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ABSTRACT

The purpose of this study was to gain insights into the relationship between
bioregional curriculum design, place-attachment, and ecological awareness in high school
science students. Research questions were as follows: (1) Does bioregional curriculum
affect place-attachment in high school science students? (2) Does a bioregional approach
to studying environmental issues affect local ecological literacy—including shifting
ecological awareness and an understanding of local stewardship and conservation topics?
(3) What attitudes do students have towards learning experiences informed by
bioregional curriculum design? Pre- and post-semester surveys, interviews, performance
assessments and a mapping exercise were used as data collection instruments. Data were
processed using qualitative and quantitative analysis strategies. The results suggest that
students made gains in place-attachment and ecological awareness and had formative
learning experiences tied to the curriculum.



INTRODUCTION AND BACKGROUND

The Greater Yellowstone Ecosystem (GYE) is one of the largest, intact temperate
zone ecosystems on Earth and has Yellowstone National Park at its core. The GYE is
managed by state governments, the federal government, tribal governments, and private
landowners (National Park Service 2017). As such, the GYE is a site where social-
ecological issues play out as landscapes are managed and contested between diverse
stakeholders. The GYE is an ideal site for real-world learning in conservation biology,
ecology, earth science, and the nature of science as a whole. The community of
Bozeman, MT is physically and culturally embedded in the GYE.

The Bozeman Field School (BFS) is a non-profit independent high school in
Bozeman, MT. The school is in its second year and has twenty-five students. The school
offers a curriculum built on place-based learning and immersive, experiential
coursework. To support experiential learning, educators are encouraged to facilitate
learning experiences that take advantage of the cultural and environmental resources in
Bozeman. Week-long expeditions at the beginning of each academic quarter are central
to our program design and allow opportunities for field science immersion. These
experiences promote the integration of our curriculum with local social and ecological
communities in Bozeman, MT and the Greater Yellowstone Ecosystem.

While students at BFS are relatively diverse, what students do have in common is
that they have grown up in an area rich in natural resources, opportunities for recreation,
and access to wild places. Despite this access, many students in my science class last

year came to the school with very little awareness of their local environment and an
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apparent disconnection from the natural world. This trend mirrors a worldwide
phenomenon of disconnection from wild places and a lack of understanding for the
driving ecological processes of natural systems (Louv 2005; Orr 1992).

The subject of my action research project stems from my professional background
and goals as an educator. I studied environmental anthropology as an undergraduate
student at Washington University in St. Louis and developed an interest in the
intersections between humans and the natural world. Since, I have worked in the fields
of environmental and outdoor education for five years for non-profit organizations in
Colorado and Montana. This year is my second year as a classroom teacher and I have
integrated a lot of what I have learned as a field science educator into the classroom. My
professional and academic background has strongly influenced my teaching philosophy
and as such facilitating inquiry surrounding the natural world and a connection to local
landscapes is central to my goals as an educator. As the only science educator at an
independent school, I have had the freedom to design our science curriculum that is
inspired by inquiry, informed by the Next Generation Science Standards, and rooted in
place-based pedagogy.

The purpose of my action research project is to investigate the connections
between bioregional curriculum design, sense of place, and local ecological literacy in a
small group of students receiving life and earth sciences instruction in the Greater
Yellowstone Ecosystem. The purpose of my research led to the creation of the focus

question: To what extent does bioregional science curriculum affect place-attachment,



environmental awareness, and local ecological literacy in high school science students?
Sub-questions were created as follows:

1. Does bioregional science curriculum affect place-attachment in high school
students?

2. Does a bioregional approach to studying environmental issues affect ecological
literacy—including shifting ecological awareness and an understanding of local
land stewardship and conservation topics?

3. What attitudes do students have towards learning experiences informed by
bioregional curriculum design?

CONCEPTUAL FRAMEWORK

While high school students are increasingly “connected” to their peers and
seemingly limitless information through the use of technology, they are becoming
increasingly disconnected from the natural world and from their “places”—the ecological
communities and landforms that constitute aspects of their local environment. This
disconnection was described by Louv (2008) as “nature-deficit disorder”—an
overarching societal problem that has implications for the mental, physical, and social
development of today’s youth. Disconnection from place goes hand-in-hand with a lack
of access to wild places in much of urban America and an increasing reliance on
technology for gathering information and communicating with others. Because
information can be obtained by a quick internet search, students are increasingly losing
the ability to use direct observation as a method of learning about the world—a tool that

is critical to the natural sciences. Science educators find themselves in a unique role
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where they are not only able to inform students about the structure and function of the
natural world and its complex systems, but with the right approach and resources, can
facilitate transformative experiences embedded in local landscapes. Because experience
shapes our understanding of the world around us (Greider & Garkovich, 1994), these
experiences can help students develop a more meaningful connection to the natural world
through a more highly-developed sense of place.

Sense of Place and Bioregional Education

Sense of place refers to a connection between “people and places” (Feld & Basso,
1996), or between people and their local environment. In the context of education, the
term sense of place is used to refer to a connection to connection to and an awareness of
the natural world. Place-based education involves a framework that uses the local
environment as a context for learning, encompassing both the social and ecological
aspects of geographic locales (Sobel, 2004). Place-based education that is situated in
local landmarks: waterways, landforms, etc. may be more effective in promoting the
development of positive associations with the natural world. Sobel (2008) writes,
“Children have an inborn desire to explore local geographies. Developing a local sense
of place leads organically to a bioregional sense of place and hopefully to biospheric
consciousness,” (p. 34). If students demonstrate a connection to their place—i.e. their
home, neighborhood, community—they may be able to expand this level of connection to
the larger world at a later stage in their development.

Place-based education has not only been celebrated for promoting achievement

and engagement in the natural sciences, but it also facilitates connections between



schools and local communities (Powers 2004). In addition, it provides benefits for
students that are more difficult to quantify in what Orr (1992) calls learning “the art of
living well in one’s place” or the process of “reinhabitation™. This refers to the idea that
individuals can learn how to contribute positively to their local places by living
harmoniously with and doing no intentional harm to members of their local ecological
and human communities. In this way, place-based education contributes not only to
developing awareness in students, but also in developing empathy. Place-based
education is emphasized by environmental education organizations that collaborate with
schools to provide learning experiences (NAAEE 2011), but how effective is place-based
learning in developing a sense of place in students when it underpins the curriculum for
an entire year of high school science?

In the context of this study, the term bioregional education and curriculum is used
in place of the term “place-based”. Bioregional education falls under the umbrella of
place-based education, but is focused around the study of a specific bioregion. A
“bioregion” is determined according to the unique characteristics of the natural world that
define a place including climate, watersheds, soil, native plants and animals, and climate
(Berg & Dasmann 1978, Taylor 2000). Bioregionalism is an approach to thinking about
places and the environment and thus can be used to inform place-based curriculum
design—the “treatment” for this research. The term bioregional education is appropriate
here because curriculum was designed around our school’s local bioregion: the Greater
Yellowstone Ecosystem.

Place Attachment and Ecological Literacy
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Sense of place, while seemingly abstract, can be measured to assess the efficacy
of place-based science education (Semken & Freeman, 2008). Sense of place can be
broken down into two variables: place-attachment and environmental awareness (Vaske
and Williams 2003; Fisman, 2005). Environmental awareness here is an awareness of the
local environment—not an awareness of local environmental issues. However, it can be
a starting point for individuals to develop care and concern for their local human and
ecological communities (Sobel 1996). Further, environmental awareness is supported by
ecological education that emphasizes case studies from the local environment. Fisman
(2005) notes that “making a conscious effort to have students apply knowledge to their
home environments may be an effective strategy for building local environmental
awareness” (p. 48). Developing environmental awareness goes hand-in-hand with
education that emphasizes real-world learning through immersive experiences in a
school’s local community.

Place-attachment is a connection that arises when places hold meaning that
contributes to an individual’s emotional connection to a natural resource (Cuba &
Hummon, 1993). Semken & Freeman (2008) refer to place-attachment as “an affective
bond formed through direct experiences in, or vicarious engagement with, a place,” (p.
1047). Place-attachment is distinct from environmental awareness in that it refers to a
relationship between an individual and the natural world, rather than simply an
understanding or awareness of the environment and its related features. Environmental

awareness and place-attachment are relevant and age-appropriate variables for measuring
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sense of place in high school students. Evaluated together and separately, these variables
can provide insights into the relationship of individuals to place.

A highly developed sense-of place may provide insights on the potential for
environmentally-responsible behavior later in life (Sobel 1996; Chawla 1996). Stap
(1969) recognized the goal of environmental education as the development of a citizenry
that possess knowledge of the natural world and environmental concerns, an awareness of
potential solutions to environmental concerns, and motivation to act on solving those
problems.

Environmental issues are often global in scope, but the effects of global
environmental issues—global climate change or the worldwide decrease in biodiversity,
for example--are experienced and realized by local communities in places. Further,
solutions or responses to global environmental issues are often addressed by local
communities. Global environmental issues can be interpreted as too daunting to tackle
and education about them can contribute to an attitude of “learned helplessness” towards
finding solutions (Nagel 2005), but a place-based—or bioregional--approach to studying
these problems may help mitigate this attitude of apathy towards environmental issues.

Orr (1992) argued that crises in the natural world are directly related to a crisis in
education. He coined the term ecological literacy to address this crisis. In the context of
education, ecological literacy refers to an awareness of the natural systems that drive
ecological processes; ecological literacy is relevant here as it is directly related to and
informed by an individual’s sense of place (Stone et al. 2005). Central to understanding

the local ecology of a place is an understanding that humans are not separate from the



local environment, but are situated within a social-ecological system. Awareness of the
social dimensions of landscape—including impacts of human disturbances and the way in
which landscapes are managed locally—is critical to local ecological literacy. Orr (1992)
writes, “Knowledge of place—where you are and where you come from—is intertwined
with knowledge of who you are. Landscape, in other words, shapes mindscape” (p. 130).
Individuals who are more connected to and knowledgeable about their own landscapes
may possess a ecological worldview that allows them to be more aware of the
interconnectedness of humans and the natural world.

Bioregional Curriculum Design and Environmental and Science Education

The North American Association for Environmental Education (NAAEE) writes
that environmental education guidelines for high school should focus on ecological
literacy by giving students opportunities to develop and apply skills in systems thinking
that will allow them to understand the complexity of the relationship between social and
ecological systems (NAAEE 2019). Bioregional education provides ample opportunities
for student-driven learning on local environmental issues that are meaningful to students.
NAAEE (2019) write that effective environmental education instructors “foster learners’
innate curiosity and enthusiasm, providing them with continuing opportunities to explore
their community and the environment. Taking instruction out of the classroom and into
the local environment is an important instructional strategy...” (p. 15).

Bioregional education complements the Next Generation Science Standards
(NGSS), the standards around which science education at Bozeman Field School is

designed. The Disciplinary Core Ideas addressed by the curriculum used for this study
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fall under the topic of “Interdependent Relationships in Ecosystems.” and include (1)
Ecosystem Dynamics, Functioning and Resilience (LS2.C), (2) Interdependent
Relationships in Ecosystems (LS2.A), (3) Adaptation (LS4.C), and (4) Biodiversity and
Humans (LS4.D) (NGSS Lead States 2013). Appendix (X) provides a summary of this
topic and associated standards.

In addition to complementing the standards, bioregional education can provide a
context for utilizing the Science and Engineering Practices in a relevant, real-world
context. A Framework for K-12 Science Education: Practices, Cross-Cutting Concepts,
and Core Ideas states:

Standards and performance expectations that are aligned to the framework must

take into account that students cannot fully understand scientific and engineering

ideas without engaging in the practices of inquiry and the discourses by which
such ideas are developed and refined. At the same time, they cannot learn or show

competence in practices except in the context of specific content. (NRC 2012, p.

218)

Bioregional education offers opportunities for tangible and meaningful learning
experiences designed around the Science and Engineering Practices and Cross-Cutting
Concepts, critical components of the standards. In this study students practiced
“analyzing and interpreting data” through the investigation of a local case study:
whitebark pine decline in the Greater Yellowstone Ecosystem. Later in the unit, they
practiced “arguing from evidence” through a writing exercise where they were asked to
address potential causes for the decline that area based in scientific research. Both of

these learning experiences fell within the realm of “stability and change,” cross-cutting

concept from NGSS (NGSS Lead States 2013).
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To provide insights on sense of place in high school students, a critical component
of developing an environmentally-aware population, this classroom research project
seeks to serve as a quantitative and qualitative investigation into the effect of bioregional
curriculum on the variables addressed above: place-attachment and ecological literacy.

METHODOLOGY

The overarching research question for this classroom research project is: To what
extent will bioregional science curriculum affect place-attachment, environmental
awareness and local ecological literacy in high school science students? To address this
broader question a combination of qualitative and quantitative data was collected to
address sub-questions. The data collection instruments included semi-structured
interviews, open-ended questionnaires, a mapping exercise aimed at assessing student
interpretations of landscape, and a Likert-scale survey measuring ecological awareness.
Using diverse approaches and mixed methods provided an opportunity to gather in-depth
qualitative and quantitative data from a small overall sample size (N=24), with the
majority of data collected from the treatment group (N=170). This classroom research
project was approved by the Institutional Review Board at Montana State University
(Appendix A). Students were given the option to opt out and the completion of these
data collection instruments was not a component of the assessment structure for the class.

The sample (N=24) of students surveyed for this classroom research project come
from all over Gallatin and Park counties in Montana and represent the full socioeconomic
diversity of the area. Sixty-eight percent of our students receive financial aid grants and

twelve to sixteen percent of our students would qualify for free or reduced lunch at
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Montana public schools (Critchlow 2018). In order to investigate the effect of
bioregional curriculum, this study consists of a control group (group 1) and an
experimental group (group 2). The breakdown of students according to gender is as
follows: 46% female, 46% male, 8% non-binary; students come from diverse
socioeconomic backgrounds from communities across the Gallatin Valley. The sample
population is fairly homogenous in ethnicity with 88% of the students identifying as
Caucasian, one student (4%) identifying as Asian-American, one (4%) as African-
American, and one (4%) as multi-racial/Hispanic. This breakdown is not much different
than the racial breakdown of Gallatin County, Montana where 95% of the population
identifies as Caucasian (U.S. Census Bureau 2018). Students in the control group are
older on average (15.5 years) than students in the experimental group (14.1 years). A
large majority (79%) of the students in the control group received bioregional curriculum
last year in science class at Bozeman Field School. For this reason, data from the control
is utilized for comparison between pre-and post-treatment data for one quantitative
instrument only (described below). A triangulation matrix (Table 1) was used to

organize data collection instruments and research questions.

Table 1
Data Triangulation Matrix

Primary Question: To what extent will bioregional science curriculum affect place-
attachment and local ecological literacy in high school science students?

Research Sub-Questions Collection Instruments
Does bioregional science Pre- and post- Student Field Student Interviews
curriculum affect place- Semester Journal Entries
attachment for students? Landscape
Values Mapping
Exercise
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Does a bioregional approach to

Pre- and post-

Pre- and Post-

Student performance

studying environmental issues semester local Semester New assessments
affect ecological literacy— ecological Environmental (Infographic Project)
including shlgmg ecglog:cail' literacy Paradigm survey
awareness and an understanding . .

: estionnaire
of local land stewardship and qu
conservation topics?
What attitudes do students Post-Course Student Student Field Journal
have towards learning Class survey Interviews Entries
experience informed by
bioregional curriculum
design?

Treatment

Students in the experimental group (Group 1; N=10) are students enrolled in

Science I. During the fall semester, Science I is an earth science and ecology-based

course that emphasizes field science and the nature of science through local

environmental issues. In the spring, students continue learning about the local

environment through snow science and water chemistry. The data collection spanned the

fall semester. Through a deep investigation of the Greater Yellowstone Ecosystem,

students were exposed to inquiry-based field labs, experimental design in the field and

the social and ecological context of local environmental topics such as the decline of

whitebark pine ecosystems, wild bison management, and wolf reintroduction in

Yellowstone National Park.

In addition to weekly field experiences, students went on a five-day trip to

Yellowstone National Park where they participated in an immersive learning experience

that involved citizen science and data collection with a partner non-profit, Yellowstone

Forever. For one project, students collected GPS waypoints to help with a mapping
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project surrounding pika populations and responses to climate change. On another day
on this trip, the students collected bison stool samples that would later be sent off to be
analyzed to determine what types of grasses bison were preferring. These two
experiences, along with weekly labs based out of Bozeman, gave students opportunities
to practice data collection in the real-world and gave students a taste of what “doing
science” in the Greater Yellowstone Ecosystem looks like. At the end of the first
semester, students participated in an independent research project that asked them to
investigate a local environmental issue and consider multiple stakeholder perspectives.
This performance assessment is entitled the Greater Yellowstone Ecosystem Bioregional
Issues Infographic Project (Appendix H). The project tied to Science and Engineering
Practices from NGSS as well as a performance indicator from the North American
Association for Environmental Education’s guidelines for K-12 environmental education
programming that states, “Identifying and investigating issues—Learners apply their
research and analytical skills to systematically investigate environmental issues ranging
from local issues to those that are regional or global in scope,” (NAEE 2019, p. 80). This
course is the foundation of the science program at the school and aims to give all students
an experience with field science and orient them to the type of science being done in our
community—as such, it was designed to be largely bioregional. See Appendix G for a
course description and unit overview for this course.

Students in an additional group (Group 2; N=14) are enrolled in a course entitled
Life: Structure and Process (Science 2). The fall semester of Science 2 is a biology

course that covered topics such as the origins and characteristics of life, cell structure and
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process, the chemistry of life, and biogeochemical cycles. This course was not designed
from a bioregional perspective. Students participated in labs that asked them to focus in
on the more microscale aspects of life science rather than local ecological systems as they
did in Science 1. Because, students in Science 2 experienced bioregional curriculum in
Science I during the 2017-2018 school year, they could not serve as a perfect control for
this study. Rather, data from this sample provides supporting insights for one data
collection instrument, the New Ecological Paradigm Survey.

Place Attachment

Students completed the Landscape Values Mapping Exercise (Appendix B), an
exercise adapted from Brown (2003) to provide qualitative data on place-attachment and
landscape interpretation to address the question Does bioregional science curriculum
affect place-attachment for students? Students were given a map that includes Bozeman,
MT and other areas in the Greater Yellowstone Ecosystem and asked to place a finite
number of color-coded stickers on the map to associate values with those areas (ex.
economic value, biodiversity value, recreation value). They had five stickers of each type
and could use anywhere from 0-5 stickers to share what values they associate with
different areas. This allowed me to measure the change in value associations based on
what percentage of available stickers they use (i.e. did they originally only use two of the
five stickers and then use all five in their post-course map to identify recreation value?).
The change in landscape values specific to certain places in the Greater Yellowstone

Ecosystem—ex: Yellowstone National Park—were calculated to determine changes pre-
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and post-bioregional curriculum. This data set was valuable for breaking down student
attitudes towards specific places.

To further measure attachment to place, Students had the option of placing six
“special place” stickers on the map. As part of the exercise, they wrote why those places
are important to them. Location and number of “special place” stickers were measured
both pre- and post- treatment to determine changes in place-attachment. Two places
specifically addressed in the curriculum for Science 1—Yellowstone National Park and
the Bridger Range—were included in a more in-depth analysis of student value
associations. Both groups completed this exercise both pre- and post-treatment.

Semi-structured student interviews and field journal responses (Appendix D) were
also used to look at place-attachment. Interviews took place at end of the course, but
students completed field journal entries mid-course during an immersive field experience
at Yellowstone National Park. After this field experience, students continued their study
of local ecology through units on biodiversity, landscape succession and population
dynamics. At the conclusion of these units, students completed a final project informed
by their experience in Yellowstone and a local environmental issue of interest to them.

Post-course interviews (Appendix D) took place at the conclusion of the final
project and only students receiving bioregional curriculum (Science I students) were
interviewed. Interviews were limited to ten minutes. Inductive analysis was used to
categorize and organize information from both interview transcripts and field journal
entries. Interview transcripts and field journal entries were used as anecdotal evidence to

add a human element to qualitative data and a word cloud was used to do thematic
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analysis of qualitative data. Student responses were edited to remove irrelevant words
(such as articles and pronouns) and were inputted into a word cloud generator. Words
that are used more frequently in responses appear as larger, displaying their relative
frequency. Relative frequency can be used to ascertain associated values. This method
can be used as a supplement to other forms of qualitative analysis and has been validated
by previous studies (Bletzer 2015); McKnaught & Lam 2010).

Ecological Literacy

Responses from student field journal entries (mentioned above) and an open-
ended questionnaire, a Likert-scale style survey, and student performance assessments
were used to address the question: Does a bioregional approach to studying
environmental issues affect ecological literacy—including shifting ecological awareness
and an understanding of local land stewardship and conservation topics? The first
survey, the Revised New Ecological Paradigm survey (Appendix E) from Dunlap et al.
2000, 1s a scale that is used internationally to assess the presence of an “ecological
worldview” in individuals. Through an attitude survey on a Likert scale, questions
address pro-environmental behaviors, public policy, and recreation participation. Both
student groups completed this exercise both pre- and post-treatment. Responses to this
survey by the sample were used to assess ecological literacy pre- and post-treatment.
Another instrument, the Local Ecological Literacy Questionnaire (Appendix F), asked
students to respond to several questions surrounding conservation, land management, and
their interpretation of the phrase “Greater Yellowstone Ecosystem.” Information from an

end of the semester performance assessment, Greater Yellowstone Ecosystem
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Infographic Project, (Appendix G) was also used to provide qualitative data on
understanding of local environmental or conservation topics. A rubric was used to assess
student depth of understanding of an issue and skills related to communicating about that
issue (see Appendix G). This rubric was developed for this research project and was not
used to grade students.

Student Attitudes towards the Intervention

Finally, the Mid-Semester Questionnaire (given as field journaling prompts),
Semi-Structured Interviews and the Post-Course Class Survey (Appendix D) were used to
answer the research question: What attitudes do students have towards bioregional
curriculum design? This question seeks to address student perceptions of bioregional
curriculum design and the types of experiences involved in bioregional education,
recognizing student experience as critical to any educational intervention. Using the
same methodology as stated above, a word cloud was used to generate a relative
measurement of values in student responses.

To ensure reliability of this study, instruments used for quantitative research were
either adapted from or taken directly from previously-validated studies. In an effort to
ensure reliability, student responses were coded and responses were anonymous for all
data collection instruments with the exception of student performance assessments.

DATA AND ANALYSIS

The following section provides relevant data and analysis for each data collection

instrument according in following categories: place-attachment, ecological literacy, and

student attitudes. Ecological literacy is analyzed in two sections: ecological awareness
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and demonstrated understanding of local conservation issues. Raw data for quantitative
analysis was compiled and organized to address research questions. Where possible,
statistical analysis was used to determine statistical significance; this was challenging to
do with a small sample size. Qualitative data was analyzed thematically and organized
accordingly to display relevant trends.

Place-Attachment

The Landscape Values Mapping Exercise along with student-interviews, and field
journal entries, provided information on the relationship between place-attachment and
bioregional curriculum design. The places and frequency with which students selected
special places in the Landscape Values Mapping Exercise provided a combination of
qualitative and quantitative data. Figure 1 provides insights into place-attachment for
students in the bioregional curriculum group with a breakdown of “special place” sticker
placement for two locations where students went for science class, Yellowstone National
Park and the Bridger Range. These locations were selected as they are easy to distinguish
on the map from other places and were directly integrated the curriculum during field
learning experiences. Figure 1 also shows that the total number of special place stickers

used increased between pre- and post-treatment.
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Pre-Bioregional Curriculum Post-Bioregional Curriculum

Number of Stickers Used

Yellowstone National Bridger Range Average Number Used
Park on Map (out of 6)

"Special Place" Sticker Placement

Figure 1. “Special Places” indicated on mapping values exercise, (N=9).

The number of “special places” indicated increased from forty-five percent of
stickers used on the map to seventy-five percent of the available stickers used. In
addition, Yellowstone National Park and the Bridger Range were both more frequently
indicated as places that either are or include places that are important to students. Several
students identified multiple locations within Yellowstone National Park as important to
them. Students were asked to write why those places were selected as “special” to them.
On the post-course Landscape Values Mapping Exercise, one student made a direct
reference to a learning experience when he wrote that a talus field where a pika
population survey was conducted on our trip to Yellowstone is special place to him.
Another student who selected Yellowstone as special place on the post-course exercise
wrote, “The park feels so wild, and there is such a diversity in wildlife. I also think that it
helps educate people about conservation.” This response demonstrates a place-

attachment in a young woman that is rooted in multiple values.
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The Landscape Values Mapping Exercise provided opportunities for students to
ascribe values to geographic locations in the greater Bozeman and Yellowstone area
(Appendix B). Data from this exercise was broken down to show trends in ascribed
values in general and for Yellowstone. Figure 2 shows the average percent of the total
available stickers used for each value category by the bioregional curriculum group both
pre- and post-treatment.

Pre-Bioregional Curriculum Post-Bioregional Curriculum

100

75

50

25

Average Percentage of Stickers Used

Aesthetic  Economic Recreation Educational Biological Therpeutic Cultural  Wilderness
Diversity

Ascribed Value

Figure 2. Landscape Values mapping exercise: average number of value stickers used per
category pre- and post- bioregional curriculum, (N=9).

To break down these values according to a place visited for science class, Figure
3 shows the average number of stickers placed on Yellowstone by students both pre- and
post-treatment. While Figure 2 shows relative consistency between pre- and post-

treatment data, Figure 3 provides detail on students’ perceived values in Yellowstone.
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While there were more minor differences in other values, the economic, educational, and

wilderness values showed a measurable increase post-treatment.

Pre-Bioregional Curriculum = Post-Bioregional Curriculum

Number of Stickers Placed on Yellowstone

Aesthetic Economic Recreation Educational Biological Therpeutic Cultural Wilderness
Diversity

Ascribed Value

Figure 3. Landscape values mapping exercise: number of value stickers placed on
Yellowstone National Park, pre- and post-bioregional curriculum, (N=9).

Assessing value associations by these categories provided insights into place-
attachment in students. It cannot, however, fully capture the scope of perceived values
associated. Moreover, value associations by individuals are understandably fluid. It does,
however, indicate that students had memorable experiences in Yellowstone and perhaps
gathered new associations with that place after a deliberate bioregional education
experience.

Mid-Course Questionnaires (given as field journaling prompts) asked students in
the bioregional curriculum group to reflect on the importance of places in the Greater

Yellowstone Ecosystem with the question, “Are there any places in the Greater



22

Yellowstone Ecosystem that are important to you? If so, why?”” Nine of ten responded

“yes” to this question, but responses varied thematically. Table 2 organizes their

responses below according to those themes.

Table 2

Summary of Mid-Course Questionnaire Responses to “Are there any places in the
Greater Yellowstone Ecosystem that are important to you? If so, why?”

Category Post-Bioregional Curriculum (N=10)
Responded “yes” 9 (90%)
-Includes reference to 5(50%) | “There are so many different places in YNP that
Yellowstone National are important to me, in a way the whole park is
Park important...”
-Includes direct 3 (30%) | “Another really important (place) to me is the
reference to school trip wolf enclosure, this is because I loved going and
to Yellowstone seeing where the reintroduction was and I think
it is an amazing place and is super cool!”
-Includes reference to 3 (30%) | Bozeman is important to me because it’s where [
living in the Greater live.
Yellowstone Ecosystem
-Includes reference to 4 (40%) | “nature is important to me.”
valuing natural world
“The reason the park is important to me is
because it protects the wildlife of MT and gives
people from around the world a chance to see
things such as the springs and wild animals.”
Answered “No” 1 (10%) | “Not really, I don’t have a strong connection to

places.”
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Student responses demonstrate place-attachment in the Greater Yellowstone
Ecosystem for a variety of reasons including valuing home, the natural world, and
experiences in Yellowstone National Park either on our school trip or at another time.

Ecological Literacy: Ecological Awareness

Scores for the Revised New Ecological Paradigm Survey for both group 1 and
group 2 were determined from the raw data and compared (Table 3). As mentioned
above, scores range from 1-5 and a higher score indicates a greater alignment with a pro-

ecological worldview or more advanced ecological awareness.

Table 3
New Ecological Paradigm Survey. Pre- and Post-Treatment Scores
Bioregional Curriculum Group (Groupl) (n=10) Non-Bioregional Curriculum (Group 2) (n=13)
Pre Treatment NEP Score Post-Treatment NEP Score |Pre-Treatment NEP Score  |Post-Treatment NEP Score
3.821 4.241 4.133 4.544
3.875 4.125 4312 4.401
3.571 3.384 4.053 4.321
4.304 4.580 3.517 3.723
3.401 3.776 3.205 3.383
4.464 4.205 4.107 4312
425 5 3.705 4.035
3.714 3.98 3.982 3.866
3.770 3.81 3.785 4.044
3.791 4.12 3.883 3.964
4 3.508
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4.598 4.375

3.589 3.258

Average=3.90 Average=4.12 Average=3.91 Average=3.98
P value=.027 P value=.41

The P-value was determined using the Wilcoxon-Signed Rank Test. This
statistical analysis was ideal for comparing difference between paired scores from this
small sample size (N=10). With a P value of .027, the difference between the means is
statistically significant for the bioregional curriculum group at alpha .05; This suggests
that focused study on ecology and exposure to local case studies may have contributed
to shifting ecological awareness—a component of ecological literacy.

Ecological Literacy: Demonstrated Understanding of Local Conservation Topics

On the pre-course Local Ecological Literacy Questionnaire, six of the ten students
in the bioregional issues group were able to articulate a local environmental issue; on the
post-course survey ten of the ten students were able to demonstrate a local environmental
issue. In addition to describing a local environmental issue, students’ ability to articulate
their understanding of the term “Greater Yellowstone Ecosystem” was assessed both pre-
and post-course. Table 4 shows responses to the question “Describe the term Greater
Yellowstone Ecosystem” from the Local Ecological Literacy Questionnaire broken down
to show themes in responses both pre- and post-course. Eighty percent of students
provided a relevant answer to the question in the pre-course survey and one-hundred

percent of students provided a relevant answer on the post-course survey.
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Summary of Responses: “Describe the phrase Greater Yellowstone Ecosystem”:
Bioregional Curriculum Group, Local Ecological Literacy Questionnaire

Category Pre-Bioregional Curriculum Post-Bioregional Curriculum
Number | Excerpts Number
(N=10) (N=10)
Provided Relevant | 8 (80%) 10
Answer (100%)
-Includes 8 (80%) | “Area surrounding 10 “The ecosystem around and in
Yellowstone Yellowstone...that (100%) Yellowstone national park.”
National Park shares the characteristics
of the National Park”
“Plants and animals that
rely both on the land
inside Yellowstone and
outside to survive.”
-Includes 4 (40%) | “It is the plants and 9 (90%) “...includes bison migration areas,
References to animals that rely both on and wolf migration corridors. The
Areas Beyond the land inside Greater Yellowstone Ecosystem
Yellowstone Yellowstone and outside isn’t just in the park.”
National Park to survive.”
-Includes Wildlife | 6 (60%) [ “...made of the land, 5 (50%) “It is all the land that is mostly the
plants, and animals.” same habit around Yellowstone
that animals use to migrate.”
-Includes 3 (30%) | “...collection of plant 6 (60%) “..it includes all of the biotic and
Ecological Terms and animal species.” abiotic factors that the animal and
plants need to help the whole area
of the GYE be together and
whole.”
-Includes 2 (20%) | “...in both Montana and | 4 (40%) “... into Teton and into Bozeman.”
References to Wyoming.”
Geography or “...it is on this side of
Physical Features the (continental)
of Landscape, divide.”
including Place- “...it includes
Names (other than Bozeman.”
Yellowstone)
No Answer or 2 (20%) | “Yellowstone being 0%

Answer with no
Relation

preserved and not
destroyed by like litter
and stuff.”
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While only forty-percent included a reference to areas beyond Yellowstone
National Park in the pre-course survey, ninety-percent included a reference beyond the
park in post-course surveys.

Student performance assessments—Greater Y ellowstone Bioregional Issues
Infographic—were used to provide information on student understanding of a single
conservation issue. Performance assessments were evaluated using a rubric designed
specifically for this study to assess proficiency for the performance indicator “Student
demonstrates an understanding of a bioregional conservation topic,” (Appendix G).
Figure 4 shows student understanding on scale from zero to four with zero being “no
evidence” and four associated with students “exceeding” expectations for the

performance indicator.

Number of Students

No Evidence (0) Emerging (1) Developing (2) Meeting (3) Exceeding (4)
Student Proficiency Level

Figure 4. Student understanding of bioregional conservation topic, (N=10).
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The average score for this project between the ten students was 3.3, with eight of
the ten students demonstrating an understanding of a bioregional conservation topic and
five of those eight exceeding expectations.

Student Attitudes towards the Intervention

The three tools created to determine student attitudes towards the intervention
were mid-course surveys, semi-structured interviews, and post-course surveys. Mid-
course surveys were administered after a field experience in Yellowstone. The question:
“Is there a topic related to local ecology that you are curious about after our time in the
field?”” was designed to assess student interest in certain topics. Of the ten students that
completed the survey, five students were interested in wolves. Of the five, two were
specifically interested in wolves as predators in the park. Of the remaining five, one
student was interested in climate change, another in lynx populations, another in the
thermal features and geology of Yellowstone, and another in Bison and the brucellosis
disease that bison can carry. One student demonstrated an understanding of temporal
change in ecosystems by writing “I would like to see how the drastic changes in
temperatures over the last sixty-seventy years have affected some of the local species and
how it helps or hinders their future in the ecosystem.” Another student wrote “I want to
know more about predator management on ranches like how people are trying to get
more ranches to be predator-friendly.” This response demonstrates an interest in the
social component of ecological issues.

Semi-structured interviews conducted at the end of the course. Reponses to the

questions: “Do you feel like you have learned more about the place where you live this
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semester in science class--why or why not?”” and “What is the most important thing you
have learned about that place?” were analyzed using thematic analysis. All eleven
students interviewed responded “yes” to the question of whether they learned about their
home during the semester. Figure 5 shows a word cloud generated from the responses to

the questions above; larger words in the word cloud showed up in greater frequency than

smaller terms.
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Figure 5. Word cloud for student impressions of learnlng

The word cloud highlights a few trends. First, that what students learned was
often based in experience. This is shown by the frequency of the word “expedition”,
used by students and faculty to refer to our Yellowstone trip and our backpacking trip.
Second, as seen in other instruments, animals stand out as a theme in student responses;

the words “species”, “population(s)”, “pika”, and “wolves” are relatively frequent. Third,

the word cloud shows numerous references to curriculum points; while these are smaller



29
on the students remembered specific lab activities and lessons and reference them in the

99 ¢

interview; this can seen in phrases such as “trophic cascade”, “whitebark pine”,

29 <¢ 29 <¢

“geysers”, “tectonics”, “keystone (species)”, “niche” and “climate”. Last, the words
“Yellowstone”, “Bozeman”, “ecosystem”, and “place” are prominent in the word cloud
and showed up in most entries. Several students made direct reference to Yellowstone,
reiterating the importance of place and experience in their learning. For example, one
student wrote, “It was really interesting to learn about the different topics. Going to
Yellowstone even helped cement that in place like being able to learn it and actually see
the GYE (Greater Yellowstone Ecosystem).” One student made direct reference to
learning something new about their “backyard” with the statement: “as opposed to before
I knew what geysers were and I didn’t really know how it worked. It’s one thing where
it’s pretty much in my backyard, but I didn’t know too much about it.”

To assess student interpretation of intervention, students were asked what they
liked and did not like about the activities we did in science class. Surveys were
anonymous. Ten of the ten students surveyed for the post-course survey reported
enjoying science class and listed a highlight of the semester. Seven of the ten students
reported something they would change in addition to what they enjoyed. Results were
broken down (Table 5). Of the eight students that would change something, responses

fell into two categories: negative physical experiences (that were part of doing labs

outside) and a desire for more hands-on activities or labs outside.



Table 5

Post-Course Survey, Positive and Constructive Feedback

Positive Feedback

Percent of Student
Responses (N=10)

Examples

Reference to field 50% “Hands on activities like the aspen

labs or “going data collection.”

outside” “It was really fun to get out in the
field and do some activities that
would actually happen in science.
The aspen lab was one such one.”

Yellowstone Trip 50% “I had a blast in Yellowstone seeing
everything”

-seeing wolves on 20% “The part I most liked about

the trip Yellowstone was seeing all the
wolves.”

Studying Ecology 30% “I enjoyed learning about biodiversity
and going outside to see ecosystems
up close.”

“I also like that we focused on
ecology since sometimes it seems to
be left out of the mix in a science
class.”

Constructive Percent of Student Examples

Feedback Responses (N=10)

Negative Physical 20% “How early we had to wake up.”

Experience (related “Not being out in the cold when

to field labs) easily possible?”

Desire for More 50% “I would have liked to do more lab

Hands-On days outside. Overall I learned so

Activities/Labs much and enjoyed it all!”

Outside
“I would like to go outside more
often, but I really enjoyed the
semester otherwise.”

No Constructive 30% No Response

Feedback
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Both the positive and constructive feedback highlights an appreciation for field
experiences. Excerpts in the tables above show that several students had a positive
response specifically related to studying ecology and doing labs related to the study of
ecology. Not surprisingly, two students reported not enjoying the cold or waking up
early (which we did the morning we went wolf-watching). While all students endured
the cold and waking up early, it appears it only stood out significantly for two of the ten
students surveyed. Soliciting feedback from students is a critical part of the curriculum
design process and helps give students a sense of agency; results from this survey will
inform decisions regarding curriculum planning for next year.

INTERPRETATION AND CONCLUSION

The bioregional curriculum designed for this study gave students chance to
engage with the Greater Yellowstone Ecosystem through direct experience, to participate
in discourse surrounding local topics, and to apply their knowledge through an exercise in
science communication. The results of this classroom research project provide insights
into the overarching question: To what extent does bioregional science curriculum affect
place-attachment, environmental awareness, and local ecological literacy in high school
science students?

The change in the New Ecological Paradigm Score for the bioregional group was
statistically significant while the change in the standard curriculum group was not. This
suggests a shift away from an anthropocentric worldview and an overall shift in the ways
that students see themselves as part of a social-ecological system. After the course, the

Landscape Values Mapping Exercise revealed that more students ascribed educational,
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wilderness, and economic values to Yellowstone National Park than they had previously,
suggesting that students who engaged in discourse surrounding complex land
management topics recognized the multiple uses and multiple values of a contested
landscape.

It is clear as well from the Landscape Values Mapping Exercise that students are
attached to place. However, with such a small sample size and the volatile and deeply
personal nature of place-attachment, it is difficult to connect the bioregional curriculum
directly to place-attachment in students. It is important to note, however, that learning
experiences that the curriculum provided gave students an opportunity to engage with the
Greater Yellowstone Ecosystem in meaningful ways that many students may not have
had access to otherwise. Through Mid-Course Questionnaires, Post-Course Semi-
Structured Interviews, and Post-Course Surveys, it is clear that the experience of seeing
wolves on our trip was an inspiring and memorable event that students anchored their
experience around. This experience, along with others on the trip, necessarily informed
their interpretation of and their attachment to place.

Further directions for this study could include increasing sample size to provide
more complex insights and to address potential issues with reliability and validity in
small sample size and to develop and implement more quantitative methods to measure
place-attachment and ecological awareness. The earth and life sciences standards
addressed by the study integrated naturally with bioregional approach to curriculum for a

semester of high school science. An extension of the study might look at the feasibility
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of physical science instruction in a bioregional framework or to look at this integration in
another geographic location.
VALUE

The study has implications for understanding bioregional curriculum design and
the integration between science education and environmental education. Bioregional
curriculum provides opportunities for educators to integrate the Next Generation Science
Standards. The bioregional curriculum designed for this study provided numerous
opportunities for students to utilize science and engineering practices to “do science” in a
relevant, real-world context. Insights from this have affected my instructional strategies
by validating the feasibility of bioregional curriculum that is rooted in the Next
Generation Science Standards and by reinforcing my beliefs in the power of place-based
pedagogy and the positive effects of field learning experiences that are rooted in science
education. Future directions could include assessing achievement and interest in the
sciences for students receiving instruction based on bioregional curriculum.

Like other parts of the world, the Greater Yellowstone Ecosystem will be
impacted dramatically by climate change, development, and resource extraction in the
lifetime of these students (National Park Service, 2017). Individuals that are intimately
connected to a place and aware of the ways in which that place is changing are better
equipped to challenge threats to the places that are important to them. Scaling up in
levels of ecological organization from the local to the global, an ecologically-literate
population is of critical importance for building capacity for change as our global

community faces challenges associated with our changing planet (United Nations, 2015).
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The curriculum designed for this study set the stage for facilitating connections
between students and their local social and ecological communities; this connection,
when grounded in science education, can set the stage for informed engagement in local
environmental issues. Participating in this study as a researcher and an educator
necessarily informed my relationship to place in the Greater Yellowstone Ecosystem;
alongside my students, I constructed meaning and values associated with landscapes and
rooted in experiences. When empowered by their own unique connection to place,
science educators are uniquely positioned to help students understand their own

relationship to the natural world and find a meaningful niche in their communities.
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APPENDIX B

LANDSCAPE VALUES MAPPING EXERCISE
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Bozeman Region and Greater Yellowstone Mapping Survey:

Thank you for participating in this survey. Your responses are helping researchers understand
attitudes of high school students in Montana. Participation is voluntary and you can choose to not
answer any questions you do not wish to answer and/or you can stop at any time. Participation or
non-participation will not affect your grade or class standing. You will be given 30 minutes to
complete this exercise.

Name
What is your age?
What gender do you identify with?

STEP 1 Find the “Values and Special Places” dot sheet. There are 5 dots for each value.

STEP 2 Stick the dots on the Greater Yellowstone map where the values are important to you.
Use as many or as few dots as you like. You may place multiple values on a single spot if you
would like.

STEP 1 Find the set of 6 “Special Place” dots marked. These dots represent your favorite or
“special places” in the Bozeman region and Greater Yellowstone Ecosystem. After placing your
dots, please write (below) what makes these places special.

Special Place #1
COLOR
Reason:

Special Place #2
COLOR
Reason:

Special Place #3
COLOR
Reason:

Special Place #4
COLOR
Reason:

Special Place #5
COLOR
Reason:

Special Place #6
COLOR
Reason:
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Values and Special Places Sticker Sheet

PINK

GREEN

ORANGE

BLUE

BLACK

RED

PURPLE

YELLOW

Landscape Values

Aesthetic Value: | value these areas for the
scenery--mountains, prairies, forests, and rivers.

Economic Value: | value these areas because they
provide economic opportunities such as tourism, timber,
mining, or ranching.

Recreation Value: | value these areas because they
provide places for outdoor recreation activities.

Educational Value: | value these areas because we can
use them to learn about the environment.

Biological Diversity Value: | value these areas because
they provide places for a variety of wildlife.

Therapeutic Value: | value these areas because they
make people feel better, physically and/or mentally.

Cultural Value: | value these areas because people can
continue to pass down wisdom, a tradition, and a way of
life.

Wilderness Value: | value these places because they
are wild.

Special Places Stickers: Place these on six places
that are special to you in the Greater Yellowstone
Ecosystem. Make sure to name them and write the
reason for their importance on the page attached.
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APPENDIX C
MID-COURSE QUESTIONNAIRE AND END OF

COURSE INTERVIEW QUESTIONS
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Mid-Course Field Journaling Prompts

What does the term “Greater Yellowstone Ecosystem” mean to you?

Are there any places in the Greater Yellowstone Ecosystem that are important to you?
If so, why?

Is there a topic related to local ecology that you are curious about after our time in the
field?

Post-Course Interview Guide

What is the place where you live?

Do you feel like you have learned more about that place this semester?
= If so, why do you think that is?
= What is the most important thing you have learned about that place?
= If not, why not?

Did your project help you learn about that place?

What does the term “Greater Yellowstone Ecosystem” mean to you?

What are its boundaries?

Are there any places in the Greater Yellowstone Ecosystem that are important to you?
If so, why?

Post-Course Survey

Did you like the activities we did science class this past semester?
= If so, why do you think that is?
= If not, what would you change?
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APPENDIX D

NEW ECOLOGICAL PARADIGM SURVEY
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Thank you for participating in this survey. Your responses are helping researchers understand
attitudes of high school students in Montana. Participation is voluntary and you can choose to not
answer any questions you do not wish to answer and/or you can stop at any time. Participation or
non-participation will not affect your grade or class standing. You will be given 30 minutes to

complete this exercise.

Please critically evaluate the statements below and indicate your position by checking a

box on the scale provided.

Statement

Strongly
Agree

Agree

Unsure

Disagree

Strongly
Disagree

We are approaching the limit of the number
of people the Earth can support.

Humans have the right to modify the natural
environment to suit their needs.

When humans interfere with nature it often
produces disastrous consequences.

Human ingenuity will insure that we do not
make the Earth unlivable.

Humans are seriously abusing the
environment.

The Earth has plenty of natural resources if
we just learn how to develop them.

Plants and animals have as much right as
humans to exist.

The balance of nature is strong enough to
cope with the impacts of modern industrial
nations.

Despite our special abilities, humans are still
subject to the laws of nature.

The so-called “ecological crisis” facing
humankind has been greatly exaggerated.

The Earth is like a spaceship with very
limited room and resources.

Humans were meant to rule over the rest of
nature.
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The balance of nature is very delicate and
easily upset.

Humans will eventually learn enough about
how nature works to be able to control it.

If things continue on their present course,
we will soon experience a major ecological
catastrophe.
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APPENDIX E

LOCAL ECOLOGICAL LITERACY QUESTIONNAIRE
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Local Ecological Literacy Questionnaire: This questionnaire has several questions
related to land management in the Greater Yellowstone Ecosystem

Thank you for participating in this survey. Your responses are helping researchers understand
attitudes of high school students in Montana. Participation is voluntary and you can choose to not
answer any questions you do not wish to answer and/or you can stop at any time. Participation or
non-participation will not affect your grade or class standing. You will be given 30 minutes to
complete this exercise.

Name

What is your age?

What gender do you identify with?

Provide answers to the following questions:
How are landscapes managed near Bozeman?
Describe a local conservation issue:

Describe the phrase “Greater Yellowstone Ecosystem” in your own words:
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APPENDIX F

BIOREGIONAL ISSUES PERFORMANCE ASSESSMENT
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Greater Yellowstone Ecosystem Project Part I:

Yellowstone Expedition Follow-Up Research and Mind Maps

Over the past few weeks you have had the opportunity to explore Yellowstone National Park and
learn about local ecology. By exploring the local environmental through a variety of lenses, you
have time to reflect on some of the natural and scientific history that has produced this impressive
landscape. You went wolf-watching, hiked around a diverse ecosystem affected by climate
change, participated in a citizen science project, and discussed bison management and grazing
patterns. All the while, you learned about local environmental concerns and heard from some of
the people that work towards creating change to protect this place.

Reflecting on these experiences, you now have the opportunity to dig deeper by choosing a
follow-up question to investigate over the next week.

Methodology:
1. Using field notes and class discussions, choose a research question about a local

environmental issue in the Greater Yellowstone Ecosystem to investigate (note: a good
research question is one that cannot simply be “google-searched”)

2. Create a mind map to showcase your thinking and types of questions you will work
through to gain insights on your research question. This is an opportunity to personalize
the approach to your research and create a framework for your thinking,.

A few things to remember:
e A research question does not have one right answer. A good answer, though, showcases

your reasoning and is one backed by evidence (quantitative or qualitative)

¢ Your mind-map is part I of a larger project on the Greater Yellowstone Ecosystem that
will be completed after Thanksgiving Break--set yourself up well by doing quality
background research!

Part II: Greater Yellowstone Ecosystem Bioregional Issues Infographic

Throughout the fall you have explored the concept of community through the study of community
ecology. You have learned about different ecological communities and some of the challenges
they face as part of the Greater Yellowstone Ecosystem. For the second part of You will do
research on the issue outlined in your mind-map and present this information on an infographic.

Part A. Research
e  What do people need to know about the issues in your research question?
e Take good notes and determine what information should be included on your infographic.
e You are required to cite your sources using MLA format. (the Online Writing Lab from
Purdue is a great source)
¢ Your research question may be about an issue that has multiple stakeholders (for
example, Brucellosis and Bison). If that is the case, make sure you present both sides of
the issue! Make sure you provide enough detail to show why it is a compelling topic!
Part B. Your research progress must be approved before you begin creating your infographic.
e Create an infographic that tells the story of your research using interesting visuals.
e Your infographic must include:
o some representation of data related to your topic (qualitative or quantitative)
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o Engaging images
o Text explaining what the viewer needs fo know about your topic.
*  Where? Geographic information: explain where in the Greater
Yellowstone Ecosystem
=  Who? Who is affected? What species are involved? How are humans
involved? Does your topic relate to land management in the Greater
Yellowstone Ecosystem?
=  When? Is there any historical information you need to include?
=  Why? Why does it matter? What makes your topic interesting or
important?

Formatting Guidelines:

Use an infographic creator to help you make your infographic. Canva.com (will be shared
in class) is a great website to use.

Use size 12 font

If you create a digital copy and send it to Tory, she will print it to be size 11x17

Do not use the first person (“I”)

A works cited box on the bottom of your infographic is required.

Standards Assessed:

Evaluate claims, evidence, and reasoning that the complex interactions in ecosystems
maintain relatively consistent numbers and types of organisms in stable conditions, but
changing conditions may result in a new ecosystem. (HS-LS2-6)

Obtaining, Evaluating, and Communicating Scientific Information Effectively
Analyzing and Interpreting Data

Engaging in Argument from Evidence

You will have one week (spread out) in class to work on this project. It will be due to Tory no
later than Wednesday, December 12th.
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Bioregional Issues Performance Assessment Infographic Rubric
Demonstrated Understanding of Bioregional Issue:

No Evidence | Emerging (1) Developing (2) Meeting (3) Exceeding (4)
0)

Project was Project shows | Project shows Project demonstrates | Project

not turned in | limited awareness of a awareness of a demonstrates
or shows no | understanding | bioregional issue, bioregional issue awareness of
evidence of of a bioregional | but level of student | and depth of bioregional

awareness or
understanding
of bioregional
issue.

1SSue.

research limits
student
understanding of
issue.

research that takes
into account
multiple stakeholder
viewpoints and/or
sources of evidence
(depending on
topic).

1ssue, cites
multiple lines of
evidence, and
extends
knowledge of
issue to make
meaningful
claims about the
broader impact
of the issue.
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SCIENCE I COURSE DESCRIPTION AND UNIT OVERVIEW
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Course Description: Science I: Quarters 1 and 2

Students will be introduced to experimental design in the field and the natural history of
the Greater Yellowstone Ecosystem through a place-based and experiential curriculum.
During the first quarter of science, students will work through the fundamentals of the
scientific method and field science. Through both conceptual work and field visits,
students will hone their skills as they tackled the essential question, “How do we define
community?” Students will start the year by gaining a foundation in Earth Systems
Science that will orient them to the origin of the Gallatin Valley in the context of
structural geology. Later in the quarter, students will jump into ecology by investigating
connections and relationships between the various biotic and abiotic factors in their local
environment. Through a variety of lenses, the class will focus on dynamics, structure, and
energy flow throughout ecosystems. With an emphasis on interactions within the Greater
Yellowstone Ecosystem, discussions and case studies will revolve around keystone
species, trophic cascades, and direct and indirect impacts on food webs. Field work skills
will be sharpened through multiple field excursions including expeditions.

During the second quarter in science students will continue to hone experimental design
and persuasive reasoning skills through a deeper study of ecology. The quarter will start
off with an investigation of follow-up research questions related to the students’
experience in the field on expedition. Students will research relevant concepts related to
their research question and then put together formal presentations to their share their
findings with their peers. The remainder of the quarters students will explore various
components of forest health related to patterns of succession, biodiversity and population
dynamics. Students will be exposed to various resources while tackling this work,
including interviews with local experts. The quarter will culminate with a deep dive into
a local environmental issue that students will investigate through the lens of diverse
stakeholders.

Quarters 1+2 Units:

Structural Geology (ESS)

Community Ecology and Succession (LS1)

Biodiversity and Population Dynamics (LS1 and LS3)

Local Environmental Issues and Field Science (LS2, LS3) (Greater Yellowstone Bioregional
Issues Infographic Project).

LS

Field Experiences:

Anaconda-Pintler Wilderness Backpacking Trip
Yellowstone Citizen Science Field Trip
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APPENDIX H

EXAMPLE STUDENT BIOREGIONAL ISSUES PERFORMANCE ASSESSMENT
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FIRE SUPPRESSION
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APPENDIX I

STUDENT RESPONSE: LANDSCAPE VALUES MAPPING EXERCISE
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