OUTDOOR EDUCATION AND CITIZEN SCIENCE IN A HIGH SCHOOL

FRESHWATER ECOLOGY SCIENCE CLASSROOM

Sarah Martina Tierney

A professional paper submitted in partial fulfillment
of the requirements for the degree

of

Master of Science
in

Science Education

MONTANTA STATE UNIVERSITY
Bozeman, Montana

July 2019



@COPYRIGHT

by

Sarah M. Tierney

2019

All Rights Reserved



il
ACKNOWLEDGMENT

I’m grateful for everyone who has helped me through this process of completing
my degree. For my family, supportive colleagues, and everyone making suggestions as to
how I can make this graduate program a reality. Thank you to all my MSSE professors
who have helped guide and shaped my capstone project into a reality. I especially want to
thank Diana Patterson who has continued to go above and beyond when it comes to any
questions I have had during this process as well as John Graves who has been incredibly
supportive and offered excellent guidance throughout this entire process. I’d also like to
thank my science reader and coworker, Michelle Dodge, who has been able to be a
reliable resource for me throughout the entire MSSE program. And lastly, I want to thank
all of my MSSE colleagues who have been going through this process alongside me and

who I have, and continue to, learn so much from.



i1

TABLE OF CONTENTS
1. INTRODUCTION AND BACKGROUND .....ccooiiiiieiieienieieeeteie et 1
2. CONCEPTUAL FRAMEWORK ......cctiiiiiiiieieeieitee et 3
3. METHODOLOGY ...oooiiiiiiiieiieie ettt ettt sae et eeee st esaeeseesseensesneenseenee e 8
4. DATA ANALYSIS .. ettt ettt sttt et st be e e s nes 20
5. INTERPRETATION AND CONCLUSION ......ocoiiiiriieeeieeeee et 25
0. VALUE ...ttt et ettt et st e sae et e eneenbeenseeneenns 30
REFERENCES CITED.....cctiiiiiiiiteietee ettt sttt es 33
APPENDICES ...ttt ettt sttt ettt st et e e st et eeneenes 36
APPENDIX A MSU Institutional Review Board Research Exemption Form ....... 37
APPENDIX B Freshwater Ecology Module Description: Scope and Sequence ....39
APPENDIX C Drinking Water Storybook Example .........ccccceeveiienciiiiniiieniieeen. 47
APPENDIX D Milfoil Removal Site Map........cccoecuveviiiiiieniieiieiecieeiee e 50
APPENDIX E Weed WatChers ..........oouiiiiiiiiiiiieieceeeee e 52
APPENDIX F Site Description Worksheet............ccoeveerviienieeciieniiiieeiieeieeee e 55
APPENDIX G Pear Deck Surveys Pre/Post..........coocvveeiiieicieecieecieeeeee e 58
APPENDIX H Sit SPOt ACHVILY c.uveeuieriieiiiieiiienieeieeitenieete st 61
APPENDIX I Student Interview QUEStIONS ........ccueeeeeeiuiieeeeiiiieeeeiieeeeeeieee e 63
APPENDIX J Tally Sheets of Student Engagement ............cccccceeviiiiienienieenneennee. 65
APPENDIX K Student Portfolio, Google Sites, Example.........cccccccvvvvivirenvernnnnen. 67
APPENDIX L Guest Speaker Worksheets...........cccveveeiviienieniiienieciceieeieeee e 69
APPENDIX M Trout in the Classroom...........cccceeeiiieiiiiiieiiienieeiecieeee e 77
APPENDIX N Tour Worksheets..........ccocveriieniieiiienieiieeieeieee e 80

APPENDIX O Tour Sit€ Map .....ccueeiirieriiiiinieiteieeeesteeteeeeseeteeee e 84



v

LIST OF TABLES
. Freshwater Ecology Module Timeline...........ccceovieeiiiiiiiieniiiececeeeeeee e 10
. CltiZen SCIENCE ACTIVITIES ....eeuieiiieiiiieiie ettt ettt ettt e sttt et ebee st e ebeesaees 11
o GUESE SPCAKETS .....viieeiiieciee ettt ettt e et e e s e e s ae e sabeeesnbeeeenreeennaeeennns 18
. Freshwater Ecology Class TOULS .......ccceeiieeiiieeiiieeieeeee et 19

. Data Triangulation MatriX ........ccccuieeiiieeiiie et eire e evee e e e sre e e eeseaee e 19



8.

9.

v

LIST OF FIGURES

. Deep-water testing sites on Wolfeboro Bay ..........cccccveeviiiiniiiiniiiiciieceeee e

Site Description Location Map ........cc.eeeciieeiiieniiiecie et

. Yale Emotional Literacy Mood MEterT.........cccceeeviieeiuiieeiiieeiieecie e

Sit Spot Sit€ LOCAtION IMAP .....veiiiiieiiiieeiiee ettt ae e e e e

Tally Sheets: Percentage of Students Modeling on Task Behavior
N 10-mMINute INtEIVALS ....c..eiiiiiiieiii et

Pre and Post Student Module Check-ins via Pear Deck Surveys ..........ccccceeeeevveennne.

Mood Meter: Pre and Post surveys, Percentage of Students Versus Change
N 3 1 1o e 7<) SRR

Mood Meter: Pre and Post surveys, Percentage of Students Versus Change
1N Pleasantness LEeVEl........couiiiiiiiiiiiiiiiiieeeeeeee ettt

Percentage of Students and their Average Recognition Scores...........cceeeveeruienveennnnns

CaANO0CING 1N ACHION ..eoueiieniieiiieeiie et ette et etee et e et e st e eteeeabeesbeessbeeseesaseenseessseenseesaseenne

10. Deep Water Testing Map Reading..........cccvevieeiiieniieiiienieeieeieeieeee e

11. Nitrate Water Quality TeStING........cccieriieiieiieeiiete ettt

12. Macroinvertebrate Sampling with Kick Nets .........ccccooviiviniiiiiiiniinieeceeee



vi
ABSTRACT

Outdoor education and citizen science practices were implemented into a high school
freshwater ecology curriculum to assess student motivation, attitude, and in general their
connection with the outside world. In this study students were exposed to various outdoor
learning opportunities and citizen science activities. Pre and post treatment student
surveys were conducted, student interviews, student journaling, and student engagement
tally sheets were all recorded to assess student engagement. As a result of this study, a
majority of students reported a benefit from lessons outside the classroom as well as
indicating an increase of energy, pleasantness, and engagement.
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INTRODUCTION AND BACKGROUND

Students in my classroom are academically driven, both for grades and
knowledge. Developing a robust curriculum and yet also providing a real-world approach
has been a goal of mine to continue to engage students in the quest for learning. I have
continued to design a curriculum that allows students to get outside of the walls of their
classroom and to partner in the local community through citizen science.

I teach seniors and post-graduates at Brewster Academy, a private boarding
school located right on the shores of Lake Winnipesaukee in Wolfeboro, New
Hampshire. Brewster has a mastery-based approach, meaning it is required that all
students aim to earn an 80% or higher on any major assessment. If they do not, students
retake the assessment and the scores are averaged. Twenty-one countries are represented
by the student body and 74 different classes are offered.

At Brewster, I am required to level each student in the class appropriately:
Accelerated, Standard, or Foundational. Leveling determines the pace and amount of
material students are expected to learn and is tied in with different assessments and
GPA. Idecide what level material students should master to be considered
Accelerated, the highest level, versus Foundational, the lowest level (D. Davis,
personal communication, September 22"¢, 2017).

I completed the study with my three freshwater ecology students containing 42
Juniors, Seniors, and postgraduate students. Students learn in small classroom sizes, 14
students each. Sixty-four percent of my students have learning differences. I have four

students with attention deficit hyperactivity disorder (ADHD), two students with foreign
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language waivers due to dyslexia, two students who have a learning disability in regard to
a weakness in math, and four students who are English as a Second Language (ESL).

The ethnic breakdown of the classes is 36 Americans, 2 from Canada, 3 students
from China, and 1 student from Spain. The four ESL students Test of English as a
Foreign Language (TOEFL) scores are considered high, but do require me to adjust my
curriculum to fit their learning needs (D. Davis, personal communication, September
22" 2017). There are also three races represented in all three classes: Caucasian, African
American, and Asian (N=42).

In my teaching experience, I have seen students lack some of the skills to apply
what they know outside of the classroom by purely memorizing information for
assessments instead of seeing the bigger picture. I have also witnessed a deficiency in my
student’s connection with their local community. Therefore, I decided to do an action
research model to guide my capstone project that encouraged my students to engage in
the outdoors and apply what they’ve learned in the form of citizen science.

In this action research-based class project, one of the goals is to incorporate a
curriculum that allows student learning to occur in order to demonstrate real-world
application and provide students with a unique educational experience that they could use
outside of the classroom. Experience with my freshwater ecology science students this
year led me to my primary action research model question to investigate: How will
citizen science and outdoor education impact student learning in freshwater ecology
science classroom in high school? The research also addressed the following sub

questions:



1. Will using hands-on field activities increase student interest and engagement in
freshwater ecology?
2. Will the use of citizen science help students make connections to their own lives,
community, and understand the importance of their own environment?
CONCEPTUAL FRAMEWORK

Citizen science is a partnership between the public and non-scientists in scientific
research and education within the community. It has become a key tool in helping to
collect, monitor, and analyze environmental change on both the local and global scale
(Johnson, et al., 2014). Citizen science has been incorporated with outdoor education, the
organization of outdoor activities increases experiential learning (Martin, 2003).

A benefit to citizen science is that it increases student’s awareness and attitude
towards the environment. It encourages a curiosity within students and prompts
participants to engage in their natural surroundings. The Global Environmental Change
journal elaborates upon the importance of monitoring climate change on the local and
global scale and has been using citizen science. This journal looks at the use of citizen
science and how it has increased environmental awareness in the general public. Citizen
involvement has been used to help collect data and encourage more ecologically friendly
changes. It also increases inclusiveness within the community (Toomey & Domroese,
2013). Citizen science is best used when it compliments scientific research and is an
effective tool that impacts quantitative approaches in the science community (Dickinson,
et al., 2010). A three-step process where motivated individuals seek environmental

science opportunities and gain experience through citizen science outreach was
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implemented in Bangalore, India. This led to more citizens being involved in active
environmental outreach programs throughout the area (Toomey & Domroese, 2013).

Citizen science projects help scientists collect data, but also help participant’s
attitude. Researchers investigated what participants specifically learned and took away
from the citizen science partnerships as well as why they participated. The Ajzen’s
Theory of Planned Behavior, a theoretical model of human behavior, was used to better
understand influences and attitudes. The results indicated that most individuals
participating in the study were highly educated, previously participated in citizen science
projects, and were reoccurring citizen-science participants that showed an increased
interest in environmental issues (Toomey & Domroese, 2013).

Citizen involvement has been used to help collect data and encourage more
environmentally friendly changes to occur as well as to create an inclusiveness within the
community (Johnson et al., 2014). In addition, citizen science is growing as more citizens
become involved in their community. Educators are beginning to collaborate more
effectively with the community to spark interest and investment. The idea of shared
responsibility for one’s environment is trending. Citizen science work has increased, and
a structure has been put in place to promote the necessary skills for participants of citizen
science to be successful both on the local and global scale (Mueller & Tippins, 2012).

Citizen science, linked with outdoor education, can encourage a greater
connection between students and their environment. Outdoor education is also a way for
students to apply knowledge and understanding in real-world scenarios (Jordan &

Nadelson, 2012). Today, children struggle to know their own backyard woods but have a



better global perspective of the world due to social media and networking. Students may
be aware of global issues, but they are detached from nature (Louv, 2007). Utilizing
outdoor research with citizen science has led to unique benefits within the scientific
community due to volunteers. This has allowed the involvement of researchers to
increase and community building to occur moving away from traditional research models
(Dickinson, et al., 2010).

Often, citizen science is applied to informal science education (ISE) as well as
incorporated in formal science education (FSE). Both informal and formal science
education have clear benefits for middle and high school student learners. A logic model
was developed and implemented in Acadia Learning Project that showed how classroom-
based citizen science activities can be applied in and out of the classroom (Zoellick,
2012).

Jordan and Nadelson (2012) measured student’s attitude and retention in outdoor
settings. Outdoor field trips were taken and students were measured on their attitude on
being outside. Results indicated a higher positive attitude among all students. Students in
this study were also assessed post field trips and one month later on retention. Students
were able to recall the most information with hands-on activities (Jordan & Nadelson,
2012).

Testimony before the Interior and Environmental Subcommittee regarding human
relationships with the environment found that only six percent of students play outside. A
study by the California Department of Education, done in 2005, discovered that science

test scores increased 27% percent with outdoor science curriculums. The physical
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location of students, such as urban environmental settings, indicated a higher number of
students inside compared to outside. However, students in outdoor education programs
have increased motivation to learn, self-esteem and problem-solving abilities. Results
indicated that under the right circumstances cultural and political change could occur
quickly. The government could increase parks and outdoor public areas. At the federal
and state levels Connecticut's “No Child Left Inside” policy could be adapted and
implemented which would result in increased numbers of outdoor education programs
(Louv, 2007).

A report conducted by the National Foundation for Education Research at Kings
College in London and the University of Bath showed that outdoor learning opportunities
are in decline. The study focused on planning and implementing effective outdoor
classroom experiences. Three separate outdoor learning environments were studied to
better understand the process, impacts, and evaluation of outdoor learning. Effective
ways to increase student learning in outdoor classes was discussed and the findings
signified education outside of the classroom significantly benefits students. In addition,
findings indicated that outdoor activities provided a way to include students in social
settings which can result in increased student levels of self-confidence (Dillion, 2005).

An article in the Journal of Science Teacher Education discussed ways to support
teachers in reflective practices in outdoor education settings. Teacher interviews and in-
services were utilized to help prepare middle and elementary teachers for teaching
outside for their middle and elementary school students. Teachers were encouraged and

supported to teach outdoor lessons followed by group reflections. Both teachers and
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students expressed having positive experiences in this situation. Recommendations were
made to continue to hold outdoor field activities that supported teachers by offering them
outdoor teaching strategies to set them up for success. Outdoor education training
sessions resulted in greater student learning (Tal, 2009).

Providing opportunities for teachers to have space and time to create effective
outdoor lessons is crucial. There can be challenges with creating outdoor lessons such as
funding, class scheduling, and preparation time. Acknowledging barriers and findings
creative solutions to overcome them is important for the success of the teacher and
students learning environment which will lead to greater student success (Rogers &
Smith, 2012).

Offering the time for students in and out of the classroom requires strategic
planning and it’s recommended that teachers maximize student’s experiences through
outdoor classroom settings. The teacher needs to provide key learning targets and
opportunities for students to ask questions to better understand the natural world.
Preparing to teach outside requires teachers to understand that some parts of the lesson
are out of their control, weather for example. Providing students with outdoor learning
opportunities allow students to connect and reinforce lessons previously taught indoors
(Lakin, 2006). Furthermore, finding the necessary time for citizen science projects has
allowed for greater contributions to the scientific community overtime through education
by volunteer participants. It has provided answers to key ecological questions about

conservation and management of one’s habitat. Including resources to collect accurate



data, provide time for volunteer feedback, and general feedback on citizen science
projects will help propel future projects to be more successful (Kobori, et al., 2016).

Allowing occasions for students to be outside requires the teacher to observe and
reflect upon the lesson. Acknowledging that outdoor classes should pull from students’
knowledge not just from one topic, but many topics learned, is a key part of making
connections to the real world. Students can learn in an outdoor setting or a classroom
setting, but having an outdoor classroom allows students to have greater insight into
ecological relationships. Four key variables were looked at, environmental attitudes,
knowledge, attitudes, behaviors, and comfort level in the greater outdoors. These
components can help determine how effective an outdoor classroom environment is for
students and will be adopted into my own outdoor classroom as students work within the
community to take on citizen science projects (Martin, 2003).

METHODOLOGY

In this study, junior, senior and post graduate students in freshwater ecology were
given opportunities to experience outdoor education settings as well as citizen science
projects (N=42). The research methodology for this project received an exemption by
Montana State University Institutional Review Board and compliance for working with
human subjects was maintained (Appendix A).

Six main modules were investigated during the time of the study which included
lake Winnipesaukee’s watershed, water quality testing, drinking water, freshwater fish,
ecological cycles, and water laws, policies, and regulations. A full module description

along with learning targets can be found in Appendix B.
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Students completed six modules from September 2017 to May 2018 (Table 1). In
Module one, Winnipesaukee’s watershed, students investigated general statistics and
facts, the lake as a resource, environmental issues associated with the lake, water quality,
and general history. Students became an expert in one particular area and presented it to
the class in the form of an iMovie presentation. The second module, students took a deep
dive into water quality testing. They participated in deep-water testing sites on Lake
Winnipesaukee’s Wolfeboro Bay, they partnered with the Lake Associated, and wrote a
persuasive essay about if they believed the Lake Winnipesaukee to have good or poor
water quality. The third module students learned about drinking water by taking a
drinking water tour, participating in a water debate, and a blind water taste test. The
fourth module students started raising brook trout, toured the fish hatchery, and became
an expert in a particular freshwater fish species. The fifth module students learned about
ecological cycles such as water, nitrogen, phosphorus, etc. In the final module, module
six, students explored environment laws, policies, and regulations. Students took a closer
look at the US political system and shared lake management plans with the Lake

Association.
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Table 1
Freshwater Ecology Module Timeline
Module | Topic Dates (2017-2018) Activities
Watershed Project: 1. General Facts & Stats on
the watershed 2. History of the watershed 3.
Lake Water quality of the watershed 4. The lake as a
Winnipesaukee's | September to early resource 5. Environmental issues in the
1 Watershed October watershed
1. Deep-water quality testing on four sites on
Lake Winnipesaukee, in Wolfeboro Bay, NH.
Data used in partnership with Lake
Winnipesaukee’s Lake Association. 2. Water
quality videos for students and other people to
test water quality. 3. Water Quality Essay 4.
Water Quality Early October to end Water quality testing within the watershed at
2 Testing of May site descriptions
1. Drinking Water Facility tour - Wolfeboro
drinking water. 2. Water Taste test 3. Water
Early November to debate. 4. Tapped Documentary 5. A book on
3 Drinking Water mid-December Drinking Water
Early January to mid- | 1. Freshwater Fish expert 2. Powder Mills Fish
4 Freshwater Fish | February Hatchery 3. Trout in the Classroom
1. Ecological Cycles 2. Ecological Cycles
Ecological Mid-February to early | expert - water, oxygen, sulfur, phosphorous,
5 Cycles March nitrogen
Water Policies, 1. Case study and Fact sheet 2. Water quality
Laws, and End of March to early | regulations 3. Water law 4. Water conflict 5.
6 Regulations May Water solutions

Six citizen science activities were conducted throughout the study period to allow

students to have a real word, authentic experiences (Table 2). Water quality testing was

conducted with the Wolfeboro Lakes Association on four different bodies of water. In

each citizen science activity, pre and post treatment student surveys were conducted,

student interviews, student journaling, and student engagement tally sheets were all

recorded to assess student engagement further.
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Table 2
Citizen Science Activities, 2017-2018

Citizen Science Activity

Water quality testing with Wolfeboro Lakes
1 | Association

2 | Water quality testing for NH Fish & Game

Drinking water books with Carpenter Elementary
3 | School, Wolfeboro NH

Water quality testing with Crescent Lake School,
4 | Wolfeboro NH

5 | Trout in the Classroom

6 | Canoeing activity with Milfoil removal

Water quality testing was conducted in leeway with the Wolfeboro Lakes
Association. Six main water tests were conducted, which included nitrate, phosphate,
dissolved oxygen, temperature, pH, and turbidity. These tests were conducted on four
deep-water sites located in Wolfeboro Bay (Figure 1). Students became experts in one
particular water quality test and were responsible for collecting water quality data as well

as upholding water quality testing state standards.
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Figure 1. Deep-water testing sites on Wolfeboro Bay.

The water quality testing for New Hampshire Fish and Game was done at 13 site
descriptions (Figure 2). At each site, the six main water quality tests were completed in
the same steps and protocols as the water quality testing done for the Wolfeboro Lakes
Association deep-water sites in Wolfeboro Bay.

In addition to collecting water samples, students created drinking water books
about the importance of drinking water, where water comes from, and tap water over
bottled water, and read these books to Carpenter Elementary School’s 1%, 2", and 3™
grade classes (Appendix C). Freshwater students were split into groups of threes or fours
and attended the school’s story time period as well as answered questions the elementary

students had about the town’s water.
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Freshwater students attended Crescent Lake School, the public upper elementary
school in Wolfeboro, NH where they worked with the 5 grade students and
demonstrated how to conduct water quality tests. Freshwater students had the 5% graders
rotate through stations and learn about each water quality test. The six water quality tests
which were done previously in Wolfeboro Bay and the site description locations were
also conducted with the 5 graders.

Trout in the Classroom (TIC) program was participated in during the study
period, from January to May. 200 Brook Trout (Salvelinus fontinalis) eggs were picked
up from the Powder Mills Fish Hatchery in New Durham, NH in late January. Students
were tasked with learning how to care and raise Brook Trout. Water quality testing was
done on the tank to ensure proper care, as well as site descriptions, were used as a way to
access possible trout release sites. In early May, when the brook trout had used up their
yolk sac, swam up, and had been feeding for roughly a month the students released them
in Mountain Lake, in Brookfield, NH. This site was determined by the students to be the
most ideal habitat environment for trout compared to the other site descriptions and sites
visited in the area.

Students also had the opportunity to participate in the removal of Eurasian Milfoil
(Myriophyllum spicatum), an invasive species located in Lake Winnipesaukee’s Back
Bay (Appendix D). Students canoed during lab time, canoeing instruction and water
safety were given prior to canoeing, to Back Bay on Lake Winnipesaukee where they
wore gloves, identified Eurasian Milfoil, and removed the plant via pulling up from the

roots. The plants were then bagged and disposed of properly. New Hampshire Weed
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Watchers, Volunteer Monitoring for Aquatic Invasive Plants protocol and plant
identification was followed for proper collection and removal techniques (Appendix E).

In addition to citizen science activities, outdoor education took place in the form
of site descriptions (Appendix F). Thirteen site descriptions occurred throughout the
study period. At each site description students recorded the site name, body of water,
date, time, weather conditions, plant species, general characteristics, general
observations/interpretations, and conducted six main water quality tests as a class (nitrate,

phosphate, dissolved oxygen, temperature, pH, and turbidity).
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In each module, a number of surveys were done to assess student attitude and

interest level in the topic (Appendix G). These surveys were done in the form of a Pear
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Deck during the regular class time and took about 10 to 15 minutes to complete (Deck,
2017).

Students completed a pre and post, six-question survey, at the start and end of
each module. Students had the option of picking strongly disagree, disagree, agree, or
strongly agree. Students also earned recognition grades, six total for the year following
Brewster Academy’s recognition system. Students had the opportunity to score
themselves on each of the ten items. The scale was recorded as a one to four, with a one
meaning a student does not meet expectations, a two meaning a student completes
expectations with the teachers support, a three meaning a student meets expectations
independently, and a four meaning a student goes above and beyond and the behavior is a
habit of mind.

In addition, students also had the opportunity to compete student surveys on me,
the instructor, in regards to the classroom environment and classroom practices. Both
surveys were on a one to four scale of never, sometimes, mostly, and always. Students
completed these surveys twice during the study period, once at the midway mark and
again at the end of the study period.

The Yale Emotional Literacy program (mood meter) was used as well as student
sit spots were used to assess students’ attitude towards citizen science projects (Figure 3).
The mood meter and sit spots were used to see if students were having a better attitude
towards citizen science projects. This was a quick check for students before and after our
activity where they plotted their mood on the mood meter. I was also able to read and

assess their sit spot entries after the activity (Figure 4) (Appendix H).
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Student interviews were also conducted at the end of each main module with six
random students across all three freshwater classes (Appendix I). Interviews were
conducted during team study, an afternoon extra help period built into the school day or
during evening study hall. Interviews lasted roughly 10 minutes and were used as a tool
to better see if students were making connections with their own lives and communities.
This also helped to determine if students were able to understand the importance of
citizen science projects.

Class observations were conducted by Brewster Academy’s science department
head and other science faculty members in the form of tally sheets to assess student
engagement. This was completed once in each one of the modules covered to get an
outside perspective on how engaged students were during hands-on activities. Tally
sheets of students that were off-task were documented (Appendix J).

Throughout the study period, students were asked to keep a student journal in the
form of an online portfolio via Google Sites (Appendix K). They were asked to reflect in
each module on how they felt towards citizen science and outdoor classroom activities.
Students were asked to reflect upon the impact they were making in the community and
how that was changing their own day-to-day life. These journal entries were completed at
the end of each module. These were then analyzed for common trends and themes as a
way to support other data.

Students attended four guest speakers to complement citizen science opportunities
(Table 3). At each guest speaker presentation, students were asked to complete a

reflection sheet about the guest speaker and how it related to the big picture (Appendix
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L). Abi Bradford, an expert from NexGen Climate Change, was brought in to discuss
climate change and add to the ecological cycles module. Judy Tumosa, New Hampshire
Fish and Game education specialist was brought in to discuss freshwater systems and
educate students about the Trout in the Classroom program (Appendix M). Dave Burdick,
a natural resources professor at the University of New Hampshire, presented to the class
about buffers, habitat, and wetland areas to help assist students in having a more well-
rounded understanding of the site descriptions they had conducted throughout the year.
And lastly, Andrea LaMoreaux, vice president of New Hampshire Lake Association
came and presented to the students about invasive species to help aid students in being
prepared for the Eurasian Milfoil removal on Lake Winnipesaukee, Back Bay.
Table 3
Guest Speakers, 2017-2018
Guest Speakers
1 | Abi Bradford, NexGen Climate Change
Judy Tumosa, New Hampshire Fish and Game
4 | Education specialist
Dave Burdick, professor at the University of New
2 | Hampshire Natural Resources

Andrea LaMoreaux, vice president of New Hampshire
3 | Lakes Association

In addition to guest speakers, students attended two tours to add to their overall
experience outside of the classroom setting. At each tour, students completed a brief
assignment associated with the tour (Appendix N). The first being, the Drinking water
facility tour of Wolfeboro New Hampshire’s water supply. The tour was taken to help aid
students in their understanding of their drinking water module and to help them have an
outside of the classroom experience. The tour lasted roughly 45 minutes long and

students specifically learned about how Wolfeboro’s town water gets treated.
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The second one was the Powder Mills Fish Hatchery which was a tour taken to
help support students in their understanding of the Trout in the Classroom program to
raise Brook Trout as well as to help them in their freshwater fish module. Like the
drinking water tour, the fish hatchery tour, was also taken to help students have a

classroom experience outside. The tour lasted roughly 45 minutes and was located in

New Durham, NH (Table 4) (Appendix O).

Table 4
Freshwater Ecology Class Tours, 2017-2018
Tours Location Tour guide
Drinking North line road,
Water Wolfeboro, NH
1 | Facility 03894 Janine Gillum, primary operator
288
Merrymeeting
Powder Rd, New
Mills Fish Durham, NH Chad Miller, Fish Hatchery
2 | Hatchery 03855 Supervisor

Note. All data sources used in this study can be found in Table 5.
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Data Triangulation Matrix
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Focus Question Source 1 Source 2 Source 3 Source 4 Source 5 Source 6
How will citizen Pre and post | Pre and Pear Deck Student Guest Pre and
science and outdoor | Student Post Surveys Journals Speakers | Post
education impact Interviews Student &Tours Student
student learning in Surveys & Interviews
freshwater ecology Teacher
science classroom Surveys
in high school?
Will using hands-on | Student Mood Class Trout in the | Milfoil Water
field activities Recognition | Meter & Observations | Classroom Removal | Quality
increase student Scores Sit Spots Tests
interest and
engagement in
freshwater ecology?
Will the use of Site Mood Student Student Pre and Pre and
citizen science help | Descriptions | Meter & Websites Journals post Post
students make Sit Spots Student Student
connections to their Interviews | Surveys
own lives,
community, and
understand the
importance of their
own environment?

DATA ANALYSIS

The results from this study conducted on the effects of outdoor education and

citizen science on student learning in a high school freshwater ecology classroom

indicated that students were on task 90% of the time throughout outdoor setting lessons

during module three and five. Module three was drinking water while module five was

ecological cycle and each had strong outdoor component. Eighty four percent of the class

was on task behaviors during module one, Lake Winnipesaukee’s watershed (N=42).

Module one did not have an outdoor component. Students were on task on average during

the 30-minute mark across all six modules at 92% compared to the lowest percentage of

students being on task at 84% at the 50-minute mark of an outdoor lesson. One student in
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their student journal wrote, “"Being on the boat helps me learn, its nice just to get out of

the classroom and apply what we are learning about” (Figure 5).

100
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% 60
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& 40
) 30
= 20
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0
= 1: Lake 2: Water 3: Drinking 4: Freshwater ~ 5: Ecological 6: Water
§ Winipesaukee Quality Water Fish Cycles Policies, Laws,
& Watershed and Regulations

Modules
®10mins ®20mins =30 mins ©40 mins ™50 mins

Figure 5. Tally sheets: percentage of students modeling on task behavior in 10-minute
intervals, (N=42).

Ninety-eight percent of students strongly agreed that they benefit from having
class outside in a pre and post study conducted at the start and end of each module in
freshwater ecology class. One student said, "It was so cool feeding the brook trout at the
fish hatchery. I can't wait to have our trout get that big and let them go in the river."
Ninety-six percent of student in their post survey said that they enjoy having
opportunities to do citizen science projects while only five percent of students in their
post survey said that they disagree with the survey question that stated, “I like having
guest speakers in the classroom and think they add to my learning experience.” Another
student wrote on their online website, “"I like it when we have professionals come and
talk to our class. The lake association talk made me feel like all the water quality data we

have been doing was helpful to the people and town around Lake Winnipesaukee”

(Figure 6).
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Figure 6. Pre and post student module check-ins via Pear Deck Surveys, (N=42).

In the Emotional Literacy Mood Meter plotting pre and post major outdoor
activities and citizen science opportunities in regard to energy level 64% of students felt
low energy levels in the pre-activity compared to only 17% of students feeling low
energy post activity. Sixty-five percent of students felt their energy levels increase while
only 27 percent of student started out with higher levels of energy. One student after an
outdoor activity, visiting the drinking water facility, said, “I feel like I didn't quite get
how our drinking water worked and the main differences between tap and bottled until
we went to the drinking water facility. I liked that we got to see it step by step. It made it

all make sense to me seeing it run” (Figure 7).
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Figure 7. Mood meter: pre and post surveys, percentage of students versus change in
energy level, (N=42).

In the Emotional Literacy Mood Meter plotting pre and post major outdoor
activities and citizen science opportunities in regard to pleasantness level 57% of students
felt an increase in their pleasantness level post activity compared to the 6% that still felt
low levels of pleasantness. While 36% stated that they felt no change in their level of
pleasantness. One student said, “My favorite part was when we got to go to the 2nd and
3rd grade elementary classes. Reading my drinking water storybook was so much fun and
I felt like the kids liked having us there too." Another student wrote on their website after
returning from our class field trip to the elementary school to teach them water quality,
"explaining to the 5th graders about the DO [dissolved oxygen water quality test] test
made me feel like a teacher myself. I liked that we were able to demonstrate how to use

our tests with them outside” (Figure 8).
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Figure 8. Mood meter: pre and post surveys, percentage of students versus change in
pleasantness level, (N=42).

Every five to six weeks recognition scores were reevaluated for each induvial
student in the classroom. An average was taken of these scores indicating that the highest
scoring recognition item was students being on time with 74% earning above average,
habit of mind. The most challenging recognition item for students to earn was, dresses
appropriately, with 5% of students meeting expectations only with teacher support, such
as reminders, and only 12% of students meeting the standard above and beyond, habitat
of mind. Another standard that students did well on was cooperation and collaboration
with 50% of students going above and beyond this standard, habit of mind, and 50% of

students meeting this standard independently (Figure 9).
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Figure 9. Percentage of students and their average recognition scores, (N=42).
INTERPRETATION AND CONCLUSION

In my classroom I wanted to engage my students with the outside world by taking
them out into the field and participating in citizen science projects. Building a curriculum
around outdoor activities and integrating citizen science opportunities such as bringing in
guest speakers or working with the lake association allowed my students to connect to
their community and become more excited about science. Allowing students the
opportunity to be outside worked well for my students as it gave them a better idea of
what they valued during hands on activities. It also provided my students to feel part of

the community by allowing them to collect real live data, such as the information
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collected at deep-water testing sites. It also gave me a better understanding of what my
students felt was important in their daily lives. I was pleased with how the field trips
went, such as the fish hatchery and the drinking water tour, as it seemed to be an effective

way to have students collaborate with each other and learn a real-world application

(Figure 10).

Figure 10. Canoeing in action.

In regards to the percentage of students modeling on task behavior the data
showed a clear trend in students being more on task during modules that had a greater
percentage of outdoor activities. In Module 1, I had little to no major components of
outdoor work and it was clear in the tally sheet data that students were more off task
during this module compared to my other modules which were heavier with outdoor
experiences.

I noticed that my students that had lab with me first thing in the morning, 7:45am

for two hours, were more tired and lethargic to begin with compared to my afternoon lab
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class which started at 2pm where students typically came already excited to be outside
and happy that the school day was ending (Figure 11). This made the mood meter check
ins, change in pleasantness and energy level, more difficult to interoperate on days when
students were outside with me on the boat during these structured times. The scheduled
sit spots and site descriptions helped to add to this data and paint a broader picture for me
though allowed me to see that the data still trended positively with an increase in energy

level and pleasantness level post outdoor or citizen science activities.

Figure 11. Deep water testing map reading.
I really enjoyed doing the pre and post module check ins with my students. I did
them via Pear Deck surveys which allowed students to see where the whole class was

feeling, while remaining anonymous to their peers. It was great to do a quick check in
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with students about how they were feeling and allowed me to get a better idea of what
was and was not working in my classroom (Figure 12). I also am really glad that I stuck
to having students create an online website which acted as their portfolio for the class. It
allowed them to be able to keep track of their work throughout the class and also
provided an effective way to share the work with their parents. It made it easy for me to

grade and to evaluate how students were feeling with our outdoor and citizen science

components.

Figure 12. Nitrate water quality testig.
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I wasn’t very surprised with the recognition data that I received from my
freshwater classes. Most of my students struggled with coming prepared to class with the
appropriate gear. From forgetting gloves or good shoes to wear during our snowshoeing
activity to not having enough layers for ice drilling. This impacted student recognition
scores and altered what I was able to do out in the field based on how prepared students
were for the elements. The rest of the recognition items I felt accurately reflected my
students’ progression over the course of the school year. Students in general want to earn
status, and because I taught mostly seniors most students are very familiar by this time in
their high school career with how the system works.

I was surprised however with how many students said they enjoyed the class and
took ownership over the activities. Seeing seniors and post graduates working on their
drinking water book and reading it to elementary students was incredibly rewarding for
me as a teacher to see. I also loved having students passionately debate with one another
about what strategies we can take as a school and a town to help protect our water.
Students truly did become experts in their water quality testing and I felt reassured that
students were taking their tests seriously when we went out to test our sites and reported
it back to NH Fish and Game. I also loved that students didn’t mind getting dirty with
removing milfoil from Back Bay or patiently cleaning, monitoring, and raising our brook
trout (Figure 13). Creating opportunities for students to have ownership over their own
work and providing them with opportunities to do something outside of the classroom

added to their overall experience of their education.
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VALUE

Citizen science increases student’s awareness and attitude towards the
environment while also encouraging curiosity within students. It also prompts
participants to engage in their natural surroundings (Johnson, et al., 2014). At the
foundation of outdoor education is this idea that students learn best when they are in an
environment that allows them to investigate their natural world. Providing students with
opportunities to get outside of their own classroom and partner with real scientist allows
them to think bigger than themselves and engrosses them in a desire to learn.

In this study I hoped to be able to grow and learn as a teacher to provide my
students with an educational experience that they would benefit from outside of my
classroom. I wanted to be able to connect my students with their community. Working
with international and a majority of boarder students allowed me to ground my students
in their own campus by taking them outside on the boat, providing them with local

experts to discuss with, and encouraging them to explore with a scientist perspective.
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I fully enjoyed our class discussions and found that I liked being able to listen to
my students work together as a whole class. The most meaningful part of this study was
watching students that didn’t fit the typical educational mold excel in my classroom in
outdoor settings. I particularly liked that students felt comfortable enough to share how
they were feeling in my class and with their peers. Students took it upon themselves to
use their time effectively and wanted to be a part of the water quality data collection for
the state of New Hampshire. I was surprised that my students were able to take such
ownership over the material and teach others such as the 5th graders during our water
quality testing module. The study went better than I would have expected it to go given
that freshwater ecology is the only class at Brewster Academy currently designed this
way and is the only class with a double lab block period associated with it.

If I was to conduct this study again I would build in more ways to collect
quantitative data on my students. I would also involve other science classes in my study
to see how outdoor education and citizen science opportunities could be applied in other
science classrooms with other teachers.

Implementing this study into my classroom has allowed me to see how I can
incorporate professional input from scientists into my curriculum and establish
partnerships within my own community. [ was astounded by the generosity of my guest
speakers, the access to waterways to collect water quality data, the willingness of people
to give my students tours, and the generosity of the Fish and Game and the lake
association to work with my students. It enabled me to take a look at how I can teach this

with this mindset of outdoor education and citizen science in the future and what type of
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topics [ may want to cover with my students next. In particular it helped shape my
teaching this year at my new school, Miss Porter’s School, where I have worked to
establish partnerships with local public schools, Trout Unlimited, Farmington River
Association, and the Kensington Fish Hatchery to allow my students to get outside and
experience working with real scientific data. I hope to continue this type of technique

throughout my teaching career and bring it to other teachers and new schools.
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Freshwater Ecology Scope and Sequence

Module 1:Lake Winnipesaukee Watershed:

Module Description In this module the main focus will be for students to investigate Lake
(one paragraph) Winnipesaukee Watershed. Students will be investigating general
statistics and facts, history of the watershed, general water quality
parameters, environmental issues, and how the lake can be used as a
resource. Students will be developing their understanding of our natural
environment through hands on activities that require students to
develop research and presentation skills.

Central or Essential Investigate Lake Winnipesaukee’s Watershed
Question for the
Module
Discipline Specific e Watershed Project investigation one of the following five
Content Objectives topics:

e 1. General Facts/Stats about the watershed

e 2. History of the watershed

e 3. Water quality of the watershed

e 4. The lake as a resource

e 5. Environmental issues in the watershed
Skills (Science skills, o Google Website
technology skills, etc.) e Imovie

e Lab Safety

e Graphing

e Data Collection

e Research techniques
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Essential Abilities (list
of abilities students will
demonstrate in this
module)

e Analyze information by breaking it down to its parts

Be skilled at gathering information from a variety of sources

including books, journal articles, periodicals, internet, etc.

Effectively use search engines on the internet

Acquire information from charts and graphs

Acquire information from video, audio, web pages, etc.

Introduce the topic by establishing the purpose (or thesis) of their

presentation

e support their point of view with logical, organized arguments
throughout

e conclude presentation by summarizing main points and how they
support their purpose

e use verbal and nonverbal elements of delivery (e.g., eye contact,
stance, movement) to maintain audience focus

e provide appropriate visual representations to support their
presentation

e respond appropriately to audience comments or questions

e understand and apply the elements of a scoring rubric to improve and
evaluate oral presentations

Module 2: Water Quality Testing:

Module Description
(one paragraph)

In this module the main focus will be for students to become an expert
in one of the seven main water quality tests that we conduct. Students
will learn how to do one test and then rotate through a jigsaw to
conduct the other six tests that were looked at. Students will be
required to conduct all tests, understand what results they’re getting,
and be able to apply how all tests are related to one another. All data
that is being collected will be stored and sent out to New Hampshire
Fish and Game as well as used in the Lake Winnipesaukee’s watershed
management plan.

Central or Essential
Question for the
Module

Learn how to properly conduct water quality parameter tests

Discipline Specific
Content Objectives

e Water Quality Tests: Becoming an expert in one of the
following seven tests: pH, Temp, Turbidity/secchi disk, DO, N,
P, Salinity

e Water Quality Basics: Introduction and inorganic contaminants,
pollutants, DO and BOD

e Water Quality Essay: Does Lake Winnipesaukee have good or
bad water quality?

e Guest Speaker - Nextgenclimate - Ryan Carney

e Guest Speaker Don Ketchmer



https://docs.google.com/a/brewsteracademy.org/document/d/14FaePOe4zNK6Pl_xBKr2Kixfe8tU1mvI4oVg9JZcwx0/edit?usp=sharing
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Skills (Science skills,
technology skills, etc.)

Google Website

Imovie

Graphing

Data Collection

Research techniques

Oral Skills

Observation Skills

Lab safety procedures

Lab write ups: Introduction, data, results, conclusion
Collaboration and Cooperation Skills
Presentation Skills

Essential Abilities (list
of abilities students will
demonstrate in this
module)

Define the research question or problem sufficiently

be skilled at gathering information from a variety of sources

including books, journal articles, periodicals, internet, etc.

Engage meaningfully in the process of inquiry

Draw connections within and across learning experiences

create spreadsheets for data that is provided or collected

use digital software to create graphs

create visual presentations using software (i.e. PowerPoint or

keynote)

create and edit videos that demonstrate their learning

e create web pages that demonstrate their learning employ web 2.0
technologies to collaborate with others

e Establish a clear and appropriate purpose in their writing

maintain focus in their writing and support ideas with details and

reasoning

use clear and varied sentence structure to create interest

use precise and varied word choice to create interest

write using standard grammar and usage

use the MLA method to cite sources accurately in written work

Module 3: Drinking Water

Module Description
(one paragraph)

In the Drinking Water module students will debate the use of bottled
water compared to tap water. A tour will be given at the Drinking
Water facility of Wolfeboro and students will be able to see firsthand
how our drinking water gets treated. Students will complete a taste test
so as to see for themselves the differences or similarities between
different types of water. The movie Tapped will be watched and
discussed followed by an in-depth project where students will write a
story book where it will be shared with the local 5th grade class at
Crescent Lake Elementary school.

Central or Essential

Investigate drinking water and determine the threats to our natural
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Question for the resource
Module
Discipline Specific e Drinking water Debate
Content Objectives e Water Taste Test Tapped
e Drinking Water Book
e Tour of Drinking Water Facility
Skills (Science skills, e C(Collaboration and Cooperation Skills
technology skills, etc.) e Presentation Skills
Essential Abilities (list e maintain eye contact with person being spoken to
of abilities students will e reference what is heard from others and formulates ideas that respond
demonstrate in this appropriately to those ideas
module) e comments are relative to the topic at hand
e Engage meaningfully in the process of inquiry
e Draw connections within and across learning experiences
e Technology Skills: create visual presentations using software (i.e.
PowerPoint or keynote). create web pages that demonstrate their
learning. employ web 2.0 technologies to collaborate with others
e Apply acquired knowledge to novel settings
e Employ convergent and divergent thinking skills to resolve problems
or issues
e Draw inferences and reach conclusions independently
e Engage meaningfully in the process of inquiry
e Draw connections within and across learning experiences

Module 4: Freshwater Fish

Module Description
(one paragraph)

In Freshwater Fish students will investigate a freshwater fish species of
their choosing and present their findings to the class. Students will be
expected to understand what type of habitat their fish prefers, what
their fish likes to eat, and most importantly what type of water quality
their fish can tolerate. Students will also be raising Brook Trout, with a
program called Trout in the Classroom. Students will be expected to
check their progress of their Brook Trout daily, count eggs, watch
hatching stages, and predict when the swimming up stage will be.
Students will tour the Powder Mills Fish Hatchery and pick a release
spot for their Brook Trout. Two guest speakers will come in one a fish
ecologist and the other a Fish and Game specialist who will share
freshwater ecosystems with the students.

Central or Essential
Question for the
Module

Learn about freshwater fish and determine where they live, what they
eat, what type of habitat they need to survive in, and what type of water
quality they need to thrive in. As well as raise and care for Brook
Trout.

Discipline Specific

e Powder Mills Fish Hatchery Tour




44

Content Objectives e Guest Speaker - Todd Gem
e Trout in the Classroom
e New England Fish Species Project
e Guest speaker - Janine Gillum
Skills (Science skills, e (ollaboration and Cooperation Skills
technology skills, etc.) e Presentation Skills
Essential Abilities (list e Engage meaningfully in the process of inquiry
of abilities students will e Draw connections within and across learning experiences
demonstrate in this e create visual presentations using software (i.e. PowerPoint or
module) keynote) _ ,
e create and edit videos that demonstrate their learning
e create podcasts that demonstrate their learning
e create web pages that demonstrate their learning
e cmploy web 2.0 technologies to collaborate with others
e Apply acquired knowledge to novel settings
e Employ convergent and divergent thinking skills to resolve problems
or issues
e Draw inferences and reach conclusions independently
e Engage meaningfully in the process of inquiry
e Draw connections within and across learning experiences

Module 5: Ecological Cycles

Module Description
(one paragraph)

In the Cycles module students will gain knowledge about five main
cycles: Carbon, Phosphorus, Nitrogen, Water, and Oxygen. Students

will present their findings to the class and discuss how each one
impacts our freshwater ecosystem.

Central or Essential
Question for the
Module

Investigate and understand our cycles (Carbon, Phosphorus, Nitrogen,

Water, Oxygen) and how they impact our freshwater ecosystem

Discipline Specific
Content Objectives

e C(ycles: Carbon, Phosphorus, Nitrogen, Water, Oxygen

Skills (Science skills,
technology skills, etc.)

e (ollaboration and Cooperation Skills
e Presentation Skills
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Essential Abilities (list
of abilities students will
demonstrate in this
module)

Oral Abilities — maintain eye contact with person being spoken to,
reference what is heard from others and formulates ideas that respond
appropriately to those ideas, comments are relative to the topic at
hand

Engage meaningfully in the process of inquiry

Draw connections within and across learning experiences

Conduct self in manner consistent with Brewster Principle
demonstrate a global awareness and respect for other cultures
evaluate information and circumstances in order to make ethical
decisions

work as a member of a team

use critical feedback to improve one’s work

create visual presentations using software (i.e. PowerPoint or
keynote)

create and edit videos that demonstrate their learning

create podcasts that demonstrate their learning

create web pages that demonstrate their learning

employ web 2.0 technologies to collaborate with others

Apply acquired knowledge to novel settings

Employ convergent and divergent thinking skills to resolve problems
or issues

Learn new vocabulary through curriculum materials that introduce
new words as part of the curriculum

Draw inferences and reach conclusions independently

Engage meaningfully in the process of inquiry

Draw connections within and across learning experiences

Module 6:Water Policies, Law, and Regulations

Module Description
(one paragraph)

In module 6: Water Policies Laws and Regulations, students are
learning the ins and outs of our freshwater policies, laws, and
regulations. Students investigate and discuss the pros and cons of water
law. Current events such as major conflicts and potential solutions are
discussed. How water can be reused or shared is provided for students.
Once students have a background they investigate one particular case
study and research about how it ties into one of the various
laws/policies.

Central or Essential
Question for the
Module

In the water policies, laws, and regulations module students
learn about major water policies and laws work while
investigating a particular case study of their choice.

Discipline Specific
Content Objectives

Federal Laws and regulations with water quality
Case Study
Water Law
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Water Quality Regulations

Water Conflict

Water Solutions

Water Re-use

Guest Speaker Andrea LaMoreaux

Skills (Science skills,
technology skills, etc.)

Case Study research skills
Interpreting case law/policy
Investigating skills

Debate strategies

Developing conclusions
Collaboration and Cooperation Skills
Presentation Skills
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APPENDIX C

DRINKING WATER STORYBOOK EXAMPLE
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APPENDIX D

MILFOIL REMOVAL SITE MAP



Milfoil Removal Map Q

Canoeing Activity
Wolfeboro, NH

Lake Winnipesaukee
2 views

SHARE EDIT

Back Bay, Lake Winnipesaukee

9 Milfoil Removal Site

° Brewster Academy Boathouse, canoe laun...

{, Canoe Pathway to Milfoil Removal Site
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APPENDIX E

WEED WATCHERS
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ENVIRONMENTAL NEW HAMPSHIRE

Faek SNEET wlkviepmena

29 Hazen Drive, Concord, New Hampshire 03301 e (603) 271-3503 ¢ www.des.nh.gov

BB-4 2018
Weed Watchers

Volunteer Monitoring for Aquatic Invasive Plants

Freshwater aquatic invasive plants are those that are not naturally found in New Hampshire’s lakes,
ponds, and rivers. Because they are not native, they have no predators or diseases, which allows them
to grow quickly and dominate freshwater systems and native plants, fish and aquatic insects already
present. Aquatic invasive plants can lead to reduced shorefront property values, water quality
impairments and problems with the aesthetic and recreational values of waterbodies. New Hampshire
now has nearly 90 infested waterbodies, including 11 infested river systems and dozens of lakes and
ponds, most containing variable milfoil (Myriophyllum heterophyllum) as the primary invasive plant,
while others have fanwort, Eurasian water milfoil and water chestnut, among other common species.
Dense stands of these plants inhabit shoreline areas frequented by water-based recreationalists. Exotic
plants can create the following problems:

= Displacing of beneficial wildlife.

= Reducing the aesthetic quality of lakes.

= Littering of beaches with plant fragments.

= Creating difficult or dangerous swimming areas
= Snagging fish lines and stunting fish life.

= Becoming tangled in outboard motor propellers.
= Choking boat traffic lanes.

= Requiring substantial funds for managing.

The spread of these plants to other uninfected waterbodies often occurs by transient boat traffic. If
accidentally introduced into a waterbody, they grow at explosive rates, some between an inch to as
many as six inches a day! Many times, new infestations are not discovered until the plants become a
nuisance requiring expensive control methods. Once fully established, they are virtually impossible to
eradicate. Therefore, education, vigilance and early detection are key components in keeping these
non-native nuisance plants in check.

"Weed Watchers," a volunteer program dedicated to monitoring the lakes and ponds for the presence
of aquatic invasive plants, was formed by the NHDES in 1988. Volunteers are given a special "Weed
Watchers Kit," which contains the following:

= Photographs of exotic plants.

= Detailed drawings of the plants.

= Aninformation bulletin on exotics.

= Alist of lakes known to have exotic plants, including a map.
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* Recommendations on how to conduct a plant survey.
= A complete set of fact sheets and pamphlets on exotics in New Hampshire.

The Weed Watchers Kit can be sent to you at no expense. Any individual wishing to participate in the
"Weed Watchers" program should contact the Exotic Species Coordinator at:

NHDES
29 Hazen Drive, PO Box 95
Concord, New Hampshire 03302-0095
{603) 271-2248

What does a Weed Watcher do?

All that weed watdhing involves is a small amount of time during the summer months. Volunteers
survey their waterbody once a month from May through September. To survey, volunteers slowly boat
around the perimeter of that waterbody and any islands it may contain. NHDES encourages larger
waterbodies to have a team of volunteers, who can divvy up the shoreline into segments that
volunteers commit to surveying, so one individual is not responsible for an entire waterbody. Using the
materials provides in the Weed Watchers Kit, volunteers will then look for any species of concern, and
have voucher specimens of those species verified by state biclogists. After a trip or two around the
waterbody, volunteers will have a good knowledge of its plant community and will immediately notice
even the most subtle changes.

What happens if a Weed Watcher finds an exotic plant in a waterbody?

In most cases, volunteers will be instructed to deliver a plant specimen via mail or in person, or email
photos of the spedes in question. Volunteers are encouraged to collect a portion of the suspect plant
when it is in flower, but any part of the plant will do if there are no flowers. This may be the only way to
predsely identify the plant. If the plant is a state-listed invasive, a biologist will visit the site to
determine the extent of the problem and to formulate a plan of action to control the nuisance
infestation.

Volunteer

Aquatic \
Weed

Watcher '

/

. N.H. Dopt, OF
e Envirorencrtal
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APPENDIX F

SITE DESCRITPION WORKSHEET
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Site Descriptions

You are required to write a site description for each site that 1s visited throughout the

year.

The following items must be included in the site description —--

Site name (general location)
Body of water name
Date
Time
Weather
Plant species (include scientific names)
General characteristics (exs: sandy soil, rocky bottom, little plant vegetation,
rough shoreline, adjacent wetland, etc.) This section should be at least 5
sentences!
Water Quality Data — six total
- Nitrate
- Phosphate
- Dissolved Oxygen
- Temperature
- pH
- Turhdity
General observations/interpretations — (ex: The DO level was 12mg/L indicating

high oxygen levels.)
Picture(s) - BONUS

Things to be aware of----

Remember to include all that is listed above

Use descriptive words

Make sure the reader, me, can picture the arca that you are describing
Your water quality data should have the correct units

These will be due after ——-------—-

We will be handing thesc in as well as posting these on our websites. Do not post these
on your website until they have been reviewed by Ms. Tierney.
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Sarah Tierney
Freshwater Ecology
Site Description

McKmney Pomnt
Lake Winnipesaukee
November 22™ 2015
11:30am
43 degrees. There were strong winds, but few clouds making it an overall sunny
day.
Dommant plant species included white pine (Pinus strobus), castern hemlocks
(Tsuga Canadensis), mghbush bluebernies (Vaccinium corymbosum)
General characteristics mcluded very sandy soils exposing rocks along the
shoreline. The rocks seemed to be primary jagged and granite rocks. The
shoreline had a solid buffer with highbush blucberries and large white pincs
surrounding the arca. Where the shore touches the water there were an abundance
of rocks. The area was sheltered from the strong winds due to all the mature trees
m the area. The water was very wavy from the strong winds. Rocks could be
shown about 10 to 15 feet out. The depth of the water was hard to tell, but having
been to the site previously and swam there 1s a drop off about 20 feet out. The
overall site area was littered with small pmecones, pine needles, and vanous
rocks. There was hittle grass or young vegetation.
Water Quality Data

- Nitrate: 5 mg/L

- Phosphate: 2mg/I.

- Dissolved Oxygen: 8 mg/L

- Temperature: 11.2 C

- pH:62

-  Turbidity: 19 ntu
After visiting this site I noticed that we had relatively cold water, 11.2 C,
indicating that there must be good levels of oxygen as colder water tends to hold
more oxygen. I also can infer that because there was a natural buffer of highbush
bluebernies and other tree species along the edge that there must not be as much
runoff in the forms of Nitrate and Phosphate as these are both nutrient pollutants.
The pH levels, 6.2, indicated good levels of acidity i the water. The ideal range
to support aquatic specics 1s a pH of 6.5 to 8, however because Lake
Wmnipesaukee 1s in New Hampshire which can be known as the tailpipe of
America it 1s common for our bodies of water to be more on the acidic side.
Below is a map of the site arca as well as a photo showing the shorcline

o
@
5] Ll[ﬁ';e\':’
301 #PT

c‘la@m'n it
McKinney Park
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APPENDIX G

PEAR DECK SURVEYS PRE/POST
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Survey Questions

Strongly
Disagree

Disagree

Stongly

Agree Agree

—

I enjoy freshwater ecology class

[o*]

I like class field trips

I benefit from having class
outside

I enjoy having opporutnites to
do citizen science projects

I like the hands on opportunities
in the classroom and out in lab

I like having guest speakers in
the classroom and think they
add to my learning exepreince

Recongiton Item

Does not
meet

M

expecations

Completes
expecations

support (2)

with teacher

Meets
Expecations

Above and
beyond,
habit of
mind (4)

independetly
3)

Respect

Positive Attitutde

Cooperation and Collaboration

Actively Engaged

Advocates Responsibility

[« W RV. I NNy LUV S ) o

Models Appropriate Behavior

Completes Assignments with
Integrity

Dresses Appropriately

On Time

=R

Prepared for Class
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Student Surveys

Classroom Environment Never (1) |Sometimes (2)

Mostly (3) Always (4)

My teacher manages behavior in the
1|classroom effectively

My teacher creates a positive learning
2|environment

My teacher creates an interesting learning
environment

w

£

My teacher makes class rules clear to me

U

My teacher enforces rules fairly

My teacher frequently shows me how my
6| behavior translates into Recognition scores

Student Surveys

Classroom Practices Never (1)

Sometimes (2)

Mostly (3) Always (4)

My teacher uses teaching methods and materialsthat
help melearn

o

N

My teacher is knowledgeable about the subject matter

My teacher explains things clearly in away that |
3|understand

4| My teacher sets realistic, yet high, expectations for me

My teacher provides me with appropriate
opportunities to practice what has been taught

w

My teacher provides enough opportunities to
participatein each lesson

L2}

My teacher provides me with frequent opportunities
to participatein each lesson

~

8| My teacher makes homework assignments clear to me

9. My teacher prepares me to do my homework
9|successfully

10| My teacher gives me feedback in a timely fashion

11| My teacher makes grading criteria clear to me

My teacher helps me understand why | am placed in
12 |my instructional groupings

My teacher helps me understand how | can advance my
13|instructional grouping

My teacher makes it clear what | need todoin a
14 |module of study
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APPENDIX H

SIT SPOT ACTIVITY
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Sif Spot

You are required to do a sit spot — A sit spot 1s normally 20 minutes where you do just
that sit and observe your surroundings. This means that you are take it all m. be
reflective. What are you observing?

The following items must be included in the sit spot -——-

Sitc name (general location)

Body of water name

Date

Time

Weather

Plant species (do you recognize any? If not you can draw)

General characteristics (exs: sandy soil, rocky bottom, little plant vegetation,

rough shoreline, adjacent wetland, etc.) This section should be at least 5

sentences!

1 General observations/interpretations — (ex: the ground is sandy here therefore
there must be a lot of water runoff)

[1 Picture(s) — Get out that artistic side! You should draw at least something that you

sec in detal!

OoOoOooQOoo

Things to be aware of----

Remember to include all that is histed above

Use description words

Make sure the reader, me, can picture the area that you are descnibing
Your water quality data should have the correct units

O0O0od

These will be due after -————

We will be handing these in as well as posting these on our websites. Do not post these
on your website until they have been reviewed by Ms. Tierney.
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APPENDIX I

STUDENT INTERVIEW QUESTIONS
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Student interview Questions

w N

SR

~

What has been your favonte part or activity in this module?
How do you think you learned best in this module and why?

. Describe a ime when you felt most connected with your peers and the outside world n

this module.

What do you think was the mam takeaway from this module?

How do the topics covered m freshwater ecology connect to other classes?

How do you think this module relates to the big picture that 1s outside of our own
classroom and even Brewster Academy?

If you could change a component about this module what would it be and why?
Do you have any comments or questions for me?
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APPENDIXJ

TALLY SHEETS OF STUDENT ENGAGEMENT
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Write in number of students displaying engaged behaviors in class at 10 minute intervals

Name 10 20 30 40 50
1
2
3
4
5
6
7
8
9
10
11
12
13
14
Bahavior Codes
On task: Off task:
writing starring off into space
raising hand conversations not about class topics

reading aloud

reading silently

talking (in regards to class topic)
asnwering questions

activley listening to classmates
activley listening to teacher

drawing/writing that is not relivent to class topics
motor activies not related to the class

sitting quetiety and not engaged in group work
distracting others
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APPENDIX K

STUDENT PORTFOLIO, GOOGLE SITES, EXAMPLE
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Onlinc Wcbsitcs
Journal Prompt Questions

What did you like about this lesson?

What did you not like?

What do you think the main takeaway was?

How engaged do you think you were during this lesson?

How does this lesson or unit relate to the overall module that we are studying?
How docs this lesson or unit relate to the bigger picture?

What type of citizen science activity or outside environmental activity did you find
most useful in learning about this topic?

In your journal reflection response please be specific and use concrete examples.

Example Website:

Brewster Freshwater

Ecology - AMF

HOME
ACCELERATED JOURNAL Accelerated Jou rnal
ALL ABOUT ME
DRINKING WATER .
CHILDREN'S BOOK "LILY Year-Long Journal Entries
THE ADVENTURER"

FE - ANGIE'S JOURNAL
FACT SHEET
FRESHWATER
ACCELERATED
PRESENTATIONS

FRESHWATER FISH
ROJECT

GOOGLE CLASSROOM “Time the Government woke up to its own advice on freshwater”

PAGE http:/www.scoop.co.nz/stories/PO1704/S00292/time-the-government-woke-up-to-i
GOOGLE DOC NOTES ts-own-advice-on-freshwater.htm

GUEST SPEAKER April 26, 2017

Why did the article, “Time the Government woke up to its own advice on
freshwater” catch my eye? Well, because of the pure sarcasm in the title. The
article was published by Greenpeace today so it is really recent. Greenpeace’s
motto is, “GReenpeace exists because this fragile earth deserves a voice.” Their
goal is to change attitudes and behaviors in order to “protect and conserve the

SITE DESCRIPTIONS environment and to promote peace”.
STAD REVIEWS After reading the article it seems that Prime Minister Bill English has a bad
TAPPED REFLECTION reputation with environmental activists. Apparently he is pretending to care about
TASTE TEST/DEBATE New Zealand's rivers; yet, he is putting money towards agricultural irrigation which
(’ﬂg:;‘f? CTIONS disrupts freshwater life by causing more pollution.

Greenpeace’s purpose in writing this article specifically is to retell what the

VIDEO PROJECT ON MY .. .
WATER TEST (PH) most recent report from the Ministry for the Environment states. In summary, the

report reveals how nitrogen pollution has become problematic in New Zealand.
WATER TREATMENT The waterways of the country have deteriorated tremendously between 1990 and
FACILITY REFLECTION 2012. The circumstances are unfortunate because New Zealand is known for
pristine freshwater bodies.

The article answer a auestion anv reader miaht nose--what is the

WATER QUALITY ESSAY

WATERSHE
PRESENTATI
HISTORY OF TH . N i i -
WATERSHED The above is an accelerated freshwater ecology journal. There will be weekly article response entries on topics pertaining to
freshwater information. The responses will be about 6-10 sentences in length and contain opinions, facts, studies, etc.. This will

be maintained for the entire year.

SITEMAP
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APPENDIX L

GUEST SPEAKER WORKSHEETS
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Guest Speaker
Abi Bradford
NexGen Chmate Change

NAME: B LOCK:

Part 1

[1 Describe three main factors of climate change

[l What threats do we have specifically in NH?

[1 What could we be doing as a school to help?

[0 Why is chmate change still a controversial wordto be discussed?

[1 List two facts that are a major threat to our waterways

Part 2

Reflection

Now, that you have had time to process our guest speaker’s presentation please provide a short
reflection about your overall mpression and experience. How does Ms. Bradford’s talk on
chmate change relate to what we have been learning i freshwater ecology class so far? How
does this guest speaker’s presentation relate to the big picture?



71

Guest Speaker
Judy Tumosa
New Hampshire Fish and Game

Educationalist Specialist

NAME: B LOCK:

Part 1

[0 What is New Hampshire Fish and Game?

[0 What is an aquatic ecosystems?

[0 Explamn the water cycle?

[l What is a habitat?

[1 What percentage of water i1s dninkable?

[1 What 1s a watershed?

[1 What are the 5 major watershed?

[0 Which watershed do we live in in Wolfeboro?

[0 How do we classify aquatic ecosystems?
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[1 What 1s Palustrine?

[1 What 1s Lacustrine?

[l What is Riverine?

[1 Explam Lake Succession?

[0 Explamn the River Continuum Theory?

[1 Explam stream order?

Part 2

Reflection

Now, that you have had time to process our guest speaker’s presentation please provide a short
reflection about your overall impression and expenience. How does Ms. Tumosa’s talk on
freshwater ecosystems relate to what we have been learning i freshwater ecology class so far?
How does this guest speaker’s presentation relate to the big picture?
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Guest Speaker
Dave Burdick
Interim Director, Jackson Estuarine Laboratory
Associate Research Professor

NAME: B LLOCK:

Part 1
1) What does Mr. Burdick do specifically at the Jackson Laboratory? Explain.

2) What are estuaries?

3) How are students involved at the Jackson Laboratory?

4) Explam what a wetland is and the properties associated with 1t?

5) Why are buffers so important? Define

6) What is the NH mmimum requirement for buffers?

7) Explan what buffer bypasses are

8) What are riparian forest buffers?

9) Name two of the benefits of riparian forest buffers?

10) Tell me on umique fact you learned today?
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Part 2

Reflection

Now, that you have had time to process our guest speaker’s presentation please provide a short
reflection about your overall mpression and experience. How does Mr. Burdick’s talk on buffers
and wetlands relate to what we have been learning in freshwater ecology class so far? How does
this guest speaker’s presentation relate to the big picture?
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Guest Speaker

Andrea L.aMoreaux
Vice President of New Hampshire Lakes Association (NH Lakes)

NAME: B LLOCK:

Part 1
1) When was the New Hampshire Lake Association established?

2) List two reasons why NH lakes and ponds are important

3) What are aquatic mvasive species?

4) How do aquatic ivasive species spread?

5) How many waterbodies m New Hampshire are “infested” with invasive species?

6) List two invasive species

7) How can you prevent the spread of invasive species?

8) What 1s the NH Lake Host Program?

9) What is Weed Waichers?

10) Explain the long-term management plan
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Part 2

Reflection

Now, that you have had time to process our guest speaker’s presentation please provide a short
reflection about your overall mpression and experience. How does Ms. LaMoreaux’s talk on
mvasive species relate to what we have been learning 1n freshwater ecology class so far? How
does this guest speaker’s presentation relate to the big picture?
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APPENDIX M

TROUT IN THE CLASSROOM
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Clasﬁroom

{ wou've heard the old proverb once, you've heard it a hundred

times: “Crive a person a fish, and they'll eat for a day. Teach
a person to fish, and they'll cat for a lifetime.® Mow imagine
what could happen if you teach a child to hatch fish from eggs,
raise them into bug-cved “fingerlings,” and evenmually release
the fish into a cool, clear river!

That's what schools across the Granite State, in partnership
with Wew Hampshire Fish and Game, Trout Unlimited and
various other conservation-minded organizations, are doing —
through an exciting program called “Trowt in the Classroom.”

Dauring the 2010-11 academic year, thirty New Hampshire
schools took part in the program, with students and their teach-
ers raising Eastern brook trout, fish that can be found in Mew
Hampshire s rivers and are a “species of conservation concern™
recognized in the Wildlife Action Plan. Trout in the Classroom
is just one part of N.H. Fish and Game’s Watershed Education
Program, supported by Sport Fish and Wildlife Restoration
Funds and local grants. W.H. Fish and Game hatcheries supply
the schoals with fish eggs. Trout Unlimited chapters help out
with donations of chillers and tank supplies. Many volunteers
assist as classroom liaisens, delivering eges and helping o
address tank problems. With dedicated supporters and numer-
aus helping hands, more than a thousand Mew Hampshire schiool
children each year are learning about aguatic ecosystems in the
muost effective possible way — by daing.

VIILOUSFE JOURKAL = Josiusi iy Fabrivaiiy 017

-
]
]

SmarL Fry, Bic lpeas

"We got our fish on Valentines Day,” said Mackenzie
Rittenhouse, a seventh grader at Diover Middle School, as she
sprinkled krill into a fank for fish that were now a little over a
mecaith obd.

“1 like your fecding technigue, but just remember not to
overfeed them,” advised Judy Tumosa, an aquatic resources
educator for Fish and Game.

Tumosa provides the training and curriculum materials for
the program and gets the needed permits, but her imaolvement
doesn't end there. She peniodically checks in on each classroom
to help ensure that studemts and teachers have the materials and
know-how they need o raise healthy fish. Omn this particular
day. she was visiting all of the participating schools in Dover.
At Garrison Elementary School, students were eapger to ask
Tumosa guestions, show her dl.clrm ion ufa“ﬁah face.”
or describe what they see when pec

"The fry stage is when they are Little. TIIq"!l'c nmlltn:mi and
they're squiggly when they swim,” explained Sofie Demaray of
Sue Schlapak’s third prade class at Garrison. )

Down the hall in Elaine Ma:l;.:ﬁ&h fourth grade class, the
students were studying E:wmhm:s of fish from the
river as 4 comparison 1o the life e of the coldwater trout
specics. Brianna Surawski talked it how some fish in their
classroom mmw: athers weren't so lucky. “The
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“The students study water qualivy by taking pH levels
L. “The bass then got this white Tuee an fs skinand  and messuring wates temperatures. For instance, brook
hen b died.” trout don't like water above 63 degerecs. They nead
Bur swdents inthe program arc learning about cold water because it holds more axygen” explained
thathap-  Tumesa, “And in warmer weaher, we ak d Lrips
ardd the studems will twrn over rocks to look
lsolearning  for cerlain insects that cannot tolerawe pollutien. I you
about the have a river that has those rseets, such as the Cochecon
consesvation. Riiver in Daower. then vou have a river that's clean”

mch more than just the stral
pens between B Umean” pickere] and & “big mouth”  worive
‘ass and how o ralse trout eggs; they're a

ry in Dorer show off schoo! projects
e i the Troot in the Clossream progeam. Toout
“fingerings” oo wew of the Children's Masewn of
MLH. i Dover, Regan Hortley, Miss New Hompsbire
2000, checks sut irsects collected [roor the
Cocheca River by oquotic resources educorcy judy
Turnosa [right) of N.H. Fish and Goee. Goeeisan
studenms Mickae! Willere fright) ond Heatber
Corwae relesse “wicked so 'fish inta the
Cocheca River dusing o feid doy.

L
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APPENDIX N

TOUR WORKSHEETS
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Powder Mills Fish Hatchery
Reflection

Please reflect upon your time at the Powder Mills Fish Hatchery.
Here are some questions to help guide your response.

What did you learn?

What did you take away from the tour?

How did this tour tie mio our freshwater fish module?

What was interesting about the tour? How did this tour tie mto our freshwater fish
module?

How did this experience aid your overall understanding of our Trout in the Classroom
program?
[1 How are you feeling about our freshwater fish module now?

I [ B

|
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Drnnkig Water Facility Tour
Reflection

Part 1: Answer the questions below while you are on the tour.
1) Where does Wolfeboro get their drinking water from?
2) What 1s the name of our tour guide today?

3) Howmany days a year is the water treatment plant open?

4) Name two chemicals that are put in the water to make 1t safe for drinking

5) Name somecthing that has to be taken out of the water to make it safe for drinking

6) Explam what disinfecting the water means? What 1s a key part of how this occurs?

7) What does state and federal standards mean? Why does the drinking water facility have
to meet both of them?

8) Name TWO MAIJOR steps that are required to do to make it safe to dnink the water

9) Name ONE fact you learned

10) What is the flow rate per day?

11) Is the plant powered by electricity or gravity?

12) How often is the water tested?
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Part 2:
Now that you have finished the tour please write a short summary about your experience on the
tour. Please reflect upon your time at the drinking water facility.
Here are some questions to help guide your response.
[1 What did you learn?
What did you take away from the tour?
How did this tour tie mto our dnnking water module?
What was interesting about the tour?
How did this experience aid your overall understanding of how drinking water is treated?
How are you feeling about our drinking water module now?

oy o |
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APPENDIX O

TOUR SITE MAP



85

@ HH :
Pine RiVer
State Forest Iz
Tuftonboro 22
Drinking Water Facility = e E\N
Powder Mills Fish Hatchery z
1 view
SHARE EDIT 6 |
Freshwater Ecology Tours
gy 109,
@ Powder Mills Fish Hatchery 109
0
Drinking Water Facility i
a "
Glendale ke W’”ﬂip@s Wolfeboro
% @)
® % @
&l Wakefield
iiTor
109,
(@)
Moose
Mountains
Reservation
D i
9 Middleton
]
Alton ‘{Ot:v
Milton S
New Durham 5 P
(4 qon é‘ i
@)
Made with Google My Maps - ‘

Google My Maps
Map data ©2018 Google Terms 2miL_ | Farminaton



	OUTDOOR EDUCATION AND CITIZEN SCIENCE IN A HIGH SCHOOL FRESHWATER ECOLOGY SCIENCE CLASSROOM
	by
	Sarah Martina Tierney
	A professional paper submitted in partial fulfillment
	of the requirements for the degree
	of
	Master of Science
	in
	Science Education
	MONTANTA STATE UNIVERSITY
	Bozeman, Montana
	July 2019
	@COPYRIGHT
	by
	Sarah M. Tierney
	2019
	All Rights Reserved
	Students in my classroom are academically driven, both for grades and knowledge. Developing a robust curriculum and yet also providing a real-world approach has been a goal of mine to continue to engage students in the quest for learning. I have conti...
	In my teaching experience, I have seen students lack some of the skills to apply what they know outside of the classroom by purely memorizing information for assessments instead of seeing the bigger picture. I have also witnessed a deficiency in my st...
	In this action research-based class project, one of the goals is to incorporate a curriculum that allows student learning to occur in order to demonstrate real-world application and provide students with a unique educational experience that they could...
	1. Will using hands-on field activities increase student interest and engagement in freshwater ecology?
	2. Will the use of citizen science help students make connections to their own lives, community, and understand the importance of their own environment?
	CONCEPTUAL FRAMEWORK
	METHODOLOGY
	DATA ANALYSIS
	REFERENCES CITED
	Angelo, T. & Cross, K. (1993). Classroom Assessment Techniques: A Handbook for
	College Teachers. San Francisco: Jossey-Bass
	Google Maps. (2018). Wolfeboro Bay. Retrieved from  https://www.google.com/maps/d/u/0/edit?mid=1jmWmA2KnYVurIRG2X_qghC dN2HwDrasz&ll=43.585642838147464%2C-71.21382342298091&z=16
	Tapped. Directed by Stephanie Soechtig and Jason Lindsey. 2009. Atlas Films, DVD.
	“Water Treatment Plant.” Town of Wolfeboro NH,
	www.wolfeboronh.us/water-treatment-plant.
	● Analyze information by breaking it down to its parts
	● Be skilled at gathering information from a variety of sources including books, journal articles, periodicals, internet, etc.
	● Effectively use search engines on the internet
	● Acquire information from charts and graphs
	● Acquire information from video, audio, web pages, etc.
	● Introduce the topic by establishing the purpose (or thesis) of their presentation
	● support their point of view with logical, organized arguments throughout
	● conclude presentation by summarizing main points and how they support their purpose
	● use verbal and nonverbal elements of delivery (e.g., eye contact, stance, movement) to maintain audience focus
	● provide appropriate visual representations to support their presentation
	● respond appropriately to audience comments or questions
	● understand and apply the elements of a scoring rubric to improve and evaluate oral presentations
	● Define the research question or problem sufficiently
	● be skilled at gathering information from a variety of sources including books, journal articles, periodicals, internet, etc.
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences
	● create spreadsheets for data that is provided or collected
	● use digital software to create graphs
	● create visual presentations using software (i.e. PowerPoint or keynote)
	● create and edit videos that demonstrate their learning
	● create web pages that demonstrate their learning employ web 2.0 technologies to collaborate with others
	● Establish a clear and appropriate purpose in their writing
	● maintain focus in their writing and support ideas with details and reasoning
	● use clear and varied sentence structure to create interest
	● use precise and varied word choice to create interest
	● write using standard grammar and usage
	● use the MLA method to cite sources accurately in written work

	● maintain eye contact with person being spoken to
	● reference what is heard from others and formulates ideas that respond appropriately to those ideas
	● comments are relative to the topic at hand
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences

	● Technology Skills:  create visual presentations using software (i.e. PowerPoint or keynote). create web pages that demonstrate their learning. employ web 2.0 technologies to collaborate with others
	● Apply acquired knowledge to novel settings
	● Employ convergent and divergent thinking skills to resolve problems or issues
	● Draw inferences and reach conclusions independently
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences
	● create visual presentations using software (i.e. PowerPoint or keynote)
	● create and edit videos that demonstrate their learning
	● create podcasts that demonstrate their learning
	● create web pages that demonstrate their learning
	● employ web 2.0 technologies to collaborate with others

	● Apply acquired knowledge to novel settings
	● Employ convergent and divergent thinking skills to resolve problems or issues
	● Draw inferences and reach conclusions independently
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences
	● Oral Abilities – maintain eye contact with person being spoken to, reference what is heard from others and formulates ideas that respond appropriately to those ideas, comments are relative to the topic at hand
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences

	● Conduct self in manner consistent with Brewster Principle
	● demonstrate a global awareness and respect for other cultures
	● evaluate information and circumstances in order to make ethical decisions
	● work as a member of a team
	● use critical feedback to improve one’s work
	● create visual presentations using software (i.e. PowerPoint or keynote)
	● create and edit videos that demonstrate their learning
	● create podcasts that demonstrate their learning
	● create web pages that demonstrate their learning
	● employ web 2.0 technologies to collaborate with others
	● Apply acquired knowledge to novel settings
	● Employ convergent and divergent thinking skills to resolve problems or issues
	● Learn new vocabulary through curriculum materials that introduce new words as part of the curriculum
	● Draw inferences and reach conclusions independently
	● Engage meaningfully in the process of inquiry
	● Draw connections within and across learning experiences


