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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.  I decide what level material students should master to be considered 

Accelerated, the highest level, versus Foundational, the lowest level (D. Davis, 

personal communication, September 22nd, 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 

22nd, 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: 
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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 
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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 
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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.    

 

 

 

 

 

 



 
 

10 

Table 1 
Freshwater Ecology Module Timeline  

Module  Topic  Dates (2017-2018) Activities 

1 

Lake 
Winnipesaukee's 
Watershed 

September to early 
October 

Watershed Project: 1. General Facts & Stats on 
the watershed 2. History of the watershed 3. 
Water quality of the watershed 4. The lake as a 
resource 5. Environmental issues in the 
watershed 

2 
Water Quality 
Testing 

Early October to end 
of May 

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 testing within the watershed at 
site descriptions 

3 Drinking Water 
Early November to 
mid-December  

1. Drinking Water Facility tour - Wolfeboro 
drinking water.  2. Water Taste test 3. Water 
debate. 4. Tapped Documentary 5. A book on 
Drinking Water 

4 Freshwater Fish 
Early January to mid-
February  

1. Freshwater Fish expert 2. Powder Mills Fish 
Hatchery 3. Trout in the Classroom 

5 
Ecological 
Cycles 

Mid-February to early 
March  

1. Ecological Cycles 2. Ecological Cycles 
expert - water, oxygen, sulfur, phosphorous, 
nitrogen 

6 

Water Policies, 
Laws, and 
Regulations 

End of March to early 
May  

1. Case study and Fact sheet 2. Water quality 
regulations 3. Water law 4. Water conflict 5. 
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  

1 
Water quality testing with Wolfeboro Lakes 
Association   

2 Water quality testing for NH Fish & Game  

3 
Drinking water books with Carpenter Elementary 
School, Wolfeboro NH  

4 
Water quality testing with Crescent Lake School, 
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 1st, 2nd, and 3rd 

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 5th grade students and 

demonstrated how to conduct water quality tests. Freshwater students had the 5th 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 5th 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). 

 
Figure 2. Site description location map.  
 

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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Figure 3. Mood meter. 
 

 
Figure 4. Sit spot site location map. 
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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 

4 
Judy Tumosa, New Hampshire Fish and Game 
Education specialist  

2 
Dave Burdick, professor at the University of New 
Hampshire Natural Resources  

3 
Andrea LaMoreaux, vice president of New Hampshire 
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  

1 

Drinking 
Water 
Facility  

North line road, 
Wolfeboro, NH 
03894 Janine Gillum, primary operator  

2 

Powder 
Mills Fish 
Hatchery  

288 
Merrymeeting 
Rd, New 
Durham, NH 
03855 

Chad Miller, Fish Hatchery 
Supervisor  

Note. All data sources used in this study can be found in Table 5. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

20 

Table 5 
Data Triangulation Matrix 

Focus Question Source 1 Source 2 Source 3 Source 4 Source 5 Source 6 

How will citizen 
science and outdoor 
education impact 
student learning in 
freshwater ecology 
science classroom 
in high school? 

Pre and post 
Student 
Interviews 

Pre and 
Post 
Student 
Surveys & 
Teacher 
Surveys 
 

Pear Deck 
Surveys 

Student 
Journals  

Guest 
Speakers 
&Tours  

Pre and 
Post 
Student 
Interviews  

Will using hands-on 
field activities 
increase student 
interest and 
engagement in 
freshwater ecology?  
 

Student 
Recognition 
Scores  

Mood 
Meter & 
Sit Spots 

Class 
Observations 

Trout in the 
Classroom 

Milfoil 
Removal  

Water 
Quality 
Tests  

Will the use of 
citizen science help 
students make 
connections to their 
own lives, 
community, and 
understand the 
importance of their 
own environment?  
 

Site 
Descriptions  

Mood 
Meter & 
Sit Spots  

Student 
Websites 

Student 
Journals  

Pre and 
post 
Student 
Interviews 

Pre and 
Post 
Student 
Surveys  
 

 
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).  

  
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 testing.  
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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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Figure 13. Macroinvertebrate sampling with kick nets.  
 

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. I 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 I 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 
(one paragraph) 

In this module the main focus will be for students to investigate Lake 
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 
Question for the 
Module 

Investigate Lake Winnipesaukee’s Watershed  

Discipline Specific 
Content Objectives 

● Watershed Project investigation one of the following five 
topics:  

● 1. General Facts/Stats about the watershed 
● 2. History of the watershed 
● 3. Water quality of the watershed  
● 4. The lake as a resource 
● 5. Environmental issues in the watershed 

Skills (Science skills, 
technology skills, etc.) 

● Google Website  
● Imovie  
● Lab Safety  
● Graphing 
● Data Collection 
● Research techniques  
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Essential Abilities (list 
of abilities students will 
demonstrate in this 
module) 

● 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 
 

 
 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 

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

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

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

● Guest Speaker - Nextgenclimate - Ryan Carney  
● 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 
● 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 

 
 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 
Module 

resource 

Discipline Specific 
Content Objectives 

● Drinking water Debate 
● Water Taste Test Tapped 
● Drinking Water Book  
● Tour of Drinking Water Facility  

Skills (Science skills, 
technology skills, etc.) 

● Collaboration and Cooperation Skills  
● Presentation Skills 

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

● 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 

 
 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 ● Powder Mills Fish Hatchery Tour  
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Content Objectives ● Guest Speaker - Todd Gem 
● Trout in the Classroom  
● New England Fish Species Project  
● Guest speaker - Janine Gillum  

Skills (Science skills, 
technology skills, etc.) 

● Collaboration and Cooperation Skills  
● Presentation Skills 

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

● 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 

 
 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 

● Cycles: Carbon, Phosphorus, Nitrogen, Water, Oxygen  

Skills (Science skills, 
technology skills, etc.) 

● Collaboration and Cooperation Skills  
● 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  
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APPENDIX E 

WEED WATCHERS  
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APPENDIX F 

SITE DESCRITPION WORKSHEET  
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APPENDIX G 

PEAR DECK SURVEYS PRE/POST 
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APPENDIX H 

SIT SPOT ACTIVITY   
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APPENDIX I  

STUDENT INTERVIEW QUESTIONS 
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APPENDIX J  
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