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 Abstract 

The purpose of this project was to design and develop a student-involved site-

specific compost system to meet the sustainability and educational goals at 

Conserve School in Land O’ Lakes Wisconsin. This project acts as a resource for 

Conserve School to utilize in managing the disposal of organic waste produced 

on campus through means of student involvement and education. The project 

determined how it met the School’s mission, identified the site specific 

considerations related to a student involved compost system and developed a 

framework that includes specific procedures and educational resources for the 

successful implementation and operation of a student involved site specific 

composting system at the School. Research from written resources such as 

mission and vision statements coupled with semi-structured interviews with key 

staff showed that the project is tightly aligned with the School’s mission. Data 

related to site specific considerations was collected over three semesters and 

included organic waste assessments, visual field inspection and needs 

assessments through semi-structured and unstructured interviews. The results 

varied with each semester as the School changed its compost structure and 

student involvement with composting. Lastly, the project developed a 

framework that includes the proper compost operational procedures given the 

current resources, as well as educational resources appropriate for high school 

aged students that attend the School. The educational resource includes a lesson 
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plan designed, developed and piloted by the researcher as well as recommended 

activities from outside sources. Based on the projects results the researcher 

recommends that the School incorporate various composting methods to better 

meet the needs of the School. 
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Chapter I 

Statement of Purpose 

The research presented in this document constitutes the written academic 

portion for the fulfillment of a University of Wisconsin-Stevens Point Graduate 

Fellowship project. The Graduate Fellowship is a synthesis of the cooperation 

between Conserve School in Land O Lakes Wisconsin and the University of 

Wisconsin-Stevens Point in Stevens Point Wisconsin. The purpose of this project 

is to design and develop a student-involved site-specific compost system to meet 

the sustainability and educational goals at the Conserve School in Land O’ Lakes 

Wisconsin. 

 

Importance of the Study 

This project acts as a resource for Conserve School to utilize in managing the 

recycling of organic waste produced on campus. The project offers suggestions to 

Conserve School on the best option for a year-round student involved compost 

system that considers site-specific needs while providing biologically and 

nutrient rich compost. A result of the project provides Conserve School with 

operational manual that includes the proper procedures for maintaining the 

compost system. The successful implementation of the guide book will provide 
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Conserve School with biologically rich compost that can be used for the 

production of fruit, vegetables and flowers at Conserve School’s garden or 

throughout the campus grounds. A secondary result of this project provides the 

School with multidisciplinary educational resources to expand student 

involvement.  

 

Subproblems 

First Sub Problem 

The first sub problem of this project was to determine how the project would 

help meet the mission of Conserve School. 

Second Sub Problem 

The second sub problem was to identify the site specific considerations related to 

a student involved compost system at Conserve School.   

Third Sub Problem 

The third and final sub problem was to develop a framework, including specific 

procedures and educational resources, for the successful implementation and 

operation of a student involved site specific composting system at Conserve 

School. 
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Delimitations 

Limitation #1 The results of this project may not be implemented by the 

Conserve School. 

Limitation #2.  This project will not design or implement a compost bin at 

Conserve School. 

 

Assumptions 

The first assumption:  The type and amount of compostable organic waste that 

the staff and students produce will remain at fairly constant levels.  

The second assumption: The semester school continues to admit high school 

grade-level students.  
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Definition of Terms 

Compost: An earthy smelling biologically, nutrient and humus rich soil 

amendment produced through the controlled biodegradation of organic matter. 

Compost System: This project refers to compost system as the complex whole 

formed by all of the components, such as student involvement and education, 

which contribute to the process, production, understanding and use of compost.  

Framework: This projects third sub problem develops a framework which is the 

basis or outline, including compost operational methods as well as education 

resources, which serve as support and reference for the successful 

implementation of a compost system at Conserve school. 

Site specific: Including aspects related to a particular location.  

Static composting: The relatively slow low-labored process of converting 

organic matter into finished compost by piling materials on top of each other and 

letting them naturally decompose.  

Thermal composting: The controlled process of converting organic matter into 

finished compost through incorporating ratios of carbon to nitrogen, moisture 

and aeration to stimulate high levels of biological activity that sustains a center 

pile temperature of 155F for at least 3 days.  
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Vermi composting: The controlled process of converting organic matter to 

finished compost using worms. 
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Chapter II 

Review of Related Literature 

Introduction 

Throughout the United States, schools of all grade levels have been incorporating 

composting as a way to recycle waste and provide educational experiences. 

These schools have recognized that there are economic, environmental and 

educational benefits to having composting systems. A fifth grade class in 

Mississippi uses worms to recycle their school lunch leftovers. The fifth grade 

class participates in activities and lessons surrounding the composting that 

satisfy national and state multidisciplinary standards (Carroll, 2009). Philomath 

High School in Oregon composts the cafeteria waste and the students conduct 

studies for science class on  compost leachate (BioCycle, 2008). Michigan State 

University uses solar panels to keep their worm bins warm through the winter 

months so that they can continue to process waste throughout the year and 

Northland College in Ashland Wisconsin has converted tens of thousands of 

pounds of raw food waste into valuable soil amendment for landscaping and 

gardening (In Business, 2007). By composting, these schools divert organic waste 

from landfills saving them money on trash hauling fees while providing savings 

on soil fertilizers. Composting also allows them to process waste in a more 

http://metalib.wisconsin.edu.ezproxy.uwsp.edu/V/963RMAYIDRITIY9QY62Q5XA6IFETNYR12AQ9UH3I5D5373USKV-32435?func=quick-3&short-format=002&set_number=023999&set_entry=000001&format=999
http://metalib.wisconsin.edu.ezproxy.uwsp.edu/V/963RMAYIDRITIY9QY62Q5XA6IFETNYR12AQ9UH3I5D5373USKV-32435?func=quick-3&short-format=002&set_number=023999&set_entry=000001&format=999
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environmentally conscious manner while providing multidisciplinary 

opportunities for students. 

The review of literature serves as supplemental information to support the 

project’s purpose, sub problems as well as the qualitative research of the project. 

The information is presented as it relates to the initial three sub problems.  

Subproblems 

1. Determine how this project will help meet the mission of 

Conserve School. 

A schools’ overall mission is the overarching purpose that encompasses the 

entities goals, values, principles and vision. Schools and organizations create 

mission and vision statements as a means to express the underlying goals and 

values of the institution as well as how to go about achieving them. A vision 

statement can represent an organization's ultimate goal and will typically clearly 

describe an organizations intended future status (Safety & Health, 2010). It is the 

mission statement that serves as the means through which a vision will be 

achieved. Susan Hay, when writing for Exchange magazine stated, “A mission 

statement should be regarded as a compass for decisions to be consulted when 

one is faced with a dilemma” (Hay, 2010). When individuals follow a mission 

statement, their actions reflect the values of the organization.  

Conserve School 
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Located in the Northwood’s of Wisconsin the Conserve School was founded 

from the living trust of steel company owner James Lowenstine in 2002. Today 

Conserve School is a semester environmental charter school for high school aged 

students. With its’ 1200 acre wilderness campus, students are immersed in 

environmental studies and the outdoor activities. The living trust acts as a 

foundation of the school and is reflected through the mission and vision.  

2. Identify the site specific considerations related to a student 

involved compost system at Conserve School. 

Not all compost is the same; in fact, the quality of finished compost will vary 

depending primarily on moisture, oxygen and type of organic materials used. 

There are many methods that can be used to convert organic waste into compost. 

Each method has specific benefits and limitations that were considered by this 

project.  

Static Compost 

Edward Smith describes in “The Vegetable Gardeners Bible” that the static pile 

or “cold” composting process as a relatively slow, low labor process of 

converting waste into usable compost (Smith, 2000). Through this process, raw 

waste materials can take more than a year to reach final stage of finished 

compost and because a static pile is not turned, the organic matter may be in 

different stages of maturity throughout the pile. The temperature of a static pile 
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will typically not be high, thus weed seeds as well as human and plant 

pathogens will not be killed (Ingham E., 2001).   

Thermal Compost 

In the book, “Teaming with Microbes,” Jeff Lowenfels and Wayne Lewis describe 

the life and interactions within soil and compost. This reference suggests some 

benefits of thermal,” hot” or “fast track” composting and lends advice on correct 

processes of thermal composting. Thermal composting takes a short time to 

convert organic waste into finished compost and kills weed seeds along with 

human and plant pathogens (Lowenfels, Jeff.,& Lewis, Wayne, 2006,). Some of 

the limitations to this method of composting include that it is labor intensive, 

requires a balance of specific starting materials and has a minimum size of 3x4 

feet (UW-Extention, 2009). 

Vermi Compost 

Depending on the size and specific method being used, vermi or “worm” 

composting systems can require high, moderate and low amounts of labor. Mary 

Applehofs book “Worms Eat My Garbage” indicates that worms will convert a 

variety of waste material; however, there are limitations to what they will 

consume. Vermi composting is not a hot process and weed seeds as well as 

human and plant pathogens are not killed (Lowenfels, Jeff.,& Lewis, Wayne, 

2006). 
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Availability of Resources 

The type and amount of resources that can be effectively composted for the 

intentional end-product of a soil amendment vary with each composting 

method. For instance, Laytonville middle school composts around 3600 pounds 

of cafeteria waste annually using midscale Vermicompost methods (Trautmann, 

1998). Atlantic Brewing Company in Maine composts nearly all of their annual 

35 metric tons of brewery waste using passive aerated windrows (Hundhammer, 

1999). San Francisco’s Food Scrap Compost Program processes over 300 tons 

daily using forced aerated enclosed windrows called “Ag-Bags” (Johnson, 2006). 

Before establishing the appropriate composting method it important to first 

identify the type and scale of what will be composted. This project identifies and 

the type and amount of compostable organic material that is locally available to 

Conserve School.  

 

3. Develop a framework, including specific procedures and 

educational resources, for the successful implementation and 

operation of a site specific composting system at Conserve School. 

By definition, compost is a product that is created through the controlled process 

of organic matter biodegradation. In 2002 the Connecticut Department of 

Environmental Protection Recycling produced a composting manual for 

http://metalib.wisconsin.edu.ezproxy.uwsp.edu/V/6T5FR6SPAGXLF32ILP45RAN4EKKR8TPKVNAAAAEVC4BTM8IMQG-00183?func=quick-3&short-format=002&set_number=008867&set_entry=000011&format=999
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Connecticut schools. The manual provided a model for initiating and 

implementing school composting programs throughout the state and includes 

the day to day operations to successfully operate a bin (Connecticut Dept. of 

Environmental Protection, 2002.) In 2008 Department of New Hampshire 

Environmental Services composed a similar manual for schools. A large portion 

of this manual included specific components related to properly operating a 

compost system (New Hampshire Dept. of Environmental Services, 2006). These 

examples signify that in order for a school to successfully “control” the 

biodegradation of organic matter it needs to define and communicate the proper 

operational procedures. 

Student Involvement with Composting in Schools 

Composting provides a means to manage organic waste but also delivers 

economic and environmental benefits. Composting can also provide a wonderful 

multidisciplinary education resource. High schools across the nation have 

incorporated compost related projects and curriculum into their classrooms with 

great success (BioCycle, 1995., Conrad,1995., BioCycle, 2008). Whether a student 

is taking a ph sample for science class, quantifying waste conversion rates for 

math or assessing microbial growth for biology composting provides students 

with hands on opportunities that develop awareness, knowledge, skills and 

attitudes. Projects related to composting can incorporate service and experiential 

based teaching methods. These projects provide students with lifelong learning, 

javascript:__doLinkPostBack('','mdb%7E%7Eaph%7C%7Cjdb%7E%7Eaphjnh%7C%7Css%7E%7EJN%20%22BioCycle%22%7C%7Csl%7E%7Ejh','');
javascript:__doLinkPostBack('','mdb%7E%7Eaph%7C%7Cjdb%7E%7Eaphjnh%7C%7Css%7E%7EJN%20%22BioCycle%22%7C%7Csl%7E%7Ejh','');
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critical thinking, collaborative skills, creativity, organizational skills and systems 

thinking knowledge (Payne, 1998). 
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Chapter III 

Research Methodology 

This Chapter describes the methodology that was followed in conducting the 

research project. The information is presented as it relates to the projects three 

driving sub-problems. 

 

Subproblems 

1. Determine how this project will help meet the mission of 

Conserve School. 

Current Goals, Missions, Principles and Values 

As a means of connecting this project with Conserve School’s mission, this 

project analyzed written resources coupled with interviews with key staff at the 

School. The analysis was used to assess the compatibility of the current 

composting unit and served as an integral component for designing and 

developing a compost system that meets the school’s needs. This project 

analyzed written resources such as Conserve School’s mission and vision 

statements to determine how the project would meet the Schools mission. It was 

also prudent for the project to search for relationships connecting this project 



 

14 
 

with the mission in the School Wide Learning Goals as well as the Community 

Beliefs and Commitments which are a documents collectively created by the staff 

employed at the School.  

Semi-Structured Interviews with Conserve School Staff: 

Lastly, Seven Semi-structured interviews were conducted to provide necessary 

qualitative data to determine how the project would meet the mission of 

Conserve School. The semi-structured interview method was chosen based on 

the type of data sought, accessibility of interviewees, the project time frame and 

the relationships between the interviewees. The direct interviews were voice 

recorded on a handheld BlackBerry cellular phone and later transcribed to text 

using Microsoft Word. Propositions were created using the line-by-line analysis 

method of coding and recorded using Microsoft Excel (See Appendix A). 

Individual propositions were then categorized using Microsoft Excel. Various 

concepts and themes were developed from the raw categorized data and are 

presented in the results portion of this paper.  

 

2. Identify the site specific considerations related to a student 

involved compost system at Conserve School.  

Identify the Needs and Potential Limitations 
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The first component of research within this sub problem was to identify any 

needs and potential limitations related to having a student involved compost 

system at Conserve School. This project addressed this through conducting both 

unstructured and semi structured interviews with key individuals.  

Semi-Structured Interviews 

The individuals interviewed for semi-structured interviews consisted of head of 

school, stewardship coordinator, chief financial officer, director of outdoor 

programs and residential life, two science teachers and the director of dinning 

services.  All of the interviewees worked at Conserve School knew each other 

through their occupation. For this reason individual semi structured interviews 

proved a more precise method of data collection than conducting a focus group. 

After acquiring the projects research concern, the type and number of informants 

that were to be interviewed was determined and the research concern questions 

were developed. The process of determining these factors first required defining 

the specific purpose of the interviews. The purposes of the interviews were 

twofold: 1) Relate the project to Schools mission 2) Identify site specific 

considerations.  

Unstructured Interviews 

Unstructured interviews were carried out by the researcher throughout the 

project. All of the individuals interviewed had background with compost 
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operations and/or compost education. Interviews took place both over the 

phone and face to face with several individuals. Guiding questions were used 

during conversations to steer the direction of the interviews. The needs and 

limitations from the unstructured interviews were supported with background 

research. 

Identify the Site Specific Resources 

The second component within identifying the site specific considerations related 

to a compost system was to identify the available resources. The project assessed 

the organic waste produced by the school kitchen, assessed the current compost 

unit and determined the human resources needed.  

Organic Waste Assessment   

The compostable organic kitchen waste was weighed and recorded over three 

semesters. The weights were to be recorded by the conserve school students after 

breakfast, lunch and dinner by use of a digital scale. The organic waste was 

collected in large, medium and small aluminum bins as well as small and large 

plastic totes. The dry weight of the bin being used was subtracted from the gross 

weight and then recorded on paper. The recorded data was then transferred into 

a digital format by the researcher where the information could be interpreted 

more effectively.  

Existing Compost Unit Assessment 
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Information related to assessing the existing compost was gathered through 

direct site assessment as well as unstructured and semi-structured interviews 

with key individuals. Frequent visits were made to the compost unit by the 

researcher where visual field inspections were made based on appearance, smell, 

temperature and consistency.  

Current Student Involvement 

Communication with key administrative staff as well as direct interaction with 

students provided information about the current level of student involvement 

related to collection and removal of compostable organic waste. This data was 

collected over three separate semesters, with each semester including different 

student populations.  

 

3. Develop a framework, including specific procedures and 

educational resources, for the successful implementation and 

operation of a site specific composting system at Conserve School. 

Determine if the current system meets site specific needs 

Before developing the operational and curriculum guides for this project it was 

first necessary to determine if the existing compost system met the site specific 

needs and considerations of the school. To determine this, the researcher 

referenced Conserve School’s mission and vision statements, and conducted semi 
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structured interviews with key staff. Information pertaining to the current 

student involvement was collected through semi-structured and unstructured 

interviews with staff at the School. The initial semi-structured interviews were 

conducted while the compost structure was located by what is currently the 

School’s garden. However, unstructured interviews were conducted throughout 

the project as changes that took place with the School’s compost system.  

Develop Operational Instructions 

This project developed operational instructions to assist Conserve School in 

properly operating and maintaining the compost unit. Background academic 

research was conducted to identify the proper quantities, type of materials, 

proportions, and care techniques for the compost unit. To do this the project used 

UW-Stevens Point, UW-Madison and Conserve School libraries as well as 

resources from the World Wide Web. The academic research was supported by 

unstructured face to face and telephone interviews with individuals who had 

experience working with composting operations.  

Develop an Education Resource 

The third and final component of this sub problem was to develop an 

educational resource guide that could be utilized by the Conserve School to 

increase the educational component of involving students with the compost 

system.  
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Compost Biology Lesson  

This lesson was developed by the researcher with the intention to familiarize the 

students of Conserve School with the biological systems within compost and soil 

environments. The lesson titled “The World Beneath Your Feet” was piloted to 

all of the Conserve School students. The researcher taught the same lesson to 43 

students over four science blocks on March 24th and 25th of 2011. The lesson was 

assessed through student feedback surveys so that it could be improved upon for 

the future use by the School. All students completed a three question survey at 

the end of the lessons. The lesson includes a lesson plan, learning plan, 

background information, power point and additional resources so that it can be 

implemented by teachers at the School after the researcher is no longer available 

to teach it.  

Recommended Lessons and Activities 

Fulfilling this component of the educational resource guide required background 

academic research consisting of college libraries and the World Wide Web. The 

information was compiled and adapted for multidisciplinary high school level 

academic lessons and activities that would educate students about composting 

and involve them with the composting operations at Conserve School.  
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Chapter IV 

Results 

This chapter presents the research data and information gathered pertaining to 

the project’s methodology. The results in this chapter are presented in sequential 

order as they are presented in the corresponding methodology chapter. 

Subproblems 

1. Determine how this project will help meet the mission of 

Conserve School. 

Current goals, missions, principles and values 

To help determine how the project would meet the School’s mission, the 

researcher analyzed the School’s mission and vision statements, as well as the 

community beliefs and commitments and the schoolwide learning goals. These 

documents were derived from the School’s website. Analysis of the School’s 

mission and vision statements along with the School’s Community Beliefs and 

Commitments and the Schoolwide learning goals indicated a strong connection 

between this project and the mission of Conserve School.  

The mission statement of the School states “Conserve School inspires young 

people to environmental stewardship through academics and engagement with 

the forests, lakes, and wildlife of Lowenwood.” The project is justified through 



 

21 
 

this statement in that it develops a system that promotes environmentally 

responsible management of the School’s resources through recycling its organic 

waste. This project aims to involve the students of Conserve School with the 

operations and education of composting. It is the hope of the researcher that this 

involvement will inspire some of the students to compost on their own and teach 

others about composting after they graduate.  

Included in the vision of Conserve School are two clear connections to the 

emphasis of the project. It states that the School “provides a residential academic 

setting that fosters the understanding of the science of natural resource 

conservation and a commitment to protecting the environment.” This project is 

intended to be a resource for the Conserve School to use in improving their 

students understandings of the science and importance of composting. The 

students will show a commitment while enrolled at the School by being involved 

with the composting process. It is the hope of the researcher that the students 

will also develop a personal commitment through the academic and hands on 

involvement that this project works to establish.  

This project supports the School’s mission by aligning with some of the School’s 

Community Beliefs and Commitments as well as the Schoolwide learning goals. 

This project does that through promoting experiential, interdisciplinary learning 

and the demonstration of a commitment to community.  
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Semi-Structured interviews with Conserve School staff 

The researcher conducted Semi-structured interviewees with administrators, 

teachers and dinning staff at the Conserve School. The interviewees were 

provided an abstract of the project along with five guiding questions in advance 

of the scheduled interview date. One of the guiding questions specifically sought 

to address the projects first subproblem. After qualitative analysis of the 

transcribed interviews, the researcher was able to establish results as they pertain 

to individual components within the projects methodology.  

The responses provided by the interviewees when asked, “How does having a 

student operated composting system meet the missions and values of Conserve 

School?” suggest that there is a close connection between this project and the 

School’s mission. The responses showed that a student involved compost system 

promotes environmental stewardship, sustainability and most importantly that it 

is in line with the vision and wishes of the School’s founder James Lowenstine. It 

was also mentioned that this project would benefit in that it would be 

“intimately associated” with the School’s garden (p50).  
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2. Identify the site specific considerations related to a student 

involved compost system at Conserve School.  

Identify needs and potential limitations 

Semi-structured interviews 

Seven staff members of Conserve School were asked 5 leading questions related 

to the project. Most of the leading questions were focused on identifying the 

potential needs and limitations related to a student involved compost system at 

the School. The questions sought to reveal insights from staff that play key roles 

in the support and success of a compost system about the following: potential 

barriers, pathways to a successful student involved compost system, ways to 

ensure student engagement, how to make the compost system operationally 

sustainable. The interviews provided considerations for the physical composting 

process, student operations and student and staff education. 

The most significant considerations related to the composting process itself 

included comments and that were repeated by separate interviewees or 

propositions that overlapped. These include:  find the best location for the 

structure; create a measurable assessment for its success; should include multiple 

composting methods and to keep it simple. 

In response to the questions about student involvement in the compost system 

the interviewees responded with recommendations and considerations that 
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reflect the School’s needs and limitations. The most significant considerations 

include: students need to understand why it is important to compost; students 

need to see and be involved with the whole closed loop process of food 

recycling; to make the composting fun and maintain interest and to have a 

simple routine.  

The seven staff interviews also yielded considerations for student and staff 

education. The most significant considerations include: should be 

multidisciplinary and part of the School’s applied ecology, environmental 

science and field instruction courses; make it so students can compost on their 

own when they leave the program and ensure an appropriate means of 

communication with staff. 

Unstructured Interviews 

Unstructured interviewees consisted of school compost managers, compost 

business representatives and independent aficionados. The interviews provided 

information that was relevant to the needs and limitations of having a successful 

composting system at the Conserve School.  Based on the unstructured 

interviews the researcher found that various composting methods and 

educational components could be effectively incorporated at the School. When 

asked what the most appropriate method of composting for the School was, the 

responses indicated that considerations such as the size of the compost pile, the 

type of material being composted and the amount of time required should 
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determine the method used. The interviews showed a preference to thermal and 

worm composting methods for their ability to process waste and increase student 

involvement.  

Identify Available Resources 

Organic waste assessment 

Daily assessments were conducted over three semesters to identify the amount 

and type of compostable organic waste produced through Conserve School’s 

cafeteria. The data fluctuated each semester with the changing number of 

persons eating meals and the adjustments that the dinning staff made to reduce 

waste. There were also some inconsistencies in collecting organic food waste due 

to freezing cold temperatures during the spring semesters.  

During the first semester the School only composted pre-serving organic waste 

produced by the dinning staff. The data recorded during this semester showed 

an average daily weight of 19 pounds (graph 1-1). This waste collected primarily 

consisted of fruit and vegetable scraps, coffee grounds and egg shells. 

 The students of the School began a post-serving waste collection program 

during the second semester of the waste assessment.  This additional organic 

waste added an average of 6 pounds to the compost daily.  

During the final semester of the organic waste assessment the cafeteria waste that 

was being composted included pre and post serving organic waste and averaged 
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24 pounds per day (graph 1-2).  The Conserve School operates 230 school days in 

a year.  Factoring the average pre and post-serving waste per day, the School 

composts a total of 5520 pounds per year. This diverts 2.8 tons of waste from the 

School dumpster creating an annual savings of roughly $150.  

 

 

 

 

 

 

Graph 1-2: This graph 

shows a random one 

week sample of third 

semester pre and post-

serving kitchen organic 

waste. The average waste 

composted over the 

assessment period was 24 

pounds per day.  

Graph 1-1: This graph 

shows a random one 

week sample of first 

semester pre -serving 

kitchen organic waste 

only. The average waste 

composted over the 

entire semester was 19 

pounds per day.  



 

27 
 

Existing Compost Unit 

The composting system of Conserve school changed throughout the projects 

study period. When the project began in 2009, a volunteer group of students and 

staff would cart the School’s pre-serving kitchen waste from the kitchen to a 

compost pile located near what is now the School’s garden. The compost 

structure was composed of three of individual units that were sectioned off by 

straw bales with a 4” x 2” galvanized mesh fencing that formed a rectangular 

perimeter around all of the individual units. No set composting operations had 

been established at the time of the projects research and there were some 

challenges with this compost site itself. The distance between the kitchen and the 

compost site was approximately one third mile, which made it a challenge for 

students and staff to take out the waste when the weather was not cooperating. 

Also, animal tracks were commonly seen in the compost site due to when the 

fence gate was not closed completely. 

Visual inspection of the site revealed information about the compost piles within 

the physical structure. For the most part the pile showed signs of aerobic 

decomposition, however the researcher noted that the pile would occasionally 

enter anaerobic states and produce foul odors. The temperature readings 

acquired by the researcher showed temperatures to be at or near ambient air 

temperatures. The cool temperature readings showed that the compost pile was 

static and going through a slow decomposition process. The initial compost units 
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located by the school’s garden were intended to be static piles. The piles did not 

receive regular turning and produced what seemed to be quality finished 

compost after a little more than one year.  The researcher found that the piles 

frequently had disproportionate ratios of organic material. The disproportionate 

ratios were likely the cause of the pile turning anaerobic at times. 

  

On October 7th 2010 the School created a new compost structure located close to 

the dining hall loading dock. The new structure includes 6 individual 4’ by 8’ 

units and one larger 9’ by 8’ unit, all surrounded by perimeter fencing 

constructed from the previous location’s fencing material.  The fencing material 

is also used as dividers to separate the individual units within the structure.  

Improvements were made after the structure was in installed. A plastic tarp was 

placed over the individual units to keep out precipitation and regulate moisture. 

A fine plastic mesh was placed around the perimeter fence to help keep the 

organic waste from leaving the structure and further deter animals from entering 

the compost structure. The current compost site at the school has the capability 

to converting Conserve School’s kitchen organic waste through thermal (hot) or 

Image 2-1:  A squash-like plant 

grows from within the initial 

compost pile. This illustrates how 

cold compost piles can foster plant 

life through seeds.  (August 2010.) 
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static (cold) methods.  The researcher did observe that the cold compost method 

yielded plant growth from weed seeds (image 2-1). 

Current Student Involvement 

The degree of student involvement with the compost system changed over the 

projects time frame. The first semester involvement consisted of weighing and 

taking out of compost once a day by 9 students and 2 staff who volunteered their 

time. The researcher developed a rotating schedule but needed to make 

reminders to the students and often filled in their responsibilities. During the 

second semester of the project’s data collection, students involvement had 

increased in part due to a student developed and driven organization called “The 

Sustainability Alliance”.  The students organized rotating schedule to weigh and 

take out the compost as well as announce to the study body the amount of daily 

uneaten food waste that was collected. The third and final semester of data 

collection showed a further increased student involvement. Taking the pre and 

post organic waste to the compost structure became part of a daily chore for 

students that were assigned to kitchen duty. According to unstructured 

interviews with the stewardship coordinator, all of the students of the third 

semester had opportunities to take out the compost during their assigned chore 

times. During this semester there were additional efforts by the sustainability 

alliance and science teacher to further involve students. The alliance members 

volunteered to record weight of the compost three times per day based on a 
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rotating schedule developed by the researcher.  The science teacher welcomed 

the researcher to instruct two full days of class on compost biology. He also 

introduced the students to two different methods of indoor composting with the 

intention to conduct comparisons and scientific studies. 
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3. Develop a framework, including specific procedures and 

educational resources, for the successful implementation and 

operation of a site specific composting system at Conserve 

School. 

Determine if the current system meets site specific needs 

Through direct interviews and referencing the Schools mission and vision 

statements the researcher found that the current compost system, which includes 

the compost structure, the composting method and current student involvement, 

can be improved upon. The initial semi-structured interviews suggested that 

there were several areas of consideration and change to be made within the 

compost system. These interviews were conducted while the compost structure 

was located by what is currently the School’s garden and only provide 

considerations based on what was occurring during that time. More recent 

unstructured interviews with the stewardship coordinator and other staff 

suggest that the most recently installed compost structure and increased student 

involvement was much closer to meeting the needs of the School.   

 

Develop operational instructions 

The researcher developed a compost operational manual based on the School’s 

current composting method using the current composting structure. The 

information in the manual is to be used in association with Conserve School’s 

compost bin located outside of the cafeteria loading dock and includes specific 
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steps that can be implemented by Conserve School staff and students going 

forward. Currently the School operates a static pile by means of alternately 

layering organic waste with straw. If done properly, this form of static 

composting will take up to a year to break down the organic waste. The manual 

includes procedures for starting a new pile, separating, weighing, adding and 

turning food waste and concludes with a table on troubleshooting and additional 

consideration. .  Following the steps in the operational manual will help ensure 

that the waste is converted to compost appropriately (see appendix B). 
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Develop an education resource 

The researcher produced an educational resource for the Conserve School to use 

as a tool for instruction and further student involvement (See appendix C). The 

resource includes a lesson plan, lesson background and learning plan for the 

compost biology lesson that was produced by the researcher. The resource also 

includes recommended lesson and activities from outside sources as well as 

additional activities and lesson ideas for instruction from the researcher.   

Based on the research results, the researcher found that the majority of the 

activities and lessons related to compost education were geared toward a 

younger student audience. The activities included in the educational resource are 

both intended for or can be adapted for 9-12 grade level students at Conserve 

School.  

Compost education is multidisciplinary and the ways to integrate into a 

classroom are limited only by ones creative reach. The activities and lessons in 

the resource represent only a small portion of the activities available surrounding 

compost education.  
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Compost Biology Lesson Assessment 

The students of Conserve School were given a lesson feedback survey that 

included three questions. A summary of the survey results are listed by question 

below.  

The majority of student responses to the first question, “What did you like best 

about this lesson?”, stated that they most enjoyed using the microscopes to view 

living organisms. Other common responses included: the instructors teaching 

methods, and learning about the living relationships in soil. The second and 

third questions asked about how what they liked least and how the lesson could 

be improved. Many responses included that no change be made, however 

comments suggest that the lesson can develop by creating better ways of 

identifying the micro-organisms as well as devoting more time to direct 

microscopy.  
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Chapter V 

  Conclusions and Recommendations  

This paper showed that there are many components in having a successful 

student involved compost system that are in line with the mission of the 

Conserve School.  A win-win situation exists between the school and its pupils 

through involving students with composting operation and education. While the 

students acquire beneficial hands on experiences and service learning skills, the 

School is providing environmental education and stewardship which is an 

anchor of the Schools mission set forth by the School’s founder James R. 

Lowenstine. This win-win relationship will only exist if the School continues to 

make conscious efforts to foster and strengthen the student involvement portion 

of the composting system. The recommendations below include suggestions by 

the researcher on how the school can implement the best student involved 

compost system bas on the results of this paper.  

The current compost structure is set in a great location that makes for easy access 

and increased involvement. The structures multiple units have the appropriate 

dimensions and provide the physical foundation required to support several 

different compost methods. The idea of using multiple methods was 

independently brought up during semi structured interviews by several different 

staff members. By using multiple methods the students will develop the 
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awareness that there are many ways to avoid wasting organic material and will 

also develop skills to use a variety of methods after they leave the School. It is the 

recommendation of the researcher that the School practice a combination of 

thermal (hot) compost and static (cold) in the outdoor structure while 

maintaining a small scale vermi (worm) compost bin indoors.  

Vermi Compost: 

Throughout this project the researcher noted that there were some difficulties 

dealing with frozen organic food waste due to freezing cold temperatures during 

the spring semesters. The compost pile froze solid during many of the winter 

months which made the decomposition of organic waste come to a stand-still 

and limited the compost piles educational capability.  It is not the intention of the 

researcher that the indoor vermi compost unit process large amounts of the 

School’s cafeteria waste, however having an indoor unit will act primarily as an 

educational tool for multidisciplinary instruction. This recommendation for the 

indoor vermi compost unit is based off on the site specific considerations and is 

supported by several research sources (BioCycle, 1995., Carroll, 2009., Payne, 

1999)“Worm composting is an excellent way to introduce living decomposers in 

the classroom” (Central Vermont Solid Waste Management District, 2007.) 

The details related to the construction of the vermi compost bin as well as 

suggestions for its operation and troubleshooting can be found in Appendix D. 
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Thermal and Static combination unit 

The results from semi structured interviews showed a strong recommendation 

that the compost system be simple. If compost operation is too difficult and 

exceeds the production capability then it is more likely to fail. The interviews 

also showed a strong recommendation to incorporate multiple methods and 

make the composting fun and maintain interest. Thermal composting allows 

students to be more involved with the composting process by taking daily 

temperatures, assessing quality and frequently turning the pile. Given the site 

specific considerations synthesized with background research it is the 

recommendation of the researcher that the School operate a hybrid between 

thermal and static compost pile. This means that the compost is operated to 

achieve high temperatures when possible, but when outside conditions change 

than the pile can be allowed to be sit. These outside conditions may be due to 

cold weather but also events at the School such as exploration week or other 

times when students will not be available. The operational manual provided in 

the results section of this project should be used for these outdoor composting 

methods, however there is more information pertaining to thermal compost 

operation in Appendix E. 
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Student involvement 

It is the recommendation of the researcher that the operation of the compost be 

incorporated fully into their daily chores. Beyond this, students should be 

encouraged to promote the awareness of composting and should be supported in 

their efforts to further develop the Schools compost system. The division of tasks 

is up to the School to decide, however I recommend specific roles and their 

responsibilities in Appendixes D and E. 
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Appendix A 

Considerations for 
Unit Student involvement Mission Education 

P5: Barriers-CP 

location location 

location, 

P1:CP-student body will 

have responsibilities in 

the kitchen,  

P12:Mission-CP In 

a big way, 

stewardship; 

sustainability 

P14:CP-Composting can 

be a multi-disciplinary 

P8:CP-how to get it 

from the houses 

P2:CP-make it real for the 

kids 

P16:CP-parents will 

say we are relentless 

about our green 

approach 

P20CP-master composting 

program 

P9:CP-Maybe do a 

couple of methods 

P3:CP-Letting them see 
the whole process 

P50: R-Intimately 

associated with the 

garden 

P21:CP-applied ecology; 

We could reinforce 

science behind 

composting, 

P18:CP-an evaluation 

of what needs to 

change 

P4: CpWhy Compost CP-
they are disconnected, 
will better understand 

P69: FB-this is 

consistent with what 

James Lowenstine 

would have wanted 

to do  

P29:AM-need to teach 

them to look at it and 

decide if the compost 

looks like this what should 

I add; or what do I do? 

P19:CP- chronology 

of the compost pile , a 

journal 

p7:CP-figure out a fun 

way to get the materials 

out ,we could get a 3-

wheeled bicycle? 

P70: FB-his is what 

Jim would’ve 

wanted us to do and 

what Jim wants us 

to do, we do 

P32:AM-able to see a 

closed system 

P22:AM-Don’t make 

composting harder 

than it needs to be 

P:10CP-should be a part 

of the food prep(chores) 

P89: JH-We were an 

environmental 

school. Composting 

is doing reduce 

reuse and recycle 

P41:JR-Cooperation and 

communication is huge 

P35: AM-make one 

pile one year and then 

the pile is ready the 

next year 

P13:(students will) think 

twice about how they take 

care of their own waste 

P118: SA-Jim 

would  like it 

P51:R-We want the kids 

to have hands on research 

P37: AM_might have 

various kinds so they 

can see the various 

types.  

P28: AM-Insuring student 

involvement 

 

P52:R-different 

cirriculum- energy 

aspect,micro flora bacteria 

oxidizes, temp, micro  

P41:JR-Cooperation 

and communication is 

huge 

P29:AM-need to teach them to look at it and 

decide if the compost looks like this what should 

I add; or what do I do? 

P62: FB-Need to explain 
needs and benefits of 
composting 

P38:AM-will get 
opposition to verma 
composting; because 
of flies, The vermi 
was a disaster 

P30:AM-(Instuction 

mannual) Break it down 

to just a few rules 

 

P67: barrirer-FB-A lack of 

clear communication of 

the results the outcomes 

and the successes 

P43:JR-concerned 

bears, critters, 

raccoons, scavengers, 

P32:AM-able to see a 

closed system 

 

P83: JH-Have to make it 

Educational 
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and skunks 

P44:JR-Not where we 

are parked in the 

back, Auditor would 

from on that. Greatly 

P40:JR- (students should 

see) where the food starts 

and where it finishes, the 

whole thing from 

beginning to end  

 

P84: JH- students Leave 

with knowledge of 

compost so they can do on 

their own.  

P60: R-step by step 

process 

P47: JR-They must be 

accountable for their 

actions 

 

P86: JH-Could set up a 

lesson plan for field 

instruction 

P67: barrirer-FB-A 

lack of clear 

communication of the 

results the outcomes 

and the successes P49: JR-one big circle 

 

P95: SA-successful if it 

was woven into the field 

instructor course  

P68:FB- If you cant 

measure it theres no 

reason to do it P56: Make it fun 

 

P96: SA-woven into the  

environmental science 

course 

P71: FB- You need a 

sponsor. A champion 

to open door P54:R-routine 

  P73: FB-not too often 

cause people get tired 

of it, but occasionally 

(communication) 

P48: JR-easy for them to 

see the steps, cut and dry 

version of the process 

  P78: FB-cherry pick 

the individuals that 

are truly interested  

P58: R-include many 

people, so its not just one 

responsilble 

  P81: FB-manage the 

process from 

beginning to end. 

P62: FB-Need to explain 
needs and benefits of 
composting 

  P82: Have to be Easy P64: FB-Maintain Interest 

  P88: JH-.  Keep 

everybody informed 

along the way 

P66: FB-need consistent 

supervision 

  P92: JH-It can’t be 

too complicated. It 

has to be simple 

P76: student engage-FB-

They need to understand 

What is composting  

  P102: SA-need a 

quantifiable way to 

assess the benefits 

P77: student engage-FB-
They need to understand 
why is it important 

  
P103: SA-it will be 

more successful the 

simpler we make it 

P84: JH- students Leave 

with knowledge of 

compost so they can do on 

their own.  

  P104: SA-Lets make 

sure we have the right 

resources.  

P93: SA-Students see that 

its meaningful 

  P105: SA-Lets make 

sure we have the right 

equipment. 

P100: SA-see the different 

stages and be more 

involved 
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P111: SA-Needs to be 

simple 

P107: SA-Something that 

they can carry into their 

daily lives   

P112: SA-create the 

proper signage  

P110: SA-explain why we 

are doing the compost 

right away    
P114: SA-It needs to 

be systemic 

P117: SA-closed loop 

systems   

P119: SA-Ways to 

measure the success 

P1120: SA-Add an 

element of play to the 

operations of the 

composting   
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Appendix B 

Compost Operation Manual 

This manual was written as part of a UW-Stevens Point graduate project by 

Bennett Rock. The information is to be used in association with Conserve 

School’s compost bin located outside of the kitchen loading dock. Currently the 

School operates a static pile by means of alternately layering organic waste with 

straw. If done properly, this form of static composting will take up to a year to 

break down the organic waste. Following the steps below will help ensure that 

the waste is being converted to compost appropriately.  

 

Separating Food Waste 
The primary nitrogen component of the compost pile will come from pre-serving 

and post-serving kitchen organic waste. Given the scale and type of compost unit 

at Conserve it is best not to try composting waste that includes anything 

containing meat or dairy. The compostable waste will be separated from the non-

compostable waste and taken to the outdoor pile. Properly informing the 

students, staff and guests of what is acceptable to compost through proper 

signage and/or direct communication will keep these unwanted materials out of 

the pile and help contribute to a productive and safe compost system. Refer to 

table 3-1 for details of what is acceptable to compost with the current system.  

 Pre-serving organic waste will be placed in plastic tubs and 

taken out to the pile daily.  
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 Post-serving waste will be placed in aluminum bins and 

taken out after every meal daily.  

 
 
 
 

Do Not Compost  Do Compost 

 Meat or anything containing 

 Dairy or anything containing 

 Oils 

 Bones 

 Eggs (shells ok) 

 Brown napkins 

 Coffee grounds 

 Vegetables 

 Fruit (lemons and grape fruits in 
moderation) 

 Bread 

 Egg shells (not yolk)  

 
 

Weighing 
Recording daily weights of compostable waste and non-compostable waste 

provides useful data and direct interaction with the composting system. 

Information collected from the weighing can be shared with the Conserve School 

community to bring awareness to and help reduce the waste produced.   

 Pre-serving organic waste will be weighed once daily before 

dinner.  

 Post-serving compostable and non-compostable will be 

weighed three times daily after each meal.  

 

Adding 
The ratios of carbon, nitrogen, moisture and oxygen create the conditions within 

the pile and ultimately determine the outcome of the compost. An ideal carbon to 

nitrogen (c:n) ratio within the current pile is 30:1. The amount of moisture within 

the pile should be close to 50%. When adding kitchen waste (green component) 

Table 3-1 
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you are adding moisture and nitrogen at the same time. This needs to be 

balanced with adding straw, leaves and woodchips (brown component) which 

provide carbon and bulk for air flow. The type of organic matter added to the 

pile can be changed as long as the ratio remains fairly constant. To identify the 

ratios more clearly see table 3-2. A field test to estimate adequate moisture 

content is to squeeze a handful and only produce one or two drops of water. The 

compost should be similar to a wrung out sponge. The additions to the pile given 

the current waste used should be as follows: 

 Begin with a 6-10 inch base of straw (hay contains weed 

seeds) and some wood chips.  This is to provide oxygen flow from 

underneath the pile.  

 Add 3-4 inch layer of separated kitchen waste.  

 Add 1-2 inch layer of compost or soil. This provides a 

microbial inoculum.  

 Add 4-6 inches of straw, woodchips, brown leaves. 

 Repeat: Add 2-3 inch layer of green component… 
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Turning 
The compost heap may be susceptible to a lack of oxygen, resulting in anaerobic 

conditions that produce foul odors and attract unwanted wildlife. Well-

constructed and maintained compost units should only have a pleasant earthy 

aroma. Rotating compost bins allows for compost to be produced more rapidly. 

Turning the compost allows oxygen to enter the pile, providing aerobic 

conditions where organisms can break down waste more effectively and without 

the foul odors (Lowenfels, Jeff & Lewis, Wayne, 2006). The current unit relies on 

layering the correct organic components to provide ideal conditions within the 

pile. However, the compost should be turned on an as needed basis as frequently 

as twice a week.  

The purpose is to introduce oxygen, regulate temperature and incorporate 

exterior organic waste. 

 
Organic Materials: 

Carbon: Nitrogen 

Wood Chips 600:1 (about) 

Paper 170:1 

Straw 50-150:1 

Brown Maple Leaves 52:1 

Fresh grass clippings 19:1 

Alfalfa 10:1 

Table 3-2 
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When turning the compost try to rotate the outsides of the pile into the center.  

Turn the pile on an as need basis based on conditions within the pile.  

 

Starting a new pile 
Eventually the pile will get to an optimum size and a new pile will need to be 

started within the outdoor compost structure while the previous pile matures 

into finished compost. Once the pile has reached the optimum size, rotate and 

transport the pile to the adjacent cubical bin (image 2-2). The new pile should be 

housed the cubical bin that the previous pile was just moved from. The 

important considerations in beginning a new pile is to provide a thick base of 

brown materials and to inoculate the pile with previously made compost or soil. 

For the order of operations see bullets under the “Adding” category above. Once 

the newest pile is at optimum size and ready to be moved, transport the older 

more mature pile to the large 9’ by 8’bin for easy pick up by the Schools 

maintenance staff.  

Image 2-2: From “School Composting: A Manual for Connecticut 

Schools” 

Move to large 9’X8’  
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Trouble shooting:   
Odor: odor is a primary indicator of the condition of a compost pile. While an 

earthy smell suggests a well decaying pile, a foul smell lets us know the pile is 

not in homeostasis and conditions need to be assessed and altered. Table 3-3 lists 

ways to trouble shoot some problems that may arise.   

 

 
 

Symptoms Causes Solutions 

Ammonia Odor Too much nitrogen  (kitchen scraps) Add carbon bulking agent 
(straw, brown leaves wood chips) 

Pile is too hot >150F Lack of air  
Too much carbon 

Turn pile  
Add carbon bulking agent 

Rotten Odor 
(methane, hydrogen sulfide) 

Lack of air  
Too much moisture 

Turn pile  
Add dry carbon bulking agent 

Pile is too cold = at ambient Pile is too small 
Not enough nitrogen 
Too much or too little moisture 
Pile is finished  

Size will increase with additions 
 
 

Attracting Animals Meat or dairy in pile 
Pile is not composting properly 

Monitor plate scrapings 
Establish proper C:N ratios, allow 
for proper air and moisture, add 
inoculum 

 
 

Additional Considerations 
The operational procedures associated with the current pile at Conserve School 

will fluctuate depending on the climate and human resources available. Organic 

wastes will biodegrade faster during the warmer months due to increased 

organism activity. During these warm months the pile can be turned more 

frequently to speed up the composting process. The rate of decomposition will 

slow down considerably during the colder winter months. At times the pile may 

Table 3-3 
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freeze all the way through. Continue to add organic waste to the pile using the 

above listed layering methods; however it may not be necessary to turn the 

compost.  
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Appendix C 

Compost Biology Lesson Plan 

Developed by:   Bennett Rock   Date: November 21, 2010  

Topic: Soil Science: The soil food web: compost microbiology 
 

Theme:  This class explores how to identify soil quality based on the complex 
relationships between plants and the organisms in the soil. 

Title: 
The world beneath your feet: Understanding the soil food web can help bring life to 
your plants.  

Location : Conserve School 
 

Audience: Conserve School field instruction 
class. (12 junior/seniors in high school) 

Time Required: 1.5 hours  Specific locale:  
Science room in Lowenstine Academic 
Building on Conserve School campus. 

Established Goals (TH/CS mission, state standards, etc.): 
obtained from Conserve school 

Mission  

 Conserve School inspires young people to environmental stewardship through 

academics and engagement with the forests, lakes, and wildlife of Lowenwood.  

Vision 

 Provides a residential academic setting that fosters Understanding of the science 

of natural resource conservation, 

 Provides a residential academic setting that fosters Commitment to protecting 

the environment 

Community beliefs and commitments 

  We believe in the power of experiential, interdisciplinary learning to transform 

students’ lives. 

 We seek out new and unfamiliar perspectives, value boldness, and are different 

with a purpose. 
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School Wide Learning goals 

After completing a semester at Conserve School, a student will: 

 Understands and critically evaluates the complexities of environmental issues, 

including their ethical dimensions, and advocates effectively for what they 

believe is just. 

 Demonstrates the inquiry-based, observational and reflective skills necessary to 

the development of an on-going sense of place. 

 Understands the ecology, history and cultures of the Northwood’s from the local 

to the global levels.  

 

State standards obtained from http://dpi.wi.gov 
Science: C.8.2 *Identify data and locate sources of information including their own 
records to answer the questions being investigated; C.8.6 State what they have learned 
from investigations*, relating their inferences* to scientific knowledge and to data they 
have collected; F.12.7 Investigate how organisms both cooperate and compete in 
ecosystems; F.8.7 Understand that an organism's behavior evolves through adaptation 
to its environment 
Math: A.12.1, E.8.4 Use the results of data analysis to draw conclusions,  
Agricultural Education: B.6-8.1&B.9-12.1 Engage in applied learning opportunities using 
technology; B.12.3 Use technology to acquire, organize, and communicate information 
by entering, modifying, retrieving, and storing data; D.9-12.1 Engage in applied learning 
opportunities emphasizing agri-science and production principles; E.12.1 Understand 
the application of agricultural technologies that can sustain production while reducing 
environmental impact 
Environmental Education: A.12.4 State and interpret their results accurately and 
consider other explanations for their results; B.8.8 Explain interactions among 
organisms or populations of organisms; 
National standards  
Lesson Goals 
Students will develop an understanding of the soil food web, form and appreciation of 
the complex interactions between soil microorganisms and apply what  help bring life to 
your plants. 
 
 
 

Understandings 
 
Complex interactions between soil microorganisms play an important role in nutrient 
cycling. 
The benefits of a healthy soil food web include increased water and nutrient retention, 



 

54 
 

improved soil structure and PH regulation.  
There are symbiotic relationships between plants and microbes that are essential to 
healthy plant development. 
Using direct microscopy to perform qualitative soil-microorganism bio-assays is an 
effective way of determining soil health.  
 
 

Essential Questions  
 
How do microbes play a role in soil quality and plant health? 
 
What are some ways to establish a healthy food web in your soil? 
 
Which soil microbes are beneficial? How can you know if there are enough beneficial 
microbes in the soil or compost? 
 

Measurable Objectives  
 
75% of the students will be able to list at least 2 benefits of a healthy soil food web 
 
70% of the students will be able to accurately identify bacteria, fungi and protozoa using 
direct microscopy. 
 
100% of students will analyze asses and appraise the quality of compost based on 
observation of sample slides.  
 
 
 

Assessment Evidence 
Performance Tasks  
 
Students will line up their microscope slides with the indicator arrow pointing at a 
specimen. The Instructor will verify that the student has correctly identified the 
microbe.  
 
Students will calculate and record species data on the qualitative assessment form 
provided.  
 
Other evidence  
At the end of the lesson, students will write and submit the answer the following: List 
the benefits of having a healthy soil food web. 
 
 
 

Stage 2 
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Learning Plan: See attached document 
 
 

 
 

Materials/supplies required 
Lab Materials: Microscopes-must have total magnification of at least 500x.  
Slides and droppers as needed (around 30 slides 12 droppers for class of 12 students) 
Dixie cups or comparable for preparing samples. 
Compost from two sources: recommended source 1. Conserve School; recommended 
source 2. Purple Cow Organics 
 
 
 

Background information  
The Soil Biology Primer is an introduction to the living component of soil and how it 
contributes to agricultural productivity, and air and water quality. The Primer includes 
units describing the soil food web and its relationship to soil health, and units about 
bacteria, fungi, protozoa, nematodes, arthropods, and earthworms.  
See attached “SFW Background”  
 
 
 
 

 

Alternative plans 
This lesson uses laboratory equipment intended for the indoor use.  
  

 
Extensions 
This Laboratory lesson includes hands on activities with assignments that are set up to 
achieve full engagement from all students. Alternative projects could include having 
students produce a poster of the soil food web organisms that includes the amount of 
carbon transfer between organisms.  
 

Streamlining: 
Due to the large amount of content to be covered it is recommended that the lesson be 
instructed in a lecture setting.  
Preparing well in advance of teaching this class is recommended. Having a clear 
understanding of the material will create a more efficient and cohesive lesson. 
 

 

Stage 3 
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Resources: 
This lesson uses microorganism poster and identification book, the “microscope manual 
“by Dr. Elaine Ingham; Information has been acquired from: “Teaming With Microbes” 
by Jeff Lowenfels & Wayne Lewis, “Soil Biology Primer” by NRCS, notes from 5 day 
workshop taught by Dr Elaine Ingham on September 20-25, 2008.  see attached 
documents for teaching resources.  
Information about these resources can be found at 
http://www.soilfoodweb.com/resources.html 
 
 
 

Attachments  
Soil Food Web Learning Plan 
Soil Food Web Resources  
Soil Food Web Background  
The World Beneath Your Feet PPT 
 

Compost Biology Lesson Background 

We might not often think about the living interactions going on beneath our feet 

as we walk in the garden or go for a hike however learning about it can be fun 

and the applicable to our lives. Here is an example. Take a look at a teaspoon of 

garden soil. It may appear to just be black earthy-smelling dirt, but it actually 

contains 1 billion bacteria, several yards of fungal hyphae, several thousand 

protozoa and a few dozen nematodes  The following background information is 

intended to support the lesson goals, understandings and essential questions of 

“The world beneath your feet. “ The information is presented in a way that 

coincides with the attached learning plan format.  

Symbiotic relationships between plants and microbes are essential to healthy 

plant development.  It may be a well-known fact that plants put energy into the 

growth of leaves and roots however not everyone may realize that 50% of the 

http://www.soilfoodweb.com/resources.html
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energy that goes into roots are released as exudates. Exudates are simple sugars, 

carbohydrates and proteins that are released into the soil to attract specific 

microorganisms. Think of exudates as plants baking cakes and cookies for their 

friendly neighbors. So why would a plant bake cakes and cookies for its 

neighbors? Well it is certainly not just a freebie. The plants are actually feeding 

specific types beneficial bacteria and fungi and in return receive nutrients, 

minerals and protection.  Specific organisms contribute differently to the plant 

and the research on plant and organism interaction continues to be studied.  

There are many benefits in having a healthy soil foodweb aside from the 

aforementioned relationships. Nutrient retention of the soil is increased when 

healthy numbers of organisms are present. When organisms consume organic 

matter and each other they hold onto nutrients which reduce or completely halt 

leeching or vitalization from soil. If the nutrients are not in the right form then 

plants are unable to convert them into energy. This presents another benefit of 

having a healthy soil foodweb. Nutrients are manipulated and converted as they 

pass between organisms and are released in forms that are readily absorbed by 

plants.  

Organisms like you and me require water. Soil organisms hold onto large 

amounts of water thus also reducing the leeching and evaporation rates. A 50 to 

70 percent increase in the ability for soil to retain water was noted when 

comparing sterile soil to soil containing healthy set of organisms. With this type 
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of difference, if you don’t have a healthy soil foodweb then you might as well be 

growing vegetables in the dessert. 

 Another primary benefit is that organisms build soil structure allowing for 

oxygen and water to enter. Plant roots can then spread as structure is improved 

allowing for increased plant health.  

Healthy plants mean less disease. If you have a green thumb you will want to 

learn about using compost tea. Gardeners can incorporate a healthy soil foodweb 

on plant roots and foliage by using beneficial biology to out compete disease-

causing organisms.  

Symbiotic relationships, nutrient/water retention and disease suppression are all 

great benefits to the soil food web but what is it that is causing all these benefits 

and how can we know if our soils have a healthy foodweb? Well simply put it is 

the bacteria, fungi, protozoa, nematodes and micro-arthropods. That’s right, the 

bacteria, fungi, protozoa, nematodes and micro-arthropods that interact to make 

a healthy soil foodweb. But just as Goldilocks preferred the baby bed, some 

organisms prefer specific conditions. The beneficial microbes will flourish in well 

aerated aerobic conditions while stuffy anaerobic conditions foster less desirable 

microbes. Some organisms called facultative anaerobes live in both aerobic and 

anaerobic conditions. By controlling the amount of oxygen present we can select 

for the specific organisms that are desired.  

The supplemental materials for this lesson provide details about what each of 

these critters are and how to spot them using a microscope. Using the microbe 
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poster and attached descriptions students can identify specific species of 

microbes. After recording some of the information we can define the quality of a 

sample by comparing the data with the predefined quality standards established 

by the Soil FoodWeb Inc .  
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Compost Biology Learning Plan 

Title: The world beneath our feet: Understanding the soil food web can 

help bring life to your plants 

POW: put 1 tsp. of soil on student’s desk. Ask what is-(1 billion bacteria, 

several yards of fungal hyphae, several thousand protozoa and a few 

dozen nematodes) 

1. Students will learn about the interactions between soil 

microorganisms and their role in nutrient cycling 

a. Relationship with plants 

i. Exudates (Cakes and cookies)  

1. explain image of beneficial fungi trapping root-knot nematode 

ii. Plant succession  

1. Fungal: Bacterial ratios  

iii. Nutrient cycling 

1. Carbon: nitrogen ratios (C:N)   

2. Specific roles of organisms 

a. Fungi sequester and deliver calcium 

b.  bacteria have highest concentration of N 

2. Benefits of a healthy soil food web 

a. Water and nutrient retention 

b. Soil structure 

c. PH 

3. Aerobic vs anaerobic conditions  
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a. Putrefied  organic matter  

i. stages of nitrogen 

1. ammonium, ammonia, noxious gases  

2. good for plants? No 

b. Actively aerated compost 

i. Oxygen, moisture,  

1. Turning a pile  

2. brew tea with air 

4. Identifying soil microorganisms 

a. bacteria, fungi, protozoa, nematode and micro arthropods 

 

5. Performing a qualitative soil bioassay 

a. importance of using direct microscopy  

i. limitations of plate count 

b. light microscope methods 

i. operating the equipment 

c. taking and recording data 

i. Preparing a slide 

ii. viewing a slide 

d. Comparing different sample 

i. Students do qualitative assessments of samples from school 

compost and Purple Cow Organics compost.  
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6. Conclusion 

a. We explored just a portion of the life within the teaspoon of soil on 

your desk. The next time you walk down a trail or play soccer on the field 

think about what you are walking over and the interactions beneath your 

feet. 
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Recommended lessons and activities 

Based on the research results, the researcher found that the majority of the 

activities and lessons related to compost education were geared toward a 

younger student audience. The activities included in this results section are both 

intended for or can be adapted for 9-12 grade level students at Conserve School. 

Suggestions on how they could potentially be adapted are included at the lower 

portion of the activity.  

Compost education is multidisciplinary and the ways to integrate into a 

classroom are limited only by ones creative reach. The following resources 

represent only a small portion of the activities available surrounding compost 

education and more information can be found by visiting 

www.cornellcomposing.com. Additional ideas for 

education opportunities are included at the end of 

this results section. 

Building a Soda Bottle Bioreactor: 

from “Composting in the 

Classroom” 

 

Purpose 

Soda bottle bioreactors are designed to 

be used as tools for composting 

research. They are small and 

inexpensive enough to enable students 
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to design and carry out individualized research projects, comparing variables such as 

reactor design, moisture content, and nutrient ratios of mixtures to be composted. 

The design described here is meant to be used as a starting point only -- please improvise 

and allow your students to use their own ideas in designing and building their bioreactors.  

 

Materials (per student or group of students) 

 two 2-liter or 3-liter soda bottles  

 one smaller container, about 5-cm high, that fits inside the soda bottle  

 one Styrofoam plate or tray  

 drill or nail for making holes  

 duct tape or clear packaging tape  

 utility knife  

 insulation materials such as sheets of fiberglass or foam rubber, or Styrofoam 

peanuts  

 fine-meshed screen or fabric large enough to cover top of soda bottle and air holes 

in bottom half  

 thermometer that will fit into the top of the soda bottle and be long enough to 

reach down into the center of the compost  

 chopped vegetable scraps such as lettuce leaves, carrot or potato peelings, and 

apple cores, or garden wastes such as weeds or grass clippings  

 bulking agent such as wood shavings or 1-2 cm pieces of paper egg cartons, 

cardboard, or wood  

 optional: hollow tubing to provide ventilation  

 

Construction 

1. Using a utility knife or sharp-pointed scissors, cut the top off one soda bottle just 

below the shoulder and the other just above the shoulder. Using the larger pieces 

of the two bottles, you will now have a top from one that fits snugly over the 

bottom from the other.  

2. Place a smaller container (roughly 4-5 cm high) upside down into the bottom of 

the soda bottle. This will form a stand to support the tray that will hold the 

compost. You can use any plastic container that will fit inside the bottle and 

provide adequate support for the styrofoam stand and overlying compost.  

3. The next step is to make a styrofoam circle. Trace a circle the diameter of the 

soda bottle on a styrofoam plate or try and cut it out, forming a piece that fits 

snugly inside the soda bottle. Use a nail to punch holes through the styrofoam for 

aeration.  

4. Assemble the bottom of your bioreactor by placing the stand into the soda bottle, 

then resting the styrofoam circle on top of the stand. Make a mark on your bottle 
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to indicate where the styrofoam circle sits. Above this point is where the compost 

will be, and below it is where you want to make air holes.  

5. Make air holes in the sides of the soda bottle in the area below the mark that you 

made. This can be done with a drill or by carefully heating a nail and using it to 

melt holes through the plastic. Avoid making holes in the very bottom of the 

bottle unless you plan to use a tray underneath to collect whatever leachate may 

be generated during composting. Reassemble the bioreactor pieces, making sure 

that you have provided sufficient air holes to allow air to enter the bottle and flow 

up through the stand and styrofoam circle.  

6. Fill the bioreactor with the mixture you wish to compost. A variety of materials 

will work, but in general you want a bulking agent to provide air flow plus some 

vegetable scraps to provide food for the microbes (see following table for some 

possibilities).  

 

Bulking Agents Food for the Microbes 

wood shavings lettuce scraps 

small wood chips carrot peelings 

newspaper strips apple cores 

pieces of paper egg cartons bread crusts 

chopped straw banana peels 

 
Weeds 

 
grass clippings 

In these mini-bioreactors, composting proceeds best if the bulking agent and food scraps 

are cut or chopped into roughly 1-2 cm pieces. Soak the bulking agent in water until 

thoroughly moist, then drain off excess water. 

7. Mix roughly equal amounts of bulking agent and food scraps, then fill your reactor. 

Remember that you want air to be able to diffuse through the pores in the compost, so 

make sure to keep your mix light and fluffy and do not pack it down. 

8. Put the top piece of the soda bottle back on and seal it in place with tape. 

9. Cover the top hole with a piece of screen or nylon stocking, rubber banded into place. 

Alternatively, if you are worried about potential odors you can ventilate your bioreactor 

using rubber tubing out the top. Simply use the screw-on soda bottle cover with a hole 

drilled through it for a piece of rubber tubing, which leads out the window or into a 

ventilation hood. 

10. If you want to eliminate the possibility of flies becoming a problem, you can 

cover all air holes with a piece of nylon stocking or other fine-meshed fabric. 11. 

Insulate the bioreactor, making sure not to block the ventilation holes. (Because 

these soda bottle bioreactors are much smaller than the typical compost pile, they 
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will work best if insulated to retain the heat that is generated during decomposition.) You 

can experiment with various types and amounts of insulation. 

Now you are ready to watch the compost process at work! You can chart the daily 

progress of your compost by taking temperature readings, inserting a thermometer down 

into the compost through the top of the soda bottle. Using temperature charts, you can 

compare variables such as the types of compostable materials, moisture levels, amounts 

of air flow, and insulation systems. 

Because the bottles are so small, you may not end up with a product that 

looks as finished as the compost from larger piles or bioreactors. You 

should find, though, that the volume shrinks by 1/2 to 2/3 and that the 

original materials are no longer recognizable. You can let the compost age 

in the soda bottles for several months, or transfer it to other containers for 

curing while starting up a new batch of compost in the soda bottles. 
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*This activity could promote 

computer technology 

education through use of 

software such as Microsoft 

Publisher. 



 

69 
 

 

 

This activity could community 

citizenship encourage 

Conserve School students to 

get off campus and teach at 

the Land O’ Lakes elementary 

school. 
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llll 
Wo r m 
Compost in g 
Grades K-12 

Object ive 
Students will : 

• set up a worm com
posting system, and 

• learn abo ut the 
imponance o f worms 
in the life cycle and 
as transformers 
of garbage. 

Time 
40-60 minutes 

• Look ill tile b•ck of this booklet 
for how tllis acsiviry applies to the 
Vermom Framework of StmJdards 
and teaming Opportlmities. 

Setting Up a Worm Bin 
i\ftltcritliS Needed 
• Worm b in 

• Bedding materials 

• Handful of soil 

• One pound o f worms 

• Water 

• Collection container 

• Worms at School worksheet 
(p.32) 

Btlek~rouml 
luformtlt.iou 
Worm composting is a fun, low
maintenance way of recycling your 
o rganic kitchen scraps. \<\forms 
eat your vegetative food scraps, 

turning them into a high q uality 
fertilizer known as worm castings. 

You p rovide the living enviro n4 

ment for the worms- the bin, 
bedding, and food- and the 
worms do the rest. Worm com
posting can be do ne inside o r 
o utside (depending o n climate), 

- 30 -

requires no tu rning, i.s odorless if 
do ne correctly, and can be done in 
small spaces. Worm composting is 
most appropriate fo r food scraps. 

The compostable matter \Ve throw 
away- such as apple cores, me Jon 
rings, and soggy b read- are things 
that worms Jike to eat. Red worms 
eat food scraps a nd b reak them 
down into rich, dark b rown, 
earthy-smelling materia l called 
worm cast ings. Castings, which 
a re nitrogen-rich fenilizer, can 
be returned to the earth and are 
good for lawns, gardens, 
and ho useplants. 

i\f,ltlll~e.ment Skills 
Since participants w i11 be setting 

up a worm composting system 
in the classroom, it is necessary 
to secure both worms and a steady 
supply of worm food. Worm b ins 
need regular maintenance. Please 
be mindful no t to overfeed. 
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Jlroeedure. 
I. Introduce worm composting 
by discussing the I i fe cycle, the 
importance of worms in nature, 
and worm composting as a waste 
management strategy. (See Intro
duction for more information.) 

2. Buy, scrounge, or build a 
worm bin: 

• A worm bin can be made of 
wood, plastic. or other materials. 

• The size of your classroom 
worm bin should be at least I 'll 
square feet. a nd about 16 inches 
deep. 

• Good ventilation is essential 
for aerobic decomposition and a 
healthy environment for \vorms. 

3. Prepare Worm Bedding: 

• Tear newspaper into V," to J" 
wide strips (tear lengthwise. 
with the grain). 

• Dunk newspaper strips in water 
and add to bin. 

• Add a handful of soil a nd fluff. 

• Toss everything like a big salad. 

4. Add worms and food: 

• Purchase or obtain about I 
pound of red worms (about 500 
to 1,000 worms) 

• Gently place you worms in the 
moist newspaper bedding near 
the bo!lom of the bin. 

• Put a handful or so offood 
waste near the worms and cover 
well with the moist newspaper 
bedding. 

• Add more dry shredded news
paper to fill the bin, and then 
a layer of burlap or cloth . 

5. E.xplain to participants that 
using worms to compost our food 
scraps makes sense for a lot 
of reasons: 

• We wi11 reduce the amount 
of garbage we create. 

• Compost improves the soil 
and makes it hold water better. 

• Using compost reduces the need 
for chemical fertilizers, wh ich 
helps prevent the creation 
of more pollution. 

• Composting with \vorms is fun ! 

6. Let your wonn bin rest by not 
adding addit ional food for 1-2 
\Veeks. This allows the worms a 
chance to get used to their new 
environment a nd for the food 
to begin to decompose. 

7. For ongoing maintenance, feed 
every three to seven days, always 
burying the food under paper. 
Do not overfeed. Bad smells or 
large amounts of uneaten food 
indicate overfeeding. Add more 
paper as needed to cover food. 

8. Harvest castings after three 
to six months. (See "Harvesting 
a Worm Bin: p. 36.) 

- 31 -
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'\forms at Sehool 

HER£ AR£ JUST A FEW "KITCHEN !>C.P.AP" TYI't THINuS WORM!> LOVE TO EI>.T! 

~fN} ~g·~~ ® I)~J) 
I>.PPLI: ORAIJ&E ~&& SHR(OOED TO~TILL~ Ca'F£E MELON LETT\K.f BRI:'.!I.D 

CORES PI:'.HS 51-lHL~ Pl>.fllt. CHIPS C.l\1105 CRU~1 
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Additional Activity and Lesson Ideas  

 “Taking Compost Vital Signs”:  Students record moisture, temperature, 

PH and dissolved oxygen levels. The data measurements can also include 

senses such as smell and looks of the pile.  

 

 “Investigate Compost Invertebrates”: Students examine the macro 

invertebrate ecology within a compost pile.  

 

 

 “History of compost is Agriculture”: students learn how compost has been 

used in the past and compare and contrast with conventional chemical 

fertilizers. 

 

 “Plant growth comparison” Students investigate how compost influences 

plant growth by comparing growth of plants with different growing 

medium.  
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Appendix D 

Vermi Composting: building a worm bin 

The specific dimensions of the worm bin depend upon the available space, 

human resources and amount of waste you want to process. There are a number 

of different bin construction styles with construction details included In the book 

“Worms Eat My Garbage” as well as “The Worm Café”. Both books are available 

in the Conserve School library. I suggest constructing one or more of the “1- 2-3 

bin” style and have included instructions below. While there is no one right way 

to build a worm bin, there are some general guidelines to follow. They are as 

follows: A minimum of one square foot of space is needed for every two pounds 

of worms; bin depth of 12” or less will help limit compaction and promote 

aerobic conditions; aeration holes should be drilled to allow oxygen to enter the 

bin. The holes can be ½” or 1” and spaced anywhere from 4 to 9 inches apart (I 

recommend 5”).  
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Image 4: additional styles of 

worm bins and bedding 

requirements. From “Worms Eat 

My Garbage” p 57  
Image 3: 1-2-3 worm bin 

construction from “Worms Eat My 

Garbage” p18  
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Vermi Composting: operating a worm bin: 

A regular rotation of worm bin operation should be established. It is my 

recommendation that this is not part of the students required chores, but 

incorporated as part of the School’s science class. Worms process waste much 

differently than organisms in a thermal or static system. In general, two pounds 

of worms will process one pound of waste per week. I recommend “keeping it 

simple” and starting off with 4 or 6 pounds of worms. This number can increase 

or decrease depending on the success. Worms operate best between 59° and 77°F 

and temperatures at or above 86° are harmful. Recommended operations can be 

done daily or biweekly depending on the size and are as follows: 

Task 1. Assess needs of the worm bin: Determine how much and what type 

of food is needed in the bin. If there is an abundance of unprocessed food scraps 

then you may not want to add more. If the bin seems dry, you may need to add 

scraps that contain more water. 

Task 2. Collect organic waste: Through observation and record keeping 

you will discover that worms prefer certain foods over others. Stay away from 

meat, dairy and highly acidic foods. Think about what a worm would like to eat 

and collect amount of organic waste appropriate for the size of the bin. 

Task 3. Make a deposit: using a garden fork, push bedding aside in one 

section of the bin. Deposit the organic waste and cover up again. Cover the area 

in bedding material to avoid fruit flies or odor.   
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Additional tasks as needed:   

Lightly turn the compost: This should be done periodically to incorporate 

oxygen. This is not an aggressive turning, but more of a fluff.  

Collect castings: This can be done using the bright light method, top feeding or 

side feeding. This should coincide with changing the bedding.  

Change bedding: You will need to give the worms a fresh home when the casting 

to bedding ratio gets too high. Too much worm castings is not optimal and will 

slow worm productivity.  
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Appendix E 

Thermal and Static operation of the outdoor bin 

With some additional considerations, the operation of these methods follows that 

included in the results section of this paper. If the temperature of the compost 

pile does not reach desirable levels with the steps provided, the School may need 

to add alfalfa or another high nitrogen component. The following are suggested 

operations for student involvement. Information was used from “Do The Rot 

Thing” and “School Composting: A Manual for Connecticut Schools”. Conserve 

School students, kitchen staff and graduate fellows should be trained in the 

proper daily routine of composting. A team of two or three students can carry 

out the following daily tasks in roughly fifteen minutes: 

Job 1 Food Collector  (This job includes three tasks) 

Task 1.  collect the containers of food waste from the kitchen staff,  

Task 2. Weigh Food Scraps 

Task 3.  Transport Food Scraps to Bin 

Job 2 Bin Operator (this jobs includes three tasks) 

Task 1. Spread Food Scraps 

Task  2. Layer with Bulking Material 

Task 3. Clean-up (rinse food bin if needed) 

Job 3. Compost Coordinator ( This job includes three tasks) 
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 Task 1. Take and record Compost Temperature: (from center of pile 

Task 2. Check the moisture (should be as moist as a wrung-out sponge) 

Task 3. Turn Compost as needed (if under 90° or over 150°) 

 


