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Background

Water is one of twelve themes that have been prepared to contribute to the review of curriculum policy in Canada.  The project supports the United Nation’s Decade of Education for Sustainable Development call to review current policies and procedures to ensure that students are prepared to meet the current and future challenges we all face.  A full project description is available on the Learning for a Sustainable Future website: www.lsf-lst.ca
Theme documents follow a template designed for this project.  An explanation for the layout and content of the project is found on the LSF website under Curriculum Policy Review. 

Revisions of this document occur as new insights, research and learning programs come to light.  Comments and contributions to this ongoing process, and application and testing of the ideas presented here are encouraged.
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Context and Description of the Theme

Most Canadians take their water for granted.  We think of ourselves as living in a land of unlimited freshwater supplies.  Recent events have begun to undermine this trusting perspective.  The prospect of shifting rainfall patterns due to climate change may already be underway.  Compromises in community drinking water supplies are reported in the media with greater frequency. A broad perspective including environmental, social, and economic views is required to understand the challenges to this essential element of life. However, curriculum policy is not always structured this way.  

Student conceptualizations about water are resistant to change.  Student ideas about watersheds are not much different than that of adults, suggesting that education is contributing little to the development of a citizenship knowledgeable about watersheds.  Most citizens are not knowledgeable about the watershed concept, nor fully understand the hydrological connection.

Following the connections of water in our lives takes us into social, economic and environmental realms.  Learning to understand the complexity of the water issue to prepare students to make decisions as active citizens in their communities requires an integrated approach to learning.

This project addresses a number of other themes that have an important part in understanding the water challenges we face.  Energy, climate change, ecosystems, and food and agriculture are all relevant.  Readers will also find reference to the curricular aspects of water in these documents.

Water Theme - Organizing Strands

This document organizes learning about water across four grade groups (1 to 3, 4 to 6, 7 to 9, and 10 to 12) based on the following strands.
1. Socio-cultural aspects of water and the role of government

· Culture as a factor influencing our behaviour with regard to water issues and the influences water has had in shaping cultural views 
· Responses to the fundamental need for water
· The role of government in addressing economic, social and environmental water issues

2.   Water technology and economics
· The use of technology in controlling, accessing, and  treating water 
· Economics and water
3. Human dependence and impact on water

· Sources of water for human use

· Human uses of water

· The role of water in human health

· Impact human activity on water systems
4. Water and the land and living things
· Water and its interaction with the land-geosphere
· Water and living things -biosphere

5. Water Science 
· Physical and chemical characteristics of water  
Notes for Curriculum Designers 
There have been many insights that support a greater presence of the water theme in curriculum policy.
· Understanding the dynamics of water is essential.  Water is integral to ecosystems and biodiversity, climate change, food and agriculture and the economy.

· In its most useful form, fresh, water is a limited commodity. Yet, “the movement of water through the hydrological cycle comprises the largest flow of any material in the biosphere.”
  
·  There is no doubt that pressures are increasing on the water supply at all levels.  The privatization or commodification of water has become a divisive social issue.  Trade in water is being both promoted and condemned. 

·  “The environment and associated natural resource issues are an increasingly important topic for teachers to consider in light of the future of civilization and the earth. In particular, water and water resources are critical for people to understand since we all share the need for this precious resource. Given the prevalence in mass media of scientific concepts related to everyday events, it is imperative to have societies which understand the role of science in the real world.”

· “The concept of water… may be the most integral of all concepts related to life and the earth and thus is critical to achieving an understanding of the complexity and interrelatedness of earth systems. Without water, life would not exist as we know it… From the molecular to the global level, it is what makes the earth unique and it is the connection between all living and non-living forms that make up the earth.”

Insights into instruction about water note the following:
· Water should be taught in an integrated or interdisciplinary manner.  It is particularly suited to this approach. 
 
· Instruction for major concepts such as watersheds should include identifying and addressing the conceptions students bring with them from prior learning.

· “When addressing major water challenges in the world, it is unlikely that the influence on students’ thinking will be restricted to the cognitive domain.  They are likely to form attitudes based on ideas from a plethora of sources with varying degrees of fidelity. Such attitudes are important because, although the links between knowledge, attitude and behaviour are far from straightforward, these three domains undoubtedly interact, and it is patterns of human behaviour which are of proximal importance to the environment.” 

· “The study of water can accomplish many things in the elementary classroom. It teaches students that if they look carefully at familiar things, there is more to learn, [a] deeper understanding to be gained. Further, it is a rich topic for developing basic skills… [For example,] students will predict, experiment, observe and draw conclusions. They will read, calculate, and communicate.  [W]ater systems can help students consider distant and local human history. [R]esearch indicates that students remember best what they experience, rather than what they merely read or hear about.”

· It is worth noting that in developing outcome statements, we should not assume conceptions can be ordered in a clear sequence”.

· Any physical, chemical or biological process that future citizens must understand in order to become literate in science can and should be taught in the context from which the particular process was taken in the earth systems …there is no substitute for the real world than the real world itself. Therefore any curriculum that deals with the natural phenomena should use the outdoor learning environment as much as possible. 

As students mature, a number of age-related issues for this theme need to be considered for each grade grouping.

Grades 10 to 12
· These students can understand the influence and importance of individual and group actions on the environment.
 They are also able to plot their plan of action using appropriate research and to take action that is consistent with their rights and responsibilities as citizens.

· Students can now understand how different political and economic systems account for, manage, and affect natural resources and environmental quality.
 Learners are able to analyze global social, political, cultural, economic and environmental linkages.

· Students can understand the processes for managing change and conflict.

·  These students can understand that humans are able to alter the physical environment to meet their needs and that there are limits to the ability of the environment to absorb the impacts of, and meet the needs of, humans.

· Learners can understand that the importance and use of resources change over time and vary under different economic and technological systems.

· Students can explain the environmental importance of new technologies.

·  Students are familiar with a range of environmental issues at scales that range from local to national to global. They understand that these scales and issues are often linked.

Grades 7 to 9
· The challenges of instruction for understanding the water cycle should not be underestimated.
  Instead of dealing with the water cycle in terms of its physical and chemical processes, it should be learned as an example of explanatory stories in an environmental-social context (i.e. change the order of learning; first create the relevance and interest and then teach the more abstract elements ).
   Most students enter junior high school without an efficient mental model that allows them to deal with the types of cycles that are part of environmental phenomena. 
  These students have been found to have some understanding of cyclical process but lack understanding of the dynamic, cyclic and systemic features. 

· These students have developed their abstract and creative thinking skills; this allows them to understand the interplay of environmental and human social systems in greater depth.
 
· These learners are becoming familiar with how the world’s environmental, economic, social, cultural and political systems are linked.
 
· These learners can understand that human-caused changes have consequences for the immediate environment as well as for other places and future times.
 
· As learners become actively engaged in deciding for themselves what is right and wrong, educators can use environmental problems to help learners explore their own responsibilities and ethics.
 
· These students are beginning to see themselves as active members in their community; they have opinions regarding certain situations and whether action is needed.
 
· Students can understand that their actions have broad consequences and that they are responsible for these.
 
· These students understand that conflict arises over differing and changing viewpoints about the environment, especially the use of resources (including water). 

· Students are beginning to learn more about the global environment. The topic of water can now be explored on a global scale. 

Grades 4 to 6 
· Students are now able to begin making links between various issues surrounding water. However, the focus should remain on the regional and local community level.  Fourth graders are only beginning to synthesize their knowledge into the complex understanding necessary for examining environmental issues.
 
· By the end of grade four, learners understand that people depend on, change, and are affected by the environment.

· Students can now understand conservation of matter across transformations in which perceptual appearance is more radically transformed (as when the solute appears to "disappear" in dissolving, or when the color of a material changes upon melting). 

· Students should accumulate more information about the physical environment, becoming familiar with the details of geological features; observing and mapping locations of hills, valleys, rivers, etc. but without elaborate classification. 

· Students can now conduct investigations that go beyond just observations. They can use these investigations to learn connections between liquid and solid forms, but recognizing that water can also be a gas, although it is difficult, is also accessible for these ages. 

Grades 1 to 3 
· Children respond positively to the use of real-world, relevant stories and examples to help make associations between ideas and support the content being taught.  Educators should begin to model testing ideas about water against everyday experiences the children have. 
  
· These students are concrete thinkers with a natural curiosity about the world around them.  Learning can be built upon this natural curiosity by focusing on observation and exploration of the local environment.  Water experiences are common to the lives of this age group and this provides a context for advancing inquiry once students get past taking water for granted.

· These students should pursue learning about water through familiar aspects of their immediate surroundings.
 Using the context of change and what seems to cause it is beneficial.  The properties of water in its solid and liquid phases that students learn about here prepare them for later understanding of the water cycle.

· Basic guidelines for this age group are as follows: keep it simple, local and make close links with what they’re observing and learning about the environment.
 
· During the inquiry process students will use wording/terminology that is not accurate (e.g. a liquid is watery or drippy, liquid is a stage of water).  These attempts to communicate need to be validated by first accepting them and then using or creating opportunities to introduce more accurate vocabulary.  Once introduced, the higher standard is set and students are required to use the new terms.
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Grade Grouping: Grades 10 to 12
	1. Exemplary Learning Programs
	2. Developmental Readiness and Major Misconceptions

	Water for People and the Planet

This highly structured and directed inquiry unit focuses on the connections between groundwater and watershed systems. It is organized in defined lessons for students in general-level science courses who typically have limited interest in learning science. Lessons are intended to help students see the relevance of science in their own lives through personal water use.  Examples include a recent urban flooding event, an exploration of a groundwater pollution case in a small town, and investigations of water supplies and water treatment facilities.
http://ed-web2.educ.msu.edu/CCMS/Home/webpages/MSU%20water%20project.htm
Main Instructional Methods Employed:

· Inquiry learning

· Case studies

· Integrated learning

tBLISS Project

This Multi School watershed learning project. This project pairs up schools from different regions of the world, and provides students with experience in water quality testing.
Main Instructional Methods Employed:
· Activity-based learning
· Cooperative learning
· Issue relevant to the world beyond the school
· Project-based learning

	Developmental Readiness
· Research indicates that though these students are ready to understand the complexity of water in the water cycle, and watersheds, they often do not.
 
Major Misconceptions
· Students have limited knowledge of the water treatment system and have misconceptions related to the treatment of water.
 
· The misconception exists that contamination of drinking water is a common developing world phenomena but not a problem in Canada. While more prevalent in developing countries, threats to human health as a result of drinking contaminated water also exist in Canada and are not uncommon throughout rural and native communities in all parts of the country.

· There is a deeply ingrained belief that most environmental problems are the fault of industry or municipalities. Many think that most water pollution is caused by factories.
  The importance of non-point sources is not appreciated.
  

· Many believe that groundwater supplies are endless. / Any supply of groundwater can be depleted if water is taken out of the ground faster than the rate of recharge.
 

· People are in control of water levels in the Great Lakes. / While human activities play some role in determining water levels, natural fluctuations are the greatest determinant of lake levels.
 
· Many people are unaware of the scope and seriousness of the world’s present water crises in terms of ecosystem destruction, pollution, and diminishing supply. Many think that famine is the primary cause of childhood death worldwide. /Water pollution causes more deaths in childhood. 

· The complexity and role of the ocean ecosystem are not understood, including its capacity to generate fresh supplies of oxygen for the planet, and its role in the water cycle, carbon cycle and biodiversity. Many incorrectly think that forests generate more oxygen than oceans and that oceans are a source of fresh water. 

· People do not acknowledge how their own individual actions potentially threaten community water quality and quantity and tend to depersonalize and disassociate themselves from broader natural and social contexts.

· Students are unsure if they can make a difference to water quality independently and show limited knowledge of actions that individuals can take to protect water quality.

· Students have many misconceptions concerning water’s role in the cell functions and processes in both plants and animals. 

· People have difficulty understanding multi-step causal relationships such as those found in human water systems, groundwater and watersheds systems.
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Grade Grouping: Grades 10 to 12
	3. Fundamental Concepts and Subject Area Affiliation


By the end of this level of schooling students should know:
	4. Related Skills

	1. Socio-Cultural Aspects of Water and the Role of Government

· Cultural beliefs strongly influence the values and behaviour that individuals have in relation to issues about water.  Consideration of other cultural views as well as trying to understand the influences on ones own ideas and behaviour provide important insights.
 

· Despite water’s importance, the United Nations has not recognized it as an essential human right. 
· Shortages of water have led to conflict from the local to international levels. Agreements can be reached to deal with such situations 
. 
· Communities can use technological, economic, or social means of reducing water consumption and controlling water contamination.

· In Canada, water management is the joint responsibility of federal
, provincial
, municipal
  and Aboriginal governments under self-governing agreements.
 These governments can use various tools to ensure that water resources are protected but do not always do so.
 Decision making at all levels of government is subject to political processes.
2. Water Technology and Economics 
· There are four main components to the reliable provision of high-quality drinking water: protection of drinking water sources, appropriate water treatment, sound and well-maintained water distribution systems operated by trained staff and adequate water quality testing.
 Multi-barrier approaches to protecting drinking water protect water quality from source to tap.
 
· Many devices and processes are available to treat water in the home.  Some are more effective than others.
   
· Technological water systems can fail.  Redundancy helps to address this feature of designed systems.
 
· Water is both a social good and an economic good. This changes the way water is priced and made available to people.

· Water can be a trade commodity directly or indirectly.  Virtual water trade refers to the shipment of goods that have required a great quantity of water in their production.

· The cost of services ecosystems provide in keeping water clean is usually not included in cost- benefit analysis for major projects such as water diversions, wetland drainage, removal or forests and urban sprawl.
  
· It is less expensive to protect water sources than to clean them up once contaminated.
 
3. Humans and Water
· More than two billion people don’t have an adequate (or safe) supply of water. The water supply and quality situation is becoming more serious as time progresses.
 
· The sources of clean, usable water are limited.   Water shortages are occurring in many parts of the world as populations increase and consume more water per capita.

· Water has no substitute. Therefore it can be a natural limiting factor in population size, quality of life, and economic activity.

· Up to two thirds of water consumption goes to agriculture. Meat-based diets require more water in the production process.
  
· Drinking and waste water treatment are preventative measures that have had more impact than medicine in reducing water borne illnesses.  This technology is not available in many places, often resulting in high levels of water borne disease. 

· Chemical pollutants that enter the water cycle may be persistent or non persistent. These may be physical, microbiological, inorganic, organic, or radioactive in nature. 

· The response to the problem of acid rain has shown that through scientific investigation, monitoring, government regulation and industrial compliance, significant progress can be made.

· Water resources throughout the world are under threat due to climate change, water diversions, aquifer mining, loss of recharge areas, and poor watershed management with serious social, economic and environmental impacts. 

4. Geography and Ecosystems
· The amount of water in the water cycle is constant over the human time scale.
 
· Water seeps into the ground in recharge areas.  As it does so, soil particles filter out bacteria and debris.

· Surface and subsurface features of watersheds are connected.  Watershed planning acknowledges this connectivity.
· Ecosystem components such as wetlands and terrestrial plant communities play an important role in the water cycle.

· Most aquatic plants and animals can only survive in water in a narrow pH range.  Most naturally occurring waters are neutral or slightly acidic.
5. Water Science
· The density of water varies with temperature and its state.

· The solubility of a substance in water is affected by many variables.

· The quality of a sample of liquid water can be determined using a variety of tests that measure either physical or chemical characteristics.
  
· The pH of a solution, expressed on a scale of 1 to 14, is a measure of its reactivity.

	Securing Information

· Using a statistics website 
 compare Canadian water usage with that of other developed and developing countries.

Communication

· Correctly use the following terms verbally and in writing: virtual water, groundwater system, watershed, alkalinity, privatization, persistent and non-persistent pollutants, recharge area.
Measurement and Data
· Compare two local freshwater sites for water quality using relevant measures and present the results in an appropriate manner.
 
Analysis

· Identify the costs and benefits of large-scale water diversion projects.
Evaluation
· Identify methods that municipalities can use to protect groundwater and evaluate efforts in your municipality.
Design/Build/Use
· Create a wall-sized diagram that illustrates the complexity of the water cycle and show how local pollutants can move through the cycle to affect other system components.
Information and Communication Technology
· Use online communication tools to communicate with learners in another part of the world.  Engage in learning about water relevant to students in both locations.
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Grade Grouping: Grades 10 to 12
	4. Societal Perspectives
	5. Classroom Level Instructional Notes 

	· Water is a right that everyone should enjoy. / Water is a commodity that should be subject to market forces. 
· Private corporations can provide fresh water and treat waste water in the most efficient manner.  Government control invariably involves waste and inefficiency. / Private water providers have as a first priority profit making.  Government controlled water treatment ensures that water is available to everyone at a fair price. 
Emotional/Affective Elements of Learning about Water
· Investigate the sense of well being that people have in regard to the belief that water is available to them and not an issue of concern. 
	· Identify point and non-point source pollution of local bodies of water through research.
 
· Trace water use in a local watershed from past to present. Investigate short and long-term environmental changes.
 
· Identify the relationship between the abundance and distribution of living organisms and water quality or quantity.
 
· Create a model or a cross-sectional drawing that shows surface-and groundwater flows in a local watershed.

· Use maps to show how local land use impacts surface and groundwater quality and movement (urban development, farming practices, industrial development).
· Identify the local options for storm water management and identify those that are commonly used in the community.
· Interview local watershed management personnel to determine the major water challenges and projects taking place locally. 
· Use case studies to examine conflict, cooperation, and change among individuals, groups, and nations with regard to water use.
· Based on their understanding of the properties of water, students can create, use, and test devices that purify water for human consumption.  Tour the local treatment facility to observe the techniques used.

· Use acid rain as a case study of how environmental change in one part of the world affects other places and identify global links, including treaties, multi-national corporations and international organization responses.  
· Conduct a stream monitoring study within a watershed.  Identify land use factors that are involved in determining the quality and quantity of water in the stream.  Share the results in a public forum. 
· Organize a water issues visual gallery where the cultural importance of water is communicated as well as how water issues differ between countries and cultures.
· Monitor sites in the community for water quality, identifying those with high and low water quality based on biological assessment (the greater the biological diversity, usually the higher the water quality).

· Use local water issues as the context for learning about water.
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Grade Grouping: Grades 7 to 9
	1. Exemplary Learning Programs
	2. Developmental Readiness and Major Misconceptions

	Salmon and Steelhead

This investigation leads students to answer the following questions:  How do people affect salmon and steelhead, and how do salmon and steelhead affect people?  Students explore relationships between people and the salmon and steelhead that live, or once lived, within their community’s watershed.
http://groups.ucanr.org/sns/
Main Instructional Methods Employed:

· Project based learning
· Integrated learning
· Issue relevant to the world beyond the school

	Developmental Readiness
· In order to understand the nature of water, these students must successfully come to understand the particulate nature of matter and the basic tenets of the atomic-molecular model.

· Processes such as evaporation, condensation and treating water continue to be poorly understood.

· These students can begin to investigate the interactions and system nature of the water cycle. Students gain understanding of the complexity of systems but understanding the invisible aspects of water and the water cycle remain problematic: i.e. water as mixtures, transporting of substances, groundwater, watershed, atmospheric systems, and connections between natural and human systems

Major Misconceptions
· Water cycle misconceptions are widespread and the cycle is often oversimplified.
  Many of these students produce deficient schemes of the water cycle, often leaving out groundwater, water in the atmosphere, water in living things, and human-water interactions.
 

· The nature of geophysical cycles (cycles of matter) and differentiating these from cycles of time (life and seasonal) is important in achieving a proper perception of the water cycle.
 
· Groundwater is commonly thought of as: static sub-surface lakes, disconnected from the water cycle, with no relationship to the surrounding rock, and not moving horizontally toward the sea. A static perception of groundwater leads to students failing to associate human activity with water quality.
 
· Many think that usable fresh water comes from rivers, lakes and streams – sources that they can see. Groundwater is not usually acknowledged as an important source.
 
· Students continue to hold a number of misconceptions about boiling water.

· Many students have incomplete conceptions about the distribution of water on earth believing, incorrectly, that there is more surface water that groundwater.
 
· Many students are unclear as to what a watershed is, restricting their definition to the connection of surface waterways.  They also do not include the areas where people live.
 
· Research indicates that students do not see a connection between point and non-point source pollution and watersheds.

· Many think that bottled water is safer or purer than tap water.
/ Canadian government regulations only require testing of water bottling facilities once every three months. Municipal water systems have their water tested up to every 4 hours.
 
· A minority of students acknowledge the influence of humans on the quality of water pumped from wells.
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Grade Grouping: Grades 7 to 9
	3. Fundamental Concepts


By the end of this level of schooling students should know:
	4. Related Skills

	1. Socio-Cultural Aspects of Water and the Role of Government 
· Different cultural backgrounds shape how people think and behave with regard to water issues.
 

· Private versus publicly owned water systems offer advantages and disadvantages.  Most water supply and treatment systems in Canada are owned and operated by governments.

· There are great inequalities in global access and use of water which can affect international relations.
· Different levels of governments have the responsibility to ensure water is safe to drink, control and prevent floods, treat wastewater, and prevent pollution.  These responsibilities are not always addressed successfully.
 

2. Water Technology and Economics 
· Water supply and waste water treatment systems have many components. 
                            
· Water efficiency can be improved through technological improvements, good maintenance, and changing the practices of users.
 
· Dams and other large structures are used to control water flow in order to generate electricity, provide water for irrigation or urban use, or to control flooding.  These structures have both benefits and costs associated with them.
 
· The cost of water paid by residents and businesses is often less than what is required to secure, treat and transport it. These costs can be calculated and paid in different ways.
  
· The cost of water varies greatly from the most expensive, bottled water, to the least expensive, that provided by municipal systems.

· Municipalities, farmers, and businesses return water to the surroundings in a poorer condition than they received it.  The benefits of using the water go to the users while the problems of lower quality water are paid by everyone. 

· Environmental services provide a very significant benefit in ensuring a high quality of fresh water and an ability to accommodate waste water.  The value of these services is often not acknowledged in decision making.

3. Humans and Water
· People use ground and surface sources to obtain the water they need. Each type of source has advantages and disadvantages.
 
· Humans have a minimum basic water requirement for healthy living which in many parts of the world is often not met.  Water uses can be divided into four sectors, (i) water for people, services and industries, (ii) water for agriculture, (iii) water for nature, and (iv) water for energy production.
 
· Through contact with water, people and other living things can be subjected to many harmful organisms and substances.  Effective water treatment has greatly reduced the incidence of disease but not eliminated it.
 
· Human activity has a negative effect on the quality and quantity of available fresh water.  Water pollution includes the addition of organic material and germs, chemical pollution, and heat pollution.  These can arise from point and non point sources.
  
· Processes in the water cycle transport pollution from one location to another.

· Land use, water control structures, and irrigation have a profound impact on water quality and quantity in watersheds which in turn greatly affect people and other living things.
 
4. Water and the Land and Living Things 
· The water or hydrological cycle includes surface, atmospheric and underground water.   The movement of water in the cycle is driven by heat from the sun and gravity.
 The overall amount of water is conserved.

· Surface and groundwater are connected.
 
· A watershed is the land area that drains to a body of water and has boundaries defined by elevation.
 
· Water quality and quantity in a watershed are affected by the characteristics of the land, the bodies of water present and human activity.
 
· Water shapes the earth’s surface over long periods of time as part of the rock cycle.

· Oceans contain most of the earth’s water and differ significantly from fresh bodies of water.

· Freshwater is essential for all life, makes up two thirds of cells, and plays a vital role in most cellar processes.

5. Water Science
· Water consists of microscopic particles (molecules in turn made of atoms) constantly in motion.  This insight helps explain many of water’s properties.
· Water has distinct physical properties and characteristic changes of state–boiling point, melting point, exhibits surface tension, solid water floats on liquid water,  capillary action, and the ability to hold heat more than many other materials.

· Liquid water interacts with other materials in predictable ways.  Water can dissolve many gases, solids or other liquids.
· Liquid water is often described in terms of what is dissolved in it (fresh water, salt water, hard and soft water). Some of the properties of liquid water change when other substances are dissolved in it.

	Securing Information
· Obtain information on the amount of water used in a building from the metering system located on site. 
Communication

· Correctly use the following terms verbally and in writing:  water (hydrological) cycle, watershed, sanitation, point sources, non-point sources, aquifer 

· Show, using a map, the amount of water available in the different regions of the world and include the per capita availability and use.
Measurement and Data 

· Determine the effect of various solutes on boiling and freezing point of different solutions and graph the results.
Analysis
· List the benefits and drawbacks of increasing the cost of local supply of freshwater and wastewater treatment capacity.
Evaluation

· Review advertisements about water to determine the accuracy of information presented.

Design/Build/Use

· Design a model using sand, rocks and florists foam to illustrate the filtration process of the groundwater system. Show how a pollutant might travel through this system.
Use of Information Communication Technology 
· Use online sources to determine the cultural, ecological, and economic importance of water in local watersheds.
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Grade Grouping: Grades 7 to 9
	5. Societal Perspectives
	6. Classroom Level Instructional Notes 

	· Water is a vital resource and therefore should be owned publicly. / Public ownership of water resources does not maximize utilization, support creation of business opportunities, or increase efficiency of use. Private ownership can reduce the cost to consumers.

· Fresh water should be considered a resource like any other and used in trade with other countries. / Fresh water is of such importance that it should not become a tradable commodity.

· A fair price for water is what the market can bear. / Water is essential for life and therefore should not be priced according to economic supply and demand principles.

· Paying the fair market price for water will ensure that it is used efficiently. / Water conservation measures other than price should be used to conserve water.

· Large scale water diversion projects can bring economic development and prosperity to an area. / Large scale water diversion projects cause more problems than they are worth when all the costs are considered.

· Water quality should be the concern of all water users because we draw water from the same supply. / We should only become concerned about water quality in our immediate environment.
Emotional/Affective Elements of Learning about Water
· Investigate the variation in trust people have in the sources of water available to them.

	· Use concept mapping tools for watersheds and the water cycle to identify what students know.
· Create a timeline of flood and drought events for the community and identify the current practices that prepare for the next occurrence of each.

· Interview a local official with responsibility for water to determine past and present distribution and consumption patterns for the region and identify future trends or issues.

· Use case studies to examine water issues that arise because of conflicting points of view over a project, such as a large-scale dam.

· Tour the local community to observe first hand the tools and techniques used to manage water use.  Create a class web page, Power Point presentation, or three-panel display to share insights with members of the community.

· Participate in a relevant local service project (e.g. river or wetland cleanup).
 
· Have students create models of various components of the hydrological cycle. For example, a working model aquifer
, watershed
, or water filtration underground.
· Use topographical maps to understand local and regional watersheds.  Use these maps as visual tools to create displays showing water issues in the community.

· Use analogies of road systems and river systems to explore watershed systems.  Discus how accurate this analogy is.

· Students can use painting, photographs, multimedia presentations and the performing arts to foster understanding and share information of water issues.
· Use of 3D models is recommended to deal with hidden phenomena such as the underground water cycle to link with the larger components of the water cycle and understand human impacts.

· Link classroom learning to the real world to overcome the tendency of these students to not relate school learning of the water cycle to their daily experiences.

· Schoolyard and other watershed models provide students with an opportunity to visualize and test the watershed concept.
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Grade Grouping: 4 to 6
	1. Exemplary Learning 
Programs
	2. Developmental Readiness and Major Misconceptions

	Yellow Fish Road
 

In this community action program, students venture out into their community to paint yellow fish near storm drains that directly link to local waterways. Students also direct their learning to community members by handing out flyers about practices that affect waterways through storm water runoff. 

http://www.yellowfishroad.org/index2.html
Main Instructional Methods Employed:

· Service learning

· Integrated learning

· Audience beyond the classroom

· Learning relevant to the world beyond the classroom

Water Investigation Projects

Water has been the theme for many projects in this rural elementary school.
Project-based learning is the norm for all classes in this school, so by the time students are in fifth and sixth grade, they have experienced a consistent approach for years. There is a relatively cohesive culture, with abundant teacher involvement in decisions and a lot of common planning time for the staff to work together.
http://www.edutopia.org/php/article.php?id=Art_182&key=189
Main Instructional Methods Employed:

· Project-based learning

· Integrated learning

· Audience beyond the classroom
	Developmental Readiness 

· The concept of boiling precedes the concept of evaporation in the understanding of children.

· Evaporation and condensation perceptions develop at about 11 years of age.
 Recognizing that water can exist in a gaseous state is becoming conceptually accessible to some of these students. A conceptual progression for evaporation takes place over this age range: water disappears, water is absorbed into surfaces, water is transferred upwards, and water disperses into air.
  
· Students can begin to learn about the distribution of water on the Earth’s surface.
 
· At this age, the action of pollutants can be explored in concrete ways such as the possibility of having negative impacts on human health.  However, the specifics of pollution, for example, the chemistry and ph of Acid Rain, should be left until they are older.
  
· Interactions of water with other substances suitable for this age group are physical in nature, not chemical. That matter continues to exist after it dissolves in water is accessible at this age.

· These students are not ready to address the full concept of groundwater.  At these ages what is important and accessible is how water interacts with different kinds of rocks (movement through porous rock, dissolving, etc.).
  This learning will be in preparation for a fuller treatment of the concept of groundwater in the next grade group.
 The interaction of the water cycle with the rock cycle (erosion, transport, deposition) overlaps here to provide a basis for later understanding of the larger contexts.
 
· Instruction for this age group should address mainly processes that will later contribute to and support understanding of the water cycle.  Formal instruction about the water cycle should be left until the next grade group.
 
· Research indicates that students have little understanding of watersheds in this grade group.  Until further research indicates otherwise, it is recommended that this concept be left until the 7 to 9 grade level.

Major Misconceptions

· Misconceptions about changes in the state of water, especially involving the gaseous state, are common.  See note about evaporation and boiling discussed above.

· Some students think that our supply of water is limitless and that Canada has unlimited fresh water resources that are waiting to be exploited, with no water shortage problems.

· Many think that organic materials are not pollutants and that materials buried in landfill sites no longer have an impact on water/the environment.

· Misconceptions regarding water and weather phenomena (especially rain) are widespread.
 
· Many think that flooding occurs along rivers when the snow melts in the spring and that flooding only occurs after a heavy rainfall. / Flooding occurs when there is more water than the ground or rivers can accommodate.
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Grade Grouping: 4 to 6
	3. Fundamental Concepts


By the end of this level of schooling students should know:
	4. Related Skills

	1. Socio-Cultural Aspects of Water and the Role of Government 
· Water is a symbol in many cultures representing different things. 
· Water is an essential substance yet there is not enough water available for everyone to do everything that they wish.  There are different ways to address this problem.
 
· Individuals, government, and business have different roles in our use, treatment and control of water.
    
2. Water Technology and Economics
· Moving water can be used to run machines and generate electricity.
  
· A variety of materials, devices and processes are used to bring water to us and take waste water and storm water away, and control water runoff.  Drinking and waste water treatment systems have many components that are usually very reliable but can sometimes fail.  Storm water usually flows directly from roof tops and roadways into local waterways. 

· There are many ways to conserve water and reduce the chance of contamination without significantly affecting our way of life.

· Water is owned collectively until it is treated or contained.  It costs money to purify water for drinking and to treat waste water so that it can be returned to the environment safely for others to use.
3. Humans and Water
· The availability of water often determines where people live.  People locate near water sources or construct systems to bring it to them.  
· Water is essential to maintain good health (drinking and bathing), use in the home (cooking, cleaning and washing, removing bodily wastes, gardening) and use in the community (recreation, landscaping, cleaning, businesses and industry, agriculture, transportation, generating electricity). 

· Many people do not have an adequate supply of treated water or do not treat their waste water.  In these cases, sickness and disease often result.

· People reduce the quality of water and affect other living things (including other people) in two major ways 1. Pollution, when substances (oils, grease, fertilizers, pesticides and other chemicals, human and animal waste, farming runoff, landfill sites) come into contact with water in the environment,  and 2. Making changes to the surface of the land that result in changes in the flow and availability of water.

·  Water shortages and floods have occurred in the past due to natural factors and human actions.
4. Water and the Land and Living Things 
· Water is found on the surface of the Earth in oceans, wetlands, rivers, lakes, streams, ice caps and glaciers, in the atmosphere in the form of vapour, fog, clouds, rain, snow and hail, under the surface as groundwater, and in living things.  These sources and bodies of water are all connected. Smaller streams flow into larger rivers forming a river system, a network of tributaries that flow into a major river. Oceans are the largest bodies of water and consist of salt water.

· Water and ice can change the earth’s surface (waves, flowing water, and ice formation are involved in erosion and other land shaping processes). 

· Water interacts with different types of rock in different ways (moves through porous rock, dissolves it, is filtered by some types of rock). 

· In its liquid form, water is usually a mixture.  It can appear pure but still contain micro organisms and dissolved substances.
 
· All living things, including people, consist mostly of water, which is essential to most life processes.  Living things meet their needs for water and have different structures and behaviours to obtain the water they need. Water is always being exchanged between living things and their surroundings.
· The distribution of living things including people is strongly influenced by the presence or absence of fresh water.

5. Water Science
· Water is found in three states, liquid, solid, and gas.  Each state has different properties.
 
· Changes in state (freezing, melting, evaporating, and condensing, etc.) and the process of boiling occur due to changes in heat energy. With any change of state the amount of water remains the same (conservation of matter). 
 
· Water interacts with other substances in different ways (dissolving, mixing, etc). Most common liquids consist mostly of water and other materials (example; juice).  Different methods can be used to separate water from other materials.

· Water pressure is a result of liquid water being able to flow and the force of gravity.
	Securing Information
· Obtain relevant information about water rates and use from a household utility bill.
· Prepare relevant questions and interview the school custodian on water sources, use, and waste water removal from the school.

· Conduct investigations to determine which materials dissolve in water and which do not.

Communication

· Correctly use the following terms verbally and in writing: evaporation, condensation, infiltration, ground water, runoff, filtration, pollution, fresh and salt water, dissolve, hard and soft water, and contaminant.
Measurement and Data 

· Determine volumes of water used in the school for various activities (e.g. fountain drinks, toilet flushing, dish and hand washing), and determine the number of times each use occurs and the collective volumes of water consumed.

· Read the school water meter daily and track use graphically.

Analysis

· Identify the ways that water can be saved and sort them into those that individuals can do alone and those that require help from others such as government.

Evaluation

· Compare the costs of different sources of water (e.g. tap water, bottled water, rainwater) and determine the most appropriate choice for local households. 
Design/Build/Use

· Draw a plan for a home that shows all the uses of water and the control devices.  Include tools and techniques to reduce the amount used.
 Information and Communication Technology
· Conduct an online interview using a webcam to allow students to pose the questions they have prepared to an expert.
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Grade Grouping: 4 to 6
	5. Societal Perspectives
	6. Classroom Level Instructional Notes 

	· We should use less water and make sure that what we do use is cleaned before returning it to the surroundings. / It is the government’s responsibility to ensure that water pollution does not occur.

· People should be able to use as much water as they can afford. / We should limit the amount of water that each person uses so that everyone gets enough.

· Those who create waste water should have to return it to the environment in the same condition that they got it. / It would be too expensive to require water to be treated before returning it to the environment. 
· Because the supply of water is limited, we must conserve and manage our water usage. / Canada has more water than any other country in the world and can use it for many purposes. 

Emotional/Affective Elements of Learning about Water
· Further research required to identify these elements.
	· Trace the path of water as it comes to your house or school and where it goes when it leaves.  Create visual representations.
· Small group, hands-on, activity-based learning can be used to explore the many phenomena of water and the devices and processes that are used to treat it (i.e. filtering, settling, flocculating, desalinization, etc).
 Follow up discussions allow opportunities to relate to real world applications.

· Involve students in activities that provide them with experiences that will in time contribute to their understanding of evaporation, condensation, and the conservation of matter as a prelude to their understanding of the water cycle in later grades.

· Determine the proportion of water in common foods by weighing the item (such as an apple) before and after drying.
· Use household water bills to determine amount, cost, and seasonal variations in use. Have students compare the prices paid for water locally (bottled versus metered).
 
· Ask a local official to lead/assist students with a school water audit and share the results with district or board officials. As a homework project, students can perform a simple water audit, and develop a plan to reduce consumption.
· Use maps of various scales to follow the flow of water from the school yard to the sea.

· A local fieldtrip to a stream provides opportunities to observe physical characteristics and life found there.  A cleanup of the site adds a service learning component.
· Examine how water has affected the Canadian identity through literature, art, music, poetry and music.

· Use aboriginal and other water legends to explore other perspectives about water.
· Students can predict what happens to various materials when they dissolve in water, what the mass of the solution will be, and how to get the materials back, and then conduct these investigations.

· To investigate if dripping faucets are a real issue in water use and conservation, set up a dripping tap and determine how much water is lost in an hour.  Calculate for the amount of water lost in a day, week, month, etc. If one in ten houses has a dripping tap, how much water is lost in the community?  Communicate the results of the investigation to a local water official and interview.
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Grade Grouping: 1 to 3
	1. Exemplary 

Learning Programs
	2. Developmental 

Readiness and Major Misconceptions

	1. Water in our lives –an inquiry approach

Beginning with an engagement activity that gives students a context and problems to solve, this inquiry approach to learning about water has the students using their own knowledge, experience and skills to learn and come to conclusions about the various uses, special properties of, and health connections with water. The skills of focus include the development of personal work skills (knowledge of one’s learning) and team work skills. These need to be reflected on, discussed, and evaluated.
Main Instructional Methods Employed:

· Inquiry learning

· Activity-based learning
· Co-operative learning

· Integrated learning

· Relevant to the world beyond the classroom


	Developmental Readiness
· The solid and liquid states and the change processes (freezing and melting) are the focus of learning with these students since they are readily observable and conceptually accessible.  Evaporation and condensation and the gaseous state are beyond most of these students.  It is sufficient to explain these phenomena in terms of water disappearing and reappearing.

· Interactions of water with other substances suitable for this age group are physical in nature, not chemical. That matter continues to exist after it dissolves in water is not accessible for this age group.

· These children can become familiar with some of the properties and uses of water but they are not able to accommodate larger system relationships such as the water cycle.
 
· These students can understand water pollution as trash and visible material present in water.  They cannot associate pollution with chemicals (pollution they cannot see). Instruction leading to a broader understanding of water pollution should be left for later years. 

· Students at this age can understand that water comes into their homes but are usually unaware that it is treated. 

· Since it has been noted that students significantly older than those in this age group have difficulty with erosion due to their not perceiving slow processes that take place over periods of time, there seems no basis to support inclusion of the concept here.
 This and related processes are more appropriately addressed in the grade 4 to 6 age group. 
Major Misconceptions
· Student misconceptions about the evaporation of water from an open container include: it being absorbed by the container; water in the open container changes into air, and that the water just dries up. Some students believe that water that has condensed on the outside of a cold glass has come through the container.
  /It is sufficient that these students understand these phenomena simply as water disappearing and reappearing.
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Grade Grouping:  1 to 3
	3. Fundamental Concepts 
By the end of this level of schooling students should know:
	4. Related Skills

	1. Socio-Cultural Aspects of Water and the Role of Government
· Many people think of water as a special substance.

2. Water Technology and Economics 
· To use and control water, people use different materials, tools and processes.
 

· Most people must pay to get clean water and to treat or clean it after they use it.

· By turning off taps, stopping leaks, and using less water, people can save money and help others. 

3. Humans and Water 
· We get clean water in a number of ways. For most Canadians, water for their homes comes from wells, lakes, or rivers through pipes after it has been cleaned or treated.

· People need water for many important activities (e.g. drinking, cooking, cleaning, growing plants, transportation, recreation).
 

· Clean water is important for people’s health. 
 
· When people use water it is taken away from other living things that need it to live.  After people use water it usually is no longer clean.  This is one kind of pollution and it can hurt other living things.
4. Water and the Land and Living Things  
· Water in its many forms is an important part of weather.

· All living things, including people, need water to live. Living things can have problems surviving if there is too much or too little water.
 
5. Water Science 
· Water is commonly seen in both liquid and solid form.  Liquids and solids have different properties. 

· Water can change from liquid to solid and back (freezing and melting) but the amount stays the same.

· Water left in an open container disappears, but water in a closed container does not disappear.

· Many things can happen when water comes into contact with other materials (sink or float, absorb, disappear into, change the colour of the water).
	Securing Information

· Make and record observations when water comes into contact with other materials, both liquid and solid.
Communication

· Correctly use the following terms verbally and in writing: liquid, solid, freezing, melting, absorb.
· Create a mural showing how wasting water in the home affects other living things.  Share it with others.  
Measurement and Data 

· Use standard and non standard containers to measure water using appropriate units.
· Students keep records of temperature and precipitation, including forms and states of water present outdoors, plotting them by week, month, or year.

Analysis
· List and group all the uses of water at home and in the community.  
Evaluation 
· Categorize which of our uses are essential and which are not, and which have alternatives to inform decisions about how to reduce water use.
Design/Build/Use
· Select appropriate materials and build a device that will float a load of pennies in a tub of water.
Information and Communication Technology
· Engage students in a shared reading of a relevant fiction or non-fiction text.


Theme: Water






Grade Grouping: 1 to 3
	5. Societal Perspectives
	6. Classroom Level Instructional Notes 

	· People should not waste water since it costs money and when we use it other living things cannot.
· Everyone should have enough clean water to live.
Emotional/Affective Elements of Learning about Water
· Further research required to identify these elements. 

· 
	· Investigative teams of students can list all the uses of water from their experiences.  Supplement and explore with a tour of the school both indoors and outdoors.  Questions and activities generated by students provide new directions for inquiry.
· Students should become familiar with the freezing of water and melting of ice, the disappearance of water into the air and its appearance on cold surfaces through various activities.

· Track and record where water comes from and where it goes in and around the school as a means of determining its properties.
 
· Students can add solids and liquids to water to observe the effects and to help them understand that most liquids are made of water even though they do not appear to be.
 
· Explore the change of water from solid to liquid, noting weight, size, etc. and that as water is frozen or melts, the amount stays the same.
· Hands-on exploration of water and various devices and materials (e.g. containers with holes, tubing or plasticine that can be moulded into various shapes) can be used in directed play/learning to explore the physical properties of water.
· The interaction of objects and materials to determine if they float should be explored through hands-on activities.  Children can speculate why some items float while others do not. Post activity discussion can characterize what floats or sinks (materials, objects, or the shape they are in).  This can lead to further speculation- hypothesis for ongoing inquiry.
 
· Sprouting potatoes, onions and germinating seeds can be used in simple demonstrations to observe the effect of water (from too little to too much) on plants.
· Create a list of ways that each of us uses and can reduce the amount of water used at home and school. Prioritize in terms of effectiveness and share the results in a discussion. 
· During the inquiry process, students will use wording/terminology that is not accurate (e.g. a liquid is watery or drippy, liquid is a stage of water).  These attempts to communicate need to validated by first accepting them and then using or creating opportunities to introduce more accurate vocabulary.  Once introduced the higher standard is set and students are required to use the new terms.
· Use fiction and non fiction literature appropriate for the age to introduce broader contexts about water.



 Water Educational Resources of Note 
Nationmaster

· 7 to 9 and 10 to 12 – a central data source and an easy way to graphically compare nations on topics such as the environment and water usage.
http://www.nationmaster.com
Waterfootprint

· 7 to 9 and 10 to 12 – this resource has a water footprint calculator and a lot of information about the global water situation.

www.waterfootprint.org
The Worlds Water: Pacific Institute

· 10 to 12 - A resource for up to date information regarding the international issues and situation of water. Includes data, reports, etc.
http://www.worldwater.org/resources.html
Learning Centre. The Canadian Atlas Online. Canadian Geographic. 
·  7 to 9, 10 to 12 – Information about Canada’s geography and an excellent online Canadian atlas that you can customize.
http://www.canadiangeographic.ca/atlas/learningtools.aspx?lang=En.- Viewed July 21 2006.
Freshwater Website:  Environment Canada. 

· All Grades - Good resource for Canadian Water information – student research and teacher resource.
 http://www.ec.gc.ca/water/e_main.html - Viewed July 20 2006.

Interactive Pollution Model. Pacific & Yukon Regional Links. Environment Canada. 

· 4 to 6 or 7 to 9 - Gives many ideas for a hands-on, model building project.
http://www.pyr.ec.gc.ca/EN/IPM/ - July 20 2006
Pollution Probe Primers. Pollution Probe. 

7 to 9 and 10 to 12 - Good resources for a library or classroom for research and information.
http://www.pollutionprobe.org/Publications/Primers.htm - Viewed July 24 2006.
Water on the Web

· 7 to 9 and 10 to 12 – very detailed information, investigations and full lessons to learn everything about water in today’s world. 

http://waterontheweb.org/curricula/bs/teacher/water/teaching.html

Web Quests
Water Crisis
· 10 to 12 – An example of a webquest to solve the water crisis from an interdisciplinary point of view.
http://www.trinity.wa.edu.au/plduffyrc/subjects/sose/geography/respop/watquest.htm
Antarctic ice to Water Australia

· 7 to 9 or 10 to 12 resource about possibly harvesting Antarctic Sea Ice to save an Australian river. Students research into the affects and then make a suggestion.

http://pbl.cqu.edu.au/web_quest/home.htm - Viewed September 14 2006

World Wise Schools: Water in Africa

· All Grades - Resources and appropriate lessons for students to learn about the importance of water in Africa.
http://www.peacecorps.gov/wws/educators/enrichment/africa/about/index.html - Viewed September 14 2006
Water Conservation

· 7 to 9 or Advanced 4 to 6 – Great website that integrates math with action based learning to reduce water usage in your home.

http://www.myinternet.com.au/edu/impaq/Talo_Online/webquests/water/wcw_index.htm 
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Endnotes 










� Schueler and Holland, 2000 as noted in Shepardson et al, 2005: 384.


� Water is an essential component of many systems that sustain human existence (agro-ecosystems, fiber-producing ecosystems (e.g., forests), fish-producing ecosystems, waste-assimilating ecosystems (septic systems, sewage treatment/aquatic ecosystems, landfills), clean water-providing systems (groundwater, surface water, etc.), energy yielding systems (e.g., biomass production systems, wind farms, hydroelectric plants, tidal flow harnessing), and human settlements (cities, suburbs, etc.)). Berkowitz et al, 2003 as noted in Berkowitz et al, 2004: 237.


� Jackson et al, 2001: 1027.


�  Brody, 1993: 4.


�  Brody, 1993: 6. 


� “If education is to move into an integrated and holistic mode, we must seek out clear examples of concepts which can be used to bridge the so-called traditional disciplines such as biology, chemistry, social studies, mathematics and art. Water provides such an example. It is studied in physics, chemistry, geology, ecology, geography and biology, is a part of culture, is a natural resource, is the focus of national projects, is influenced by politics and economics and is essential to life.” Brody, 1993: 7. 


“Although water is obviously integral to all life processes and thus central to the study of biology, it is powerful in its ability to relate to all disciplines in interesting ways. In the natural sciences, physics explains the structure of water, its electromagnetic configuration and molecular bonding which leads to its unique properties. Chemistry helps us understand the role of water in all life processes. Water distribution and movement is a major component of geological sciences. Biology and the study of life is based on an understanding of water and all ecological processes are water related. The role of water in politics may not be more clear than disputes over water rights. World economics is dependent on water for the production of goods and products as well as transportation of goods around the globe. Finally, our world’s cultures, from desert to rainforest, are shaped by people’s relationships to water and water resources.  Even the spirits, to which some people attribute great power and religious connection, are associated with the water.” Brody, 1993: 7. 


“The social sciences are inextricably linked with our understanding of water. Ancient and modern civilizations grow and collapse based on availability of water for their people. Economics is based on access to water. Manufacturing and agriculture are water dependent and politics is often used to legislate water resource availability and quality. Natural resource management strategies for water, such as dams, have a significant influence on energy, transportation, recreation and commercial interests. Water can be considered a continuous web which unites the entire earth and thus an understanding of its role can lead to new meaning of interrelationships on earth.” Brody, 1993: 8. 


“It is widely recognized that we need to educate children in ways that allow them to deal meaningfully with the world around them. It is clear that water and its management regarding both issues of quality and quantity will be a top agenda item for the earth’s citizens.”  “However, the challenges are great. The interdisciplinary nature of water management in both natural and social science terms is a challenge for teacher understanding. In-service and pre-service work to help teachers understand and appreciate these concepts is critical. Researchers, both educational and scientific, who adopt this perspective, will be challenged to represent this knowledge base in understandable forms, as well as communicate its complexity to others. The identification of key concepts and their relationship is imperative.” “Some areas such as physics, chemistry and biology, ecology and natural resources have made some attempt to address these issues. However, individual work is often unconnected to other important disciplines. As ecological sciences shift to more interdisciplinary research efforts, so also should educators.”  “Finally, there are areas of children’s understanding concerning water and water resource education which are unrecognized. Among them are the historical and cultural contexts of water. Although there is some evidence that indicates student knowledge in the areas of history, management and contemporary issues is very low … more comprehensive work must be done. Again educators and curriculum developers are challenged to identify relevant materials, analyze natural and social science content and prepare lessons and activities which will help children understand some of the critical relationships between water and civilization.” Brody, 1993: 16.


� For students to develop a watershed ethic and become informed future decision makers, they need to learn about watershed management issues, they need to learn about watersheds and learning must build from existing conceptions. Shepardson et al, 2005: 385.


� Myers et al, 2004:  134.


�  McClure and Clark, 1999: 5- 6.


� Tyler and Peterson, 2004:  9.


� Ben-zvi-Assarf and Orion, 2005:  372.


�  They are able to predict how the environmental effects of their personal actions may change over time, taking into consideration technological advances, lifestyle changes and their new roles (e.g. as business owners, employees or parents). They are able to analyze how actions of societal organizations have environmental consequences that go beyond the aims of the group and are able to describe how particular groups meet or balance individual, group and societal needs. NAAEE, 2004: 57.


�  They are able to set realistic goals and include measures of success consistent with their abilities and the capacities of the groups involved. They are also able to determine whether a plan should be implemented immediately or in the future and whether it should be modified or abandoned and to carry it through when appropriate. NAAEE, 2004: 67.


�  NAAEE, 2004: 59.


�  For example, they can explain regional and national specialization and international trade in terms of uneven resource distribution. NAAEE, 2004: 59.


�  In particular, they can explain how public decision-making about the environment takes into consideration the uneven distribution of costs and benefits. They can also evaluate the effectiveness of various institutions in managing change and conflict, including the government. Additionally, they can evaluate the conditions and motivations leading to conflict, cooperation and change among individuals, groups and nations. NAAEE, 2004: 60.


�  They are able to evaluate ways in which technology has changed humans’ ability to alter the environment and its capacity to support living organisms. They are able to analyze specific instances of environmental change in terms of costs and benefits for various species and ecosystems. They are able to describe the factors that limit the physical environment’s capacity to support human activity and development and are able to evaluate the effects of human actions on different species and ecosystems. They are also able to use such concepts as carrying capacity and ecological footprint to analyze the sustainability of current trends in population growth and resource consumption. NAAEE, 2004: 60. Students understand how places change over time as the physical environmental, human use and perceptions change. For example, they can describe such factors as environmental degradation. NAAEE, 2004: 61.


�  Students are able to explain differences in the consumption of resources among nations taking into consideration such factors as population size, culture and geographical and economic distribution of resources. Students can “[e]valuate public policies related to resource use. Consider variables such as their impacts on the resource and short- and long-term economic effects. For example, anticipate the relationship between water use and the growth of a city like Las Vegas, Nevada, which is in a desert area that receives only four inches of rainfall per year.” NAAEE, 2004: 62.


�  For example, the ability to build large dams is particularly important with regards to water.  Students can explain the risks, potentials, costs and benefits associated with these new technologies. NAAEE, 2004: 62.


�  Students understand the costs and benefits of particular policies, are able to place local problems within a global context, noting similarities and differences, and are able to link issues. NAAEE, 2004: 63. Students are able to apply their research and analytical skills to investigate local, regional or global environmental issues. They are able to articulate the issues to be investigated, including their connections with other issues and the pervasiveness of its effects, whether it is a long-term issue or sudden crisis and whether it is unique to a particular area. They are able to identify key individuals and groups involved, as well as the different perspectives and ways of resolving the issue. Moreover, they are able to conduct original research as needed, such as surveying a community about an environmental issue or testing a body of water for contaminants. NAAEE, 2004: 63-4.


� “Empiricism constitutes an obstacle when trying to construct an effective representation of the water cycle.  The complex concept of a cycle is not based on empirical facts.” Agelidou et al 2001 as noted in Ben-zvi-Assarf and Orion, 2005.


�  Students can begin to synthesize the components of a system and their interactions/ connections into a system view but there is some skepticism that the cognitive level here is sufficient to study such complex systems as the water cycle. Ben-zvi-Assarf and Orion, 2005: 372.


� Ben-zvi-Assarf and Orion, 2005:  367. Whether this is due to not having the capability to accommodate the concepts or not having been adequately instructed is not clear.  We take the view of the former due to the complex nature of cycles and other research indicating that the 7 to 9 range is the appropriate level for instruction.  Higher order thinking skills are required (systems-cyclic thinking, scale perception, proportions and rates of processes). 


� Ben-zvi-Assarf and Orion, 2005: 370, 373.


�  NAAEE, 2004: 29 and 73.


�  Students can now become more familiar with political and economic systems and how these take the environment into consideration. For example, they can learn how international trade is shaped by the uneven distribution of resources, how the global environment is shaped by individual, group and government actions and influences consumption patterns, waste disposal, resource management, industry and population. They understand that change in one area of the world impacts other areas (e.g. acid rain) and can identify global links, such as treaties and international organizations. NAAEE, 2004: 38-9.


�  Students can learn about intended and unintended environmental and social consequences associated with such technologies as irrigation as well as the impact of building a dam on downstream plant, animal and human life. Students can also learn about restoration efforts and predict whether they will be successful. NAAEE, 2004: 40.


�  NAAEE, 2004: 73.


�  NAAEE, 2004: 45. Students are able to develop action strategies for addressing particular issues. NAAEE, 2004: 44. Students at this age group have a realistic sense and confidence in their effectiveness as citizens. NAAEE, 2004: 48.


�  They are able to analyze the effects of their own actions and those taken by others. NAAEE, 2004: 45, 48. 


�  NAAEE, 2004: 39.


�  NAAEE, 2004: 40.


�  NAAEE, 2004: 11.


�  NAAEE, 2004: 22.


� Smith et al, 2004: 27 – 31.


� AAAS, 1993: 72.


� AAAS, 1993: 68.


� Tytler, 2000: 23. 


�  NAAEE, 2004: 11.


�  These students are only prepared to examine environmental issues affecting themselves and their family. The school, community and global levels will be addressed at later stages of development. EarthCARE.


Students are only beginning to synthesize their knowledge into the complex understanding required for examining environmental issues, and thus teachers should be careful not to introduce topics that are too advanced for these students to handle. 


�  AAAS, 1993: 72.


� NAAEE, 2004: 11.


� S.R. Kozak, personal communication


� This unit uses a highly defined inquiry approach where what is to be learned has already been decided and the nature of the student responses are controlled or predetermined.  The approach could be enhanced by planning and allowing for more student generated responses to the learning planned by the teacher. 


� In the 1998-1999 academic year, the Technology-Based Learning in School Science Project brought together students from Kampala, Uganda, and Boston, Massachusetts. The purpose of this project was to provide students with hands-on experience. The Boston students studied the ecosystem of a local river (the Muddy River). They used a water testing kit to test for dissolved oxygen, pH, and turbidity. They also collected samples of microorganisms and studied them in the classroom. The Kampala students focused on wetlands. They visited local wetlands and learned about the fauna and flora present there. They also monitored the water quality of a local river (the Nansove River) which is part of a reservoir that provides drinking water to their school. Students from each school planned their own research, with the teachers providing guidance and support as needed. Some of the research questions asked by the Boston students were: Which neighbourhood has the best water? How much chlorine does it take to clean water? How does lead get into the water system? Conversely, the research questions posed by the Kampala students were: How pure is the water at King’s College-Budo? How is water distributed at Budo? What is the difference in quality of direct rainwater, water from the Nansove reservoir, and rainwater collected from rooftops? Technology was integrated into this project by having students in both cities share information and communicate through e-mail. By exchanging results, and discussing them in class, students were able to learn from each other’s progress. This also allowed the two schools to learn about each other’s culture and geography. Colley, 2001. 


� Covitt & Gunckel, 2006. Few adults(only 41%)  know what watersheds are and many are not aware that storm water runoff is a major form of stream pollution. Shepardson et al, 2005: 4.


� Covitt & Gunckel, 2006.  Home water treatment equipment has different purposes.  Some reduce the presence of viruses and bacteria, some remove tastes and odors, and some only remove chlorine that has been added by the municipal treatment facility.  If not maintained property, these systems can actually result in more harm than good. There are no regulations in Canada to ensure that the system is safe and effective and that it performs the way that it claims. Water filtration devices do not undergo any government approval process.  For now, certification remains entirely voluntary. Pollution Probe, 2002: 46. Environment Canada, 2000. 


�  Pollution Probe, 2004: 8.


� “Roper finds that 47% of Americans believe that large companies, rather than individuals, should take environmental action.  A majority of adults (51%) say that decisions by a few large companies have much more of an impact on the environment than the decisions of millions of consumers. (Note that this is consistent with public perceptions that industry continues to be the main cause of air and water pollution.)” Coyle, 2005: 35 and 20. Constant media images of industrial pollution, and government and media attention on industrial pollution in the 1960s and 1970s have led to the modern misconception among adults that large industrial facilities remain the primary cause of pollution. “The fact is, government regulation of such facilities in the intervening years, coupled with new and more difficult-to-control sources of pollution, have changed the relative rankings of pollution problems.” Coyle, 2005: 23. “Few Americans understand that precipitation running off from farm fields, roads, parking lots, and lawns (called "non-point source" pollution) is the leading cause of water pollution in America today.” Coyle, 2005: 23. “Today, individual vehicle users contribute the most to this pollution. The oil comes from people changing car oil and dumping it down a nearby storm drain or pouring it into the ground, or from poorly maintained automobiles.” Coyle, 2005: 23. However, people continue to believe that oil pollution comes primarily from ships and offshore oil spills, or from coastal oil refinery discharges.  


� The Roper/NEETF report indicates low levels of comprehension of non-point sources. A National Geographic study by Penn, Schoen and Berland, 2000 found that only 14% of the public is familiar with the term "non-point source pollution."” Coyle, 2005: 14.


� Pollution Probe, 2004: 20. “Although seemingly abundant, the groundwater supply in certain regions of North America are coming close to depletion and are being threatened with contamination.” Environment Canada, 2000.


�  Environment Canada, 2000.


� Some incorrectly believe that oceans are so vast and healthy that they can absorb large quantities of pollution and other stresses. Brody, 1993: 13.  Very few people understand the leading causes of air and water pollution or how they should be addressed. Coyle, 2005: v. For instance, only 23% of Americans are able to identify run-off as the leading cause of water pollution. NEEFT, 2005.


� Coyle, 2005: 13 and 20. Only 13% of Americans know that only 1% of the world’s water is fresh and available for use. “The misconception that there is more drinking water available than actually exists (64% gave an incorrect response) may make Americans less concerned about water conservation.” Coyle, 2005: 84.


The water flowing into oceans from lakes and rivers is not wasted. It is an essential component of the global hydrologic cycle. Moreover, this water is used for navigational and recreational purposes, as well as supporting fish and wildlife, diluting waste and sustaining human life. Environment Canada, 2000.


� Although consumers correctly perceive that population growth and development are related to the deteriorating conditions of their water resources, they are often reluctant to see their own connection to the problem. They perceived that ‘other’ people (e.g. neighbours) were more irresponsible with water than themselves. This is consistent with previous research that has found that people typically under perceive the effects of their own actions on other people’s water. DeLorme et al, 2003: 33.


� Covitt & Gunckel, 2006.


� Flores et al, 2003: 274-275.


� Covitt & Gunckel, 2006. For example, fertilizers applied on farms are carried away by surface runoff; it enters the ground water supply and contaminates local drinking water supplies. “The NEETF/Roper studies show that most people grasp simple one-step causes of problems easily enough. The majority can, for example, understand that a car pollutes the atmosphere or a factory can pollute a stream. But add a couple of complicating steps to the process (a car deposits small amounts of oil on the ground and rain washes it into a drain that eventually goes to a stream), and understanding drops off steeply. Few people seem to grasp multi-step causal relationships even when they involve such critical concerns as water pollution caused by run-off from the land…” Coyle, 2005: 14. Dickerson et al, 2005: 374.


� AAAS, 1993: 156.  Cultural differences play a key role in the way water is perceived, valued and managed in different societies. � HYPERLINK "http://www.who.int/water_sanitation_health/Water&cultureEnglishv2.pdf - viewed October 13" ��http://www.who.int/water_sanitation_health/Water&cultureEnglishv2.pdf - viewed October 13�, 2006. Water has moral, cultural, and religious dimensions. Gleick et al, 2002: 9.


� There is increasing competition for the same water supply because of urban, industrial and agricultural growth. Water management is the anticipation or resolution of conflict between users in a manner that protects the environment. Environment Canada, 2000. There are no strict rules governing how provinces, territories or Aboriginal governments share the use of water from the same source unless the governments involved have negotiated one in the past. For example, the provinces of Alberta, Saskatchewan and Manitoba agreed to a formula for sharing common water sources in 1969. Half of the natural eastward flow of waters through Alberta is reserved for Saskatchewan, and one half of the eastward flow flowing through Saskatchewan is reserved for Manitoba. Environment Canada, 2000. Canada and the U.S. share many waterways, including the Great Lakes (which are among the world’s largest bodies of freshwater) as well as rivers that mark or cross the border. Decisions made by one country affect the other; thus cooperation is essential.  The International Joint Commission (IJC) was established under the Boundary Waters Treaty of 1909, and helps anticipate, prevent and resolve disputes between the two countries in an independent and impartial manner.


� The federal government is responsible for the conservation and protection of oceans and related resources, as well as fisheries, navigation and international relations, including managing boundary waters shared with the U.S. Pollution Probe, 2004: 50. 


Additionally, the federal government protects water quality by regulating toxic substances, protecting and conserving fish habitat, conducting research on water quality and promoting pollution prevention. Pollution Probe, 2004: 50.


�  “Canadian provinces have the primary responsibility for most areas of water management and protection. Overall, provincial governments are responsible for the management of water resources, including the provision and regulation of water flows, drinking water and wastewater services, and authorization of the use and development of water resources. They also have the authority to legislate in areas of water supply and pollution control, as well as in the development of thermal and hydroelectric power plants.” Pollution Probe, 2004: 51.


�  “Municipalities are responsible for ensuring that water of adequate quality is delivered to the public.” 


 Pollution Probe, 2004: 55. “Although their roles vary from province to province, municipal governments are generally responsible for owning and operating water supply systems and for providing safe, clean water to their citizens.” Pollution Probe, 2002: 53. The provinces delegate authority to municipalities, especially concerning the treatment and distribution of water and wastewater treatment. Environment Canada, 2003. They are also responsible for warning about pollution risks. Environment Canada, 2000.


�  Waters that lie solely within a province’s boundaries fall under the authority of that province. Waters flowing in national parks, First Nation reserves and other federal lands are the responsibility of the federal government, as well as those waters that flow across international boundaries, and waters in the Northwest Territories, the Yukon and Nunavut, with the exception of certain authorities of Aboriginal governments. Environment Canada, 2000.


�  “Drinking water protections may be created through laws (enacted by the provincial legislature), regulations (generally created by an agency or the provincial cabinet and approved by the provincial cabinet), permit or approval requirements, and guidelines (sometimes called objectives or protocols, which are created by an agency). There are important distinctions between laws, regulations, permit standards and guidelines. Laws, regulations and permit standards may create legally binding and enforceable standards and requirements, meaning that if your water provider is not meeting the relevant standards, enforcement action can be taken. Guidelines, on the other hand, are not generally binding. If your province or territory has established guidelines only, your water provider does not have to meet those guidelines.” Pollution Probe, 2002: 56. The provinces and territories vary with respect to regulations pertaining to drinking water. Even within a particular province or territory, there may be variances in testing requirements. A particular municipality may have standards that are higher or lower than provincially or territorially imposed standards because of special permits or approved conditions and systems that distribute water to populations below a certain size which may be exempt from the region’s testing standards. Pollution Probe, 2002: 56. “Many laws and regulations exist to govern water protection and use, such as pollution prevention controls and limits on the discharge of industrial and municipal effluents.” Pollution Probe, 2004: 49. Environmental assessments must be conducted on certain projects involving the federal government. The Canadian Environmental Assessment Act (CEAA) sets out the responsibilities and procedures for environmental assessments of projects involving the federal government. It helps determine the environmental effects of certain projects early in the planning process to ensure that actions are taken to maintain a healthy environment and to involve public participation in the decision-making process. Under the Canadian Environmental Assessment Act, project proposals are screened for potentially adverse environmental effects, taking into consideration public concerns, so that these effects are addressed or corrected beforehand. Provincial and municipal governments set water prices in Canada, and levy charges to water users applied as a flat rate or by the amount used.  Consumption rates are always higher when the flat rate method is used. Many rural residents obtain their water from private wells and need to pay the cost of installing and maintaining these. 


�  Pollution Probe, 2002: 38.


�  The multi-barrier approach to protecting drinking water “looks at all components of a drinking water system and identifies safeguards needed to provide safe drinking water. The components include source water protection, drinking water treatment, and distribution systems… Although it goes on to consider drinking water treatment and distribution, the protection of source water is the critical first barrier of the multi-barrier approach. This extends beyond controlling individual sources of contamination to address problems and solutions on a regional or watershed basis. Many provincial and territorial jurisdictions, as well as local governments, are already managing water quality programs with a watershed approach.” Environment Canada, 2003.


� Other water associated devices commonly found in the home include: water softeners, dehumidifiers, humidifiers, and filters. Most home water treatment systems, with the exception of ceramic filters and ultraviolet light devices, are designed for use with water that is already treated before it arrives at individuals’ homes or is otherwise microbiologically safe. These devices often treat only the aesthetic qualities of water. For example, they remove residual chlorine and thus improve the taste or odour of tap water. Pollution Probe, 2002: 40. 


�  Water-related disasters can take many forms, including flooding and drought. Heavy rain forecasting and warning systems help minimize flood damage and prevent loss of life. Floodwaters can flood over dykes and exceed the capacity of reservoirs and diversion channels. Environment Canada, 2000. Even though sewage treatment plants are built to prevent untreated sewage from entering various bodies of water, accidents occur.


� A commonly used definition of social good are those goods that have significant “spillover” benefits or


costs. For example, water is a social good because it increases both individual and social well-being. Modern societies choose to regulate social goods because they recognise that markets will be more efficient and effective if this is done.  This regulation is done to some degree, and sometimes entirely, by governments. Gleick et al, 2002: 5. “Seeing water     as an economic good means that water has value in competing uses. Managing water as an economic good, broadly defined, means that water will be allocated across competing uses in a way that maximizes the net benefit from that amount of water. Allocation of water can take place through markets, through other means (e.g. democratic or bureaucratic allocations), or through combinations of market and non-market processes.” Gleick et al, 2002: 6.


� The primary source of water trade is through bottled water. Bulk shipments of water have not been common. However, discussions between nations are becoming prominent. Some sectors in Canada have expressed great concern over bulk water trading. Gleick et al, 2002: 15. Canada exports water in small consumer containers but does not export water through interbasin-transfers, pipelines or ocean tankers. It is also shared between some border communities for domestic water supply purposes.  Bulk water removals cause undesirable environmental impacts. In 1999, the Canadian government launched a strategy to prohibit the bulk removal of water from the Canadian portion of major drainage basins, including water for export purposes. This was done to protect ecosystems and ensure sound watershed management. Environment Canada, 2000.





“Virtual water is the water ‘embodied’ in a product, not in real sense, but in virtual sense. It refers to the water needed for the production of the product. Virtual water has also been called ‘embedded water’ or ‘exogenous water’, the latter referring to the fact that import of virtual water into a country means using water that is exogenous to the importing country. Exogenous water is thus to be added to a country’s ‘indigenous water’. If it comes to a more precise quantitative definition, principally two different approaches have been proposed and applied so far. In one approach, the virtual water content is defined as the volume of water that was in reality used to produce the product. This will depend on the production conditions, including place and time of production and water use efficiency. Producing one kilogram of grain in an arid country for instance can require two or three times more water than producing the same amount in a humid country. In the second approach, one takes a user rather than a producer perspective, and defines the virtual water content of a product as the amount of water that would have been required to produce the product at the place where the product is needed. This definition is particularly relevant if one poses the question: how much water do we save if we import a product instead of producing it ourselves?” Virtual water can be used as a tool for water footprints: making the link between consumption patterns and the impacts on water and virtual water trade as an instrument to achieve water security and efficient water use.” Hoekstra (ed.), 2003: 13.


� Robinson & Venema, 2006: 2-3.


� Traditionally, more attention has been paid to drinking water treatment and distribution, with far less regard for the protection of the sources of water. Remediation of groundwater is forty times more expensive than protecting water at the source. Pollution Probe, 2004: 10.


� Pollution Probe, 2002: 26. The quality of the available water is far from adequate. It is commonly reported that about 1.1 billion people do not have access to clean water (whatever its quantity). Fully 2.4 to 3.0 billion people lack access to proper sanitation. In developing countries, 90- 95% of sewage and 70% of industrial wastes are dumped untreated into surface waters where they pollute the usable water supply. Krchnak (ed.), 2002: 153. By 2025, many countries will have only a quarter of the amount of water they need to be productive and efficient as nations.  Over the past twenty years many improvements have been made to provide increasing numbers of people with access to safe water. 


� The amount of freshwater available remains basically constant. Per capita availability of water has, therefore, declined significantly. Krchnak (ed.), 2002: 150, Zehnder et al, 2003: 1.


� Krchnak (ed.), 2002: 150.


� Krchnak (ed.), 2002: 149.  The largest portion (71%) of water withdrawn is used for agriculture, which translates to 2,424 km3.  1,000 cubic meters of water are needed to produce 1 cubic meter of cereal crops in moderate conditions. Production of animals for human consumption requires substantial inputs of grain and additional water for the animal. Each kilocalorie of meat requires roughly ten kilocalories of grain. Water requirements increase dramatically the higher the importance of meat in diets. Krchnak (ed.), 2002: 151.


� A result of poor sanitation and unsafe water supply is diarrheal disease. Infants, young children and the elderly are most at risk. There are four billion cases of diarrhea in the world every year. Of these, 2.2 million people die as a result, most of whom are children under five years of age. Diarrheal disease accounts for more deaths each year than AIDS and cancer combined. With a safe water supply and adequate sanitation and hygiene, the number of cases of diarrhea could be reduced by a quarter to a third of what it currently is. Pollution Probe, 2002: 6.  In Canada, disease as a result of water contamination is higher in First Nation communities than the general population due to the fact that their water treatment facilities are inadequate or nonexistent. Pollution Probe, 2002: 55.


� The pollutants that we are responsible for putting into our water supply include degradable pollutants or non-persistent pollutants (such as sewage, fertilizer and household cleaners) which can be broken down slowly; persistent pollutants (like lead, PCBs and mercury) which take centuries to break down if at all; floating debris and garbage dumped directly into our waterways; thermal pollution (after artificially heated water is used in power plants, it is released back into the water); dams flood land and dredging disturbs the natural ecological balance by removing aquatic life and depositing material. Environment Canada, 1994. 


� Pollution Probe,  2006. 


�  “The Great Lakes basin has deteriorating water quality, fluctuating water levels, flooding and erosion. Acid rain, airborne toxics, depleting wetlands, increased land-based demands, the introduction of exotic species and climate change are also problematic.” Environment Canada, 2000.


Climate change is predicted to reduce the amount of water in lakes, rivers and streams due to reduced precipitation and increased evaporation. This will influence the hydrologic cycle, hence all sources of water. Pollution Probe, 2004: 39.


�  In geological time frames, large quantities can be removed for long periods of time by becoming locked up in polar ice sheets, mountain glaciers, and underground.


� Groundwater maintains a consistent temperature and is less subject to fluctuations than surface water.  Pollution Probe, 2004: 17-18. 


� Wetland communities prevent shoreline erosion and improve water quality by filtering pollutants and trapping sediment. Environment Canada,  2000. 


� Cold water has a greater density that warm water.  In its solid state, water is less dense than the liquid state, hence, ice floats. 


� Smith et al, 2004: 67.


� Physical and chemical determinants of water quality include dissolved substances, colour, turbidity (a measure of the suspended particles in the water) and acidity. 


� Solutions with a pH below 7 are acidic while those above 7 are alkaline.


� For examples, visit � HYPERLINK "http://www.nationmaster.com" ��www.nationmaster.com� and � HYPERLINK "http://www.worldwater.org/data.html" ��www.worldwater.org/data.html�


� NAAEE, 2004: 51.


� NAAEE, 2004: 12.


� NAAEE, 2004: 12.


� NAAEE, 2004: 57.


� Explain why surface and ground waters are related. NAAEE, 2004: 54.


�  Students will become aware of the time and money that could be saved by creating water-purifying systems for use in countries with problematic water supplies. Students will also learn how to explain the science behind the creation of clean water and understand the processes needed to test for clean water.This lesson plan is designed for Grade 10 students. EarthCARE, 2003. 


�  NAAEE, 2004: 12.


�  Use a variety of information sources to identify issues that impact on the quality of water locally and regionally. After students become aware of local water issues, they may be interested in helping resolve the problem. It is at this stage that teachers and schools can begin to encourage more active community involvement. Words to Action, 2003.


� After completing this activity about salmon in California, investigate similar scenarios with fish in a local river system.  


� This is a demanding task because students need to imagine matter on a scale far removed from experience and it requires making theoretical commitments that violate everyday experiences.  Smith et al, 2004: 41. And even with an understanding of the particle model some of these students have difficulty explaining the process of evaporation in nature. Bar and Galili, 1994 and Johnson 1998a 1998b as noted in Ben-zvi-Assarf and Orion, 2005: 367.


� Many students up to this age, when asked about the human water system, do not mention the treatment of water or only mention water treatment before it gets to humans. Covitt & Gunckel, 2006. 


� Students in grades five through eight can investigate the water cycle as an introductory example to geophysical and geochemical cycles. Covitt & Gunckel, 2006.


�  Many think that in the water cycle, water evaporates only from oceans or lakes. /Water can also evaporate from plants, animals, land surfaces and from the soil.This misconception may exist because diagrams of the water cycle in textbooks tend to have the evaporation arrow coming from a large body of water.  Also, many think that the water cycle only involves the freezing and melting of water. /The water cycle also involves liquid water being evaporated, and water vapor condensing to form rain or snow in the clouds, which falls to the Earth. Henriques, 2002: 208.


� Ben-zvi-Assarf & Orion, 2005: 366. Teaches should note that incomplete /inaccurate depictions of the water cycle showing little of the geospheric underground water cycle has been implicated as a contributor to poor understanding. Ben-zvi-Assarf & Orion, 2005: 371.


� In geophysical cycles, the overall amount of matter is conserved and the cycle has no beginning or end.  Ben-zvi-Assarf & Orion, 2005: 366.


� Ben-zvi-Assarf & Orion, 2005: 366, 368, 369. Therefore, problems such as the impact of industrial areas, landfills and gas stations as they impact on groundwater are not understood. 


� Dickerson et al, 2005: 374. Dickerson & Dawkins, Covitt & Gunckel, 2006.


� Many think that the bubbles that arise when water boils are air, oxygen, hydrogen or heat. /The bubbles that form and rise when water is boiling consist of steam (or water vapour).This misconception can be explained as follows. Older children who know water is formed of hydrogen and oxygen (which are gases) reason that gases released from water must be H or O; since they cannot see anything inside the bubbles, and the bubbles disappear when they reach the air,  they are probably air to begin with.  Henriques, 2002: 209.


� Ben-zvi-Assarf & Orion, 2005: 369. 


� For example, many students in grade 7 and 8 conceptualized a watershed to exist in mountainous terrain, suggesting that watersheds are either confined to mountainous areas or limited to land areas of high relief and elevation. Shepardson, 2005; 384.  Coyle, 2005: 13-4. A watershed is defined as "an area of land that, due to its natural drainage pattern, collects precipitation and deposits it into a particular body of water." Covitt & Gunckel, 2006.


� In this study, none of the students indicated that water or other materials on the land would be carried into the rivers and further transported through the watershed. Thus, students did not see the connection between point and non point source pollution and watersheds or the applications to sedimentary geology and environmental science. The almost complete absence of ideas about land areas supplying water and other materials to a stream and river system is of particular significance. Shepardson et al, 2005: 5.


�  Environment Canada, 1994.


� For more information, see � HYPERLINK "http://www.hc-sc.gc.ca/fn-an/consultation/init/bottle_water-eau_embouteillee_01_e.html" ��http://www.hc-sc.gc.ca/fn-an/consultation/init/bottle_water-eau_embouteillee_01_e.html� - Viewed February 1 2007 and Canadian Environmental Law Association, � HYPERLINK "http://www.cela.ca/faq/cltn_detail.shtml?x=1506#1701" ��http://www.cela.ca/faq/cltn_detail.shtml?x=1506#1701� – Viewed February 1 2007.


� Research suggests this problem results from students’ incorrect conceptions of groundwater. Students failed to associate human activity with groundwater quality. Ben-zvi-Assarf & Orion, 2005: 368. Dickerson & Dawkins, 2004: 180.


� AAAS, 1993: 155.


� Water is supplied by both publicly and privately owned operations. Most Canadians get their water from public utilities.  The cost of water to individuals and businesses provided through public systems is often less than what it costs to secure, treat and protect it.


� Governments can use a number of tools and engage in multi-party agreements to ensure water resources are protected. However, they often do not choose to do so.  Students should be able to “describe ways in which the global environment is affected by individual and group actions, as well as by government policies and actions having to do with energy use and other forms of consumption, waste disposal, resource management, industry, and population.” NAAEE, 2004: 39. Additionally, they should explain how environmental change in one part of the world affects other places (e.g. Acid Rain) and identify global links, including treaties, multi-national corporations and international organizations. NAAEE, 2004: 39.


� There are six steps in the water treatment process: 1) intake and screening, 2) chemical addition to kill bacteria, improve taste and odour and settle clumps; 3) coagulation and flocculation 4) sedimentation 5) filtration, and 6) post-treatment disinfection. Drinking Water Primer, 28.


Most but not all municipalities treat sewage before discharging it. Regardless of the process used, sewage treatment plants concentrate sewage into sludge, which is used on agricultural land, disposed of in landfills or incinerated. Wastewater treatment plants remove suspended solids and some of the organic matter. More advanced plants remove phosphorous and nitrogen. Both of these nutrients are present in human sewage as well as agricultural runoff. Regardless of the methods used, waste can still percolate through the ground with groundwater, infecting lakes, streams or wells. Environment Canada, 2000.


�  Technological improvements include low flow shower heads and low flush toilets. Maintenance includes locating and repairing leaks in the distribution systems and changing washers on dripping faucets. Change in use patterns include taking shorter showers,  taking showers instead of baths and changing gardening practices.


� Dams, dykes and diversion channels are methods of flood protection. These provide benefits but also cause problems (e.g. flooding of homes, hunting grounds, changes in ecosystems and fisheries).  Often those who benefit from the construction of these structures are different from those who suffer the consequences.


� We have to pay for water, whether through a water bill or through the upkeep of a private well.  Water rates in Canada are low. Metered houses (those that pay for each unit of water used) use less water than houses that pay a flat rate. Environment Canada, 1994. Many sectors of the economy require large amounts of fresh water of good quality, often supplied at little cost to them (e.g. agriculture, manufacturing, oil refining, food processing, the aquaculture industry, recreation and tourism).  Hydroelectricity generation and transportation are also water dependent industries. Canadians are amongst the highest water users in the world and much of this is used inefficiently. This overuse is recognized as a threat to the sustainability of water supplies. Pearce, 2006: 26. Environment Canada, 2003.


� The most expensive water is that which is sold in bottled packaging.  Water bottling is an important industry where private companies greatly increase the cost of water by bottling it and promoting its sale through advertising. Bottled water is often no safer than tap water, and sometimes is worse. Let’s Not Take Water For Granted – A Resource Guide, 1994.  Federal law requires that all bottled water offered for sale must be safe to drink. The Canadian Food Inspection Agency periodically samples and analyses both imported and domestic bottled waters. This monitoring focuses primarily on testing bottled waters for bacterial contamination. � HYPERLINK "http://www.cela.ca/faq/cltn_detail.shtml?x=1506#1701" ��http://www.cela.ca/faq/cltn_detail.shtml?x=1506#1701� – viewed February 1 2007.


� This is another example of the “tragedy of the commons”. It is cheaper to clean up waste water before it enters the surroundings, as opposed to afterwards.  Once released to the environment, those who end up paying for clean up are often different from those who caused the problems in the first place. “Cleaning up polluted air, water, or soil or restoring depleted soil, forests, or fishing grounds can be very difficult and costly” AAAS, 1993: 69. 


� Environmental services provide many benefits that are often taken for grated.  These include groundwater recharge, flood control, and wildlife habitat. NAAEE, 2004: 38.


� Almost one third of Canadians depend on groundwater. Some parts of Canada rely on groundwater more than others.  Groundwater is usually cleaner and safer to drink because it undergoes a natural filtration process. Pollution Probe, 2002: 12.


�  A minimum of 30–50 liters per day is required for basic personal and domestic hygiene, for cooking, and for washing.  Zehnder et al, 2003: 1- 2.


�  Water can harm living things, including people, if it contains chemical contaminants (pesticides, metals, pharmaceuticals, radioactive waste).  Millions of people in the developing world, mostly children, still die every year from water-related diseases. Zehnder et al, 2003: 6. We can be exposed to contaminants in different ways: we can take in chemicals into our body when we drink the water directly, we can absorb contaminants through out skin, we may also inhale chemicals in airborne water droplets or eat food that has been contaminated with water pollutants. Drinking Water Primer: 17.


� AAAS, 1993: 69. Even small amounts of pollutants in our water supplies are problematic. One drop of oil can render 25 litres of water unfit for drinking; one gram of 2,4-D (a common herbicide) can contaminate 10 million litres of drinking water; one gram of PCBs can make one billion litres of water unsuitable for freshwater aquatic life; and one gram of lead makes 20 000 litres of water unfit for drinking. Environment Canada, 1998.


Point sources include industrial and sewage plants whose location can be identified. Until recently, most pollution regulations and enforcement agencies targeted only point-source polluters. Non-point sources are more difficult to address and include: runoff from agricultural operations and urban areas, and chemical discharges into the air which end up in the water cycle. Agricultural pollution includes chemical pollution (including increased salinity) by fertilizers and pesticides, and pollution from animal operations. Zehnder et al, 2003: 7. Storm water runoff is a major cause of stream pollution.


� The water cycle is a means by which water problems in one area are transferred to areas that are beyond the region or country of origin (e.g. acid rain).  Pollutants released into the air and water have no geographical or political boundaries; they are carried by winds and currents to all parts of the world. Run-off from animal factories, feedlots and grazed pastures are now one of the main non-point source polluters of nitrogen and phosphorus. Pharmaceuticals (antibiotics, growth hormones) from animal treatment also find their way to the aquatic systems. The tradition in agriculture has been to maximize production and minimize the cost. Little attention was given to the impact on the environment and the services it provides to society. Zehnder et al, 2003: 7. 


� Human activity (i.e. farming, land clearing, removing groundwater for irrigation and dam construction), can change the movement of water on the surface and underground and cause serious problems (such as salt water intrusion, flooding and reduction in flow) and decrease the capacity of the environment to support some life forms. AAAS, 1993: 73. It is estimated that more than 20 percent of all freshwater fish species are now threatened or endangered because dams and water withdrawals have destroyed the free-flowing river ecosystems where they thrive. Gleick et al, 2002: 2. Three of the ten most valuable species of fish in Lake Ontario have disappeared as a result of water pollution. Environment Canada, 1998.  Eutrophication is the natural ageing process of lakes; it occurs naturally with the gradual input of nutrients and sediment through erosion and precipitation. However, humans speed this process up by releasing nutrients into rivers and lakes through effluent and increased soil erosion caused by poor land use practices. Lakes with high nutrient concentrations and dense growths of weeds and algae deplete dissolved oxygen in the water as they die, killing fish. Environment Canada, 2000. Many Canadian regions depend on groundwater and are using up their groundwater supplies more rapidly than they can be recharged. This has various negative impacts to living things and natural water systems. For example, The resulting lower water tables decrease summer low-flow rates in rivers and streams, reduce perennial stream habitat, increase summer stream temperatures, and impair water quality. Jackson et al, 2001: 1030.


� Learning about the water cycle should occur in the context of other components of the earth’s systems. “In order for students to understand the water cycle meaningfully, they must understand the following relationships between the earth's spheres: (a) the hydrosphere and geosphere (e.g., chemical weathering by dissolution and precipitation of minerals from seawater); (b) the hydrosphere and atmosphere (e.g., evaporation and condensation); and (c) the hydrosphere, biosphere, and atmosphere (e.g., transpiration).” Ben-zvi-Assarf & Orion, 2005: 366.  For this age group, the water cycle can be simplified to include an endless circulation where water evaporating from the surface of the earth rises and cools, condenses into rain or snow and falls again to the surface.  The water falling on the land collects in rivers and lakes, soil, and porous layers of rock, and much of it flows back into the ocean. The cycle includes the processes of evaporation, condensation, precipitation, transpiration, surface run-off, percolation. During the cycle, water is purified through evaporation which leaves dissolved material in the ocean. The water cycle is influenced by the seasons that occur on Earth. AAAS, 1993: 69.


� This is an important element in understanding the water cycle.  “Cyclic thinking is the ability to perceive the transformation of matter, within and among the earth systems, as part of a cyclic process, where the overall amount of matter is conserved.  This perception also includes the understanding that there are no beginning or end points within the cycle”. Ben-zvi-Assarf  & Orion, 2005: 366.


�  Precipitation seeps through the soil layers and becomes groundwater.  Groundwater often returns to the surface to become part of the surface water system. Groundwater usually contains higher amounts of dissolved materials.  Both surface and ground water flow over considerable distances.  Surface water is water that flows over land as lakes, rivers, and streams. There are greater amounts of freshwater underground than in surface waters. Pollution Probe, 2004.


� Shepardson et al, 2005: 384-5.


� Shepardson et al, 2005 : 385. 


� AAAS, 1993: 73.


� Oceans differ from bodies of fresh water in their size, amounts of dissolved material, their movement through ocean currents, tidal action and the living things in them.  Ocean water is not suitable for humans and many other living things to drink. AAAS, 1993: 69. Water is in constant motion in the ocean due to interaction with winds and the effect of heat from the sun. Dissolved solids in the ocean are a result of water action on land, dissolving it and carrying it to the seas.  Upon evaporation, the salts are left behind.  Oceans are important in the Canadian context since Canada has the longest marine coastline of any country, the second largest continental shelf in the world, and a total offshore marine area equal to 40 percent of the Canadian land mass. Environment Canada, 2003.


� AAAS, 1993: 112 and 69. 


� The conservation of mass applies to all changes of state for water.  Dissolving, phase change, and chemical change involve conservation of mass but not volume. Smith et al, 2004: 39-40.  Heating changes the volume, but not the mass of the object.


� For example the addition of some materials such as common salt to liquid water affect its freezing point or cause ice to melt. Smith et al, 2004: 39. 


� An aquifer is an area of soil or rock underneath the ground that is porous and permeable, and that contains or serves to transport water to another place. Water that seeps into an aquifer [source water] is called recharge. Aquifers are underground areas of soil or rock where large quantities of water are found. Wells are drilled down to an aquifer to draw groundwater to the surface. The surface or top layer of the groundwater supply is called the water table. If more water is drawn from an aquifer than can be recharged naturally (through water percolating downward from streams, lakes and rainfall on the soil surface), then the water table drops. Pollution Probe, 2004: 11.


� Political leaders see large-scale hydro-power projects as economic miracles; they create jobs, power-for-sale and networks of economic spin-offs. However, environmentalists argue that these projects are ecologically devastating. Environment Canada, 1998.


� “Predict the consequences of specific physical phenomena such as a hurricane in a coastal area or heavy grazing in an arid region.” NAAEE, 2004: 34.  Interview local officials to identify human actions that have contributed to the possibility of flooding in the local region and the response to prevent these. NAAEE, 2004: 42.


�  Note water resources that are being rapidly depleted. NAAEE, 2004: 41. Use historical data to examine the changes in water availability that have occurred and examine future scenarios. NAAEE, 2004: 34.


Have students determine the source of their drinking water, and determine how many litres of water per day that the local population uses. Have the students determine how local industries use water and what their town would do in the case of a water emergency. Environment Canada, 1998.


� As an example, “discuss conflicting perspectives about past and present proposals to build large-scale dams.” NAAEE, 2004: 42-3. Case studies of watershed-based approaches to water management preferably will be based on the watershed in which students are located.


� Participate in a fieldtrip exploring land use practices within the local watershed and then draw watershed diagrams. Shepardson et al, 2005: 385.


�  Students can apply their learning in the community by participating in clean up of local waterways in order to improve water quality and improve community habitats. 


�  Groundwater Foundation: Kids Corner, The “Groundwater Activity: The Aquifer Challenge.”  Demonstrate how an aquifer functions by filling jars with the necessary materials and then pouring water into the jars, predicting which type of earth material will allow the water to travel the fastest. Pump water out of a container to signify a well and demonstrate recharge by pouring water back into the ground (noting the impact on the water table in both instances). Environment Canada, 1998.


�  To learn about drainage patterns and water pollution, have students create a simple watershed model, adding water and ‘pollution’ (e.g. kool-aid) to the model and describing the water’s flow pattern and the effects of the pollution. Environment Canada, 1998. For instructions see: � HYPERLINK "http://www.ec.gc.ca/water/en/info/pubs/NSKit/e_chap6.htm" ��http://www.ec.gc.ca/water/en/info/pubs/NSKit/e_chap6.htm�


� Shepardson et al, 2005: 385.


� Shepardson et al, 2005: 385.


� Ben-zvi-assarf & Orion. 2005: 371-372. Have students build a model of the water cycle and evaluate it for its accuracy. For examples that students can create, visit  � HYPERLINK "http://www.sciencenetlinks.com/Esheet.cfm?DocID=174" ��http://www.sciencenetlinks.com/Esheet.cfm?DocID=174�  Use physical models of watersheds to expand student conceptions (i.e. both models of a mountainous watershed and ones with low relief). Have students draw the physical models and compare with earlier perceptions. Shepardson, 2005: 385.


� Dealing with relevant subjects such as water is probably insufficient for making it relevant in the students’ opinion. Ben-zvi-Assarf & Orion,  2005: 372.  For example students can find out who the big water users are in the community, how they use water, what they pay for it and the quality of waste water they release with particular regard to how this affects them. 


� Perryess, C, 2001: 6-9. With such a model of the local watershed, students can examine how fundamental concepts apply.  For example, how does pollution move in a river system, how do some landfill site contaminate groundwater?


� Yellow Fish Road is identified as an exemplary program due to its engagement of students by applying their learning outside the classroom in the community (i.e. service learning, audience beyond the classroom, relevance of leaning beyond the classroom). Opportunities to enhance learning using the Yellow Fish Road program would include, as a class, writing to the local paper, telling the community about the program and what the small fish mean. 


� Integrated, long-term investigation using a project-based approach is a significant feature of learning at this school.   The integrated-inquiry approach involving students in the life of the community is exemplary. White, 2000.  


� Brody, 1993: 8.


� Bar, 1989 and Bar and Travis, 1991 as reported in Ben-zvi-Assarf & Orion, 2005. Others suggest that due to students’ recent introduction to the concept of air, evaporation should be left until the next grade range. Smith et al, 2004: 31.


� Students are now able to understand that, in addition to a liquid and a solid, water can also be a gas. AAAS, 1993: 68. Bar and Galili identify four distinct stages in children's progression of understanding of evaporation and condensation: water disappears, water is absorbed into surfaces, water is transferred upwards, and water disperses into air. They associate the transitions between stages with particular ages, with the highest stage occurring at about age 13. Tytler and Peterson, 2005: 13. Students are still often confused about evaporation, condensation and other changes in the states of matter.  In various studies, students from age 8 to 17 did not indicate that what they were being taught about changes in the states of water had anything to do with their explanations of the heating and boiling of water. Few students gave correct explanations of what was happening. “Most of the time they explained the bubbles that form when water is boiling as air, oxygen or hydrogen gases.”  The concept of boiling precedes the concept of evaporation in the understanding of children. “However, as children explained boiling many explain bubbles as containing air and subsequently that in evaporation water vapour becomes air.” Brody, 1993: 8.


�  AAAS, 1993: 67-68.  


� Thornber et al, 1999: 70. Research found that with instruction, students acknowledge that pollution can come in the form of garbage, smoke and noise, and that these types of pollution can potentially have specific impacts on their health. However, the students did not modify their conception of pollution as consisting mainly of waste perceptible to their senses: paper products, oil in water, smoke that can be seen, and noise that can be heard. Pruneau et al, 2005: 30.


� Smith et al, 2004: 27.


� Ben-zvi-assarf & Orion, 2005: 368.


� Ben-zvi-Assarf & Orion, 2005: 372. The complexity of groundwater requires a grasp of scale, geological concepts and the ability to think more abstractly that is not present until these students are older. Dickerson et al, 2005: 374 and Covitt & Gunckel, 2006. 


� AAAS, 1993: 72.


� AAAS, 1993: 68-69. “Students should conduct investigations beyond the observations of the previous years about water in its liquid and solid states and can come to understand it in a gaseous state. Although, this is not self-evident or easy to detect, the water cycle is of vital importance to life on earth and students should definitely have experiences that will in time contribute to their understanding of evaporation, condensation, and the conservation of matter.” Ben-zvi-Assarf & Orion, 2005: 366.


� Covitt & Gunckel, 2006.


�  Henriques, 2002: 209. Many think that condensation occurs when air turns into liquid.


�  Students in grades four, eight and eleven mistakenly believe that oceans are a limitless resource. Brody, 1993: 13.


� When younger students were asked about where trash in the garbage went each week, they responded “to the dump” and believed this was the problem. Stavridou and Marinopoulos, 2001: 32.


� Many think that rain falls out of the sky when the clouds evaporate; rain comes from holes in the clouds (like salt from a salt shaker); rain comes from clouds sweating, or melting, and rain falls from funnels in the clouds; rain occurs when we need it; rain occurs when clouds get scrambled and melt; rain occurs when clouds are shaken by the wind; rain occurs when clouds collide; or rain occurs when clouds become too heavy. In reality, rain occurs whether or not we need or want it. When water droplets are sufficiently heavy, they fall from clouds.  Hendriques, 2002: 210-211.


Many think that clouds go to the sea and get filled with water. /Clouds are created when water vapour condenses onto dust or other particles in the air. The water vapour is in the atmosphere as a result of evaporation of water from the surface of the Earth and from the respiration of plants and animals. Henriques, 2002: 210-211.


�  Henriques, 2002: 211.


� The problem can be addressed with technological and non technological solutions.  The technical solutions are to increase supply or reduce demand.  One social solution is for people to choose to use less water.


� Government has much of the responsibility to treat and ensure the supply of water is safe for drinking and to ensure that waste water is treated so that it can be released back into the environment.  The three levels of government in Canada have different responsibilities regarding water.  Individuals and households decide how to use water in their homes (wasteful or conserving actions) and what sources of water to purchase.  Businesses provide goods and services that relate to water (bottled water, home treatment devices) in order to make a profit.


� AAAS, 1993: 193.


� The large-scale treatment of water for drinking includes: aeration, sedimentation, filtration and chlorination followed by distribution.  Waste water treatment includes: collection by the sewer system, collection at a sewage treatment plant, followed by a series of steps to treat it.  Storm water does not undergo as extensive treatment and often goes directly back into the surrounding waterways.  In small communities and individual rural households, less sophisticated methods are used. 


� There are many things that we can do: minimize waste produced by reducing, reusing, recycling and composting; avoid using the toilet as a wastebasket; properly dispose of products (i.e. not dumping them into the sewers or the toilet); properly dispose of pharmaceutical products; use non-toxic cleaning products (the EcoLogo identifies products that are certified environmentally responsible); or purchase products from businesses that produce environmentally safe products. Use commercial car washes that are designed to prevent pollutant runoff from entering storm sewers; avoid  washing vehicles at home (or if they do, use appropriate cleaning agents, and make sure soap, dirt and oil do not enter storm sewers); minimize the amount of road salt used in winter; use lawn compost and grass clippings instead of chemical as fertilizer; tolerate weeds or hand pull them to avoid using pesticides); aerate compacted soil in the fall to reduce watering; care for private wells and septic systems. Pollution Probe, 2004.


� Lack of access to adequate treated water is a problem in parts of rural Canada and on native communities as well as in many parts of the developing world.


� Examples include the creation of dams, draining or filling wetlands, and paving the ground, which increases run off, and the removal of forest cover. Research indicates elementary students understand that a landfill can contaminate a well. Covitt & Gunkel, 2006.


�  Shepardson 2005: 384, AAAS, 1993: 68-9. 


� AAAS, 1993: 72. 


� It is important for these students to understand the integration of water with various types of rock so that they will later be able to fully grasp the groundwater concept.  Ben-zvi-Assarf, 2005: 369.


� Children can understand dissolving (transformations) when the other form changes significantly to the naked eye. With regard to micro-organisms, they can understand that there are living things around even though you can’t see them.  Smith et al, 2004: 27.    


� The various natural communities and the living things found in these are largely determined by the amount of water present (wetlands, aquatic communities, fields, forests).


�  AAAS, 1993: 68. 


�  When water disappears or evaporates it becomes a gas (vapour).  It can reappear as a liquid when cooled, or a solid if cooled below water’s freezing point. AAAS, 1993: 68. Interactions of water with other substances suitable for this age group are physical in nature, not chemical. That matter continues to exist after it dissolves in water is accessible for this age. Smith et al, 2004: 27.


� Methods such as filtering and settling.


� Environment Canada, 1998 and earthCARE, 2003. “Wat-er We Good For?” Students can begin to learn how much water is used for various activities, such as flushing the toilet (19 litres), brushing their teeth (7 litres), running the dish washer (75 litres), washing dishes by hand (87 litres), doing a load of laundry (152 litres) and taking a shower or bath (19 litres per minute water running). earthCARE, 2003. “Wat-er We Good For?”


�  Environment Canada, 1994. 


� Have students conduct their own water purification process. Aerate water by passing it between cups; add alum and watch the floc form, waiting several minutes before holding a piece of cheesecloth over an empty glass and pouring the water though it into another container. Discuss the differences between pioneer’s methods of boiling out impurities as the final process and that of our modern method of adding chemicals to purify water, determining which is better, more environmentally-friendly and more practical. Environment Canada, 1998.  


Students can also build water filtration devices in order to better understand how a municipal water treatment plant is designed. Teams will take a 2-litre pop bottle cut in half, placing the top portion upside down on the bottom portion, which will act as a reservoir collecting water running out of the filter. Teams will be provided with the appropriate filter materials and challenged to design the most efficient filtration system in a limited time period. Contaminated water will then be poured on top of each filtration system. The team with the clearest, most debris-free water is declared the winner. Teams will compare and contrast the different filtration systems and come up with ways to improve their own system. Groundwater Foundation: Kids Corner, The Filter Challenge.


� AAAS, 1993: 67. For example, create a mixture of salt and water to approximate that in ocean water.  Allow students to taste it and determine why it cannot help survivors at sea.  Investigate how it can be treated to be useful to them and carry out these methods.  Use filtering and settling as a means of separating water from other materials.


� AAAS, 1993: 68.


� Environment Canada, 1994. 


�  There are many aspects of Canadian culture that relate to the historical importance of water in the development of the nation and its identity: the canoe, the Great Lakes, songs such as “Land of the Silver Birch”, abundance of fresh water, coastal waters and the influence of snow and ice.


� As part of inquiry learning, have students design an investigation to address concerns that dissolved sugar has not disappeared. 


� This example is chosen as an exemplary learning experience because it follows a defined inquiry processes. During inquiry experiences, students are the centre of the learning, are developing skills and reflecting on their learning, with the teacher’s role primarily as a guide for investigation and clarification, a poser of relevant questions, and a provider of resources for learning.  


The teacher introduces the topic with an engagement activity that brings attention to some of the special features or properties of water (e.g. unsprouted bean seed that will not grow without water, a spill on the floor that will not clean up with a dry paper towel, a wet paper towel that simply dries on its own, etc.)  Students are grouped in small investigative teams of 2 to 4 to identify what they know and want to know about water.  This provides an opportunity for the teacher to learn of misconceptions and the level of understanding of water, as well as acting as a tool to help compare what they know at the beginning of the investigation with what they know at the end.   What students want to know or do directs the next stage, exploration. Students participate in activity-based learning that they have identified or that the teacher has brought to their attention, in response to student questions or observations. These activities should introduce students to a wide range of experiences with water to equalize the students’ experiences with the topic and give depth to questions and ideas.  A tour of the school and discussions at home can expand the scope of the activities. Students now work to explain the abstract knowledge they gained during their experiences. The focus is to put their knowledge into communicable form. At this stage, the teacher will introduce important concepts more formally and common terminology will be provided that will assist with this process. For example, a student may describe the liquid state as watery and in response the teacher can introduce the term liquid, which in turn provides another inquiry avenue: identifying what liquid means. Next, students elaborate on their knowledge by expanding on what they have already learned, connecting it to other topics and ideas and applying it to a situation in the real world around them. Student interest leads the inquiry activities with the teacher looking for and utilizing opportunities to address the content and skills identified from curriculum policy. Lastly, evaluation, which will have been on-going throughout the experience, will occur, ensuring that the students attained an understanding of the concepts and knowledge experienced through both self and group methods as well as teacher mediated interventions. These will include rubrics that address concept attainment, individual learning skills and applications, group processes, teacher observation structured by checklists, student interviews, portfolios, project and problem-based learning products, and assessments embedded in the learning activities.


For a general description of constructivist- based inquiry see � HYPERLINK "http://www.miamisci.org/ph/lpintro5e.html" ��http://www.miamisci.org/ph/lpintro5e.html�


� These changes of state (evaporation and condensations) are conceptually out of reach for most of these students. There is no need to try to have these students understand evaporation or condensation at this time. AAAS, 1993: 67.  In research with primary age students, trying to advance understanding of phenomena such as water boiling -steam rising- the diminishing water level, in spite of reference to the water cycle, was not productive.  Tytler & Peterson, 2004:  9.


� Smith et al, 2004: 27. Transformations such as evaporation, dissolving and burning, which involve processes invisible to the naked eye, and ideas about matter, are not accessible to most second graders, and thus, are better reserved for the later grade levels. As with evaporation, it may be most appropriate to describe dissolving of a substance in water simply as “the substance disappeared into the water”


� Children in this age group should become familiar with earth-related phenomena (liquid and solid water changing state and their properties) at this time as a basis for later (Grade 4 to 6) learning leading to an understanding of the water cycle. AAAS, 1993: 67.


� For these students pollution must be visible, is mostly made up of objects thrown to the ground, and can affect people (in an undetermined way). The idea that pollution must be perceptible by the senses persists, even with constructivist teaching strategies. Pruneau, 2005: 31. 


�  Brophy and Alleman, 2002.


� Agelidou et al, 2001.  AAAS, 1993: 72.  Most students will not have had any direct experience with erosion and erosion will have had little relevance in their lives. 


�  Henriques, 2002: 209.


� AAAS, 1993: 67.  


� Water is used in many ceremonies.


� Some materials are better than others in shedding or absorbing water. A tour of the school will reveal how water is made available, how it is controlled, and the materials suited for these purposes.


� Brophy and Alleman, 2003.


� With instruction, these students can identify local sources of their water, and understand that it receives some kind of purification.  An understanding of water pressure and the use of water towers is required to understand how water can flow upward from underground pipes into homes. Brophy and Alleman, 2003. 


�   Namathaka et al., 2000: 200.


�  AAAS, 1993: 144. Some things that people take into their bodies can hurt them. Water spreads disease by moving germs from one place to another. Young children seem to be able to construct the conception that pollution can be hazardous to their health, starting from the idea that pollution only constitutes visible waste. Pruneau et al, 2005: 30. Children as young as preschool age have the idea that germs are the means whereby some actions lead to illness, but are not the mechanism for all illness causation. Kalish, 1993: 2.  


� For this age group, liquid and solid forms of water and the changes that occur between them, melting and freezing, are accessible as noted elsewhere in this document. “Melting and freezing are of interest because they bring into focus the distinctions among the properties of kinds of objects (shape changes), the amount of matter it contains (weight does not change), properties of material kind in a specific phase and across phase change (texture and color stay the same when a solid object is broken into pieces but not necessarily when it is melted; texture and color change when wax is melted but other properties stay the same, e.g., being water repellent and smell). These distinctions, brought out in specific contexts, are part of constructing an understanding of material kind.”  Smith et al, 2004: 19. 


�  Namathaka et al., 2000: 201-2.  AAAS, 1993: 119.


�  AAAS, 1993: 67 and Smith et al, 2004: 20.  Appropriate properties of liquids for this age group include floating and sinking, liquids take the shape of the container and liquids flow or pour.  


�  AAAS, 1993: 67 and Smith et al, 2004: 20.


�  These changes of state (evaporation and condensations) are conceptually out of reach for most of these students. There is no need to try to have these students understand evaporation or condensation at this time. AAAS, 1993: 67.


� AAAS, 1993: 67.


� AAAS, 1993:  67. Observe the melting of ice cubes, a wet paper towel as it dries out, the freezing of a water filled straw.


� Make observations of water flowing from the tap, snow falling from the sky, and ice forming on the ground. Participate in hands-on learning activities that provide direct experience with water – such as studying the effect of heating and cooling water, and making contact with various solids. Students will note that liquid water flows downward while solid water or ice, snow, etc. do not flow under most observable conditions.  Water that arrives for our use is usually colourless but often not so when we are finished with it.  From these experiences students can learn about the properties of water, our use of it and our impact on it, through discussions mediated by the teacher.


� Alternately, various liquids consisting mostly of water can be put on a baking sheet and put into a warm oven.  In this way student will gain experience to understand that common liquids such as milk, tea, juice and coffee are mostly water. Students can also add powder, fruit juice crystals and food colouring to water to observe what happens when mixed together. 


� Madden, 1999.
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