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ABSTRACT 

 

AN EVALUATION OF AN ENVIRONMENTAL EDUCATION EXPERIENCE FOR 
ALL 6TH GRADERS IN PRINCE WILLIAM COUNTY PUBLIC SCHOOLS, 
VIRGINIA 
 
Robert A. Johnson, M.S. 
 
George Mason University, 2011 
 
Thesis Director: Dr. Dann Sklarew 

 

Appreciation of the natural environment is a vital step on the way to 

environmental sustainability.  Environmental education in K-12 education plays an 

important role in developing ecologically literate and environmentally responsible 

citizens.  Outdoor environmental education experiences in primary and secondary 

education (grades K-12) provide opportunities to generate this appreciation during the 

early stages of knowledge development (Sobel, 2004 and 2008).   

 Today, many school systems struggle to achieve federal and state-mandated 

education goals while, by and large, US education efforts are diverging from an 

“ecologically literate and culturally critical citizenry” (Gruenewald and Manteaw, 2007).  

As the global population continues to increase, it is important for people to understand 

the impact of their choices on the environment.  Integrating environmental education and 

sustainability principles into the curricula of grades K-12 can help to foster understanding 



 

 

and consideration of human environmental impact throughout students’ lifetimes 

(Kozicki, 2010b).   

Incorporating outdoor environmental education experiences improves students’ 

knowledge and sows the seeds for environmental sustainability.  Sixth grade students 

participating in a meaningful watershed educational experience (MWEE) (CBP, 2010) 

with an outdoor education component increase their watershed knowledge.  This would 

indicate that student learning would benefit by including an outdoor education 

component (Hungerford and Volk, 1990; Sebba, 1991; Yerkes and Haras, 1997; Dillon, 

Rickinson, Teamey, Morris, Choi, Sanders, and Benefield, 2006; UNESCO, 2008). 

This thesis examined the literature surrounding K-12 environmental education; 

indicated barriers to implementing outdoor activities in existing curricula; and showed 

the impact of incorporating outdoor education experiences into a 6th grade watershed 

curriculum.  A recently implemented watershed education program in Prince William 

County, Virginia, provided context to examine a collaborative development process and 

describe and test a methodology to determine teacher and student improvement in 

watershed knowledge.  By analyzing teacher workshop questionnaires and pre- and post-

experience student surveys, this thesis evaluated the first year of a recently implemented 

6th grade watershed education program in Prince William County, Virginia, to determine 

students’ watershed knowledge.  This evaluation indicates that a teacher workshop 

improves teachers’ confidence and intentions in teaching about watersheds and the OEE 

improves students’ knowledge of watersheds, familiarity with watershed issues, and 

ability to accurately assess the health of the Chesapeake Bay.    
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1 – INTRODUCTION 
 
 
 

If the thinking that guides education reform does not take 

account of how the cultural beliefs and practices passed 

on through schooling relate to the deepening ecological 

crisis, then these efforts may actually strengthen the 

cultural orientation that is undermining the sustaining 

capacities of natural systems upon which all life depends. 

- C.A. Bowers, 1993 

 

 

“The ultimate aim of education is shaping human behavior,” according to 

Hungerford and Volk (1990). Environmental education, in its many forms, designs to 

educate people about their place in, reliance and impact on the environment, with the 

vision to shape and inspire citizens’ responsible behavior towards the environment. Any 

mandate for protecting and restoring our environmental commons requires citizens who 

value nature and the services it provides, absence of which may be cataclysmic (Orr, 

1994; Hoelscher, 2009). 

Despite this, across the United States school polices nationwide are overwhelmed 

by the mandates and standards of the No Child Left Behind Act and are silent about 

environmental education (Gruenewald and Manteaw, 2007).  Environmental education in 

K-12 grades plays a critical role in instilling in future voters and decision makers a 
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connection to and understanding of the natural environment and fostering 

environmentally responsible behavior in citizens (Hungerford and Volk, 1990).  Though 

difficult to assess the long-term impacts of incorporating outdoor environmental 

education into K-12 education curricula, disparate experts and school systems have 

reported positive, short-term results (Lieberman and Hoody, 1998; Culen, 1998; Franklin, 

2004; Dillon, Rickinson, Teamey, Morris, Choi, Sanders, and Benefield, 2006; Smith-

Sebasto and Cavern, 2006). 

Unfortunately, multiple factors – diminished and declining budgets; relegating 

outdoor environmental education experiences to an extracurricular activity; and federal, 

state, and local efforts to improve K-12 students’ academic performance – make it 

difficult for teachers to incorporate additional objectives or outdoor lessons into their 

curricula.  There are multiple competing activities and issues that act as barriers to 

finding time and space for outdoor educational experiences in a K-12 curriculum (Kirk, 

Wilke, and Ruske, 1993; Ernst, 2007; Kraemer, Zint, and Kirwan, 2007).  Limiting these 

experiences might impact students’, and future citizens’, appreciation of the environment. 

Because the extensive academic curricula is already full – with little time left for 

what might be considered extracurricular efforts – school districts, schools and especially 

teachers need outside help to develop, implement, and integrate outdoor environmental 

education experiences (Peacock, 2009).  By teaming with environmental agencies, non-

governmental organizations, and/or higher education institutions, K-12 schools can create 

and integrate outdoor environmental education lessons to enhance the existing curriculum 

(Archie, 2001; Thomashow and Witham, 2008; Wheeler and Conley, 2009; Kozicki, 
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2010a; Underwood, 2010).  Here, evaluation of a recently implemented middle school 

watershed education curriculum will demonstrate the value of one such cooperatively 

developed program, along with students’ improved watershed knowledge as a result of 

the outdoor environmental education component. 

This research evaluated the effectiveness of the first year of a 6th grade watershed 

education curriculum in Prince William County, Virginia, by assessing students’ 

improvement in watershed knowledge and summarizing teacher questionnaires of a 

preparatory training workshop.  A prefatory literature review summarizes various aspects 

of environmental education – including its goals, some barriers to implementation, and 

evaluation methods.  This thesis then summarizes the recently implemented watershed 

curriculum in Prince William County, Virginia, which is the basis for this research and 

describes the study methods, research questions, and hypotheses. Finally, this thesis 

presents the analysis results, briefly discusses the assumptions and limitations of this 

research, and points out the implications of this research and potential for follow-on 

research. 
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2 – LITERATURE REVIEW 
 
 
 

Goals and Objectives of Outdoor Environmental Education (OEE) 

“Environmental education must be systematically constructed and theoretically valid to 
achieve its goals” (Ramsey, Hungerford, and Volk, 1992). 

 

A number of researchers describe and define the goals of environmental education 

(Ramsey et al., 1992; Orr, 1996; Culen, 1998; Palmer, 1998; Simmons et al., 2010).  

Ultimately, Stapps’ (1969) definition still holds up well: environmental education intends 

to develop citizens that know about their “biophysical environment,” are aware of its 

issues, and can work towards solutions.  Strategically, environmental education can foster 

the responsible behavior of citizens (Hungerford and Volk, 1990).  

Environmental education practitioners largely recognize that it is important to 

develop environmentally literate citizens in order to produce environmentally responsible 

behavior (Yerkes and Haras, 1997; Bonnett, 1999; Archie, 2001; Chawling and Cushing, 

2007; Monroe, 2010).  The complexity and variety of factors that influence any type of 

behavior change make it difficult to establish a singular teaching method for 

environmental education, especially as providers have a wide variety of perspectives and 

experience levels.  While the pieces of environmental education include science-based 

knowledge and understanding of the human influence on their environment, eliciting a 

specific behavior is difficult.  Today’s ongoing environmental problems - climate change, 
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biodiversity loss, and environmental degradation – indicate that environmental education 

is not fostering sufficient responsible behavior or a change in citizens’ attitudes (Saylan 

and Blumstein, 2011). 

  Environmental education lends itself to curricula and practice that promote student 

engagement in hands-on, cross-curricular, problem solving activities.  Today’s curricula 

are typically focused on specific academic subjects, to the exclusion of environment-

specific material, and use conceptual problems as examples (Palmer, 1998).  In 1998, 

Culen noted the historical evidence that environmental education was not being 

integrated into school curricula (Culen, 1998).  And in a slightly more recent report, 

Archie indicates that “not enough teachers” integrate environmental education into their 

curricula (2001).  More recent resources, such as NAAEE’s Excellence in Environmental 

Education: Guidelines for Learning (K-12) by Simmons et al. (2010), can assist 

education providers in systematically incorporating environmental education into their 

curricula.    

There is myriad interrelated research regarding “nature study,” “educating for 

sustainable development,” “environmental education,” “conservation education,” and 

“outdoor education” (Robottom, 1987; Jacobson, 1987; Bonnett, 1999; Hopkins and 

McKeown, 1999; Smith, 1999; Gilbertson, Bates, McLaughlin, and Ewert, 2005; 

Kohlstedt, 2005; Venkataraman, 2009; Bailie, 2010; Strife, 2010).  In its variety of forms, 

the literature describes how to create meaningful environmental lessons and experiences 

that ultimately influence responsible environmental behavior while maintaining or 

improving academic achievement.  
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Environmental education objectives for doing so build upon the Belgrade Charter 

(1976) and the Tblisi Declaration (1978). Their goals are to develop a global awareness 

of the environment and its problems, build the expertise and motivation to address and 

prevent current and future problems, cultivate awareness of urban and rural ecological 

dependencies and interdependencies, and influence society’s responsible environmental 

behavior (Simmons et al., 2010). These two documents still provide the foundation for 

21st century environmental education (Simmons et al., 2010).   

 

Importance of Delivering K-12 Environmental Education Outdoors 

Outdoor environmental education (OEE) experiences in primary education (K-12) 

play a critical role in instilling in future voters and decision-makers a connection to and 

understanding of the natural environment and, as noted above, developing 

environmentally responsible behavior (Orr, 1994; Lieberman and Hoody, 1998; Sobel, 

2004 and 2008; UNESCO, 2008; Kozicki, 2010b).  While it is difficult to assess the long-

term impacts of incorporating OEE into primary education curricula, disparate experts 

and school systems report positive, short-term results in many areas, both academic and 

non-academic – reading, math, science, critical thinking and problem solving, leadership 

and character skills (Ernst, 2007, Kozicki, 2010)).  Additionally, in studies of secondary 

school students  and others who express environmental interests or concerns, “from half 

to more than 80% of the respondents identify childhood experiences of nature as a 

significant experience, such as free play, hiking, camping, fishing and berry picking” 
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(Chawla and Cushing, 2007).  It is important to get children outdoors to help instill an 

ecological ethic. 

For instance, one study of an environmental education program (EEP) in Mexico 

quantitatively and qualitatively indicated that the EEP students had more “ecological 

knowledge” than their peers.  This program included outdoor lessons (“fieldtrips [and] 

practical field-based exercises”), lectures and group workshops.” The authors suggested 

that a cooperative development approach in planning and evaluating the EEP enhanced 

“students’ ecological knowledge assimilation and awareness of local environmental 

conditions.” (Ruiz-Mallen, Barraza, Bodenhorn, and Reyes-Garcia, 2009). 

In the USA, a recent independent evaluation of the NOAA Bay Watershed 

Education and Training (BWET) program-funded Meaningful Watershed Educational 

Experiences (MWEEs) corroborated the Mexican findings (Kraemer, Zint, and Kirwan, 

2007).  The Chesapeake Bay Program (CBP) defines a MWEE as “an investigative or 

experimental project that engages students in thinking critically about the Bay watershed. 

MWEEs are not intended to be quick, one-day activities; rather, they are extensive 

projects that allow students to gain a deep understanding of the issue or topic being 

presented” (CBP, 2010).  Political leaders signing the Chesapeake 2000 Agreement – 

Virginia, Maryland, Pennsylvania, the District of Columbia, the Environmental 

Protection Agency (EPA), and the Chesapeake Bay Commission – declared the need for 

all students in the watershed to experience a MWEE before their high school graduation.  

The signatories aimed to foster environmental literacy and watershed stewardship 



 

8 

through meaningful activities. To accomplish this, outdoor experiences provide students 

hands-on experiences in their local watersheds.  

Program evaluators indicated that meaningful watershed experiences improved K-

12 students’ environmental stewardship qualities, their watershed knowledge, and their 

awareness of watershed problems.  Third grade students who participated in the MWEEs 

showed improvement on the Science Investigation category of the 2004-2005 school year 

Virginia Standards of Learning (SOLs) Assessment science test (Kraemer, Zint, and 

Kirwan, 2007). 

Environmental education experiences provide opportunities to sow the seeds for 

environmental sustainability.  The examples above support the idea that a meaningful 

environmental education experience can benefit environmental awareness, ecological 

knowledge, and directly connect young citizens and future decision-makers to the natural 

environment. Unfortunately, federal, state, and local education agencies’ efforts to 

improve K-12 students’ performance have often crowded out time and space for outdoor 

environmental education experiences in the curriculum or during the school day (Culen, 

1998; Kraemer et al., 2007).   
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Barriers to Implementing Outdoor Environmental Education 

In 1993, Kirk, Wilke, and Ruske expressed their concern about the disjointed nature 

of many efforts attempting to integrate environmental education into formal curricula. As 

the 2010 NAAEE guidelines indicate, many educators recognized the need to integrate 

environmental education into their curricula since at least 1993.  The major difficulty for 

administrators and teachers is deciphering how to implement environmental education in 

an era of diminished (and declining) budgets and required adherence to state-mandated 

standards of learning, often more compatible with a teach-to-the-test approach than a 

fully integrative experience.  Marginalizing environmental education lessons, failing to 

integrate them with a curriculum, or treating them as extracurricular, might impact 

students’, and future citizens’, awareness of the environment as an integrating context. 

Because of the increasing focus on accountability, state and federal standards, and 

successfully testing students, individual subjects are often hyper-focused on the textbook 

material, to the exclusion of other subjects, and programs deemed “nice-to-have” are 

abandoned as “extracurricular despite their valuable learning opportunities” (Ernst, 

2007).  Unfortunately, as Gruenewald and Manteaw lament, “The direction of education 

in the United States continues to move away from the ecologically literate and culturally 

critical citizenry” (2007).  Without citizens who value nature and the services it provides, 

any mandate for protecting and restoring our environmental commons will be non-

existent, and its absence may have cataclysmic implications (Orr, 1994, Hoelscher, 

2009).   
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In the context of academic achievement and difficulty in integrating these 

experiences, NOAA’s own BWET evaluation indicates that teachers do not commit class 

time to MWEEs because they “are not directly part of the tested standards” (Kraemer et 

al., 2007).  The NCLB Act limits teachers to “teach to the tests” and implicitly 

incentivizes teachers to focus on the subjects to be tested.  This decreases the amount of 

class time that can be used for environmental education, because, as some authors claim, 

“it is not a subject that the architects of the NCLB Act care much about” (Saylan and 

Blumstein, 2011). 

Similarly, many environmental education programs suffer from lack of clear 

direction or curriculum development goals.  Any goals that attempt to foster responsible 

environmental behavior are deemed too complicated to incorporate into curriculum 

development (Culen, 1998).  Moreover, it is difficult for teachers to incorporate 

environmental education, especially outdoor environmental education, into their 

curriculum because of “lack of planning time, administrative support, transportation, and 

funding” (Ernst, 2007).  The absence of clearly defined curricular goals and strategies, 

treating outdoor educational experiences as extracurricular activities and not fully-

integrative lessons, and limited time to develop integrative lessons are factors that make it 

difficult for teachers and administrators to justify including outdoor environmental 

education in their curricula.  Schools and school districts need help in developing and 

implementing outdoor environmental educational experiences (Peacock, 2009)  By 

teaming with environmental agencies and organizations (federal, state, public, private, 

and non-profit) or higher education institutions, they can create outdoor environmental 
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educational experiences that supplement the existing curriculum.  In Virginia, especially 

“in many underserved communities, the establishment and continuation of MWEE 

programs appeared to be linked to the presence of a viable community partner, such as a 

local museum, 4-H Cooperative Extension Agent or Soil and Water Conservation 

District” (Underwood, 2010).   

Another barrier to implementing programs with outdoor environmental education 

components is a lack of funding.  School budgets tend to (rightly) focus on areas directly 

related to achieving state or federally mandated standards.  Because integrating 

environmental education into existing curricula is perceived as a “nice-to-have,” any 

effort to achieve this integration is often laid aside due to limited funding.  Teachers and 

environmental educators must seek out and apply for grant monies to support these 

perceived extracurricular activities.  At the same time, programs funded by grants often 

place an administrative burden on the teachers and cloud the grant’s intentions.  Time and 

money are wasted on programs that “have little practical importance or impact.”  To 

counter this and for environmental education programs to have a measurable impact, “the 

development and funding process must change.”  Scarce funding should be used to 

sustain programs that are objectively evaluated as successful rather than those that 

receive subjective evaluations.  Because subjective evaluations tend to be biased (with 

the evaluator as part of the grant or getting paid by the grantee), some programs are 

perpetuated not because they demonstrate quantifiable success “but because they have 

momentum or precedent.”  This is a cycle that needs to be broken to ensure the delivery 
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of quality environmental education programs that generate long-term improvement in 

ecological literacy among future citizens (Saylan and Blumstein, 2011). 

 

Models of Environmental Education 

For the last 40 years, many U.S. teachers have attempted to integrate 

environmental issues into their curricula.  Elementary students learn about “endangered 

species or the benefits of recycling.”  Integrative, cross-subject environmental lessons are 

often introduced in middle school.  “Many high school teachers are using a new 

Advanced-Placement environmental studies course that links science to social studies; 

and on college campuses, majors in environmental studies have become increasingly 

popular” (Smith, 2000).  Despite the efforts of these teachers, students may become 

overwhelmed by the enormity and quantity of the environmental problems and thus 

distance themselves from generating new and innovative solutions because the problems 

are perceived as “too hard” to solve or, individually, the student feels futile.  “There is 

some speculation that overemphasizing environmental problems, especially for children 

in the early stages of development, may create a kind of disassociation” (Saylan and 

Blumstein, 2011).   

Regardless of this disparity – an inclusion of environmental issues versus a 

potential feeling of futility, this research found no clear consensus on a single “model” 

for environmental education.  This research indicated that, generally, environmental 

education can be binned into two “models” – a service provider model or an integrated 

model.  In the service provider model, a provider outside of the formal education 
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develops and provides an environmental education experience as a service to a variety of 

groups, including K-12 students.  There are many examples of this type of model across 

the United States. 

In Virginia, one example of a service-provider model is the James River 

Association (JRA).  The JRA provides multiple “education and outreach” services and 

programs to connect local youth to experiences and lessons on and about the James River 

(JRA, 2011).  Generally designed to create hands-on nature experiences, some programs 

are explicitly connected to the Virginia Standards of Learning (SOLs) and thus offer 

teachers or administrators a ready resource to supplement their lessons.  This requires 

teachers to know about and seek out the programs or an organizational representative to 

actively market their services to educators.   

As exhibited by the JRA, a service-provider model either requires the provider to 

seek out opportunities to provide environmental education experiences or educators to 

know about the service.  Such a model also requires the experience provider to 

continually seek out funding to remain in business.  Alternatively, it requires educators to 

find a funding source if they want to provide such an experience to their students.  This 

situation is not ideal in either case as funding sources are hard to come by and as school 

budget dollars are, as above, quickly redirected away from what may appear to be “nice-

to-have” activities. 

 In an integrative model, environmental education experiences are integrated with 

and/or collaboratively developed by a school system using a committee-type approach.  

As Volk indicates, this committee is made up of a “core team and a support team” that 
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includes teachers, especially those with environmental education experience; 

administrators; curriculum development specialists; and outside environmental educators 

and/or scientists.  Because of the resident knowledge of such a committee, environmental 

experiences can be developed to explicitly support the curriculum.  Regardless of the 

subject, “the core team [has] the major responsibility for curriculum development” and is 

supported by the support team (Volk, 1993).  Motivated teachers or administrators can 

develop a program that enhances the students’ learning process with environmental 

experiences.  This model requires an interested, and motivated, educator (teacher or 

school administrator) to want to develop a program and enlist appropriate assistance and, 

as previously discussed, may be severely limited by the time, material, and budget 

constraints at a particular school or in a particular school system.  Such a model is the 

subject of this research.   

In 2008, under a NOAA BWET grant, Prince William County Public Schools 

(PWCS) and George Mason University (GMU) developed a watershed curriculum that 

integrates field experience lessons with classroom activities (Greene, Smith, Sklarew, 

Jones, and Johnson, 2009).    By leveraging the 6th grade science curriculum knowledge 

of the PWCS administrator with the hands-on ecological knowledge of two university 

professors, this curriculum provides teachers a set of integrative lessons that both 

conform to the Virginia curriculum guidelines (Standards of Learning (SOLs)) and can be 

used to actively engage students in environmental problem solving and knowledge 

development.  Furthermore, a curriculum development approach using an integrative 

model is supported by some results that indicate that “a viable community partner,” in 
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this case a public university, can help sustain an environmental education program 

(Underwood 2010). The effectiveness of this program will be discussed in Chapters 5 and 

6. 

As Saylan and Blumstein (2011) point out, “Without proper evaluation, it is 

difficult to assert that a particular environmental education program…is effective.”   The 

next section will briefly discuss some evaluation methods and tools available to assess 

environmental education programs, and the effectiveness of either of these models. 

 
 

Assessing Environmental Education (EE) Programs 
 

Attempting to evaluate EE program impacts on long-term behavior change is 

difficult.  While numerous environmental education materials exist to develop programs 

and curricular integration is progressing, there is a scarcity of quality research or methods 

that support evaluating the utility of environmental education in influencing citizenship 

behavior (Hungerford, 1998; Heimlich and Ardoin, 2008; Carleton-Hug and Hug, 2010; 

Keene and Blumstein, 2010).   

  Given that the goals of most environmental education programs include 

developing environmentally responsible citizens, quantifying this change requires a 

formative evaluation – either continuous, longitudinal studies of students or periodic 

evaluation and revisiting of the same cohort – which would need “long-term involvement 

of an evaluator and stakeholder buy-in.”  Because of the difficulty of accomplishing this 

long-term effort, environmental education programs often use “descriptive summative 

evaluations” to qualitatively assess a program’s effectiveness.  Despite the inclusion of an 
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evaluator as a stipulation of many grant-funded projects, these “descriptive summative 

evaluations” may miss the mark in assessing the larger impact of an environmental 

education program (Saylan and Blumstein, 2011).  At the same time, there are a wide 

variety of methods and tools to evaluate environmental education programs (Stokking, 

van Aert, Meijberg, and Kaskens, 1999; Zint and Montgomery, 2004; Ernst, Monroe, and 

Simmons, 2009).     

In the research reviewed, little provision is made for long-term, formative 

evaluation of EE programs, especially those developed outside of a formal curriculum or 

which include a service-oriented approach in some EE components.  Evaluating a 

program is often delayed until the end of the program’s life which then reduces the funds 

available to conduct the evaluation or may reduce the quality of the evaluation.  In either 

case, without stakeholder involvement in the evaluation process and without a concerted 

effort to institute a formative evaluation process, program assessment is often overlooked 

(Saylan and Blumstein, 2011). 

While highlighting two models of environmental education and conducting a 

formative evaluation of an integrated model, this report does not recommend a particular 

environmental education model, it only points out that alternate approaches may be worth 

considering when developing environmental education experiences.  Future research 

could quantify the advantages of each educational model. 
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Literature Review Summary 

 Environmental education is largely designed to develop ecologically literate 

citizens.  The literature reviewed above indicates that developing environmental 

stewardship and influencing environmentally responsible behavior is impeded by implicit 

and explicit barriers to implementing meaningful environmental education programs or 

curricula. Whether through curricular integration or provided by an outside source, 

environmental education programs should be implemented early in the education process, 

targeted to reach the largest number of students and improve their environmental 

stewardship.  These programs may also benefit students’ overall academic achievement, 

not just in the science curriculum.  Outdoor environmental education experiences help to 

foster this responsible environmental behavior and offer students hands-on opportunities 

to apply their classroom lessons “in the field.”  To successfully evaluate these programs 

and justify their continuation, a variety of formative and summative evaluation methods 

and tools should be integrated into the program from its inception.   

With this as context, the study hereafter examines and evaluates the initial year of 

a BWET-supported MWEE project for all middle school students in Prince William 

County, Virginia. Using a recently implemented, collaboratively developed 6th grade 

watershed education curriculum, this research will assess the improvement in students’ 

watershed knowledge as a result of an outdoor environmental education experience.  

Results add to the growing body of research on the benefit of outdoor environmental 

education programs and curricular components to students’ environmental awareness in 

grades K-12.  Evaluation of the program’s first year will also support sustaining the 
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program in continuing its aim of “[providing] Meaningful Watershed Educational 

Experiences (MWEE) for over 16,000 middle school and high school students across 27 

schools in Prince William County” and “[delivering] professional development and 

technical assistance to enhance capacity of 50 teachers of 6th grade, high school earth 

science and environmental science” (Sklarew, 2010). 
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3 – PROGRAM DESCRIPTION 
 
 
 
The Chesapeake Bay Watershed, 

Figure 1, is the largest estuary in the 

United States (Federal Leadership 

Committee for the Chesapeake Bay, 

2010). In 2009, the EPA was sued for 

failing “to take adequate measures to 

protect and restore the Chesapeake Bay” 

(EPA, 2010).  Recognizing that water 

quality in the Chesapeake Bay 

consistently failed to meet Clean Water 

Act (CWA) standards, President Obama 

issued Executive Order 13,508 directing cooperation among federal, state, and local 

agencies and organizations to improve the Bay’s water quality (Executive Order No. 

13,508, 2009).  Shortly thereafter, the EPA developed Total Maximum Daily Load 

(TMDL) pollution limits for the Chesapeake Bay, a CWA requirement for impaired 

waters. This resulted in establishment of a nutrient pollution limit, or “cap,” for the Bay 

(US EPA, 2010). Achieving and maintaining this cap will require active participation of 
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Figure 1 – Chesapeake Bay Watershed
(Adapted from Federal Leadership Committee

for the Chesapeake Bay, 2010)
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diverse stakeholders and stewardship-minded citizens across the Bay basin states, in both 

current and future generations.  

  In Virginia, the Potomac River, one of the main tributaries in the Chesapeake 

Bay watershed, forms the eastern border of Prince William County. Inspired by the 

Chesapeake 2000 Agreement and issues raised by the Executive Order and TMDL plans, 

George Mason University and Prince William County Public Schools (PWCS), the 

second largest school system in Virginia, developed a district-wide environmental 

education project, “From the Mountains to the Estuary, From the Schoolyard to the Bay,” 

to enhance teachers’ watershed knowledge, update them on the Bay’s TMDL 

requirements, and integrate MWEEs into all public secondary schools’ curricula.  With a 

grant from NOAA’s Bay Watershed Education and Training (BWET) program, the joint 

project was a three-year effort designed to provide meaningful watershed educational 

experiences (MWEEs) to all Prince William County secondary school students, 

“fostering their environmental stewardship and promoting their educational achievement” 

(Sklarew, 2010).   

 Per the proponents’ 2008 project proposal, the goals for the first academic year 

(June 2009 to May 2010) were to create a 6th grade curriculum aligned to Virginia 

Standards of Learning (SOLs) with field experiences, meaningful watershed experiences, 

and hands-on lessons for 5,400, 6th graders per year, train 6th grade teachers through a 

pre-learning workshop, and institute teacher Peer Learning Communities (PLCs) to allow 

teachers to exchange best practices and relay program improvement feedback and lessons 

(Sklarew, 2010).  Prior to development of this program, Prince William County Public 
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Schools’ budget was limited. The district only sent about half of 6th graders on a yearly 

“water quality field trip” which did not constitute a valid MWEE experience, as defined 

by the Chesapeake Bay Program, and the student field work was not linked to curricular 

(SOLs, AP, or IB) objectives (Sklarew and Jones, 2008, CBP, 2010).  

For teachers, the program included a 3-day teacher training workshop held in 

August, 2009, prior to the beginning of the school year and 2 peer-to-peer professional 

learning communities (PLCs) (teacher participation was required in order to receive a 

modest stipend).  The workshop for the 2009-2010 school year was delivered in August 

2009 to 17 PWCS sixth grade science teachers and three observers.  Three more PWCS 

teachers received one-on-one training as they were unable to attend the workshop 

(Sklarew, 2010).  These three teachers were not included in the workshop evaluation as 

their learning was individualized, thus distinct from the in-person workshop experience.  

Ultimately, a total of 20 teachers were trained to deliver a set of 6th grade watershed 

classroom and field-investigation lessons, both adapted and developed from scratch by 

project faculty (Greene et al., 2009).  The 3-day workshop included demonstrations of the 

equipment to be used in each lesson; explanation of the web-based resources and how to 

input data; discussions of proposed schoolyard stewardship projects; and formative 

assessment of teachers’ concerns about implementing these lessons.    

 Two PLC meetings were held during the academic year – in January (19 

teachers) and June 2010 (16 teachers).  In addition to an overview of the workshop, the 

PLCs included a review of lessons learned by teachers involved in the workshop and the 

watershed MWEEs held to date and brainstorming sessions on possible schoolyard 
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stewardship projects.  Based on participants’ questionnaires (Appendices D and E), the 

workshop and two PLCs in 2009-2010 were largely a success (Sklarew, 2010).  This 

study includes a formative evaluation of the teacher workshop but does not evaluate the 

PLCs.    

For students, the program includes a total of 29 lesson plans.  A majority of these 

lessons are designed for classroom-use and include practical activities for students to 

complete to learn about watersheds.  Students received a subset of these lessons at one of 

two outdoor field sites in the County.   These field experiences provided hands-on lessons 

to amplify their watershed education for one school day.  These lessons were guided by 

field interpreters – a cadre of GMU students (both undergraduate and graduate), retired 

teachers, and volunteers – delivered the field lessons from the curriculum as outdoor 

experiences.  The program’s coordinators vetted the field interpreters to ensure that the 

6th grade students were engaged with motivated and scientifically literate educators.  The 

program coordinators also provided a one-day training workshop for new interpreters to 

demonstrate the watershed lessons they would be presenting during the outdoor 

experience.   

The modules and lessons developed by PWCS and GMU satisfy all MWEE 

criteria and were linked to 6th grade SOLs (Appendix A).  To facilitate its utility, the 

curriculum (Greene et al., 2009) is freely available on-line via a university web site 

(http://water.gmu.edu). The site also includes links to an on-line repository of watershed 

information (http://livebinders.com/play/play/1925), pedagogical tools, and lesson plans 

that relate the classroom lessons to what the students experienced on the field trip and 

http://water.gmu.edu/
http://livebinders.com/play/play/1925
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provides hands-on activities to amplify the students’ academic knowledge (Sklarew and 

Jones, 2008).  Teachers can use these materials as their classroom lessons and prepare the 

students for their field experience. 

 The outdoor environmental 

educational (OEE) component of the 

watershed curriculum consisted of five 

lesson plans delivered at two locations in 

Prince William County, Virginia – 

Occoquan Bay National Wildlife Refuge in 

Woodbridge, VA (“Occoquan”), and 

Manassas National Battlefield Park in 

Manassas, VA (“Manassas”) (Figure 2).  

Because each location had unique features 

and access, lessons were implemented 

slightly differently and the experience 

itineraries were slightly different (Appendix 

B).  The curriculum included information for teachers to use in the classroom to prepare 

the students and enhance their field experience were linked to Virginia 6th Grade Science 

Standards of Learning, as presented in Appendix A (VA BOE, 2003). 

 Occoquan Bay National Wildlife Refuge is located in the eastern portion of the 

County at the junction of the Potomac and Occoquan Rivers.  It includes “grasslands and 

marshes [that] attract songbirds, raptors, waterfowl and butterflies that depend on 

Manassas National 
Battlefield Park

Occoquan Bay National 
Wildlife Refuge

Figure 2 – Field Experience and 
School Locations
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meadows and open water for their food, nesting sites, and a place to rest” (U.S. Fish and 

Wildlife Service, 2004).  The Refuge is near the school district’s Eastern Area Grounds 

for Learning Environmental Science (E.A.G.L.E.S.) Center, a PWCS facility specifically 

implemented to enhance environmental education in the County (PWCS, 2010).  At this 

East county location, interpreters used four stations at two locations. One location was 

adjacent to a pond within the Refuge and the other included the E.A.G.L.E.S. watershed 

classroom and an adjacent field.  The Occoquan field experience required bussing 

students between these two locations – a factor limiting total instruction time.  Over 

approximately three hours, between 60 and 80 students rotated between four stations 

(specific number of students depended on the individual school).  The lesson plans for the 

Occoquan location were (with page numbers from Greene et al., 2009): 

1. Water Quality – “How’s the Water?” (62) 

2. Macroinvertebrates – “Who Lives Here?” (66) 

3. Watershed Management – “Where Has All the Water Gone?” (78) 

4. Watershed Investigation / Human Interactions / Topographic Maps – 

“Where’s My Watershed?” and  “Runoff Race” (33) 

 

The West county location, Manassas National Battlefield Park (Stuart’s Hill Tract 

and Brownsville Picnic Area) includes approximately 45 acres of wetlands as well as 

forested and herbaceous areas (Smithsonian NASM, 2004 and Sutton, Cucurullo, Brown, 

and Gorsira, 2003).  At this location the interpreters used two parallel circuits of three 

learning stations adjacent to a creek, a pond, and in an open field.  Over approximately 
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two and a half hours, between 90 and 120 students rotated between three stations 

(specific number of students depended on the individual school).  The lesson plans for the 

Manassas location were: 

1. Water Quality – “How’s the Water?” (62) 

2. Macroinvertebrates – “Who Lives Here?” (66) 

3. Wetlands Challenge / Human Interactions / Wetland Metaphors – 

“Wetlands Lesson” and “Wetland Metaphors” – (75 and 68) 

  

The Water Quality and Macroinvertebrate lessons were identical at each location 

while the other three were unique to each site.  Prior to arriving at each location, students 

were divided into several groups of 15-20 students each – four groups at Occoquan, six 

groups at Manassas.  Each group included two to three chaperones or teachers 

(approximately one per ten students).  Upon arrival at the OEE location, each group was 

paired with an interpreter who led them to their first station.  Interpreters spent 

approximately forty (40) minutes delivering the lesson and then the group went to the 

next station.   

The following section summarizes each field lesson. 
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Field Lesson Descriptions 

Water Quality – the Water Quality lesson was delivered at both locations, either 

on the banks of a creek or a pond.  The field interpreter described ways to assess water 

quality – by testing water chemistry or identifying macroinvertebrates. Students were 

then led through hands-on activities to determine water quality.  They observed the 

surrounding area to determine the indicators of water quality (e.g., erosion, run-off, 

impervious surfaces, ground cover).  Students used a LaMotte Green Water Monitoring 

Kit to examine the chemical composition of the water – dissolved oxygen (DO), pH, 

nitrates, phosphate, and turbidity.  Students also used thermometers to measure the water 

temperature.  Finally, the interpreter modeled the use of a Secchi disk, a device 

researchers use to determine water clarity, and explained its inaccuracy in this case 

because of the shallow water.  After recording all data on their individual data sheets 

(Appendix C – Student Data Sheet), students then developed and discussed conclusions 

about the water quality.  

Macroinvertebrates – Interpreters delivered 

the macroinvertebrate lesson at both locations.  

Using field guides, identification cards, buckets, 

magnifying viewers, and Brock magiscopes, 

students identified organisms they collected using 

dip nets from a pond or creek.  As in the water 

quality lesson, the interpreter discussed ways to determine water quality, helped 

understand how to students identify organisms that were pollution tolerant, sensitive, or 

Figure 3 – Macroinvertebrate Collection 
(Cantwell, 2009)
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intolerant, and demonstrated how to collect and identify macroinvertebrates.  Students 

then collected organisms, identified them (Figure 3), recorded what they found on their 

data sheets (Appendix C), and made conclusions about water quality based on what they 

knew so far (some students previously completed the water quality station). 

Watershed Management  – Interpreters 

delivered the Watershed Management lesson at 

Occoquan in the E.A.G.L.E.S. center classroom 

and in a nearby field.  Prior to student arrival, 

the interpreters created an obstacle course with 

chairs, wooden planks, and rope.  They also tied 

twenty pieces of one-foot string around two 

rubber bands large enough to fit around a large 

coffee can (10 strings per rubber band) and put 

each rubber band around a large coffee can (Figure 4).  During this lesson, the 

interpreters divided the students into two groups and had the students identify water uses 

within a watershed – e. g., drinking, sewer, habitat, recreating, bathing.  As students 

identified each water use, the interpreter gave each student a card that listed that use.  

Then, after filling the coffee can with water, students held the string corresponding to the 

use they identified and, without touching the rubber band or the coffee can, attempted to 

carry the coffee can through the obstacle course.  This helped the students understand the 

difficulty of fulfilling all desired water uses in a watershed and the potential scarcity of 

water. 

Figure 4 – Where does my water go?
(Cantwell, 2009)
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Watershed Investigation, Human 

Interaction, and Topographic Maps – 

Interpreters delivered the Watershed 

Investigation, Human Interaction, and 

Topographic Maps lessons at Occoquan as a 

single activity.  These lessons were taught in the 

watershed classroom at the E.A.G. L.E.S. Center.  The interpreter asked students to 

define the term watershed and identify their own watershed, discussed the impact of 

human activities on a watershed, and demonstrated the role of topography in a watershed.  

This lesson included the concepts of erosion, run-off, point and non-point source 

pollution, impervious surfaces, absorption, and establishing buffers.  Students used 

magnifying lenses to investigate and identify the features of a local topographic map 

(Figure 5).  They also compared aerial photos of the local area with the topographic 

maps.  The interpreter assisted them in identifying their location on the topographic map 

and in the aerial photos. The interpreter also discussed the flow of water in the watershed 

based on the identified map features and contours.  After separating into teams of three or 

four, the students used pans, a variety of substrates (pebbles, sand, soil, clay, pieces of 

artificial turf), sponges, netting, plastic plants, cement & wooden blocks to construct a 

watershed model.  By elevating one end and pouring water into their model, students 

observed the watershed features that impact water quality, flow direction, mixing, 

absorption, erosion, and run-off.  With an eye dropper, students collected water samples 

from the bottom of their model, and the interpreter used these samples to compare the 

Figure 5 – Topographic Maps
(Cantwell, 2009)
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impacts of different watershed features on water quality.  After cleaning up, students 

reported on the factors that affected their watershed models.  These lessons helped 

students understand the impact their activities can have on their watershed and how 

varying topography impacts the watershed. 

 

Wetlands Challenge, Human Interaction, and Wetland Metaphors – Finally, the 

interpreters delivered the Wetlands Challenge, Human Interaction, and Wetland 

Metaphors lessons at Manassas as a single activity.  These lessons used three group 

activities and a collection of everyday objects to demonstrate the services wetlands 

provide and the difficulties of cooperation in wetland restoration.  Because of its 

historical significance, Manassas National Battlefield Park offered a unique opportunity 

for the interpreter to discuss the role of a variety of stakeholders in restoring the location 

as a protected wetland.  Figure 6, the sign at the Park, describes the wetland mitigation 

 

Figure 6 – Manassas Battlefield Park 
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and restoration process and the historical context of the Park.  The restoration of this area 

to its 1862 condition and restoration of the wetlands required the cooperation of both 

public and private stakeholders – the U.S. Congress, the Virginia Department of 

Transportation, the Smithsonian Institution, Environmental Quality Resources, L.L.C, 

Parsons Brinckerhoff Construction Services, and URS Corporation (Smithsonian NASM, 

2004 and Sutton et al., 2003).  This provided the interpreter the opportunity to start this 

lesson with the students gathered around the sign and a discussion of the historical and 

environmental interests and goals of the different groups involved in the restoration 

process.  Then, students returned to field where they completed three group activities: a 

“yurt circle,” “All Tied Up,” and a “migration challenge.”   

First, in the “yurt circle,” Figure 7, the students stood in one large circle, counted 

by twos, and, while holding hands and at the interpreters direction, one group (e.g., the 

“1s”) leaned forward while the other group leaned backward.  The interpreter then used a 

stopwatch and timed how long it took until the circle broke and then related this to the 

interconnectedness of a wetland and the importance of the individual pieces in 

maintaining its functionality without “breaking.”  Second, in “All Tied Up,” students 

Figure 7 – “Yurt Circle”Figure 7 – “Yurt Circle”
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separated into groups of less than seven (preferably even numbers) and, with their right 

hand, grasped the right hand of a student not adjacent to them.  Then, with their left hand, 

they grasped the left hand of a different student.  Once they were “tied up,” they 

attempted to untangle themselves into a circle – without injuring themselves.  Regardless 

of success, the students appreciated the cooperation and patience necessary to solve 

problems – especially if the pieces are interconnected, as in wetlands.  

 

 Third, in the “migration challenge,” Figure 8, the interpreter laid two lengths of 

rope approximately 60 feet apart to represent the start and finish of a migratory bird path 

– e.g., North and South America.  Then, with three wooden planks approximately seven 

feet long and making only three, one-way trips, students determined how to get the whole 

group (“flock”) from start to finish, using the boards as the migratory path.  They needed 

to stay on the boards between the lengths of rope, otherwise they were “killed” by hunters 

or pollution and the whole “flock” started over.  This challenge demonstrated the 

Figure 8 – “Migration Challenge” 
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difficulty animals have along their migration paths, especially as they traverse wetlands, 

and the potential role of human activities in enabling or inhibiting their migration. 

After the group activities were complete, the interpreter then delivered the 

Wetlands Metaphor lesson.  Using everyday objects – pillow case, sponge, small pillow 

or picture of bed, egg beater, empty jar of baby food, coffee filter, soap, antacid tablets, a 

can of tuna fish – the interpreter removed each object from the pillow case and asked the 

students to identify the wetland services represented by the object.  Some examples of 

these metaphors were: 

• Pillow or bed picture: A resting place for migratory birds 

• Sponge: Absorbs excess water caused by runoff; retains moisture for a 

time during droughts even if standing water has dried up (sponge stays wet 

even after it has absorbed a spill) 

• Egg beater: Mixes nutrients and oxygen in the water 

• Baby bottle or jar: Provides a nursery that shelters, protects, and feeds 

young wildlife 

• Coffee filter: Filters smaller impurities from water (excess nutrients, 

toxins) 

• Soap: Helps clean the environment 

• Antacid: Neutralizes toxic substances 

• Can of tuna: Provides nutrient-rich foods for wildlife and humans 

This lesson helped students understand the importance of wetland services in sustaining 

life. 
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Program Summary 

 Each of these five lessons used a variety of pedagogical tools and methods to 

engage and immerse the students in learning about watersheds.  While interpreters may 

have delivered the lessons differently based on their experience, knowledge of the topic, 

and comfort in delivering the lesson, the lesson plans and the one-day interpreter 

workshops standardized the issues and content to be covered.  This provided a common 

structure to successfully deliver the OEE and ensured the students received similar 

experiences at each site. 
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4 – METHODS 
 
 
 

This study evaluates the effectiveness of a watershed curriculum designed to 

impart a meaningful watershed educational experience (MWEE) to all 6th grade students 

enrolled in public schools in Prince William County, Virginia.  The curriculum included 

a 3-day teacher workshop implemented before the school-year and a follow-up pair of 

one-day professional learning communities (PLCs) delivered in the middle and at the end 

of the academic year.  Participating teachers completed questionnaires before and after 

the workshop and again during the PLCs to provide feedback about lesson 

implementation and utility of the curriculum (Appendices D and E).  Students completed 

a survey before and after the outdoor environmental education component (Appendix F).  

While designed slightly differently, portions of this evaluation method directly follow 

methods of, and thus results can be compared to, the evaluation by the Kraemer et al. 

(2007) evaluation of the entire NOAA BWET MWEE program. 
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Research Questions and Hypotheses 

This evaluation addresses the following questions: 

1. What is the impact of a teachers’ pre-learning workshop in improving: 

a. confidence in teaching about watersheds; and 

b. ability to incorporate outdoor lessons into classroom curricula? 

 

2. What is the impact of an outdoor environmental education (OEE) 

experience on 6th grade students’ watershed knowledge? 

 

3. What is the impact of an OEE experience on 6th grade students’ ability to  

identify: 

a. impervious surfaces; 

b. sources of watershed pollution; 

c. pollution mitigation activities; and 

d. their own watershed? 

 

4. What is the impact of an OEE experience on 6th grade students’ ability to 

accurately assess the overall health of the Chesapeake Bay? 

 

Associated with these questions and informed by the above literature review are the 

following hypotheses: 
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Hypothesis 1: A multi-day teacher workshop will improve teachers’ confidence 

in teaching about watersheds and intentions to incorporate outdoor lessons into their 

classroom. 

 

Hypothesis 2:  An outdoor environmental education experience investigating 

watersheds improves 6th grade students’ watershed knowledge, as defined by the 

students’ ability to correctly define watershed and macroinvertebrate. 

 

Hypothesis 3: An outdoor environmental education experience investigating 

watersheds improves 6th grade students’ ability to identify watershed components and 

issues (including major pollutants and pollution prevention methods) and improves their 

ability to identify their own watershed. 

 

Hypothesis 4: An outdoor environmental education experience about watersheds 

improves 6th grade students’ ability to accurately assess the health of the Chesapeake 

Bay. 

 

Study Design and Survey Description 

This research used both formative and summative evaluation methods to assess 

the impact of the first year (2009-2010) of the PWCS-GMU BWET project.  Teachers 

completed a questionnaire before and after the 3-day workshop (Appendices D and E, 

respectively).  Students completed a survey before and after their OEE (Appendix F). 
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Table 1 – Teacher Workshop Variables 

Category Questions Variable Name 
Likert Response 

Scale 
Independent 

Variable Workshop attendance AtdWorkshop  

CONFIDENCE 

Teach students about watershed / C Bay ConfTeach 

1-4 
 

1 = Not at all 
confident 

 
4 = Extremely 

Confident 

Integrate local watershed into curriculum ConfInt 
Use outdoors to teach about local 
watershed or Bay ConfOutd 
Research an environmental issue w/ 
students ConfRsrch 
Collect watershed / Bay field data ConfCollect 
Analyze watershed / Bay field data ConfAnalyze 
Guide students through action project to 
address local watershed / Bay issue ConfGuide 

INTENTIONS 

Teach about local watershed or 
Chesapeake Bay IntTeach 

1-6 
 

1 = Extremely 
unlikely 

 
6 = Extremely 

Likely 

Use outdoors when teaching about local 
watershed / Chesapeake Bay IntOutd 
Research an environmental issue with 
students IntRsrch 
Guide students thru taking action on 
environmental issue IntGuide 

 

   The teacher questionnaires (Appendices D and E) used a combination of Likert-

scale and free-text responses to evaluate teachers’ initial knowledge of watersheds; time 

spent delivering watershed lessons during the school year; comfort in providing 

watershed information to students; general confidence in teaching about watersheds; and 

impediments in providing meaningful watershed lessons.  Pre- and post-workshop 

questionnaires were completed voluntarily by 15 of the 17 attending teachers. 

Given the small sample size, SPSS was used to conduct a Kendall’s tau-b test to 

determine if these teachers’ confidence and intentions improved with respect to teaching 

watershed lessons.  Assumptions and implications of this non-parametric statistical test 

will be discussed in the Data Analysis portion below.  Table 1 list the ordinal variables 
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used to assess teacher confidence and intentions.  Comparing the descriptive statistics 

from the questionnaire responses provide an indicator of the utility of the workshop and 

its delivery by the program providers.  Finally, because of the small sample size, the free 

text responses were summarized and qualitatively compared based on a key-word 

analysis to determine whether these teachers received an appropriate amount of 

information and materials to successfully deliver these watershed lessons. 

The main portion of this study was comprised of students’ pre- and post-

experience surveys.   The student survey (Appendix F) was designed to address the three 

focus areas of the MWEE lessons – watershed identification, the state of the watershed, 

and how to improve water quality in the watershed. Survey questions included both 

multiple choice and free-text responses and intended to quantify the impact of the OEE.  

Students completed the same survey once in the classroom (before the OEE) and 

again after completing the OEE.  The survey consisted of both multiple-choice and free-

text responses.  Teachers administered the surveys on behalf of the program coordinators 

and then returned the completed surveys to the program coordinators.  To get the data 

into a form appropriate for statistical analysis, a group of interns entered the data into two 

Microsoft Excel-based workbooks – one for pre-OEE surveys, and the other for post-

OEE surveys.  Each workbook contained identical worksheets to capture the responses.   

A student-created identification number was used to code each survey response.  

This code was based on the last two digits of the student’s zip code and the last four 

digits of their phone number.  Conceptually, this would allow the grouping of responses 

by school and, ideally, would allow determining individual student improvement pre- and 
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post-OEE.  In reality, and unfortunately, not all students included an identification 

number on their survey, some students did not include all six digits, and it was not clear 

whether students uniformly followed the instructions to create the number.   

Regardless of whether the students correctly created an identification number, 

they consistently identified whether they completed the survey before or after their OEE.  

Ultimately, identifying whether the student attended the field experience was the key 

component for this study design.  As long as the student indicated (circled) whether they 

had attended the field experience, this study only used the identification number to 

segregate individual responses (i.e., it was used as the data entry code for the survey 

responses).  If the student did not complete the identification code, a random, 6 digit 

number was used to enter that student’s response.  If the student did not indicate whether 

they had attended the field experience, the survey was deemed as an invalid response. 

All teachers who attended the OEEs with the students received surveys for every 

student to complete pre- and post-OEE.  In the 2009-2010 academic year, 4,868 6th 

graders attended one of the OEE experiences (Sklarew, 2010).  Teachers returned 2,385 

surveys (24% of total attendees) to the program coordinators.  Forty six surveys (0.5%) 

were invalid because the students did not indicate whether they attended the OEE.  This 

resulted in 954 valid, pre-OEE survey responses (20% of student attendees) and 1,385 

valid, post-OEE survey responses (28% of student attendees) used for subsequent 

analysis below. 
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Data was entered based on the student identification codes, with the caveats 

mentioned above, and responses were coded into 10 nominal (dichotomous) variables and 

1 interval variable.  Free-text responses were entered verbatim directly into the Excel 

workbooks and spelling mistakes were corrected to aid data analysis.  A keyword 

analysis determined the commonality of responses; if a free-text response contained a 

specific word or combination of words it was counted as a “1”, otherwise it was a “0”.  

Multiple choice responses were counted as correct (“1”) or incorrect (“0”).  For multiple 

choice questions with multiple response options, the answer was only counted as correct 

if all correct responses were marked (and only if there were no other choices marked).  

The Chesapeake Bay grade (CBGrade) was entered as an interval variable based on a 4.0 

grading scale.  The students’ attendance of the OEE was entered as a nominal 

(dichotomous) variable – has attended the OEE (“1”) or has not attended the OEE (“0”).  

 
 
 

Table 2 – Student Survey Variables 
SPSS Variable Name Translation Data Type 

AtdOEE Attended OEE Nominal (Independent) 
Landareaanddrang Watershed is "Land area and drainage" Nominal 
Macro Correctly define "macroinvertebrate" Nominal 
CorrectID3Pltnts Correctly identify 3 pollutants Nominal 
Impervious Correctly identify impervious surfaces Nominal 
pkuptrsh Identify ways to prevent pollution - pick up trash Nominal 
rccle Identify ways to prevent pollution - recycle Nominal 

buffer 
Identify ways to prevent pollution - build a buffer / 
barrier Nominal 

chem 
Identify ways to prevent pollution - use less chemicals / 
fertilizer Nominal 

AnyChesPotOccAtl 
Identify where drainage / sewer goes - (Chesapeake, 
Potomac, Occoquan, Atlantic) Nominal 

WshedID Correctly identify your watershed Nominal 
CBGrade Grade health of Chesapeake Bay Interval (Numerical) 
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These variables, listed in Table 2, could then be used in SPSS to conduct statistical 

testing and examine the relationships between variables with respect to Hypotheses 2, 3, 

and 4. 

 

Data Analysis 

 
 
 

Table 3 – Statistical Tests 
Research Question (RQ) / Hypothesis SPSS Variables Statistical Test 

Hypothesis # 1: Teachers’ 
Confidence and Intentions 

• Confidence in teaching about 
watersheds 

− ConfTeach 
− ConfInt 
− ConfOutd 
− ConfRsrch 
− ConfCollect 
− ConfAnalyze 
− ConfGuide 

Kendall tau-b Test 

• Ability (intentions) to 
incorporate outdoor lessons 
into classroom curriculum 

− IntTeach 
− IntOutd 
− IntRsrch 
− IntGuide 

Hypothesis #2: Students’ 
Watershed knowledge  

• Correctly define a watershed Landareaanddrang 
Pearson’s Chi-Square Test • Correctly define 

macroinvertebrate Macro 

Hypothesis #3: 
Students’ ability to identify 
watershed components and 
issues 

• Correctly identify top three 
pollutants in a watershed CorrectID3Pltnts 

Pearson’s Chi-Square Test 

• Correctly identify impervious 
surfaces Impervious 

• Identify ways to prevent 
pollution 

pkuptrsh 
rccle 
buffer 
chem 

• Correctly identify their 
watershed 

AnyChesPotOccAtl 
WshedID 

Hypothesis #4: Students’ 
ability to accurately assess 
the health of the Chesapeake 
Bay 

• Health grade for the 
Chesapeake Bay CBGrade Independent samples t-test 

 

The variables used to assess Hypothesis 1 are ordinal.  The variables used to 

assess Hypotheses 2 and 3 are nominal (dichotomous) (responses were categorized as 

correct or incorrect).  Thus, in the context of each of these Research Questions, non-

parametric statistical tests were used to examine the impacts of the teacher workshop on 
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teacher confidence and intentions as well as the impacts of OEE on students’ watershed 

knowledge at a p-value less than or equal to 0.05. 

As the Chesapeake Bay grade (CBGrade) is a continuous variable, a parametric 

test was used to evaluate evidence regarding Hypothesis 4, again at a p-value less than or 

equal to 0.05.   Table 3 indicates the survey components and variables associated with 

each of the hypotheses and the statistical tests used to examine their significance. 

For Hypothesis 1, the Kendall tau-b test is a non-parametric statistical test used to 

examine ordinal data that fails the assumptions for an independent samples t-test, i.e., that 

the variables follow a normal distribution, and has a small sample size.  The sample size 

of the teacher workshop is too small to determine whether the results follow a normal 

distribution. While, the small sample size may limit the ability to identify any statistically 

significant impact of the teacher workshop (Norusis, 2009), Kendall’s tau-b mitigates this 

because “it does not make assumptions about the number of expected frequencies” 

(Berman, 2007).  

For Hypotheses 2 and 3, Pearson’s Chi-Square test, a non-parametric test, was 

used to examine the nominal (dichotomous) data.  The data satisfies the three 

assumptions for the Chi-Square test: the variables are nominal (or categorical), the pre- 

and post-observations are independent, and there are more than five observations in each 

sample (Berman, 2007). 
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Table 4 – Levene’s Test for Equality of Variances (CBGrade) 
 F Sig. 
CBGrade Equal variances assumed 131.194 .000 

Equal variances not assumed   
 

For Hypothesis 4, an independent samples t-test is a parametric test used to 

determine if the means in two populations are statistically different.  As both the pre- and 

post-sample size is large (greater than 40), the Chesapeake Bay grade variable can be 

assumed to be normally distributed within the sample.  This satisfies one assumption of 

the independent samples t-test.  As Table 4 indicates, the variances in the two populations 

are different (in this case, the null hypothesis (H0) – that the variances are the same – is 

rejected because the significance of the Levene test is less than 0.05) (Norusis, 2009). 
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5 – RESULTS 
 
 
 

Descriptive Statistics 

Fifteen of the attending teachers completed questionnaires before and after the 

pre-learning teacher workshop held in August 2009.  Before the workshop, six (40%) 

indicated they did not provide students a personal connection to the Chesapeake Bay.  On 

average, these teachers spent fifteen hours per year teaching about watershed ecology. 

 
 
 

Table 5 – Teacher Questionnaire Responses 

Category Questions 
Likert 

Response Scale 
After 

Workshop 
Before 

Workshop 

CONFIDENCE 

Teach students about 
watershed / C Bay 

1-4 
 

1 = Not at all 
confident 

 
4 = Extremely 

Confident 

2.8 3.8 

Integrate local watershed into 
curriculum 2.7 3.7 

Use outdoors to teach about 
local watershed or Bay 2.4 3.8 

Research an environmental 
issue w/ students 2.7 3.6 

Collect watershed / Bay field 
data 2.4 3.8 

Analyze watershed / Bay 
field data 2.6 3.6 

Guide students through 
action project to address 
local watershed / Bay issue 

2.4 3.4 

INTENTIONS 

Teach about local watershed 
or Chesapeake Bay 

1-6 
 

1 = Extremely 
unlikely 

 
6 = Extremely 

Likely 

5.6 5.9 

Use outdoors when teaching 
about local watershed / 
Chesapeake Bay 

4.7 5.9 

Research an environmental 
issue with students 4.6 5.4 

Guide students thru taking 
action on environmental 
issue 

4.5 5.4 



 

45 

As a result of the workshop, teachers’ confidence and intentions appear to 

improve, Table 5.  Of the four free-text responses to challenges in teaching about the 

Chesapeake Bay, “lack of time” was the most mentioned.  Other responses included “lack 

of experience with field data collection and analysis” or difficulty in making the lessons 

meaningful.   Notably, one positive comment from a teacher who is extremely likely to 

do all of these things was “principal & science [department] has made a commitment to 

hands-on application of teaching watersheds.”  Teachers requested help in developing 

schoolyard stewardship projects, designing computer-based activities, and developing 

memory aids. 

 
 
 

Table 6 – Student Survey Responses 

Research Question (RQ) / Hypothesis SPSS Variables 
Pre-
OEE 

Post-
OEE 

Research Question #2 / 
Hypothesis #2: 
Students’ Watershed 
knowledge  

• Correctly define a 
watershed as land 
area and drainage 

Landareaanddrang 0.6% 7.4% 

• Correctly define a 
watershed as land 
area or drainage 

Landareaanddrang 9.1% 31.2% 

• Correctly define 
macroinverterbrate Macro 42% 65.4% 

Research Question #3 / 
Hypothesis #3: 
Students’ ability to 
identify watershed 
components and issues 

• Correctly identify top 
three pollutants in a 
watershed 

CorrectID3Pltnts 0.4% 19.9% 

• Correctly identify 
impervious surfaces Impervious 18.6% 34.2% 

• Identify ways to 
prevent pollution 

pkuptrsh 57.9% 47.1% 
rccle 14.3% 11.1% 
buffer 4.7% 11.3% 
chem 3.6% 9.3% 

• Correctly identify 
their watershed 

AnyChesPotOccAtl 38.8% 50.7% 
WshedID 51.7% 68.5% 

Research Question #4 / 
Hypothesis #4: 
Students’ ability to 
accurately assess the 
health of the 
Chesapeake Bay 

• Health grade for the 
Chesapeake Bay 

CBGrade 1.80 1.58 
A 2% 4% 
B 17% 19% 
C 46% 32% 
D 21% 16% 
F 10% 26% 
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In the 2009-2010 school year, 85% (4,868) of the 6th grade students attended one 

of the OEE experiences (Sklarew, 2010, and PWCS Office of Accountability, 2011).  As 

discussed above, students completed 954 valid, pre-OEE surveys and 1,385 valid post-

OEE surveys.  Table 6 summarizes the students’ survey responses.  Of note, half of the 

students correctly identified their watershed pre-OEE, and this rose to nearly two-thirds 

of students correctly identifying their watershed post-OEE.  Similarly, post-OEE, half of 

the students correctly identified where their water drains – an alternate means of asking 

them to identify their watershed.   Alternatively, even post-OEE, only 7% of the students 

correctly defined watershed using “land area” and “drainage” in their definition (a free-

text response) (post-OEE, 31% defined watershed using “land area” or “drainage”).  With 

regard to pollutants, post-OEE only one-fifth of the students correctly identified all three 

of the top 3 watershed pollutants (phosphorous, sediment, nitrogen).  Finally, these 

results indicate a potential negative impact of the OEE on the students’ ability to 

accurately assess the health of the Chesapeake Bay.  Pre-OEE, less than half of the 

students gave it a C, and this decreased to one-third of the students post-OEE.  The most 

recent report cards for this timeframe gave it a C (Chesapeake Ecocheck, 2010) and a D+ 

(Chesapeake Bay Foundation, 2010).  Notably, A and B responses did not change 

significantly, C and D responses decreased, and F responses increased. 
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Research Questions 

 
Research Question 1: What is the impact of a teacher’s pre-learning workshop in 
improving the teachers’: 

a. confidence in teaching about watersheds; and 
b. ability to incorporate outdoor lessons into classroom curriculums? 

 
 
 

 

Fifteen teachers that participated in the workshop completed both the pre- and 

post-workshop questionnaires.  Table 7 indicates the results of the Kendall’s tau-b test to 

address teachers’ confidence in teaching about watersheds.  The results indicate that we 

Table 7 – Kendall’s tau-b Test Results Regarding Teacher Confidence 
 ConfTeach ConfInt ConfOutd ConfRsrch ConfCollect ConfAnalyze ConfGuide 

Correlation 
Coefficient 0.55 0.539 0.696 0.527 0.659 0.544 0.474 
Sig.  (2-tailed) 0.001 0.001 0.000 0.001 0.000 0.001 0.003 

Figure 9 – Assessing Teachers’ Confidence
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can reject the null hypotheses that the workshop has no impact (p<0.05).  In this case, the 

workshop improved the teachers’ confidence to teach about watersheds (Figure 9). 

 
 
 
 

 

 

Similarly, Table 8 indicates the results of Kendall’s tau-b test to address teachers’ 

intentions in teaching about watersheds.  In this case, the results are varied. These results 

indicate that we fail to reject the null hypothesis for teachers’ intention to teach about 

local watersheds (IntTeach) and teachers’ intention to research environmental issues with 

students (IntRsrch) (p<0.05).  In this case, the workshop had no impact on the teachers’ 

already high intentions in these areas.  Alternatively, we can reject the null hypothesis for 

the other two variables – intention to use the outdoors when teaching about the local 

watershed (IntOutd) and intention to guide the students through taking action on an 

Table 8 – Kendall’s tau-b Test Results Regarding Teacher Intentions 
 IntTeach IntOutd IntRsrch IntGuide 

Correlation Coefficient 0.09 0.542 0.302 0.33 
Sig.  (2-tailed) 0.603 0.001 0.064 0.043 

Figure 10 – Assessing Teachers’ Intentions
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environmental issue (IntGuide) (p<0.05).  These results indicate that the workshop 

improved teachers’ intentions in these two areas (Figure 10). 

Teachers’ comments in the workshop evaluations reflected the literature reviewed 

with respect to the difficulties in implementing lessons viewed as additions to the already 

burdened curriculum.  Like elsewhere, teachers cited “lack of time” and “lack of 

materials” as to why they did not implement similar watershed lessons or experiences in 

their watershed curriculum.  After the workshop, teachers indicated that they were more 

confident in teaching about watersheds and using the outdoors to integrate these lessons 

into their watershed curricula. 
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Research Question 2: What is the impact of an outdoor environmental education (OEE) 
experience on 6th grade students’ watershed knowledge? 
 
 
 

Table 9 – Pearson’s Chi Square Results for watershed knowledge 
 AtdOEE Landareaanddrang Macro 

Chi-Square 79.419 1926.95 20.88 
df 1 1 1 
Asymp. Sig. 0.00 0.00 0.00 

 

Table 9 indicates the results of a Pearson’s Chi-square test to address the OEE 

impact on students’ watershed knowledge based on their ability to correctly define 

watershed – deemed correct if they incorporated “land area” and “drainage” (a free-text 

response) – and macroinvertebrate – “organisms without a backbone that are large 

enough to see without using a microscope” (a multiple choice question).  The results 

indicate that we can reject the null hypotheses that the OEE has no impact (p<0.05).  

0%

10%

20%

30%

40%

50%

60%

70%

80%

90%

100%

ID Macroinvertebrate Watershed is land area AND 
drainage

Watershed is land area OR 
drainage

Students' Watershed Knowledge
(Research Question / Hypothesis 2)

Figure 11 – Students’ Watershed Knowledge
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Based on the survey results, 65% of the students correctly defined macroinvertebrate 

after the OEE (vs. 42% before the OEE) and 7% of the students correctly defined 

watershed (vs. 0.6% before).  Of note, 9% of students defined watershed using land area 

or drainage pre-OEE, while 31% did post-OEE.  This might indicate that the students did 

not know to note both aspects when they answered this question.  In general, the OEE 

improved students’ watershed knowledge (Figure 11), albeit not as dramatically as an 

educator might like. 
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Research Question 3: What is the impact of an OEE experience on 6th grade students 
ability to identify: 

a. impervious surfaces; 
b. sources of watershed pollution; 
c. pollution mitigation activities; and 
d. their own watershed? 

 
 
 

Table 10 – Pearson’s Chi Square Results for watershed issues 

 AtdOEE CorrectID3Pltnts Impervious pkuptrsh rccle buffer chem AnyChes
PotOccAtl WshedID 

Chi-Square 79.4 1356.12 459.76 2.16 1322.82 1600.78 1732.44 16.26 342.46 
Df 1 1 1 1 1 1 1 1 1 

Asymp. Sig. 0.00 0.00 0.00 0.142 0.00 0.00 0.00 0.00 0.00 

 

Table 10 indicates the results of a Pearson’s Chi-Square test to address the OEE 

impact on students’ ability to identify their own watershed – Occoquan, Potomac, 

Chesapeake, or Atlantic – and associated watershed issues.  Watershed issues were 

defined by the student’s ability to correctly identify impervious surfaces - tennis courts, 
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roads, and parking lots, and their ability to correctly identify the top three pollutants in a 

watershed – nitrogen, phosphorous, and sediment.  With the exception of “picking up 

trash” to prevent pollution and based on a two-sided test, the results indicate that we can 

reject the null hypotheses that the OEE has no impact (p<0.05) in each case.  The OEE 

impact on “picking up trash” response was not statistically significant.  In general, the 

OEE improved students’ ability to identify their watershed and knowledge of watershed 

issues (Figure 12). 

As indicated in Figure 12, the OEE impact varied with respect to students’ 

identification of ways to prevent pollution.  Of note, “recycle” decreased while “build 

buffers” and “use less chemicals / fertilizer” increased.  This is reflective of the lesson 

plans included in this curriculum, which emphasize preventing pollution through riparian 

buffers, filtration, and using less fertilizers.  While recycling was not an explicit part of 

the lessons, the OEE resulted in significantly fewer students citing “recycling” as a 

pollution prevention method.  This may be due to students’ attention focusing on newly 

learned pollution prevention means over a previously ingrained one. By contrast, 

although this analysis indicated that this OEE’s impact on “pick up trash” was not 

statistically significant, it is worth noting that approximately half of the students indicated 

this as a way to prevent pollution before (58%) and after (47%) the OEE.  This likely 

reflects the general pervasiveness of the idea that individuals can “simply” pick up trash 

to prevent pollution.  These results indicate that after the OEE more students are 

conscious of more methods to prevent watershed pollution. 
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Research Question 4: What is the impact of an OEE experience on 6th grade students’ 
ability to accurately assess the overall health of the Chesapeake Bay?? 
 
 
 

 
 

 

Table 11 indicates the results of an independent samples t-test to address the OEE 

impact on students’ ability to grade the health of the Chesapeake Bay (CBGrade).  The 

results indicate that we can reject the null hypotheses that the OEE has no impact 

(p<0.05).  This indicates that the OEE impacted the students’ ability to grade the health 

of the Chesapeake Bay.  The average grade attributed to the Chesapeake Bay health in the 

Table 11 – CBGrade Independent Samples t-Test Results (mean) 

 
t-test for Equality of Means 

t Df Sig. (2-tailed) 
Mean 

Difference 
CBGrade Equal variances assumed 4.3 2337 .000 .20069 

Equal variances not assumed 4.47 2280.9 .000 .20069 
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pre-OEE responses was 1.8 (a C- on a 4.0 scale) while the average grade attributed to the 

Chesapeake Bay health in the post-OEE responses was 1.6 (a D+ on a 4.0 scale).  In 

2009, the University of Maryland’s Center for Environmental Science Chesapeake Bay 

grade was a C (Chesapeake Ecocheck, 2010), while the Chesapeake Bay Foundation’s 

2010 grade was a D+ (31 points), up from a D (28 points out of 100) in 2008 

(Chesapeake Bay Foundation, 2010).   

Overall, the results indicate that the OEE impacted the students’ ability to 

accurately grade the health of the Chesapeake Bay based on the collective means before 

and after the OEE.  Positive or negative interpretation of these results depends on the 

official Chesapeake Bay grade that is referenced (C or D+).  As Figure 13 indicates, this 

manifests itself in the C, D, and F grades.  The percentage of A and B responses did not 

change significantly from before to after the OEE.  After the OEE, C and D responses 

decreased while F responses increased.  This may be indicative of interpreter delivery – 

some interpreters may leave the students with the idea that the Chesapeake Bay is in 

worse condition than it actually is, or students may be judging the results of the field tests 

they conducted to be more ominous than they really are.  Alternatively, when compared 

to the Chesapeake Bay Foundation’s 2010 grade (D+), the students’ post-OEE 

assessment of a D+ is a more accurate assessment, thus the OEE would have a positive 

impact on the students’ ability to accurately assess the health of the Chesapeake Bay. 
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Results Summary 

This study indicates that this teacher workshop impacts teachers’ confidence and 

intentions in using the outdoors to teach about watersheds, and leading students through 

practical lessons or projects to address watershed issues.  With respect to the student 

OEE, the results of the student surveys show that, overall, the OEE portion of this 

watershed curriculum has a measurable impact on students’ knowledge and 

understanding of their watershed.   

 
 
 

Table 12 – Statistical Results Summary 
Research Question (RQ) / Hypothesis Statistical Results 

Hypothesis # 1: Teachers’ 
Confidence and Intentions 

• Confidence in teaching about 
watersheds Reject Null Hypothesis 

• Ability (intentions) to incorporate 
outdoor lessons into classroom 
curriculum 

Fail to reject Null Hypothesis 
(IntTeach, Int Rsrch) 

 
Reject Null Hypothesis 

(IntOutd, IntGuide) 

Hypothesis #2: Students’ 
Watershed knowledge  

• Correctly define a watershed Reject Null Hypothesis 
• Correctly define 

macroinverterbrate Reject Null Hypothesis 

Hypothesis #3: 
Students’ ability to identify 
watershed components and issues 

• Correctly identify top three 
pollutants in a watershed Reject Null Hypothesis 

• Correctly identify impervious 
surfaces Reject Null Hypothesis 

• Identify ways to prevent pollution 
o Pick up trash 
o Recycle 
o Build a buffer 
o Reduce chemicals 

 
Fail to Reject Null Hypothesis 

Reject Null Hypothesis 
Reject Null Hypothesis 
Reject Null Hypothesis 

• Correctly identify their watershed Reject Null Hypothesis 

Hypothesis #4: Students’ ability to 
grade the health of the Chesapeake 
Bay 

• Health grade for the Chesapeake 
Bay Reject Null Hypothesis 

 

Table 12 summarizes the results of 12 hypothesis tests.  With exceptions in two of 

the teachers’ intentions and the students’ pollution prevention methods, these results 

reject the null hypotheses that the teacher workshop and the student OEE experience have 
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no impact.  As above, this evaluation indicates that the teacher workshop impacts 

teachers’ confidence and intentions in teaching about watersheds and the OEE impacts 

students’ knowledge of watersheds, familiarity with watershed issues, and the ability to 

accurately assess the health of the Chesapeake Bay.   

These results are consistent with a 2007 independent evaluation of NOAA’s 

Chesapeake BWET program, assessing impacts of both teachers’ professional 

development and students’ watershed training.  Kraemer et al. (2007) found that a 

professional development program improved teachers’ confidence and intentions, 

especially when the material presented to the teachers during the professional 

development included examples of students’ improved academic achievement (e.g., 

higher standardized test scores) or students being more engaged in the learning process.  

For students, the 2007 evaluation indicated that the MWEEs improved some 

environmental stewardship characteristics, improved students’ knowledge of watershed 

issues, and had a moderate impact on students’ knowledge of ways to protect a watershed 

(Kraemer et al., 2007).  With respect to teachers’ improved confidence and intentions and 

students’ improved watershed knowledge and awareness of watershed issues, the results 

presented here for Prince William County Public Schools are consistent with the 2007 

evaluation results. 

Prince William County Public Schools and George Mason University have 

created and implemented a difference-making 6th grade curriculum.  With respect to 

sustaining this sort of program, an evaluation conducted by Virginia’s Office of 

Environmental Education emphasized the need for community partnerships and the 
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importance of the lead teacher in sustaining MWEE programs (Underwood, 2010).   

Because this program – “From the Mountains to the Estuary:  From the Schoolyard to the 

Bay” – was designed and co-led by university professors and dedicated staff in the 

PWCS’ Office of Science and Family Life Education, with support from local national 

park and wildlife refuge officials, prospects appear good for it being sustained by this 

strong community partnership. 
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6 – DISCUSSION 
 
 
 

Assumptions and Limitations 

The following assumptions apply to teacher questionnaire completion: 

1. Teachers completed the questionnaires voluntarily and anonymously. 

2. The small sample size required statistical tests not dependent upon assumptions 

regarding normally distributed data.   

3. PWCS science teachers self-selected to participate in the workshop and were required 

to attend the subsequent PLCs to receive a monetary stipend, which may have 

impacted the pre-program level of knowledge. 

 

The following assumptions apply to student survey completion: 

4. Students completed the surveys voluntarily and anonymously (only a coded 

identification number was included on the survey).  

5. Students were provided an ample amount of time to complete all survey questions. 

6. Survey responses were based on each student’s watershed knowledge before and after 

the OEE.  Those administering the surveys did not provide answers or “coach” the 

students in any way. 
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7. The timing of survey completion did not distinguish whether students had completed 

the in-class portion of the watershed curriculum nor did account for the time between 

pre-OEE survey completion, receiving the OEE, and post-OEE survey completion. 

8. Students only participated in one watershed OEE during the school year. 

 

Violating any of these assumptions might impact these results and make them 

inaccurate.  Any pressure on students to complete the survey, coaching about the 

answers, or participation in more than one OEE might skew the results to indicate that the 

OEE was more significant in improving the students’ watershed knowledge. 

With respect to assumptions six, seven, and eight, the students’ results may be 

impacted by the timing of survey completion.  Prince William County 6th grade teachers 

completed the classroom portion of the watershed curriculum at different times during a 

given school year, thus not all 6th graders receive watershed lessons at the same time 

(PWCS, 2011).  The OEE component of the watershed curriculum was not scheduled in 

conjunction with an individual schools’ or classrooms’ watershed lessons, and each 

teacher administered the surveys to their students at a time of their choosing.   

While pre-surveys were administered at some point before the OEE, they may 

have been administered before or after the in-class watershed lessons.  Similarly, while 

the post-surveys were administered after the OEE, they may have been administered 

before or after the in-class watershed lessons or at different times since the OEE – e.g., 

some teachers may have waited until the end of the school year while others administered 

it immediately upon return from the OEE. 
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This research did not evaluate the results based on the timing of in-class 

watershed lessons relative to the OEE or survey completion.  The number of valid survey 

responses makes it unlikely that this would affect a significant portion of the students.  

This also added to the randomness of the survey responses making it unlikely that the 

timing of survey completion would impact the results. 

The anonymous coding was originally intended to provide the ability to analyze 

the results demographically or per individual school.  Some identification numbers were 

missing and others did not follow the rubric to generate the number.  While this did not 

prevent assessing the before and after results, it limits accurately scrutinizing the data at 

an individual respondent level and prevents grouping the responses by location or 

individual student.  This study did not account for the variety of socio-economic factors 

that may impact students’ pre- and post-OEE knowledge nor did it address the quality of 

education at County middle schools.  Finally, this study did not factor in the varying 

levels of student aptitude. 

Given the above assumptions and limitations of this study, the number of 

completed student surveys both pre- and post-OEE provided a random and representative 

sample of 6th grade students in Prince William County, irrespective of demographics, 

specific school or teacher, or curriculum timing.  This randomness supports the 

representative nature of this study and supports the assessment of the analysis results. 
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Conclusions 

Integrating a teacher pre-learning workshop and an OEE experience into a 6th 

grade watershed curriculum can be effective tools to improve teachers’ confidence and 

intentions in incorporating additional watershed lessons as well as improving students’ 

watershed knowledge.  Based on the literature reviewed, this program can be categorized 

as an integrative model of program development.   

The curriculum developed by PWCS and GMU offers these and other teachers a 

ready-made tool to teach watershed lessons.  Furthermore, the cooperative process that 

GMU and PWCS used to develop the program is an effective way to encourage program 

sustainability, impact, and success while also addressing the teachers’ lack of time, 

materials, and administrative support.  A school systems’ partnership with a local 

university could provide access to extensive research, tools, and subject matter expertise 

to leverage in a K-12 school system, as it did in this case.   

Finally, this program laid the groundwork for students’ awareness and 

understanding of their place in the natural environment and provided them an early set of 

tools to address environmental problems, satisfying two of the environmental education 

goals of the Belgrade Charter and Tblisi Declaration.  This research indicates that the 

first-year of this program was a success. 

 

Implications for Future Outdoor Environmental Education 

This study indicates that this program is largely effective in improving teachers’ 

confidence and intentions in teaching about watersheds and using the outdoors a tool to 
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amplify their curriculum.  The OEE incorporated into this watershed curriculum impacts 

students’ overall watershed knowledge and understanding of the watershed and its issues.  

While this program benefitted from the integrative and cooperative development style 

between a school system and university, this might be restricted to the personnel involved 

rather than the actual institutions.   

The presence of optimistic and resourceful program coordinators and educators 

and field interpreters that are excited about working together and motivated to provide 

these lessons might not be a common phenomenon in other locales.  Similarly, the field 

interpreters’ varied backgrounds and teaching styles might impact the students’ learning 

abilities and could result in a less-than-effective OEE.  Future OEEs should not only be 

sure to enlist resourceful and motivated program coordinators (as modeled here), they 

should also conduct periodic, in-stride interpreter evaluations by experienced educators to 

ensure appropriate and correct information delivery.  This would ensure the sustainability 

and repeatability of a successful program. 

Upon request, some teachers provided their e-mail address to be contacted for 

follow-up interviews about their schoolyard stewardship projects (a post-OEE activity).  

While these stewardship projects were not a part of this evaluation, it would be useful in 

future evaluations to interview teachers for a longitudinal assessment of program 

effectiveness. 
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Implications for Future Research 

In Virginia, the Virginia Department of Environmental Quality (DEQ) 

coordinates the Commonwealth’s environmental education program, Virginia Naturally 

(VA Naturally).  Part of this coordination is promoting and funding grants to enable 

Meaningful Watershed Educational Experiences (MWEEs).  These grants either come 

from the National Oceanic and Atmospheric Administration’s (NOAA) Bay Watershed 

Education and Training (BWET) program (e.g., the GMU-PWCS BWET project) or 

through grant or mini-grant programs sponsored or coordinated by VA Naturally.  By 

providing a centralized source of information, the VA Naturally program helps formal 

and informal educators find program materials and funding opportunities to deliver their 

programs.   

NOAA’s BWET program provides periodic workshops to assist in understanding 

some of these tools to evaluate BWET programs.  Additionally, the North American 

Association for Environmental Education (NAAEE) offers a resource guide to evaluate 

environmental education programs (Ernst et al., 2009).  These tools, among others, 

should be examined and possibly implemented to develop long-term evaluations of the 

range of programs in Virginia to justify continued funding for those that are effective in 

changing behaviors.  As Louv (2005) emphasizes in his seminal work, Last Child in the 

Woods, without effective environmental education programs, we will have difficulty 

overcoming the nature-deficit disorder of future generations. 
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APPENDIX B 
 
 

 

 
 

Itinerary for Field Experience to E.A.G.L.E.S. Center & 
Occoquan Bay National Wildlife Refuge 

 
(Please allow enough travel time to arrive 

10 minutes prior to program start) 
 

Bus 1 (Groups 1 & 2) Bus 2 (Groups 3& 4) 
9:45 Students arrive at 

Occoquan Bay Refuge 
9:45 Students arrive at 

E.A.G.L.E.S. Center 
9:50-10:30 

10:35-11:15 
Students will rotate between 2 
stations 

a. macroinvertebrates 
b. water quality 
 

9:50-10:30 
10:35-11:15 

Students will rotate between 
2 stations 

a. watersheds/human 
interactions 

b. watershed 
management 

11:15-11:30 Travel to E.A.G.L.E.S. 
Center-Snack on bus 

11:15-11:30 Travel to Refuge-Snack on 
bus 

11:35-12:15 
12:20-1:00 

Students will rotate between 2 
stations 
a.  watersheds/human  

interactions 
c.   watershed management 

11:35-12:15 
12:20-1:00 

Students will rotate between 
2 stations 

a. macroinvertebrates 
b. water quality 

 
1:00 Students depart E.A.G.L.E.S. 

Center 
Lunch on bus 

1:00 Students depart Refuge 
Lunch on bus 

 
 

Tentative Itinerary for Field Experience Manassas Battlefield 
9:45 a.m. -1:00 p.m. 

 
Bus 1 (Groups 1, 2, & 3) Bus 2 (Groups 4, 5, & 6) 

9:45 Students arrive at Site 9:45 Students arrive at Site 
9:50-10:40 

10:45-11:35 
11:40-12:30 

Students will rotate between 3 
stations 

c. macroinvertebrates 
d. water chemistry/human 

interactions 
e. topographic 

maps/wetlands 

9:50-10:40 
10:45-11:35 
11:40-12:30 

Students will rotate between 3 
stations 

a. macroinvertebrates 
b. water 

chemistry/human 
interactions 

c. topographic 
maps/wetlands 

12:30-1:00 Lunch 12:30-1:00 Lunch 
 

1:00 Students depart 1:00 Students depart 
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