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INTRODUCTION
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Overview
SCAPE (Sustainable Communities and Place-based Education) is a pilot high school and
community-based science education project combining online learning and field observations
linked to “living classrooms” across the Colorado River (CR) Basin. Funded by the EPA in 2016,
the project utilizes recognized environmental education (EE) curriculum design guidelines and
workshops and provides opportunities for science teachers to learn both the science of water
quality and best practices for EE. SCAPE trained teachers introduce students to the hydrology
of the CR System, methods for measuring in-stream flow, and techniques for testing water
quality. Resources are provided in computer literacy, environmental history, policy, and ethics,
with special emphasis on the CR. SCAPE incorporates state and national education standards
and can be used to augment existing teaching plans. The program uses EE pedagogy to
create lessons related to real-world problems—in particular, water quality and supply—and
gives our partner teachers the tools and methods to move from knowledge to action
During the 2017-2018 academic year, the SCAPE program was tested in ten schools in five states
along the Colorado River (CR). Comprised of seventeen lessons, the curriculum introduced students to
the history and health of the Colorado River system, procedures for sampling and testing the river’s
water quality, methods for measuring in-stream flow, techniques for gathering and identifying species
living in the river, and strategies for identifying potential sources of pollution across the CR Basin. It
also introduced them to computer-based methods of storing, analyzing, and visualizing data gathered
in the course of doing field work.
Educational Advancement
Through a STEM-focused curriculum, students become stewards of the environment by linking their
experience of place (personal habits and patterns of living) with conditions and evidence from specific
locations (local, regional, global), as well as with a network of living classrooms across the CR Basin
through the SCAPE website. Each classroom adopted a section of the CR system as their living
classroom for conducting fieldwork and stewardship activities. The SCAPE curriculum uses online tools,
documentary video, field research, and discussions and readings of environmental history, policy, and
ethics to raise students’ awareness of the importance of healthy river ecosystems and water security.
The course culminated in student projects that catalyzed action within local communities and fostered
behavioral changes. This fulfills the priority of educational advancement by connecting STEM skill
development to real environmental conditions and outcomes.
EE Teaching Skills
Master teachers, curriculum designers, and media experts met in Year 1 to craft a prototype EE
curriculum focused on water quality in the CR Basin. In Year 2, classroom teachers were introduced to
SCAPE through summer workshops, regional meetings, on line courses, and streamed mini-conferences.
Participants
Core Team
Dan Collins—Principal Investigator, Arizona State University, AZ / Telluride Institute, CO
Kaard Bombe—Videographer, Phoenix, AZ
Monica Elser—Co-Investigator, Flathead Lake Biological Station, MT
Matthew Gallagher—Evaluator, UOEEE, Arizona State University, Tempe, AZ
Elena Ortiz—Co-Investigator, Professor, Phoenix College, Phoenix, AZ
Vicki Phelps—Co-Director, Watershed Education Program, Telluride Institute, CO
Renu Singh—Director, Gifted & Talented Academy, Maryvale High School, Phoenix, AZ
Shaun Ylatupa-McWhorter—Networking & Database Specialist, Arizona State University
Elizabeth Stuffings—San Miguel Watershed Coalition / Telluride Institute, Telluride, CO
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Contributors
Chris Bires—Science Teacher, Boulder City High School, NV
Alison Cook-Davis—UOEEE, Arizona State University, Tempe, AZ
Jesus Cordova—Science Teacher, PPEP.org, Somerton, AZ
Kevin Dunbar—Science Teacher, Cedaredge High School, Cedaredge, CO
Linda Guerrero—Fiscal Specialist, GIOS, Arizona State University, Tempe, AZ
Paul Haberstroh—Professor, Mohave Community College, Lake Havasu City, AZ
Hilairy Hartnett—Professor, Arizona State University, Tempe, AZ
Casey Jones—Science Teacher (retired), Orme School, Mayer, AZ
Damien Jones—Educator, Rock Point, AZ
Laura Kudo—Co-Director, Watershed Education Program, Telluride Institute, CO
Laurie Lundquist—Environmental Artist, Telluride, CO
Rex Lybrand—Science Teacher, Telluride High School, Telluride, CO
Kristen McClellen—Science Teacher, Grand Junction High School, Grand Junction, CO
Deb Noble—Science Teacher, Pinedale High School, Pinedale, WY
Anne Norenberg—Student worker, Arizona State University, Tempe, AZ
Hector Romero—Science Teacher, PPEP.org, San Luis, AZ
Helen Rowe—Field Institute Director, McDowell / Sonoran Conservancy, Scottsdale, AZ
Steve Smith—Science Teacher, Animas High School, Durango, CO
Wayne Tucker—Superintendent, PPEP.org, Tucson, AZ
Mary Walker-Irvin—Science Teacher, Grand County High School, Moab, UT
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1. Built SCAPE, a 320 page EE curriculum combining classroom, field, and online learning;
2. Trained teachers to create and interact with SCAPE in 10+ regional high schools and institutions;
3. Taught students and citizens sustainability, water quality/supply, and environmental protection.
4. Fostered “stewardship” of the CR system—our shared “commons” among students, teachers, and
communities, especially in under-represented groups.
5. Developed a unique set of computing resources “in the cloud” for uploading and sharing data and
doing comparative analysis across our schools.
6. Implemented an equitable funding mechanism for sub-awardee grants of $5000 or less.
7. Produced a library of documentary videos and an archive of photographs.
8. Presented the SCAPE concept and curriculum at major regional and national conferences.
9. Distributed completed SCAPE curricular materials to an expanded cohort of schools across the CR
Basin (ongoing).
10. Used SCAPE 1 as a basis for an expanded EPA proposal for 2018 – 2020.
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For a detailed accounting of the degree to which individual schools met short, medium, and longterm Outcome goals, please refer to the “Teacher Reports” in Appendix X1. The following table
provides a general overview of Outputs and Outcomes.
Outputs
Developed and implemented recruitment
plan for teachers and
students with
emphasis on rural and low
income/high minority
school districts

Successfully ran
development workshops
and training for high
school teachers and
community educators
(June 2016, June
2017, August 2017,
November 2017).

Short-term
Identified 10 schools and
teachers and ~600
students. Increased
access and engagement
by under-represented
communities to EE
resources

High school teachers and
community educators
participated in summer
workshops, online
training, and service
learning work to increase
awareness.

Outcomes
Medium-term
Participants
demonstrated increased
awareness and
comprehension of
environmental issues and
how policies and
practices affect their
community’s
environment

Long-term
Established sustainable EE
programs on
water conservation and
quality in targeted
regions featuring welldefined, professionally
formatted curricula

Teachers integrated
increased knowledge of
EE best practices into the
classroom.
Teachers and students
led environmentallyfocused projects in
their schools and
their communities.

Materials were shared
online and with
educators at local and
national EE and science
teacher conferences
(e.g., FATE (Kansas City,
April 2017); San Juan
Mine Reclamation
(Creed, CO); NAAEE
conference, Spokane,
WA, Oct. 2018).
Widely distributed
video documentation via
SCAPE Vimeo channel.
Students and teachers
demonstrated behaviors
and commitments to
environmental protection
and educated others
outside of program
about environmental
issues— especially in
under-served
communities. Persistence
in and knowledge of
STEM skills. Wide
adoption and
dissemination of SCAPE
curriculum.
Comprehensive
summative report
completed and submitted
to EPA (July 2018).

Developed high quality
online-accessible
curricular materials on
sustainable water use and
quality; assistedd
teachers in developing
materials for wider use

Increased
capacity
and
motivation for teachers to
develop quality EE
materials.
Reinforce local identity.
Assessment and
evaluation of materials

Took specific actions on
water conservation and
quality at campus and
community levels to
reinforce local identity.

Supported teachers in
implementing STEMdriven environmental
education (EE) program
focused on sustainable
water use and quality

Increased capacity for
teachers to implement
EE programs tied to
STEM learning
objectives. Increased
teacher and student
understanding and
awareness of water
quality in the Colorado
River System.

Formative assessment
of student and teacher
actions completed
quarterly tracking local
environmental
outcomes and STEM
learning. Persistent
application of proven
STEM and EE learning
methods.
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SECTION I: METHODS
During the 2017-2018 academic year, the University Office of Evaluation and Educational Effectiveness
developed a quarterly survey for the eleven teachers participating in the program to provide feedback
on the lessons they had implemented. Of a possible 44 surveys, 38 were completed (86%). In March and
April 2018, the University Office of Evaluation and Educational Effectiveness conducted interviews with
the teachers to gather feedback on their experiences in the SCAPE program. Of the eleven SCAPE
teachers, six completed an interview (55%). Findings from the quarterly surveys and major themes from
the interviews are presented below, along with recommendations for ensuring success in the next iteration
of the SCAPE program.
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SECTION II: QUARTERLY SURVEY FINDINGS
SCAPE SCHOOLS
Teachers implemented a total of 52 SCAPE lessons, an average of 4.7 SCAPE lessons per teacher, during the
2017-2018 academic year (Table 1). The most SCAPE lessons were implemented at Grand Junction High
School (n=11), and the fewest SCAPE lessons were implemented at Telluride High School (n=0). The fewest
lessons were implemented in Quarter 1 (n=6), as teachers dealt with the initial administrative tasks of
acquiring equipment to implement the lessons and planning the logistics of field trips to local rivers. The most
lessons were implemented during Quarter 4 (n=21), when teachers had acquired the necessary equipment
and the weather had warmed enough for them to conduct fieldwork lessons at the river sites.

Table 1. SCAPE Lessons Implemented by School
School

Q1

Q2

Q3

Q4

Total

Boulder City High School

0

0

2

1

3

Pinedale High School

1

0

0

2

3

PPEP Tec High School Jose Yepez Learning Center

0

-

2

3

5

PPEP Tec High School Cesar Chavez Learning Center

-

0

1

3

4

Cedaredge High School

-

4

3

3

10

Grand Junction High School

2

4

1

4

11

Grand County High School

0

0

1

3

4

Maryvale High School Gifted and Talented Academy

1

0

1

1

3

Telluride High School

0

-

-

-

0

Animas High School

2

2

0

-

4

Telluride Institute

0

4

0

1

5

6

14

11

21

52

Total

10

EPA SCAPE Program Summative Report

SCAPE LESSONS

The most frequently implemented lesson (n=10) was Lesson 2.3 - Water Characteristics and Chemistry. Three
lessons were never implemented: 3.3 - Fusion Tables: Data Visualization, 4.3 – Story Maps, and 4.4 –
Collaborative Smart Map of All Partner Schools (Table 2).
While the curriculum was divided into units that were to be implemented sequentially, this did not occur.
Lessons in Unit I, titled “Pre-Fieldwork,” were most frequently implemented in Quarters 3 and 4, after the
lessons in Unit II, titled “Fieldwork,” were implemented. Very little content from Units III and IV was
implemented.

Table 2. Number of SCAPE Lessons Implemented
Lesson

Q1 Q2 Q3 Q4
Unit I – Pre-Fieldwork

1.1 Environmental History and the Colorado River Basin

1

-

3

1.2 My Map = My Place

-

-

3

3

1.3 Doing Our Part

1

-

1

2

1.4 First Come, First Served

-

-

1.5 Environmental Ethics and Policy

1

-

-

-

2.1 Riparian and Habitat Diversity

-

3

1

-

2.2 Streamflow = Volume x Velocity

2

3

1

2

2.3 Water Characteristics and Chemistry

1

4

1

4

2.4 Macroinvertebrates

-

3

-

4

3.1 Post Your Data to the Cloud - EZ Form

-

-

-

1

3.2 Using Pivot Tables

-

-

1

1

3.3 Fusion Tables: Data Visualization

-

-

-

-

3.4 Lab Report

-

1

-

-

2

Unit II - Fieldwork

Unit III – Post-Fieldwork

Unit IV – System-wide Impacts

Individual
Lesson
Total
4
6
4
2
1
4
8
10
7
1
2
0
1

4.1 System-wide River Water Quality, Security, and Supply Issues

-

-

-

1

4.2 Awareness to Action

-

-

-

1

4.3 Story Maps

-

-

-

-

4.4 Collaborative "Smart Map" of All Partner Schools

-

-

-

-

1
1
0
0

6

14

11

21

52

Total

In the quarterly surveys, teachers provided experiential feedback on each lesson they implemented. The
feedback is provided here so that revisions and improvements may be tailored to each lesson. Additionally,
11
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the teachers provided a rating for each lesson they implemented. The rating was selected from a 6-point
scale (1=Very ineffective to 6=Very effective). An average lesson rating is provided for each lesson
implemented, as well as explanations for the rating, as provided by the teachers.

12
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Unit 1: Pre-Fieldwork
Lesson 1.1 – Environmental History and the Colorado River Basin
 Strengths:
o The background reading information was terrific - a little bit long to read at one time for the
students, but I broke it up with a video from the Colorado River Water Conservation District.
o How to interpret a map and photographic evidence to determine the nature of human
interaction with land and water in a given time period.
 Weaknesses:
o The map comparison was very difficult for the students to do on their own. I needed to help
them interpret the maps by asking leading questions. We don't have good access to
computers for the students to pull up the documents, and the copy I made of the maps was too
small to show the images, so I ended up having to pull them up on my computer and show
them on the overhead. I used a lot of paper.
o The student responses need white-space or boxes for fill-in in Google Docs.
o Reading engagement between students.
 Modifications:
o I mainly had to make modifications due to the lack of availability of computers.
o I added three videos as introduction: "I am Red," "Chasing Water," and "Chasing Rivers Part
1." I wrote a video guide worksheet and a reading guide worksheet for students to complete
on paper while they watched the videos and read through the resources.
o I used the projector to show them graphs and maps.
o The adaptation I made to this lesson is that I included two short films about John Wesley
Powell, an explorer who mapped the Colorado River Basin.
 Average Lesson Rating: 4.8/6 (n=4)
 Rating Explanation:
o The content was good, I just wasn't 100% pleased with how I had to deliver it to students.
o The writing assignments need prompts or boxes to guide the students and direct them to the
learning points.
o I found out that students are interested in the topic as they live close to the Colorado River.
They were asking environmental questions and about issues involving water.
o I noticed interest from students and they asked questions. They were eager to learn more
about the Colorado River because we live near it, so this lesson makes it very relevant to
them.
Lesson 1.2 – My Map = My Place
 Strengths:
o Students discovered Google My Maps and its features.
o Good step-by-step instructions.
o The use of computers to create the area where the study samples will be taken was not
difficult for the students because they like to work with computers.
o There are vast applications for when and where this skill could be useful to students in their
future. Most student[s] are familiar with Google Maps, but using the My Map function from
Google Drive is something that they had never done before and they didn't even know it
existed. They were also able to compare it with Google Maps and see how the editing
functions were more useful in the My Maps.
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o The main strength is the use of computers, software, maps, and history about the Colorado
River.
Weaknesses:
o Needs formatted instructions with bullet-points or numbered steps. Also, add more pictures or
examples of what the students should have produced.
o Students were struggling with maps and the meaning of new vocabulary.
Modifications:
o I had students use the guide from Google Docs, Google Classroom on their phones and use a
laptop to create their polygons. I wrote a response sheet directing students to sketch their
maps and identify landmarks via longitude and latitude.
o I used the projector to show them the graphs and maps.
o Foreign exchange students mapped their homes in Thailand, Brazil, Spain, and South Korea
and shared their maps with their classmates. It was great to compare their latitude/longitude
of their homes with ours.
o I had to use the projector to show students the maps and how to use them.
o I first had them map their homes, then they mapped different field locations for water quality
studies.
Average Lesson Rating: 5.2/6 (n=6)
Rating Explanation:
o Although the students successfully created a map, we have been unable to post it on the
SCAPE website.
o Again, students need specific directions for responses.
o In general it was a very illustrative lesson of how to create maps.
o It was easily implemented in each class and was easy to tailor the lesson to multiple
applications.

Lesson 1.3 – Doing Our Part
 Strengths:
o The ‘Setting the Stage’ demonstration captured the students’ attention. The diary shocked
many of the students on how much water they used in showering.
o Easy to do, very little prep time.
o It teaches and shows the students the amount of fresh water around the world, and what we
have to do to conserve it. It creates a personal plan of fresh water conservation to share with
family and friends including our community.
 Weaknesses:
o It would be nice to have an activity on indirect water use involved in food production.
o There were no resources in the binder, but I found plenty online.
 Modifications:
o I modified the demonstration to use 1000 mL of water and then colored various portions of
the water to represent the different types. I like doing it in this manner because it was easy
for students to see the relative percentages.
 Average Lesson Rating: 5.3/6 (n=4)
 Rating Explanation
o Most of the students are pretty aware of the water cycle, forms of water, and how to
conserve, so the information was a little for a younger age student. Indirect and direct water
use was a new concept, so I think this part could be expanded.

14
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o It was a good way to raise awareness of just how much water is used in the average
American home. Most students were surprised.
o It was a very interesting and important lesson for students because of the importance of the
use and conservation of fresh water.
Lesson 1.4 – First Come, First Served
 Strengths:
o It teaches the students a little about the history of the use of the Colorado River water through
its seven states and how Mexico also claims the use of water, as some regions in the Mexicali
Valley in Baja California do not have water from the Colorado River to irrigate their crops.
 Weaknesses:
o The activity using Water User & Action Cards was an activity of little interest for the students,
although for me it was very interesting.
 Modifications:
o None noted.
 Average Lesson Rating: 5/6 (n=2)
 Rating Explanation
o It was a very interesting and important lesson for the students because of the importance of
how the Colorado River water is used in the different states it irrigates.
Lesson 1.5 - Environmental Ethics and Policy
 Strengths:
o Great starting point for environmental discussion. Classroom discussion was based on the video
suggested. Students’ art work depicted the environmental dilemmas.
 Weaknesses:
o Help students understand that they have a role to play in this bigger picture.
 Modifications:
o I only did part of the suggested ideas.
 Average Lesson Rating: 5/6 (n=1)
 Rating Explanation:
o None provided.

Unit 2: Fieldwork
Lesson 2.1 – Riparian and Habitat Diversity
 Strengths:
o We did two 100-ft transects - one close to the river and one about 200 meters away.
Recording the data of the variety/sizes of the plants helped the students see the variety of
habitats in the two locations to a greater extent than if they just sat and looked at the areas
from afar. Students were able to see how the degree of human use of the two areas
impacted what grew there.
o Hands-on, outside data collection.
o Procedures were demonstrated prior to field collection, and all students participated in the
collecting of several water quality parameters. The procedures built on and reinforced the
experiences students had already had with their teacher.
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o Hands-on, on-site activity.
Weaknesses:
o Because we did our transects in mid-October, plant identification was difficult.
o We did not have all of our equipment yet, and time is always a challenge.
o A little more time is needed to understand plants and plant diversity.
Modifications:
o We made no modifications to the field work or classroom portions of the lesson, however we
have not yet posted the results to a site map.
o We had different groups complete each lesson in this Unit instead of the entire class complete
lesson 1, then 2, then 3, and so on.
o This class was an introductory experience, so students did not collect the full selection of
measurements and parameters for the entire unit. They will be completing data collection and
digitally reporting the results at another time with their teacher.
Average Lesson Rating: 5/6 (n=4)
Rating Explanation:
o It would be most effective to do the fieldwork portion of this lesson in August when the plants
are more actively growing.
o These lessons are mostly effective as students are able to relate to the area where the data
was collected and understand how the parameters being tested affects their lives. Not all
students understand/appreciate the economic, aesthetic, and environmental value of our local
waterway, but through education programs such as SCAPE, they see pros and cons of how the
waterway is used.
o Students were engaged and all participated in the class and field portions of the lesson. It
gave an introduction and background for the purpose of, and procedures for, collecting water
data.
o Students do not have an in-depth understanding of plants, thus only the essence of biodiversity
was emphasized.

Lesson 2.2 – Streamflow = Volume x Velocity
 Strengths:
o The hands-on experience measuring the flow.
o It allowed the students to become technically proficient with the process, and it gave them a
reason to care about streamflow because it established its importance for water
quality/aquatic health.
o Hands-on, outside data collection.
o Procedures were demonstrated prior to field collection, and all students participated in the
collection of several water quality parameters. The procedures built on and reinforced the
experiences students had already had with their teacher.
o Students became familiar with the term ‘discharge’ and how it was calculated. Students could
relate velocity and discharge rate to the erosive power of the river.
o Hands-on, outside of the classroom, cross-curricular (mathematics, calculations and graphing),
communication among students, use of electronic sensor (flow rate sensor).
o Teamwork and outside of classroom data collection.
 Weaknesses:
o Not all students could participate at the same time, as we had only a few flow meters.

16
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o If you want students to figure out how to measure flow volume on their own, it could be
modified into a guided inquiry.
o We did not have all of our equipment yet, and time is always a challenge.
o I intended to implement this lesson on the Colorado River with the idea that once the data
were shared with other schools, the data would provide a better comparison with other sites. I
had hoped that by doing the fieldwork the third week of October that we could find a stretch
of the river that we could wade in, but the river was far too deep and swift. These factors
really aren't a weakness of the lesson itself, just a limitation on how meaningful any small
stream data is to other sites.
o Time of lesson – It takes more than a fifty-minute class period to complete with a small group.
o The time needed for everyone to use the flow meter.
 Modifications:
o I used a flow meter to have the students take the measurements. We did not do the manual
measurement of the flow with the stopwatch and floating object, so it decreased the time of
lesson.
o I provided the students with a different template on which to record all the measurements. It
specified a particular length of stream (50 feet) and had them do three transects as opposed
to one. Typically, I prefer to have students devise it all themselves, but I was in a time crunch
with this particular lesson. I also had student groups compare data with each other and discuss
the reliability of the measurements. Given we are at a low flow time (~ 2cfs), the numerical
differences in data were small but percentage differences were high.
o We had different groups complete each lesson in this Unit instead of the entire class complete
lesson 1, then 2, then 3 and so on.
o This class was an introductory experience, so students did not collect the full selection of
measurements and parameters for the entire unit. They will be completing data collection and
digitally reporting results at another time with their teacher.
o We completed Method 1. On Method 2, we could only measure depth for the first 20 feet
across the river. We were unable to do float trials because the only bridges in the area that
spanned the river were too dangerous from a traffic perspective to send students out on. On
Method 3, we did use a flow meter to measure velocity near the shore.
o Completed the lesson in multiple days. Data was not taken on the same day due to 50-minute
class time constraints.
o I had students sit by the river and list various aspects of the stream and what they might
measure instead of playing a YouTube video. Also, we used string to measure distance
instead of tape measure
 Average Lesson Rating: 5.3/6 (n=6)
 Rating Explanation:
o It was easy to follow and easy to implement in class.
o It provided the students a reason for the work they were doing and tools for how to do it. The
only downside could be that it was "cookie-cutter," so students didn't necessarily need to
understand what they were doing.
o These lessons are mostly effective as students are able to relate to the area where the data
was collected and understand how the parameters being tested affects their lives. Not all
students understand/appreciate the economic, aesthetic, and environmental value of our local
waterway, but through education programs such as SCAPE, they see pros and cons of how the
waterway is used.
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o Students were engaged and all participated in the class and field portions of the lesson. It
gave an introduction and background for the purpose of, and procedures for, collecting water
data.
o The logistics of this lesson made it somewhat difficult.
o Very effective lesson that demonstrates flow rate throughout sections of the stream. Many
students commented that they did not know how to find flow rate before and they were able
to realize how much more efficient collecting flow rate is with the use of an electronic sensor.
o The three methods of determining flow rate are good for students to analyze and identify
differences, as far as which method may be most efficient/effective. Writing their assessment
of each method is a good way for students to reflect and explain the most efficient/effective
method to measure stream flow. Also, having students predict attributes that can be measured
on a stream is a good introductory and engagement activity.
o I have implemented the streamflow and water characteristics/chemistry lessons two or three
times now throughout the semester and I have gotten better and understood the material more
with each implementation. I feel it will only improve throughout the remainder of the year and
into next year.
Lesson 2.3 – Water Characteristics and Chemistry
 Strengths:
o I like how there are tutorials for each of the tools the students will use. The idea of getting
water from different sources and comparing them is also good.
o Hands-on, outside data collection.
o Procedures were demonstrated prior to field collection, and all students participated in the
collection of several water quality parameters. The procedures built on and reinforced the
experiences students had already had with their teacher.
o Students really enjoy being outside, collecting data from real streams, and working in pairs.
o Vernier equipment makes this lesson easy to do and therefore easy for all students to try it out
in a short amount of time.
o Hands-on outside of the classroom, cross-curricular (mathematics, calculations and graphing),
communication among students, use of electronic sensors (quick to collect data, allows for data
collection not normally collected in class with titrations such as conductivity and turbidity).
o Hands-on, real life authentic experience.
o Students working with probeware.
 Weaknesses:
o The wrap-up of the lesson (parts 5, 6 & 7) were unclear and lacked relevance for my
classroom, so I altered them.
o We did not have all of our equipment yet and time is always a challenge.
o Time of lesson - It takes more than a fifty-minute class period to complete with a small group.
Calibration of the equipment (specifically the DO optical probe). Lack of instruction for the
probeware - confusing instructional video links, as some of the equipment in the videos are not
the same as our Labquest 2 computers or probes.
o Getting the equipment.
o Comparative data was difficult to view.
 Modifications:
o I spent the first class period teaching students how to use the interfaces and probeware from
Vernier. This included teaching them how to calibrate the instruments because I want them to
understand the role of calibration and reliability in scientific work. Then we all went to the
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field to make measurements on three streams which converge. I had each of the three sections
of my class measure the water in a different one of the streams multiple times. Then they used
the body of their data to predict the values of the water quality parameters after the streams
converge and compare their predictions to real-time USGS data. I think having multiple
students make measurements of the same water allows for conversations about precision,
accuracy, reliability, and uncertainty.
o We had different groups complete each lesson in the Unit instead of the entire class complete
lesson 1, then 2, then 3 and so on.
o This class was an introductory experience, so students did not collect the full selection of
measurements and parameters for the entire unit. They will be completing data collection and
digitally reporting results at another time with their teacher.
o Completed the lesson in multiple days. Data was not taken on the same day due to 50-minute
class time constraints and from learning how to use the equipment.
o We added wildlife and forest conservation to the unit.
o Rewrote the entire lesson to high-school level.
o Included an introductory lesson that allows students to research each stream attribute in small
groups (the how, what, & why) and present their findings to the class through a presentation so
they all have an understanding of what each attribute is before collecting data.
o Included student assessments (SAT/College Board format assessments) and
opportunities/suggestions for students to learn from water experts through field
trips/advanced classes, etc.
 Average Lesson Rating: 5.1/6 (n=7)
 Rating Explanation
o The lesson was technically sound and could be taken a lot of different ways by different
teachers. To be an excellent lesson it should be embedded in a larger context or investigation
which would be specific to a particular classroom and it should involve field measurements.
o These lessons are mostly effective as students are able to relate to the area where the data
was collected and understand how the parameters being tested affects their lives. Not all
students understand/appreciate the economic, aesthetic, and environmental value of our local
waterway, but through education programs such as SCAPE, they see pros and cons of how the
waterway is used.
o Students learned proficiency with the measuring devices, enjoyed collecting the data, and did
some critical thinking in the field. The only aspect of the lesson which needed to be improved
was having students understand what each of the water quality parameters are measuring
and why they are important.
o Students were engaged and all participated in the class and field portions of the lesson. It
gave an introduction and background for the purpose of, and procedures for, collecting water
data.
o Data were reproducible. Lesson was easy for students to understand and perform.
o We spent a lot of our time learning how to use the equipment -watching the videos and
reading how to calibrate. Once we got that done, we were able to collect data pretty
efficiently and compare it with previous data. The equipment is great, but there is a slight
learning curve to overcome in the use of the probeware.
o Water chemistry made more sense and relevance when done outside the classroom in a real
water body (Salt River).
o To stay on task, students need instructions simple and data acquisition streamlined.
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o I have implemented the streamflow and water characteristics/chemistry lessons two or three
times now throughout the semester and I have gotten better and understood the material more
with each implementation. I feel it will only improve throughout the remainder of the year and
into next year.
Lesson 2.4 – Macroinvertebrates
 Strengths:
o Hands-on, outside data collection.
o Procedures were demonstrated prior to field collection, and all students participated in the
collection of several water quality parameters. The procedures built on and reinforced the
experiences students had already had with their teacher.
o Students were able to learn how to use a dichotomous key and were able to characterize the
quality of water based on the organisms they identified.
o This SCAPE lesson complements the field ecology course, which will be divided into three
stations: fish habitat, water quality, and food. Students learned about how the presence of
macroinvertebrate species indicates the quality of a stream.
o The hands-on nature of the tasks.
 Weaknesses:
o We did not have all of our equipment yet, and time is always a challenge.
o It can be difficult to quickly and efficiently separate out the macroinvertebrates in the field
when there are large quantities of them. I have a 50-minute class period and sometimes this
presents a challenge.
 Modifications:
o We had different groups complete each lesson in the Unit instead of the entire class complete
lesson 1, then 2, then 3 and so on.
o This class was an introductory experience, so students did not collect the full selection of
measurements and parameters for the entire unit. They will be completing data collection and
digitally reporting results at another time with their teacher.
o We collected the samples during one day and then identified the organisms the next day in
the classroom, returning the water and macroinvertebrates to the river after identification.
o Because this is a younger group, we are not doing as much data input; just collecting field
data to be analyzed later in the classroom.
o Prior to our field trip, I had the students create a macroinvertebrate slide show with all of the
species to familiarize themselves with the identification of each. They also labeled them by
niche and sensitivity ahead of time.
 Average Lesson Rating: 5.8/6 (n=4)
 Rating Explanation:
o These lessons are mostly effective as students are able to relate to the area where the data
was collected and understand how the parameters being tested affects their lives. Not all
students understand/appreciate the economic, aesthetic, and environmental value of our local
waterway, but through education such as SCAPE, they see pros and cons of how the waterway
is used.
o Students were engaged and all participated in the class and field portions of the lesson. It
gave an introduction and background for the purpose of, and procedures for, collecting water
data.
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o Students loved doing this activity and were amazed at the variety of macroinvertebrates that
they found.
o This is a comprehensive lesson, which is very engaging. Students are enthusiastic about
observing and identifying the different species. They became aware of how different species
are more tolerant of pollutants and higher temperatures than others.
o This is a great way to tie biological indicators of water quality into chemical indicators of
water quality. It gave students numerous ways to assess the health of a waterway.

Unit 3: Post-Fieldwork
Lesson 3.1 – Post your Data to the Cloud
 Strengths:
o Having students access data from other locations.
 Weaknesses:
o SCAPE manual directions and the numerous folders on the SCAPE site were confusing.
 Modifications:
o None noted.
 Average Lesson Rating: 4/6 (n=1)
 Rating Explanation:
o The water quality data table format would be better if it mirrored how the field data sheet
looked.
Lesson 3.2 – Using Pivot Tables
 Strengths:
o Allows students to view summaries of the collected data and compare with other groups
(schools) that have collected and posted data on the SCAPE portal datasheet.
o Ability to link data with the tables.
 Weaknesses:
o I just gave a tutorial and projected the data and how to create the pivot table. We are still
missing data to assess a complete database.
o Students were familiar with Excel tables and were frustrated by the different format.
 Modifications:
o Projected the data and gave an overall class tutorial, then compared data to other schools.
 Average Lesson Rating: 4.5/6 (n=2)
 Rating Explanation:
o We did not get to have the kids create their own pivot tables and fusion tables. I think they
got the idea, but lacked the application component, which we will get to later in the year.
o Pivot tables are clumsy in comparison to Excel.
Lesson 3.3 – Fusion Tables, Data Visualization
This lesson was not implemented by any SCAPE teachers during the 2017-2018 academic year.
Lesson 3.4 – Lab Report
 Strengths:
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o Having the students analyze real (i.e., 'messy') data and use it to make predictions required
higher order skills. They also validated their predictions in several ways and had to think
critically about the nature of their measurements and what they meant. Also, writing forces
students to really understand their own thinking and is a great tool to promote understanding.
Weaknesses:
o Lack of a real-world audience. Students did a lot of critical thinking but weren't as intrinsically
motivated as they might have been if their product was for someone other than myself and
the math teacher I collaborated with.
Modifications:
o We went to a location where three streams converged into one. We measured the water
quality parameters in each of the streams and then used them to predict the water quality
parameters after the confluence. We were also able to compare student measurements to
USGS monitoring data because each stream had a monitoring station near where we
measured and because there was a monitoring station below the confluence. This produced a
large amount of data for the students to evaluate reliability of their measurements and
predictions. It taught them about how to model systems and how to evaluate uncertainty. I
partnered with a math teacher to teach statistics of central tendency (median, mean), statistics
of variability (standard deviation, range), and weighted averaging. This lesson also had
embedded complexity. For example, pH did not behave as anticipated because of the
buffering capacity of one of the streams. If I were to do this again, I would segment the data
collection into 2 or 3 chunks and use it over a much longer period to teach more about
acids/bases, buffering and pH, along with more about solubility of gases in a solution (DO)
and to teach more about measurement reliability. The amount of science here is really rich and
could be stretched out over an entire semester.
Average Lesson Rating: 5/6 (n=1)
Rating Explanation:
o I was really pleased with the critical analysis of data my students performed, their increased
skills with Google Sheets, and the quality of their writing. My only disappointment was not
having them motivated to ask deeper questions of their own, but instead needing to be
guided/driven by me.

Unit 4: System-wide Impacts
Lesson 4.1 - System-wide River Water Quality, Security, and Supply Issues
 Strengths:
o This is a currently relevant topic, so student interest was high.
 Weaknesses:
o None noted.
 Modifications:
o None noted.
 Average Lesson Rating: 5/6 (n=1)
 Rating Explanation:
o Very nice, summative project.
Lesson 4.2 – Awareness to Action
 Strengths:
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o Students related their knowledge of the Colorado River Basin to public service.
Weaknesses:
o None noted.
Modifications:
o None noted.
Average Lesson Rating: 5/6 (n=1)
Rating Explanation:
o Good summative project.

Lesson 4.3 – Story Maps
This lesson was not implemented by any SCAPE teachers during the 2017-2018 academic year.
Lesson 4.4 - Collaborative "Smart Map" of All Partner Schools
This lesson was not implemented by any SCAPE teachers during the 2017-2018 academic year.

Survey Themes - General Comments and Barriers Faced
In the quarterly surveys, SCAPE teachers were provided an opportunity to share comments about their general
experiences in the SCAPE program as well as describe any barriers they have faced while implementing the
lessons. Themes and supporting quotes from these responses are provided below.
Administrative Logistics
SCAPE teachers noted three areas in which they struggled with the administrative logistics of implementing the
SCAPE program in their classrooms. First, teachers shared their difficulties in planning the field trips necessary
for implementing the lessons in Unit II of the SCAPE curriculum. One teacher shared, “The field trip has not
happened, as no allowance to the Lower Colorado River has yet been authorized.” Another teacher stated,
“Field trips have been very difficult since I cannot take students out of state. And the only location on the river
I could survey was on the Arizona side.” While most teachers were eventually able to secure the necessary
permits and authorization to conduct a field trip with their class, one teacher recommended that teachers that
plan to participate in the SCAPE program “get the permits and bureaucracy taken care of long beforehand,
perhaps before committing to the project.”
Second, teachers shared challenges in acquiring the necessary equipment and supplies for implementing the
SCAPE lessons. Initially, some teachers faced challenges in procuring the funding to purchase the equipment,
as many had to navigate their school district’s bureaucracy to obtain it. One teacher shared, “I don’t know
how to fix the bureaucracy, but that would help, since I didn’t have the funds available to buy what I needed
out of pocket and then wait for reimbursement.” Another teacher noted, “I have found the process for securing
funds to be slower and more paperwork heavy than I was led to believe.” Once funding became available,
one teacher faced challenges in “finding the right vendor to order the equipment.” Some teachers who
purchased the equipment then faced challenges in securing reimbursement for the purchase. One teacher
noted, “Getting reimbursed for expenses related to the SCAPE program has been difficult. In part this is
because my school is authorized by a state-chartering body, so there is an additional layer of bureaucracy,
and in part because the process for getting reimbursed is unclear.”
Third, teachers described challenges in a few areas of the SCAPE program’s operations. One teacher noted
that the program funding did not adequately cover the amount of equipment needed for a large class. In
reference to accessing the program’s online resources, another teacher stated, “The SCAPE drive had so many
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folders that it was sometimes difficult to know where to go. I think it would benefit partner schools if the drive
was reorganized before the curriculum was implemented again.”
Weather
As a place-based curriculum, the SCAPE program relied heavily on its participating schools to conduct field
trips to the Colorado River and its local tributaries. For many schools, weather, particularly during the winter
months, posed limitations on the extent to which the curriculum could be implemented. One teacher shared,
“Weather is my biggest challenge. I’ve been focusing on other content, mainly snow science, during the winter
months, but will transition to the SCAPE curriculum in March 2018.” Another teacher noted the difficulty of
implementing the fieldwork lessons when coupled with the logistical challenges faced: “My district office
finally let me know they received the funds to purchase the equipment on December 5th. Unfortunately, it has
now gotten quite cold, and we are not at a place for any of my classes to conduct SCAPE lessons at this time.”
Integrating with State Curriculum
A few schools participating in the SCAPE program provide their teachers the flexibility and independence to
develop their own curriculum. In these cases, teachers shared that implementing the SCAPE curriculum was
quite smooth. However, a few schools mandate that their teachers follow state curriculum guidelines. For the
SCAPE teachers in these schools, implementing the SCAPE curriculum proved more difficult. One teacher
shared, “The biggest challenge at our school is finding the time to squeeze the SCAPE curriculum into the
curriculum that I need to cover for the AP exam.” Another teacher noted, “The primary barrier was finding the
time to take away from our regular course curriculum to do the SCAPE lessons.” A third teacher described the
general challenge of finding creative ways for the SCAPE curriculum to “mesh with the state’s core
requirements and standardized testing.”
Length of Lessons
Several teachers shared that the activities and content that some lessons endeavored to cover was greater
than the time allotted for the lesson. One teacher stated, “I would like more lessons that do not require so
much demand for time. Many are multi-day activities.” Another teacher shared, “I feel that [the lesson] has a
lot of information for two 45-minute sessions.” A third teacher said, “The biggest barrier was finding enough
time back in the classroom to process the data. We have not had the time to upload any of it yet.”
To deal with this, teachers either broke up single lessons into multiple classes or eliminated some portions of a
lesson. Some teachers experimented with offering some of the content after school, but ultimately abandoned
the idea. One teacher expressed, “Time was always an issue. Few students wanted to work after school or on
their own, even when grade incentives were offered.” Another teacher shared, “We face many time
constraints. Classes are only 50 minutes and the students involved are involved in many different activities.”
Grade Level Appropriateness
While all 52 SCAPE lessons were implemented at the high school level, a few teachers noted that there was
some unevenness to the lesson content – some lessons were deemed too easy for high school students and
others were deemed too difficult. One teacher stated, “Some lessons are more challenging to students than
others. For example, the data mining through pivot tables and producing story map lessons are a little more
challenging for the younger grades.” Another teacher shared, “Rewrite the lesson to the high-school level, with
specific and clear instructions.” To address this unevenness, one teacher recommended: “I would have one or
some of the authors of the SCAPE curriculum sit down with a new partner teacher and have that teacher use
the manual to identify confusing sections while the authors could revise the manual.” Another teacher
recommended that assessments be added to each lesson.
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Learning Curve
Implementation of the SCAPE curriculum required participating teachers to train themselves and their students
on a variety of new technology, including water testing equipment, Google fusion tables, Google My Maps,
and Excel pivot tables. Even though the SCAPE teachers were trained to use these new technologies in the
summer prior to the school year, several teachers struggled to apply these skills during the academic year.
One teacher shared, “It's going to be a challenge for me to know how the devices work so I can teach my
students how to use them, because it's something new for me.” Another teacher noted, “If a probe isn’t working
like it should, or if we are struggling to calibrate the equipment, or need help creating a pivot table, it takes
time to find help and implement a solution.”
Teachers understood that technical help was available from SCAPE program leadership, but some discussed
their limited windows of time to access this assistance. One teacher shared, “A challenge is getting the help I
need to navigate through the Google docs when I need it. I have small windows of time when I can turn my
attention to this project. I get frustrated when I try to accomplish something in preparation for doing a lesson
and then get stalled by not being able to navigate between the documents/spreadsheets.” Another teacher
stated, “I may need a little refresher on some of the technology components when it comes time for my
students to start uploading their data. I haven’t played around with the fusion tables for a few months, but
hopefully that content will be easy enough to teach to the students.” A third teacher said, “I'm having some
difficulty getting things uploaded to the SCAPE site. I have the maps of our locations & water quality data,
but have some difficulty with the pivot tables and fusion table capabilities. I need a bit of a refresher to how
to best accomplish the upload of the data.”
Community of Practice
In the interviews conducted at the beginning of the academic year, SCAPE teachers looked forward to
participating in a community of practice, with many citing the data sharing and collective mapping technology
that was a hallmark of the SCAPE program. It is unclear the extent to which this community of practice was
established. One teacher noted, “I would really like to collaborate with other SCAPE teachers. However,
because I did the training at an alternate time, I have not yet established those connections. I hope to do so
during the conference calls.” Another teacher stated, “Creating a common email listserv for us might be
helpful. In the next quarter I am hoping to collaborate with other SCAPE teachers by having students share
data and discuss local vs. basin-wide water quality issues. Having a simple and unobtrusive way to make
contact and communicate with other SCAPE teachers would make initiating this process much easier.” A third
teacher shared:
“At the beginning of the semester, it was my hope that I would use the SCAPE curriculum as a focal
point for my class. I had hoped to have my students create Data Visualizations and reports to share
with students in other communities along the Colorado River Watershed. I had also hoped to organize
online discussions between my students and students in other communities so that my students could
learn about local and ‘global’ water quality issues. But I have moved away from that because I have
been unable to coordinate and collaborate with the other SCAPE teachers. I opted to change the
focus of my semester to something that did not rely on collaboration with other teachers.”
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SECTION III: INTERVIEW THEMES
Alignment – Planned versus Implemented Lessons
Teachers first discussed how closely the number of SCAPE lessons they originally planned to teach aligned with
how many SCAPE lessons they actually taught. Three teachers implemented fewer lessons than they originally
intended. One teacher attributed the shortfall to the time needed to plan field trip logistics for their students:
“It's a little on the low side. I had hoped to do more, but things got in the way. Primarily on my end, the
bureaucracy involved in getting kids out of the classroom for field trips became an issue.” Another teacher
cited their own communication errors, which limited their collaboration with SCAPE participants: “It's a bit
lower. I expected it to be closer to one-half to three-quarters when I initially signed up for the program. The
difference is largely because of a mistake on my end. I somehow blocked all emails from [SCAPE leadership]
and didn't figure out what was going on until December. Some of the connections I hoped to build with other
SCAPE teachers, I was unable to do so because I wasn't getting any of the communications because of my own
error. And it prevented me from collaborating with the other teachers in the program.” A third teacher noted
that the length of the SCAPE lessons limited the number of lessons that could be implemented: “I think there’s a
lot of work in the lessons. I did two lessons in three sessions. It's a lot information for the students, too many
things they had to learn. It’s why I took a long time to do it.”
Three teachers implemented the same amount of lessons that they originally intended. One teacher noted, “So
the plan was that every quarter I do at least one lesson from the units, and I’ll end up doing about four or five
of the lessons. The only thing different is the number of lesson[s] not syncing with the number of quarters. I think
in one quarter there were three and in one quarter there was none. But we did not lose the initial concept.”
Another teacher shared, “It aligns perfectly. These are topics that I've been teaching anyway, this just
packages it a little differently.” A third teacher stated, “I think I’m about halfway through. So I've completed
the first and second units pretty much in their entirety. And in the third unit, all the uploading to the cloud and
Google docs and using the fusion tables, I haven't done that yet. It's my fault, I've never used them before. So,
that's been the stumbling block, but we’ll finish them.”
Teachers also described the personal benefits the SCAPE program offers in terms of their own professional
development and continued learning. One teacher stated, “As teachers, we lead these types of trips, but in
this project we would be getting more of the technology piece into our offerings and receive some training
ourselves.” Another teacher stated, “This is my environment and I’m very interested to know about the quality
of the river here.”

Student Learning Outcomes
Teachers were asked to describe the main learning outcomes for their students from the SCAPE curriculum.
One teacher indicated that they are unknown at this point, stating, “It's hard to say, because it's something
new.” Two teachers focused on the knowledge gained about the history of the Colorado River. One teacher
stated, “So far, it's primarily been history and knowledge of the Colorado River Valley. They did the Google
Maps and they did the place-based lesson. It feels like it was more tacked on. I hoped it would be more
integrated to what we were doing, but it just didn't end up being the case.” Another teacher shared, “I think
that for the students, they're learning something new about the history of the Colorado River. They got a lot of
information about the area they are living right now, and they know how the Colorado River is providing
water to this area.” One teacher focused on the technical skills gained by students: “They learned how to use
field monitoring equipment. They learned, most importantly to me, how to analyze real-world datasets and
do statistical analysis of those and use those to model and make predictions.” Three teachers described the
benefits from getting students outside the classroom to explore nature, better understand their environmental
surroundings, and think about conservation. One teacher stated, “It opened their eyes to the fact that it's not
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all just streets and businesses and homes and schools. A lot of kids in my class don't spend very much time in
nature, so I think that was really advantageous to the kids.” Another teacher shared, “It does give them an
idea of what's going around them and the effects on the people downstream from us. And that they have to
be concerned about it, because they're depending on the water as well.” A third teacher said, “The
environmental concept of conservation, and water conservation, and the process of water and water
chemistry. How water is such a unique substance. And drinking water, the water we consume, is such a precious
resource. And it's time that we became aware of its conservation and how important it is for the human
survival.” Finally, one teacher shared how the SCAPE curriculum influenced their career goals: “One student
told me he wants to study about the environment, environmental science. I think this kind of work influenced to
the students to study something related to science.”

Place-Based Curriculum
Teachers were asked to reflect on how the place-based learning resonated with their students. One teacher
acknowledged that the students enjoyed it, but struggled to integrate the place-based nature of the SCAPE
lessons into the curriculum: “I think they enjoyed it, but it just felt a little out of place in our curriculum. I did it
after a unit on gases and the weather, so I figured that would be the best place if we're talking about the
weather anyway. It still didn't feel like it gelled, like it transitioned well between units.”
Three teachers described how the relevance of the lessons connected with their students. One teacher shared,
“I had kids that are usually the kind of kids that would roll their eyes at me when I try to introduce them to
things…but they were actually getting excited.” Another teacher said, “They love it. And I realized that, being
freshmen, they are becoming a lot more environmentally aware as compared to students before. So that’s
change I am seeing. They connect - water is a topic that they connect to easily. So they enjoy it, they
understand it, and they have already started thinking at a deeper level and are asking questions, probing
questions. So there is a lot of support for sure.” A third teacher noted, “Using water quality as a focal point,
particularly in our community where the river runs straight through the community, it's a very obvious
connection to chemistry. And we also have issues with the EPA Superfund site that's being studied, so that's a
very relevant question for our community. It was a really relevant way for students to study science.”
Three teachers discussed the value of getting students outside the classroom to collect actual data. One
teacher explained, “I think the ability to get out and do real world data collection and get them out of the
classroom was valuable. Beyond just the parameters that we were looking at in the riparian habitats and
stream velocity, just making them aware of their environment.” Another teacher shared, “Analyzing data that
they themselves and their peers collected was more valuable than making up datasets or grabbing mock
datasets online. For part of our field trip, we did a service project and they, to an extent much greater than I
could've ever imagined, enjoyed picking invasive thistles that were encroaching on the riparian habitat. The
fact that [the lessons] did have local meaning was really impactful for them.”

Personal and Professional Development
The objectives of the SCAPE program did not focus solely on student outcomes, but on the personal and
professional development of the participant teachers as well. When asked what they personally learned or
gained from their experience in the SCAPE program, teachers provided answers on a variety of topics. One
teacher acknowledged not learning much from the curriculum content, but appreciated the equipment funded
by the SCAPE program: “Since I studied watershed science in college, I would unfortunately have to say not
much, because it basically emphasized things that I've already learned. But, I like the curriculum, the way it
was put together, and the SCAPE program. I definitely appreciate the money for the equipment and supplies,
because I wouldn't have been able to afford very much of it otherwise.”
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Two teachers focused on the technical skills they gained from participating in the program. One teacher
stated, “Oh, I learned tons. I learnt how to use new probes I hadn't used before, and I learned how to use
Google Maps in a different way.” Another teacher shared, “I was exposed to some new tools I hadn't seen
before, like the Google fusion tables and some of the very rough exposure to ArcGIS. I had not had the
opportunity to design a lesson where I collaborated with a math colleague like I did this year to implement
the field trip, as well as the analysis that came with it. I was exposed to a little bit of new software. I then had
a driving force to try something new in the classroom and that was valuable. That sort of growth and
professional development, I would say has also been valuable and impactful.”
Two teachers discussed the knowledge they gained about the Colorado River Valley. One teacher
summarized, “I learned a lot about the Colorado River and its history, which was very, very fascinating to
me.”
One teacher described the value of connecting and collaborating with similar-minded teachers, stating, “Being
able to connect with peers and people who are environmentally aware as well as having a global mindset.
Working as partners, where everyone brought a different set of skills to the table. So these connections were
immensely beneficial.”

Program Challenges
Next, teachers were asked to describe the challenges they faced as participants in the SCAPE program. Many
of the areas that teachers cited as challenges echo those described earlier from the quarterly surveys. Four
teachers faced challenges with the technological aspects of the SCAPE curriculum. One teacher explained,
“My only problem is probably going to be getting the stuff into the SCAPE website, since I haven't yet done
that. And I'm just not real Google-savvy. So I'm going to have an interesting time with that part of it just
because that's a new thing for me.” Teachers remarked that technical help was available from SCAPE
program leadership, but some described how there are limited windows of time to access this assistance
during the academic year. One teacher noted, “It really helps to have someone around you that is
knowledgeable, so you aren't just spinning your wheels as you're trying to use it. But, like most high school
teachers, your windows of opportunity for connecting to someone are so small.” Another teacher shared, “It
becomes too much on just the teacher to do everything we normally do as well as doing a project of this
scale.”
One challenge that many teachers described facing throughout the program was overcoming administrative
and bureaucratic obstacles. One teacher shared, “The biggest challenge was the bureaucracy on my end and
how difficult it is to get the kids out of the classroom for field trips. What I ended up doing is just training a
couple of groups to go out on their own with the equipment, so that there wasn't any paperwork involved.
Another teacher noted, “Understanding the district requirements for ordering equipment, getting permission to
take kids to river, these were all time-consuming learning curves.”
One teacher found it challenging to collaborate with other SCAPE teachers to share and compare data results
and findings: “Because I didn't get to take the lessons as far as I wanted, some challenges were in
collaborating with another school to have the students create shared data visualizations and develop fusion
tables in ArcGIS.”
Finally, one teacher found the SCAPE curriculum did not align well with a chemistry curriculum: “It doesn't align
well with the curriculum that we’re doing in chemistry. It would have been better in an Earth science or a geoscience class. But our Earth science teacher wanted no part of it, so we did it in chemistry. It's okay, but it
would have fit better in an Earth science class.”
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Curriculum Improvements
Teachers were asked to discuss the improvements that still needed to be made to the SCAPE lessons, and
offered a variety of recommendations. One teacher noted that some of the lessons did not seemed to be
designed with the 16-year old student in mind:
“It didn't feel like the lessons were all that well designed for a 16-year old, so I went and I rewrote some
of the lessons and got rid of a lot of open ended questions that were vague for the kids, because we had
trouble understanding them, and framed them in more specific terms. I think the lessons need to be
collaboratively designed with kids in mind. Get a bunch of kids together over the summer - not the best of
the best, not the worst of the worst, but average kids. Just ask, ‘Does this make sense, what we're asking
you to do?’ Then you can write to their level.”
One teacher added in multimedia content to the lesson plans: “For my students, they are visual learners, so I
prefer to show videos about all the content I teach in my classes. I teach and explain it, but I include videos.”
One teacher advocated for ensuring that the SCAPE curriculum meets science curriculum standards: “The
lessons are pretty good and extensive. And I think there are fine standards and that can be added on. Then it
will be really nice to show that this is not just some fuzzy water stuff we are teaching. That we are actually
hitting on those science standards in biology, environmental science, and chemistry.” One teacher noted the
benefits and possible challenges of the multi-disciplinary nature of the SCAPE curriculum:
“They're very cross-curricular in design, which I think is outstanding. But I also think that leads to a
challenge, because most teachers are ‘siloed’ into a particular classroom. Some of the initial lessons
about water and mapping in the West and how we approach water, and then connecting those to the
science, and connecting that to the technology, I think that would be hard for a lot of teachers to do
unless they have a lot of freedom in the classroom. It’s just kind of a challenge we face with education
these days - we compartmentalize ourselves to a high degree.”
Two teachers advocated for improving the instructions to teachers on how to upload and share data collected
through the SCAPE lessons. One teacher shared, “I don't know that there's really any improvements to the
lessons themselves. Maybe just more detail for the teachers on where to go to upload and do things. And an
example of that would be my SCAPE map of our sampling locations. There seem to be an awful lot of
different places and folders on the SCAPE website to look in, and I'm not quite sure what locations I should be
entering this all under.” Another teacher stated, “Provide instructions for getting the data into the SCAPE
website. Just because that's a new thing for me.”

Program Support
Teachers were asked to describe the level of support they have received to implement the SCAPE curriculum.
Two teachers described the support they received from their school leadership as limited to completing the
paperwork required to secure the equipment necessary for implementing the SCAPE curriculum. One teacher
stated, “I never really asked for additional support, other than ordering equipment, which was done with the
finances that the SCAPE program provided.” Another teacher shared, “They haven't had any contact with me
with regard to the lessons, but they have been helpful in securing the equipment that we were able to
purchase with grants. Two teachers described the positive support they have received from their school
leadership as well as their district office. One teacher expressed, “The school's been supportive in letting me
have the time over the summer when I went to the seminar over there in Telluride. And the principals, they're
onboard and provided moral support. And the district office, at least once they've figured out how the whole
grant money thing was supposed to work. I think they finally figured that out.” Another teacher shared, “I will
say the district was supportive because the grant had to go through the district protocol. The district was very,
very supportive and took care of it.” One teacher shared how the number of SCAPE lessons implemented was
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contingent upon the flexibility granted to adjust the class curriculum: “The school has been completely
supportive. I've got a lot of freedom to design my curriculum. The administration definitely bought in to the
work I was doing and let me take it as I went. Parents provided support to help get the students on the field
trip. I partnered with another local organization to make that field trip more impactful, which was great.”
When asked to discuss the support received from their fellow SCAPE teachers, the interviewees acknowledged
that the SCAPE community of practice did not develop to the extent that they had hoped. One teacher stated,
“I have not reached out to any of them, and none have reached out to me.” The teachers attributed this
situation to poor communication and time management. One teacher noted, “One just gets overwhelmed doing
the classes and all kinds of stuff.” Another teacher shared, “I would say none, because I was only able to
participate in one conference call. Although we talked about the program I was part of on that call, and some
of the work I did, [the program director] had to talk about it. I could not, because I could hear the call going
on, but the audio was really bad. It wasn't something where I could actively participate.”
When asked to discuss the support received from SCAPE program leadership, the teachers expressed a high
degree of satisfaction. The teachers appreciated the quality and timeliness of communication: “[They] would
always be on the spot. [They] responded immediately with emails and, even if they didn't have the answer,
they would get back to me pretty quickly, so that was great.” The teachers also appreciated the personalized
training they received, although most agreed that a lot of information was covered in a short period of time:
“When he came to do the training about this program, the training was very good. [The program director]
explained all the steps and all the process we had to do to teach our students. It's too much information to get
in one day, but it was good information.” The teachers also appreciate the equipment provided to them in the
program, which will continue to enrich their lessons in the future: “The SCAPE program provided support in
providing the money to acquire a lot of the water monitoring equipment, which was super valuable and has
continued to provide support.”

Overall Level of Satisfaction
Teachers were asked to describe their level of satisfaction with their involvement in the SCAPE program. All
teachers expressed satisfaction with the SCAPE curriculum and the individual lessons, but acknowledged that a
steep learning curve limited their first-year effectiveness:
“I would say that it's been reasonably good. I think it's a very beneficial program. The first year, the
learning curve is really on the teachers. And then maybe the second year, we could do a much better job
at it. I think from planning these things for the first time with a group, and just even assembling the
equipment and the waders and all that kind of stuff, and procuring a bus and the permission slips, is a
pretty big time crunch. But then if you then go back and do it again, it would go much more smoothly.”
Teachers also expressed frustration with the logistical barriers and bureaucracy that they faced, while
continuing to express satisfaction with the SCAPE program overall. One teacher shared, “This is going to sound
weird, but for the SCAPE program, it was great. I just think it didn't fit well into my district and my curriculum.
On a scale of 1 to 10, I would give the SCAPE program an 8, and I would give my district a 3. It was just
difficult to put everything together.” Another teacher stated, “It's been high. The only aspect of dissatisfaction
is the bureaucracy connected to getting the money, which was challenging for our business office. I think its
part the structure of our school. There are a number of people that have to sign off on this and it makes it a
pretty lengthy and tedious process to get that paperwork approved. That was the only challenge that I've
encountered.”
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Future Implementation
As the first year of the SCAPE program drew to a close, teachers were asked to discuss their intentions to
continue to implement the SCAPE lessons in their classes in the future. One teacher acknowledged that the
SCAPE curriculum will not be a continued part of their curriculum: “Probably not. I wanted it to feel like a
good transition into other activities and it just didn't feel like a good transition. It wasn’t a good use of time for
my chemistry kids. Again, in an Earth science class, great. Chemistry, not as much. If we get an Earth science
teacher who actually wants to do some broad activities, especially field trips and probewear work, then I'll
make them available to him or her.”
Four teachers plan to either utilize the SCAPE lessons, or integrate their concepts and activities into their
curriculum. One teacher shared, “I certainly will be implementing the field lessons with the kids from here on
out in my classes. They were completely beneficial, and so much more applicable to what someone might
actually do in their life than bringing the sample in and just testing it in the classroom. And so, I definitely will
do that again.” Another teacher stated, “I liked the way we had the pilot this year, being able to add a
couple of small things in. I’ll continue being mindful of how to scatter the concepts throughout the year.”
One teacher plans to utilize the SCAPE lessons as part of an ongoing rotation of project-based curriculum:
“The school I teach at is an intimate-type of school. It has a project-based curriculum where teachers get to
decide what the curriculum looks like year-to-year. So I don't teach the same project every year. So I
won't teach water quality next year. But I will likely come back to it in two years, at which point I will try
to extend it a little bit and use some of the lessons I have gathered from the SCAPE program, for sure.
And I hope to flesh out some of these ideas of what it looks like to collaborate with other schools more.
That was supposed to be one of the benefits of the program, the connection of the teachers and the
learning about the water quality from different areas. I'm not sure about the extent to which that actually
happened yet. Hopefully, there's still a little bit more time for that to happen.”

Final Thoughts
Finally, teachers were provided an opportunity to share any additional thoughts and ideas about the SCAPE
program that had not been covered during the interview. Two teachers provided responses:
•

•

“If the impression you're getting is that things didn't go well, it's primarily on my end. Dan and the ASU
crew have been just great. The workshop over the summer was phenomenal. It's just I wish it fit better
into my school and my bureaucracy.”
“I think the only thing that I would like to share is that I have felt, although I haven't been probably the
best participant, that it is a worthwhile program. And I think the goal of getting kids to share the story
of the Colorado River and how it changes throughout the different states and all its varied uses, are
all really important concepts to be asked. And so it would be nice if people agreed and could
continue that on into the future, whether it's on a smaller scale or just huge program.”
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SECTION IV: SUMMARY AND FINAL THOUGHTS
Overall, the SCAPE teachers consistently expressed their enthusiasm for and confidence in implementing
and integrating the SCAPE curriculum in their classrooms. They also shared their satisfaction and
appreciation for the training and ongoing program support they have received from SCAPE program
leadership.
Based on their responses, we make the following recommendations for future iterations of the
SCAPE program:

 Convene a curriculum review board. With the pilot year of the SCAPE program complete,
there is an opportunity to apply what was learned about the strengths, weaknesses, and
modifications made to each of the 17 lessons to improve the quality of the overall curriculum.
Recommendations from the teachers included bringing together a small, select group of SCAPE
teachers and students to review each lesson, ensure the instructions and content are
appropriate for the high school level, and improve the instructions for the recording, uploading,
and sharing of fieldwork data.
 Proactively address administrative and logistical challenges. SCAPE teachers will face
challenges in three main areas: 1) Working with their district office or school to procure funding
for acquiring the equipment necessary to implement the SCAPE lessons, 2) Gaining access to,
and in some cases, permits for access to the Colorado River or its local tributary, and 3) Gaining
school and parental support for, and planning the logistics of, class field trips to the Colorado
River or its local tributary. Instructions and guidance for any advanced work that can be
completed by teachers participating in the SCAPE program prior to the academic year will
mitigate the frustration that these teachers will face. Additionally, addressing these logistics and
administrative tasks early on will open up time and space for teachers to implement more of the
SCAPE program, particularly during Quarter 1 when the lessons in Unit 1 should be being
implemented.
•

Proactively develop a SCAPE teacher community of practice. When describing their level
of support and overall satisfaction with the SCAPE program, many of the teachers’ responses
focused on the program’s failure to develop and maintain an active community of practice. The
teachers desired to share their own experiences and learn from other SCAPE participants as
they implemented the SCAPE lessons. When asked to provide recommendations on how to
actuate this idea, teachers provided a few actionable activities, including sharing an email list
of teacher participants among the community, setting up a communication platform, and
providing opportunities for open dialogue during the quarterly meetings.

 Develop a plan for technical support. When describing their challenges in implementing the
SCAPE lessons, the teachers described needing additional technical support when entering and
sharing their data collected from the field. As this component of the project was one of the key
elements that attracted the teachers to the program, SCAPE leadership should anticipate, plan,
and implement a strategy for ensuring that SCAPE teachers are fully supported as they
implement these program components.
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BUDGET & FISCAL MANAGEMENT

Accounting and Procurement Management
The Principal Investigator was responsible for managing and reporting on the budget on a quarterly
basis, including budgetary planning, tracking, reporting, and management of costs. All expenditures
were routed through Arizona State University’s Global Institute of Sustainability (Linda Guerrero,
Fiscal Specialist) and approved by the PI
Budget Summary
06/01/2016 - 06/30/2018
SCAPE BUDGET

EXPENDITURES
INCEPTION TO DATE

7110 SALARIES

$21,866.00

$15,591.20

7120 WAGES

$3,015.00

$7,484.36

7200 EMPLOYEE RELATED EXP

$5,494.00

$4,253.00

7310 SERVICES
7314 SUBAGRMNTS LT $25,000(SP ONLY)
7320 MATERIALS AND SUPPLIES

$30,884.00
$0.00
$1,846.00

$23,632.86
$0.00
$3,938.31

7325 NON-CAPITAL EQUIPMENT

$3,000.00

$2,810.69

7330 COMMUNICATIONS

$0.00

$0.00

7340 RENTALS/LICENSES

$167.00

$167.12

7390 MISCELLANEOUS

$1,229.00

$2,650.88

7510 TRAVEL/IN-STATE

$1,309.00

$1,444.61

7520 TRAVEL/OUT-OF-STATE
SUB-AWARDS
DC SUBTOTAL

$8,268.00
$75,350.00
$152,428.00

$4,912.94
$71,293.76
$138,179.73

8201 INDIRECT COSTS RECOVERED

$39,772.00

$34,427.18

IC SUBTOTAL

$39,772.00

$34,427.18

TOTAL

$192,200.00

$172,606.91

Budget Surplus
At the end of the grant period (May 31, 2018), there was some $20K of the grant remaining. This
was due to a variety of factors, including:
1. Some schools did not want to invoice for the money unless they had actually used the money for
specific equipment purchases.
2. Travel funds were not fully expended. This was due to a couple of factors: a) The
documentation of activities at partner schools was divided between PI Collins and Videographer
Bombe, which generated cost savings; b) our projected travel budget was reduced by not
sending two individuals to all of the schools; and c) a major trip to Pinedale, Wyoming (the
school furthest afield) was cancelled due to scheduling problems.
3. The “Additional Pay” for the IT portion came in under budget by $1,500.
4. Publication. The final hard copy versions of the curriculum came well under budget.
5. There was $5,344.86 in indirect costs recovered not used of the $19,593.14.
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Teacher Compensation
$1500 of the $5000 sub-award was used for teacher stipends. This was paid in $250 increments
upon completion of: 1) curriculum review; 2) 2017 Telluride workshop; 3) quarterly conference calls;
4) curriculum implementation and virtual workshops; 5) quarterly evaluation surveys; and 5)
summative reports. In addition, teachers were reimbursed for travel expenses to support each
teacher’s involvement in the teacher training workshop and curriculum implementation.
Sub-award Equipment Purchase
The remainder of the $5000 sub-award ($50K total) was used for water testing kits and field trips.
These expenses advanced the water quality environmental priority and educational priorities of the
EPA. See sample inventory of recommended equipment in Appendix X3.
Invoicing Instructions for Subaward Teacher Stipends and Equipment
The following letter was sent to all SCAPE instructors in an effort to clarify the invoicing procedure,
which seemed somewhat onerous to certain teachers and school business managers:
Dear SCAPE instructor: Several of you have asked for a quick refresher on how to invoice ASU
to receive your instructor stipend. As you know, you personally are entitled to $1500. For most
of you, this is paid in installments upon completion of the deliverables specified in the original
contract (i.e., orientation workshop, quarterly surveys/conference calls, final report, etc). In
addition, your school should be receiving $3470 for equipment and field trip support. This also
needs to be invoiced. (TOTAL due to you and your school: $4970).
While each of the 10 schools has slightly different procedures (including a couple of you who
are on a “reimbursement model” as opposed to an “invoicing model”), in general, these would
be the steps to take:
1.
When you complete a task (e.g., quarterly survey & conference call), write up a short
report documenting the completion with date (one sentence is fine).
2.
Notify your CFO or business manager (for some of you this person is at your school; for
others they are at the District) that you would like an invoice sent to ASU for the given amount
(typically, this would be for quarterly payments of $250 paid upon completion of Survey and
Conference call).
3.
The invoice must be accompanied by a signed statement by authorized signer as per
your original contract, as follows:
“I certify to the best of my knowledge and belief that the report is true, complete and accurate,
and the expenditures, disbursements and cash receipts are for the purposes and objectives set
forth in the terms and conditions of the Federal award. I am aware that any false, fictitious, or
fraudulent information, or the omission of any material fact, may subject me to criminal, civil, or
administrative penalties for fraud, false statements, false claims or otherwise. (U.S. Code Title
18, Section 1001 and Title 31, Sections 3729-3730 and 3801-3812).”
4.
Your business manager sends an invoice (with attached report and signed statement) to
the following address: awards.management@asu.edu
5.
As Principal Investigator, I will be notified by ASU and asked to approve the
expenditure.
6.
Upon approval, ASU cuts a check.
7.
The check, made out to you, will be returned to your school.
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Note: If you would prefer to gang several “deliverables” into one invoice, this is entirely
acceptable. Just provide clear documentation for each deliverable. Please remember that all
invoicing should be completed by the third week of May (upon completion of your final
summative report). Ideally, you would submit your final invoice at the same time you submit your
final report. Remember, all SCAPE accounts will be closed out on May 31, 2018.
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VI.

TEACHER REPORTS

Summary reports were written by most participating teachers. They responded to a
letter/ template provided by the PI (see below). The full reports can be found in
Appendix X1.
April 19, 2018
Dear SCAPERs: As promised, here are some guidelines and a sample outline you can use for
your final SCAPE report (due 3rd week of May 2018). Your report will be integrated into a
larger summative report that I will be delivering to the EPA in late July.
…from the EPA prospectus
The final technical report should include…: summary of the project activities (including those of
the sub-grantees), quantitative and/or qualitative assessments of outputs and outcomes achieved
(including both educational and environmental results), description of audience(s) and the number
of project participants reached, and a breakdown of the costs of the project activities (including
those of the sub- grantees) according to whether they were paid for by EPA or with non-EPA
(matching) funds.
Reference websites:
•
General SCAPE website: http://coloradoriverscape.org
•
Prior Quarterly reports sent to the EPA:
https://www.coloradoriverscape.org/reports.html
•
Internal SCAPE website with curriculum and data upload instructions:
https://sites.google.com/a/coloradoriverscape.org/units/home
Sample Outline for Subaward Final Report
Summary
Brief paragraph summarizing your experience with the SCAPE curriculum. Include your school
name, location, whether rural or urban, total school population, what you are teaching. In
what context was the SCAPE curriculum was presented—a 9th grade “Intro to Environmental
Studies” or a 12th grade “AP Chemistry” class? Include other pertinent details that would help
us understand your circumstances and the challenges you faced.
Overview of Activities
What aspects (whether general features or specific Lessons) of the SCAPE curriculum were you
able to implement? In class? In the field? What specific obstacles did you encounter? What
stands out as successful or important?
Quantitative/qualitative assessments of outputs and outcomes achieved (Include both
educational and environmental results). I suggest using the “Logic Model of
Outputs/Outcomes” submitted with the original application. This is what we will use to assess
the degree we were able to meet our goals. To what degree were the “outputs” we set up in
column 1 reflected in your experience as actual short-term, medium-term, and long term
“outcomes”?
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Description of Audience
Who are your students? How many did you involve in the SCAPE curriculum? Demographic
details?
Costs and budget management
Did you receive your full stipend? Why or why not? What suggestions do you have
regarding management of funds for subawardees? Were you and your business manager
able to negotiate the invoicing process? Other issues?

Equipment
With respect to SCAPE equipment, were you able to 1) successfully purchase it?; 2) receive
adequate training?; 3) demonstrate it in the classroom?; 4) have your students utilize it in the
field? What is your overall assessment of the equipment you received (both the Vernier
equipment for Water Chemistry and the Macroinvertebrates collection kit)?
Standards
Did the SCAPE curriculum integrate effectively with required teaching standards as set forth
by your school, district, state, or more universally (such as NGSS)? Were the “standards”
understandable and useful? See the Standards for Unit I, for example:
https://docs.google.com/document/d/1CXYdb5zub41kSGHd6GofVg0s7ABXTtaDdvSOlGkw6qI/edit

Unique Features of the SCAPE Program
There are a couple of features of the SCAPE program that we feel distinguish it from other
“water curricula” currently in use by high schools. One is the balance of field work experience
with computer-based literacy. Another is the use of “cloud” technologies to give teachers and
students the opportunity to communicate with other partner schools and to compare data (e.g.,
do a comparative analysis of pH across the Colorado River system). What were your
impressions of our success at meeting these particular goals?
Documentation
Do you have any pictures, video, student .ppts, unique maps, etc. that you can share? Did you
do a final exhibition or display of the work your students did?
Overall Impressions and/or Concluding Remarks
Please be candid. We want to know what was valuable and what wasn’t. Where and how
can we improve the curriculum? Your suggestions for future iterations of the curriculum.
Would you recommend this curriculum to other teachers or schools? How does it compare with
other curricula or project-based learning programs you may have utilized (e.g., WET,
Riverwatch, Globe.org, etc).
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VII. TECHNOLOGY & COMPUTING (by Shaun Ylatupa-McWhorter)

Digital Technology & SCAPE
There is real value in the application of Digital technology to Environmental Science Education. SCAPE,
a high school environmental education curriculum, is a case in point. The curriculum involves students
sampling environmental data with digital probes, performing rapid analysis using software, and
sharing these observations regionally across the Colorado River Basin using cloud-based technologies.
In addition to classic environmental science pedagogy (which complemented our digital tool set),
SCAPE provides a framework for teaching key STEM objectives, introduces important 21st century
computer skills, and challenges students to make meaning from data using digital analytic tools.
Content Management Systems: Google G-Suite
A Content Management System (CMS) is an incredibly powerful tool. Not only does it provide an
array of tools needed to complete tasks, it has a full range of enterprise critical features that provide
for data management, data analysis, sharing, and security.
The SCAPE project was developed around the CMS by Google called G-Suite and other Google
cloud technologies. The following box highlights the G-Suite tool set:
Google G-Suite
The entire curriculum development process as well as project documentation and analysis is supported by
the new G-Suite (formerly Google Apps) line of tools and cloud-based technologies. The various
applications that we now utilize in the curriculum include the following Google products: My Maps
(interactive mapping tool…different from Google Maps or Google Earth), Docs (a word processing app),
Sheets (a spreadsheet app similar to Microsoft Excel), Forms (an easy way to create online tests and
surveys), Fusion Tables (a hybrid program that provides solutions for Data Visualization ranging from
graphing to geographic mapping), Google Analytics (a set of measurement and analysis tools that
provide insight into website performance). And Google Site (to build a protected portal for project
participants). Besides the distinct operations supported by each application, the integration of all of these
apps in one Suite is extremely useful and efficient. When creating a set of building blocks and a “pipeline”
for processing data, the products of one application can seamlessly “feed” into another. For example,
data uploaded using Google Forms can be instantly viewed and manipulated in Google Sheets, which in
turn can be viewed and visualized (as a map or graph or similar visualization) in Google Fusion Tables.
Further, the fact that each and every page has a unique URL allows for improved organization, navigation,
and sharing. Finally, Google Analytics provides features such as automated data collection, real-time
visitor tracking, and customizable reports. Analytics has also been built into popular video posting sites
such as YouTube (which is now owned by Google) providing a window into student utilization and
comparison of SCAPE video products.
Because of our relationship with the Telluride Institute, we were able to secure a non-profit account for no
fee. This account, accessible to our Core Team, allowed for coordination of the project. In addition, all of
our researchers and teachers have dedicated user accounts (with the shared domain of
@coloradoriverscape.org) that allow us to work together as an organization.
Newly developed lessons that specifically introduce the technology to the students are as
follows:
Unit III / Lesson 1:
Unit III / Lesson 2:
Unit III / Lesson 3:
Unit IV / Lesson 3:
Unit IV / Lesson 4:

Post Your data to the Cloud
Using Pivot Tables
Fusion Tables: Data Visualization
Story Maps (using online GIS to visualize data and “stories of place.”)
Collaborative “Smart Map” of All Partner Schools
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Security and management are critical. Careful consideration went into finding the right balance of
freedom and control. The CMS had to allow viewing and engagement for a select group of
researchers and teachers, but also provide a window into the project for the general public. The CMS
enables secure active development and the hosting of finished forms, pages, and documents.
Implementation requires a lot of work and is loaded with many tasks such as helping people get
access, applying access to users, providing a structure where people can effectively share and
produce viable content, and trouble-shooting the inevitable problems that arise.
The content creators are the environmental science classes at our 10 partner schools. They have
opportunities to publish different analysis spreadsheets, maps, or other documents to the SCAPE
website and folders. Each school was set up with a web page—a “dashboard” —that hosted their
data analysis and interpretive maps. As more data was added to the system there were
opportunities for comparative analysis between the school and class site to the schools up and down
river.
System Implementation
What are some of the key aspects of design and implementation of G-Suite as a Content
Management System? We needed to plan on a diverse group of nearly 20 people, and these
teachers, researchers, and education administrators would be actively participating in the
development of the written curriculum and the Water Quality survey form. The researchers would
have ‘write access’ to the content and the instructors would have ‘read’ access. In this implementation
we had many researchers writing content, with too little consistent training and documentation.
Because of this, people struggled with access and maintaining content. Most of the researchers and
instructors would be better served with tailored web views and more limited access to the writing of
web content. For example, instead of browsing a Google Drive looking for content, an instructor
reading the curriculum would be better served with clean web pages; where they wouldn’t know that
the Google Drive is behind the scenes ‘hosting content’. For the size of this project, the participating
researchers and instructors need more stream- lined views to the content without risk of making
administrative mistakes.
Much time and energy was spent creating and refining the SCAPE Field assessment Form, which
supports the submission of water quality data. Not only is there a need to ensure that the process of
entering values into the form is easy and understandable, the data being submitted needs to be
secure of personally identifiable information as well as protected against erroneous data submissions.
This implementation relied on people having access to the Google Form with a Google account, in the
coloradoriverSCAPE.org domain. People struggled with a new Google account, mainly because it is
difficult to know when the person is signed in under the right account to edit the form. In the next
iteration, the security design should remove the constraint of adding data with a Google Account, but
instead have project researchers reviewing submitted data and validating it for accuracy.
This project was solely reliant on Google products. The services were very inexpensive, or free, but
the quality of the tools only met and rarely exceeded the basic needs of the project. Much more
development investment would increase the user experience and more fully leverage the G-Suite
service. With the diversity of students, teachers, and researchers, there are many personal
preferences about how to use a computer. There are services other than Google, and some people
prefer them—such as when comparing Google Sheets to Microsoft Excel. Or, many teachers are using
other established websites for participating in water quality monitoring. Teachers even have
preferences with the units in the SCAPE curriculum, versus units taken from other books and lectures;
so, there are a lot of preferences to account for, which requires a lot of development and design
time. The project would benefit if it included more developers and lead designers or a narrowing of
its scope.
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Beyond any one digital tool or service, the sharing of water quality data between disparate
communities across the Colorado River Basin is a reality. Development is needed in integrating
numerous online datasets (e.g., USGS, Forest Service, globe.gov; etc). This cloud-sourced data has
potential for providing insights into the broader information “ecology.” It is clear that Content
Management Systems can be applied to more than blogs or business—they can host environmental
data for sharing and collaborative research.
The SCAPE framework is developed, tested, and solid. Despite certain difficulties with technical
implementation and meeting the needs of a diverse user-base at the beginning, the digital tools and
cloud-based technologies were enthusiastically embraced and effectively utilized by project
researchers, teachers, and (especially) the students.
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VIII. MEDIA (summary)
Kaard Bombe, our project videographer and photographer, contributed wonderfully engaging video
footage and still images to the project.
A dedicated Vimeo Channel has been established to support all of the video products produced over
the last two+ years. It can be accessed here: https://vimeo.com/scapeworld
As an example of Kaard’s work, please take a few minutes to review the following videos to see
compelling portraits of two of the project schools:
•
•

PPEP Tec High School, San Luis, Arizona: https://vimeo.com/272983792
Cedaredge High School, Cedaredge, Colorado: https://vimeo.com/282112861

Kaard and I plan on developing further video portraits well beyond the project period.
An extensive photo archive has been established using Google Drive. A sample of some 53 photos
can be found in Appendix X2.
Two SCAPE Websites
We continue to expand on the public website for the project: The site features interactive maps, a
document repository, a bibliography, links to team members and project partner schools, and all of
our quarterly and annual reports to date. A direct link is here: http://coloradoriverscape.org
A second website was developed using the Google Site application as a portal to the cloud-based
services and the databases utilized by project participants. A direct link is here:
https://sites.google.com/a/coloradoriverscape.org/units/home

IX.

FINAL THOUGHTS FROM THE TEACHERS

Here are a few quotes from the Core Team and the teachers (slightly compressed and paraphrased):
o

Chris Bires (Boulder City, NV): “The world’s carrying capacity is completely dependent on water.”

o

Kevin Dunbar (Cedaredge, CO): “Students know where their water comes from, but not where it goes.”

o
Kristen McClellen (Grand Junction, CO): “My hope is that the program will broaden their perspective
about water use in various areas. [I am particularly interested] in data collection—you have to have good
data to make good decisions.”
o
Rex Lybrand (Telluride, CO): “I see these students as playing a leadership role. We [in Telluride] are at
the headwaters. What we do affects those downstream from us…students have a larger role to play with
respect to stewardship and modeling best practices. We need to “pay it forward.” Here in Telluride [with the
San Miguel River just across the street], we have a science lab right outside the classroom where we can build
an ethical approach to the watershed.
o
Vicki Phelps (Telluride, CO): “I see the importance of SCAPE as encouraging kids to make connections
between their local watershed and the river system as a whole.”
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X1. TEACHER REPORTS
Summary reports were written by most participating teachers. Their full reports can
be found below.

Chris Bires, Science Teacher – Boulder City High School, Boulder City,
Nevada
Summary
This subaward was hosted at Boulder City High School in Boulder City, Nevada. Our school is a
semi-rural, comprehensive school of 600 students. I teach chemistry and physics. The SCAPE
curriculum was used in chemistry, first between units on stoichiometry and gas laws and secondly
between units on solutions and physical equilibria. Students in chemistry and chemistry hours are
about 50% sophomores, 40% juniors, and 10% seniors. The most significant challenge faced was
working through the layers of bureaucracy put into place by Clark County School District. This
involved working with four different people at the district central office and four different people
at my school. This experience was discouraging and frustrating and has led me to the conclusion
that I will never accept a government (EPA)-funded grant like this again in the future.
Overview of Activities
I extensively rewrote the lessons used in my classroom to give students more direct instructions. For
Unit I, Lesson 1 students viewed three videos on the Colorado River: Colorado River; I am Red,
Chasing Water, and Chasing Rivers and completed a video guide worksheet. They then completed
an internet scavenger hunt covering the history of the Colorado River including major changes,
lawsuits, and indigenous people. For Unit 1, Lesson 2, Students used Google Maps to find the
longitude and latitude of and analyze major sites along the CO River near their home, including
Hoover Dam, Lake Mead, their home, and their high school. These in-class activities were well
received by the students. For Unit II, Lesson 3, students formed small teams with probeware and
visited Lake Mead to acquire water chemistry data. Students did this work on their own on a
weekend. I was not able to take students on a field trip due to extensive paperwork, restrictive
district policies, and long pre-arrangement times required.
Description of Audience
Students involved in this subaward were 15 through 18 year olds in a first-year chemistry course.
Students in chemistry and chemistry hours are about 50% sophomores, 40% juniors, and 10%
seniors. All students participated during in-class activities, Out-of-class teams were voluntary.
School demographic is 82.5% Caucasian, 9.2% Hispanic, and the remainder multi-racial, black,
native American, and Asian.
Costs and Budget Management
I received most of the teacher stipend. My school district insisted that I be paid for hourly work
done after contract time. This rate of pay was $22/hour (which is about 40% of my actual hourly
salary breakdown). Even including workshop hours, I was unable to acquire the 68 hours of work
that would have been required for the full $1500 stipend. The unused funds were rolled into the
whole sub award and used to partially pay for additional equipment. My school district insisted
they handle all invoicing issues. I was given only monthly summaries of account balances.
Equipment
I was able to initially purchase two complete teams-worth of Vernier probeware for use by the
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students. I had already had a number of the probes and interfaces and a second purchase
allowed me to add equipment to create a third and fourth team’s worth of equipment. I have a
great deal of experience using similar Vernier probeware so I needed no additional training.
Training of students on the equipment was well received and students did not express difficulty
using the probeware. They too had used similar probeware as part of their usual chemistry lab
activities. The Vernier probeware suite worked very well, was easy to use, and gave relevant data
quickly. I did not purchase the macroinvertebrates collection kit.
Standards
The SCAPE standards aligned with NGSS in the broad sense and specific learning objectives for my
district’s chemistry curriculum covering using technology to acquire and analyze data and general
lab safety and procedures.
NGSS Science and Engineering Practices:
SEP-1: Asking Questions and Defining Problems
SEP-3: Planning and Carrying out Investigations
SEP-4: Analyzing and Interpreting Data
SEP-7: Engaging in Argument from Evidence
SEP-8: Obtaining, Evaluating, and Communicating Information
NGSS Crosscutting Concepts:
CCC-2: Cause and Effect: Mechanism and Explanation
CCC-3: Scale, Proportion, and Quantity
CCC-5: Energy and Matter: Flows, Cycles, and Conservation
CCC-7: Stability and Change

Overall Impressions and/or Concluding Remarks
The summer workshop was very valuable. I learned a great deal with the hands-on use of the
SCAPE projects’ equipment. One area that I would recommend improvement during the summer
workshop would be to upload real data from our day of data acquisition to better tease out bugs
in the upload process. My biggest difficulties were working with my district’s bureaucracy involving
money and student field trips, as well as access to the Colorado River and Lake Mead. In the
future, having access authorization in place as part of the run up to the summer workshop would
allow students to work on the curriculum immediately during the Fall. I tried to implement the SCAPE
curriculum into my chemistry curriculum. The connections between my district’s chemistry curriculum
and the SCAPE curriculum only existed for a few lessons. The biology lessons were not relevant in
my class. I would recommend the SCAPE curriculum rather to an earth science course (in Clark
County School District, Geosciences”). I have no other curriculum for the SCAPE curriculum to
compare.
Anecdotally, this project did get some parents and administrators at my school talking about
offering a “water science and engineering“ course in the future to take advantage of our school’s
proximity to the Hoover Dam and the Colorado River. District-directed financial constraints on my
school currently make this course untenable, but perhaps in the future it may exist.
_______________________________________________________________________________
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Steve Smith, Science Teacher -- Animas High School, Durango, Colorado
Summary
I teach at Animas High School, a charter school in Durango, CO that serves approximately 250
students. Durango is a micropolitan area and we draw students from the city and the surrounding
rural areas. I integrated parts of the SCAPE curriculum into the fall semester of my general chemistry
class. This class serves the entire 11th grade. At Animas High School we use a project-based model of
education. In chemistry, this manifests as each semester having a unifying thematic focus, project and
exhibition of student work. The thematic focus for the fall semester was water quality and we thusly
explored all chemistry through the lens of water quality and integrated many aspects of the SCAPE
curriculum into our work.
Overview of Activities
Generally, I integrated Units 2 and 3 of the SCAPE curriculum into my classroom but in a manner that
was modified to meet my specific needs and desired outcomes. Small elements of the first and final
Units were integrated, at least in spirit, through the field trip work. In conjunction with my colleague
Hannah Starbuck, the 11th grade math teacher, we took all of the 11th grade students on a field trip
to Silverton, CO. In Silverton we learned about the history of mining, mine reclamation, water quality
and government involvement in the region. Students also had an opportunity to do service work by
removing invasive species from the riparian zone. Finally, students made measurements of water
quality parameters (DO, temperature, streamflow, pH, turbidity, conductivity) of the three tributaries
of the Animas River (Upper Animas, Cement Creek, Mineral Creek) just above the confluence of the
streams.
Back in the classroom Hannah and I continued to collaborate for the next 2.5 weeks. In my class
students learned more about ensuring validity of data by accurate calibrations, internal consistency
and referencing historical data from the USGS. Simultaneously, students in her classes were learning
fundamental statistics of central tendency and variability while also examining probability. Once the
students understood what these values measure and how they are calculated I taught students several
spreadsheet functionalities (formulas, sorting, filtering and pivot tables) which the students used to
analyze and summarize all of the data they collected in Silverton.
Finally, we asked the students to predict the value of each of the water quality parameters below the
confluence of the three tributaries data was collected from. Students identified the need to use
weighted averages based on streamflow to make these determinations. A few students also
recognized the need to consider the logarithmic nature of pH when determining its predicted value.
This led into conversations about pH and buffering capacity because students who used a simple
weighted average without considering the logarithmic nature of pH made more accurate predictions.
This activity was a success because it integrated so many desired aspects of education, it challenged
students to work collaboratively and think critically about a complex problem, and because it
mimicked the work of professionals.
Quantitative/qualitative assessments of outputs and outcomes achieved
Referencing the outputs and outcomes table, I would evaluate the SCAPE curriculum as satisfying the
requirements for short term and medium term goals in the first category. I think the curriculum is
valuable and I will teach future projects based on water quality approximately every other year, so
the long-term goals are nearly met, but not quite in my mind. Additionally, I rarely teach an identical
project from year to year so I don’t have a fixed curricula, just a general set of desired outcomes in
chemistry content and process skills.
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For the second category, I would rate it as having satisfied the short, medium and long term goals. In
work related to the SCAPE project my students created prototypes or conceptual designs of
educational exhibits involving water quality that were meant to inspire the development of the
educational exhibits which will be housed in the remodeled Santa Rita Water Reclamation Facility. In
this way I think they led ‘environmentally-focused projects to improve their communities.’ Recently
Hannah and I presented at the San Juan Mining and Reclamation Conference to share about our
collaborative project with industry and government representatives in the regional mining and water
quality community and I think this satisfies the expectations under the Long-Term.
In the third category we are between short-term and medium term having reinforced local identity,
increased capacity for development of EE materials and having done some field work. We have not
gone beyond this point in conservation efforts.
In the fourth category we are also between short and medium term having focused strongly on STEM
objectives and using spreadsheets to analyze data, but we did not move to the next level of data
visualization or systems thinking by using more advanced software or by sharing our data with others
in the system.
Description of Audience
I teach all junior students at Animas High School. We are a school of choice so all students attending
AHS are doing so because they actively are choosing to be here as opposed to the default option in
their community. Most of our students lie within the Durango 9-R district but a handful come from
surrounding communities. There are approximately 65 students in the junior class. Approximately 17%
of our community qualifies for free and reduced lunch, though I believe this is an underreported
number because it is self-reported and we do not have a full lunch program so there is less incentive
to report. Our student population is mostly Caucasian (83%) with approximately 12%
Hispanic/Latino students and 3% Native American.
Costs and budget management
I did receive the full stipend. I missed the first two quarterly meetings due to technical challenges, but
submitted all reports on time and was regularly in communication with Dan. Having said this, my
institution still has not received any funds from SCAPE/ASU despite having applied for reimbursement
several times already. This process is exceptionally onerous and confusing for our business manager
and could prevent us from doing this type of work again. I would have liked more clear instructions
earlier on with respect to how to submit the invoice for receiving funds.
Equipment
Purchasing and using the equipment was a rather simple process. I modified the suggested order to
acquire several additional Vernier sensors that I envisioned students using for potential water quality
investigations or experiments. Students were trained to use all of the water quality monitoring
equipment and used it for field measurements. This included teaching the students how to calibrate the
equipment prior to use. I received a defective DO probe from Vernier and their customer service was
good, replacing it quickly. It still reads significantly different from chemical tests I do on the same
water so although the optical DO probe is easy to use, I am skeptical of its accuracy.
Standards
At my school I am relatively removed from having to follow state standards. That being said, it is very
easy to integrate water quality investigations both into chemistry content standards and science
process standards.
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Unique Features of the SCAPE Program
From my perspective SCAPE is unique in its goal of data visualization and computer literacy. I
definitely accomplished the later, though the former to a lesser extent. I plan to do a water quality
unit again in two years at which point I hope to integrate more data visualization either from Fusion
Tables or ARCGIS. I don’t think SCAPE is unique in making data available online; the Colorado River
Watch program and the Colorado Data Sharing Network readily make available high quality water
quality data. Because most of the data collection in SCAPE was for a very limited duration of time, it
does not do a good job of allowing students to make claims around water quality trends etc.
However, what I do think was strong about the SCAPE design was how it attempted to connect schools
throughout the Colorado River Basin so that students could interact with other young people in
different parts of the basin to learn about their water quality issues and perspectives on water use.
This was the aspect of the program I was most excited about but regrettably I did not capitalize on it
in part because I missed the initial training and in part because I missed the first two quarterly
conference calls due to a technological error on my part. I suspect it would have still been challenging
to coordinate between two schools remotely, especially when I have 3 class periods of chemistry
students. I’m wanting to connect to other schools, and because teachers often have different time
frames, goals and limitations, it’s a challenge. But I really liked the idea.
Documentation
I believe the interviews captured a lot of the student work from our exhibition. Additionally, Dan
Collins has the powerpoint presentation Hannah and I gave at the San Juan Mining and Reclamation
conference. I have also shared a few examples of the best student reports from our modeling the
Animas River activity.
Overall Impressions and/or Concluding Remarks
As stated earlier, what I think had to be best about this curriculum was also the most difficult part,
connecting my students with students in other schools. The other water quality curriculums I’m familiar
with are the Chemistry in the Community Water chapter and River Watch. Like River Watch, this
program was good because it provided the necessary equipment to do the work. At ~3000, that
initial investment is 3x my annual budget so the influx of money is necessary to make it possible. It is
easier to make the measurements with the Vernier equipment than it is with the wet tests associated
with River Watch, but as a chemistry teacher I prefer the wet tests for their accuracy and additional
chemistry content. I also like the long-term focus on collecting quality data that is associated with River
Watch. This is an area I think SCAPE is weak in. By making very limited data sets and sharing them I
think we are giving students the wrong impression about how experiments are run and how decisions
are made with regards to in the real world. This SCAPE curriculum was light on chemistry for my
needs, but there were plenty of places I could interject what I needed and I do not think this aspect of
SCAPE should be modified. It seems to be ideal for an Environmental Science class.
The areas where SCAPE was strongest were:
1) in the holistic approach which included teaching about the history and sociology of our interactions
with the river, along with chemistry and biology. It encapsulates the true interdisciplinary nature of
science.
2) the action oriented component where students were empowered to actively by stewards of their
local river/watershed
3) the more computer savvy aspect of data analysis, visualization and sharing. I think it is very
important for students to have their ‘hands’ on their own data and learn how to represent it instead of
simply dropping it into a black box. Here a combination of representing their own short-term data
(SCAPE) and long-term data from other sources (e.g., River Watch) could have them better
understand the tools and techniques of data analysis and communication along with the real-world
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importance of large QA/QC data sets. Unfortunately, these are somewhat complex programs to
learn which means a lot of classroom time needs to be devoted to learning software.
4) the efforts to promote interconnectedness between communities within the CR basin. It epitomized
“Think globally, act locally”

Kevin Dunbar, Science Teacher -- Cedaredge High School, Cedaredge, Colorado
Summary
Cedaredge High School is a rural public high school in West Central Colorado serving approximately
290 students. The classes in which the SCAPE curriculum was implemented included students with a
large range of academic knowledge from seniors (12th grade) taking the College Board’s Advanced
Placement Biology class to the intro level freshman (9th grade) Environmental Science course taught at
the high school. These classes also included juniors (11th grade) and sophomores (10th grade). The
Colorado River SCAPE program is a creative program that has helped Cedaredge High School
purchase equipment that otherwise would not have been available to allow students the opportunity
to gain knowledge about their local watershed. The use of technology has allowed students to
conduct inquiry projects with very little training and in a short amount of time. The biggest challenge
for this school in implementing the SCAPE program has included time and set/current curriculum
constraints.
In small, rural, public high schools, especially in Western Colorado, the few teachers that are
employed wear many hats and the students are involved in many activities as well. At CHS, I am the
longest serving science teacher and I wear those many hats to provide as many opportunities to kids
as possible. It has been more challenging than expected for me to implement the SCAPE curriculum at
Cedaredge High School because we already have many programs in place. I am the gifted and
talented site coordinator with a case load of 25-30 kids; I am a liaison to the not for profit
organization, “The Nature Connection,” whose mission is to provide outdoor opportunities for kids and
their families in the greater Delta County area, where part of TNC is providing field trips throughout
the school year, monthly meetings and connection to professionals in the outdoor industry through the
Youth Outdoor Network; I am a sponsor for Colorado Parks and Wildlife River Watch program that
involves sampling Surface Creek once a month; I work with the US Forest Service in the summer as a
teacher mentor to their STEM internships program where students are selected to job shadow and
complete project work with USFS employees; I am the girls basketball junior varsity/assistant varsity
coach. My teaching schedule includes three sections of general biology, one section of environmental
science, one section of ecology/zoology, and one section of advanced placement biology. Finally,
and most important, I have a family with 2 small children, who themselves are starting to become
involved in school and sports activities. As you can see, my time (and student time) is very limited, and
although I understand the accountability piece, it has proved difficult to find extra time outside of the
classroom to complete extra reports, the invoicing process and conference calls. The curriculum itself
has been very valuable in the classroom and will continue to be valuable for kids as the program
moves forward.
Overview of Activities
The lessons implemented at CHS were the field activities of the SCAPE curriculum. We completed the
water chemistry lessons using purchased Vernier technology as well as the macro invertebrate
sampling lesson. We were not able to complete the data analysis/post fieldwork units due to student
academic ability or current/prior curriculum and time constraints. Our school is lucky as Surface
Creek flows only 200 yards away from the high school. Field trips to Surface Creek are always
valuable, especially with the objective of learning the importance of water quality and how water
quality is affected. The technology purchased with the grant was useful in that time to collect data
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has been reduced and training is minimal. Again, circumstances of the school year (students and
teachers participating in other activities) did not allow time to complete an extensive field trip to
compare data sets.

Quantitative/Qualitative Assessments of outputs and outcomes achieved
For the first output, at Cedaredge High School, the short-term goal was met, as this was the first time
any of our students have had access to such technology for measuring water quality. The second
outcome was somewhat met, as I think the upper level students understand the environmental issues,
but may not be aware of policy. Long-term outcomes for the first output were not met, as the
program in our building needs to work out various issues, including finding time to implement all
lessons on a yearly basis.
The second output partially met the first outcome as I was able to attend, and participate in, one
summer (2017) workshop. University-level distance learning courses and community-based volunteer
work awareness was not implemented. Medium term outcomes were also partially met, as I was able
to incorporate EE best practices into the classroom. Environmentally focused projects were explored
within the classroom, but not at the community level. Long-term outcomes for the second output were
not met.
The third output met the short-term outcome, as it is always motivating to take students into the field
for hands on, relevant fieldwork and this allows students to realize the importance/relevance of
resources in their region. The medium-term outcome was partially met as students were able to
conduct hands on fieldwork, but not apply this to specific actions regarding water conservation and
quality at campus and community levels. Students were able to include project work in the form of
pictures and an extended caption explaining the project, and its partners, into campus media (school
newspaper) that was distributed throughout Delta County in the local Delta County Independent
newspaper. The long-term outcomes of output three were partially met as students were able to
demonstrate macro invertebrate collections (Unit 2, Lesson 4) to the local elementary school third
grade class on May 17 at Surface Creek. The balance of fieldwork and computer-based instruction
was not successfully implemented, as the computer-based data analysis units were not completed this
year.
The short-term outcomes of the fourth output were met, as students understand the structure, location
and importance of the Colorado River System through the implementation of lesson of Unit One, prefield work. This was the only lesson of the pre-field work units implemented at CHS. Medium-term
outcomes were not met, as the final unit (post-field work) computer based data analysis was not
implemented.
Description of Audience
The students involved in this project are rural, Caucasian students. Many come from agriculture
backgrounds. The school, as a whole, has a student body of approximately 280, is low ELL, high
needs, and 40% free and reduced lunch. Approximately 15-20 students have been exposed to the
use of environmental education technology provided by the SCAPE program.
Costs and Budget Management
The budgeting and invoicing process is a major downside and turnoff to the entire project. The
invoicing process is extremely confusing and burdensome. The Delta County School District CFO and
myself have become increasingly frustrated with the process, as there are multiple people involved
and there are many stipulations tied to the invoicing process. It took us almost 3 months (SeptemberNovember of 2017) to learn the process and understand the stipulations before our first invoice was
approved. We have been able to purchase the budgeted equipment and acquire the stipend;
however, we are still in the process of final invoicing. The invoicing for each part/section (stipend,
48

EPA SCAPE Program Summative Report

equipment, travel) of the money is not efficient. This should be a one-time process either at the end or
the beginning of the year.
In my opinion, there are too many people/departments involved. Our district has never had to
“invoice” for resources, only seek reimbursement once those resources had been purchased. The
departments at Arizona State University in charge of the paperwork were not in charge of the
invoicing process, and the department in charge of invoicing was not in charge of the grant monies.
Each department had their hoops to jump through and this needs to be streamlined. The
service/explanations from each department were vague and not helpful, referring to many
“technical” terms throughout the sub award documentation that were confusing and needed
clarification on multiple occasions. I understand accountability and wanting to make sure
schools/districts use money appropriately, but this process did not work for us and, again, was a
major turnoff that overshadowed the successes of the SCAPE project itself.
Equipment
CHS was able to purchase three Vernier Labquest2 computer interfaces and various Vernier water
quality probes. We also purchased a water quality testing kit from Hach scientific supplies. We did
not invoice for or purchase macro invertebrate equipment as our school already has this equipment
from prior programs. Training for use of the probes was mediocre, as not everyone was able to use
the probes on an individual basis. Probes supplied for training were demo probes and would be
better if we could bring our own or have on site training with our own equipment. There has been no
training for the use of the Hach scientific water testing kit. Upon viewing the contents of the kit, it is
very intensive and built for professional water quality testing. This kit may not be appropriate for
secondary grade levels. Appropriate training for this kit would be appreciated. We have used the
equipment in the field and the kids have enjoyed the use of all electronic probes. The dissolved
oxygen probe is a little confusing to work, and the online Vernier video instructions were not all that
helpful. The other probes (pH, temperature, conductivity and turbidity sensors) and the computer
interfaces work well and have proved very useful in and out of the classroom.
Standards
The Colorado State Standards for high school science are broken into three main standards (physical,
life and earth science) and are very broad and based on “common core” standards, not NGSS.
Within each standard are multiple grade level expectations. The SCAPE curriculum can be used to
address the standards for all three standards, especially addressing “processes and interactions of
Earth’s systems and the structure and dynamics of Earth and other objects in space” as well as
“understand. . . how all living things interact with each other and their environment.”
”
Unique Features of the SCAPE Program
The SCAPE program indeed separates itself from other programs in the use of “cloud” technology,
online mapping, and sharing of information with partner schools in the Colorado River basin. This is a
reason why I signed up for the project. However, the classes in which I implemented the program
were unable to complete the units dealing with computer based analysis due to time constraints. The
unique features of using technology in the form of Vernier probes were successful and we appreciate
the opportunity to acquire such technology.
Documentation
A few of the pictures taken while using the Vernier equipment purchased with the EPA grant were
included in the final publication of the school newspaper for the 2017-2018 school year. The
journalism club at Cedaredge High School creates this newspaper. The school newspaper, titled
“Bruin Tracks,” is also included in the Delta County Independent and distributed throughout Delta
County. Below is screenshot of the pictures and the extended caption explaining the program.
49

EPA SCAPE Program Summative Report

Overall Impressions and/or Concluding Remarks
Overall, we are very appreciative of the opportunity given to purchase water quality sampling
equipment and environmental education technology. The use of this technology has improved the
environmental awareness and knowledge of students and prepared them with 21st Century skills. I
feel CHS has been a good candidate school for this program as we have easy access to our local
watershed with Surface Creek being only 200 yards from the school. Surface Creek is within the
Gunnison River watershed within the Colorado River basin of Western Colorado. The geographic
location also makes CHS a good candidate school for the SCAPE curriculum. Again, the difficulties lie
within time constraints, and I would suggest this program would work best for a school that does not
already have water quality or environmental education curriculum in place.
We participate in the Colorado River Watch program and this has been a good program as it is
streamlined in the way that a one-time training is provided and the people who provided the training
are the same people who provide and maintain your equipment. There are not multiple parties
involved and no invoicing for equipment is required as it is given in good faith and kept based on a
contract that the school will conduct sampling once a month and post data on the webpage. Schools
can compare this data with other volunteer groups across the state. There are no “penalties” for
missing a monthly sample, whereas the grant awarded by the EPA through the SCAPE program has
“penalties” and “stipulations” that don’t allow schools to use the entire amount awarded if constrained
by day-to-day operations of the school building.
By far, the Achilles heel of the SCAPE program is the invoicing process. I even contemplated not
invoicing for my stipend and just for equipment so at least students could be a part of the program.
Again, I understand the idea of accountability and tracking how money is used, but documentation in
the form of receipts for reimbursement should be acceptable. Hopefully this process will be
reconsidered for the SCAPE2 project.
Again, overall, we are very appreciative of the opportunity and will continue with the second phase
of the project to be implemented next year as SCAPE2. The implementation of the initial SCAPE
project has come with a steep learning curve, but I feel the benefits for students and the school as a
whole is worth the curve. I feel I will be able to implement more of the project into a specific AP
Environmental Science class next year, now that I have an idea of how the curriculum will work in a
classroom.
As we move forward and are able to collect further data using equipment purchased from the EPA
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grant through the SCAPE project, and through the Colorado Parks and Wildlife Riverwatch program, I
envision students creating community pride projects that would center around mitigation of Surface
Creek to increase DO levels, re-direct drainage/runoff pipes and provide adequate native
vegetation coverage for the creek to restore a quality fishery with aesthetic value to the community.

Mary Walker-Irvin, Science Teacher – Grand County High School, Moab, Utah
Summary
Grand County High School, in Moab, Utah is a rural school with a total student population of
between 425 and 440, and a higher than state average number of students living in poverty
(22%). Portions of the SCAPE curriculum were used in my 9th grade Earth Science class, and in my
10th grade Biology class.
Overview of Activities
I implemented a couple of lessons from the program in my Earth Science class: the lesson that
requires students to track their water use (personal and family) for a week to highlight the huge
quantity of water most people use, and the one about chemical parameters affecting water quality.
The first one was in the classroom, the second one in the field (Mill Creek, which runs along one
edge of the School’s property) for data collection, and then in the classroom to analyze their data
compared to Utah Water Quality Standards for Mill Creek. I used an “analog” water quality kit
(LaMotte brand) I purchased with SCAPE funds for this activity. I did this rather than using the
digital probes because I got sampling and analysis opportunities that could involve all 28 students
at once rather than a couple of probes that would have had to be shared, plus we lack sufficient
computer resources to be able to download and analyze the data. Instead, I had the students
display their results graphically by hand. I did input the “average” values they got into the SCAPE
website for other schools to use.
I implemented the macroinvertebrate sampling lesson in my Biology classes. I had the students use
a key to aquatic macroinvertebrates found in Utah that I downloaded from Utah State University to
determine the quality of the 2 creeks that run along the boundaries of the school’s property (Mill
Creek to the North and Pack Creek to the South), based on the number, variety and types of
creatures they found. The students seemed to really enjoy the activity. After the 2 class-periods
field portion collecting, sorting and identifying the creatures, the students produced a poster to
display their results (again, a shortage of computing resources made this the most efficient way). I
entered the average values into the SCAPE website myself.
Quantitative/qualitative assessments of outputs and outcomes achieved (Include both
educational and environmental results).
I believe your goals were met, for the most part. I wish I would have had time to implement more
of the lesson material, but Utah is pretty strict about teaching their CORE requirements, and really
uses the standardized test results to reward and/or penalize schools. As to environmental results,
we determined that while not pristine, both Mill Creek and Pack Creek have acceptable water
quality to support a variety of life.
Description of Audience
Who are your students? How many did you involve in the SCAPE curriculum? Demographic details?
The students at Grand County High School run the gamut from high-ability learners eager for a
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challenge to very low-functioning special education students. Science classes have all types of
learners integrated into the Earth Science and Biology classes (there are no “Honors” nor “SpEd”
science classes), so using technology and doing field trips is problematic. I had 28 freshmen (9th
graders) in my Earth Science class, and a total of 47 sophomores (10th graders) in my Biology
classes. Our student population has a majority (76%) of Caucasian students, 15% Hispanic, 7%
Native American, and the other 2% is assorted other minorities. Poverty rate among Grand County
High School students is about 22%, which is higher than the state average of 13%, with much of it
being intergenerational poverty. Grand County’s taxable property base is very small, with over
90% of the land in the county belonging to the Federal and state governments. Property values
are quite high due to the large percentage of vacation homes and overnight rental properties, but
overall tax collections to benefit schools is relatively small due to the small amount of available
private property. The cost of living is quite high, and a recent survey determined 0% (yes, as in
NONE) of available local housing is affordable on the local median wage (so both parents work,
and so do a great many students to help with their family’s living expenses).
Costs and budget management
Did you receive your full stipend? Why or why not? What suggestions do you have regarding
management of funds for subawardees? Were you and your business manager able to negotiate
the invoicing process? Other issues?
There were problems with getting my stipends and getting reimbursed, mostly due to our business
manager just not knowing enough about the process. When I ordered supplies with a district
purchase order, I specified that they be paid with SCAPE money, but I don’t know if they were or
not. Honestly, perhaps involving the school districts’ business managers in a short workshop ahead
of time would probably have at least reduced, if not eliminated the confusion.
Equipment
With respect to SCAPE equipment, were you able to 1) successfully purchase it?; 2) receive
adequate training?; 3) demonstrate it in the classroom?; 4) have your students utilize it in the field?
What is your overall assessment of the equipment you received (both the Vernier equipment for
Water Chemistry and the Macroinvertebrates collection kit)?
The equipment/supplies I purchased did a fine job. What I bought was easy to use, and made
enough for the entire class to be engaged at once.
Standards
Did the SCAPE curriculum integrate effectively with required teaching standards as set forth by
your school, district, state, or more universally (such as NGSS)? Were the “standards”
understandable and useful?
The parts I used dovetailed in with the Utah Science CORE for both Earth Science and Biology,
although I had to save the lab/field portions for after we gave the standardized tests for the year.
Unique Features of the SCAPE Program
There are a couple of features of the SCAPE program that we feel distinguish it from other “water
curricula” currently in use by high schools. One is the balance of field work experience with
computer-based literacy. Another is the use of “cloud” technologies to give teachers and students
the opportunity to communicate with other partner schools and to compare data (e.g., do a
comparative analysis of pH across the Colorado River system). What were your impressions of our
success at meeting these particular goals?
52

EPA SCAPE Program Summative Report

Hard to tell from my perspective, since we lack sufficient computer resources to use “cloud”
technologies in science classrooms.

Documentation
Students produced pictures, video, powerpoints, unique maps, etc. See some of their work below.
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Overall Impressions and/or Concluding Remarks
I haven’t used anything else except for what I designed myself, so I can’t really compare it. I liked
the previously-prepared lessons (a time-saver). I believe it was a valuable effort, and hopefully
some better-equipped schools can take better advantage of the data in the cloud.

Kristen McClellen, Science Teacher – Grand Junction High School, Grand Junction, CO
Summary
The SCAPE curriculum was implemented at Grand Junction High School (GJHS) in Grand Junction,
Colorado. GJHS is considered an urban school in the context of Grand Junction proper being the
largest city on the western slope of the Rocky Mountains. The total school population is 1738 students,
however only 24 interacted with the curriculum. The curriculum was implemented in the fall of 2017
after an instructors’ summer workshop in Telluride, Colorado.
Overview of Activities
We were able to implement a good portion of Units 1 and 2 and some of Units 3 and 4. The students
really enjoyed the Environmental History and the Colorado Basin I think in part because they didn’t
expect to be hearing about history, learning about John Wesley Powell, and looking at maps in a
science class. This was a great way to begin the curriculum and was successful at enabling the students
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to put the following lessons in context. Another aspect of the first unit that stands out was the demo on
the amount of freshwater in the world and the water use log that the students compiled. Most students
were appalled at the amount of water they used for showering. The only obstacles with Unit 1 were
being able to see some of the detail in the photographs and it took more time than I thought to get
through the lessons.
In Unit 2 we were able to complete all the lessons. The students thought the fieldwork was great and
most of them wanted to return to the river and do the work again. We had difficulty calculating a
discharge rate because at our water quality sampling location the Colorado River was wide, deep
and too swift to let the students venture out more than about 30 feet from the shore. However, we
were able to at least demonstrate how a flow meter works and have a few students try it out. The
highlight of Unit 2 was the benthic macroinvertebrate sampling at the river and identification back at
school (the invertebrates were returned to the river after identification). The students were very
excited to wade near the shore and use the kick nets. They squealed and laughed and gasped at
what they saw. Back in the classroom they did a great job of identifying the organisms using the keys
provided. Other than being able to calculate discharge of the river at our location, the only other
obstacle was plant identification during the riparian habitat transect sampling. We did our fieldwork
in early fall, after we had already had a frost. Much of the vegetation was turning brown and all the
flowers had dried up so the students got frustrated trying to decide what species were present.
In Unit 3, we were able to post our site map and to post most of our data to the cloud and in Unit 4
the students were able to research some problems associated with Colorado River quality, quantity,
and legal aspects of the Colorado River Compact. By this time in the year it was difficult to find time
to devote to the SCAPE curriculum given conflicting school activities, standardized testing, and
preparing the students for their AP exam.7
Quantitative/qualitative Assessments of Outputs and Outcomes Achieved
1. Implement recruitment plan for teachers and students – Short and medium-term outcomes were
achieved. The long-term goal was partially achieved. Our school intends to continue to do Colorado
River sampling and do programs associated with increasing awareness of problems and issues with
river in our school community and potentially with outside groups.
2. Training for high school teachers – All outcomes were achieved.
3. On-line accessible curricular materials - Short and medium-term outcomes were achieved. The
long-term goal was partially achieved. Our school was unable to reach out to members of our
community during this school year. We hope to incorporate this aspect into the curriculum next year.
4. Support teachers in implementing STEM-driven environmental education - All outcomes were
achieved.
Description of Audience
The SCAPE Curriculum was implemented with high school students ranging from freshman to seniors,
however most students were freshman. During the first semester there were 28 students; that number
decreased to 23 the second semester. Slightly more females than males were in the classes. Students
in the class ranged from those on the “free and reduced lunch program” to those in the middle class.
Some of the older students held jobs after school.
Costs and Budget Management
With submittal of this final report I will receive my full stipend. I had no issues with regard to
navigating the invoicing process and everything seemed to run smoothly.
Equipment
The Vernier and macroinvertebrates collection equipment were successfully purchased with the SCAPE
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funds. Training received during the SCAPE workshop was sufficient to operate the Vernier equipment
and the Vernier website and videos were also helpful. It was great that such a reliable product from
such a supportive company was chosen for use. The macroinvertebrate sampling equipment required
no special training.
Standards
Our school district uses the Next Generation Science Standards (NGSS) as the backbone for our
science courses and curriculum. Although the NGSS were identified in each unit of the SCAPE
curriculum, it would be more helpful to cross reference the standards with each particular lesson in
case a teacher is unable to complete all the lessons in a unit. It would be nice to eventually develop
the SCAPE project so that it could be taught as a stand-alone, elective class at the high school level.
That would solve the problem of finding enough time to accomplish all the activities.
Unique Features of the SCAPE Program
I believe that this year as a first run-through of the SCAPE Program was quite successful at achieving
its goals of providing students with field experience and introducing students to Google’s cloud
technologies. I feel that any teacher who is able to incorporate the program into a second year of
instruction will be able to fully implement the lessons and units.
Documentation
The SCAPE archive includes photographs of students doing the riparian-transect sampling. Also
attached are some PowerPoint presentations that my students prepared.
Concluding Remarks
I thought the end goal of connecting students at various schools throughout the Colorado River System
using the Google platform was very valuable. Also, giving students an impression of just how valuable
the river is as a resource is essential given our growing population and resource use and the changes
that are anticipated to occur given climate change. Because I highly value the idea of “Place-Based
Education” I would like to see the curriculum continue to be developed to the point where it could be
offered as a stand-alone course in our district.
_______________________________________________________________________________

Dr. Renu Singh, Program Director / Science Teacher
Maryvale High School/Gifted & Talented Academy, Phoenix, Arizona
Summary
Gifted & Talented Academy (G & T Academy) at Maryvale High School is one of the newest
additions to the portfolio of the Phoenix Union High School District. This microschool is part of an
urban public school where more than 90% of students are on free and reduced lunch. The SCAPE
curriculum was implemented with all twenty science strand students of G & T Academy and 16
students from the Environmental class of Maryvale campus. G & T Academy students were all
freshmen enrolled in Biology-H, Chemistry-H and Physics –H courses simultaneously. Most of our
students are not only a transient population, but they also live in the concrete jungle of Phoenix.
Total population of Maryvale High School is about 2800 and the Academy has 42 freshmen.
Overview of Activities
I started the conversation with the Environmental Ethics and Policy of Unit -1. After watching the
video about Burma’s environmental journalist, we had great discussion on potable water and the
challenges we face with increasing human population. Later, students drew pictures depicting issues
with water worldwide. They understood that water is a global resource! Later during semester -1
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we went to the Audubon Center of Phoenix. There students performed Riparian Habitat Diversity.
Students were actively engaged in learning about riparian areas in general and the plants of
Arizona riparian areas in particular. They enjoyed the place-based learning experience.

In Semester -2, we did Chemistry of Water of Unit -3. First students did research on chemistry of
water – its structure, properties and anomalies. Later in March we went to Tonto Forest east of
Phoenix to perform water chemistry lab in Salt River water. Each group collected data and
submitted their report. In April we went back to Unit -1 to My Map=My Place activity with Elena
Ortiz of Phoenix Community College. Students enjoyed the ArcGIS activity. They were now seeing
the physical connection of water bodies as well as other schools participating tin this project.
Finally, students presented their projects to the class and their parents during Parent Partnership
Evening.
Quantitative/qualitative assessments of outputs and outcomes achieved (Include both
educational and environmental results).
With the SCAPE curriculum we were able to achieve short-term, medium-term and long-term
outcomes.
•
Group of teachers and students were recruited for water conservation project which they will
continue to evolve.
•
Collaborated with Maryvale comprehensive campus teachers and Phoenix College instructor
to improve environmental literacy in our local community.
•
Students made pledge to water conserve and they engaged other students during lunch to
participate in water conservation.
•
They shared the data with other schools and plan to share with other schools in state as well
as other states.
Description of Audience
The SCAPE curriculum was implemented with all twenty science strand students of G & T Academy
and 16 students from Environmental class of Maryvale campus. G & T Academy students were all
freshmen enrolled in Biology-H, Chemistry-H and Physics –H courses simultaneously. Most of our
students are not only transient population and more than 90% of them are on free or reduced
lunch. Total population of Maryvale High School is about 2800 and Academy has 42 freshmen.
Costs and budget management
The stipend is in the process. We had no problem managing the fund or negotiating invoicing
process.
Equipment
The equipment were easy to use and teachers were well trained. Our students used basic
equipment to test water quality on the site. We were unable to find alternative for microinvertebrate collection because of the vendor limitation.
Standards
HS-LS2.C Ecosystem Dynamics, Functioning and Resilience
HS-ESS2.C The Role of Water in Earth’s Surface Processes
HS-ESS2.D Weather and Climate
HS-ESS3.A Natural Resources
HS-ESS3.C Human Impacts on Earth Systems
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Unique Features of the SCAPE Program
SCAPE curriculum gave our students a balance of field work experience with computer-based
literacy. The use of “cloud” technologies to give teachers and students the opportunity to
communicate with other partner schools and to compare data (e.g., do a comparative analysis of
pH across the Colorado River system). The unique combination of the physical and virtual world
added to the students’ twenty –first century skillsets and gave teachers an opportunity to expand
beyond the walls of their classroom.
Overall Impressions and/or Concluding Remarks
The curriculum was doable, comprehensive with added flexibility to pick and choose.
G & T Academy was just starting at a comprehensive campus that made us to rush at
times otherwise it is project worth continuing. It is relevant, relatable, meaningful, and
important for this generation to know.

Hector Romero, Science Teacher – Science Teacher
PPEP TEC HIGH SCHOOL, CESAR CHAVEZ L.C., San Luis Site, San Luis, Arizona
Our school, PPEP TEC HIGH SCHOOL "CESAR CHAVEZ L.C.," is located in San Luis, Arizona, 25 miles
south of Yuma, Arizona on the border with San Luis Rio Colorado Sonora Mexico. This school is a
Charter School in a rural area of Yuma County. It provides education to a population of 135 students
between the ages of 14-20 years. Portions of the SCAPE curriculum were implemented in the Earth
Science class for an audience of 19 students between grades 9-12.
The SCAPE program was something new for both the students and myself. The curriculum is
elaborated very well because it explains step by step what the students have to do as well as the
teacher. In precise language, it covers the smallest detail including vocabulary, activities to do in the
classroom, field activities, as well as the use of computers, mapping and the interpretation of
photographs.
There were no barriers or challenges implementing the SCAPE curriculum because it is very selfexplanatory. The SCAPE curriculum integrates effectively with required teaching standards as set
forth by the school, the district, and the State.
Most of the students who participated in this project come from low-income Hispanic families.
Generally, their parents are employed in field work where they plant and harvest fruits and
vegetables year ‘round.
Our school district received EPA funding through the PPEP accounting department. We were able to
purchase the recommended equipment to conduct the field study in the Colorado River.
Students were taught in the classroom as well as in field studies how to use the Vernier labquest2
using sensors that measure the following: Temperature, pH, Conductivity, Turbidity, Flow rate, and
Dissolved Oxygen.
All information collected from our study in the field as well as the area in the Colorado River is
contained in the SCAPE web-based database.
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We all learned something very important, such as how to obtain factors or measures that intervene in
water quality (temperature, pH, conductivity, turbidity, dissolved oxygen, stream flow, and
macroinvertebrates collection) in the real field of work; how to make moderate use of water to
conserve it.
Personally, I really liked this project, the way of its approach, and the meticulousness of its
elaboration.
I want to congratulate all the people involved in the elaboration of this project because they did a
great job, especially Mr. Collins for his valuable help in training us to carry out this study.
______________________________________________________________________________

Rex Lybrand, Science Teacher – Telluride High School, Telluride, Colorado
Summary
Telluride High School is located in the remote San Juan Mountains of Southwestern Colorado. The
historic town of Telluride is a tourist destination in the sub-alpine zone nestled just below tree line at
8750 feet in elevation, with towering 13,000+ foot snow-capped peaks surrounding the town. The
rural school district has approximately 750 total students K-12. Historically settled by mining and
extraction industries as evidenced by legacy mine tailings ponds and a large containment pile at the
headwaters of the San Miguel River, currently the predominant driver of town employment (and land
use) is the local ski resort. Among other drivers, the growing popularity and national exposure of this
world-class ski resort has fostered growth in the region, causing recent expansion of the school
district’s footprint. Additionally, we have increased class sizes and course preps for teachers as we try
to reach our diversifying population. As we try to shoehorn 30 students into antiquated lab spaces
originally designed for 20, it strains what safely can be done in these spaces – what lab activities can
be performed. It is within this context that my AP Environmental Science course took place this school
year. With 58 students enrolled, the district chose to make only 2 sections of this course, my section
containing 29 students to begin the year, these 29 students were involved in the SCAPE project as it
was synergistic in content (other course preps included 2 General Chemistry sections, 2 Pre-AP
Chemistry sections, and a Culinary Arts course added the second week of school). The challenge of
utilizing a new curriculum in an Advanced Placement setting is the considerable pace that must be set
in order to make it through the curriculum by the cumulative exam in April. This was particularly the
case this year as we have started school late for the past two years due to the construction of the
new wing of the school.
Overview of Activities
Due to the early and prolonged winter in Telluride, it is important to conduct field work in the fall and
spring when the weather is most accommodating. Thankfully, Telluride students have easy access to
the San Miguel River – with only a 10-minute walk to the stream channel. Furthermore, our town has
recently undertaken riparian restoration to return the San Miguel River to its original channel west of
town, and students were able to see the effects of channelization and restoration within a short walk
downstream. Within this context, students conducted the field-work portion of the SCAPE project,
considering habitat diversity, calculating stream flow, analyzing some water chemistry metrics, and
analyzing macroinvertebrate diversity and abundance along the stream channel. While not directly
an activity in the SCAPE project, we also had guest expert and Telluride Valley Floor project
manager Lance McDonald discuss the San Miguel River restoration project and helped us perform
riparian restoration along the newly contoured pond adjacent to the Pearl property. Furthermore, we
conducted ground water monitoring along test locations on the valley floor to better understand the
full hydrologic regime in the region. Conducting measurement and restoration along the river corridor
59

EPA SCAPE Program Summative Report

was a perfect experience to dive into the environmental history of the Colorado River Basin during
the winter. This aspect of the course also fit perfectly with the case-study on the Colorado River in our
AP textbook and AP curriculum guidelines regarding water resource use and conservation. Students
examined “Tracing the Contours of the Colorado River Basin” and explored the effects of dams, such
as the Glen Canyon Dam, on the physical, biological, and cultural aspects of the Colorado River.
Students learned of the history of water rights, and the signing of the 1922 river compact. Students
paid particular focus on map 5 of the list of historical maps, and we discussed the merits of making
political boundaries match watershed boundaries, and we thoroughly enjoyed Pete McBride’s talk on
Chasing Rivers. To round out the course this spring, and in preparation for the AP exam, students
looked at the environmental policy and ethics aspects of the curriculum. Students learned of different
world-views to approaching resource issues, including the “ecological wisdom worldview.” By reading
the famed: Land Ethic from Aldo Leopold’s esteemed A Sand County Almanac, watching the Goldman
Environmental Prize video regarding the Irrawaddy River, and conducting their own weekly water
survey, students were able to integrate systems-thinking into their own behaviors, and hopefully turn
awareness into action going forward.
Implementation of McBride/Leopold: A particularly meaningful book-end to the course, as this was
the first time I have brought Leopold’s Land Ethic into the curriculum. I always have a strong start to
the course with an intensive reading and response paper around Tragedy of the Commons by Garret
Hardin. This year, having conducted inquiries into the field and discovering that we did, indeed, have
macroinvertebrates in our cold water, and navigating the history of the Colorado River, students
appeared to have a deeper interest in the ethical/philosophical implications later in the course. A
Land Ethic was the greatest culminating reading I could imagine; the use of hands-on labs and
expertly placed reading were the strengths of the SCAPE project I will use moving forward.
Use of technology/obstacles
Due to the time constraints, we were unable to conduct the technology aspects of the curriculum,
including the cloud, pivot tables, and fusion tables. However, students were able to familiarize
themselves with the use of the LabQuest II and the various probes that I had previously purchased.
Central to missing out on this were working with the school district on obtaining the grant funds to
purchase additional probes, such as D.O and the flow rate sensor that would allow us to upload the
data similar to other schools. More on that in a moment.
Costs and budget management
Our school district, in concert with a new financial director, conducted a financial management system
change that has taken over a year to implement. At several points during the year, no teacher from
any department knew where funding levels were. Considering the backdrop of state-wide teacher
walkouts over educational funding levels only served to muddy the waters. Being extremely nervous
about if the funding actually existed, I waited conservatively for the accounts to show a budget. Glad
I did: just recently, I had AP workshop fees pulled out of the SCAPE project budget, as they had
nothing to do with this EPA/ASU grant. The district had pulled resources directly from SCAPE to fund
other projects. Still today, we are working to get the final budget correct from ASU.
Equipment
In consideration of above, I used the LabQuest II and Riverwatch equipment that I already had on-site
to conduct the field chemistry component. Flow rates had to therefore be modified, as we did not
have the Flow rate probe to compare to our other methods of determining stream flow.
Standards
SCAPE curriculum is so nicely organized with links to the NGSS that I could be confident in hitting
standards. The biggest challenge for me was staying focused on the AP Environmental Science outline
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as there are many opportunities to head down other avenues of interest. With so many embedded
links, I had to put “blinders” on to achieve our course objectives in a timely fashion.
Unique features of the SCAPE curriculum
A huge strength to me surrounding the SCAPE curriculum is the exposure of art, history, and
technology to my AP program. I have never looked at the settlement of the Colorado River Basin, nor
old maps of settlement. This was of particular interest to several of my students, as was connecting
with John Powell – a name many had heard but few knew of his contributions to mapping the
Colorado River. It was also great to see how the Vernier probes worked in the field. Students armed
with instant data is far more powerful than having to take samples back to the lab for analysis.
Documentation
Students created their own culminating projects that are not confined to the river project, but a cycling
aspect of the river experience is a requirement. (i.e., biogeochemical cycling.) Students are bringing
projects in this week, and images will be provided.

Overall impressions and/or concluding remarks
The SCAPE project is a tremendous effort and a huge boost to enriching environmental science
curriculum. The history of water rights during the western settlement is particularly strong, as is the
laboratory component. The massive supply of linked resources presents a tremendous volume of high
quality additional aspects to pursue. I was able to utilize many new articles, such as Species
conservation, Rapid Environmental Change, and Ecological Ethics in my AP course to provide engaging
collegiate-level course material. The additional videos, such as those by Pete McBride, were also
well-honed. This wealth of material is both a blessing and a curse however, as the amount of
resources in the curriculum is also consuming. For example, following the resource link to a MOSS
lesson, an activity entitled: Water Resources within a Changing Climate are listed, and look inviting.
However, the write-up also includes recommendations that a Hydrograph Lab be completed prior to
this lesson (Hydrograph Lab not included.) After spending considerable time to hunt it down, I
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abandoned this lesson as time resources are my biggest limitation. Along those lines, often the density
of the lesson plans appears written for a sophisticated audience, potentially missing the mark at times
for an audience of underclassmen. Additionally, my deepest frustration is likely unavoidable; the
nexus of dealing with a massive grant, new financial managers at TMHS, a new budgeting software
system, unplanned expenses showing up in the accounts, and the interaction between ASU, EPA, THS,
and the other schools, made me lose sleep over the financial aspect of this project. Timing was also a
challenge as our school starts so much later than others – evaluations were due while we had only just
met our students; the final reports due before we have finished our school year.
Overall, I have thoroughly enjoyed the SCAPE project, and look forward too many
years of implementation. Next year, for example, I will be teaching 7th grade science
as a new prep. I look forward to modifying this project and being able to spend a
considerable amount of time to implement the program without the confinement of the
AP pace.
_______________________________________________________________________________

Vicki Phelps, Co-Director
Watershed Education Program, Telluride Institute, Telluride, Colorado
Summary
I am co-director of the Watershed Education Program of the Telluride Institute in Telluride, Colorado.
I work with small, rural schools in Western Colorado. I have served in several capacities during the
June 2016-May 2018 SCAPE program. I participated in both curriculum development workshops in
June 2016 and June 2017. I assisted in the teacher trainings in June 2017 and August 2017. As a
former classroom teacher of almost 30 years, I know the scope and demands of teaching, and
brought with me an understanding of the challenges teachers face in implementing new and
supplemental curriculum. I was mindful to consider how the curriculum would be both user-friendly for
teachers and students, while satisfying best practices in standards-based content and outcomes.
During the 2017-2018 school year, I was available to assist Dan Collins in working with SCAPE
teachers. Dan and I visited Kevin Dunbar’s class in Cedaredge High School and introduced SCAPE in
the classroom; then accompanied students to their stream site and collected water quality data. I also
visited with teachers in the region covered by our Watershed Education Program, and shared how
the SCAPE curriculum would supplement and enhance their curriculum and field experiences. Although
we did not implement SCAPE in those schools this school year, I now have field equipment and the
stage is set for utilizing SCAPE in the next school year and beyond. I plan to work with the Paradox
Valley High School teacher in fully implementing SCAPE in the 2018-2019 the school year. The
SCAPE curriculum will be a great addition to our work with upper level teachers and students in all of
our watershed program schools.
Overview of Activities
In addition to the activities mentioned above, I have started to lay the groundwork to
involve teachers from different disciplines to incorporate SCAPE lessons into their
curricula in the future. The SCAPE curriculum is well suited to the rural schools we work
with in the Watershed Education Program. Teachers are able to communicate
between departments in small schools and perhaps have more flexibility to
collaborate and team teach across the disciplines. The SCAPE curriculum has
components that incorporate skills and content in several science disciplines,
technology, engineering, mathematics, language arts, history, geography, civics, and
art.
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X2. PHOTO ARCHIVE
This gallery is a compilation of images by Kaard and Gerhard Bombe and reflect work
done during the first and second SCAPE workshops, classroom work at the Orme School with
Casey Jones, and field work with students of the PPEP Tech High School in San Luis, Arizona.

Fig. 1. SCAPE title page. All project teachers were given both a 3-ring binder and a flashdrive with the entire curriculum.
(image: Kaard Bombe, 2017)

Fig. 2. Elser, Collins, and Ortiz introducing SCAPE curriculum to visiting project teachers at Telluride High School (June 22,
2017). (image: Kaard Bombe, 2017)
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Fig. 3. Dan Collins, PI, listening to SCAPE partner teachers present on their study areas. (image: Kaard Bombe, 2017)

Fig. 4. Elena Ortiz (left) and Monica Elser (right), SCAPE Co-Is and Core Team members (image: Kaard Bombe, 2017)
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Fig. 5. Vicki Phelps, Telluride Institute Watershed Education Program Co-Director and SCAPE Core Team member. (image:
Kaard Bombe, 2017)

Fig. 6. Shaun Ylatupa-McWhorter, computer database and cloud-technology expert from ASU. (image: Kaard Bombe,
2017)
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Fig. 7. Renu Singh, Director of the Gifted and Talented Academy, Maryvale High School, Phoenix, AZ. (image: Kaard
Bombe, 2017)

Fig. 8. Anne Norenberg, Arizona State University intern. (image: Kaard Bombe, 2017
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Fig. 9. Rex Lybrand, Science teacher at Telluride High School and SCAPE master teacher. (image: Kaard Bombe, 2017)

Fig. 10. Kevin Dunbar, SCAPE project teacher from Cedaredge High School, Colorado, indicates the location of his high
school and water quality study area for the SCAPE project using Google “My Maps.” (image: Kaard Bombe, 2017)

67

EPA SCAPE Program Summative Report

Fig. 11. Chris Bires, SCAPE project teacher from Boulder City High School, Nevada, demonstrates how to use the Vernier
LabQuest2 (hand-held computer interface for water quality sampling). (image: Kaard Bombe, 2017)

Fig. 12. Deb Noble, SCAPE project teacher from Pinedale High School, Wyoming. (image: Kaard Bombe, 2017)
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Fig. 13. Kristen McClellen, SCAPE project teacher from Grand Junction High School, Colorado. (image: Kaard Bombe,
2017)

Fig. 15. Vernier pH sensor soaking in buffer solution. (image: Kaard Bombe, 2017)
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Fig. 16. Location of Phoenix study area (Audubon Center) using Google My Maps. (image: Kaard Bombe, 2017)

Fig. 17. The confluence of Deep Creek with the San Miguel River via drone photography. (image: Kaard Bombe, 2017)
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Fig. 18. Looking east above the San Miguel River adjacent to Deep Creek Canyon. (image: Kaard Bombe, 2017)

Fig. 19. Field work—recording macroinvertebrates at the confluence of Deep Creek and the San Miguel River (image: Kaard Bombe,
2017).
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Fig. 20. Collins attempting to get accurate “rate of flow” of Deep Creek with Vernier sensor (image: Kaard Bombe, 2017).

Fig. 21. Vicki and Kristen use a D-net to collect macroinvertebrates in Deep Creek (image: Kaard Bombe, 2017).
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Fig. 22. Renu uses a Vernier sensor to test for dissolved oxygen in Deep Creek (image: Kaard Bombe, 2017).

Fig. 23. Recording water chemistry values in student data worksheet at Deep Creek (image: Kaard Bombe, 2017).
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Fig. 24. Macroinvertebrates! The big bug is a Stonefly nymph (image: Kaard Bombe, 2017).

Fig. 25. Vicki and Dan confer about macroinvertebrates at Deep Creek (image: Kaard Bombe, 2017).
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Fig. 26. High level discussion about methods for calculating streamflow (discharge) (image: Kaard Bombe, 2017).

Fig. 27. Kick-net detail (image: Kaard Bombe, 2017).
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Fig. 28. Chris tests for pH using a Vernier sensor (image: Kaard Bombe, 2017).

Fig. 29. Renu uses a “tree height gauge” as part of the Riparian Habitat lesson (image: Kaard Bombe, 2017).
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Fig. 30. Elena sets up a 100 foot transect for the Riparian Habitat lesson (image: Kaard Bombe, 2017).

Fig. 31. Chris, Elena, and Kevin use dichotomous keys to identify macroinvertebrates at Deep Creek. (image: Kaard Bombe, 2017)
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Fig. 32. Looking east towards Telluride from Mill Creek via drone camera (image: Kaard Bombe, 2017).

Fig. 33. Looking east above San Miguel River towards Telluride via drone photography (image: Kaard Bombe, 2017)
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Fig. 34. Deep Creek (image: Gerhard Bombe, 2017).

Fig. 35. Rafters on the San Miguel River (image: Gerhard Bombe, 2017).
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Fig. 36. Large homes on Deep Creek mesa (image: Gerhard Bombe, 2017).

Fig. 37. Telluride from Deep Creek mesa (image: Gerhard Bombe, 2017).
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Fig. 38. Large private estates at entrance to Mountain Village above Telluride. Note golf course in lower foreground. The ski area
recently expanded into “Prospect Basin,” the area above treeline (image: Gerhard Bombe, 2017).

Fig. 37. Sunshine and Mt. Wilson (14,250 feet) (image: Gerhard Bombe, 2017).
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Fig. 38. Kaard Bombe at work (image: Gerhard Bombe, 2017).

Fig. 39. Elk on Telluride Valley Floor (image: Gerhard Bombe, 2017).
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Fig. 40. SUP (Stand Up Paddleboard) on the San Miguel River where it flows through the Town of Telluride
(image: Gerhard Bombe, 2017).

Fig. 41. SCAPE videographer Kaard Bombe traveled to the Orme School in Northern Arizona to document current work
with master teacher, Casey Jones, and his students. The image above was captured from a GoPro camera attached to
a drone in February 2017.
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Fig. 42. Casey Jones introduces his students to water quality testing processes using an artificial stream in his lab at the
Orme School (February 2017).

Fig. 43. Detail shows LabQuest handheld computer developed by Vernier. The unit provides real-time data from
various digital probes used to capture water quality parameters. This system is being used by students in the field to test
water quality at various collection sites up and down the Colorado River for the SCAPE project (February 2017).
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Fig. 44. Detail shows the digital probes used for measuring temperature, dissolved oxygen, and pH in an artificial
stream at the Orme School (February 2017).

Fig. 45. Graph of Oxygen solubility used by Casey Jones at the Orme School (February 2017).
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Fig. 46. Tabulation of data derived from Vernier digital probes at the Orme School (February 2017).

Fig. 47. “So, one of the reasons when you see fish belly up (could be due to lack of dissolved oxygen in the water)?”
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Fig. 48. One Orme School student’s responses to the prompts “What is a Sustainable Community” and “What are the
benefits of a Place-based Education?” (photo: Kaard Bombe, 2017).

Fig. 49. Road sign in San Luis, Arizona—one mile from the Mexico/US border.
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Fig. 50. Hector Romero, Science Teacher at PPEP Tech High School, San Luis, Arizona. Hector is a Mexican national
trained as an engineer. His students are 99% Hispanic. Click here to see short video of SCAPE in action.

Fig. 51. PPEP Tech High School student uses a Vernier turbine to check stream flow in the Colorado River near Pivot
Point, Yuma, Arizona.
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Fig. 52. PPEP Tech High School student examines macroinvertebrates gathered in the Colorado River near Pivot Point,
Yuma, Arizona.

Fig. 53. Canal adjacent to the Colorado River near San Luis, Arizona. Note the US/Mexican border to the right.
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X3.

EQUIPMENT LIST

DIGITAL WATER QUALITY TEST EQUIPMENT
Notes

Description

Unit Price
“wired”

WATER QUALITY WITH VERNIER
VERNIER LabQuest2

Unit price
“wireless
”
48.00
329.00

STAINLESS TEMP SENSOR

48.00
329.00

28.13

STAINLESS TEMP SENSOR (Go Direct wireless)*

59.00

PH SENSOR (wired)

79.00

PH SENSOR (Go Direct wireless)*

79.00

OPTICAL DISSOLVED OXYGEN SENSOR**

299.00

CONDUCTIVITY SENSOR (wired)

95.00

299.00

CONDUCTIVITY SENSOR (Go Direct wireless)*

Wireless link converts standard
wired sensors.
School choice?

89.00

TURBIDITY SENSOR**

108.64

108.64

FLOW RATE SENSOR**

129.00

129.00

Go Wireless Link (includes charging cable)

89.00

89.00

LABQUEST VIEWER SOFTWARE

79.00

79.00

Shipping (pro rata)

12.90

12.90

One Sensor chosen by school.

$1296.67

Total “wired”

$1321.54
Total “wireless”
*Choose either the “wireless” version (which uses Bluetooth) or the “wired” version. Currently, the “Go Direct” wireless does not
communicate with the LabQuest2 Interface (PDA)…but it should in coming months. It does connect directly with Labquest Viewer
software enabled tablet or laptop.
**Wireless option not yet available
TRADITIONAL WATER QUALITY TEST EQUIPMENT
Hach Scientific Supply
Notes

Description
Test Kit, Stream Survey
pH paper (pk/5)

Seems high.
HachTotal

Shipping

Unit
Price

# of
units
1
1

Total
Price

395.00
12.19

395.00
12.19

41.67

41.67

$448.86

$448.86
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MACROINVERTEBRATE COLLECTION KIT
Ben Meadows Scientific Supply
Measurement

Instrument or Material

Water sample collection
Aquatic or terrestrial vegetation /
Algae collection
Aquatic or terrestrial vegetation /
Algae collection
Safety Equipment

Macroinvertebrate collection

Total
Price

1

6.37

6.37

Amber Narrow-Mouth Safety- Coated
Glass Bottles 24 per case = 140.10

1

14.01

14.01

1

1.96

1.90

1

8.79

8.79

1

20.89

20.89

1

187.50

187.50

1

333.50

333.50

Foam-Backed PTFE-Lined Phenolic Caps (12
count)

Safety Glasses, Uncoated, Clear, 12/Box

Macroinvertebrate collection

Unit
Price

1 cases (24 count) 250 ml plastic bottles.

Latex Gloves. 100 per box.

Safety Equipment

# of
units

Complete Bottom Kick Net - 40in handle,
Nitex, 500µm.
Aquatic Invertebrate Lab Kit
Sampling Kit contains:
•Twelve (12) Small white "critter pickin
(TM)" pans (182-F20)
•Twelve (12) Forceps (7905-T10)
•Sink sieves (184-A15), pack of 6
•Plastic vials (7912-P50), 48 count
•Twelve (12) Clear plastic rulers
(039030) for measuring specimens
•Twelve (12) Hand Lenses (78-520)
•Teasing needles (7905-T24), pack of 12
•Set of comprehensive teacher
instructions
•Twelve (12) Insect ID
sheet (039020) with instructions

Ben Meadows Total

$572.96

TOTAL Expenses per Vendor
Vendor
Totals
Vernier
Hach
Ben
Meadows

Description
Digital Water Quality Test Equipment Equipment (suggested)
Traditional Water Quality Test Equipment
Macroinvertebrate Collection Kit

Total
Price
1400.00
448.86
572.96
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Estimated total may vary depending on your choice of Vernier Sensors.
Grand
Also, Hach equipment NOT necessary for implementation of SCAPE
TOTAL curriculum. For the purposes of budget tracking, reserve at least $2500
in your budget for equipment.

$2421.82

$344.28 is budgeted for each school to conduct one field trip; Mileage = ~100 miles @ $0.445/mi., meals
@ $12 ea. for 25 students. (Note: actual mileage & meal costs may vary from school to school, but no sub-grant shall exceed
the $5,000 limit).
Overhead for each school is budgeted at 10% per the RFP.
For further information, contact Dan Collins (PI), dan.collins@asu.edu / 480-206-2037
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X4. Curriculum (Summary). For full curriculum (11 MB – 320 pages, see separate attachment).
SCAPE (Sustainable Communities and Place-based Education) is a pilot high school and
community-based science education project combining online learning and field
observations linked to “living classrooms” across the Colorado River (CR) Basin. The
program builds on EPA recognized environmental education (EE) curriculum design
guidelines) and workshops and provides opportunities for science teachers to learn both
the science of water quality and best practices for EE. SCAPE trained teachers introduce
students to the hydrology of the CR System, methods for measuring in-stream flow, and
techniques for testing water quality. Resources are provided in environmental history,
policy, and ethics, with special emphasis on the CR. SCAPE incorporates state and national
education standards and can be used to augment existing teaching plans. The program
uses EE pedagogy to create lessons related to real-world problems—in particular, water
quality and supply—and gives our partner teachers the tools and methods to move from
knowledge to action.
Overview of the Curriculum
Unit 1: Pre-Field Work.
In class, students engage readings in environmental history, policy, and ethics, with special emphasis
on the CR. They use pre-defined SCAPE maps to investigate a stretch of river near their school and
use the SCAPE custom interface (text mark-ups, points, and polygons) for their living classroom.
Students develop hypotheses regarding water quality above and below their chosen site, and use
local sources (photographs, oral histories, data from local water boards or USGS databases) to
understand historical flows, key water quality parameters, and uses of the river. Household water use
logs help students quantify personal use and identify the pollutants they discharge. Students create a
model of how individual water use contributes to community and regional water use, and utilize the
model to demonstrate how individual actions may affect the regional water supply.
Unit 2: Field Work
On their river site, students make observations, measure water flow, measure chemical and physical
water quality, and survey biological indicators (microorganisms and macro-invertebrates) of water
quality at sites above and below their hypothesized source of pollution, as developed with online
maps. With the help of trained teachers, students conduct standard water quality measurements using
both traditional and digital instruments to evaluate basic water quality parameters (e.g.,
temperature, salinity, water clarity, and pH, as well as chemical species such as dissolved oxygen and
nitrates).
Unit 3: Post-Field Work
All water quality data, photos of identified insects and water samples, hand-drawn illustrations, and
field notes are uploaded to the SCAPE website via custom forms. This data is automatically translated
into Google Sheets and posted to a secure website. Measurements and observations are verified by
water quality and bio-indicator specialists from ASU. Once the data is verified, students use Google
Fusion Tables to assemble a spreadsheet indicating accurate geo-coordinates, water quality, flow,
and observed organisms. From these tables, they create their own hyperlinked Google My Map to
visualize the data. They then compare and evaluate the data and identify pollution sources from their
sites and those from other living classrooms.
Unit 4: System-wide Impacts
By looking at all of the living classrooms across the CR Basin, students develop an understanding of
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system-wide river water quality, security, and supply issues—our shared commons. Each school
decides on an action to take, such as planning a water-related stewardship project with a local
farmer, agriculture specialist, natural resource professional or member of the community, and posts
their solutions and reports their progress on the customized “cloud” website developed specifically for
SCAPE.
These materials have been developed to connect with students and teachers both broadly and
deeply. Information and skill-sets important to understanding the Colorado River as a whole—as a
system—are paired with objectives that address the particulars of different reaches of the Colorado.
While all students engage foundational issues such as history, hydrology, water chemistry, riparian
ecology, etc., partner schools also receive custom-tailored curricular materials that address the issues
most pertinent to their “backyard.”
Grade Level
These materials target students in grades 9 – 12. Many activities require no prior experience. A
select number of lessons focus on water chemistry and other skill-sets that require prior knowledge in
specific STEM skills (e.g., chemistry, math).
State and National Standards
Given the evolving situation with state and federally approved standards for STEM, Math, and
Literacy education, the project team has provided a document for each Unit indicating the relevant,
Next Generation Science Standards, Common Core Math, and Common Core Literacy standards. The
lessons in each Unit build upon each other, so completing the entire Unit will meet many requirements.
Additionally, some of these lessons can be used in fulfillment of social studies requirements in
individual states. Environmental Literacy standards are also interwoven into these lessons following
these core key principles:
Systems
Systems help make sense of a large and complex world. A system is made up of parts. Each part can
be understood separately. The whole, however, is understood only by understanding the relationships
and interactions among the parts. Earth is a complex system of interacting physical, chemical, and
biological interlinking processes. Organizations, individual cells, communities of animals and plants,
and families can all be understood as systems. And systems can be nested within other systems.
Human Well-being
Human well-being is inextricably bound with environmental quality. Humans are a part of the natural
order. We and the systems we create—our societies, political systems, economies, religions, cultures,
technologies—impact the total environment and are impacted by the environment. Since we are a
part of nature rather than outside it, we are
challenged to recognize the ramifications of our interdependence with Earth systems.
Diversity, Equity, and Inclusion
Environmental education instruction is inclusive, respectful, and equitable, and designed to employ the
talents of people with different backgrounds, experiences, and perspectives.
The importance of where one lives
Beginning close to home, learners forge connections with, explore, and understand their immediate
surroundings. The sensitivity, knowledge, and skills needed for this local connection provides a base
for moving out into larger systems, broader issues, and an expanding understanding of causes,
connections, and consequences.
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Roots in the real world
Learners develop knowledge and skills through direct experience with the environment, current
environmental issues, and society. Investigation, analysis, and problem solving are essential activities
and are most effective when relevant to the real world.
Integration and infusion
Disciplines from the natural sciences to the social sciences to the humanities are connected through the
medium of the environment and environmental issues. Environmental education offers opportunities for
integration and works best when distributed across the curriculum, rather than being treated as a
separate discipline or subject area.
Lifelong learning
Critical and creative thinking, decision making, and communication, as well as collaborative learning,
are emphasized. These skills are essential for active and meaningful learning, both in school and over
a lifetime.
Sustainability
Learning is future-oriented, focused on environmental, social, and economic responsibility as drivers of
individual and institutional choices.1
Integration with Existing Curricula
Question for each SCAPE teacher: How do these materials complement, integrate, substitute for
existing environmental studies coursework? There is no expectation that these materials will be used in
their totality. Rather, we see individual teachers selecting those lessons and activities they deem most
appropriate for their existing situation.
Document Navigation
Guidance on navigating this .pdf document are found in Technology and Document Navigation Notes
p.277
Activity Format
(viz., Howe & Howe, 2005. This format borrows in large part from Discover a Watershed: The
Colorado, pp. XII - XIII)
Summary
A brief introduction to the lesson and a description of the concepts and skills learned during the
activity.
Learning Outcomes
The qualities or skills students should possess after participating in the activity. NOTE: Both learning
and behavioral objectives should be addressed.
Materials
Supplies needed to conduct the activity. NOTE: Each SCAPE partner school is provided with the
necessary equipment and supplies to successfully present a given activity to the students.
Background
Preparatory information about context, activity concepts, or teaching strategies.
Procedure - Warm Up
Prepares everyone for the activity and introduces concepts to be addressed. Provides the instructor
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The Activity
Provides step-by-step directions to address concepts. NOTE: Some activities are organized into
“parts.” This divides extensive activities into logical segments. All or some of the parts may be used,
depending on the objectives of instruction. In addition, a few activities provide “options.” These consist
of alternative methods for conducting the activity.
Wrap Up
Brings closure to the lesson and includes questions and activities to assess student learning.
Assessment
Presents diverse assessment strategies that relate to the objectives of the activity, noting the part of
the activity during which each assessment occurs. These often suggest ideas for assessment
opportunities that follow the activity. Traditional rubrics are provided for certain lessons.
Extensions
Provide additional activities for continued investigation into concepts addressed in the activity.
Extensions can also be used for further assessment.
Resources & e-Links
Lists references providing additional background information including links to Websites with relevant
information for further study. An extensive Glossary is included.
Academic Standards
Correlation with NGSS (Next Generation Science Standards).
For example:
HS-LS2.C Ecosystem Dynamics, Functioning and Resilience
HS-ESS2.C The Role of Water in Earth’s Surface Processes HS-ESS2.D Weather and Climate
HS-ESS3.A Natural Resources
HS-ESS3.C Human Impacts on Earth Systems HS-ESS3.D Global Climate Change
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