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lesson plans are created for primary grades. Much modification would be necessary for 

usage of several activities in a high school setting. 

The second limitation with the ESMIS Winter Ecology Institute is the lack of 

activities emphasizing human interactions and its' effect on the winter environment. 

Ecology by definition states, "The study of the interactions of living organisms with one 

another and with their environment (Arms, K., 2006, p.6) Humans are living organisms 

interacting with wildlife surrounding them, however this is not addressed. 

The third limitation is a sole activity that showcases plant adaptations during 

winter months. Plants are the primary producers in most terrestrial food webs and 

provide a nutritional foundation for most terrestrial ecosystems. They release oxygen 

into the atmosphere and are critical in the phosphorus, water, nitrogen, and carbon cycles 

(Johnson, G., Raven, R., 2006). The importance of plants' resistance in the ecosystem 

should be addressed during the harshness of winter conditions. 

Advantages & Limitations olthe Winter Ecology Curriculum, U olC, Boulder 

Created by Susan Strife, a graduate student at the University of Colorado at 

Boulder, this eight week Winter Ecology Curriculum has been utilized in public schools 

throughout the Boulder, Colorado area. Strife's research and work with the 

Environmental Protection Agency, is dedicated to understanding how adolescents 

connect to and understand their natural surroundings. As Earth Education Coordinator 

during the spring semester of2002, Strife created a winter ecology curriculum. The 

course is an experiential program designed to help students understand the 

interrelationships that exist in their natural world. Through the study of local natural 

history and ecology, it introduces students to the ecology of the winter environment and 
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the affect that snow pack has on subnivean and supranivean species (Strife, S., 2002). 

The course covered classroom labs and games, as well as field experiences. The course 

can be taught at any Boulder area school and is not site specific. The winter ecology 

course included a vast variety of winter weather topics. A course outline included the 

following: 

1. Introduction to Earth Education 

2. The Water Cycle 

3. Survival in Winter Conditions 

4. Humans and Preparing for the Winter 

5. Animals and Preparing for the Winter. 

6. Animal Adaptations to Winter 

7. Winter Tracking 

8. Trees and Plants in Winter Conditions 

9. Snow Introduction: Physical Properties, Metamorphosis, Avalanche Tests 

10. Interconnectedness & the Web of Life (Strife, S., 2002) 

The University of Colorado, at Boulder Winter Ecology Curriculum included a set 

of lesson plans ready to adapt and supplement the teacher's existing curriculum. The 

lesson plans have the National Science Standards identified per activity that it addresses. 

The lesson plan is organized as follows: Purpose, Goals, Objectives, Program Outline, 

Materials/Resources, Activity, & Standards Addressed. They are easily adapted towards 

other subjects besides science. The activities included variations for expanding into other 

core subjects. Also, the majority of the lessons included activities that are both actively 

hands-on and inquiry-based learning atmospheres. 
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Week Seven: Trees and Plants in Winter Conditions, includes a wide variety of 

activities. Starting with student groups drawing a mountain on the marker board and 

hypothesizing how direction of slopes affects snowpack. This is followed by a brief 

discussion about ski resorts and observations of the runs. During observations, 

differences in tree species are noted which leads to tree identification using dichotomous 

keys. Later during a walk/snowshoe outside, practice is gotten on tree identification. At 

the end of the day, follow up with a journal entry noting plant observations to winter 

environments (Strife, S., 2002). 

The Winter Ecology Curriculum from Boulder also had a strong emphasis on 

inquiry based learning and outdoor education. The majority of activities begin with only 

a single question or concept. 

In the beginning of each day's activity, the instructor offers very little information, 

but encourages involvement and expression of existing knowledge through drawings, 

acting, word association, manipulatives, lists, and conversations. Using the existing 

knowledge, the students recognize what they do not know, proceed with the lab/activity, 

and then have a wrap-up session with content to reiterate the experience. Hands-on 

learning encourages questioning of the observed events and data, promotes cause and 

effect thinking, increases independence, has been shown to help in the development of 

language, increases learning and achievement in science content, increases 

communication skills, and helps encourage a creative problem solver (Haury, D., 1995). 

According to the Center for Informal Learning and Schools, which is funded by the 

National Science Foundation, outdoor education programs not only impact positively on 
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young people's attitudes, beliefs, and self-perceptions; but also interpersonal and social 

skills, and development of general and specific academic skills (Dillon, J., 2006). 

During: Humans and Preparing for Winter, class is initially started with a game 

called Chain of Life. Students put unknown stickers on their backs with either "Plant, 

"Animal", "Energy", or "Shelter" written on them. First the students must find out what 

their own sticker says through asking yes or no questions. Next, find something they are 

dependent on and attach themselves to that person. As the chain forms, the students stay 

in order and discuss the importance of each component (Strife, S., 2002). This process is 

an example of an inquiry-based lab. 

The Winter Ecology Curriculum from University of Colorado at Boulder 

emphasizes animal adaptations, plant adaptations, human adaptations and impacts, and 

earth science. The curriculum includes four labs involving animal adaptations, five 

activities covering plant adaptations, three activities emphasizing human adaptations and 

interactions with the environment, and seven labs pertaining to earth science, weather 

cycles, and the physical properties of snow. 

It also has an additional emphasis to incorporate interconnectedness with all biotic 

and abiotic factors in the environment. The last day of the class is called 

Interconnectedness and encourages the connection between all concepts over the course 

by playing the "Web of Life- Yam Game". 

The Winter Ecology curriculum from University of Colorado at Boulder also has 

several limitations. The first limitation is that it is in an alpine environment. Some 

principles such as slope habitats, snow depth and snowpack, native and introduced 

animals and vegetation, and avalanche safety differ in northern Minnesota ecosystems. 
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The second limitation is that the curriculum is written for 5th 
- 8th grade levels. 

Many games and creative expression techniques are used and not followed up with 

content knowledge due to the age level of the students. Additions to the curriculum by 

adding more challenging concepts and content need to be incorporated when 

implementing this into a high school setting. 

Advantages & Limitations of Below Zero WILD Education, an Education Program 
developed by the Canadian Wildlife Federation 

The Canadian Wildlife Federation has designed an eclectic family oflearning 

programs, including Project WILD, Fish Ways, WILD Schools, Focus on Forests, Ocean 

Educations, and Space for Species. It has given youth an unprecedented access to 

knowledge vital to the well-being of Canadian lands and waters (CWF, 2006). With 

more than 40 years of commitment to conservation education, these learning programs 

have been implemented by many groups across the nation of Canada. 

Being the nation's leader in conservation education, the Canadian Wildlife 

Federation (CWF) has developed a brand-new educational program to promote 

understanding of wildlife under winter conditions. Cleverly called, Below Zero, this new 

WILD program is designed to develop awareness, knowledge, and the skills required to 

make informed decisions and to take constructive action for wildlife in frozen 

environments. It is based on the premise that young Canadians have a vital interest in 

discovering winter and arctic ecology, the role of frozen environments in our natural and 

cultural heritage, and how our remarkable climate defines our lives and ourselves (CWF, 

2006). 
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The Below Zero curriculum uses classroom labs, games, pre-packaged traveling 

resources and kits, as well as field experiences. These resources can be taught at any 

location and is not site specific. The curriculum is divided into the following four 

sections: 

1. Awareness and Appreciation 

2. Habitat and Ecological Principles 

3. Adaptation 

4. Responsible Human Actions (CWF, 2006) 

The Canadian Wildlife Federation Below Zero WILD Program has a set of lesson 

plans ready to adapt and supplement the teacher's existing curriculum. Designed to 

compliment existing materials, the Below Zero program includes variations and ideas for 

change for each activity, depending on the grade level, group size, course objectives, 

setting, and resources available (Instructional Resources Unit, 2005). The lesson plan is 

organized as follows: Age, Subjects, Skills, Duration, Group Size, Setting, Conceptual 

Framework References, Vocabulary, Objective, Method, Background, Materials, 

Procedure, Variation, and Evaluation. 

The Below Zero curriculum is easily adapted towards other subjects besides 

science. The activities included variations for expanding into other mandated curriculum 

areas, such as art, geography, health, history, industrial arts, language arts, math, second 

languages, and social studies. 

The lesson plans have the Conceptual Framework References identified per 

activity that it addresses. Learning activities are cross referenced with the Common 

Framework of Science Learning Outcomes (the Pan-Canadian Protocol for Collaboration 
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on School curriculum). Conceptual Framework References are the Canadian counterpart 

to the United States' National Science Standards. 

All WILD Programs, including the Below Zero curriculum, are built upon a 

framework, piloted in Canadian classrooms, and reviewed by scientific experts to 

confinn its' pedagogical soundness. They are consistently being improved upon and 

supplemented as more instruction, suggestions, and research occurs. Being a nationally 

funded program, it is under continuous scrutiny and revision by the Canadian government 

and institutions. Instructional approaches are many and varied to meet student's wide­

ranging learning styles. Classroom activities and outdoor projects are based on proven 

principles of teaching methodology, which include hands-on and inquiry-based learning. 

The Below Zero program is modeled and based after the WILD Programs which have 

been successfully implemented throughout Canadian conservation programs for over 40 

years. 

In the correlating activities, "Snow Place Like Home" and "Snow Place to Hide", 

the students hypothesize on their findings and observations of digging a snow pit. By 

reading an article titled "Winter Fun" from Owl Magazine, they learn about the snow 

pack layers and subnivean and intranivean creatures. By actively digging a hole outside, 

observations are made about temperatures at different levels, snow pack densities and 

characteristics of the snow strata, identification and observations of plant conditions, and 

signs of animal existence. Conclusions are created by making a wall chart illustrating a 

cross section of snow, including descriptions and samples of each layer, including plants, 

insects, temperatures and animal signs. 
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The Below Zero curriculum emphasizes animal adaptations; human adaptations 

and impacts; and earth science. The curriculum includes 35 labs involving animal 

adaptations, six activities covering plant adaptations, 31 activities emphasizing human 

adaptations and interactions with the environment, and 12 labs pertaining to earth 

science, weather cycles, and the physical properties of snow. Many activities have the 

underlying simmer of human interactions and their influences on the environment. With 

a wide range of activities to choose from, teachers have a plethora of possibilities to 

incorporate into their own existing materials. 

Lastly, the CWF's Below Zero WILD Education Program has highly accessible 

workshops and physical resources available to show the program's philosophy and 

integration abilities. Learning resources are available to youth leaders, park interpreters, 

other non-formal conservation educators, and teachers of kindergarten through high 

school. Available on the internet and through workshops around Canada, resources can 

be easily attained. 

The Below Zero curriculum from the Canadian Wildlife Federation also has 

several limitations. The first limitation is that it is developed in Canada, not in the United 

States. References to specific land regions, watersheds, and lakes, are not easily 

recognized to many students from the United States. Materials and resources available 

for usage, including maps, are of Canadian terrain. A vast majority of the U.S. students 

will not have been to nor heard of these locations. 

"Hot topics" and Canadian Governmental and Environmental issues will be 

foreign to American students. An encouraged discussion or dilemmas having to do with 

recurring societal debates will be difficult to enforce without background knowledge first. 
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Lastly, Canadian measurements use the metric system. While the scientific 

community in the United States uses metric as well, the common citizen uses the 

Imperial, or English, system of measurement. During activities; distances, amounts of 

liquids, and weights, will have to be converted in order to have a better grasp of "how 

far" and "how much". 

The second limitation is that the curriculum is written for kindergarten through 

high school level. In a high school setting, there are several labs and activities that are 

not age level appropriate and several that will need to be elaborated. Adding more 

challenging concepts and content would be needed in order to implement several of the 

activities into a high school setting. 
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Chapter 3: Criteria for a Winter Ecology Curriculum in Northern Minnesota 

When teaching a winter ecology curriculum in northern Minnesota, there are four 

criteria that are to be attained in an effective manner, that incorporate successful 

principles of teaching science methodology, and include hands-on and inquiry-based 

learning. These criteria were developed and determined with the skills, interests, and 

academic needs of northern Minnesota high school students in mind. These four criteria 

are: 

1. Earth Science: Snow, Weather Cycles, and Physical Properties. 

2. Plant Adaptations & Characteristics 

3. Animal Adaptations & Characteristics 

4. Human Adaptations & Influences on the Environment 

The first category is Earth Science: Snow, Weather Cycles, and Physical 

Properties. Students should be able to identify how and why snow is made in the 

atmosphere. This includes weather changes and patterns in North America. They should 

be familiar with seasonal changes in different cold climate biomes and begin to 

understand the different physical properties found in each region. Students should be 

able to identify different types of snow and the conditions that create each one. Snow is 

created under unique circumstances and has specific characteristics that allow it to be 

water found in a solid form that is not merely ice. Many of the labs and activities in this 

category reinforce and build on science principles learned in the ninth grade science 

classes. 

The second category is Plant Adaptations & Characteristics. Plants are vital for 

all life on earth. Not terrestrial, plants must adapt and evolve to resist the conditions 
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surrounding them (Marchand, P.l., 1996). Students should begin to be aware of the 

evolutionary adaptations between plants in northern biomes and southern biomes. Plants 

are the foundation of all life and it is pertinent for students to be aware of their 

transformations. 

The third category is Animal Adaptations & Characteristics. Animals have 

acquired three ways of surviving the winter: migration, hibernation, and resistance 

characteristics. Students should become aware of the necessity of migration and also the 

benefits and risks ofmigratory patterns. Explanations for non-migrating animals that 

partake in some form of hibernation should also be addressed. Physiological 

characteristics in varying levels of hibernating animals offer not only knowledge of 

animals, but can also be applied to human medical reasons and research. Resistance 

techniques are practiced throughout the plant and animal kingdoms. Behavior changes 

are often studied unknowingly through hunting and fishing hobbies and interests. 

Reinforcement and elaboration of these strategies should be emphasized and applied to 

other forms ofnon-game wildlife. Based on teacher observations, this category usually 

has the most interest my students. Intrigued with wild game animal behaviors, students 

are eager to learn strategies that may influence their hunting experiences. 

The fourth category of northern Minnesota winter ecology curricula is Human 

Adaptations and Influences on the Environment. Living in winter conditions for 5 

months of the year, students should acquire the knowledge to survive in a cold climate 

under emergency circumstances. Students become knowledgeable of the physiological 

changes that occur during hypothermia, frostbite, and how to maintain metabolic 

homeostasis. Survival techniques should include: clothing selection, emergency 
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materials for vehicles and home, risky situations and choices, and using a map and 

compass. Ecologically, students need to be aware of the impact and influences that 

society and their behaviors enforce on the environment. Studies should include issues 

regarding global warming and the impacts on cold climate plants and animals, 

consequences and dilemmas of snowmobiles and trail systems, utilizing and obtaining 

natural resources during the winter months, and personal lifestyle choices that influence 

wildlife in their own communities. 
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Chapter 4: Conclusion 

Minnesota can be a winter wonderland and a fantastic state to live in for people 

that have the ability to appreciate all that nature offers. Having four distinct seasons, the 

state capitalizes on a variety of conditions, plants, and animals that can be noticed in the 

backdrop of a prairie vista; a thick, deciduous forest, or a coniferous landscape. Far from 

being "the dead ofwinterU
, the months ofNovember through March offer an abundant 

variety of unique biotic and abiotic characteristics that can be successfully and easily 

adapted into a science curriculum for any age. 

As a high school environmental science teacher in northern Minnesota, I 

compared the curricula from three educational programs from the United States and 

Canada in order to find out which one would best meet the needs of a northern Minnesota 

winter ecology high school science unit. The three curricula compared were the ESMIS: 

Winter Ecology curriculum from Michigan Tech University; the Winter Ecology 

curriculum developed at the University of Colorado, at Boulder; and the Below Zero 

Educational Program from the Canadian Wildlife Federation. 

I found that all three curricula had several factors in common. They all included 

the correlating National Science Standards with their labs and activities. Each curriculum 

included a spreadsheet or an outline with the corresponding United States or Canadian 

standard identified. Each curriculum also had thorough and easy to follow lesson plans 

that could be adapted to accommodate different core subjects, abilities or available 

resources. Formatted with plenty of white space on the page and very well organized, the 

lesson plans were visually easy to read and could be implemented by educators and non­

educators alike. The compared curricula also each used best science practice techniques 
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such as hands-on learning and inquiry based strategies. A recurring theme for all lesson 

plans and course objectives was to use resources such as materials and surrounding 

environments, and also involve students as much as possible. The units were presented 

as an experience that the students would learn from and be able to apply to life outside of 

school. 

There were several differences noted in the curricula. The ESMIS unit from 

Michigan Technological University included the most background and content 

information along with the activities. Accommodating for many high school-level 

students, it included a lot of extra pertinent facts and ideas to allow for further 

investigations and applications to the activity. This curriculum needed the least amount 

of additional information in order to challenge a senior level high school class. The 

ESMIS unit did not, however, put much emphasis on the human impacts on the 

environment. To be an ecologically sound curriculum, I believe that the human 

influences on the environment must be addressed along with the strategies and physical 

characteristics of animals and plants during the winter. 

I believe the University of Colorado at Boulder curriculum was the most inquiry 

based curriculum in the comparison. Posing questions and hypothesizing repeatedly 

about the day's activities, this curriculum emphasized learning and expanding on existing 

knowledge. It involved a creative variety of application techniques, such as poetry, 

songs, mimicry, drawings, and games to reinforce and apply content. I believe this 

curriculum presented the least amount of new information with emphasis almost entirely 

on developing a new appreciation and wonder of the natural world, not necessarily 

explaining why it is so. However, I believe it did allow for the most growth for curiosity 
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and self motivation. Being written at a 5th 
- 8th grade level, I believe that the main goal 

was to establish a desire to further learn more about the student's environment. I believe 

a partial disadvantage to this curriculum is that many of the animals and plants discussed 

in the unit are of an alpine environment, which is not similar to northern Minnesota. 

With some research, a substitution can be made for the varying plants and animals in the 

activity. 

The Below Zero curriculum from the Canadian Wildlife Foundation and WILD 

Program, in my opinion, is the most researched and scientifically sound program. While 

having over 40 years of science education experience, the Canadian Wildlife Foundation 

has been able to identify the national science need of winter appreciation and have the 

funding to create an easily implemented curriculum for educators and non-educators 

alike. I believe this curriculum is the most easy to implement into any educational 

setting. Complete with workshops, manuals, training kits, and internet resources, these 

ideas can be adapted usage as a single unit, or as supplementation to existing materials. 

Based on my observations, almost all of the activities have variations to challenge any 

background of student. I also think that of the three compared curricula, the Below Zero 

curriculum does the best job of addressing human interactions and influences in the 

environment, which in my opinion should be a looming shadow in all activities. As the 

human population grows exponentially, individual lifestyles, consumer choices, and 

behavioral consequences have an even greater impact on our world than they did several 

decades ago. I believe a distinct disadvantage to the Below Zero curriculum is that being 

a Canadian resource, many of the societal environmental issues, regional references, and 

measurable units are different. As a classroom teacher, I will have to spend time 
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converting and researching the Canadian regions and have some knowledge of similar 

experiences in the United States with which to provide a similarity too. 

When choosing one curriculum to supplement and implement in an existing 

science classroom in northern Minnesota, I support using the Below Zero curriculum 

from the Canadian Wildlife Foundation WILD Program. Overall, I feel it presented its' 

lesson plans in the most usable fashion, provided the most flexibility for incorporation 

into the classroom, was the most researched in science pedagogy and principles, and had 

the best overall ecological philosophy about winter ecology. Despite the disadvantage of 

being a Canadian resource, I recommend this as the best curriculum for teaching winter 

ecology to northern Minnesota high school students. 
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