 

2.67/ 
1.63(6) 

2.40/ 
0.49(6) 

1.80/ 
0.57(6) 

2.18/ 
0.44(6) F 

4 Agriculture & 
Applied Economics 

2.75/ 
0.50(6) 

3.17/ 
1.47(6) 

2.57/ 
0.60(6) 

1.80/ 
1.15(6) 

2.44/ 
0.40(6) F 

5 Agriculture 
Communications 

2.13/ 
1.02(10) 

2.70/ 
1.70(10) 

3.33/ 
0.63(9) 

1.52/ 
0.62(10) 

2.45/ 
0.75(9) F 

6 Agriculture – 
Interdisciplinary 

1.58/ 
0.52(3) 

4.00/ 
0.00(3) 

3.27/ 
0.61(3) 

1.93/ 
1.40(3) 

2.66/ 
0.65(3) F 

7 Animal Science 2.30/ 
1.09(30) 

2.93/ 
1.05(30) 

3.70/ 
0.76(27) 

2.23/ 
1.10(28) 

2.81/ 
0.55(25) F 

8 Anthropology 2.13/ 
1.30(4) 

3.00/ 
0.82(4) 

2.53/ 
2.00(3) 

2.15/ 
0.44(4) 

2.61/ 
0.87(3) F 

9 Apparel Design & 
Manufacturing 

1.35/ 
0.86(5) 

1.80/ 
1.30(5) 

2.80/ 
0.99(5) 

1.92/ 
0.44(5) 

2.10/ 
0.40(5) F 

10 Architecture 1.92/ 
0.82(38) 

2.49/ 
1.36(41) 

3.10/ 
0.64(37) 

2.38/ 
0.74(40) 

2.57/ 
0.50(34) F 

11 Art 1.73/ 
0.91(89) 

2.76/ 
1.29(91) 

3.36/ 
0.77(79) 

2.40/ 
0.73(87) 

2.70/ 
0.51(72) F 

12 Biochemistry 2.37/ 
0.91(21) 

2.81/ 
1.44(21) 

3.40/ 
0.71(18) 

2.37/ 
0.95(19) 

2.96/ 
0.60(17) F 

13 Biology 2.68/ 
0.98(40) 

2.67/ 
1.22(42) 

3.43/ 
0.76(38) 

2.43/ 
0.81(40) 

2.86/ 
0.58(32) F 

14 Biology – Pre-Health 
Professional 

2.05/ 
1.03(57) 

2.86/ 
1.23(58) 

3.30/ 
0.87(49) 

2.29/ 
0.89(57) 

2.69/ 
0.63(47) F 

15 Business 1.70/ 
0.80(28) 

2.93/ 
1.24(27) 

3.32/ 
0.69(21) 

2.03/ 
0.78(26) 

2.62/ 
0.46(22) F 

16 Cell & Molecular 
Biology 

2.67/ 
1.25(6) 

3.67/ 
1.21(6) 

3.76/ 
0.70(5) 

2.40/ 
0.59(6) 

3.10/ 
0.79(5) P(D) 

17 Chemical 
Engineering 

2.10/ 
1.02(21) 

3.10/ 
0.97(20) 

3.14/ 
0.91(18) 

2.36/ 
0.77(20) 

2.61/ 
0.34(16) F 

18 Chemistry 2.36/ 
0.95(23) 

3.36/ 
1.05(22) 

3.19/ 
0.81(20) 

2.46/ 
0.93(21) 

2.83/ 
0.58(18) F 

19 Civil Engineering 2.19/ 
1.09(28) 

3.14/ 
1.38(28) 

2.83/ 
0.81(24) 

1.88/ 
0.74(27) 

2.47/ 
0.56(24) F 

20 Classical Languages 3.00/ 
0.00(1) 

4.00/ 
0.00(1) 

2.20/ 
0.00(1) 

1.80/ 
0.00(1) 

2.50/ 
0.00(1) F 

21 Communication 
Studies 

1.81/ 
1.08(24) 

2.84/ 
1.21(25) 

3.19/ 
0.81(19) 

2.16/ 
0.71(24) 

2.51/ 
0.63(18) F 
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Appendix K. Continued 

# Major Familiar 
Knowledge 

Factual 
Knowledge Attitude Behavior EL Score P/F 

(Grade) 

22 Community, Family, 
& Addiction Services 

1.47/ 
0.77(8) 

2.50/ 
1.31(8) 

3.30/ 
0.50(6) 

1.70/ 
1.07(8) 

2.39/ 
0.54(6) F 

23 Computer 
Engineering 

2.03/ 
0.96(17) 

3.00/ 
1.10(16) 

3.01/ 
0.81(15) 

2.53/ 
1.07(17) 

2.65/ 
0.67(14) F 

24 Computer Science 2.22/ 
0.97(27) 

3.11/ 
1.19(27) 

2.98/ 
0.73(28) 

2.14/ 
0.79(27) 

2.59/ 
0.55(26) F 

25 Construction 
Engineering 

1.25/ 
0.00(1) 

2.00/ 
0.00(1) 

3.2/ 
0.00(1) 

2.00/ 
0.00(1) 

2.27/ 
0.00(1) F 

26 Dance 1.30/ 
0.73(11) 

2.82/ 
1.25(11) 

3.26/ 
0.86(7) 

1.96/ 
0.53(11) 

2.35/ 
0.53(7) F 

27 Early Childhood 1.75/ 
0.81(47) 

2.31/ 
1.29(49) 

3.23/ 
0.62(41) 

2.02/ 
0.80(46) 

2.44/ 
0.56(37) F 

28 Economics 2.31/ 
0.93(36) 

3.17/ 
1.16(36) 

2.64/ 
0.91(32) 

1.87/ 
0.74(33) 

2.45/ 
0.56(31) F 

29 
Education –

Multidisciplinary 
Studies 

1.85/ 
0.93(43) 

2.82/ 
1.28(44) 

3.22/ 
0.91(32) 

2.32/ 
0.91(41) 

2.79/ 
0.64(28) F 

30 
Education – 

Multidisciplinary 
Science 

2.37/ 
1.08(21) 

3.19/ 
1.21(21) 

2.90/ 
1.15(16) 

1.83/ 
1.00(18) 

2.54/ 
0.73(13) F 

31 Electronic Media & 
Communications 

1.88/ 
0.87(25) 

2.78/ 
0.90(23) 

3.16/ 
0.74(22) 

1.95/ 
0.69(25) 

2.48/ 
0.50(20) F 

32 Electrical 
Engineering 

1.98/ 
0.83(30) 

2.63/ 
1.33(30) 

3.01/ 
0.83(27) 

2.32/ 
0.78(30) 

2.62/ 
0.48(24) F 

33 Energy Commerce 1.81/ 
0.90(17) 

2.82/ 
0.88(17) 

3.27/ 
1.03(15) 

1.83/ 
1.00(16) 

2.50/ 
0.63(14) F 

34 Engineering 2.40/ 
0.70(18) 

3.17/ 
0.86(18) 

3.31/ 
0.85(15) 

2.28/ 
0.78(18) 

2.78/ 
0.57(15) F 

35 Engineering 
Technology 

1.50/ 
0.00(1) 

5.00/ 
0.00(1) 

3.00/ 
0.00(1) 

1.80/ 
0.00(1) 

2.68/ 
0.00(1) F 

36 English 1.71/ 
0.75(36) 

2.86/ 
1.24(30) 

3.23/ 
0.98(30) 

2.11/ 
0.89(36) 

2.52/ 
0.73(29) F 

37 
Environmental 
Conservation of 

Natural Resources 

3.33/ 
0.95(3) 

4.25/ 
0.50(4) 

3.80/ 
1.20(3) 

2.70/ 
1.18(4) 

3.29/ 
0.37(2) P(D) 

38 Environmental 
Engineering 

2.60/ 
1.05(5) 

2.60/ 
1.52(5) 

3.48/ 
0.54(5) 

2.80/ 
0.43(4) 

3.00/ 
0.46(4) P(D) 

39 Exercise & Sport 
Science 

1.98/ 
0.92(83) 

2.57/ 
1.25(86) 

3.03/ 
0.86(75) 

2.18/ 
0.91(80) 

2.48/ 
0.63(67) F 

40 Family & Consumer 
Science 

0.83/ 
0.52(3) 

2.33/ 
1.15(3) 

3.40 
/0.40(3) 

2.40/ 
0.72(3) 

2.46/ 
0.27(3) F 

41 Finance 1.77/ 
0.89(32) 

2.82/ 
1.16(33) 

2.93/ 
0.91(31) 

1.97/ 
0.86(30) 

2.33/ 
0.46(27) F 

42 Food Science 2.17/ 
1.27(6) 

3.00/ 
2.10(6) 

2.45/ 
0.72(4) 

2.00/ 
1.16(5) 

2.92/ 
0.53(3) F 

43 French 2.75/ 
1.15(3) 

4.00/ 
1.00(3) 

3.73/ 
0.31(3) 

2.30/ 
0.14(2) 

3.07/ 
0.16(2) P(D) 
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Appendix K. Continued.  

# Major Familiar 
Knowledge 

Factual 
Knowledge Attitude Behavior EL Score P/F 

(Grade) 

44 General Business 1.77/ 
0.86(32) 

2.84/ 
1.24(31) 

3.38/ 
0.70(24) 

2.08/ 
0.74(30) 

2.62/ 
0.46(22) F 

45 General Studies 1.94/ 
1.03(35) 

2.94/ 
1.39(35) 

3.27/ 
1.08(30) 

2.15/ 
0.92(33) 

2.67/ 
0.74(29) F 

46 Geography 2.97/ 
0.95(18) 

3.78/ 
1.06(18) 

3.21/ 
0.86(18) 

2.42/ 
0.74(17) 

3.00/ 
0.59(17) P(D) 

47 Geosciences 2.59/ 
1.13(11) 

3.67/ 
0.89(12) 

2.98/ 
0.78(12) 

2.30/ 
0.79(12) 

2.82/ 
0.58(11) F 

48 Health 1.81/ 
0.83(4) 

2.00/ 
1.15(4) 

2.80/ 
1.06(3) 

2.00/ 
1.28(4) 

2.36/ 
1.04(3) F 

49 History 2.08/ 
0.66(30) 

2.90/ 
1.09(30) 

3.30/ 
0.79(29) 

2.32/ 
0.72(26) 

2.74/ 
0.50(25) F 

50 Honors Arts & 
Letters 

0.75/ 
0.00(1) 

4.00/ 
0.00(1) 

2.20/ 
0.00(1) 

1.00/ 
0.00(1) 

1.86/ 
0.00(1) F 

51 Horticulture & 
Turfgrass Science 

3.25/ 
0.00(1) 

5.00/ 
0.00(1) 

2.00/ 
0.00(1) 

2.00/ 
0.00(1) 

2.71/ 
0.00(1) F 

52 Human Development 
and Family Studies 

1.49/ 
0.79(49) 

2.00/ 
1.23(50) 

3.18/ 
0.77(38) 

2.09/ 
0.83(50) 

2.32/ 
0.55(34) F 

53 Human Sciences 1.62/ 
1.32(15) 

2.13/ 
0.92(15) 

2.83/ 
0.75(12) 

2.39/ 
0.90(14) 

2.41/ 
0.77(12) F 

54 Industrial 
Engineering 

1.78/ 
1.16(9) 

3.11/ 
1.90(9) 

3.36/ 
0.86(9) 

1.88/ 
0.32(8) 

2.55/ 
0.65(8) F 

55 Interior Design 1.93/ 
0.62(10) 

2.40/ 
1.07(10) 

3.03/ 
0.79(6) 

2.38/ 
1.06(8) 

2.44/ 
0.49(4) F 

56 International 
Business 

1.97/ 
0.85(8) 

2.38/ 
0.92(8) 

2.54/ 
0.51(7) 

1.55/ 
0.91(8) 

2.09/ 
0.41(7) F 

57 International 
Economics 

3.03/ 
0.91(90 

2.89/ 
1.62(9) 

2.60/ 
0.94(8) 

3.09/ 
0.71(9) 

2.93/ 
0.57(8) F 

58 Journalism 2.12/ 
1.20(15) 

2.27/ 
1.03(15) 

3.60/ 
0.99(12) 

2.49/ 
0.98(13) 

2.84/ 
0.96(11) F 

59 Landscape 
Architecture 

3.75/ 
0.50(3) 

4.67/ 
0.58(3) 

3.87/ 
0.31(3) 

2.60/ 
0.92(3) 

3.55/ 
0.20(3) P(C) 

60 Management 2.15/ 
1.00(31) 

2.26/ 
1.18(31) 

3.29/ 
0.75(28) 

2.07/ 
0.64(30) 

2.51/ 
0.60(27) F 

61 Management 
Information Systems 

1.77/ 
0.64(13) 

2.57/ 
1.02(14) 

3.31/ 
0.91(13) 

2.09/ 
0.64(14) 

2.55/ 
0.38(13) F 

62 Marketing 1.91/ 
0.80(38) 

2.84/ 
1.08(38) 

3.10/ 
0.79(37) 

2.10/ 
0.86(37) 

2.54/ 
0.62(33) F 

63 Mathematics 1.75/ 
0.79(23) 

2.77/ 
1.60(22) 

2.97/ 
0.92(18) 

2.12/ 
0.80(21) 

2.47/ 
0.64(16) F 

64 Mechanical 
Engineering 

2.06/ 
0.85(59) 

3.38/ 
1.12(60) 

2.93/ 
0.96(54) 

2.11/ 
0.87(60) 

2.58/ 
0.55(53) F 

65 Microbiology 2.52/ 
0.60(12) 

3.17/ 
1.11(12) 

3.16/ 
0.66(11) 

2.02/ 
0.70(12) 

2.71/ 
0.55(11) F 

66 Music 1.86/ 
0.84(49) 

2.74/ 
1.19(50) 

3.14/ 
0.94(44) 

2.09/ 
1.02(49) 

2.55/ 
0.66(42) F 

67 Natural History & 
Humanities 

3.18/ 
0.40(7) 

3.86/ 
0.90(7) 

3.49/ 
0.76(7) 

3.47/ 
0.81(6) 

3.50/ 
0.28(6) P(C) 

68 Natural Resource 
Management 

3.47/ 
1.05(17) 

3.76/ 
1.03(17) 

3.80/ 
0.75(17) 

2.69/ 
0.95(16) 

3.37/ 
0.60(16) P(D) 
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Appendix K. Continued. 

# Major Familiar 
Knowledge 

Factual 
Knowledge Attitude Behavior EL Score P/F 

(Grade) 

69 Nursing 1.40/ 
0.62(24) 

2.17/ 
1.13(24) 

2.94/ 
0.69(21) 

2.20/ 
0.99(23) 

2.32/ 
0.38(20) F 

70 Nutrition 1.87/ 
0.91(15) 

2.67/ 
1.54(15) 

3.13/ 
0.76(14) 

2.56/ 
1.03(15) 

2.75/ 
0.69(13) F 

71 Nutritional Sciences 
& Dietetics 

1.96/ 
0.84(12) 

2.09/ 
1.04(11) 

3.31/ 
0.75(9) 

2.43/ 
0.76(11) 

2.61/ 
0.46(8) F 

72 Personal Financial 
Planning 

2.69/ 
0.85(4) 

2.40/ 
0.55(5) 

3.32/ 
1.35(5) 

1.55/ 
0.53(4) 

2.27/ 
0.63(3) F 

73 Petroleum 
Engineering 

2.73/ 
0.89(20) 

3.30/ 
1.26(20) 

3.01/ 
0.98(19) 

2.60/ 
0.89(20) 

2.88/ 
0.53(16) F 

74 Philosophy 2.10/ 
0.76(5) 

3.80/ 
1.10(5) 

2.64/ 
1.00(5) 

1.88/ 
0.99(5) 

2.49/ 
0.73(5) F 

75 Physics 2.63/ 
0.52(6) 

2.83/ 
1.33(6) 

3.48/ 
0.98(5) 

3.00/ 
0.80(6) 

3.20/ 
0.62(5) P(D) 

76 Political Science 2.15/ 
1.04(29) 

2.72/ 
1.33(29) 

2.82/ 
1.07(26) 

2.00/ 
1.08(29) 

2.37/ 
0.69(24) F 

77 Psychology 1.93/ 
0.94(101) 

2.41/ 
1.18(101) 

3.20/ 
0.87(88) 

2.17/ 
0.91(96) 

2.50/ 
0.57(81) F 

78 Public Relations 1.67/ 
0.88(36) 

2.69/ 
1.18(35) 

2.94/ 
0.64(29) 

2.11/ 
0.90(37) 

2.37/ 
0.43(26) F 

79 Range Management 2.75/ 
0.00(1) 

4.00/ 
0.00(1) 

2.40/ 
0.00(1) 

2.00/ 
0.00(1) 

2.59/ 
0.00(1) F 

80 Restaurant, Hotel, & 
Institutional Mgmt 

1.86/ 
0.74(35) 

2.72/ 
1.21(36) 

3.13/ 
0.65(34) 

2.04/ 
0.81(36) 

2.49/ 
0.54(33) F 

81 Retail Management 2.06/ 
0.65(8) 

2.78/ 
1.20(9) 

3.38/ 
0.88(9) 

1.80/ 
0.73(9) 

2.55/ 
0.69(8) F 

82 Social Work 1.81/ 
0.66(9) 

1.80/ 
1.23(10) 

2.73/ 
0.10(9) 

2.04/ 
0.75(10) 

2.28/ 
0.53(8) F 

83 Sociology 2.17/ 
1.16(18) 

2.41/ 
1.54(17) 

3.16/ 
0.89(16) 

2.33/ 
0.63(17) 

2.61/ 
0.48(15) F 

84 Spanish 1.40/ 
1.01(5) 

1.60/ 
1.52(5) 

2.60/  
1.51(3) 

2.24/ 
1.07(5) 

2.10/ 
0.49(3) F 

85 Speech Language 
and Hearing Sciences 

1.36/ 
0.99(9) 

2.33/ 
1.22(9) 

2.71/ 
0.50(7) 

2.40/ 
0.73(9) 

2.37/ 
0.44(7) F 

86 Technical 
Communication 

1.67/ 
1.53(3) 

2.33/ 
0.58(3) 

2.00/ 
1.25(3) 

1.33/ 
1.14(3) 

1.78/ 
1.02(3) F 

87 Theatre 1.74/ 
0.82(24) 

3.13/ 
1.23(24) 

3.06/ 
0.86(22) 

1.92/ 
0.86(22) 

2.45/ 
0.59(21) F 

88 Undeclared 1.75/ 
0.92(6) 

3.43/ 
1.13(7) 

3.37/ 
1.00(6) 

2.66/ 
0.95(7) 

3.00/ 
0.73(5) P(D) 

89 University Studies 1.40/ 
0.70(5) 

1.83/ 
0.41(6) 

2.72/ 
0.97(5) 

2.36/ 
0.43(5) 

2.39/ 
0.16(4) F 

90 Wildlife 
Management 

3.00/ 
0.00(1) 

4.00/ 
0.00(1) 

3.60/ 
0.00(1) 

2.20/ 
0.00(1) 

3.10/ 
0.00(1) P(D) 

91 Zoology 1.81/ 
0.63(4) 

2.75/ 
0.96(4) 

4.27/ 
0.61(3) 

2.65/ 
0.60(4) 

3.04/ 
0.29(3) P(D) 

M: Mean; SD: Standard Deviation; n: number of individuals that responded to the component’s 5 survey 
questions. A major gets a passing grade if it scores 3 (60%) or higher. Scores were only calculated for 
complete data (the individual student answered all items for a particular component). 
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Appendix L 

Environmental Literacy Levels by Demographic Variables. M/SD(n) 

 

Demographic 
Variable 

Familiar 
Knowledge 

Factual 
Knowledge Attitude Behavior Environmental 

Literacy Score 
P/F 

(Grade) 
Gender       

   Male 2.21/ 
1.01(626) 

3.07/ 
1.22(632) 

2.98/ 
0.93(585) 

2.09/ 
0.86(608) 

2.57/ 
0.62(551) F 

   Female 1.90/ 
0.91(1199) 

2.62/ 
1.26(1209) 

3.23/ 
0.79(1029) 

2.23/ 
0.87(1166) 

2.59/ 
0.59(941) F 

Age       

   17-24 2.00/ 
0.95(1610) 

2.77/ 
1.25(1624) 

3.13/ 
0.83(1417) 

2.18/ 
0.87(1572) 

2.58/ 
0.59(1312) F 

   25-30 2.15/ 
1.13(112) 

2.97/ 
1.38(112) 

3.27/ 
0.98(98) 

2.25/ 
0.79(108) 

2.72/ 
0.58(93) F 

   30+ 1.90/ 
0.99(49) 

2.84/ 
1.27(51) 

3.14/ 
1.15(44) 

2.41/ 
0.85(46) 

2.75/ 
0.68(39) F 

Classification       

   Freshman 1.88/ 
0.66(404) 

2.60/ 
1.21(410) 

3.09/ 
0.78(359) 

2.22/ 
0.88(394) 

2.53/ 
0.59(330) F 

   Sophomore 2.01/ 
0.97(450) 

2.76/ 
1.21(450) 

3.15/ 
0.85(391) 

2.22/ 
0.84(437) 

2.61/ 
0.59(359) F 

   Junior 2.07/ 
0.95(500) 

2.87/ 
1.25(505) 

3.13/ 
0.90(443) 

2.11/ 
0.86(488) 

2.58/ 
0.60(413) F 

   Senior 2.04/ 
0.97(500) 

2.86/ 
1.34(505) 

3.18/ 
0.86(445) 

2.18/ 
0.88(483) 

2.62/ 
0.61(413) F 

Political Orientation       

   Conservative 1.94/ 
0.94(669) 

2.76/ 
1.27(671) 

2.90/ 
0.89(586) 

1.99/ 
0.84(655) 

2.41/ 
0.59(554) F 

   Moderate 2.03/ 
0.92(640) 

2.85/ 
1.24(651) 

3.22/ 
0.77(573) 

2.22/ 
0.83(621) 

2.65/ 
0.54(524) F 

   Liberal 2.11/ 
1.01(314) 

2.88/ 
1.31(310) 

3.42/ 
0.82(276) 

2.43/ 
0.91(304) 

2.82/ 
0.65(258) F 

Hometown       

   Rural 2.00/ 
0.99(542) 

2.78/ 
1.27(541) 

3.11/ 
0.86(483) 

2.14/ 
0.86(526) 

2.54/ 
0.59(453) F 

   Urban 2.01/ 
0.95(1309) 

2.78/ 
1.26(1325) 

3.15/ 
0.85(1150) 

2.20/ 
0.87(1274) 

2.61/ 
0.60(1057) F 
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Appendix M   

Demographics for each TTU major 

# Major n Age 
(mean) 

Gender Political Orientation Classification Hometown 
M F C M L None Fr So Jr Sr Rural Urban 

 All 1,912 21.1 636 1227 677 658 317 235 414 459 510 509 549 1340 
1 Accounting 57 21.3 18 36 23 22 6 6 10 18 12 16 11 46 
2 Advertising 30 20.3 10 19 10 8 7 5 5 8 9 8 7 23 
3 Agribusiness 6 19.2 2 4 3 3 0 0 3 3 0 0 4 2 

4 Agriculture & 
Applied Economics 6 24.3 3 3 5 1 0 0 0 2 2 2 5 0 

5 Agriculture 
Communications 10 20.7 1 9 5 4 0 1 0 2 3 5 4 5 

6 Agriculture – 
Interdisciplinary 3 21.0 3 0 2 1 0 0 1 0 0 2 2 1 

7 Animal Science 30 20.1 4 26 11 10 5 4 8 6 12 4 10 20 
8 Anthropology 4 21.5 1 2 2 1 1 0 1 3 0 0 2 1 

9 Apparel Design & 
Manufacturing 5 20.0 0 5 0 1 1 3 0 2 1 2 1 4 

10 Architecture 41 21.5 18 23 12 15 5 9 13 8 8 12 10 31 
11 Art               
12 Biochemistry 21 19.7 7 14 6 5 6 3 10 5 2 4 5 16 
13 Biology 43 20.2 14 27 12 12 9 10 11 8 10 14 8 35 

14 Biology – Pre-
Health Professional 58 19.8 9 49 15 19 16 8 22 17 13 6 18 39 

15 Business 32 21.0 8 22 6 15 5 6 13 6 7 5 8 24 

16 Cell & Molecular 
Biology 6 20.3 1 4 0 5 0 1 2 1 2 1 2 4 

17 Chemical 
Engineering 21 20.5 7 14 5 11 3 2 4 9 5 3 5 16 

18 Chemistry 23 19.9 4 18 6 8 3 5 6 2 8 7 5 18 
19 Civil Engineering 28 20.2 21 7 14 6 3 5 11 4 5 8 8 20 
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Appendix M. Continued. 

# Major n Age 
(mean) 

Gender Political Orientation Classification Hometown 
M F C M L None Fr So Jr Sr Rural Urban 

20 Classical 
Languages 1 19 0 1 1 0 0 0 1 0 0 0 0 1 

21 Communication 
Studies 25 20.3 8 17 12 5 5 3 5 3 9 8 5 20 

22 
Community, 
Family, & 

Addiction Services 
8 23.6 1 7 2 2 4 0 0 2 3 3 1 7 

23 Computer 
Engineering 17 20.2 17 0 3 6 6 2 6 6 4 1 5 12 

24 Computer Science 28 20.9 20 8 4 12 8 4 7 6 7 8 8 20 

25 Construction 
Engineering 1 21 1 0 1 0 0 0 0 0 1 0 0 1 

26 Dance 11 20.2 0 11 4 4 2 1 2 1 5 3 3 8 
27 Early Childhood 49 20.1 0 49 27 13 5 4 14 10 16 9 19 29 
28 Economics 36 22.9 25 11 14 11 4 7 1 11 13 11 10 26 

29 
Education – 

Multidisciplinary 
Studies 

45 21.8 3 42 17 14 6 8 8 15 9 13 13 32 

30 
Education – 

Multidisciplinary 
Science 

21 23.1 7 14 11 6 3 1 2 2 11 6 11 10 

31 Electronic Media 
& Communications 25 19.9 8 17 6 11 4 4 9 7 5 4 4 20 

32 Electrical 
Engineering 31 21.7 24 7 10 14 1 6 10 8 6 7 8 23 

33 Energy Commerce 17 21.2 12 4 14 2 0 1 4 5 6 2 5 12 
34 Engineering 18 20.3 11 7 5 6 4 3 7 5 2 4 5 13 

35 Engineering 
Technology 1 23 1 0 0 1 0 0 0 0 0 1 0 1 
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Appendix M. Continued. 

# Major n Age 
(mean) 

Gender Political Orientation Classification Hometown 
M F C M L None Fr So Jr Sr Rural Urban 

36 English 36 21.4 7 29 11 12 6 7 4 10 11 11 7 28 

37 
Environmental 
Conservation of 

Natural Resources 
4 22.7 2 2 2 2 0 0 0 2 1 1 2 2 

38 Environmental 
Engineering 5 19.4 0 5 1 1 1 2 2 1 2 0 0 5 

39 Exercise & Sport 
Science 86 20.3 32 54 38 30 5 12 19 25 24 18 40 46 

40 Family & 
Consumer Science 3 22.0 0 3 1 1 0 1 1 0 1 1 2 1 

41 Finance 33 22.5 22 11 19 9 2 3 7 14 6 6 5 28 
42 Food Science 6 21.8 2 4 2 1 2 1 1 1 2 2 2 4 
43 French 3 21.7 0 3 1 1 0 1 0 1 0 2 2 1 
44 General Studies 35 37.3 14 21 13 15 2 5 3 3 13 16 9 26 
45 Geography 18 20.9 11 6 5 8 4 0 1 5 7 5 8 10 
46 Geosciences 12 20.4 4 8 4 6 2 0 0 5 3 4 0 12 
47 Health 4 20.5 0 4 1 2 1 0 0 2 1 1 2 2 
48 History 30 20.7 16 14 11 7 7 5 2 9 10 9 8 22 

49 Honors Arts & 
Letters 1 19.0 0 1 1 0 0 0 0 1 0 0 1 0 

50 Horticulture & 
Turfgrass Science 1 37 1 0 0 0 0 1 1 0 0 0 1 0 

51 
Human 

Development and 
Family Studies 

51 21.7 5 46 16 21 13 1 6 7 15 23 16 35 

52 Human Sciences 15 20.7 4 11 7 6 1 1 3 4 5 3 3 12 

53 Industrial 
Engineering 9 21.3 4 5 3 5 0 1 2 1 3 3 3 6 

54 Interior Design 10 22.4 0 10 4 3 1 2 3 2 1 4 2 8 
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Appendix M. Continued. 

# Major n Age 
(mean) 

Gender Political Orientation Classification Hometown 
M F C M L None Fr So Jr Sr Rural Urban 

55 International 
Business 8 20.0 2 6 5 3 0 0 2 2 1 3 3 5 

56 International 
Economics 9 21.9 3 6 4 1 4 0 1 2 2 4 1 8 

57 Journalism 15 20.1 5 10 3 6 4 2 4 3 3 5 1 14 

58 Landscape 
Architecture 3 21.7 2 1 0 2 1 0 0 2 0 1 1 2 

59 Latin American & 
Iberian Studies 1 21.0 0 1 0 1 0 0 0 0 1 0 0 1 

60 Management 31 21.3 16 14 11 13 5 2 3 9 8 11 10 21 

61 
Management 
Information 

Systems 
14 21.4 10 4 7 5 1 1 1 3 6 4 3 10 

62 Marketing 39 21.4 14 24 19 10 9 1 5 10 9 15 7 32 
63 Mathematics 23 20.9 9 14 9 9 4 1 3 3 7 10 6 17 

64 Mechanical 
Engineering 60 20.5 49 10 26 20 8 6 13 11 20 15 16 44 

65 Microbiology 12 20.5 4 8 4 3 2 3 2 2 4 4 4 8 
66 Music 50 20.9 7 41 15 17 11 6 13 11 14 12 12 38 

67 Natural History & 
Humanities 7 21.3 2 5 1 3 3 0 1 0 2 4 3 4 

68 Natural Resource 
Management 17 20.1 11 6 5 10 1 1 5 9 1 2 7 10 

69 Nursing 24 19.0 0 24 12 7 1 4 12 10 0 2 8 16 
70 Nutrition 14 20.2 3 11 5 5 2 2 1 6 4 3 6 8 

71 
Nutritional 
Sciences & 
Dietetics 

12 19.8 1 10 4 1 3 4 3 3 4 2 2 10 

72 Personal Financial 
Planning 5 24.2 3 2 3 1 0 1 1 1 2 1 2 3 
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Appendix M. Continued. 

# Major n Age 
(mean) 

Gender Political Orientation Classification Hometown 
M F C M L None Fr So Jr Sr Rural Urban 

73 Petroleum 
Engineering 21 22.0 15 6 11 5 0 5 5 6 3 7 5 16 

74 Philosophy 5 19.4 2 3 2 1 2 0 2 0 2 1 1 4 
75 Physics 6 19.2 4 2 2 1 2 1 4 1 0 1 1 5 
76 Political Science 30 20.7 11 18 10 12 7 1 5 7 7 11 11 19 
77 Psychology 102 20.8 11 86 29 35 25 10 21 19 36 26 30 72 
78 Public Relations 37 20.4 2 34 10 21 4 2 7 12 8 10 8 29 

79 Range 
Management 1 19 0 1 0 1 0 0 0 0 1 0 1 0 

80 
Restaurant, Hotel, 

& Institutional 
Management 

36 21.4 12 24 13 13 5 5 5 6 12 13 11 25 

81 Retail Management 9 19.9 0 9 1 5 2 1 4 1 1 3 2 7 
82 Social Work 10 22.2 3 7 2 5 2 1 1 1 5 3 3 7 
83 Sociology 18 20.9 10 6 6 7 5 0 3 5 7 2 8 10 
84 Spanish 5 21.8 0 5 4 0 1 0 1 1 0 3 2 3 

85 
Speech Language 

and Hearing 
Sciences 

9 19.6 1 8 4 5 0 0 3 3 2 1 4 5 

86 Technical 
Communication 3 25.7 1 2 3 0 0 0 0 0 1 2 1 2 

87 Theatre 24 21.4 7 14 4 9 7 4 5 7 5 7 7 17 
88 Undeclared 7 18.9 3 4 3 1 1 2 5 2 0 0 4 3 
89 University Studies 6 31.7 0 6 3 2 0 1 0 1 1 4 2 4 

90 Wildlife 
Management 1 19.0 1 0 0 0 1 0 1 0 0 0 1 0 

91 Zoology 4 20.8 0 3 1 1 0 2 2 1 0 1 1 3 
Gender – M: Males, F: Females; Political Orientation – L: Liberal, M: Moderate, C: Conservative; None: none of the above; Classification – Fr: 
freshman, S: sophomore, Jr: junior, Sr: senior. Missing values are not reported. 
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Appendix N 

Nature experiences and environmental literacy scores for all students 

 

Life Stage 
& 

Experience 

EL Scores based on the Frequency of  
Nature Experiences M/SD(n) t Statistic Sig  Frequent (fairly often, 

very often, always) 
Infrequent (never, almost 

never, sometimes) 
Childhood     
  Wildlife 2.66/0.62(484) 2.55/0.58(1,014) 3.33 p<.01 
  Abiotic 2.72/0.61(528) 2.52/0.58(956) 6.37 p<.001 
  Env Ed 2.67/0.61(654) 2.52/0.58(847) 4.92 p<.001 
  Activist 2.76/0.59(153) 2.57/0.60(1340) 3.84 p<.001 
  Adventure 2.65/0.62(664) 2.54/0.58(835) 3.55 p<.001 
  Domestic 2.68/0.62(602) 2.53/0.58(900) 4.89 p<.001 
Adolescent     
  Wildlife 2.65/0.61(498) 2.56/0.59(999) 2.62 p<.01 
  Abiotic 2.72/0.62(600) 2.50/0.57(887) 6.86 p<.001 
  Env Ed 2.75/0.61(453) 2.52/0.58(1047) 6.68 p<.001 
  Activist 2.72/0.59(298) 2.56/0.59(1198) 4.23 p<.001 
  Adventure 2.67/0.63(651) 2.52/0.57(850) 4.74 p<.001 
  Domestic 2.78/0.60(375) 2.52/0.58(1123) 7.32 p<.001 
College     
  Wildlife 2.64/0.66(132) 2.59/0.59(1360) 0.92 No 
  Abiotic 2.66/0.58(303) 2.57/0.60(1176) 2.19 p<.05 
  Env Ed 2.95/0.61(126) 2.56/0.59(1368) 6.96 p<.001 
  Activist 2.69/0.57(89) 2.58/0.60(1400) 1.68 No 
  Adventure 2.69/0.69(139) 2.58/0.59(1354) 1.77 No 
  Domestic 2.82/0.64(60) 2.58/0.59(1432) 2.87 p<.01 
Adult     
  Wildlife 2.74/0.62(252) 2.56/0.59(1047) 4.23 p<.001 
  Abiotic 2.78/0.61(410) 2.51/0.58(873) 7.61 p<.001 
  Env Ed 2.94/0.61(161) 2.55/0.58(1137) 7.61 p<.001 
  Activist 2.84/0.64(93) 2.58/0.59(1201) 3.85 p<.001 
  Adventure 2.80/0.61(287) 2.54/0.58(1014) 6.51 p<.001 
  Domestic 2.96/0.62(155) 2.55/0.58(1148) 7.81 p<.001 
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