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Abstract 

 This dissertation investigates the Competence Model for Environmental Education 

(Kaiser, Roczen, & Bogner, 2008), a theoretical environmental-behavior change model, for use 

in the United States with elementary-aged students. Paper #1 tests two new instruments 

developed for use with the Competence Model, the Expanded Ecological Concepts Questionnaire 

and the Revised General Environmental Behaviors scale. Paper #2 questions if student data 

generated from these instruments fits the model appropriately. The final paper investigates if the 

model can be used in the evaluation of environmental education programs. Based on findings of 

all three papers, the Competence Model is recommended as a strong theoretical and practical 

framework to be used in the development, implementation, and evaluation of environmental 

education programs. 
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Chapter One: 

Introduction to and Structure of the Dissertation 

 

Over the years, education has been the dominant strategy used to address pressing 

environmental issues. It is often viewed as a change agent and avenue to addressing 

environmental issues and developing more positive environmental behaviors (Rickinson, 2001; 

Ruskey, Wilke, & Beasley, 2001; D. Simmons, 1995; Tilbury, 1995).  With the future of our 

Earth to be decided by current K-12 students, an estimated 30 million K-12 students and over 1.2 

million teachers participate in environmental learning programs annually (Coyle, 2005).  The 

continual growth of environmental concerns makes it all the more imperative to ensure that these 

environmental learning programs have access to and are making use of evidence-based behavior 

models that effectively support learners in attaining a more ecological way of life.  The objective 

of this dissertation is two-fold: to test the Competence Model for Environmental Education by 

Kaiser, Roczen and Bogner (2008) for validity and to add a more nuanced view to the literature 

base of the relationship between variables that influence environmentally friendly behaviors.  In 

doing so, this study will provide educators with much needed guidance and a framework for the 

development of their environmental learning programs.     

How do we develop environmentally friendly behaviors? 

Ultimately, the goal of environmental learning is to help a person develop a more 

environmentally friendly lifestyle (Hungerford & Volk, 1990).  Years of research have gone into 

uncovering factors that lead to these behaviors, leading to the development of many different 

models describing the relationship between these variables.  Each model offers a different 

perspective on main factors influencing behavior change, paving the way for the more recent 
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Competence Model¸ which is the focus of this dissertation, to build bridges between the prior 

models and integrate the major findings into more a comprehensive framework. 

Knowledge-based models 

Early models described a linear progression between environmental understandings, 

attitudes, and behaviors (see Figure 1).  The earliest of models, termed ‘deficit models,’ claimed 

that citizens were simply at a knowledge ‘deficit,’ and that education about environmental issues 

would inevitably increase attitudes, resulting in more pro-environmental behaviors (Burgess, 

Harrison, & Filius, 1998; Hungerford & Volk, 1990; Schultz, 2002).   

 

Figure 1. Early deficit model of environmental behavior. 

Even with results of empirical studies demonstrating that knowledge has little influence 

on changing environmental behaviors (Hines, Hungerford, & Tomera, 1987; Schultz, 2002), and 

claims that this educational strategy focuses on the idea of education as being synonymous with 

‘providing information’ (Schultz, 2002), the knowledge-deficit model is often used to undergird 

educational campaigns. As evidenced through the many informational programs focusing on 

things like drug awareness, sex education, and recycling, this model remains a popular, albeit 

narrowly conceived, approach to education (Schultz, 2002).  However, has also been claimed  

the role of knowledge in developing behaviors has been downplayed by past research due to 

other more behavior-proximal factors, and once these mediating factors (i.e. social norms, 

attitudes, or intention to act) are removed from analysis, the once behavior-distal role of 
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knowledge is shown to have a much more influential role than previously thought (Kaiser & 

Fuhrer, 2003) (see Figure 2). 

A popular form of knowledge taught by educational programs is procedural knowledge.  

Both Schultz (2002) and Kaiser & Fuhrer (2003) claim that while procedural knowledge, or 

knowledge about the physical steps to accomplishing a behavior (for example, knowing where to 

go to recycle and how to separate your recyclables), does impact environmental behaviors, it 

does so not as a motivational source, but instead as a way for people to address barriers that 

prevent them from enacting the behavior in the first place.   

Declarative knowledge, on the other hand, has been a main focus of environmental 

learning, and is viewed as one of the more important elements when attempting to develop 

environmentally responsible behaviors (Frick, Kaiser, & Wilson, 2004; Kaiser & Fuhrer, 2003).  

Frick et al (2004) suggest that this form of knowledge can be separated into three distinct 

categories, or dimensions:  environmental system knowledge (understanding how natural 

systems work), action-related knowledge (knowledge of ways to address environmental 

problems), and effectiveness knowledge (knowing which action strategy is more beneficial than 

others), a suggestion that has since been confirmed by others (Fremerey & Bogner, 2014; 

Liefländer, 2015).  

 

Figure 2. Knowledge’s behavior-distal influence mediated by behavior-proximal factors 

affecting environmental behaviors, (Kaiser & Fuhrer, 2003).  Note that in this figure, procedural 

knowledge is synonymous with action-related knowledge, and declarative knowledge refers to 

environmental system knowledge.  
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Overall, it is argued that knowledge is a necessary but not sufficient way to promote 

environmentally responsible behaviors.  When working together as a cohesive model, each 

dimension of knowledge (procedural, effectiveness, and declarative) builds on each other and 

depends on one another for growth and change, ultimately leading to environmental behavior 

change.  Therefore, it has been argued that increases, retention, and convergence of knowledge 

should be viewed as indicators of educational success.  

Psycho-social models 

 Many criticisms and issues spawn from the use of knowledge-based environmental 

behavior models, including claims that: 1) social norms, culture, and customs can also influence 

behaviors; 2) direct experience with phenomena have a stronger influence on people’s behaviors 

than indirect experiences, so providing knowledge alone is not enough; and 3) sometimes what 

people claim to think or know may not connect to their environmentally-focused actions or 

behaviors (i.e. a person knowing about environmental issues may not correlate to their recycling 

behaviors) (Hungerford & Volk, 1990; Johnson, 2003; Rajecki, 1982).  These critiques led to a 

focus on the importance of affective, psycho-social elements like attitudes and norms in the 

development of environmental behaviors, and claims that these social and psychological 

variables must be specifically addressed in environmental learning programs(Ajzen, 1991; 

Bogner & Wiseman, 2006; Kaiser, 2006; Roczen, 2011; Stern, 2000). 

 The Theory of Reasoned Action. Ajzen and Fishbein’s Theory of Planned Behavior and 

Theory of Reasoned Action (1973, 1980) suggest that a person’s behavior is ultimately 

determined by his/her intention to perform the behavior.  Neither the Theory of Reasoned Action 

nor its extension, the Theory of Planned Behavior (TPB), specifically focuses on environmental 

behaviors. As a general model of persuasion, the TPB views intention as being influenced by 
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three things: 1) attitudes towards performing a particular act (the evaluation of outcomes of 

performing the behavior); 2) subjective norms (social pressure and perceived expectations of 

others); and 3) perceived behavioral control. Perceived behavior control, or PBC, refers to 

people's perceptions of their ability to perform a given behavior (see Figure 3). PBC is also 

expected to have a direct effect on behavior, and, along with intention, influence 25-30% of 

variance in behavior (Ajzen, 1991) 

 The variables applied in TPB emphasize that people rationally consider their actions 

before they decide to perform or not to perform a certain behavior.  In fact, in a study applying 

the theory to environmentally-focused conservation behaviors, it was found that the rational-

choice factors of attitude, subjective norms, and PBC account for 76% of variance in intentions, 

which in turn explained 95% of variance in a person’s conservation behavior (Kaiser, Hubner, & 

Bogner, 2005). Although the authors initially question the absence of moral norms as another 

variable in the model, they later raise doubts about moral norms as a separate variable, and 

instead argue that, “in the environmental domain, they are, apparently, already an integral part of 

people’s attitudes” (p.2167).  

 Again, the Theory of Reasoned Action does not specifically focus on environmental 

behaviors.  However, because of its strong explanatory factors, it has been looked to by many to 

describe specific behaviors in many fields, environmental learning included, with a major 

takeaway being that efforts to impact behaviors must go beyond providing knowledge, and 

instead focus on psychosocial variables such as attitudes, social norms, and perceived behavioral 

control. 
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Figure 3.  Theory of Reasoned Action (adapted from Ajzen & Fishbein, 1980). 

Model of predictors of environmental behaviors. While the Theory of Reasoned Action 

focuses solely on psychosocial variables, Hines, Hungerford and Tomera’s (1987) meta-analysis 

of 128 environmental behavior research studies returned to the importance of developing 

understandings alongside affective variables. In this model, the authors argue that before an 

individual can intentionally act on an environmental problem, they must first have knowledge of 

the issue, knowledge of action strategies, and the skill to act on them.  Psycho-social personality 

factors are another critical component, including an individual’s perceptions of their locus of 

control over the issue, environmental attitudes (views on personal consequences resulting from 

the behavior), and a sense of responsibility to act (see Figure 4). Similar to Ajzen & Fishbein 

(1973, 1980), the authors argue that social norms and pressures, called ‘situational factors’ here, 

play a role in these actions ultimately being played out. Together, these different forms of 

cognitive, psycho-social factors influence an individual’s intention to act (again, following the 

work of Ajzen & Fishbein).  
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Figure 4.  Model of predictors of environmental behaviors (Hines et al., 1987). 

  Recently, Bamberg and Möser (2007) conducted a structural equation statistical analysis 

to confirm the findings of Hines et al. twenty years after the original study.  Through theoretical 

modeling, and a meta-analysis of 46 more recent studies, Bamberg and Möser confirmed Hines 

et al.’s claim that intention significantly effects and mediates the impact of all other psycho-

social variables on pro-environmental behavior, explaining 27% of its variance. In turn, intention 

is impacted in similar amounts by the three predictors of attitude, moral norms (what Hines et al. 

called moral obligation within the personal responsibility variable), and perceived behavioral 

control. By re-emphasizing the view of pro-environmental behavior as a mixture of knowledge 

and psycho-social variables, Bamberg and Möser’s work on Hines et al.’s model highlights both 

the temporal stability of this model, as well as the continued progression of understandings of 

cognitive and psycho-socio variables stemming from previous behavior models, such as the 

Theory of Reasoned Action.  

Value-Belief-Norm Theory. The focus on affective psycho-social variables continues 

with David Stern’s Value-Belief-Norm Theory (2000), another of the most widely used theories 

describing environmental behavioral change.  This model claims that each variable is linked to 

and affects the next variable in line, forming a causal chain resulting in the intended behavior 
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(see Figure 5). The Value-Belief-Norm Theory draws from prior theories regarding the roles that 

norms, worldviews, beliefs, and values play in the development of environmentally friendly 

behaviors.  This theory moves from very personal and relatively stable values towards those 

focused on more human-environment relations, threats posed towards valued objects, ideas on 

the responsibility to act, and finally the activation of behaviors (Stern, Dietz, Abel, Guagnano, & 

Kalof, 1999). 

 

Figure 5. Value-Belief-Norm Theory, (Stern, 2000). 

As shown in the figure, Stern (2000) claims that values such as self-interest (egoistic), 

altruism towards humans, and altruism towards other species and the biosphere (biospheric) hold 

the key to understanding values.  These values are linked to the New Ecological Paradigm 

(NEP), a view that human actions have an impact on the biosphere (the New Ecological 

Paradigm, NEP, see Dunlap and Van Liere, 1978 for more), and connects to a person’s belief 

towards adverse consequences (AC) and their ability to reduce this threat (AR). These beliefs 

activate personal norms, the variable that ultimately activates different types of environmental 

behaviors.  

The Value-Belief-Norm Theory (Stern, 2000) continues with previous research by 

thinking about affective components in order to better understand behaviors, yet shifts away 

from previous theories by focusing on more than one environmental behavior or action. Instead, 
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this theory thinks about the many different options a person has available to choose from in order 

to enact their environmental values, beliefs and norms.  

 These psycho-social models are amongst the most highly cited and popular of 

environmental behavior change theories, and for good reason.  Not only do they reach past 

cognitive-based knowledge theories to incorporate the more personal and affective motives 

behind behavior, but each theory also offers a different perspective and understanding on the 

social and psychological factors underlying our environmental behavior undertakings. However, 

these descriptive models are limited in their ability to enact behavior change, since so many of 

these factors are beyond the reach of environmental learning programs.  Moving forward, 

competence models think about behavior change in a new way, and in ways meant to be 

implemented in educational efforts.  

Competence models 

 The overarching goal of environmental learning is to change learner environmental 

behaviors (Hungerford & Volk, 1990), or in other words, to help people develop the aptitudes 

needed to change their behaviors and lifestyles in environmentally friendly ways (Nina Roczen, 

Kaiser, Bogner, & Wilson, 2013).  Authors have therefore argued for a model that focuses on the 

development of both cognitive and motivational (affective) aptitudes that work together to 

influence a person’s pro-environmental behaviors, instead of focusing on changing single 

behaviors as was the goal of many previous models (Corral-Verdugo, 2002; Kollmuss & 

Agyeman, 2002; N. Roczen, Kaiser, Bogner, & Wilson, 2014). These competence models define 

a competence as a composite of abilities or skills that allows people to cope effectively and 

successfully with real-life tasks and challenges (Weinert, 2001 cited in Röczen et al, 2014).  In 

the realm of environmental learning, an environmental competence model is one that describes 
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the structure between the abilities and dispositions that are prerequisites for pro-environmental 

behaviors, and the relationship to those behaviors.   

Corral-Verdugo’s structural model of pro-environmental competency.  Corral-

Verdugo’s structural model views competence as a latent disposition and predictor of a specific 

environmentally friendly behavior.  Defined as the capacity to effectively respond to 

environmental conservation requirements (p. 535), pro-environmental competence is shaped by 

two first-order factors: skills and the pro-environmental requirements of motives, cultural beliefs, 

and environmental perceptions.  These requirements include the attitudes and motives for 

preserving the environment, cultural beliefs regarding the state of the environment and the 

benefits humans can obtain from it, and perceptions related to anthropocentric or ecocentric 

visions of concern for the state of nature. The skills that enable a person to enact conservation 

behaviors, along with aforementioned requirements, indicate a pro-environmental competence, 

and when triggered by contextual factors, leads to environmentally friendly behaviors, which are 

the ultimate target of the competence structure (see Figure 6). 

 

Figure 6.  Corral-Verdugo’s structural model of pro-environmental competency. 

Overall, Corral-Verdugo argues that it is ultimately social groups which require 

individuals to develop and perform environmentally related conservation skills, which shape pro-

environmental competency.  If the social context is supportive of preserving the environment, a 
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skilled person will be pro-environmentally competent, and vice versa. However, with its focus on 

these first-order factors as influences on competence, and competence itself considered to be a a 

second order factor, this model limits its complexity as it assumes that skills, motives, beliefs, 

and perceptions must be correlated, yet have no interplay between them (Nina Roczen et al., 

2013). Because of these deficiencies, another competence model has been proposed; one that 

focuses directly on cognitive and motivational factors that target a person’s overall 

environmental behaviors and ecological impact. 

Theoretical perspective: The Competence Model for Environmental Education. The 

competence model proposed by Kaiser and others (2008) describes how specific predictors can 

explain overall pro-environmental behaviors (see Figure 7).  While previous models define pro-

environmental behaviors as specific actions such as recycling, environmental activism, or energy 

conservation (Kaiser, 2004), the Competence Model differs from previous models in two distinct 

ways.  First, the Competence Model focuses on a person’s ‘constellation of behaviors,’ or general 

environmental patterns of behavior.  In the view of Roczen, Kaiser, Bogner, and Wilson (2014), 

previous models ignore a person’s unique living circumstances and the many options from which 

they choose to implement environmental behaviors, and consequently choose the behaviors that 

will lessen their overall ecological impact.  They further claim that “focusing on such a general 

disposition ultimately shifts the focus away from specific behaviors to a person’s entire way of 

living and thus, the degree to which a person adopts an ecological lifestyle” (2014, p. 5).  This 

stance and focus on ecological impact via a person’s constellation of behaviors holds particular 

interest for learning programs with ultimate goals of helping learners embrace environmentally 

friendly lifestyles.   
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As others before it, The Competence Model stresses the importance of developing 

environmentally-positive attitudes but adds to the literature base viewing knowledge as a 

necessary yet insufficient way to promote environmentally friendly behaviors.  Using the 

research of Frick et al. (2004), Kaiser et al. (2008) distinguish between three forms of 

environmental knowledge in their model: a) knowledge about how the environmental system 

works and how natural processes operate (environmental system knowledge); b) knowledge 

about how to achieve resource conservation and environmental preservation (action- related 

knowledge) and c) knowledge about the effectiveness of various behaviors (effectiveness 

knowledge) (see Figure 7).  According to Frick et al. (2004), each of these different dimensions 

of knowledge are necessary in triggering ecological behavior, since people need to be aware of 

their different ecological behavior options and able to assess the effectiveness each before taking 

action.  Additionally, it is claimed that as knowledge in each dimension increases, they will 

eventually become less differentiated from each other and converge into one knowledge 

structure. (Kaiser & Fuhrer, 2003; Liefländer, 2015). As this knowledge increases and 

converges, behaviors are hypothesized to increase as well.  However, it seems that knowledge 

alone is not enough, as its behavior-distal relationship is mediated by a more behavior-proximal 

variable:  attitudes.  
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Figure 7. The Competence Model, adapted from Röczen et al, 2014.  This figure illustrates the 

major findings of statistically significant relationships between variables. p < 0.1, p< 0.5. 

 

Although interplay exists between all variables, attitude towards nature - and NOT 

environmental knowledge as described in early models- is viewed to be the crucial force behind 

the degree to which people undertake environmentally responsible lifestyles. Action related 

knowledge plays a small yet still important role in developing general ecological behaviors, and 

along with attitudes towards nature can describe as much as 34% of variance in reported 

behaviors. 

After initial testing of the Competence Model, Roczen and others (2014) are careful to 

still state the need for each dimension of environmental knowledge in an environmental learning 

program, as increases in knowledge can lead to behavior changes via other pathways.  Take, for 

instance, environmental system knowledge, which significantly influences the development of 

action-related knowledge, which in turn directly influences behaviors.  This increase in attitudes 

towards nature directly in turn directly influences pro-environmental behaviors; as students learn 

more about the environment and its’ systems, they gain appreciation for it.  The inverse is also 

true: a gain in appreciation can lead to a search for environmental behavior remedies by way of 
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environmental system knowledge and effectiveness knowledge.  Overall, the authors emphasize 

the interrelatedness and importance of each factor within the model – each factor impacts 

another, leading to a comprehensive and complex model of environmental behaviors.  

Just as in previous behavior theories, this model retains many of the findings and 

advantages of previous models.  First, it incorporates the need for different forms of 

environmental knowledge to be included in educational programs. More pointedly, it focuses on 

the strong relationship between attitudes and behaviors, an aspect much emphasized by others, 

even going so far as to recommend that program developers focus first on attitudes towards 

nature as a means to motivate the development of other environmental competencies. Keeping in 

mind that people have a large amount of social and personal pressures influencing their choices 

when it comes to exhibiting their environmentally related behaviors, the Competence Model 

further distinguishes itself from other models that are aimed at specific actions with its focus on 

lifestyles, or the ‘constellation of behaviors’ and a person’s overall ecological impact as its’ 

ultimate educational goal. 

It is a generally accepted belief that the end goal of education is a change in learner 

behavior (Hungerford & Volk, 1990; Lane & Wilke, 1995).  In environmental learning, this 

comes in the shape of environmentally responsible behaviors. Over the years research has looked 

into the different elements that are involved in creating these behaviors, and what elements the 

different approaches educators should focus on. This section aimed to this research and the 

models resulting from it.  The progression of environmentally responsible behavior models 

discussed here offers increasingly more nuanced looks at the factors that influence and contribute 

to environmental behavior, helping environmental learning programs better develop and evaluate 

their efforts.   
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 The knowledge-based and psycho-social models provided insight into different 

dimensions and factors that possibly influence environmental behaviors.  These models, 

however, have significant short-comings in terms of usage by environmental learning programs.  

First, years of research have clearly shown that knowledge alone is simply not enough to change 

learner behavior; instead, affective components are necessary as well.  This aspect is one 

explored by the psycho-social models, resulting in a better understanding of how many different 

personal factors and variables can ultimately impact our intent to act in environmentally friendly 

manners. However, as previously stated, these descriptive models are limited in their ability to 

enact behavior change, since so many of these factors are ones beyond the reach of 

environmental learning programs.  In contrast, the Competence Model (2008) was developed 

with the specific intent of being used in the development and evaluation of environmental 

learning programs. 

Therefore, the Competence Model (2008) holds great potential as a model to undergird 

and evaluate environmental learning programs. Not only does it reflect research by incorporating 

the need for different forms of environmental knowledge forms to be included in environmental 

learning programs like action strategies, environmental system knowledge, and effectiveness 

strategies, but it also focuses on the strong relationship between attitudes and behaviors, even 

going so far as to recommend that program developers focus first on attitudes as a means to 

motivate the development of different environmental understandings and aptitudes (Nina Roczen 

et al., 2013). An additional benefit afforded by this model is its use of the ‘constellation’ of 

behaviors.  This is especially important as people have a variety of options available to them in 

terms of environmentally friendly behavior, making it necessary that people have the knowledge 

about environmental systems and issues, understand the possible actions they can take, and 
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which ones are the most effective in lowering impact on the environment. It is for these reasons 

that the present research views the Competence Model as a promising model to be used just as it 

was intended: to inform the development and evaluation of environmental learning programs. 

What is environmental learning? 

Environmental learning is a broad term that describes different types of education, such 

as environmental education, earth education, and education for sustainable development, that 

takes place in the natural environment or nature, learning is focused on the natural environment, 

or learning that is for the natural environment.  Environmental learning can include teaching 

students about things like ecological concepts and understandings, human impact on the natural 

environment, or environmental issues. 

 For years, education, and more specifically environmental learning, has been a dominant 

strategy in the attempt to create more environmentally friendly lifestyles.  The Belgrade Charter 

(UNESCO, 1975) and Tbilisi Declaration (UNESCO, 1977) are two of the most looked-to 

documents that describe the overarching goals of environmental learning. Together, both call for 

an education that aims to develop a population that is aware of and concerned about the 

environment, and has the knowledge, values, attitudes and skills needed to work towards 

protecting and improving the environment.  Moreover, the Tbilisi Declaration specifically 

describes what is possibly the most significant of goals, which is to “to create new patterns of 

behavior of individuals, groups and society as a whole towards the environment.” 

In the K-12 educational setting, environmental learning strategies used vary widely.  One 

of the most popular strategies at the K-12 level uses what is called ‘the infusion approach,’ 

(Coyle, 2005) a method of delivery that uses environmental topics as a backdrop to traditional 

school content.  Since infusion materials and curriculum are designed to be implemented in 
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support of school content, the activities and lessons frequently focus on ecological systems 

knowledge or developing knowledge of issues, or generic skills such as problem-solving or 

critical thinking (Lane & Wilke, 1995; Liefländer, Bogner, Kibbe, & Kaiser, 2015; B. Simmons, 

2014).   

Up to 50% of teachers use field trips (University of Maryland College Park, 2000) as the 

main experience for students, as it is one of the most highly recommended approaches to 

environmental learning (Rebar & Enochs, 2010, 2010; Winther, Sadler, & Saunders, 2010).  

While most of these field trips are of short-term duration (usually a one-day experience), there 

are programs that take place throughout multiple days, usually 3 to 5 (DeWitt & Storksdieck, 

2008).  

If not using traditional field trips, teachers also use service-learning and place-based 

learning projects (Phillipson-Mower & Adams, 2010; Winther et al., 2010), or even turn to using 

their school grounds in order to provide concrete experiences, motivate students, and add variety 

to their teaching (Cronin-Jones, 2000; Winther et al., 2010).  Other also highly reported ways to 

implement environmental learning include lectures and discussions of environmental topics in 

textbooks guest speakers, experiments, debates, problem-solving (Bennet, 2003; Lane & Wilke, 

1994; Meichtry & Harrell, 2002; Smith-Sebasto & Smith, 1997; University of Maryland College 

Park, 2000; Winther et al., 2010).  Unfortunately, the theme that flows throughout each of these 

approaches is that of short-term effort, with little to no attempted impact on environmental 

attitudes and behaviors.  

In doing so, this form of environmental learning bases itself on the earliest of models of 

environmental behavior, the deficit model. The research is very clear– knowledge alone is not 

enough, and that our attempts at environmental learning and impacting the environmental 
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behaviors of learners need to go further to include affective components as well.  It is therefore 

essential that these efforts be based on comprehensive models that not only are reflective of the 

major findings and takeaways from previous research, but also includes those types of elements 

and factors that can be readily addressed by these environmental learning programs. 

Earthkeepers earth education program 

Developed by the Institute for Earth Education, the Earthkeepers program is a two-and-a-

half-day outdoor experience with follow-through back in the classroom for 10-12-year old’s, 

held at a local outdoor center in a residential or non-residential format.  The overall aim of the 

program is to provide an educational experience that prepares students to use less energy, fewer 

materials, and practice more environmentally friendly choices and perceptions.  

The program actually beings at least two weeks before the outdoor experience with the 

delivery of a map of the Earthkeepers Training Centre and an invitation from a mysterious 

person named E.M.  Two weeks later, students arrive at the Earthkeepers Training Center for the 

two-and-a-half-day outdoor experience.  Students participate in eight different activities at the 

Earthkeepers Training Center and then work on tasks at home and school in order to earn the 

“KEYS” to becoming an Earthkeeper.  The ‘K’ key stands for Knowledge, the ‘E’ key for 

Experience, the ‘Y’ key for Yourself, and the ‘S’ key for Sharing.  The ‘K’, ‘E’, ‘Y’, and ‘S’ 

keys each have a corresponding ‘K’, ‘E’, ‘Y’, and ‘S’ boxes.  After receiving each key, students 

use it to open a box that reveals one of the four secret meanings of E.M.  

During their stay at the Earthkeepers Training Centre, students earn physical ‘K’ and ‘E’ 

keys after completing four one hour-long concept-building activities called Conceptual 

Encounters that focus on the ecological concepts of energy flow, the cycling of materials, 

interrelationships, and change over time.  Four other activities help participant develop positive 
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attitudes towards nature through solitude, discovery, observation, and immersion activities. Back 

at home and in the classroom, the Earthkeepers program continues for at least one month. This 

follow-through portion, as an integral part of the program, focuses on enacting personal 

environmental behaviors.  During this time, students earn their ‘Y’ and ‘S’ keys upon completion 

of tasks that focus on lessening their personal impact on the earth and activities to sharing their 

knowledge and understandings with others.  Once students have completed these tasks and 

activities, parents send a signed confirmation letter to the teachers.  Upon receipt, participants 

receive the remaining two keys, Y and S, find out the last two secret meanings of E.M., and 

become full-fledged Earthkeepers.  

Earthkeepers and the Competence Model 

The Competence Model and Earthkeepers program are very similar in a number of ways.  

First, and most importantly, they both aim to develop environmentally friendly behaviors and 

lifestyles that lessen impact.  Further, the principles addressed by Earthkeepers and factors of the 

Competence Model are very similar as well.  

The 2½ day outdoor portion of the Earthkeepers program focuses on two main principles: 

Knowledge (K) and Experience (E). The first principle, Knowledge, encompasses four activities 

based on four ecological concepts: energy flow, the cycling of materials, interrelationships, and 

changes over time. According to the Competence Model (Kaiser et al., 2008) these activities each 

focus on relating environmental system knowledge. 

The Experience principle teaches students that getting in touch with the Earth is a good 

feeling. To do so, participants are involved in four activities to experience solitude, make new 

discoveries, make detailed observations, and immerse themselves in the natural world.  This 

principle refers to the attitude towards nature component of the Competence Model.  
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The third principle, Yourself (Y), takes place back at home and in the classroom as the 

follow through. For this principle, the students practice becoming Earthkeepers by selecting 

individual actions to lessen their impact on the earth, such as using less energy (e.g. electricity) 

and fewer materials (e.g. water) and deepening their feelings by spending time in natural places 

and recording their thoughts and feelings. These actions must last long enough, at least a month, 

in order to become a part of their everyday lifestyles. This principle of the Earthkeepers program 

addresses the action-related knowledge described by the Competence Model as it teaches 

students different action-related strategies that they can use to lessen their impact on the earth. 

 Last, the Sharing principle is also a part of the follow through and therefore takes place 

back at home and school.  This principle asks students to help others improve their relationship 

with the earth by sharing their knowledge and experience with someone who did not attend the 

Earthkeepers program. Although sharing is not a component directly addressed by the 

Competence Model, this principle still helps students revisit their new systems-related knowledge 

and attitudes towards nature. 

The Competence Model describes four essential factors that influence the development of 

environmentally friendly behaviors: environmental system knowledge, action-related knowledge, 

effectiveness knowledge, and attitudes towards nature.   As described above, the Earthkeepers 

program clearly addresses three of these components: system knowledge, action-related 

knowledge, and attitudes towards nature. The last component of the Competence Model, 

effectiveness knowledge, is the only one that is not explicitly addressed by the Earthkeepers 

program. Although this may raise concerns towards Earthkeepers as a program that should be 

used to test the Competence Model, Earthkeepers nevertheless still does a number of things 

recommended by the Competence Model that most environmental learning programs do not.  



Introduction  31 

First, most environmental learning programs do not focus on environmental lifestyles and 

impact as recommended by the Competence Model, and instead attempt to impact single 

behaviors or actions.  In contrast, this goal of changing environmental lifestyles is also held by 

the Earthkeepers program.  Additionally, most programs focus solely only one or two of the 

knowledge dimensions recommended by the Competence Model, while the Earthkeepers 

program includes two of these dimensions, and also focuses on developing attitudes towards 

nature.  Therefore, it is argued that the Earthkeepers program is a quality program with similar 

goals and factors that can be used to test and validate the Competence Model.  

Aim and Structure of the Dissertation 

The Competence Model makes several different claims that are worthy of further 

investigation. This study implemented and empirically tested the Competence Model for use 

with upper elementary students in the United States. Additionally, I aimed to describe the 

relationship between the three forms of ecological knowledge, environmental attitudes, and 

environmental behaviors in conjunction with an environmental learning program specifically 

designed to focus on the factors described in the Competence Model. In order to do so, numerous 

steps were needed. From instrument development, to testing model fit, and finally to exploring 

major claims inherent within the model, this dissertation describes the chronological journey 

necessary to achieving these goals.  

Chapters 2 through 4 present three different studies, each focusing on a specific claim 

and question related to the Competence Model for Environmental Education. Chapter 5 discusses 

and connects the findings of the studies and makes recommendations for future use of the model.  
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The studies 

 The following studies took place over a two-year time period. Data were gathered during 

the 2016-2017, and 2017-2018 school-years from an intervention group that attended 

Earthkeepers and participated in the follow-through and a comparison group from 2015-2016, 

that received no environmental learning. Both groups provided both pre- and post- data that were 

used throughout the three studies. 

 Chapter Two: Measurement tools for the Competence Model for Environmental 

Education. This study was the first step in the journey to testing the Competence Model for 

Earth Education. Since previously the Competence Model had only been tested for use with a 

European audience, Chapter Two describes the development and testing of two instruments 

created with the intention of measuring general environmental behaviors and the three ecological 

knowledge dimensions of elementary-aged students in the United States. These instruments drew 

from those created, validated, and used during original testing of the Competence Model, and 

were tested and refined over a two-year time period. Results from this study provided both a 

more nuanced description of the behavior component of the Competence Model and additional 

questions regarding the three-dimensional knowledge structure, thereby setting up the next study.  

Chapter Three: Does it Fit? Testing the Competence Model for Environmental 

Education for use in the United States. While many other behavior models remain theoretical 

in nature, the Competence Model was created with the goal of being used in practice, asserting 

that it can and should be used as a framework to be used during the development of 

environmental learning programs.  This claim is a substantial one, as environmental learning 

programs across the world vary widely in both purpose and process. If the Competence Model 

can be shown to fit data in both European and American communities, it holds within it the 
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possibility of serving as a common framework for use in program development, evaluation, and 

research.  Chapter Three therefore explores the research question: “Does the Competence Model 

confirmed for European adults and European adolescents fit data from upper elementary students 

in the U.S.?” and a secondary research question: “What are the relationships between attitudes, 

knowledge, and behaviors.” Chapter Three delves deeper into the possibility of a common 

framework for environmental learning programs and examines the major relationships between 

the main components of the model: general environmental behaviors, attitudes towards nature, 

and the three-dimensional knowledge structure of environmental systems, action-related, and 

effectiveness knowledges. In doing so, this chapter aims to provide evidence-based suggestions 

for environmental learning practitioners and theorists regarding which elements emphasize. 

Chapter Four: Using the Competence Model for Environmental Education as a Tool 

for Evaluation. If a main purpose of the Competence Model is to serve as a developmental 

foundation and framework for environmental learning programs, it holds that the model should 

simultaneously serve as a structure for evaluation of these programs as well. One aspect of this is 

the claim that program success can be additionally determined through analysis of the knowledge 

structure: that when the three knowledge dimensions are impacted, the three forms should 

increase so much as to converge and become indistinguishable from one another, and be more 

directly associated with environmental behaviors (Frick et al., 2004; Kaiser & Fuhrer, 2003; 

Liefländer et al., 2015). 

The aims of the study presented in Chapter Four were therefore twofold, seeking to 

address the two research questions of “Can the Competence Model detect changes in students’ 

attitudes, knowledge, and behaviors in children who have participated in an environmental 

learning program?” and “Does participation in an environmental learning program focusing on 
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each of these dimensions increase the convergence of the three knowledge dimensions (Frick et 

al., 2004).” As research on evaluation in environmental learning consistently describes a need for 

systemic evidence-based evaluation strategies and for the results from these evaluations to be 

incorporated into practice (Carleton-Hug & Hug, 2010), Chapter Four aims to build off of the 

lessons learned from the previous two chapters on instrument development and model fit by 

providing practitioners with a solid, evidence-based evaluation protocol which in turn can 

environmental educators identify gaps, challenges, and successes in their current practices.  

Educational Importance of the Dissertation 

Research tells us that student’s environmental understandings, environmental attitudes, 

and ecological behaviors should be the main foci of environmental learning programs.   

Nevertheless, these programs commonly only attempt to address knowledge, and rarely focus on 

dimensions of knowledge besides environmental system knowledge.  If the major goal of 

environmental learning is to enable a person to attain a more ecological way of life, (Nina 

Roczen et al., 2013) then addressing each of the necessary factors students need in order to do so 

should be of paramount importance to environmental learning educators and program 

developers. By seeking to verify and validate the Competence Model (Kaiser et al, 2008) this 

study helps provide environmental learning programs with a more evidence-based framework on 

which to base their programs in their attempts at promoting more environmentally friendly 

lifestyles. This study additionally adds to the research base on the relationships between and 

among environmental knowledge, attitudes, and behaviors, which, in the end, will help 

environmental educators better focus their efforts. 

Terms and Definitions 

Action-related knowledge: Knowledge of behavioral options and possible courses of action. 
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Competence: An ability or skill that allows people to cope effectively and successfully with 

real-life tasks and challenges 

Environmental attitudes: The way someone thinks about particular aspects of the relationship 

between people and the natural environment 

Effectiveness knowledge: Describes the relative gain or benefit that is associated with a 

particular behavior 

Environmental learning:  An umbrella term referring to any education in, for, or about the 

environment.  Other authors often use the term ‘environmental education’ as a synonym. 

Environmental values: Sets of closely related, consistent attitudes 

Environmentally responsible behavior:  Behavior undertaken with an environmental intent, 

that is, to reduce overall impact on the environment.  Also referred to as conservation behavior, 

ecological behavior, environmentally friendly behavior, pro-environmental behavior, and 

environmentally significant behavior. 

Environmental system knowledge: Knowledge about how the environmental system works and 

natural systems operate. 

Psycho-social variables:  the combination of social and psychological variables that can 

influence behaviors 

Summary and Overview 

The Earth’s health is at a critical juncture.  Unless we humans develop deeper 

understandings and feelings towards our relationship with the Earth and the ways we use it, the 

Earth’s systems as we know it may be very well beyond repair (Intergovernmental Panel on 

Climate Change, 2013).  Although many look to environmental learning as a means to address 

these issues, the reality is that many of these programs are not based on the latest research and 
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models that describe the topics that need to be addressed in order to influence student 

environmental lifestyles and choices.  This study attempts to provide educators with an evidence-

based framework to use when developing programs aimed at influencing the environmental 

behaviors of their students. The table below contains a brief overview of the research questions 

and methods used in the study.  
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Chapter Two: 

Measurement Tools for the Competence Model for Environmental Education 

Abstract 

The Competence Model for Environmental Education (Kaiser, Roczen, & Bogner, 2008) has 

been described as a promising environmental behavior model that: 1) addresses and maintains 

findings from previous environmental behavior research; 2) is specifically intended for use in 

program development, and 3) can be statistically tested. This study focuses on efforts to develop 

two valid and reliable measurement tools to test the model with elementary-aged students in the 

U.S.: the Expanded Ecological Concepts Questionnaire and the Revised General Environmental 

Behaviors scale. After two years of study, results suggest sufficient reliability and validity for 

both instruments with minor modifications. 
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Introduction 

In response to ongoing environmental issues and crises, education has often been turned 

to as an avenue for addressing these environmental issues and developing more positive 

environmental behaviors (Rickinson, 2001; Ruskey, Wilke, & Beasley, 2001).  This education 

comes in many forms, with most addressing environmental knowledge, environmental attitudes, 

environmental behaviors, or a mix of the three. Unfortunately, many times these educational 

efforts are only loosely based on and reflective of what recent research has told us about the 

development of environmentally responsible behaviors.  In this study, we focus on a promising 

environmental framework, the Competence Model for Environmental Education (Kaiser, 

Roczen, & Bogner, 2008), and our efforts to develop measurement tools to test the model.  

A Competence Model for Environmental Education 

  The Competence Model has been described as a promising framework for environmental 

education programs for multiple reasons: 1) it builds on past findings of environmental behavior 

research; 2) it was developed specifically for use by environmental education programs, and 3) it 

can be statistically tested (Kaiser et al., 2008). The model describes how specific predictors 

(knowledge and attitudes) influence pro-environmental behaviors (Roczen, Kaiser, Bogner, & 

Wilson, 2014) (see Figure 7). While previous environmental behavior models typically define 

pro-environmental behaviors as specific actions such as recycling or energy conservation, the 

Competence Model differs by focusing on a person’s general environmental patterns of behavior 

(Kaiser, 2004).  In the authors view, “focusing on such a general disposition ultimately shifts the 

focus away from specific behaviors to a person’s entire way of living and thus, the degree to 

which a person adopts an ecological lifestyle” (Roczen et al., 2014, p. 5). This focus on 
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ecological impact via general environmental behaviors holds particular interest for educational 

programs with the ultimate goal of helping learners embrace environmentally friendly lifestyles. 

 

Figure 7. The Competence Model for Environmental Education (Roczen, et al., 2014). 

This figure illustrates the major findings of statistically significant relationships between 

variables. *p < 0.1, **p<0.5.  

 

As others before it, the Competence Model stresses the importance of developing 

environmentally-positive attitudes (i.e. (Ajzen & Fishbein, 1973; Hines, Hungerford, & Tomera, 

1987; Hungerford & Volk, 1990) but adds to the literature by viewing knowledge as a necessary 

yet insufficient condition in promoting environmentally friendly behaviors.  Additionally, the 

Competence Model distinguishes between three forms of environmental knowledge necessary in 

the development of these environmentally friendly behaviors: knowledge about nature and about 

environmental problems (environmental system knowledge), knowledge about ecological 

behaviors (action-related knowledge), and knowledge about the effectiveness of these behaviors 

(effectiveness knowledge).  According to Frick et al. (2004), each of these different dimensions 

of knowledge are necessary in triggering ecological behavior, since people need to be aware of 

their different ecological behavior options and be able to assess the effectiveness of each before 

taking action.  Additionally, it is claimed that as knowledge in each dimension increases, they 
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will eventually become less differentiated from each other and converge into one knowledge 

structure (Kaiser & Fuhrer, 2003; Liefländer, 2015). As this knowledge increases, behaviors are 

hypothesized to increase as well. However, Frick, et al. (2004) found that behavior was directly 

influenced by action-related and effectiveness knowledge, but with only 6% of the overall 

variance explained by the two. Environmental system knowledge was not found to be a 

significant predictor of environmentally friendly behaviors. Knowledge alone is not enough, as 

its behavior-distal relationship is mediated by a more behavior-proximal variable:  attitudes.  

One strength of the Competence Model is its description of the interplay between various 

factors. For example, the combination of action knowledge and attitudes towards nature can 

describe as much as 34% of variance in behaviors (Roczen et al., 2014). The authors of the 

Competence Model are careful to state the need for each environmental knowledge dimension in 

an environmental learning program, as increases in knowledge can lead to behavior changes via 

different pathways.  For instance, environmental system knowledge significantly influences the 

development of action-related knowledge, which in turn directly influences behaviors.  

Simultaneously, as students learn more about the environment and its systems, they gain 

appreciation for it. This increase in attitudes towards nature in turn directly influences pro-

environmental behaviors. The inverse is also true: a gain in appreciation can lead to a search for 

environmental behavior remedies by way of environmental system knowledge and effectiveness 

knowledge.  Overall, the authors emphasize the interrelatedness and importance of each factor 

within the model – each factor impacts others, leading to a comprehensive and complex model of 

environmental behaviors.   

Kaiser, Röczen, & Bogner (2008) also argue that previous environmental behavior 

models ignore that a person’s living circumstances are unique from each other, pointing out that 
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people have many options from which they choose to implement environmental behaviors.  

Therefore, the end goal of the Competence Model is the development of environmentally friendly 

behaviors that most effectively lower a person’s impact on the environment.  In other words, by 

implementing this model in environmental education, a learner will be equipped with the 

motivation and knowledge to choose from various actions that most effectively lower their 

ecological footprint on the Earth (Roczen, et al., 2014).  

When developing these programs, environmental educators have a wide variety of 

options to choose from in terms of learning objectives and goals.  It is therefore crucial that 

developers are aware of models and frameworks that can help assist them in achieving their 

overarching goal of changing learner environmental behaviors.  However, many previous models 

remain theoretical in nature, setting the Competence Model apart by its ability to statistically test 

and analyze the factors and structure of the model (Roczen, 2011).   

Problem Statement 

  While the Competence Model (Kaiser et al, 2008; Röczen, et al., 2014) integrates many 

findings from previous research on factors influencing environmental behaviors, it has not yet 

been confirmed for use with American students (Roczen et al., 2014). While theoretically 

promising, the Competence Model is still yet to be subject to empirical investigation and 

statistical validation here in the U.S.  In order to do so, there is a need for reliable and valid 

measurement instruments that can be widely used.  

The current study is situated within a larger study designed to test and confirm the 

Competence Model for use with elementary students in the United States. While attitudes have 

consistently been shown to be well measured by the 2-MEV scale (Bogner & Wilhelm, 1996; 

Bogner & Wiseman, 2004), the present study had a primary purpose of determining the validity 
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and reliability of two instruments used for measuring the other constructs in this model: 

environmental knowledge and behaviors. Over a two-year study period, we sought to answer the 

question: “Are the ‘Expanded Ecological Concepts Questionnaire (ECQ)’ and ‘Revised General 

Environmental Behavior scale (GEB)’ reliable and valid instruments for measuring children’s 

environmental knowledge and general environmental behaviors?” This serves as a crucial first 

step to better understanding the relationships between children’s environmental knowledge, 

attitudes, behaviors and as described by the Competence Model (Kaiser, Roczen, & Bogner, 

2008).  

Methods 

Participants 

Participants were drawn from a larger study conducted during the 2015-2016 and 2016-

2017 school years, including 676 4th and 5th grade students from nine different schools in the 

American Southwest.  Prior to data collection, 446 of these students had participated in 

Earthkeepers (Van Matre and Johnson, 1990), an environmental learning program that addresses 

the major components described by the Competence Model (Kaiser et al., 2008; Roczen et al., 

2013). The remaining 91 students served as a comparison group and had not attended any 

environmentally-focused programming.  The Revised GEB portion of the study included all 

participants, excluding those with five or more missing items (n = 639). The portion focusing on 

the Expanded ECQ drew from the same participant pool, excluding those with more than 15 

missing items (n= 611). 

Earthkeepers and the Competence Model 

Developed by the Institute for Earth Education, the Earthkeepers program is a two-and-a-

half-day outdoor experience with additional classroom and home follow-through geared towards 
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10-12-year olds.  The overall aim of the program is to provide an experience that helps students 

gain environmental knowledge, develop environmental attitudes and values, and make more 

environmentally friendly behavior choices. For a more detailed description of Earthkeepers, see 

(Felix & Johnson, 2013; Van Matre & Johnson, 1987). With identical overarching goals of 

developing environmentally friendly behaviors through the development of knowledge and 

attitudes, the Earthkeepers program is well suited for the testing of measurement tools for the 

Competence Model.  

During the outdoor portion of the program, Earthkeepers focuses on two main principles: 

Knowledge and Experience. The first principle, Knowledge, encompasses four activities based 

on four ecological concepts: energy flow, the cycling of materials, interrelationships, and change 

over time; all activities that focus on environmental system knowledge. The Experience principle 

parallels the attitudes towards nature component of the Competence Model by teaching students 

that getting in touch with the Earth is a good feeling. In doing so, participants are involved in 

activities to experience solitude, make new discoveries, make detailed observations, and immerse 

themselves in the natural world.  

The third and fourth principles, Yourself and Sharing, take place back at home and in the 

classroom as the follow-through. For Yourself, the students practice becoming Earthkeepers by 

selecting individual actions to lessen their impact on the earth, such as using less energy (e.g. 

electricity) and fewer materials (e.g. water) and deepening their feelings by spending time in 

natural places and recording their thoughts and feelings. This Earthkeepers principle addresses 

the action-related knowledge described by the Competence Model as it teaches students different 

action-related strategies that they can use to lessen their impact on the earth. The effectiveness of 

different strategies is addressed when introducing potential actions students might take. 
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 The fourth principle, Sharing, asks students to help others improve their relationship 

with the earth by sharing their knowledge and experience with someone who did not attend the 

Earthkeepers program. Although sharing is not directly addressed by the Competence Model, this 

principle still helps students revisit their new systems-related knowledge and attitudes towards 

nature. 

Most environmental learning programs do not focus on environmental lifestyles and 

impact as recommended by the Competence Model, and instead attempt to impact single 

behaviors or actions.  In contrast, this goal of changing environmental lifestyles is also held by 

the Earthkeepers program.  Additionally, most programs focus solely only one or two of the 

knowledge dimensions recommended by the Competence Model, while the Earthkeepers 

program includes all of these dimensions and also focuses on developing attitudes towards 

nature.  Therefore, we believe that the Earthkeepers program is a high-quality program with 

goals and program components that can be used to test and validate measurement tools for the 

Competence Model.  

The Revised General Environmental Behaviors Scale 

 This study tested the revised GEB, an adolescent version of the General Ecological 

Behavior Scale. The original version used by the authors in the Competence Model consists of 40 

behavioral self-report items using a 5-point Likert scale design grouped into six domains: 

recycling, waste avoidance, consumerism, mobility and transportation, energy conservation, and 

vicarious behaviors towards conservation.  Previous studies have established the temporal 

stability (Kaiser, Brügger, Hartig, Bogner, & Gutscher, 2014) and criterion validity (Arnold, 

Kibbe, Hartig, & Kaiser, 2015) of the GEB for use with European adults and children. Testing on 

the original 6-factor GEB showed that a 1-factor structure described the model equally as well 
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(Kaiser, Oerke, & Bogner, 2007). The Revised GEB contains modified wording for use with 

children, and the number of items is reduced from 40 to 16 (Year 1) and 11 (Year 2), with a five-

point Likert scale from 1 (never) to 5 (always). A mean score over 3.0 indicates an 

environmentally friendly lifestyle. 

The Expanded Ecological Concepts Questionnaire 

Stemming from the Ecological Concepts Questionnaire, a 13-item instrument focusing 

only on the environmental systems knowledge dimension, the Expanded ECQ is designed to 

measure the environmental understandings of children. The original instrument was revised over 

the two-year period to include action-related and effectiveness items: eight of each in Year 1 and 

then five of each in Year 2. New items were taken from instruments used in previous studies and 

instruments that similarly looked at the three-dimensional structure of knowledge (see F.G. 

Kaiser & Fuhrer, 2003; Roczen, et al., 2014). In Year 2, the scale was further modified by 

changing one true/false question to multiple choice, removing all other true/false questions, and 

lowering the total number of items and scores from 29 to 23.  

Analysis 

 For the validation of the GEB in Year 1, an exploratory factor analysis (EFA) using a 

randomly selected half of the participant data (n=158) was run in order to examine whether the 

six- or single-factor model suggested for the European adult version holds true for the children’s 

version.  Using the other half of participant data, a confirmatory factor analysis (CFA) was used 

to confirm the model.  The initial unconstrained EFA included all 16 items and suggested that 

negatively worded items were loading onto their own factor.  Further EFA’s constrained to 3, 4, 

5, and 6 factors showed the same pattern, indicating that these items were loading onto the same 

factor as a result of the wording and not because of the topic. The four negatively worded items 
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were then eliminated from analysis, leaving 12 items (see Table 2). CFA analysis suggested the 

elimination of one item due to poor model fit.  

 

In Year 2, analyses again used an EFA with a randomly selected half of participant data 

(n= 320) to examine structure. All eleven items were included, and initial unconstrained analysis 

suggested a 2-factor model, a pattern repeated in further EFA’s constrained to 2, 3, 4, 5, and 6 

factors. CFA analysis indicated sufficient fit for a two-factor, 11-item model. 

Table 2: Revised General Environmental Behaviors Scale: Exploratory 

Factor Analysis unconstrained – 11 items 

 

 Year 1 Year 2 

Items Component Component 

 Variance 

explained: 

52.02% 

Variance 

explained: 

41.20% 

 1 2 3 1 2 

2. I ride a bicycle, take the bus, or walk to school.  .74

1 

  .801 

4. I collect and recycle used paper. .651   .631  

6. If I am the last person to leave a room, I switch off 

the lights. 

.577   .615  

8. I drink water and other beverages in re-usable 

bottles.  

.632   .645  

9. I bring empty cans and bottles to a recycling bin.  .593   .648  

10. I try to persuade my parents to buy an energy-

efficient car. 

  .67

9 

 .401 

12. For short distances (within 15 minutes) I walk or 

ride a bike. 

 .71

1 

  .754 

13. I reuse shopping bags. .566   .452  

14. I have pointed out behavior that is not 

environmentally friendly to someone else. 

.543   .591  

15. For making notes, I take paper that has already 

been used on one side. 

.655   .593  

16. I learn about environmental issues through the 

media (internet, newspapers, TV). 

  .78

8 

.402  

Extraction method: Principal Component Analysis. Rotation Method: Direct Oblimin 
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 Analysis of ECQ items in Year 1 used Classical Test Theory (CTT) to evaluate the 

reliability and quality of the instrument. In CTT, it is assumed that a student’s score on an 

assessment is reflective of their (unmeasurable) true score plus a random error (Allen & Yen, 

2001).  Statistics included reliability and item difficulties for each individual item as well as 

discrimination values, which describe how well an item distinguishes between high-scoring and 

low-scoring individuals. Year 2 analysis included CTT but also included Rasch analysis in order 

to substantiate findings and identify a) which items are more difficult than others; b) gaps along 

difficulty continuum that indicate missing items; and c) how well the difficulties are matched to 

the abilities of the sample (Bond & Fox, 2015). 

Results 

The Revised General Environmental Behaviors Scale 

 Year one.  The EFA of the 12-item GEB scale revealed salient loadings onto three 

factors (Table 2). The three-dimensional scale model was analyzed using CFA, but could not be 

confirmed.  Item #12 was excluded from subsequent models due to poor factor loading and 

contribution to poor model fit. Confirmation was reached when the three-dimensional model was 

instead transformed into a one-dimensional model as recommended by Kaiser et al. (2007) in 

their validation of the original GEB scale.  Fit indices were sufficiently high to confirm the 

unidimensional, 11- item model: Chi2/df ratio was 1.16, NFI (.87), IFI (.98), CFI (.98), TLI (.95) 

and RMSEA (.03). In addition, Cronbach’s α indicated sufficient reliability (.741). 

Year two.  In contrast to Year One’s analysis, Year Two’s EFA of the 11-item GEB 

scale indicated a two-factor structure (Table 2). CFA analysis of the two-dimensional model 

indicate sufficient fit: Chi2/df ratio was 1.47, NFI (.75), IFI (.90), TLI (.87), CFI (.90) and 

RMSEA (.054) (see Figure 8).  
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Figure 8. Year 2 CFA. 

The Expanded Ecological Concepts Questionnaire 

Year one.  Analysis of the 29-item ECQ indicated sufficient reliability (α=.713), with 

individual items difficulties ranging from 0.11 to 0.76, on a relative scale from 0 to 1 (Table 2). 

A number of items showed low (below .3) discrimination values, meaning that an individual’s 

score on the item was not consistent with her/his overall score.  However, removing these items 

from analysis was not shown to improve overall Cronbach α (see Table 2). Further analysis 

examined each knowledge dimension separately and revealed the same pattern for potentially 

problematic items, indicating that removing these items from analysis would not improve the 

overall model.  However, action-related items continued to show very low discrimination values. 

Because it is possible that students were not differentiating between effectiveness and action-

related knowledge, these two scales were then analyzed together. Although Cronbach’s α 

increased for action items, they decreased slightly for effectiveness and discrimination values for 

action-related items remained low.     
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Table 3. Years One and Two range of ECQ reliabilities and CTT results 

Knowledge 

Dimension  

Cronbach’s α Cronbach’s 

Alpha if 

deleted 

(ranges) 

Discrimination 

(ranges) 

Difficulty 

(ranges) 

 Year 1 Year 2 Year 

1 

Year 2 Year 1 Year 2 Year 

1 

Year 

2 

All knowledge items  .713 .589 .647-

.681 

.554-

.615 

.084-

.393 

-.100-

.407 

0.11-

0.76 

.12-

.72 

System Knowledge 

items  

.625 .530 .576-

.616 

.377 - 

.552 

.118-

.352 

.028 - 

.341 

  

Effectiveness 

Knowledge items 

.521 .278 .409-

.497 

.162-

.314 

.147-

.349 

.042-

.230 

  

Action Related 

Knowledge items 

.203 .103 .071-

.198 

-.055-

.257 

-.097-

1.77 

-.113-

.192 

  

Effectiveness and 

Action Related 

Knowledge items  

.543 .325 .437-

.530 

.233-

.419 

-.010-

.318 

-.138-

.299 

  

 

Year two. As demonstrated in Table 3, low reliability values of effectiveness and action-

related items continued in the Year Two ECQ analysis. Item difficulties mirrored Year One, 

ranging from 0.12 to 0.72.  Issues persisted with the same three action items with low reliability 

and discrimination values from Year One, with indication that the removal of these three action 

items would increase reliability of the overall instrument (from .589 to α= .641) and when each 

knowledge dimension was analyzed separately. As in Year One, it is possible that students were 

not differentiating between effectiveness and action-related knowledge. 

 We then used Rasch analysis, which confirmed model fit (α=.95). The analysis produced 

a Wright Map (Item-Person Map, Figure 9) which places the difficulty of instrument items on the 

same measurement scale as the ability of the participants, helping us understand if the instrument 

measures the construct appropriately (Bond & Fox, 2007). The left side of the map corresponds 

to individual performance and right side to item difficulty.  Items with values above 0 indicate 

that they are more difficult to answer than items below, and students also in the upper half are 
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assumed to be more able to answer an item than students in the lower half.  Each # symbol on the 

left side denotes 5 students at the given ability level. 

The shape of the Wright Map produced (see Figure 9) indicates that our instrument and 

item selection retain a nearly normal item distribution. All items lie within two standard 

deviations, with 11 items being above the mean, 1 directly at the mean, and 11 below. Further a 

majority of the items are well aligned with individuals on the left-hand side of the map, implying 

that the items correspond closely with and are well matched to individual ability levels of our 

sample.  

 
Note: Each # in the person column is 5 persons. Each ‘.’ Is 1-4 persons.  

Figure 9. Wright Map (Item-Person map) of the simple Rasch model analysis. 

The fit statistics for person abilities and item difficulties reveal a strong fit between data 

and model. The MNSQ values, which show the size of randomness, are expected to have a value 

of 1.0. As shown in Table 3, mean infit and outfit MNSQ values of .99 and .98 respectively, 

indicate that the data conforms to the model. Individual item infit values range from 1.25-.86 and 
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outfits values from 1.60-.72. Not surprisingly, two action-related items that had raised concerns 

during CTT analysis from both Year One and Year Two had the least fitting values but were still 

well within the desired range of -2 and 2. One system knowledge item showed possible overfit, 

implying that the item difficulty is too low. This finding is confirmed by its lower location on the 

Wright Map. When returning to CTT analysis results, this item had one of the lower reliability 

and discrimination values of the system knowledge dimension.  

The Z-scores, which show the improbability of the data, also indicate that data closely fit 

the model, with values expected at 0.0. Item separation (10.57) and reliability (.99) also indicated 

strong model fit, while person separation and reliability (1.26, .62) suggested a larger sample size 

may be needed.  

Table 4. ECQ Fit statistics and reliabilities for person abilities and item difficulties – Year 2 

 

 Infit MNSQ Outfit MNSQ Infit z-score Outfit z-score 

Item fit (M) .99 .98 .1 .1 

Item fit (SD) .10 .20 2.2 2.4 

Person fit (M) 1.00 .97 .0 .0 

Person fit (SD) .24 .39 1.0 1.0 

Note: Abbreviations found in the fit statistics: Mean (M), Standard Deviation (SD) 

Discussion  

Results indicate that the Revised General Environmental Behaviors scale and Expanded 

Ecological Concepts Questionnaire are valid and reliable measures for use with children in the 

United States, and for use in testing the Competence Model.  

 Year One’s EFA and CFA analysis suggested an 11-item, one-dimensional model, a 

finding in line with that of the original authors (Kaiser et al., 2008).  Year Two analysis 

confirmed an 11-item instrument loading onto two factors: one focused on transportation (3 

items), and the other comprising different environmental behaviors (8 items). We theorize that 
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transportation items are filtering into a separate factor because these items are those that children 

have less control over in comparison to others. For example, Item 4 asks about collecting and 

recycling paper (an action they have control over), while Item 2 questions if they ride a bicycle, 

take the bus, or walk to school (an action dependent on elements outside their control). In other 

words, the items may be filtering into factors referring to a child’s locus of control or lack 

thereof.   

Two years of ECQ analysis reveal an instrument with sufficient reliabilities, strong infit 

and outfit values, and items with a difficulty structure that appropriately measures the intended 

construct. Future investigations would benefit from a larger sample size. However, specific 

findings leave us with unanswered questions worthy of further investigation. First, one system 

knowledge item verged on overfit, implying that the item may have been too easy for 

participants. The item asks students to choose which is most true: a) Everything is constantly 

changing; b) Nothing is changing; c) Some things never change. That this is an easy item is not 

surprising as the concept of change over time is one that is directly taught and emphasized 

throughout the Earthkeepers program in many ways and times. Since there are a larger number of 

systems-related items on the instrument compared to effectiveness and action-related, this 

finding indicates we could possibly remove this item from the scale or increase its difficulty. 

 Of more concern are the effectiveness and action-related items. The Competence Model 

sets itself apart from other environmental behavior models with its usage and envisioning of 

knowledge as a three-dimensional construct and the belief that while knowledge alone is not 

enough, it is still crucial in the development of environmental behaviors.  As demonstrated by 

previous studies, the relationship between the knowledge scales is complex.  Fremerey & Bogner 

(2014) argued that the three environmental knowledge scales differ in their initial difficulty, 
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while Leiflander & Bogner (2014) found that the knowledge scales had equivalent difficulty. 

They also claimed that in order to gain effectiveness knowledge, one needs to know how to 

conduct different actions (action-related knowledge), which makes effectiveness knowledge the 

most complex dimension.  

Results from our analysis leave us to question if action and effectiveness are indeed two 

separate dimensions of varying difficulty or if they should instead be measured as one unified 

factor. CTT analysis from both Year One and Year Two showed issues with two action-related 

items, a finding confirmed by Rasch analysis in Year Two.  More importantly, CTT results 

showed extremely low reliability for both scales, yet when action-related and effectiveness items 

were analyzed as one scale, reliability values rose. At this time, we cannot come to any 

conclusion about our question. Two possible explanations for these results exist: 1) items are of 

low quality and need to be revised or 2) since effectiveness knowledge is addressed the 

Earthkeepers program in relation to comparing actions rather than as detailed information about 

specific actions, it is possible that students are simply guessing and/or unable to differentiate 

between the two knowledge forms. In previous studies, effectiveness and action-related 

knowledge were based on concrete facts learned in their programs. In contrast, the Earthkeepers 

program addresses these dimensions in a more general, comparative sense without teaching 

specific facts. Current ECQ items attempted to maintain the spirit of the effectiveness knowledge 

dimension without being based on specific facts learned in the program itself. Moving forward, 

future studies should analyze the effect of eliminating and/or replacing the poor-fitting action-

related items and continue examination of the action and effectiveness dimensions. 

Understanding the knowledge structure is crucial in validation of the Competence Model and in 

better understanding how attitudes, behaviors, and knowledge interact.  
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Conclusion and Implications for Practice 

 There is a strong need for environmental education programs to be based on a theoretical 

model that 1) is designed specifically for use by such programs, 2) is based on findings from 

previous environmental behavior research, and 3) can be statistically tested.  The Competence 

Model for Environmental Education by Kaiser, Röczen, & Bogner (2008) fulfills each of these 

needs and goes further by envisioning knowledge as a complex three-dimensional construct. It is 

therefore well suited as a theoretical model to undergird environmental education programs and 

assist in evaluating their impacts. By validating the Revised General Ecological Behaviors scale 

and the Expanded Ecological Concepts Questionnaire, this study and the resultant instruments 

allow for future analysis and exploration of the Competence Model. 
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Chapter Three:  

Does it fit? Testing the Competence Model for Education for Use in the United States 

Abstract 

As a model describing ways to influence change in environmentally-friendly behavior, the 

Competence Model for Environmental Education (Kaiser, Roczen, & Bogner, 2008) it is of 

particular interest for educators, as one of its major claims is that it is intended for use in 

environmental education programming.  This study undertook the tasks of determining if the 

model was appropriate for use in the United States and examining the relationships between 

variables described in the model, in the hopes of further helping educators develop programs. 

Our study was not able to fully confirm the model, though results indicated fit statistics 

approached sufficient levels. Based on tests on different iterations of the model, we recommend 

moving forward with changes to the original model that includes the use of a two-dimensional 

behavior model.  
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Introduction 

It is a widely accepted belief that the end goal of education is a change in learner 

behavior (Hungerford & Volk, 1990; Lane & Wilke, 1994). Environmental educators have a 

wide variety of options to choose from in their efforts to reach this goal, making it crucial that 

developers are made aware of models and frameworks that can best help assist them in achieving 

their overarching goal of changing learner environmental behaviors.  It is therefore essential that 

these efforts be based on comprehensive models that are not only reflective of the major findings 

of previous research, be able to be statistically tested, and also include elements and factors that 

can be readily addressed by environmental education programs. 

The Competence Model for Environmental Education by Kaiser, Roczen, and Bogner 

(2008) is a model that does all this and is designed to be utilized in environmental education 

program development and evaluation. Based on empirical findings of previous research, this 

model proposes that in combination, three forms of environmental knowledge and environmental 

attitudes serve as motivation to enact a new constellation of behaviors – a person’s general 

ecological pattern of behavior (Roczen, Kaiser, Bogner, & Wilson, 2014).   

The present study had two aims: 2) to go beyond describing the relationship between 

knowledge, attitudes and behavior one variable at a time, and instead to analyze the model as a 

whole in order to gain a better picture of the relationships between and throughout all variables, 

and 2) confirm the Competence Model for use outside of Europe. We tested the Competence 

Model for use in the United States with children in conjunction with an environmental learning 

program specifically designed to address the variables in the model. In the following sections, we 

first describe the major constructs of the Competence Model for Environmental Education 

followed by a description of and research on the model itself. 
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Knowledge and Behavior 

 Despite knowledge being the focus of most environmental learning programs and their 

attempts to influence learner behavior (Coyle, 2005), some claim that most environmental 

learning strategies do not employ a full understanding of the underlying knowledge structure that 

is necessary for environmentally-friendly behaviors. Frick, et al. (2004) suggest that 

environmental knowledge can be separated into three distinct dimensions: environmental system 

knowledge, action-related knowledge, and effectiveness knowledge; a suggestion that has since 

been confirmed by others (Braun & Dierkes, 2017; Fremerey & Bogner, 2014; Liefländer, 2015).  

Studies have indicated that the knowledge dimensions are in fact mutually dependent yet 

interdependent. Environmental system knowledge forms a foundational and motivational basis 

for the other dimensions and is the basic scientific knowledge of how the natural systems 

operate. This dimension is often the one most frequently addressed in K-12 learning (Liefländer, 

2015; Simmons, 2014) and accordingly is found to be the type of knowledge most available to 

students (Frick et al., 2004; Liefländer, 2015).  

However, it is widely acknowledge that system knowledge alone is insufficient to impact 

behaviors (Braun & Dierkes, 2017; Kaiser & Fuhrer, 2003; Kollmuss & Agyeman, 2002; Stern, 

2000). In order to act environmentally-responsibly, people also need the knowledge of different 

behavioral options available and how to carry out these different options (action-related 

knowledge). Research suggests that this knowledge dimension is a better predictor of 

environmental behaviors due to its more behavior-proximal nature (Frick et al., 2004; Roczen et 

al., 2014; Sia, Hungerford, & Tomera, 1986) and that action-related knowledge must first be in 
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place in order for people to understand their different potential environmental impacts 

(effectiveness knowledge) (Kaiser et al., 2008; Liefländer & Bogner, 2011).  

Effectiveness knowledge extends action knowledge from simply knowing how to 

knowing which gets the greatest environmental benefit (Frick et al., 2004; Kaiser & Fuhrer, 

2003), and together with action-related knowledge, directly affects environmentally-friendly 

behaviors (Fremerey & Bogner, 2014; Frick et al., 2004; Liefländer & Bogner, 2016). 

Effectiveness knowledge is the dimension that is most often missing in environmental education 

(Kaiser et al., 2008), and students accordingly exhibit a larger initial lack and post-intervention 

gains in effectiveness knowledge than the other two dimensions, leading authors to argue that 

effectiveness knowledge necessitates more specific attention by environmental education 

programs (Fremerey & Bogner, 2014; Frick et al., 2004; Liefländer, 2015). When working 

together as a cohesive model, each dimension of knowledge builds on each other and is 

dependent on one another, and ultimately help lead to behavior change.  While authors point out 

that knowledge is essential to behavior change, alone it is not sufficient in doing so. Instead, 

change also necessitates a more behavior proximal variable: attitudes (Frick et al., 2004).  

Attitudes and Behavior 

Environmentally-friendly attitudes are well-established as the main force behind 

environmentally responsible behaviors (see, for example, (Ajzen & Fishbein, 1973; Bogner, 

1998; Hines, Hungerford, & Tomera, 1987). According to Bogner & Wiseman’s  2-MEV model 

(2003), environmental attitudes describe the way someone thinks about particular aspects of the 

relationship between people and the natural environment. In turn, values (sets of closely-related, 

consistent attitudes) form a person’s disposition towards the preservation or utilization of the 

environment (Bogner & Wiseman, 2006). The higher-order biocentric factor of ‘Preservation’ 
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refers to the conservation and protection of the natural environment and consists of three sub-

factors (attitudes): Intent of Support, Care with Resources, and Enjoyment of Nature, while the 

anthropocentric ‘Utilization’ focuses on the utilization of natural resources and includes two sub-

factors of Altering Nature and Human Dominance. 

The 2-MEV model represents a well-established model and scale that has been tested and 

confirmed by independent research groups (Boeve-de Pauw & Van Petegem, 2011; Johnson & 

Manoli, 2008; Milfont & Duckitt, 2004) and modified for use with upper elementary students in 

the United States (Johnson & Manoli, 2010). The orthogonal 2-MEV model treats Preservation 

and Utilization not as related extremes on opposite ends of a unidimensional scale, but instead as 

separate and possibly unrelated constructs.  This complexity demonstrates the tension between 

protecting and using natural resources and the conflicting attitudes that can potentially underlay 

and motivate their general environmentally-focused behaviors (for more, see Bogner & 

Wiseman, 2006 and Johnson & Manoli, 2010). 

Knowledge and Attitudes  

 While many past studies found the relationship between environmental knowledge and 

attitudes to be inconclusive, this may be due to their methodology rather than the data itself. For 

instance, their use of self-reports, single items, or instruments not yet confirmed for reliability or 

validity may have impacted their findings. However, across many well-conducted studies, a 

consistent and positive relationship between knowledge and attitudes has been  shown (Johnson 

& Manoli, 2010).  In one such study, Bradley, Waliczek, and Zajick (1999) concluded that 

students who scored higher on a knowledge instrument showed more positive environmental 

attitudes even before an environmental education intervention.  
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 At odds with this research, prior testing of the Competence Model found environmental 

knowledge and attitudes towards nature to be only weakly related to each other, yet 

independently remain important influencers of behaviors (Otto & Pensini, 2017; Roczen et al., 

2014). In the one study specifically looking at the relationships between the three separate 

knowledge dimensions and the 2-MEV model, Lieflander and Bogner (2016) found Utilization 

and Preservation to interact differently with each dimension, . Their study echoed findings by 

Boeve-de Pauw and Van Petegem (2011) and found Utilization to be a predictor of increases in 

system and effectiveness knowledge. Students with lower Utilization scores and therefore less 

exploitative attitudes learn and remember more system knowledge and effectiveness knowledge 

than other students. Overall, they believe that environmental attitudes may change through 

education, and conclude with the suggestion that students who refrain from abusing nature 

simultaneously appear to put more effort into increasing their overall environmental knowledge, 

and vice versa – that students who actively engage in environmental learning will become less 

exploitative towards the environment as well. 

The Competence Model for Environmental Education 

This competence model describes how specific predictors explain overall pro-

environmental behaviors (see Figure 7). The model stresses interplay between the various factors 

and highlighting the importance of developing environmentally-positive attitudes yet differs by 

stressing the need for a three-dimensional knowledge structure as increases in each knowledge 

dimension can lead to behavior changes via different pathways. For instance, environmental 

system knowledge significantly influences the development of action-related knowledge, which 

in turn directly influences behaviors.  Simultaneously, as students learn more about the 

environment and its systems, they gain appreciation for it. This increase in attitudes towards 
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nature in turn directly influences pro-environmental behaviors. The inverse is also true: a gain in 

appreciation can lead to a search for environmental behavior remedies by way of environmental 

system knowledge and effectiveness knowledge.  Overall, the authors emphasize the 

interrelatedness and importance of each factor within the model – each factor impacts others, 

leading to a comprehensive and complex model of environmental behaviors.  

 

Figure 7. The Competence Model for Environmental Education (Roczen, et al., 2014). This 

figure illustrates the major findings of statistically significant relationships between variables. *p 

< 0.1, **p<0.5.   

 

Roczen et al.’s (2014) analysis of the Competence Model with European adolescents 

revealed good model fit, finding that the strongest effect laid between attitudes towards nature 

and behavior, with attitudes accounting for 34% of variance in behavior. This aligns with 

findings and theorizing of many past studies and models and was recently corroborated by Otto 

& Pensini’s testing of the Competence Model in Germany (Bogner & Wiseman, 2004; Otto & 

Pensini, 2017). These findings supported the major role of attitudes. Authors of both papers 

acknowledge that low overall knowledge influence may be an effect of two possibilities: 1) 

students’ environmental knowledge was too low for the difficult questions or 2) the true 

influence is overshadowed and convoluted by the more behavior-proximal variable of attitudes.  
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Both analyses revealed that environmental knowledge still potentially plays a vital role in 

behavior change as interplay exists between all variables. For Roczen et al. (2014), system 

knowledge was found to significantly influence action-related knowledge (as well as the 

reverse), which in turn directly influences behaviors. As students learn more about the 

environment and its’ systems, they also gain appreciation for it, further leading to a search for 

effectiveness knowledge and a change in behaviors. Overall, the authors emphasized the 

interrelatedness and importance of each factor within the model – each factor impacts another, 

leading to a comprehensive and complex model.  

Methods 

Participants 

 Participants included 577 4th and 5th grade students from nine different schools in the 

American Southwest during the 2016-2017 and 2017-2018 school year(s).  Prior to data 

collection, students had participated in the Earthkeepers program, specifically designed to 

address the components in the Competence Model (Kaiser et al., 2008).  

Earthkeepers 

 The Earthkeepers earth education program is a three day, outdoor, away-from-school 

experience with additional classroom and home follow-through components.  This program is 

well-matched to the Competence Model (Roczen et al., 2014) and its main factors, as the 

program similarly focuses on helping learners gain environmental knowledge, develop 

environmentally-friendly values and attitudes, and make more environmentally-friendly behavior 

choices (for more on Earthkeepers, see Felix & Johnson, 2013; Van Matre & Johnson, 1987).  

 During the outdoor portion, the Earthkeepers program revolves around knowledge and 

attitudes through the learning of four ecological concepts (environmental system knowledge): 
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energy flow, the cycling of materials, interrelationship, and change over time and participation in 

experiences that immerse them nature (attitudes). As students begin to gain environmental 

system knowledge and develop environmentally-friendly attitudes, they learn about different 

behavior choices available to them (action-related knowledge) and are encouraged to undertake 

actions they believe will help the environment (effectiveness knowledge). During the classroom 

and home follow-through, students are challenged to enact these behaviors that will lessen their 

impact on the earth, such as using less energy (e.g. electricity) and fewer materials (e.g. water) 

and deepening their feelings by spending time in natural places and recording their thoughts and 

feelings.   

Instruments 

Three instruments were utilized for data collection, each focusing on a different factor 

described within the Competence Model – ecological knowledge, environmental attitudes, and 

environmental behaviors. To measure ecological knowledge, participants completed the 

‘Expanded Ecological Concepts Questionnaire’ (ECQ), a multiple-choice instrument that stems 

from the 13-item Ecological Concepts Questionnaire. As the original questionnaire focused 

solely on environmental systems knowledge dimension, it was recently revised to include four 

action-related knowledge items and four effectiveness knowledge items. Two years of study 

suggests that the new ECQ has sufficient reliability and a difficulty structure that appropriately 

measures the intended construct (see Chapter Two).  

 Originally developed to measure European adolescents’ environmental attitudes, the 

well-established 2-MEV instrument has demonstrated validity in many published studies to 

measure participants attitudes towards nature (see, for example, Bogner & Wiseman, 2006; 

Wiseman & Bogner, 2003). This study utilized the 2-MEV scale as modified by Johnson and 
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Manoli (2010) for use with upper elementary students in the United States.  The questionnaire 

consists of 16 items, utilizing a 5-point Likert scale with responses ranging from Strongly Agree 

(5 points) to Strongly Disagree (1 point) and a neutral response Not Sure (3 points).  Two scores 

are reported. A mean score of over 3.0 for Preservation indicates attitudes that value the 

preservation of nature, while a score under 3.0 for Utilization indicates a participant that values 

the utilization of nature. 

Environmental behaviors were measured with the Revised General Environmental 

Behaviors Scale (Revised GEB), an adolescent version of the General Ecological Behavior Scale 

used in initial testing of the Competence Model.  The original instrument included 40 self-report 

items designed to be grouped into six domains. However, testing of the instrument showed that a 

1-factor structure described the model equally as well (Kaiser, Oerke, & Bogner, 2007).  The 

Revised GEB includes 11 items using a 5-point Likert scale design. Testing revealed that items 

can be separated into two behavior-related dimensions: transportation and general environmental 

behaviors. Again, two years of study indicate that the Revised GEB is a valid and reliable 

measure for use with children in the United States and for use in testing the Competence Model 

(Chapter Two). 

Analysis 

 The theoretical Competence Model (Kaiser et al., 2008) consists of a three-dimensional 

knowledge structure in which effectiveness knowledge is directly influenced by 

environmentally-friendly attitudes and system knowledge, action-related knowledge impacted by 

system knowledge, and system knowledge is influenced by attitudes, and vice versa (see Figure 

7).  Attitudes towards nature have long been considered the main driver behind environmentally-

friendly behavior, and also mediate the lesser-acknowledge influence of environmental 
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knowledge on behaviors. In order to confirm data fit and to examine the direct and indirect 

relationships between the major constructs, data were analyzed via structural equation modeling 

with the SAS statistical software package, Version 3.8. Analysis used the total scores of each 

knowledge dimension (action-related, effectiveness, and systems knowledge), mean scores of 

each attitudes towards nature dimension (Utilization and Preservation) and both behavior 

dimensions (transportation and general behaviors). 

Results 

We began our analysis by testing the theoretical version of the Competence Model for 

Environmental Education as described by Kaiser et al. (2008) and confirmed by Roczen et al. 

(2014) and Otto & Pensini (2017). The goodness-of-fit index (GFI), comparative fit index (CFI), 

and Bentler-Bonett normed fit index (NFI) range from 0 to 1 with values over .90 representing 

an acceptable fit (Tabachnick & Fidell, 2007). For the root mean square error of approximation 

(RMSEA), values smaller than .08 indicate adequate fit. As shown in Table 1, fit statistics for 

this original model with a unidimensional behavior and 3-dimensional behavior structure reached 

nearly acceptable levels with each model having a high number of statistically significant 

relationships amongst all variables (Table 5).  

Based on these results, we questioned if model fit would improve if the structure of the 

Competence Model was revised by combining effectiveness and action-related knowledge into 

one cohesive latent factor, ‘Behavior Knowledge’, and by also reducing General Environmental 

Behaviors from a two-dimensional structure to a unidimensional one.  We first tested each 

modification individually and then incorporated both changes into the model simultaneously. 
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Table 5.  

 

Variations of model fit statistics 

 One-dimensional 

behavior & 3 

dimensional 

knowledge 

(original model) 

 Two -

dimensional 

behavior & 3-

dimensional 

knowledge 

One-

dimensional 

behavior & 

behavior 

knowledge 

Two-dimensional 

behavior & 

behavior 

knowledge 

GFI .90 .89 .90 .88 

NFI .75 .72 .75 .72 

CFI .81 .78 .80 .78 

RMSEA .06 .07 .06 .07 

  

The original theoretical model proposed by Kaiser et al. (2008) and confirmed by Roczen 

et al. (2014) consists of a one-dimensional behavior structure, yet more recent testing revealed a 

structure consisting of two-separate dimensions: Transportation and General Environmental 

Behaviors (see Chapter Two for more). For the purposes of this study, we initially tested the 

model with a one-dimensional behavior structure, and then a two-dimensional behavior structure. 

The unidimensional model showed minor improvement in overall model fit (see Table 5). 

We also explored a version of the model that included modifications to the three-

dimensional knowledge structure by combining action-related and effectiveness knowledge into 

one cohesive behavior knowledge dimension. To test this idea, we compared fit statistics of the 

original Competence Model with a three-dimensional knowledge structure to a model with a two-

dimensional structure that included systems knowledge and the proposed “Behavior 

Knowledge”. Fit statistics remained at similar levels, as shown in Table 5 (column 3). We then 

tested a model which included both aforementioned modifications to the Knowledge and 

Behavior dimensions. Once again, overall fit statistics did not show improvement (column 4). 

The models with the three-dimensional knowledge structure did not exhibit a statistically 

significant relationship between Behaviors and Action Knowledge, but the models with a 2-

dimensional knowledge structure did show statistical significance between the new variable of 
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Behavior Knowledge and Behaviors. Additionally, all models showed a very strong relationship 

between Systems Knowledge and Attitudes, as well as Attitudes and Behaviors.  

In order to dig deeper into the model, we decided to check the fit statistics for each latent 

variable of the original Competence Model (Table 6). Overall, the Attitudes and Behavior latent 

components held up adequately. We were not able to gather results for the testing of the three-

dimensional knowledge structure due to underspecification. All relationships were statistically 

significant.  

Table 6. 

 

Fit statistics comparison – Major latent variables in the original Competence Model  

 Attitudes Only Behavior Only 

(one-dimension) 

Behavior Only 

(two-dimensions) 

GFI .91 .93 .94 

NFI .80 .78 .75 

CFI .83 .82 .78 

RMSEA .09 .08 .09 

Note: Three-dimensional knowledge structure not included due underspecification of model. 

The next step was to test the relationships between these variables and their different 

iterations (Table 7). The combination of Attitudes and Behaviors had nearly acceptable levels, 

while the Attitudes and two-dimensional Knowledge showed adequate model fit. When the 

different knowledge structures were tested with one- and two-dimensional behaviors, the two-

dimensional behavior structures showed better model fit. All variables had statistically 

significant relationships between each other, with the exception of Behaviors and Action 

Knowledge. Also of interest is the strong significance between Behaviors and Systems 

knowledge. Both relationships were consistent throughout all models.  
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Table 7. 

 

Fit statistics comparison – Iterations of latent variables in the Competence Model  

 Attitudes & 

Behaviors  

Attitudes & 

Knowledge 

One-dimension 

Behaviors & 

Knowledge 

Two-dimension 

Behaviors and 

Knowledge 

 # of behavior 

dimensions 

# of knowledge 

dimensions 

# of knowledge 

dimensions 

# of knowledge 

dimensions 

 One Two  Two  Three  Two  Three  Two  Three  

GFI .84 .85 .91 .88 .89 .93 .94 .94 

NFI .62 .65 .79 .72 .74 .76 .74 .75 

CFI .67 .71 .82 .76 .79 .80 .78 .80 

RMSEA .08 .07 .08 .08 .07 .07 .07 .07 

 

 Overall, most models showed fit statistics nearing acceptable levels, and all had a high 

number of statistically significant relationships between the variables. However, there was no 

model that stood out as the one that fit the data the best.  

Discussion 

 Although our study resulted in most fit statistics nearing acceptable levels, we were 

unable to confirm the Competence Model for Environmental Education (Kaiser et al., 2008; 

Roczen et al., 2014). After our initial test of the model, we tested a version of the model with one 

variation from Roczen et al.’s testing – instead of utilizing a unidimensional behavior structure, 

we used the 2-dimensional structure found to be appropriate for use with the Revised GEB 

instrument (see Chapter Two). Results from the current test revealed a high number of 

statistically significant relationships between variables and fit statistics that approached sufficient 

levels, but fit indices were nevertheless not sufficiently high enough to fully support either model 

(see Table 5). When we tested each latent component separately, many fit indices showed strong 

fit, and the number of statistically significant relationships between the manifest variables was 

high as well.  This indicates that while the individual latent components that comprise the 
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Competence Model work well individually, or with only one other latent factor, we believe the 

issue lies with the model as a whole.  

 In our efforts to discern where the issue lies, we focused on two elements – the three-

dimensional knowledge structure and the possible two dimensions within the Behavior 

component. Previous work on the three-dimensional knowledge structure had indicated that 

action-related and Effectiveness knowledge may be combined into one cohesive Behavior 

Knowledge dimension, as students may not be able to differentiate between action-related and 

effectiveness items on questionnaires (see Chapter Two for more).  When we tested the complete 

model with a singular behavior dimension and two-dimensional knowledge structure of systems 

knowledge and behavior knowledge, the fit indices showed minimal variation (see Table 5, 

columns 1 and 3). Additionally, when comparing the various iterations of latent variables, a 

three-knowledge structure had the best fit (Table 7).  

Therefore, in juxtaposition to other studies on the three-dimensional structure (i.e. 

Fremerey & Bogner, 2014; Liefländer, 2015), we continue to question if the knowledge structure 

is indeed three separate dimensions, or instead, if action-related and effectiveness knowledge 

should be considered one comprehensive behavior knowledge dimension. Based on our current 

results, we tentatively support the continued use of a three-dimensional structure, but clearly 

more research is needed on this topic.  

 Our study strays from advocating the original Competence Model with a unidimensional 

behavior structure, as previous testing on behaviors revealed a two-factor structure (Chapter 

Two).  Although the current analysis indicated slightly better fit with a unidimensional structure, 

we support the two dimensional one, as fit did not improve enough for us to negate these most 

recent findings. Testing of a one- and two-dimensional structure revealed similar fit (Table 6, 
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Columns 2 and 3). Further, when we analyzed different iterations of the latent variables, a two-

dimensional behavior structure consistently resulted in stronger fit statistics (see Table 7, 

columns 1, 3, and 4). In previous work on this behavior structure, we theorized that items may 

simply be filtering into separate factors because they focused on locus of control or lack thereof. 

It is therefore possible that instead of being two action-related dimensions, behaviors as they are 

currently measured are instead personal control related. This is an important aspect for future 

research. For now, we continue the use of a two-dimensional behavior structure.   

  Indeed, out of all variations between the latent variables, a two-dimensional behavior 

and three-dimensional knowledge structure showed best fit. We conclude that the model with the 

best overall explanatory power lies with the model that incorporates a two-dimensional behavior 

structure and the continued use of the three-dimensions to the knowledge component as well 

(Figure 10). This model strongly supports the well-acknowledged theory that attitudes are the 

main influence on environmental behaviors, with the strongest association out of all variables in 

the model being shown here (r =.55). 

 

Figure 10. Suggestion for a new Competence Model for Earth Education using a two-

dimensional behavior structure. This figure illustrates the major findings of statistically 

significant relationships between variables. p < 0.1. 

 

 Knowledge also plays an important, albeit smaller and more distal, role in the 

development of environmentally-responsible behaviors. Similar to original testing of the 
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Competence Model, we similarly found that relationship between systems knowledge and 

attitudes towards nature was strong (r=.72).  We are unable to confirm the original authors claim 

that this relationship indicates either that a positive attitude towards nature inspires a person to 

acquire more systems related knowledge, or vice versa: gains in system knowledge influence a 

person to appreciate nature even more. Nevertheless, this finding supports previous research and 

indicates the roundabout influence systems knowledge can have on environmentally friendly 

behaviors. Additionally, systems knowledge had a consistently strong relationship with 

behaviors. This is an unusual finding and may be indicative of the strong emphasis the 

Earthkeepers program has on systems knowledge. The strength of systems knowledge’s 

relationships with other factors may simply be evidence of the students’ learning focus.  

 A surprising finding is the lack of significant relationship between action-related 

knowledge and behaviors, and significant relationship between effectiveness knowledge and 

behaviors. Roczen and others (2014) had previously found the opposite, with effectiveness 

having no influence on behaviors and action-related having significant influence on them. This 

could possibly be an indication that these two constructs are actually measuring the same thing 

and should be combined into one behavior-related dimension. It could also be reflective of the 

importance of these two types of knowledge on behaviors– that without the ability to evaluate 

the effectiveness of possible actions, action-related knowledge cannot be enacted, and vice versa 

– without knowledge of actions, we cannot move to the next step and evaluate them for 

effectiveness.  

Conclusion and Recommendations 

 This study serves as only one of three studies focusing on the Competence Model for 

Environmental Education (Otto & Pensini, 2017; Roczen et al., 2014), and the only one situated 
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within the United States. Although we were unable to empirically confirm the model for use in 

the United States, as it neared acceptable levels of fit during every iteration of testing, we 

continue believe that it is still worthy of further investigation and application. It may be of 

interest and helpful to analyze the Likert-type scales used to measure attitudes towards nature 

and general environmental behaviors in new ways – instead of treating them as continuous 

values, viewing them as categorical could reveal new understandings about their relationships.  

Based on our results, we also suggest the three-dimensional knowledge structure but 

encourage future research on reducing it to two.  We also recommend the application of a two-

dimensional behavior structure, as continued studies have shown this distinction to be of value. 

Moreover, educators can benefit from continued studies of the model and the relationships 

therein, which in turn will help them implement major findings into instruction.   
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Chapter Four:  

Using the Competence Model for Environmental Education as a Tool for Evaluation 

 

Abstract 

The Competence Model for Environmental Education claims that it should be used as both a 

framework and evaluation tool for environmental education programs.  A unique aspect of this 

model is its differentiation between three knowledge forms: environmental systems, action-

related, and effectiveness knowledge. We investigate the model’s ability to detect changes in 

environmental knowledge, attitudes, and behaviors following participation in an environmental 

education program focusing on the same major elements as the Competence Model. Additionally, 

we question Lieflander, Bogner, Kibbe and Kaiser’s (2015) claim that educational success can be 

discerned by an increase in converge of the three knowledge dimensions included within the 

Competence Model. Results indicate that the model can be a useful tool for evaluation of 

environmental education programs, and thusly serve to inform implementation and practice. Our 

findings also support the idea that convergence of the knowledge dimensions does occur after 

participation in an environmentally focused intervention. 
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Introduction 

At its most basic level, environmental education focuses on human environmental 

behavior and how interventions or other mediating variables can successfully impact a change in 

this behavior (Hungerford & Volk, 1990). Environmental education, therefore, also includes the 

dubious tasks of determining the successes or failures of these interventions and variables to 

induce such change. Within this task lies questions regarding what evaluation should focus on, 

look like, and aim to do, and even more discussion centers on issues that some claim to be 

impediments to quality and informative evaluation (see Boeve-de Pauw (2014) for a concise 

discussion regarding the issues).  For example, over 20 years ago, Leeming, Dwyer, & Bracken 

(1995) called for carefully developed and psychometrically sound instruments so as to provide a 

common standard for comparison– a criticism that has since continued through the years. Others 

have described a need to stray from typical post-intervention surveys and instead focus on 

studying the process itself over outcomes, so as to offer more insights regarding specific program 

characteristics that are linked to success. When taken in sum, research consistently describes a 

gap between the potential for evaluation to inform environmental education programing and 

actual practice caused by a failure to incorporate high quality, systematic evaluation into the 

programming (Carleton-Hug & Hug, 2010).  

Zint, Kraemer, and Kolenic (2014) have argued that research should turn to a more 

specific focus on the elements of the program itself so as to create a stronger link between 

practice and outcomes, and simultaneously better connect research to practice. Some have taken 

this instruction-focused lens to evaluation even further by suggesting instruction be developed 

specifically to target variables described by environmental behavior models, so as to develop a 

clearer understanding of how different variables can lead to environmentally-friendly behaviors 
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(Carleton-Hug & Hug, 2010; Marcinkowski, 2004; Monroe, 2010). In accordance to these 

recommendations, we similarly argue that a strong theoretical framework is necessary in order to 

accomplish two important tasks of environmental education: 1) develop effective, research-based 

programs; and 2) conduct systematic and meaningful evaluation of said programs. Developed 

specifically for use by environmental education programs and to be statistically tested (Kaiser, 

Roczen, & Bogner, 2008), the Competence Model for Environmental Education (Roczen, Kaiser, 

Bogner, & Wilson, 2014) holds great potential as a model to be used as a framework for program 

development, and as such, should also be utilized as a framework for evaluation of that teaching 

as well.  

The Competence Model for Environmental Education 

 Informed by and derived from past research on environmental behavior models, the 

Competence Model for Environmental Education describes the interplay between four variables 

and the relationships between them and with environmental behaviors. Similar to other models, 

environmental attitudes, well described as the most important variable impacting environmental 

behaviors (see Ajzen & Fishbein, 1973; Bogner, 1998; Hines, Hungerford, & Tomera, 1987) for 

more on environmental attitudes and behaviors), plays a role alongside environmental 

knowledge. However, the Competence Model is unique amongst others by utilizing a three-

dimensional knowledge structure consisting of system, action-related, and effectiveness 

knowledge that has been previously empirically supported by Frick et. al (2004) and more 

recently, Liefländer and colleagues (2015).  
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Figure 10. Competence Model for Earth Education using a two-dimensional behavior structure. 

This figure illustrates the major findings of statistically significant relationships between 

variables. p < 0.1. 

 

While the role of knowledge in developing behaviors has often been downplayed by past 

research due to other more behavior-proximal factors, and once these mediating factors (i.e., 

attitudes) are removed from analysis, the once behavior-distal role of knowledge has a much 

more influential role than previously thought (Kaiser & Fuhrer, 2003). Figure 7 above illustrates 

the complexity and interplay between variables as described by the Competence Model, and how 

these variables together impact a person’s general environmental behaviors.  

Although environmental knowledge gain is a typical goal of environmental education 

(Kaiser et al., 2008), Frick et. al (2004) suggest a three-dimensional environmental knowledge 

structure to be more relevant for environmental behavior change. A person must not only 

understand how natural systems work (systems knowledge), but also know what actions can be 

undertaken in order to address environmental problems (action-related knowledge). Lastly, a 

person must also be able to evaluate one action versus another in order to choose the most 

effective environmental action (effectiveness knowledge). Teaching all three dimensions, they 

suggest, should better equip students to enact appropriate environmental behaviors in comparison 

to knowledge gains in only one or two dimensions.  



Evaluation Tools  

 

90 

As students learn, levels of each type of knowledge increase, and will eventually become 

less differentiated from each other and converge into one knowledge structure  . This knowledge 

convergence, according to Kaiser and Fuhrer (2003), will ultimately lead to environmental 

behavior change and can therefore be used alongside pre-post measures to ascertain program 

effectiveness.    

Many studies demonstrate gains in overall environmental knowledge; the vast majority of 

these studies evaluate non-differentiated knowledge (Liefländer et al., 2015), and focus on 

environmental education programs that teach only one or two forms of knowledge (usually 

system or action-related knowledge) (Fremerey & Bogner, 2014; Frick et al., 2004; Kaiser & 

Fuhrer, 2003). Empirical tests of the three-dimensional knowledge structure (see Fremerey & 

Bogner, 2014; Frick et al., 2004, Liefländer, 2015) have described environmental system 

knowledge as providing the foundation and motivation for action-related and effectiveness 

knowledge.  Together, action-related and environmental system knowledge co-determine 

effectiveness knowledge. Authors argue that, while general knowledge levels begin very low, as 

students learn more, levels of each type of declarative knowledge will increase (Fremerey & 

Bogner, 2014; Frick et al., 2004), and as levels of each increase, they will eventually become less 

differentiated from each other and converge into one knowledge structure. As this knowledge 

increases and converges, behaviors are hypothesized to increase as well. Recently, Liefländer 

and colleagues (2015) were the first to implement and empirically test the three knowledge 

dimensions after an environmental education program via pre-, post-, and retention surveys, and 

specifically look at the amount that these dimensions converged afterwards. The authors found 

persistent gains in all knowledge dimensions and also a tendency of the three dimensions to 
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overlap as they became interconnected and began to converge. Based on these results, they 

suggest their environmental education intervention was successful.  

The purpose of this study is therefore two-fold. First, we question if the Competence 

Model can detect changes in students’ attitudes, knowledge, and behaviors in children who have 

participated in environmental education programs. To do so, we conduct paired samples and 

independent t-tests in order to analyze changes over pre-, and post- data points. Second, in 

response to Leifländer et. al’s (2015) claim that educational success can be discerned by an 

increase in converge of the three knowledge dimensions, we use bivariate correlations to 

determine if participation in an environmental learning program focusing on each of the 

knowledge dimensions increase convergence of the three dimensions.  

Methods 

Participants and Procedure 

 Our study took place in the American Southwest and consisted of 854 students from 9 

different elementary schools (4th and 5th grades). 745 participated in the environmental education 

program during the 2016-2017 and 2017-2018 school years. 109 students from the 2015-2016 

school year served as a comparison group and did not attend any environmentally-focused 

programming.  All students completed pre- and post-questionnaires. Pre-tests were completed 

two weeks before attending programming, while post-test took place six weeks after.  

Environmental Education Program 

 The intervention group participated in Earthkeepers: a three-day, outdoor environmental 

learning experience that includes additional classroom and home follow-through. Designed to 

address each of the components of the Competence Model, the Earthkeepers program includes 

activities which focus on helping learners gain understandings in each of the three dimensions of 
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environmental knowledge, develop environmentally-friendly values and attitudes, and practice 

more environmentally-friendly behaviors (for more on Earthkeepers, see Felix & Johnson, 2013; 

Van Matre & Johnson, 1987). The program focuses on four main elements: Knowledge, 

Experience, Yourself, and Sharing. After participating in various activities, students earn a key 

marked with an initial, spelling the work “KEYS.” 

 The outdoor portion of Earthkeepers addresses the “K” and “E” keys via activities 

focusing on knowledge (K) and experiences that develop environmentally-friendly attitudes (E). 

Four major ecological concepts (energy flow, cycling of materials, interrelationships, and 

changes over time) teach environmental systems knowledge, while various activities that 

encourage students to immerse themselves in nature develop environmentally-friendly attitudes. 

After gaining these new understandings and attitudes, students then learn about different 

behavior choices (action-related knowledge) and think about which may benefit the environment 

the most (effectiveness knowledge). Once they return home and to the classroom, students are 

then challenged to practice environmentally-friendly lifestyles by enacting behaviors that will 

lessen their impact on the earth and deepening their feelings by spending time in natural places. 

In doing this, students earn their “Y” key for “Yourself” and can earn an “S” key by sharing their 

new understandings and experiences with others. 

Instruments  

 Three questionnaires were used for data collection, each one focusing on a different 

factor of the Competence Model, each of which was completed at pre-, and post data collection 

times. The ‘Expanded Ecological Concepts Questionnaire’ (ECQ) is a 23-item multiple-choice 

instrument that stems from the 13-item Ecological Concepts Questionnaire and measures the 

three forms of ecological knowledge. System knowledge and action-related knowledge items are 
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marked as 0 for incorrect, 1 for correct. Effectiveness knowledge items are given either a 0 for 

incorrect, 0.5 for somewhat correct, or 1 for correct to reflect the idea that some behavioral 

options are better choices than others. This instrument has recently been tested and validated for 

use, showing sufficient reliability and a difficulty structure that appropriately measures the 

intended construct. For more detailed description of the development of the Competence Model 

specific instrument and psychometric qualities can be found in Chapter Two. 

The 2-MEV instrument has been well-validated to measure attitudes towards nature 

(Boeve-de Pauw & Van Petegem, 2011; Johnson & Manoli, 2008; Milfont & Duckitt, 2004) 

among both adults and upper elementary students in the United States (Johnson & Manoli, 

2010). The questionnaire consists of 16 items, utilizing a 5-point Likert scale with responses 

ranging from Strongly Agree (5 points) to Strongly Disagree (1 point) and a neutral response Not 

Sure (3 points). Two scores are reported. Mean scores of over 3.0 for Preservation indicate 

attitudes that value the preservation of nature, and scores below 3.0 for Utilization indicate a 

participant that values the utilization of nature.  

The Revised General Environmental Behaviors Scale (Revised GEB) is used to measured 

environmental behaviors. This instrument is an adolescent version of the General Ecological 

Behavior Scale. This 11-item self- 5-point instrument uses a 5-point Likert scale design, and 

separates items into two behavior-related dimensions: transportation and general environmental 

behaviors. See Chapter Two for more information on the validation of and psychometric 

qualities of the instrument.  

 Since the Earthkeepers program is based on and reflects each of the factors of the 

Competence Model, it follows that using the model for a framework for evaluation of that 

teaching. When taken together, the three instruments are able to provide a full picture of changes 
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exhibited by participants after participation in a program based on the Competence Model for 

Environmental Education. 

Statistical Analysis 

 All analyses used IBM SPSS 24.0. To determine changes in the three forms of 

environmental knowledge, attitudes, and behaviors,  we used percent scores from the knowledge 

instrument and mean scores from behavior and attitude instruments for each participant at each 

data point.  Paired sample t-tests and independent t-tests were used to analyze changes from pre- 

to post- data points amongst and between the groups. We compared data in various groupings: 

attended EK (n= 745), attended and received Y Key (n=607), attended but did not receive Y Key 

(n=138), and comparison group (n=109).   

 As described by Liefländer and Bogner (2015), knowledge convergence is the merging of 

the three knowledge dimensions together, and a stronger merging of knowledge should indicate 

program effectiveness.  Accordingly, we conducted a bivariate correlation analysis to examine 

the correlations between the three knowledge dimensions, believing that a stronger convergence 

of the dimensions would be evidenced by correlations that increase over the test times.  

Results 

Can the Competence Model detect change?  

As shown below (Table 8), attendance in the Earthkeepers program resulted in significant 

differences in pre-post- scores for 7 of 8 variables tested, with Preservation showing an increase, 

albeit not statistically significant change, in mean scores. Both effectiveness and action-related 

knowledge demonstrated a change, but in an unexpected direction: instead of increasing from 

pre- to post-, mean scores decreased. Cohen’s d describes effect size, with .2 being considered a 

‘small’ effect, .5 representing a ‘medium’ effect and .8 a ‘large’ effect.  
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Table 8 

 

Students who Attended Earthkeepers – Pre and Post Score Comparison 

Variable  m SD t Cohen’s 

d 

df 

Systems Knowledge Pre  46.73 19.20 7.70* .35 744 

 Post 54.69 26.12 

Effectiveness 

Knowledge 

Pre  66.74 25.77  

-2.10* 

.09 744 

 Post 64.04 31.14 

Action-Related 

Knowledge 

Pre  55.36 26.20  

-3.12* 

.14 744 

 Post 51.68 27.13 

GEB Pre  3.26 .63  

5.33* 

.20 616 

Post 3.39 .66 

General Behaviors Pre  3.58 .69  

4.67* 

.20 616 

Post 3.72 .71 

Transportation 

Behaviors 

Pre  2.39 .99  

3.70* 

.10 617 

Post 2.49 .94 

Utilization Pre  2.30 .69  

-4.53* 

.18 537 

Post 2.18 .66 

Preservation Pre  4.12 .54 
1.24 

.07 537 

Post 4.16 .62 

Note: * symbol indicates statistically significant differences in scores, p<.05.  

 

A second analysis focused on the pre-post- changes in scores for the Comparison group 

(Table 9). Additionally, to better understand differences between these two groups, an 

independent t-test was run to show differences between the two groups at the two different data 

points. These results are shown in the far right-hand columns. When comparing the post scores, 

Cohen’s d values show four small effect sizes, and two medium effects.  
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Table 9 

Students who Did Not Attend Earthkeepers – Pre and Post Score Comparison 

 Difference between Did or Did not 

Attend 

Variable  m SD t Cohen’s 

d 

df t Cohen’s 

d 

df  

Systems 

Knowledge 

Pre  44.87 21.02 2.18* .23 65 -1.00 .09 846 Pre  

Post 49.42 18.80 2.12 .23 814 Post 

Effectiveness 

Knowledge 

Pre  63.20 29.50 1.08 .15 70 .14 .13 130.56 Pre 

Post 67.08 22.68 -1.04 .11 97.11 Post 

Action-

Related 

Knowledge 

Pre  55.71 26.57 3.78* .54 65 -1.89 .01 849 Pre 

Post 67.86 17.77 -6.93* .71 104.52 Post 

GEB Pre  3.28 .66 .94 .13 63 1.13 .03 787 Pre 

Post 3.36 .58 .23 .56 724 Post 

General 

Behaviors 

Pre  3.56 .75 .36 .04 63 -.23 .02 121.56 Pre 

Post 3.59 .70 1.07 .18 724 Post 

Transportation 

Behaviors 

Pre  2.55 .91 1.73 .20 63 -2.44* .17 788 Pre 

Post 2.73 .87 -1.58 .26 724 Post 

Utilization Pre  2.41 .59 .46 .05 64 -.07 .17 739 Pre 

Post 2.44 .52 -3.36* .44 682 Post 

Preservation Pre  3.90 .61 .32 .01 64 .85 .38 778 Pre 

Post 3.91 .56 3.18* .42 689 Post 

Note: * symbol indicates statistically significant differences in scores, p<.05.  

In contrast to the Attended group, the comparison group increased scores in all three 

knowledge dimensions, two of which were statistically significant. Additionally, the students 

who attended Earthkeepers indicated statistically significant changes in overall behaviors (GEB) 

and in both behavior dimensions (General and Transportation), while the comparison group had 

minimal increases in their mean scores.  

 When comparing the students in both groups at Pre and then Post, we see that the two 

groups were similar in all pre- test variables except Transportation Behaviors, yet show 

statistically significant differences in their post-test scores for Action-Related Knowledge 
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(Comparison group increased while Attended decreased), Utilization (Attended increased while 

Comparison decreased) and Preservation (both increased minimally). It is important to note that 

although differences at first glance are many, the large difference in sample sizes may also be 

playing a role in the presence or lack of statistical significance.  

 Further analyses looked at the difference in scores between the students who attended 

Earthkeepers and either received and did not receive their Y key. The received Y key group had 

changes similar to the overall Attended group, with 7 of 8 variables showing statistically 

significant differences in scores, yet with two of these being in the unexpected direction (Action-

related and Effectiveness knowledge). Those who did not receive their Y key had 4 statistically 

significant changes in scores. Additionally, their scores in Action and Effectiveness knowledge 

changed in the expected, positive direction, albeit not significantly. 

Table 10. 

 

Received vs Did Not Receive Y Key – Pre and Post Score Comparisons 

Variable Received Y Key? 

Yes No 

 m SD t Cohen’s 

d 

df m SD t Cohen’s 

d 

df 

Systems 

Knowledge 

Pre  47.17 18.85 5.23* .34 501 42.70 21.20 4.47* .47 137 

Post 54.87 26.07 53.73 25.54 

Effectiveness 

Knowledge 

Pre 67.69 25.20 -

2.45* 

.14 501 60.29 28.59 .60 .07 137 

Post 63.94 30.95 62.23 30.90 

Action 

Knowledge 

Pre 55.26 25.32 -

2.23* 

.12 501 54.35 30.08 -1.88 .19 137 

Post 52.11 27.31 48.99 26.59 

GEB Pre 3.26 .63 3.76* .17 414 3.26 .63 2.87* .26 109 

Post 3.37 .67 3.42 .62 

General 

Behaviors 

Pre 3.59 .68 3.36* .16 414 3.59 .73 2.63* .22 109 

Post 3.70 .73 3.75 .72 

Transportation 

Behaviors 

Pre 2.38 .91 2.32* .11 415 2.38 .83 1.87 .19 109 

Post 2.48 .93 2.54 .89 

Utilization Pre 2.27 .64 -

3.99* 

.20 358 2.35 .67 -

2.34* 

.23 90 

Post 2.14 .67 2.20 .61 

Preservation Pre 4.10 .55 1.84 .10 384 4.23 .55 -.18 .02 99 

Post 4.16 .61 4.22 .68 



Evaluation Tools  

 

98 

Note: * symbol indicates statistically significant differences in scores, p<.05.  

Using the same mean values and standard deviations, the differences between the two 

groups at Pre and Post were also compared and are displayed in Table 11. 

Table 11. 

 

Difference between Yes or No Y Key – Pre and Post Score Comparisons 

  t Cohen’s d df 

Systems Knowledge Pre  -2.40* .22 638 

Post -.46 .04 638 

Effectiveness Knowledge Pre -2.96* .27 638 

Post -.58 .06 638 

Action Knowledge Pre -.33 .03 193.53 

Post -1.20 .16 638 

GEB Pre .01 0 586 

Post .87 .08 560 

General Behaviors Pre -.05 0 586 

Post -0.77 .07 560 

Transportation Behaviors Pre .15 0 587 

Post .68 .07 560 

Utilization Pre 1.51 .12 541 

Post .58 .09 521 

Preservation Pre 2.16* .24 576 

Post .55 .09 527 

Note: * symbol indicates statistically significant differences in scores, p<.05.  

 These results indicate that the groups were statistically different at only three times – 

those being in the pre scores for Systems, Effectiveness, and Preservation, all with small effect 

sizes.  

Knowledge convergence 

 Knowledge convergence was assessed via bivariate correlations. Three groups were 

analyzed: Those who attended Earthkeepers, those who received their Y key, and those who 
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attended but did not receive their Y Key. Results indicate increase in correlations between all 

knowledge dimensions from pre – to post- for Attend and Received Y key groups. Students who 

did not receive their Y key only showed an increase in correlations for pre- to post- Systems and 

Effectiveness knowledge.  

 
Figure 11. Comparison of knowledge convergence amongst three groups. The ** indicates a 

statistically significant relationship, p <.01. 

 

 The students who did not receive their Y key had the smallest positive change between 

Systems and Effectiveness knowledge, while those who did receive their Y key showed the 

largest growth of all three groups in Action-Related/Effectiveness and Effectiveness/Systems 

knowledge.   

Discussion 

Environmental education is (or should be) a cyclical pattern  of development, 

implementation, and evaluation that leads back to questioning and developing program 

improvements, implementing those improvements, and evaluating again. It is therefore 

incredibly important for the program and evaluation tool to be developed and geared towards the 

same elements. The Competence Model for Environmental Education (Kaiser et al., 2008) claims 
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it was developed and should be used for these two things. Previous studies have established that 

the model can be used a theoretical framework for development of programs (Otto & Pensini, 

2017; Roczen et al., 2014), but is it also capable of detecting changes in these elements? This 

study looked at a program developed to specifically focus on many of the same elements as the 

Competence Model: environmental knowledge, attitudes, and behaviors to test this claim.   

Although there were a number of unexpected changes, we believe that the Competence 

Model for Environmental Education is an appropriate tool to use in detecting change and is 

suitable for use as an evaluation tool. As shown in Table 12 below, the students who attended the 

Earthkeepers program demonstrated change in expected areas – the areas that both the 

Earthkeepers program and Competence Model focus on. For example, Systems Knowledge is the 

main focus of the outdoor portion of the Earthkeepers program. Indeed, the results indicate that 

this knowledge increases significantly from pre- to post- for those students who attended the 

program.  Comparison group students similarly show a statistically significant increase in 

Systems Knowledge, although smaller change in mean score, possibly because this form of 

knowledge is also a required content area for students at this grade level. Additionally, when we 

compare the students who completed the entire Earthkeepers program by practicing 

environmentally-friendly behaviors at home and receiving their Y key, against those students 

who did not receive their Y key nor attend the program, we see more evidence that the 

Competence Model is detecting changes, or in the case of non-Y Key receivers, a lack thereof.  
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Table 12. 

Statistically significant changes in Pre-Post by group. 

Attended Received Did Not Receive Comparison 

Systems Systems Systems Systems 

Effectiveness* Effectiveness*   

Action* Action*  Action 

Behaviors Behaviors Behaviors  

General 

Behaviors 

General 

Behaviors 

General 

Behaviors 

 

Transportation 

Behaviors 

Transportation 

Behaviors 

  

Utilization Utilization Utilization  

Note: * indicate changes that are not in the expected direction. 

A question remains regarding the changes in Action and Effectiveness knowledge.  This 

may be more evidence of the Competence Model’s ability to detect changes. The main 

knowledge-related focus of the Earthkeepers program is Systems knowledge, so it is not 

unexpected for students who attended the program to not demonstrate increases in these 

dimensions.  However, we are unable to explain the positive growth in these dimensions for 

students who did not attend the program. 

Further evidence that the Competence Model can be used to detect changes lies in the 

Behavior related variables.  Since both Earthkeepers and Competence Model have the overall 

goal of developing and impacting environmental behaviors of students, we would expect to find 

a change in these variables. Indeed, the overall Behaviors variable, as well as its two related 

dimensions of General Behaviors and Transportation Behaviors indicate statistically significant 

changes in Pre-Post scores for the Attended and Received Y key groups, but not for the 

Comparison group. Similarly, the group that attended but did not receive their Y key, and who 

therefore may be less invested in changing behaviors than the received Y key group, still showed 

statistically significant changes in two of the behavior-related dimensions. 
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Some claim that another measure of program success, and as such another method of 

evaluation, lies in the convergence of the three knowledge dimensions (Fremerey & Bogner, 

2014; Frick et al., 2004; Liefländer et al., 2015). Our analysis indicates that these knowledge 

dimensions do experience a rise in correlation, and therefore converge, for participants after an 

environmental education experience, with the largest convergences found in the Attended group 

and Received Y key group, with students moving from moderate to strong correlation between 

all knowledge dimensions. The students who attended but did not receive their Y key showed 

convergence between Systems and Effectiveness knowledge, but not for the others. It is 

important to note here that of the 745 students who attended Earthkeepers, 607 received their Y 

key, skewing overall Attended results to mirror those of the Received group. It is our thought 

that those students who received their Y key were more invested in the program and therefore 

retained more of the factual, knowledge-based learning than those students who did not go on to 

receive their Y key. If program success is indicated by the convergence of the three knowledge 

dimensions and, in the end, an associated rise in behaviors, then our results indicate that 

knowledge convergence may be a useful tool for evaluating environmental education programs. 

Conclusion and Recommendations 

The Earthkeepers program is centered around the development of environmental 

knowledge, attitudes, and, most importantly, behaviors. We used the Competence Model for 

Environmental Education as a tool for the evaluation of this program, with the idea that if the 

model can be used to identify and detect changes in these key ideas, then the model is useful to 

program that have the ultimate goal of behavior change. Our results suggest that this model is 

able to detect changes in programs, and therefore can and should be used to evaluate programs 

and help inform their development and improvement.  
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Although we believe the Competence Model is useful for program evaluation, we are left 

with a number of questions that should be pursued further.  The unexpected results in 

effectiveness and action-related knowledge need further testing – is this a matter of error from 

the measurement tool, a matter of guessing or rushing on the questionnaire, or can it be 

indicative of an issue with the three-dimensional structure of the model?   

In terms of knowledge convergence, our results support the idea that as learning in the 

three dimensions increases, convergence between them occurs. This study did not use a third 

retention data point, as research has indicated that as time passes from original intervention, 

knowledge levels drop. With this in mind, it would be of interest to do a second intervention and 

see how that affects knowledge convergence – does it continue to converge and become more 

correlated? 
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Chapter Five: 

Discussion and Recommendations 

In their 5th Assessment Report the International Panel of Climate Change (IPCC), an 

international conglomerate of scientists, described the current and possible future state of climate 

change across the world, including research regarding current and future changes across the 

world, impacts on natural systems, direct and indirect effects on  human systems, their causes, 

and possible mitigation strategies (IPCC, 2014). A main claim: humans continue to be the 

driving cause behind climate change and its rippling effects across the world and its ecosystems. 

Education has long been considered as a main strategy to lessening this human impact on the 

Earth, as is demonstrated by the millions of students, teachers, and community members that 

participate in environmental learning programming each year (Coyle, 2005). This reliance on 

environmental learning as a means to prevent further environmental issues makes it crucial that 

environmental educators have access to and are using research-based models on which to 

develop their programs. This dissertation tested The Competence Model for Environmental 

Education (Kaiser, Roczen, & Bogner, 2008) for use with elementary-aged students in the 

United States, in the hopes that the results and conclusions would provide a more nuanced view 

of factors that influence environmentally-friendly behaviors. Based on the results, I aimed to 

provide environmental learning theorists and practitioners with specific, evidence-based 

suggestions and guidance on the development of environmental learning programs, elements to 

include and emphasize within these programs, and suggestions on their evaluations.  

This final chapter provides a discussion that brings together the results of the three 

studies encompassed within the dissertation. The first study presented in Chapter Two tested two 

new instruments for use in measuring two of the main components of the Competence Model, a 
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step necessary before moving on to the second study (Chapter Three). This study used these 

instruments to empirically test the overall Competence Model and explore if data from 

elementary-aged students in the United States fit the theoretical model. At the same time, the 

study looked at the relationships between the variables described by the model.  Chapter Three 

took an evaluation perspective, asking if the Competence Model could detect changes in 

students’ environmental attitudes, knowledge and behaviors and if the three-dimensional 

knowledge structure could be used as a method of describing program success. Together, these 

three studies helped provide both theoretical and practical suggestions for environmental 

learning programs from beginning (development) to end (evaluation). To this end, this 

concluding chapter will be organized in the same manner: from development and implementation 

and ending with program evaluation. But first, it is important to revisit the Competence Model; 

what is important about it and why study it? 

Why the Competence Model for Environmental Education? 

 First described in 2008 by Kaiser, Bogner and Roczen (2008), this theoretical model for 

environmental behavior change incorporates main findings from past research, namely that 

attitudes towards nature plays the largest influence in behavior change. It also utilizes a new and 

interesting structure to environmental knowledge.  Instead of looking at knowledge as a one-

dimensional construct, this model views it as being three-dimensional, distinguishing between 

environmental systems, action-related, and effectiveness knowledge.  Past research has 

confirmed both the over-all model and knowledge structure (Fremerey & Bogner, 2014; 

Liefländer, Bogner, Kibbe, & Kaiser, 2015; Roczen, Kaiser, Bogner, & Wilson, 2014). As this 

model was developed with the specific intention to help educational programmers more 

effectively promote and/or change environmental behaviors (Roczen, 2011), it is important to 
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explore the Competence Model as a possible framework to undergird and support environmental 

education program. In addition, environmental learning programs who seek environmental 

behavior change as their ultimate goal could benefit from learning more about the model, how it 

can be used in the development, implementation, evaluation, and refinement of their programs. 

The Competence Model, program development, and implementation 

 Should the Competence Model for Environmental Education (Kaiser et al., 2008) be used 

as a framework for the development and implementation of environmental learning programs in 

the United States? Based on the results described in Chapter Three, the answer is yes. In this 

chapter, we described the major take-aways from the analysis of data gathered over multiple 

years from elementary-aged students in the American Southwest, all of which indicated that the 

Competence Model can be used in multiple ways for multiple purposes. In terms of program 

development and implementation, we looked at model fit and the relationships between the 

variables described in the model.  Doing so provided a picture of the elements necessary to 

impact behaviors, helping developers better understand what elements should be focused on in 

program development. These include the following: 

1) Attitudes towards nature are, as found in previous research, the strongest motivator 

behind environmental behavior change. Create and implement programs that have a 

strong focus on experiences with nature that help students develop environmentally-

friendly attitudes towards nature.  

2) Attitudes towards nature and knowledge influence environmental behaviors. 

Developers should maintain a simultaneous focus on the cognitive and motivational 

prerequisites to behavior (Roczen, 2011). 
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3) The interrelationships and confirmed interplay between the three forms of knowledge 

indicates that the different forms of knowledge should be taught in coordination with 

each other. Systems knowledge, with its dual influence on effectiveness and action-

related knowledge is the foundation for other knowledge gains. Thusly, programmers 

should focus on developing this form of knowledge first, and then move towards the 

development of effectiveness and action-related knowledge.  

4) Systems knowledge has a direct effect on behaviors and a mediated effect via 

attitudes towards nature. Again, this indicates that systems knowledge is a basis that 

helps encourage a student to increase their positive attitudes and seek out more 

behavior-related knowledge. 

5) As we investigated the three-dimensional knowledge structure throughout the three 

studies, with no clear conclusion, we recommend educators develop and teach 

programs with action and effectiveness as two separate constructs but bear in mind 

that student may see these as two apples from the same tree – that once assimilated, 

students may potentially view these as the same construct. 

6) The original model utilized a one-dimensional structure to the behavior component.  

While testing of the Revised General Environmental Behavior scale indicated a 

second, transportation focused dimension, we question if these separate factors are 

instead focused on a child’s locus of control.  In other words, when teaching about 

behaviors, it is important to distinguish between those things a child does and does 

not have control over in their everyday choices. 

One of the greatest benefits of the Competence Model for Environmental Education 

(Kaiser et al., 2008) lies in the simple fact that it is not intended to be a solely theoretical model.  
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Instead, it is actually intended to be used in the development and implementation of 

environmental learning programs.  Although this dissertation study was unable to fully confirm 

the original theoretical model, the modified version with a two-dimensional behavior structure 

(see Figure 10) showed nearly acceptable model fit indicating that it is worthy of further 

investigation that should be considered as a useful tool to the development and implementation 

of environmental learning.   

 

Figure 10. Suggestion for a new Competence Model for Earth Education using a two-

dimensional behavior structure. 

 

By probing further into the relationships between the constructs proposed by the model, 

we were also able to provide a more specific, informative, and evidence-based guideline to 

programming. 

Suggestions on implementation: Duration. What should all of this look like when put 

into practice? First, research tells us that longer-term interventions have more impact on 

students, and that the teachers play a significant role in the persistence of environmental 

knowledge, attitudes, and behaviors, and that these out-of-school experiences should be 

integrated into the classroom curriculum to extend and solidify the learning (Felix & Johnson, 

2013; McClarnon, 2003; Orion, 1993). A 2 to 5-day learning experience coupled with deliberate 

and consistent follow-through back at school would be optimum.   
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 Since many earth education programs include and emphasize many of the same variables 

as the Competence Model, it is useful to look to these programs as examples of how these 

specific elements have been successfully implemented.  

Attitudes. Earth education programs, such as the Earthkeepers program used in this 

dissertation, have a strong emphasis on the attitudes component. During the outdoor portion of 

these programs, all activities take place outdoors and preferably away from the built 

environment, allowing students to have first-hand contact and experiences with the natural 

world. These activities all aim towards developing feelings towards the earth and a connection 

with the natural world through rich, firsthand contact. Students experience solitude while at their 

‘Magic Spots’.  They return to the same spot each day to pause and reflect on their new 

understandings and think about their personal impact and contact with the natural world.  They 

also go on an Earthwalk to use their senses in new, different ways while sharpening their 

perceptions of the world around them.  A discovery party is formed as students use a diary and 

map of a previous Earthkeeper to explore a natural area, allowing the participants to discover the 

natural world and its many unique offerings.  The students are also immersed in nature in 

‘Seasons’ when they recreate a season of the year for another student by gathering and using 

natural objects around them. Participants develop a feeling of closeness to and caring for the 

earth and its life in this multi-sensory activity. In sum, these different activities work together to 

help people experience nature and develop positive attitudes towards the earth in a contentious 

and deliberate manner  (for more on these activities as practiced in the Earthkeepers program, see 

Earthkeepers by Van Matre and Johnson (1987).   

 Environmental Systems Knowledge. The Competence Model also describes three 

different forms of knowledge that should be addressed in environmental learning programs: 
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environmental systems knowledge, action-related knowledge, and effectiveness knowledge.  

Earth education developers claim that in terms of systems knowledge, certain concepts are more 

important than others, stating that ““We need to learn at least the broad brush strokes of how life 

works on earth first instead of dealing with only the pieces, e.g. the development of butterflies, 

the making of honey, or the life of spiders” (Wohlers & Johnson, 2003, p. 20). To this end, 

environmental systems activities focus on ‘the Big Four’: Energy flow, the cycling of materials, 

changes over time, and interrelationships. Through these concepts, participants can begin to 

understand the way the earth functions and our relationship with the earth and these functions. In 

Earthkeepers, all activities range from 60-90 minutes and take place in natural settings.  

In ‘Munchline Monitors’, students learn how the sun’s energy moves through each level 

in a ‘munchline’ (food chain). They learn about ‘sun-munchers’, ‘plant-munchers’, and ‘animal-

munchers’ (plants, herbivorous animals, and carnivorous animals) and energy loss in these food 

chains.  Students also examine human impact on these food chains and ways to lesson negative 

impact. ‘Great Spec-tackle’ focuses on the cycling of materials. The participants discover that 

these materials are used over and over again in great cycles.  Students trace the path of various 

air, water, and soil ‘specks’ (molecules) and discover what they have been a part of in the past, 

present, and speculate what they might be in the future.  In ‘Connection Inspection’, students 

learn that all things, both living and nonliving, are connected by their use of energy and 

materials.   Each student becomes a plant or animal and hooks up to their specific sources of 

energy, air, water, and soil. After one single action disrupts the web of life the students have 

become a part of, it is apparent that every single action has multiple results and consequences. 

‘Time Capsules’ teaches students about changes over time. Participants use maps to search for 

buried time capsules that contain items reflecting the past in that area. They display their items in 
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a bookcase where each shelf represents a period of time in the past, then add new shelves to the 

top as they wonder about what may occur there in the future. 

 Action-Related Knowledge and Effectiveness Knowledge. These two related, yet 

separate knowledge forms should be taught and discussed at similar moments, and so should 

similarly discussed together when thinking about implementation. Action-related knowledge, 

and more specifically, a student’s understanding of their role in protecting and interacting with 

the environment, should be a theme that is discussed and talked about throughout the program. 

At the end of each systems knowledge activity, it is important to allow students the opportunity 

to process their learning and think about what it means for them and their relationship with and 

impact on the earth. Describing a time when you accidentally added chemicals into the cycling of 

materials (ie. adding pesticides to weeds in your lawn) and brainstorming other possible actions 

can act as the action-related knowledge portion, and then go further with this by challenging 

students to think about the pros and cons of these different behaviors options, and how they can 

impact the earth in many ways, or in other words, think about the effectiveness of each 

behavioral option in helping preserve and protect the earth. By teaching effectiveness knowledge 

in this general manner can help set students up with critical thinking skills that are crucial to 

evaluating effectiveness of different behavioral options they will be presented with in their 

futures (Ernst & Monroe, 2004).  

Behaviors. As the development of environmentally-friendly behaviors is the major goal 

of environmental learning programs, this component should be one in which students are 

continually provided support, guidance, and structure, even after the end of the outdoor learning 

experience. While at the outdoor center, students should be given the opportunity to watch and 

emulate the environmentally-friendly behaviors of leaders, such as recycling, “taking what you 
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need and eating what you take,” and on the attitudes towards nature side, taking the time to slow 

down and make observations about the natural world around them. Set aside time to help 

students process their understandings and brainstorm different ways to less their impact on the 

Earth and continue their feelings of connection to nature.  Before leaving the outdoor center, take 

time to help students make a list of behaviors that can lower their personal impact on the Earth, 

thinking especially about things we do on a daily basis and how things that we do affect other 

living things (for example, we pollute and can clean up, we choose to kill some plants and 

animals for food) (Johnson, 2003). 

It is necessary to provide students with the opportunity to enact these new understandings 

and ideas. This is where the follow-through and the classroom teacher play important roles.   

Programs should have a structured-follow-through that transfers the learning back to the 

classroom and home by asking students to commit to implementing behavior changes in their 

everyday lives (specifically those within their locus of control) and motivating them with 

meaningful rewards, such as the physical keys in the Earthkeepers program. Involve parents and 

other adults by asking them to talk about and check-in with students.  

In a study looking at the relationship between teacher implementation of follow-through 

and student behaviors after an environmentally learning program, the teachers who made it a 

point to continually emphasize program elements in their classroom curriculum and including 

other environmentally-focused activities and projects had more students continue 

environmentally-friendly behaviors back at home when compared to students who did minimal 

follow-through (Felix, 2007). Asking teachers to play an active role in the follow-through may 

be crucial to the continuation of student environmentally-responsible behaviors.  
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For more insight into earth education programs and their implementation of knowledge, 

attitudes and behaviors, Earth Education: A New Beginning by Steve Van Matre (1990) provides 

an in-depth description of what is focused on in earth education, how it is done, and why.  

Program Evaluation with the Competence Model 

 In order to conduct any form of program evaluation, valid and reliable instruments are 

needed.  However, an ongoing issue within environmental learning and program evaluation is the 

use of instruments that have not undergone rigorous and systematic testing (Boeve-de Pauw, 

2014).  It also important for evaluators to use instruments that measure the same elements that 

are being focused on in the intervention. By using the Competence Model for both 

implementation and evaluation, it is possible for evaluation to quantify the effect on behavior 

and to assess which part of the intervention has been most helpful and influential (Roczen, 

2011). Together, these issues have created a gap between the potential for evaluation to inform 

environmental education programming and practice (Carleton-Hug & Hug, 2010).  

 This dissertation began by developing, implementing, and testing two instruments to be 

used with the Competence Model, and programs that are either developed using the model as a 

framework, or programs that focus on changing a person’s overall general behaviors. Results 

indicated that these two instruments are useful for evaluation of programs, especially those that 

are developed based on the Competence Model.  

The testing of these instruments led to questioning of the original structure of the model.  

The original General Ecological Behaviors scale viewed behaviors as being composed as being 

one-dimensional, however our studies indicated that two dimensions fit the data equally as well – 

with one dimension describing transportation behaviors, and the other more general behaviors.  

While further testing is needed to confirm either finding, the dual dimensional model may be 
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indicative of how students view their role in enacting environmental behaviors: some, like 

reusing paper, are within their control, while others such as riding a bike to school, are not.  As it 

stands, the Revised General Environmental Behaviors scale introduced and utilized in this 

dissertation encompasses within it the idea of targeting and testing behaviors that are 

distinguished by locus of control – a useful notion for both evaluators and educators. 

Testing of the Expanded Ecological Concepts Questionnaire also showed sufficient 

reliability and validity for use. This instrument demonstrates the close relationship between 

evaluation and development. Use of this questionnaire should be used with a program similar to 

Earthkeepers and to the Competence Model – one that teaches similar ecological concepts and 

addresses effectiveness and action-related ideas that would be understandable and useful to 

elementary-aged students in the United States.  

 From our data and the research of others, we can also conclude that as these types of 

knowledge increase, correlations between the three become stronger. Some authors (Frick, 

Kaiser, & Wilson, 2004; Liefländer, 2015) claim that these dimensions will continue to grow in 

size (display stronger correlations between them) until they are finally not distinguishable from 

one another. For programs that target knowledge gains as a program goal, using the idea of 

knowledge convergence can be yet another tool to help evaluate program effectiveness. 

However, previous testing on this notion simply used bivariate correlations to test this claim, as 

was done in this dissertation (Chapter Four). While analysis in previous studies and the present 

study did demonstrate that correlations between the dimensions increased, there is no indication 

that they actually began to converge into one singular knowledge dimension. Without further 

testing using a different analysis type, we are left to question what would occur following 
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another learning opportunity: do the dimensions indeed converge or do the correlations simply 

continue to strengthen?  

 Evaluation must be informed and driven by the program it is evaluating. As demonstrated 

in Chapter Four, using the Competence Model for Environmental Education can help evaluators 

detect changes in students’ knowledge, attitudes and behaviors. When using the Competence 

Model for Environmental Education in conjunction with the associated measurement tools used 

in this dissertation, environmental educators and evaluators can be sure they are using tools that 

will help them not only assess students understanding and learning, but also evaluating and 

refining their program, strategies, and goals.  

Future Research 

This dissertation brought forth many questions that are worthy of future research.  First, 

data and analyses used in this dissertation only looked at correlational relationships, so a key 

suggestion is to look at the causal relationships between these variables. Second, long-term 

research on the model and interrelationships between variables is needed, especially in terms of 

knowledge convergence.  A typical finding in research is first the growth of knowledge after an 

intervention, and then a decrease at a later retention data point.  I suggest a study with two 

interventions, one following pre-data, and then another following post-data.  Additionally, 

structural equation modeling could be useful to uncover if knowledge does indeed converge 

more with continued knowledge gains, or if the relationships between the dimensions simply 

strengthen.   

Results regarding the 3-dimensional knowledge structure in this study may differ from 

previous studies due to different items on the questionnaire, and because the items in previous 

studies were topics and ideas specifically focused on and taught in their interventions.  In 
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contrast, Earthkeepers addresses these dimensions in a more general, comparative manner 

without specifically teaching it. Because of this difference in teaching strategies, students may 

not be able to distinguish between effectiveness and action-related knowledge. It would therefore 

be of use and of interest to replicate the study with an Earthkeepers program that more 

intentionally directed instruction at these topics. Does model fit approve? Do students exhibit 

greater gains in environmental behaviors because they are able to differentiate between the two 

knowledge forms? 

This study did not include a focus on attitudes towards nature, or more specifically, the 

two dimensions of Utilization or Preservation since the 2-MEV is a well-established instrument 

and construct. Moving forward, including an analysis of these aspects and their relationships to 

behavior and knowledge would be informative for environmental educators.  

It may also be of interest to look at the Competence Model through the lens of conceptual 

change. This well-known theory holds that learning, as a rational activity, is demonstrated 

through the revising of our existing concepts or ideas into new ones (Posner, Strike, Hewson, & 

Gertzog, 1982). These concepts are those that we use to formulate our beliefs, so, in the world of 

environmental learning, a change in our conceptual knowledge structure should be demonstrated 

through a change in our beliefs, and hopefully, our actions.  Using the Competence Model in 

conjunction with the theory of conceptual change to gather and analyze data could provide a new 

way of thinking about and understanding how the environmental learning knowledge structure 

changes and impacts behaviors.  

Lastly, similar to most studies, this dissertation used a self-report scale to identify and 

measure environmentally-friendly behaviors. In order to better establish that the model is in fact 

impacting behaviors, a study using observational techniques would be informative.  
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Conclusion 

We can only hope that this research, together with the research of others, helps 

environmental educator developers, implementors, and evaluators have a better understanding of 

ways to develop and evaluate the environmental behaviors of elementary -aged students in the 

United States.  This cyclical pattern of development, implementation, and evaluation necessitates 

research-based, empirically tested models to act as the framework that guides environmental 

educators through these stages. The studies described in this dissertation show the promise of the  

Competence Model for Environmental Education (Kaiser et al., 2008) to do just this and inform 

environmental education programs; from development to evaluation.  
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Summary and Overview 

The overall aim of this dissertation was to investigate the Competence Model for 

Environmental Education (Kaiser et al., 2008) for use in the United States with elementary aged 

students. This included asking if the model was suitable to be used in the development, 

implementation, and evaluation stages of environmental learning programming.  

This model is of particular interest as it pulls major ideas from previous research; namely 

that of the strong influence of attitudes on behaviors. Additionally, this model differs from others 

by applying a three-dimensional structure of knowledge to the overall model. Lastly, instead of 

looking at behaviors as individual actions and choices such as recycling or biking to school, the 

Competence Model focuses on influencing a person’s overall behaviors and ecological footprint, 

or their ‘constellations of behaviors’.  

 This dissertation described the journey of developing two instruments needed to measure 

the ecological knowledge and behaviors of students in the United States, and in turn using data 

garnered from their use to test for model fit and establish its ability to detect changes in student 

environmental knowledge, attitudes, and behaviors.  

Chapter 2 describes the essential first step of developing two instruments: 1) the 

Expanded Ecological Concepts Questionnaire (Expanded ECQ), used to measure the three 

knowledge dimensions of action-related, environmental systems, and effectiveness knowledge, 

and 2) the Revised General Environmental Behaviors scale (Revised GEB). Throughout two 

years of study, these two instruments were tested for reliability and validity via Exploratory 

Factor Analyses and Confirmatory Factor Analyses (for the Revised GEB) and Rasch and 

difficulty analyses, as well as CTT analysis techniques. Results indicated that both instruments 
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are valid and reliable measures for use with children in the United States, and for use in testing 

the Competence Model.   

Our findings also led us to question two important aspects of the overall structure of the 

Competence Model. First, does the model have a one-dimensional, all-encompassing behavior 

construct as proposed in the original theoretical model, or is it instead composed of two separate 

dimensions – Transportation Behaviors and General Environmental Behaviors, as indicated by 

our analysis? Further, we questioned if these two dimensions should be reconceived as constructs 

that focusing on a person’s locus of control, or lack thereof.  

We also strongly suggested the continued research on the three-dimensional knowledge 

structure. Our analyses showed issues with both action-related and effectiveness items, with low 

reliability for both scales.  However, when analyzed together as one unified scale reliability 

values rose.  This leaves us to question if action and effectiveness are two separate dimensions of 

varying difficulty and low reliability, or if they are instead one unified factor. We carried this 

possibility through to the next studies.  

Chapter 3 looked at the model as a whole, asking if the model is appropriate for use in 

the United States, and therefore should be used as a framework in the development of 

environmental learning programs. In addition, we wanted to learn more about the model by 

taking a closer look at the different variables in the model, and the relationships between them.  

This analysis used structural equation modeling to test the model, and our first test of the 

original, theoretical model and its structure of three knowledge dimensions, one behavior, and 

attitudes towards nature, resulted in fit statistics that were only approaching adequate fit.  After 

many iterations in which we looked at different versions of the model and different iterations of 

components in the knowledge and behavior components, we recommended the use of a model 
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that includes the use of a two-dimensional behavior structure and the continued application of the 

three-dimensional knowledge structure. 

When we zoomed in on the different relationships between these components, we found 

results that concurred with those of previous research.  First, our data similarly expressed a 

strong influence of attitudes towards nature on behaviors. Additionally, we found a strong 

relationship between systems knowledge and attitudes, indicating that environmental learning 

programs can influence behaviors by targeting systems knowledge alongside attitudes.  This is 

also corroborated in previous research. Lastly, while we did not find the anticipated relationship 

between action-related knowledge and behaviors, we instead saw effectiveness knowledge 

exerting an influence on behaviors.  Future testing on this is necessary, but with our continuing 

questioning of the action-related/effectiveness component in mind, we wonder if this could 

indicate that these two constructs are actually measuring the same concept.  

In Chapter 4, we took an evaluation perspective, and asked if the Competence Model 

could be used as a tool for the evaluation of environmental learning programs. As our data came 

from students who had participated in a program that was developed to specifically target the 

same factors as described by the Competence Model, it served to assume that changes we 

expected following program participation would be detected by a model that focused on the same 

variables. Of those participants that attended the Earthkeepers program, 7 of the 8 variables 

tested and focused on by the model showed statistically significant changes.  The remaining 

variable still showed a change in the expected direction, just not a statistically significant one. 

We concluded that the model can indeed detect changes in participants knowledge, attitudes and 

behaviors, and is a promising tool for evaluation of programs.  
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We also looked at a claim that the knowledge structure can also be another indicator of 

program success.  It is thought that as knowledge is gained, these three dimensions will 

eventually converge and become one all-encompassing dimension.  Our results corroborate this 

idea, however, more long-term research on this question is needed.  

Finally, Chapter 5 brings together all these findings and discusses how the Competence 

Model can be used in the development, implementation, and evaluation of environmental 

learning programs. Although we were unable to fully confirm the model as a whole, with fit 

statistics that near acceptable levels, it is suggested that the model be used as a framework for the 

development of environmental learning programs.  This model can help developers and 

practitioners create and implement these programs, and question and refine their current 

implementation strategies.  The model also holds promise as an evaluation tool for programs, 

encouraging practitioners to better understand the strengths and stretches in their programs and 

make it very clear on where opportunity for improvement lies. 
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Key Findings 

• The Revised General Environmental Behavior (Revised GEB) scale is a reliable and valid instrument 

that can be used for testing the general environmental behaviors of elementary-aged students in the 

United States.  This scale is believed to be composed of two dimensions: transportation and general 

environmental behaviors.  

• The Expanded Ecological Concepts Questionnaire (Expanded ECQ) is a reliable and valid instrument 

that can be used for testing the effectiveness, action-related, and environmental systems knowledge of 

elementary-aged students in the United States.  

• The theoretical Competence Model for Environmental Education proposed by Kaiser, Roczen and 

Bogner (2008) is appropriate for use in the United States, with a minor modification of moving from a 

one-dimensional behavior structure to a two-dimensional one.  

• The three-dimensional knowledge structure encompassed within the Competence Model should be 

continued to be used, however more research is necessary to determine if it can be reduced to a 2-

dimensional structure that includes Systems Knowledge and a Behavior Knowledge factor. 

• In line with prior research, our data suggest that attitudes to be the greatest influence on 

environmentally-related behaviors. 

• There is a strong relationship between systems knowledge and attitudes towards nature. Together, this 

indicates that environmental education programs could possibly make their greatest impact by focusing 

more on these two factors.  

• The Competence Model appears to be able to detect changes in students environmental knowledge, 

attitudes, and behaviors, and can be a useful tool in the evaluation of environmental education tools.  

• Our findings corroborate the idea that the three dimensions of knowledge can and should converge 

(become more highly correlated) as knowledge is gained. More research is needed to determine if they 

truly do converge into one all-encompassing knowledge variable. 

 



  128 

Appendix A: Original Instruments 

2-MEV 

Do you agree that: Strongly 

Agree 
Agree 

Not Sure/ 

Neutral 
Disagree 

Strongly 

Disagree 

  1. 

If I ever have extra money, I 

will give some to help protect 

nature.  

 

O O O O O 

  2. 

To save energy in the winter, I 

make sure the heat in my room 

is not on too high. 

O O O O O 

  3. 

People have the right to 

change the environment 

(nature).  

O O O O O 

  4. 

Building new roads is so 

important that trees should be 

cut down.  

O O O O O 

  5. 
I would help raise money to 

protect nature. 
O O O O O 

  6. 

I always turn off the light 

when I do not need it any 

more. 

O O O O O 

  7. 
I like to go on trips to places 

like forests away from cities.  
O O O O O 

  8. 

Because mosquitoes live in 

swamps, we should drain the 

swamps and use the land for 

farming. 

O O O O O 

  9. 

I try to save water by taking 

shorter showers or by turning 

off the water when I brush my 

teeth.  

O O O O O 

10. I like the quiet of nature. O O O O O 

11. 
To feed people, nature must be 

cleared to grow food. 
O O O O O 

12. 
People are supposed to rule 

over the rest of nature. 
O O O O O 

13. 

Weeds should be killed 

because they take up space 

from plants we need.  

O O O O O 

14. 
I try to tell others that nature is 

important. 
O O O O O 

15. 

I like a grass lawn more than a 

place where flowers grow on 

their own. 

O O O O O 

16. 
I would like to sit by a pond 

and watch dragonflies. 
O O O O O 

 

 



  129 

 

Expanded Ecological Concepts Questionnaire 

Answer the following questions based on what you know about different ways to help the environment, not 

about what you actually do.  

 

• Making products out of recycled materials (paper, aluminum, and plastic) uses more energy than making 

products out of new materials. 

O True.  O False. O I’m not sure. 

• Putting trash in a landfill is better for the environment than burning trash. 

O True.  O False. O I’m not sure. 

• Taking a shower generally uses less water than taking a bath. 

O True.  O False. O I’m not sure. 

• Tomatoes grown in Florida and sold in Arizona use more energy than locally grown tomatoes. 

O True.  O False. O I’m not sure. 

• If I want to remove weeds from my yard, it is more harmful to spray them with herbicide than to pull 

them by hand. 

O True.  O False. O I’m not sure. 

• Meat and vegetables take the same amount of energy to be produced. 

O True.  O False. O I’m not sure. 

• Washing the laundry with cold water uses the same amount of energy as hot water. 

O True.  O False. O I’m not sure. 

 

Which of the following statements is true? 

 

• Importing fruits from South America is bad for the environment because… 

O The climate is not good for 

growing fruit in South America.  

O A lot of packaging 

material is used. 

O Transporting them to Arizona 

requires a lot of energy. 

• What lunch item uses the most energy and materials? 

O Lunchable with ham, cheese, and 

crackers.  

O Ham, cheese, and 

crackers in a reusable 

container. 

O Ham, cheese, and crackers in a 

plastic bag. 

• To lessen our impact on the environment, it makes sense to… 

O Drive a new car instead of driving 

an old car.  

O Eat organic produce O Light a fireplace instead of 

turning on the heater. 

• Cotton clothing takes ________ energy to make when compared to synthetic (polyester) clothing. 

O The same amount of  O  More O Less. 

• Why is it better to collect and recycle aluminum cans than to throw it away? 

O Because we are running out of 

materials to make aluminum from 

O Because discarded 

aluminum gives off 

poisons when burned 

O Because producing new 

aluminum creates a lot of 

pollution. 

• Which bag for groceries is the best choice for the environment? 

O Plastic bag O Reusable bag O Paper bag 

• Carpooling is better for the environment than driving by yourself because… 

O You get to hang out with friends.  O It reduces pollution O It is easier to find parking. 

• Which yard is the most environmentally friendly in Arizona? 

O Desert landscape O Tropical landscape O Grass lawn 

• It is better for the environment to hang your clothes up outside to dry because… 

O It uses less energy O You don’t need to 

spend money on 

buying a dryer. 

O It makes you go outside to enjoy 

nature. 
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Revised General Environmental Behaviors Scale 

 

   Please choose the best answer and fill in ONE circle. 

1.  Only ___________ can turn sunlight energy into food. 

O Animals O Plants  O Water  O Air  

2.  Which of the following shows a food chain in proper order? 

O Sun  Animals  Plants    O Plants  Sun  Animals 

O Animals  Sun  Plants    O Sun  Plants  Animals 

3.    Which of the following would there be the greatest number of in a food chain (munchline)? 

O Plants  O Animals that eat      

plants  

O Animals that 

eat  animals                                                            

O They are all equal 

4.  Which of the following is most true? 

O I am made of new materials that have never  

been part of anything else before.  

O I am made of recycled materials that have  

been part of other things in the past. 

5.  The materials that everything is made of: 

O Stay in one place forever.  O Move in a line, never 

returning to where they 

started. 

O Move in circles, often returning to 

where they started. 

6.  “I can do just one thing without affecting anything else.”  This statement is: 

O True.  O False. O Sometimes true, sometimes false. 

7.  Which of the following is most true? 

O Everything is constantly 

changing.  

O Nothing is 

changing. 

O Some things change, but some never do. 

8.  If a place is now a desert,  

O It could never be an 

ocean.  

O It may someday be an 

ocean. 

O It will for sure someday be an ocean. 

9.  Where do plants get the energy they need to live and grow? 

O Sun  O Water  O Soil  O Sun, water and soil  

10.  Take a look at your pencil.  Were the materials that make your pencil ever a part of something else?  

O Yes, the materials were once part of 

something else.  

O  No, they were never part of something else.  

11.  Animals use energy that helps their bodies to live and grow. They get that energy directly from: 

O Sun and water   O Plants and sun   O Plants and 

animals  

O Water and plants 

12.  People use energy that helps their bodies to live and grow. They get that energy directly from: 

O Sun and water  O Plants and sun   O Plants and 

animals  

O Water and plants 

13.  Imagine a ship has wrecked at sea spilling toxic chemicals into the ocean. Could those chemicals end up 

 inside your body? 

 O Yes  O No    O Not sure  

 

Please indicate how often you do the following: Never Seldom Occasionally Often Always 

 1. 
After one day of use, my t-shirts and 

jeans go into the laundry  

 

O O O O O 

 2. 
I ride a bicycle, take the bus, or 

walk to school. 
O O O O O 

 3. 
If I am offered a plastic bag in a 

store, I take it.   
O O O O O 

 4. I collect and recycle used paper.  O O O O O 
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 5. 
I eat in fast-food restaurants such as 

McDonalds and Burger King.  
O O O O O 

 6. 
If I am the last person to leave a 

room, I switch off the lights. 
O O O O O 

 7. I am driven around by car.  O O O O O 

 8. 
I drink water and other beverages in 

re-usable bottles. 
O O O O O 

 9. 
I bring empty cans and bottles to a 

recycling bin.  
O O O O O 

10. 
I try to persuade my parents to buy 

an energy-efficient car.  
O O O O O 

11. 

I leave electrically powered 

appliances (TV, computer, printer) 

in sleep mode when not in use. 

O O O O O 

12. 
For short distances (within 15 

minutes) I walk or ride a bike. 
 O O O O O 

13. I reuse shopping bags.  O O O O O 

14. 

I have pointed out behavior that is 

not environmentally friendly to 

someone else.  

 O O O O O 

15. 
For making notes, I take paper that 

has already been used on one side.  
 O O O O O 

16. 

I learn about environmental issues 

through the media (Internet, 

newspapers, TV) 

 O O O O O 
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Appendix B: Revised Instruments 

2-MEV 

 

Do you agree that: 

Strongl

y Agree 
Agree 

Not 

Sure/ 

Neutral 

Disagre

e 

Strongl

y 

Disagr

ee 

  1. 
If I ever have extra money, I will give some to 

help protect nature.  

 

O O O O O 

  2. 
To save energy in the winter, I make sure the heat 

in my room is not on too high. 
O O O O O 

  3. 
People have the right to change the environment 

(nature).  
O O O O O 

  4. 
Building new roads is so important that trees 

should be cut down.  
O O O O O 

  5. I would help raise money to protect nature. O O O O O 

  6. 
I always turn off the light when I do not need it 

any more. 
O O O O O 

  7. 
I like to go on trips to places like forests away 

from cities.  
O O O O O 

  8. 
Because mosquitoes live in swamps, we should 

drain the swamps and use the land for farming. 
O O O O O 

  9. 
I try to save water by taking shorter showers or 

by turning off the water when I brush my teeth.  
O O O O O 

10. I like the quiet of nature. O O O O O 

11. 
To feed people, nature must be cleared to grow 

food. 
O O O O O 

12. 
People are supposed to rule over the rest of 

nature. 
O O O O O 

13. 
Weeds should be killed because they take up 

space from plants we need.  
O O O O O 

14. I try to tell others that nature is important. O O O O O 

15. 
I like a grass lawn more than a place where 

flowers grow on their own. 
O O O O O 

16. 
I would like to sit by a pond and watch 

dragonflies. 
O O O O O 
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Expanded Ecological Concepts Questionnaire 

 

Please choose the best answer and fill in ONE circle 

 

1. Importing fruits from South America is bad for the environment because… 

O The climate is not good for 

growing fruit in South America.  

O A lot of packaging 

material is used. 

O Transporting them to Arizona 

requires a lot of energy. 

2. What lunch item uses the most energy and materials? 

O Lunchable with ham, cheese, 

and crackers.  

O Ham, cheese, and 

crackers in a reusable 

container. 

O Ham, cheese, and crackers in a 

plastic bag. 

3. To lessen our impact on the environment, it makes sense to… 

O Drive a new car instead of 

driving an old car.  

O Eat organic produce O Light a fireplace instead of turning 

on the heater. 

4. Cotton clothing takes ________ energy to make when compared to synthetic (polyester) clothing. 

O The same amount of  O  More O Less 

5. Why is it better to collect and recycle aluminum cans than to throw it away? 

O Because we are running out of 

materials to make aluminum 

from 

O Because discarded 

aluminum gives off 

poisons when burned 

O Because producing new aluminum 

creates a lot of pollution. 

6. Which bag for groceries is the best choice for the environment? 

O Plastic bag O Reusable bag O Paper bag 

7. Carpooling is better for the environment than driving by yourself because… 

O You get to hang out with 

friends.  

O It reduces pollution O It is easier to find parking. 

8. Which yard is the most environmentally friendly in Arizona? 

O Desert landscape O Tropical landscape O Grass lawn 

9. It is better for the environment to hang your clothes up outside to dry because… 

O It uses less energy O You don’t need to 

spend money on buying 

a dryer. 

O It makes you go outside to enjoy 

nature. 

10. Taking a five minute shower uses ____________ water than taking a bath. 

O The same amount of  O  More O Less 

 

Please choose the best answer and fill in ONE circle. 

1.  Only ___________ can turn sunlight energy into food. 

O Animals O Plants  O Water  O Air  

2.  Which of the following shows a food chain in proper 

order? 

O Sun  Animals  Plants    O Plants  Sun  Animals 

O Animals  Sun  Plants    O Sun  Plants  Animals 

3.    Which of the following would there be the greatest 

number of in a food chain (munchline)? 
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O Plants  O Animals that eat      

plants  

O Animals that 

eat  animals                                                            

O They are all equal 

4.  Which of the following is most true? 

O I am made of new materials that have 

never  

been part of anything else before.  

O I am 

made of 

recycled 

materials 

that have  

been part 

of other 

things in 

the past. 

5.  The materials that everything is made of: 

O Stay in one place 

forever.  

O Move in a line, never 

returning to where they 

started. 

O Move in circles, often returning to 

where they started. 

6.  “I can do just one thing without affecting anything else.”  This statement is: 

O True.  O False. O Sometimes true, sometimes false. 

7.  Which of the following is most true? 

O Everything is constantly 

changing.  

O Nothing is 

changing. 

O Some things change, but some never do. 

8.  If a place is now a desert,  

O It could never be an 

ocean.  

O It may someday be 

an ocean. 

O It will for sure someday be an ocean. 

9.  Where do plants get the energy they need to live and grow? 

O Sun  O Water  O Soil  O Sun, water and soil  

10.  Take a look at your pencil.  Were the materials that make your pencil ever a part of something 

else?  

O Yes, the materials were once part of 

something else.  

O  No, they were never part of something else.  

11.  Animals use energy that helps their bodies to live and grow. They get that energy directly from: 

O Sun and 

water  

 O Plants 

and sun  

 O Plants and animals  O Water and plants 

12.  People use energy that helps their bodies to live and grow. They get that energy directly from: 

O Sun and 

water  

O Plants 

and sun  

 O Plants and animals  O Water and plants 

13.  Imagine a ship has wrecked at sea spilling toxic chemicals into the ocean. Could those chemicals 

end up 

 inside your body? 

 O Yes  O No    O Not sure  
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Revised General Environmental Behaviors Scale 

Please indicate how often you do the following: 

Never 

Seldom 

(not 

often) 

Occasionally 

(once in a 

while) 

Often 

(a 

lot) 

Always 

 1. 
I ride a bicycle, take the bus, or walk 

to school. 

 

O O O O O 

 2. I collect and recycle used paper. O O O O O 

 3. 
If I am the last person to leave a room, 

I switch off the lights. 
O O O O O 

 4. 
I drink water and other beverages in 

re-usable bottles. 
O O O O O 

 5. 
I bring empty cans and bottles to a 

recycling bin. 
O O O O O 

 6. 
I try to persuade my parents to buy an 

energy-efficient car. 
O O O O O 

 7. 
For short distances (within 15 

minutes) I walk or ride a bike. 
O O O O O 

 8. I reuse shopping bags. O O O O O 

 9. 

I have pointed out behavior that is not 

environmentally friendly to someone 

else. 

O O O O O 

10. 
For making notes, I take paper that has 

already been used on one side. 
O O O O O 

11. 

I learn about environmental issues 

through the media (Internet, 

newspapers, TV). 

O O O O O 
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