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CHAPTER ONE
INTRODUCTION

“We forget that the water cycle and the life cycle are one” -Jacques Cousteau.

Water is the “source of life” for all that inhabits the Earth. We emerge from the
water. We are baptized with water. We are made up of water and need it in order to
survive. That means that we need clean water that is safe for consumption. This does not
mean only for the humans, but for the animals and the plants we rely upon for
nourishment. Therefore, it is vital in northern Minnesota for our children to understand
the importance of proper water management. Where I live in northern Minnesota,
children see water everywhere, but do not understand that there are places in the world
without clean water. There are places where there is no water and children have to walk
miles to get water for their family. The water that they are getting is not even clean. How
do we educate children that live in a water rich environment about the need for water
conservation?
My Past Experiences
My life has been entwined with water from a very young age. Like many babies,
my first experience with water was in the bathtub. Of course, there was water in my
formula and other foods that I ate on a daily basis, but this is not the only way that water
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has been in my life. I enjoyed puddles, swimming pools, sprinklers, and water balloon
fights. On many occasions, I spent so much time in the water that when I got out I was
completely wrinkled!
As I grew up, I found a lot of other ways to enjoy the water, such as reading a
book while listening to it lightly rain outside, or watching the power of thunderstorms.
During the winter, I enjoy the chance to snuggle up in a blanket as I watch the snow
falling down. Although I am not actually in the water, these are forms of water that I
enjoy.
Water can feel so refreshing on a hot summer day. We did not have a pool in my
town, so anytime we wanted to go swimming we needed to drive to a lake. When I was
young, we spent many weekends camping at our favorite lake with family and friends.
While we were camping, we would spend hours on the water swimming, fishing, and
skiing. Some of my best memories of those days were learning to water ski. I was even
able to get up on one ski. I loved falling asleep at night, listening to the sound of the
loons on the lake.
In my later years of high school, I spent many summers canoeing up in the
Boundary Waters Canoe Area (BWCA). These magical wilderness experiences
transformed me into the person that I am today. I learned a lot about myself while
spending quiet time in the BWCA. My church would take trips up there, splitting the
groups into the portaging and paddling groups. I loved taking the portaging because it felt
like I got the best of both worlds! We would have canoeing contests to see who could get
across the lake the fastest, or would intentionally flip the canoe to learn how to upright it.
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To gather water for drinking, we would dive way down deep into the lake. Where we
would camp was this gigantic island covered with trees. We would play the biggest game
of capture the flag late into the evening. All of this time spent in the BWCA was spent
around water. This is the water that sustains the animals that live in and near it and the
humans that come to enjoy it.
Now, as an adult, I am still surrounded by water. My family enjoys fishing,
camping, hiking, smelting, and swimming. There are a few more things that I have
learned to do that I also enjoy. Kayaking down the river became a central theme in my
life during a few summers when I worked as a whitewater rafting guide. From day-today, I would see that changes in the river, from the rise and fall of the water levels to the
colors and cleanliness of the water itself. I also found solitude while hiking up and down
local rivers. It was here that I found the most peace in my life. I would use this time to
sort out my big life decisions. I found that the sound of water running over the rocks
helped to soothe my thoughts and sort things out easier.
Water Crisis
Water is, of course, the source of life. It is vitally essential in order for plants to
grow. Nearly every other organism on this planet relies directly or indirectly on our
plants for food; therefore, we all rely on water. It is estimated that over 2 billion people
are affected by water shortages in over 40 countries, and the extensive withdrawal of
water for agriculture from river, lakes and aquifers results in limited supplies for other
human needs, such as drinking, washing, cooking and sanitation (World Wide Fund,
n.d.a). The Earth is three-fourths covered in water. Only 2.5 percent of Earth's water is
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freshwater which is needed for life to survive (U.S. Geological Survey, n.d.). Almost all
of it is locked up in ice and in the ground (USGS, n.d.). Only a little more than 1.2% of
all freshwater is surface water, which serves most of life's needs (USGS, n.d.). Most of
this water is locked up in ice, and another 20.9% is found in lakes (USGS, n.d.). Rivers
make up 0.49% of surface freshwater (USGS, n.d.). Imagine the Earth’s water supply
filled 100 1-gallon buckets. Only two and a half of those buckets would contain
freshwater. Of those two and a half gallons, only a little less than a half a cup is the
surface water and half of that is found in rivers. Although rivers account for only a small
amount of freshwater, this is where humans get a large portion of their water from
(USGS, n.d.). The population is growing rapidly, putting more pressure on our water
supply (Miller, 2006). The amount of water available is effectively reduced by pollution
and contamination from humans (Miller, 2006).
The Mississippi River flows into the Gulf of Mexico along with anything that has
entered the river along its 2,300 mile journey. During this journey the river crosses
through many city, county, and state boundaries. This mighty river and its many
tributaries carry a tremendous chemical burden in the form of industrial waste, as well as
rain runoff laden with every chemical imaginable from suburbia and cityscapes alike
(Global Research News, 2014). This pollution flows into the Gulf of Mexico and creates
dead zones, areas of water that are low oxygen. Oxygen is required for concentrated
marine life that lives near the shore.
The largest oxygen-depleted area - or 'dead zone' - in the entire western Atlantic
Ocean occurs in the northern Gulf of Mexico on the Louisiana/Texas continental shelf
(Sea Web, n.d.). The dead zone is a seasonal occurrence triggered by the high influx of
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nutrient-laden freshwater washing down from the Mississippi with the onset of melting
snow and spring rains (Sea Web, n.d.). The dead zone forms in one of the most
productive fisheries areas of the United States, and has led to increasing concern that
catches are being adversely affected - or will be affected if hypoxic conditions continue
or worsen (Sea Web, n.d.). Of course, this problem is not just isolated to the Gulf of
Mexico. Dead zones are found all across the world, posing these same issues and playing
havoc with marine life.
From northern Minnesota, the Mississippi River flows all the way to the Gulf of
Mexico, but this is not the case with the Colorado River. Over 100 dams and thousands of
miles of canals divert the river to nearly every farm, industry, and city to within a 250mile radius of its banks (Nuwer, 2011). The Colorado River presents yet another issue
that endangers animals and plant life, not to mention how it affects humans and our food
sources. The Colorado River is one of the most endangered rivers in the U.S. and,
perhaps, in the world. The massive infrastructure along the river includes hydroelectric
dams like the Glen Canyon and Hoover dams, along with 12 major reservoirs on the river
and its tributaries (Vintinner, n.d.). For most of the last 40 years, the river has run dry
before reaching the sea, a phenomenon now also afflicting many other major rivers
(Vintinner, n.d.). Flowing through seven states, it provides irrigation for crops, the dayto-day needs of the people, and leisure activities. Habitats all along the Colorado basin
are dying and, with them, the organisms that humans depend upon for
sustenance.
Water crises are not confined to the United States but exist throughout the world.
This is a growing epidemic. In a class entitled “Water Environmental Science” from the
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American Museum of Natural History, I learned about the Yangtze River in China and
the problems that are occurring for the people and animals that live in and near the river.
The Yangtze has become severely polluted. Over the last 50 years, there has been a 73
percent increase in pollution levels from hundreds of cities, in the main stem of the
Yangtze River (WWF, n.d.b). The annual discharge of sewage and industrial waste in the
river has reached about 25 billion tons, which is 42 percent of the country’s total sewage
discharge, and 45 percent of its total industrial discharge (WWF, n.d.b). There are
stretches of the river that are too polluted for human use. The reservoir created by the
Three Gorges Dam carries so many diseases that it makes it unusable. The Three Gorges
Dam exacerbates water pollution by impounding waters, trapping sediment and
increasing eutrophication (WWF, n.d.b).
The humans that live around the river need this river for survival, and it is not as
easy as just picking up and moving. This pollution also affects wildlife that call the river
their home. The rare Chinese river dolphin has gone extinct, according to scientists who
could not find a single one of the animals during a six-week search on China's Yangtze
River (Lovgren, 2006). The delicate dolphin, which dates back 20 million years, was
found only in China's longest river, the Yangtze (Lovgren, 2006). During their search for
the baiji, the scientists also surveyed the population of the endemic Yangtze finless
porpoise and found that there may be fewer than 400 animals left there (Lovgren, 2006).
The extinction of the baiji dolphin should serve as a wake-up call that more needs to be
done to protect river life (Lovgren 2006).
If pollution, agricultural runoff, and damming are not enough issues to deal with,
water sustainability is also threatened by other issues. Another prevalent issue we face
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involves raising water-intensive crops and animals in drought-stricken areas. Agriculture
is by far the biggest user of water; the water that a person ‘eats’ everyday contained in
food products is much larger than the volume of water a person drinks (WWF, n.d.a).
Another major concern is surface runoff, the excess water from stormwater or meltwater
that picks up contaminants from roadways and sewers before going back into the
groundwater. In the United States, we rely on that groundwater for drinking water. Again,
even though we have all this water on the Earth, only a small portion can actually be used
by humans and animals.
Summary
In my opinion, it is undeniable that there is a need for change. However, it is
extremely hard to alter adult perceptions. Therefore, I believe that the best way to make a
difference is to teach our future generations about water conservation so that in time
water sustainability is no longer a concern. It will be important to educate our youth on
water conservation so that as they grow older they will make the necessary positive
changes. My capstone will center around creating a curriculum to educate students on the
amount of water that we have to use, ways that we use water, how we pollute our water
systems, and how to make changes that will positively impact the environment. The
curriculum design will center around re-useable kits that can be taken to a nearby water
source to investigate and learn with fun hands-on activities.
Water is such a valuable resource that weaves itself through everyone’s
life. Although it is so important, in my opinion, there are leaders in our country that are
not making the right decisions in water management. In order to change behaviors that
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are ingrained and taught from generation to generation, children need to learn the impact
they have on the environment so that they can make changes for a better future.
Therefore, we must implement a curriculum that educates about water waste and the need
for change to break the cycle. I will be reviewing research and literature to learn ways to
build a curriculum that will teach children the importance of water management, what
happens if we do not have good water management practices, and how students can make
changes now that will help all organisms on this Earth.
In the next section, I will be addressing themes that will further explain the need
for educating youth about water conservation and reducing pollution. Human perception
drives our actions and responses. If humans perceive that water availability is unlimited,
then they will likely use that water without a second thought as to what the consequences
are. Our planet is covered in water, yet we are able to use only a small fraction of it. One
of the sections will cover water availability and perception. In order to reach water
sustainability for future generations, youth need to be educated about water
conservation. So, the need for water education and conservation will also be addressed.
The last section will cover examples of water programs available to help educate youth
about water and water conservation.
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CHAPTER TWO
LITERATURE REVIEW

Introduction
There are many reasons that our youth need to be educated about water
conservation. We only have one Earth on which to live. This means that our children and
our children’s children will also only have this one Earth. According to the Worldometers
population clock, the world’s population is over 7.4 billion (U.S. Census Bureau, 2016).
Many of the Earth’s natural resources cannot sustain this population growth. Water is one
of the most important of all natural resources (Ruck, 2006). The Earth has the same
amount of water today that it had when it was created. Our water supply does not
increase or decrease, it simply changes where it is found and the health it is in. In the past
100 years, the world’s population has tripled, but water use has increased sixfold. Rivers
and lakes are stretched to their limits – many of them dammed, dried up, or polluted.
With groundwater taking up an average of 14,000 years to be replaced, aquifers are being
drained far faster than their natural rate of recharge (Ruck, 2006).
Eighty countries, accounting for 40 percent of the world’s population, already
experience serious water shortages (Ruck, 2006). Despite improvements, about one-sixth
of the world’s population does not have access to safe water, and half does not have
access to adequate sanitation (Ruck, 2006). Another problem is that the Earth’s water
supply is not evenly distributed around the globe. Many places are water-rich
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environments while others are drought-ridden. We are all tied together in the water cycle,
so what your neighbor does to their water directly or indirectly affects you; in turn, your
choices directly or indirectly affect others. We need to remember that we all live
downstream, and the water comes from one well (Gasteyer, 2009).
There are physical, demographic, economic, and geopolitical factors that affect
our water supply (Ruck, 2006). The physical factors deal with where the fresh water
supplies are located. The demographic factors account for the percentage of people living
around the water supply and who has access to them. The economic factors relate to how
easy it is for humans to get water and how affordable it is. The geopolitical factors tie the
world together as many major rivers flow through several countries (Ruck, 2006). Water
is more than just the sustenance for life, it affects how we live. According to Ruck, it
affects our health, food production, the environment, peace and security, and
development (Ruck, 2006). Because water plays such a key role in our lives and that of
our children, it is necessary that actions be taken to educate our children on water and
water conservation to ensure an adequate water supply on the planet for years to come.
How do we educate children that live in a water-rich environment about the need for
water conservation?
The primary focus of this research is to discuss the need for education with
children that live in a water rich environment. In Minnesota, we are known for our
abundant 10,000 lakes, and many people, therefore, believe that we have lots of available
water. Children grow up having a very different perception of water use. Only after we
understand the reality of the state of our water can we then grasp the need to make
changes. These issues will be discussed in the section Water Availability and Perception.
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Children need to see and understand that we are connected to others around the world
through water use, and what they do to their water affects others. They also need to learn
how to change their habits so that they can help the planet’s water sustainability. I will
address these topics in Water Education and Conservation. And finally, in order to
understand and comprehend the importance of this matter, children need to gain their
knowledge through formal and informal teaching, utilizing hands-on learning to solidify
in their minds what changes need to be made. Luckily, many educational programs
already exist from which to pull ideas. These ideas and programs will be discussed in
Water Programs. Through these resources, my hope is to make it clear why those that live
in a water-rich environment need water education to help sustain the planet’s water
supply.
Water Availability and Perception
Availability. Minnesota is known as the “Land of 10,000 Lakes.” According to
the Minnesota Department of Natural Resources (DNR) website, Minnesota actually has
11,842 areas of water that are considered lakes (DNR, 2016a). There are only 4 counties
out of the 87 that have no natural lakes. Minnesota has 6,564 natural rivers that flow for
69,200 miles (DNR, 2016a). Minnesota’s wetland acreage as of 2008 takes up 10.6
million acres (DNR, 2016a). Water can also be found in aquifers located underground.
Minnesota is divided up into six provinces, and each province has a unique set of
characteristics that affect water availability (DNR, 2016b).

18
In the article, Minnesota’s Groundwater: Is our use sustainable? from The
Freshwater Society (2013), Jim Stark, director of the U.S. Geological Survey’s
Minnesota Water Science Center, described the sustainability issue this way:
“Minnesota is a water-rich state with a great deal of water stored in aquifers, lakes and
streams. On a statewide basis, we are not running out of water. However, in many parts
of the state we are using so much water that wildlife in lakes and streams is stressed and
water for human needs is threatened. In those areas, we are approaching limits to water
sustainability” (p. 14).
This problem arises from the fact that water in Minnesota is not evenly distributed across
the state (DNR, 2016). Now, combine the uneven distribution of water with the uneven
distribution of humans, and you have another problem.
In many places throughout the state, groundwater is an area of concern. The DNR
has created a map of the state showing which communities have sought planning or
regulatory help from the DNR, where groundwater contamination is known to exist, or
where hydrologists have long suspected pumping is, or could become unsustainable
(Freshwater Society, 2013). Pumping is a faster way to move water from a source, an
aquifer, to where it is needed; a school for drinking water. Another reality is that all of
Minnesota’s water flows out of Minnesota. Water found in Minnesota either flows north
to Hudson Bay, east to the Atlantic Ocean, or south to the Gulf of Mexico. With no water
flowing into the state, the state’s water is recharged only through precipitation.
According to Freshwater Society (2013), across Minnesota, municipal water
systems are the biggest groundwater users. Duluth, St. Cloud, Minneapolis, and St. Paul
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(as well as a few close-in suburbs served by the two big cities’ water systems) use mostly
surface water. Three-fourths of all Minnesotans, including most metro-area suburbanites,
rely on wells for drinking water (Freshwater Society, 2013). The docks of White Bear
Lake homeowners stretch across great expanses of sand and grass that were once shallow
waters and where a swimming beach has been closed for four years because of the
disappearance of those shallows, a graphic symbol of the impact of groundwater pumping
on lakes, streams and wetlands (Freshwater Society, 2013). The White Bear Lake’s
decline also offers a warning that cities might have to limit their pumping or perhaps
switch to other water supplies to protect their access to adequate drinking water and to
protect the lakes and streams important to their citizens’ quality of life (Freshwater
Society, 2013).
As previously stated, all water in Minnesota flows out of the state in three
different directions. On the eastern side, it flows into Lake Superior and continues to flow
out to the Atlantic Ocean. It also becomes a tributary to other rivers along the way. The
Great Lakes constitute the largest concentration of unfrozen fresh surface water in the
western hemisphere (Grannemann, Hunt, Nicholas, Reilly, & Winter, 2000). A major
attraction of the Great Lakes Region is the abundant water supply on which
manufacturing, power generation, transportation, and agricultural and recreational sectors
have historically relied.
Most large public water supplies are obtained from the lakes themselves, but
groundwater is the source of drinking water for about 8.2 million people within the
watershed (Grannemann et al., 2000). However, like the other lakes and rivers, the Great
Lakes have groundwater problems which affect everyone downstream. The major
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groundwater resources issues in the Great Lakes Region revolve around 1) the quantity of
groundwater, 2) groundwater and surface-water interaction, 3) changes in ground-water
quality as development expands, and 4) ecosystem health in relation to quantity and
quality of water (Grannemann et al., 2000).
Perception. It is very natural to think that Minnesota, with its 10,000 lakes, is
water-rich, and because of this thought many Minnesotans take our water supply for
granted. Perceptions are the lens in which the participants identify water, and belief and
actions are how the individuals react based on their perceptions (Noga & Wolbring,
2013). According to Gasteyer (2009), cultural presumptions and perceptions may also
influence the perception of scarcity. For years, the governments of Las Vegas and
Phoenix, both desert communities, did little to constrain water use. Businesses flaunted
use of water (think of the famous fountains of Las Vegas) and residences had watered
lawns and swimming pools. While there was little natural water in the area, these were
certainly not situations of scarcity—indeed, these cities became symbols of the misuse of
water in the southwestern United States (Gasteyer, 2009).
Environmental attitudes are a collection of evaluative judgments about the use,
function, and value of the general environment or certain aspects of the environment (Hu,
2011). Environmental attitudes guide individual citizens’ and society’s interactions with
nature (Hu, 2011). A study was completed by Noga and Wolbring (2013), asking the
question: Does the way an individual perceived water influence consumption and
conservation of water and sentiments towards control and allocation of water?
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An analysis of the data revealed many different themes. The theme of
responsibility stated that the majority of respondents believed that it is the responsibility
of the government to ensure access to clean water, and very few respondents thought that
it is the responsibility of the individual (Noga & Wolbring, 2013). The theme of
education revealed a lack of knowledge on many water-related issues (Noga & Wolbring,
2013). Noga and Wolbring (2013) stated that the comments indicated that education is
needed in the following areas: 1) water conservation ethics, 2) water recycling
technology, and 3) awareness of the water consumption rates and the possibility of water
scarcity.
If water perceptions and understanding of the basics of water education are
needed at an adult level, it must follow that students would have similarly misconceived
perceptions. Pupils do not fully understand scientific concepts about parts of systems
which are hidden from everyday view, such as water in aquifers, water in treatment
systems, or water vapor in the atmosphere (Covitt, Gunckel, & Anderson, 2009). Even
when pupils recognize how water exists underground, the connections to other systems,
such as surface water systems or human–engineered systems remain unclear to many
(Covitt, Gunckel, & Anderson, 2009). Water conservation can be a powerful method for
resolving the current water crisis and promoting sustainable development and changes in
water conservation behavior should influence an individual’s water conservation
awareness and actions (Xiong, Xin, Liao, & Zeng, 2015).
In order to make changes in the world, you need to change a person’s perception.
If a person perceives that there is plenty of water based on what they see, then they will
use that water with no regard as to who else may need it. Here in Minnesota we look like
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we have an abundance of water, but looks can be deceiving. The water that is available is
decreasing even though you are not able to readily see it. Therefore, based on information
collected in the articles, it is imperative that we try to change that perception!
Water Conservation and Education
Water conservation refers to the preservation, control, and development of water
resources, both surface and groundwater, and prevention of pollution (Organisation for
Economic Co-operation and Development OECD, 2016). In order to conserve water,
those that are misusing or polluting it need to be educated on how they are contributing to
the problem, and what changes they could make to be a better steward of the
environment.
Conservation. Rivers flow across county, state, and national borders. Oceans
reach further and extend into international borders. The International Organization for
Standardization (ISO) is the world’s largest developer of voluntary international
standards providing benefits for business, government, and society (ISO, 2012).
According to the ISO, although essential for life, water supplies are burdened by drought,
water shortages, climate change, contamination and pollution, the requirements of large
cities, intensive irrigation, and a growing population with higher standards of living (ISO,
2012). The ISO went on to say that pressure on the world’s water resources is reaching
unsustainable levels (ISO, 2012). Freshwater sources (rivers, lakes, or aquifers) vital to
many cities around the world are running dry (Richter et al., 2013). More water is being
removed from these water sources on an ongoing basis than is being delivered by
precipitation, runoff, and recharge (Richter et al., 2013). With little water left to support
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further urban growth, cities are struggling to secure additional water supplies (Richter et
al., 2013). Richter stated that in 1950, less than one-third of the population was urban;
today, more than half of the world’s inhabitants (including more than 80 percent of the
US population) lives in cities (as cited in United Nations, 2010). This makes for a very
challenging situation that needs to be fixed in order to ensure water sustainability.
Water conservation represents one of the most important pro-ecological activities
to be modeled and developed for a sustainable way of life on this planet (Corral-Verdugo,
Bechtel, & Fraijo-Sing 2003). However, in spite of its relevance, little research has been
done regarding predictors of water conservation (Corral- Verdugo, et al., 2013). As it was
stated earlier, combating the issue of water supply is not something that can be done in
isolation and needs to have multiple water resource managements working together.
These include county and community water resource boards, conservation districts,
watershed planning and management institutions, water utilities, environmental and
recreational interest groups, private industry, state and local governments, federal
government agencies, environmental education groups, and citizen monitoring groups
(Hearne, 2007).
Determining the extent to which overall water use can be curbed can demonstrate
the potential broader role that households can play in contributing to more sustainable
water systems (Inskeep & Attari, 2014). Furthermore, identifying the most effective
actions can help individuals and households with limited time, attention, and resources
prioritize actions with larger savings (Inskeep & Attari, 2014). Households in many cities
lack a strong financial incentive to curb use because publicly supplied water is typically
expensive (Inskeep & Attari, 2014). However, there are many ways that one can conserve
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water without spending money. To do this, one must change their daily water use habits
of how much they use.
This action of conservation is called curtailment. According to Inskeep and Attari,
the short list of items that can help reduce the amount of water consumed in households
includes: reduce the amount of flushing, wash only a full load or reduce the water level,
take shorter showers, reduce the amount of time the faucet is running, discontinue use of
under-sink garbage disposals, don’t pre-rinse the dishes before putting them in the
dishwasher, and take baths only filled half-full. These actions can be taught to adults and
children with proper education. Education is necessary on how to conserve water in order
to change habits and, consequently change water use into water conservation.
Education. Although water is one of the subjects which is included in most
science education curricula all over the world, pupils’ perceptions, ideas, and conceptions
of water have not been studied widely (Nuutinen, Karkkainen, & Keinonen, 2011).
Students in Minnesota schools learn about water and how it relates to the Earth’s systems
in both the Minnesota Science Standards and the Next Generation Science Standards.
However, according to current research, pupils do not understand water’s significant role
in life (Nuutinen, et al., 2011). Current environmental and science issues such as climate
change, sustainability, natural diversity, and pollution, are very strongly linked to the
questions of water resources, their effect on life itself, the life cycle, and on human beings
(Nuutinen, et al., 2011). Water issues are not considered very systematically in school
and concentrate, rather, on subject-specific aspects (Nuutinen, et al., 2011). Nuutinen
went on to say, pupils do not connect their study of the watershed concept to their
everyday life-sphere in which they live, play, and go to school. In addition, pupils’
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conceptions about watersheds largely focused on natural landscapes rather than the urban
or human-managed landscapes in which most of them live.
Pupils did not understand that water transported across the land and through
surface water, distributes the effects of human activities throughout the watershed
(Nuutinen, et al., 2011). In essence, pupils did not display an understanding of the human
being as a part of the watershed or of concepts that would lead to an understanding of
how human activity has an impact on the watershed and the quality of water (Nuutinen, et
al., 2011). Pupils do not understand scientific conceptions about parts of systems which
are hidden from everyday view, such as water in aquifers, water in water treatment
systems, or water vapor in the atmosphere (Nuutinen, et al., 2011). The incomplete
understanding of water as the systemic process makes it difficult for pupils to trace and
conserve water entering or exiting connected water systems (Covitt et al., 2009).
With all these misconceptions, children need multiple ways of learning; learning
that takes place in different settings, and experiences that will impact their life. Nonformal science education is increasingly important to prepare today’s youth for active
civic engagement in preventing and resolving resource issues of local, regional and
global importance (Dann & Schroeder, 2015). One of the most ubiquitous of these
nonformal environmental education experiences for youth is attending summer camp
(Dann & Schroeder, 2015). These camps foster learning through activities such as waterbased recreation (canoeing, swimming), “nature study,” crafts, and campfires by a scenic
lake or another natural setting (Dann & Schroeder, 2015). These experiences can have a
very positive effect on children that could guide them in environmental decisions later in
life.
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Informal science education, is defined according to the nature of the venue where
learning primarily occurs; these include informal, everyday settings (at home, through
media, playing educational games, hobby-related learning, or volunteering), designed
environments (zoos and aquaria, nature centers, museums or science centers), and
programs (through clubs, after-school activities, and citizen science) (Dann & Schroeder,
2015).
Education plays an indispensable role in imparting the knowledge and skills that
an individual requires realizing their full potential, and it is fundamental for promoting
changes in human behavior and accelerating sustainable development (Xiong et al.,
2015). Previous results from the literature suggest that education can clearly improve
water conservation behavior and result in greater water-use efficiency (Xiong et al.,
2015). Because education can greatly affect an individual’s water conservation awareness
and behavior, the state of water education in the primary, secondary, and higher
education systems must be studied (Xiong et al., 2015). Although teachers may teach
materials that are beyond the scope of the textbooks, they are not adding a sufficient
amount of information because each course has a compulsory curriculum that consumes
approximately 80 percent of the class time (Xiong et al., 2015). This is the reason that
curriculum needs to be built into all other courses, and, therefore, will be taught during
the course of the year.
Many actions are taken too late, when they cannot accomplish goals or when
other actions have already led to situations considered to be disasters (Caamano, 2015).
Every year, more than 1.5 million children die from waterborne diseases (ISO, 2012).
Water and sanitation are central to improving the quality of life, alleviating poverty and
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hunger, and promoting sustainable development, environmental integrity and health (ISO,
2012). In order to make the changes necessary to alleviate these issues, children need
educational programs and opportunities. Caamano stated that teaching science to those
below 19 years of age is a huge opportunity to shape these individuals’ future behavior
(Caamano, 2011). He went on to state that teachers are faced with an almost
insurmountable challenge, and the only way to face such a challenge is to effect change
in human behavior and in consumers’ habits so that the smallest action could actually
have a positive effect on conservation objectives (Caamano, 2011). The mere presence of
a specialist on a given subject, an instructor who is not their regular teacher, creates an
atmosphere that highlights the importance of the topic we are talking about (Caamano,
2011).
Real-world experiences such as these are much more memorable than anything
the students may learn from books or inside the classrooms (Caamano, 2011). But it takes
more than just a few to shape the minds of the young, and it takes more than just one
experience. Since actions speak louder than words, Caamano stated that school
administrations and teachers must provide examples of behavior for students (Caamano,
2011). At school, conserving water, saving energy, handling waste properly, and setting
the example for healthy eating habits and a generally healthy lifestyle are actions that
students should not take only on their own but with their teachers (Caamano, 2011).
Students may then follow the examples from school, take the actions home, and thus
extend the actions to society (Caamano, 2011). When children take home and teach other
family members what they have learned at school, they can cause a ripple effect of
change in water conservation. With an education from multiple settings, children will
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have many experiences to learn about water conservation and gain the understanding
needed to change behavior.
In order to make an impact large enough to make the changes necessary to the
Earth’s water supply, education and conservation need to take place immediately.
Education on water conservation can be given to any age, but the younger we start the
more impact we can make. This is because children will grow up with positive water
habits and then teach their children those same habits. As stated above, students learn
from real-world experiences, and having curriculum that contains hands-on activities can
help aid in the conservation movement.
Environmental Programs Available
Education of our children is vital for their and society’s continued survival. This
not only means the core subjects of reading, math, social, and science but also
environmental education. As much in developed countries as in developing countries, an
understanding of how to conserve water resources and protect them from catchment
pollution should be an important part of children’s education (Porter, 2007). Children
learn best through activities and hands-on experiments. There are many environmental
programs that provide children with both the fun activities that keep them interested and
the education needed to help sustain the Earth. Project Wet (Project Wet, 2014),
Envirothon (Envirothon, 2016), and Water Rocks! (Water Rocks!, 2016) are just a few of
these programs for children.
Children are the water stewards of the future, and Project WET aims to instill in
them an appreciation of the importance of protecting our water resources throughout their
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lives (Strnisa, 2002). Project WET is an interdisciplinary program for educators of K-12
students that began with the North Dakota State Water Commission and is now an
international program in all 50 states, Mexico, and Canada (Strnisa, 2002). Project WET
receives donations and is partnered with businesses, agencies, and non-profits to provide
trainings and workshops. Project WET’s mission is to reach children, parents, teachers
and community members of the world with water education that promotes awareness of
water and empowers community action to solve complex water issues (Project WET,
2014). Educators from elementary and secondary schools, colleges, nature centers,
camps, and municipalities have found Project WET’s hands-on activities a great tool for
teaching (Strnisa, 2002). As Porter pointed out in Water Education the Project WET Way,
Project WET’s water activities also teach more than water education. Most activities are
designed to promote critical thinking and help children develop skills in problem-solving.
Gathering, organizing, analyzing and interpreting skills are also taught as the children
carry out each activity. Lastly, besides being hands-on and easy to use, Project WET’s
activities are fun (Porter, 2007).
While Project WET involves both elementary and secondary, Envirothon is an
environmental program for high school students. Begun in 1979 by Soil and Water
Conservation Districts in Pennsylvania as the “Environmental Olympics,” the Envirothon
has evolved into a major educational program that now extends throughout the United
States and Canada (Gollwitzer & Mechow, 2005). In this event, students rotate from one
outdoor station to another, working together as a team to answer questions on natural
resources and current environmental issues. The Envirothon event is big enough that it
needs the help of many volunteers and partnerships with agencies in order to run
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smoothly. According to Gollwitzer and Mechow, the New York State Envirothon
committee relies heavily on partner conservation agencies throughout New York State
such as the USDA Natural Resources Conservation Service, the New York State
Department of Environmental Conservation, and the US. Fish and Wildlife Service
(Gollwitzer & Mechow, 2005). In Minnesota, the Minnesota Association of Soil and
Water Conservation Districts coordinate the events throughout the state. By fostering
skills to help develop generations of conscientious environmental stewards, the
Envirothon strive to make a lasting impression on participants (Gollwitzer & Mechow,
2005).
Launched in September 2013, Water Rocks! is an Iowa State University program
delivering entertaining and engaging science-based activities to inspire an appreciation of
water resources in kids of all ages (Comito, 2015). Comito stated, “The education team
visits K-12 classrooms across Iowa, at no extra charge, teaching students about water,
natural resources, and agriculture. Weaving science, technology, engineering, and math
(STEM) with the arts, students participate in numerous interactive learning activities”
(Comito, 2015). The program covers water education through the classroom visits, songs,
music videos, and enhanced learning activities to name a few. Through an integration of
STEM and the arts, Water Rocks! challenges and inspires young people to think, learn,
and create in a world where boundaries are as blurry as the flow of water within a
watershed (Comito, 2015).
Not all water education programs need to be a field trip or programs that come to
your school. There is an opportunity to make your school an educational
program. Creating an environment within your school that follows educational practices

31
day in and day out can teach just as well, if not better, than any program that costs
money. North West is a province in South Africa faced with many environmental
challenges, and this is where starting to educate children about the environment from an
early age will bring about a totally different mindset in the years to come (Wesson,
2007). The school uses activities such as recycling, learning how to conserve water, and
others to develop a sense of nature. Wesson stated, “education will equip the children for
the future role that they can play in conserving the little we have left. It is often found
that children have a positive influence on their parents and family, and slowly the
message spreads, thus making our task a lot easier” (Wesson, 2007).
Whether you bring in programs to your school, take your students on a field trip,
or create an eco-environmental school, it is crucial to teach water conservation. In order
to answer the question, How do we educate children that live in a water-rich environment
about the need for water conservation?, we need to have curriculum in schools at an age
early enough to make the change necessary for our planet's future. These programs that
were listed are springboards to writing a curriculum that can teach children about water
conservation.
Summary
Water availability is unevenly distributed throughout the world. Those that have
more do not think about how much they are using, while those that have less to none
worry about how they will get more. Our perceptions cloud our judgements which lead to
bad choices that affect more than just that one individual. Education about the water on
Earth and how to manage it properly will surely lead to better water conservation. Water
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conservation programs are available for young children up to adults. Combining the need
for a comprehensive water education program on water conservation with the programs
that are already available makes sense. In the next chapter I will talk about how I plan to
build a water curriculum to meet this need. I will address the setting and participants that
would benefit from this curriculum. I will talk about the curriculum kits and the
curriculum model I intend to use. Lastly, I will talk about how I intend to implement the
curriculum in formal and nonformal settings.
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CHAPTER THREE
METHODS

Introduction
My question is: How do we educate children that live in a water-rich environment
about the need for water conservation? Few children in a water-rich environment have
any idea of the need for conservation. They see water every day in their travels and have
no lack of it in their daily lives. Because children are mostly sheltered from what goes on
around the world, many have no concept of areas that are without water. Even in
Minnesota, the water resources are being used at rates that are unsustainable (Freshwater
Society, 2013). They also have little understanding of how their use and misuse of water
affects those that live downstream. Chapter two highlights the importance of water to
sustain life. It also indicates that water is not spread evenly across the state of Minnesota.
These are just a few details that children need to understand in order to realize that they
have an impact upon the water supply and, therefore, need to learn to conserve.
Minnesota is known as the “Land of 10,000 Lakes.” Children grow up in this state
thinking that since we have so many lakes we must enjoy an overabundance of clean
water. Furthermore, they grow up with the misconception that water as they know it will
be around forever; after all, in their brief lives, they have not gone without water as some
children in different parts of the world often have. A prime case in point occurred this
year in my classroom; while reading a book to my third graders about where their water
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comes from, several students said that it was not their problem. When children grow up
with this belief, they continue to misuse water in the way that they were taught. In order
to change behavior, children must gain an understanding of what is at stake if we lose our
water; they need to understand what needs to be done to make sure that does not happen.
The battle that we are dealing with is changing learned behavior, and the best way to do
that is to educate young people about the reasons why we have to change our attitudes
and behaviors and what will happen if we do not.
The goal of the curriculum is to educate children on the simple fact that the water
we have on the planet has been here since the dawn of time, and it is all the water we will
ever have. Children also need to understand that due to the water cycle, water might not
be as plentiful as it once was in certain areas. This chapter discusses the following: the
setting and participants, curriculum kits, and implementation.
Setting and Participants
The community in which I teach is located close to Lake Superior and the St.
Louis River. It is a rural community with farming and dairy cows. The community is very
small with only three businesses, a post office, and a volunteer fire department. The
population is approximately three hundred. Our school district is a PreK-12 building with
a population of approximately 326 students that fluctuates from year-to-year. We have a
high percentage of open-enrolled children from five towns located near us. Most of our
open-enrolled students have left their previous school due to behavior and attendance
issues. We have a free and reduced lunch population of 45 percent (Minnesota
Department of Education, 2016a). Many of our low-income families do not go on
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vacations, nor do they go very far when they do. Therefore, most of our students do not
have the first-hand experience of water situations outside of their own world.
This curriculum can also be used with children K-6 in all states, especially
Minnesota. The more children that gain an understanding about the need for water
conservation, the better chance we have of reaching water sustainability.
The goal is to create curriculum kits for grades 4-6 that can be implemented in
local parks as summer camps and/or shared between school districts for outdoor
classroom instruction. The research shows that children learn best through hands-on
learning. Therefore, my curriculum kits will include materials that can be taken outside
with both reusable and refillable supplies. The kits will have lesson plans to follow that
incorporate whole group and small group instruction, time to investigate, and time for
discussion and sharing.
Curriculum Kits
My goal was to make refillable curriculum kits that can be easily taught yet
educate children on the importance of water conservation through a series of lessons.
Each lesson will build on the previous lesson and be hands-on for an active investigation.
There will be four lessons with each lesson lasting two hours. All lessons should be
taught outside and in order, but do not need to be taught in consecutive days. The four
lessons include understanding and comprehending the water cycle, water storage, water
pollution, and water conservation.
Each lesson includes time for instruction as a whole group, partner exploring,
partner experiments, and fact findings. At the end of each lesson, children discuss their
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findings with the whole group. The last lesson includes time for children to talk as a
group and brainstorm ways in which they can conserve water at their age level. Before
teaching the first lesson, children are given a questionnaire to see what they already
know; at the conclusion of the last lesson, students will again have a questionnaire to
determine what they have learned. The information gathered from the questionnaire aids
in fine-tuning the curriculum kits to make the biggest impact on learning.
Each curriculum kit lesson will touch on other areas of study, such as reading,
math, and social studies. Reading will be covered with stories and/or articles dealing with
the topic being taught. Social studies will be addressed with timelines and/or dates of
significant events that explain more about the topic. While students are collecting
samples and data, math will be used. If teachers can see that they are teaching more than
just science with this curriculum, they may be more apt to teach it.
The curriculum kits also address these strands of the Minnesota Science
Standards; weather and climate, ecosystems, and interaction with the environment in both
the Earth systems and living systems (Minnesota Department of Education, 2016b). The
standards are divided up between the grades, therefore, not all topics are taught in each
grade. Without consistency from grade to grade, concepts can be forgotten. The
curriculum kits are designed to bridge that gap and teach children age-appropriate ways
to practice water conservation.
Curriculum Development Model
The curriculum will be created using Understanding by Design (UbD), the model
developed by Grant Wiggins and Jay McTighe. UbD offers a planning process and
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structure to guide curriculum, assessment, and instruction (Association for Supervision
and Curriculum Development ASCD, 2016). Its two key ideas are contained in the title:
1) focus on teaching and assessing for understanding and learning transfer, and 2) design
curriculum “backward” from those ends (ASCD, 2016).
Implementation
In the school setting, the first step in implementing this curriculum will be to
share the curriculum concepts with fellow colleagues at a staff meeting and teach them
how to use the kits. The sharing will include teaching one of the lessons. It is important
for fellow teachers to understand how the kits can be used and how easy they will be to
implement, in order for them to jump on board with using the curriculum. In the park
setting, the first step will be to talk with the park supervisors to explain the rationale and
process of the kits. The next step will be to help them understand why the need exists to
hold a summer camp at their park. The last step will be similar to that used with the
teachers, a demonstration of how to use the kits.
The curriculum kits will have resources that are reusable and non-reusable. It will
be important to have a procedure included in the kits that describe how the kits can be refilled, so that when they are used next time they are ready to go. So, along with the
curriculum, there will be a sheet listing all the resources used and what needs to be
washed or replaced.
Human Subject Review
The curriculum kits being designed do not include any student names because this
curriculum is not written for any particular school. There are no names of teachers that
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might use the curriculum because there are no specific teachers identified. The
curriculum being created can be used in formal and nonformal settings and taught by
formal and nonformal educators.
Summary
The water curriculum kits will be easily adaptable, easy to implement, and fun to
use so the children will be actively engaged. Throughout the lessons, the children will
deal with important concepts that will help them learn ways to conserve water at their age
level. It is my hope then that they will bring these concepts home and teach them to their
families. In time, generation by generation, these curriculum kits will educate children
and change society’s behavior toward water. This capstone is intended to educate
children on the importance of water conservation through hands-on and fun learning. The
next chapter will provide the step-by-step process of building the kits, the detailed
curriculum to teach, how the curriculum will work, and additional considerations and
possible modifications.
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CHAPTER FOUR
RESULTS AND DISCUSSION

Introduction
This chapter provides an understanding of the design of this curriculum that aims
to address the question, “How do we educate children that live in a water-rich
environment about the need for water conservation?” The amount of water available is
effectively reduced by pollution and contamination from humans (Miller, 2006). This fact
makes the need for water conservation extremely important. The utmost goal of this
curriculum is to help children comprehend the big picture -of the need for water
conservation. The idea is that they gain enough knowledge and appreciation that they
start conserving water and, in turn, teach others to do the same. I sincerely hope this
curriculum will help students comprehend the global consequences if we do not conserve
water; students must appreciate the necessity of teaching others the importance of making
significant changes in their views and usage of this incredibly valuable resource. In this
chapter, the following topics are discussed: define learners, curriculum design, and unit
plan.
Define Learners
The learners for this curriculum will be elementary students in grades 3 through 6.
The population of students can range in ethnicity, religion, and socioeconomic
background. This curriculum is intended to be used primarily by teachers but could be
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used by park rangers and/or day camp personal. It aims to support content addressed in
the Minnesota State Science Standards but does not address all aspects of the standards.
Potential challenges of this curriculum as they pertain to the target audiences are
student engagement and level of teacher comfort. The student engagement challenge will
be addressed with the activities that are designed to encourage student interest and
involvement. However, there will be, inevitably, classes with students who will not wish
to participate. This issue will be addressed in the curriculum by providing an alternative
activity for them to do while the rest of the students are participating. The level of
comfort for the teacher will be handled by providing comprehensive lessons so that each
teacher can feel successful after completing the unit.
Curriculum Design
This water curriculum was created using guidelines and framework established in
Understanding by Design (Wiggins & McTighe, 2005) and contains four lessons.
Lessons are approximately two hours, with the option for extended lessons. All the
materials needed for the four lessons are contained in a portable kit. It will contain
enough consumable and non-consumable products for a class size of thirty. The
consumable products will need to be replaced each time the kit comes back so that it is
ready to go with short notice. Each kit will have a materials list to make sure all items are
there. It will also contain laminated lesson plans for the teacher, maps, and diagrams for
use in the lessons. Lessons do not need to be taught in consecutive days, but allow for the
lesson to go longer than planned. The first lesson will have time built in for a prequestionnaire and the last lesson will have a post- questionnaire for assessing student
growth and comprehension.
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Unit Plan
MN State Standards Addressed.
3. Earth Science
2. Interdependence within the Earth system
3. Water circulates through the Earth's crust, oceans, and
atmosphere in what is known as the water cycle.
4.3.2.3.1 Identify where water collects on Earth, including
atmosphere, ground, and surface water, and describe how
water moves through the Earth system using the processes
of evaporation, condensation, and precipitation.
3. Earth Science
4. Human Interaction with Earth Systems
1. In order to maintain and improve their existence, humans
interact with and influence Earth systems.
4.3.4.1.1 Describe how the methods people utilize to obtain
and use water in their homes and communities can affect
water supply and quality.
4. Life Science
2. Interdependence Among Living Systems
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1. Natural systems have many parts that interact to maintain the
living system
5.4.2.1.2 Explain what would happen to a system such as a
wetland, prairie or garden if one of its parts were changed.
For example: Investigate how road salt runoff affects
plants, insects and other parts of an ecosystem. Another
example: Investigate how an invasive species changes an
ecosystem.
4. Life Science
4. Human Interactions with Living Systems
1. Humans change environments in ways that can be either
beneficial or harmful to themselves and other organisms.
5.4.4.1.1 Give examples of beneficial and harmful human
interaction with natural systems. For example: Recreation,
pollution, wildlife management.
Objectives.
Students will be able to explain:


What the water cycle is and the vocabulary associated with it.



Where the water stays the most in the water cycle.



Where our water on earth is stored.



What are watersheds are and why they are important.
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What run-off is and how it affects our water system.



What is pollution and how does it affect our streams.



How much of the water on the Earth there actually is to use.

Time.
This unit will encompass four non-consecutive days that will last for two
hours each day. Lessons could go longer if the teacher wanted. It is preferred that
this unit is taught outdoors near a body of water, but can also be taught in a
classroom setting. It can be taught during the seasons of spring, summer, and
fall.
Materials.
Each student will need:
1. Small Clipboards (30)
2. Pencils (30) (consumable)
3. White 8 ½ size paper (30) (consumable)
4. Markers - four each (30) (consumable)
5. Pretest (30) (consumable) (EPA Water Sense Kids, n.d.) (Appendix A)
6. Post-test (30) (consumable) (EPA Water Sense Kids, n.d.) (Appendix A)
7. Water Questionnaire (30) (consumable) (Appendix B)
Classroom materials:
1. Large 20-gallon container
2. 5-gallon bucket
3. 1 cup and 2 cup measuring cups
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4. Water Cycle Game
5. Bottle of Oil (consumable)
6. Green Food Coloring (consumable)
7. Paper clippings (consumable)
8. Small glass jar (2)
9. Cheese cloth
10. Eyedropper
Group sets will be needed for:
1. Turbidity Tubes 60cm (5)
2. Spray Bottles (5)
Supplementary Materials.
Books:


A Drop Around the World by Barbara McKinney (1998)



Our Well by Rochelle Strauss (2007)



A Cool Drink of Water by Barbara Kerley (2006)

Laminated copy of the Materials List (Appendix C)
Laminated copy of the Lesson Plans (Appendix D)
Laminated copy of the Water Conservation Facts sheet (National Geographic,
2016) (Appendix E)
Laminated copies of the Water Cycle (USGS, 2016d) (Appendix F)
Laminated copies of the Groundwater Supply (USGS, 2016b) (Appendix G)
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Laminated copies of the Distribution of Earth’s Water Supply (USGS, 2016a)
(Appendix H)
Laminated copies of the Land Subsidence (USGS, 2016c) (Appendix I)
Laminated copies of The Incredible Journey directions (Project WET, 2016)
(Appendix J)
Laminated copies of The Incredible Journey station signs (Project WET, 2016)
(Appendix K)
Laminated copies of The Incredible Journey boxes (Project WET, 2016)
(Appendix L)
Assessment of Students.
Pre-Assessment:
The pre-test will be administered before students begin instruction to
ascertain their base knowledge level. It will also be used at the conclusion of the
unit to see what they have learned.
Informal Assessment:
As the students are working in groups the teacher will walk around to
check in with groups by asking guiding questions for groups that are struggling,
and offering extension questions for groups that are excelling.
Formal Assessment:
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The teacher will give a post-test at the conclusion of the unit to assess
what was learned and determine possible adaptations for the next time that they
teach the unit or to share with other teachers.
Summative Assessment:
Using the post-test data, the teacher will compare the benchmarks in the
standards to see if the students met the standards.
Lessons.
Day 1


Pretest: What do you know about water conservation? (15 min)



Book- A Drop Around the World (20 min)



Questionnaire: How much water do you use? (15 min)



Water cycle explanation with chart (15 min)



Water cycle game (45 min)



Wrap-up (10 min)

Day 2


Book – Our Well (20 min)



Water on the Earth chart (10 min)



Review where the water was held in the game (10 min)



Talk about water storage and watersheds (20 min)



Talk about land subsidence with pictures (20 min)



Project with water runoff (20 min)



Wrap-up (10 min)

47
Day 3


Book – A Cool Drink of Water (20 min)



Water pollution demonstration and discussion (40 min)



Discussion on how pollution affects fishing (20 min)



Using the Turbidity tube to see obscurity in the water (30 min)



Wrap-up (10 min)

Day 4


Review previous lessons (15 min)



Measuring Fresh Water activity (30 min) (Michigan Sea Grant, n.d.)



Discuss results from “How much water do you use” questionnaire
comparing it with the latest activity (20 min)



Brainstorm what can/should we do now (20 min)



Book – Why Should I Save Water (20 min)



Post-test: What do you know about water conservation? (15 min)

Conclusion.
This chapter thoroughly addressed how the curriculum aimed at answering how
the question; “How do we educate children that live in a water-rich environment about
the need for water conservation?” was designed. There are many other concepts that
could also be discussed in this lesson, but there would not be enough time to fit it into
four days. This curriculum addressed the very beginning concepts that need to be covered
for the hope of igniting the flame of desire for students to conserve water. The final
chapter discusses the learning gained from designing this curriculum, the curriculum’s
implications and limitations, and recommendations for future research.
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CHAPTER FIVE
CONCLUSION

Overview of Chapters 1-4.
Chapters one through four explored the question: How do we educate children
that live in a water rich environment about the need for water conservation? Chapter one
explained my background for choosing this topic. Chapter two reviewed the literature and
research surrounding the need for water conservation. Chapter three explained some of
the methods used to teach students about water conservation. Chapter four detailed the
unit created to teach students about the water on our Earth and why it is important to
conserve water.
Major Learnings.
I learned many things while researching and creating this curriculum. I first
learned that there are many resources already out there for teachers to use. There are
struggles I noticed while researching these resources that include; money to join certain
organizations, time committed to learning what you are going to teach, and the inability
to bring certain programs to one’s area.
While researching different programs in the Literature Review chapter, I also
learned that some of them are really complex and are, therefore, difficult to implement
into a classroom curriculum. This was one of the reasons that I wanted to pull resources
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together so that a teacher, with little to no knowledge of water conservation, would be
able to educate their students.
Lastly, I realized that while many Minnesotans live near water, there may be
many school districts, parks, or community programs that do not. It became important to
me to make sure that the kits are able to create a model environment if place-based
environments are not accessible.
Possible Implications.
An important possible implication of this curriculum is that the knowledge
students obtain would start helping make the water cleaner. It starts with students
learning what to do to keep water clean and then passing on that information to their
family at home. Then hopefully they pass on this information to their school peers. This
domino effect will hopefully continue until you have everyone in the community doing
what it takes to keep the water clean.
Another important possible implication of this curriculum is once people start
keeping the water clean, then they may also start working on conserving water. Again,
we have the students that learned of ways to conserve water teaching these same concepts
to their family members at home and their fellow students at the school. It takes a large
group effort to make a change and only those that see why it is important can help
institute that change.
Limitations of the Curriculum.
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The best way to teach the curriculum is to be able to take the children out into the
environment near a body of water. Being in nature has an impact on what students are
learning that cannot be reproduced. However, that being said, this curriculum allows for
the learning to be done inside.
This curriculum has another limitation as it is not geared towards all ages of
students. Although this curriculum could be adapted towards older children it would not
work with younger students. Students need to be at a certain maturity age in order to
understand the point of why you need to conserve water.
Another limitation that is out of the control of the teacher is the fact that you may
teach an amazing lesson, but the students may go back home to families that can’t or
won’t change their ways.
The last limitation revolves around teacher buy-in and teacher training. A
teacher’s lesson is only as good as the teacher who is teaching it. As a teacher, the more
you believe in what you are teaching, the better job you do. The curriculum was made
with the intent that someone who has no knowledge can teach it, however, teachers may
not feel competent teaching it.
Using Potential Results
This curriculum provides a pre- and post-test that can be used to help reassess the
curriculum for potential improvements. This same information could be used to see how
many children are actually making a change. To do this, you would need to study this
group of students, years down the road to see if they are in fact using water conservation
practices.
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The results could impact the other teachers feel or even teach. If teachers are
seeing that students are learning from what is being taught and then are also changing
their ways, the teachers may start adding onto the curriculum to help students further
understand the impact. Teachers may also be interested in teaching other environmental
issues.
Future Research.
As society gains knowledge regarding water conservation and ways that we can
improve our water quality, there will be other programs that could add to this curriculum.
Although this is a stand-alone curriculum, the possibilities are endless for a teacher to
extend it with their own materials. A few other topics that could be expanded that
correlate with this curriculum are; Where does pollution come from?, How does
agriculture affect our water system?, What will happen if we don’t conserve water?,
What places in our country are most in need of conserving water?, What does that mean
for them and the people who currently have seemingly plentiful supplies?
I would also like to look into other programs that could expand the concept and
critical thinking skills surrounding water conservation and water quality. These programs
could ones that I bring my students to or that I could bring to the students. A few of these
programs I learned about while I was working on the Literature Review. However, I
know that there are many more that may work in my classroom and others. One such
program that I would like to look into further is the Alliance for Water Efficiency
(Alliance for Water Efficiency, 2016).
Summary.
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This project started because the water on our planet and how we use it is near and
dear to my heart. Throughout the process of the research and creation of the curriculum, I
noticed that my passion for our Earth’s water has only grown stronger. My hope is that
this curriculum invokes a passion in the students learning from it. That passion could be
the spark that ignites others to start thinking about water conservation as well.
My life is constantly changing, and the possibility of getting out of the classroom
setting is becoming more of a reality; my path seems to be flowing more towards how I
can help to make a change in our Earth’s water conservation. This change might be as an
environmentalist, a park ranger, a DNR worker, or basically anything that pertains to
water. All I am sure of is that this project has ignited my flame towards my desire to
protect and conserve our water supply and to educate others to do that same.
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APPENDIX A
Pre- and Post- test
Hey, Kids, It’s Time to Test Your WaterSense!
Circle your answers below.
1. When is the best time of day to water your lawn?
A. Early morning or late evening
B. In the afternoon
C. All day long
2. How much water could you save by washing your bike with a bucket and sponge
rather than letting the hose run?
A. 1 gallon a minute
B. 3 gallons a minute
C. 4 gallons a minute
D. 5 gallons a minute
3. Which of these ways to wash the car saves the most water?
A. Wash it in the driveway with the garden hose
B. Drive it into the lake
C. Take it through a car wash that recycles water
4. How much water does a family of four (mom, dad, brother, and sister) use every day?
A. 50
B. 100
C. 250
D. 400
5. True or False: It isn't important to save water because there is so much of it on Earth.
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A. True
B. False
6. Stuck helping mom or dad wash the dishes? Which may use less water?
A. Washing dishes under a running tap
B. Washing dishes in a fully loaded dishwasher
7. True or False: Keeping the water running when you brush your teeth wastes a lot of
water.
A. True
B. False
8. Which of the following uses less water?
A. Taking a 5-minute shower
B. Taking a bath
9. Which of these everyday objects is a water-saving tool?
A. A bucket
B. A clock
C. A broom
D. All of the above
10. Which of these activities wastes the MOST water per day in the average home?
A. Running the tap while washing dishes
B. Using a garbage disposal
C. A leaky toilet
D. Long showers
11. True or False: It’s okay to flush some trash down the toilet like cotton balls and
tissue.
A. True
B. False
12. What should you do if you see or hear a leaky faucet in your house?
A. Ignore it—drips are no big deal
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B. Do nothing—there is no way to fix a drippy faucet
C. Tell your parents

Answer Key
1.Answer: A Although it is fun to run through the sprinklers at the hottest time of day,
your lawn should only be watered in the early morning or late evening when it's cooler.
Watering the yard when it's really hot outside causes the water to evaporate before the
plants have time to drink it.
2. Answer: D Washing your bike with a bucket and sponge will not only get your bike
extra clean, it will also save water. Hoses can waste more than 6 gallons a minute while a
bucket only uses a few gallons for a whole wash.
3. Answer: C Many car washes save more water than if you wash your car at home. They
do this by recycling the water that they use instead of letting it run down the sewer drains.
Tell your parents to search online to find a "water-efficient" car wash near your house.
4. Answer: D How can a small family use so much water? It may seem hard to believe,
but the average person uses 100 gallons of water each day—that's enough to fill 1,600
drinking glasses! There are many things you can do to save water.
5. Answer: B Although there is a lot of water on earth (75 percent of the earth's surface!),
most of it is salt water so you can't drink it. It is very important to save the water we use
every day because less than 1 percent of the earth's water can be used by people!
6. Answer: B To waste the least amount of water in the kitchen, use your dishwasher only
when it's filled all of the way with dirty dishes.
7. Answer: A You can save up to 8 gallons of water by turning off the faucet when you
brush your teeth in the morning and before bedtime. That adds up to more than 100
gallons of water each month!
8. Answer: A While it might be more fun to splash in a warm bath, it takes 70 gallons of
water to fill a tub but only 10 to 25 gallons for a 5-minute shower. If you do take a bath,
put the stopper in the drain right away and change the temperature as you fill the tub.
9. Answer: D Put a bucket under the tap while you make the water the right temperature.
The water you collect can be used to water plants or fill up a squirt gun. Use a clock to
keep your showers under 5 minutes. Use a broom instead of the hose to clean your
driveway or sidewalk.
10 Answer: C A leaky toilet can waste about 200 gallons of water every day! Ask to help
your parents test your toilets for leaks.
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11. Answer: B Flushing the toilet for silly reasons wastes a lot of water. Cutting out 1
flush per day saves enough water to wash 32 loads of laundry each year.
12. Answer: C Leaky faucets are big water wasters. If you see or hear a leaky faucet, tell
your parents about it so they can get it fixed. If you don't, those drips and drops can add
up to 2,700 gallons of wasted water in 1 year!
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APPENDIX B
Water Questionnaire

Water Questionnaire
Personal water consumption
1. How often do you wash hands during the day? never once or twice

3 or more

2. Do you turn off the water when you shampoo your hair or brush your
teeth?
yes no
3. How much water do you drink per day? 1-3 glasses

3-5 glasses

5 plus glasses

4. How many times a week do you take a bath or a shower? bath _____ shower _____
5. How many times a day do you flush the toilet? 1-2 times 3-4 times 5 or more
Family water consumption
1. Does your family water the lawn or the garden?

yes

no

2. How often a month does your family wash its car? 1-2 times 3-4 times 5 or more
3. How many loads of laundry does your family wash a week? 1-3
4. How does your family do the dishes? dishwasher

3-5

5 or more

hand

5. About how many gallons of water does your family use per day? _________
Knowledge on water consumption
1. Where does your water come from?
________________________________________________________________________
2. Where does your water go after you use it?
________________________________________________________________________
3. Do we use water to make food? yes

no

4. What uses more water, a bath or a shower? bath
5. Can water turn bad? yes

no

shower

I don't know

I don't know

6. How long could you survive without water? 1 day

1 week

7. Does tap water taste different in different regions? yes no

1 month
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APPENDIX C
Materials List

Materials List
Each student will need:
1. Small Clipboards (30)
2. Pencils (30) (consumable)
3. White 8 ½ size paper (30) (consumable)
4. Markers - four each (30) (consumable)
5. Pretest from EPA Water Sense (30) (consumable) (Appendix A)
6. Post-test from EPA Water Sense (30) (consumable) (Appendix A)
7. Water Questionnaire (30) (consumable) (Appendix B)
Classroom materials:
1. Large 20-gallon container
2. 5-gallon bucket
3. Cup and ½ cup measuring cups
4. Water Cycle Game
5. Bottle of Oil (consumable)
6. Green food coloring (consumable)
7. Paper clippings (consumable)
8. Small glass jar (2)
9. Cheese cloth
10. Eyedropper
Group sets will be needed for:
1. Turbidity Tubes 60cm (5)
2. Spray Bottles (5)
Supplementary Materials.
Books:




A Drop Around the World by Barbara McKinney (1998)
Our Well by Rochelle Strauss (2007)
A Cool Drink of Water by Barbara Kerley (2006)

Laminated copy of the Materials List (Appendix C)
Laminated copy of the Lesson Plans (Appendix D)
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Laminated copy of the Water Conservation Facts sheet (Appendix E)
Laminated copies of the Water Cycle (Appendix F)
Laminated copies of the Groundwater Supply (Appendix G)
Laminated copies of the Distribution of Earth’s Water Supply (Appendix H)
Laminated copies of the Land Subsidence (Appendix I)
Laminated copies of The Incredible Journey Directions (Appendix J)
Laminated copies of The Incredible Journey Station Signs (Appendix K)
Laminated copies of The Incredible Journey Boxes (Appendix L)
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APPENDIX D
Lesson Plans
Day 1


Pretest: What do you know about water conservation? (15 min)

When the students come in, start by asking them who has ever done things such as
brush their teeth, swam in a lake, drink water out of a hose, or other ideas that you
may have. After you have gotten the students thinking about water, hand out the
pre-test for them to take. Collect the papers as they finish and look over the
answers later.


Book- A Drop Around the World (20 min)

When all the students have finished, read the book to them. As you read, stop
periodically to make sure that they understand that our water now is the same
water that has been here since the world began.


Questionnaire: How much water do you use? (15 min)

After the book, hand out the water questionnaire. Tell the students that it is really
important to understand where you use water in your day in order to figure out
where you can make the changes. Collect these questionnaires when they are done
to keep for the fourth day.


Water cycle explanation with chart (15 min)
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Pass out the laminated copies of the water cycle and discuss how it all works.
Remember that the water cycle repeats and really has no beginning or end so it is
safe to start anywhere.


Water cycle game (45 min)

The directions for this game are with the contents. The students really have a
good time playing this game. Pause the game periodically to talk about the stops
that the students are making and how long they are staying at those stops.


Wrap-up (10 min)

Have a round group discussion about what they learned today and give them an
introduction into what they will be learning the next time. Ask the students to
think about how they are using water until the next lesson.
Day 2


Book – Our Well (20 min)

Start this lesson off by reading the book.


Water on the Earth chart (10 min)

After the book, pass out the chart that shows where water is located on the Earth.
The chart starts on the left and then breaks down into the next two columns. The
biggest part of this lesson for the students to understand is that we have such a
small amount of water for actual consumption.


Review where the water was held in the game (10 min)

Review the game and where the students stopped the most. Again help them to
understand that there is such a small amount of water that we can actually access.


Talk about water storage and watersheds (20 min)

69
Pass out the water storage sheets to each student. Go over the diagram and talk
about where all the water collects. Help students understand that whatever
happens to the water on the surface affects all the water underground too.


Talk about land subsidence with pictures (20 min)

After talking about where the water is kept underground, pass out the pictures of
the land subsidence. Tell the students that this is what happens when large
quantities of water are pumped out of the ground to be used for things such as
irrigation. When the water that filled in space between the rocks leaves, the rocks
compact and the ground drops. Talk about how in areas that have water, this can
still happen because they are taking that water and moving it to areas that don’t
have water.


Project with water runoff (20 min)

This activity is best to be done outside. If you are unable to, find some newspaper
to put the papers on before spraying. Pass out a piece of paper and four markers to
each student. Explain to them that you want them to draw a bunch of circles all
over their paper using all four colors. While they are drawing, pass out the spray
bottles to five students around the room. Then ask all the children to crinkle up
their paper into a ball. Then have them open that paper back up without making it
flat. Help them remember that the world is not flat and that this piece of paper
resembles the world. They will then share the spray bottles and use them to create
rain. When the pretend rain falls on their land, ie. the paper, the colors will start to
run. Ask them what they are seeing. Guide them into understanding that our water
flows in different directions. It is because it flows in different directions that we
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need to be careful with what we do to our water. Have them pretend that they live
on the top of the paper and that they just dumped pollution into their stream. Ask
them who else might have to deal with what you did to the water.


Wrap-up (10 min)

Review with the students what they have learned today and share with them what
they will be learning the next time.
Day 3


Book – A Cool Drink of Water (20 min)

To begin the lesson, have the students close their eyes imagine the hottest day
they have ever dealt with. Then have them think about opening the refrigerator
and getting the coldest drink of water they have ever had. Have them think about
how it would taste going down their throats. Then have them open their eyes and
read the book to them.


Water pollution demonstration and discussion (40 min)

Collect some water before the lesson begins and put aside for now. During this
lesson, you will be adding things to the water to show that once we put something
into the water, we can’t always get it out. Show the students a glass of water.
Then add some paper clippings. After the clippings put the cheesecloth on top of
the jar and pour the water into the other jar. This demonstrates that some things
can get taken out of the water. Next, put the green food coloring into the water
and repeat with the transferring of the water between jars, showing that you can’t
get the color back out of the water. Lastly, add the oil to the water so that the
students can see that there are some things that won’t even combine with water.
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Help guide them in a conversation about other things that people pollute the water
with.


Discussion on how pollution affects fishing (20 min)

Move the discussion into who this polluted water affects. Help guide them into
fishing, which many of the students have done. Ask the students to brainstorm
what happens to the fish with all that pollution in the water. Also, ask them who
else it affects when the fish are toxic.


Using the Turbidity tube to see obscurity in the water (30 min)

Prior to the start of this lesson, you will also need to fill up the 5-gallon bucket
with water from a nearby stream, river, or lake. Then allow the students in groups
to fill the Turbidity tubes up with water. While they are filling them up, explain
that most bodies of water will contain sediment and pollutants that make it
difficult to see through the water. The harder it is to see, the harder it is for the
fish to see as well. Then teach them how to move the Secchi disk up the Turbidity
tube until they can first see the black and white disk. Have them each take a turn
to compare where they all noticed the colors. Explain to them that the clear the
water, the further down you can see and the better it is for all the wildlife using
that body of water.


Wrap-up (10 min)

Review with the students what they learned today and share with them that with
the next lesson they will be looking at how much water they use compared to how
much water we really have.
Day 4
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Review previous lessons (15 min)

In a full group discussion, take them through what they have learned in the past
three lessons.


Measuring Fresh Water activity (30 min)

This activity will help the students understand just how little water there is on the
Earth to be used as drinking water. Before class starts, fill the 5-gallon bucket
with water. Have the other materials nearby in a place where the whole class can
observe. Explain to students that the water in the 5-gallon bucket represents all the
water on Earth. Ask them to name the kinds of water that exist in, on or around
Earth. They should be able to name rivers, lakes, oceans, clouds or water vapor,
ice caps, groundwater, water held in soil, and water held in plants and animals.
Provide hints so that all types of water are mentioned. Ask two students to come
up and help with the demonstration. Ask one of them to remove two cups of water
from the bucket, using a measuring cup. Have the student hold that amount so
everyone in the class can see it.

What does the water in the cup represent?

o

Freshwater.

What does the water in the bucket represent?

o

Saltwater. Explain that the saltwater is not usable by humans because
drinking it would make us very sick.
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Move the bucket aside. Ask the first student to pour 1/2 cup of water into the onecup measurer held by the other student.

What do the 1-1/2 cups still left in the two-cup measurer represent?

o

Polar ice caps. Explain that this water is unavailable for our use because it
is frozen.

Set this cup aside. The first student can return to his or her seat.

Ask the class what the 1/2 cup of water represents.

o

Groundwater, surface water (e.g. lakes, rivers, wetlands), and water vapor
in the atmosphere.

Have the class guess how much water should be removed from the cup to
represent only the surface water on Earth. After a few guesses, pull out the
eyedropper from your pocket and draw some water into it. Place one drop of
water into the hand of a few students. Explain that one drop of water out of a
whole 5-gallon bucket represents the water that is available to us and other
animals for drinking. Allow the class to think about this for a minute. Then
explain to them that the total amount of water on the planet is not going to
change. Even though water moves around on the planet and changes from one
kind to another, we will never have any more than we have right now.

Spend some time discussing the activity with the class. The following questions
are a good place to start:
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Were you surprised at how little water is available for human use?

Would you call water a scarce or abundant resource? Why?

What do we need/use water for?
Why can’t we drink saltwater?
The number of people who need to use Earth’s freshwater keeps increasing. If the
amount of freshwater cannot change, but there are more people who need it, what
does that mean? What might happen?

Can people and animals live without clean freshwater?

What is the main cause of the increased demand for freshwater?


Discuss results from “How much water do you use” questionnaire
comparing it with the latest activity (20 min)

Before this part of the lesson, go over the questionnaires so that you know what
your group uses the water for. This will help you direct the conversation about
how this last activity made in impact on their thinking about water use.


Brainstorm what can/should we do now (20 min)

The fact sheet will help guide you in this discussion.


Book – Why Should I Save Water (20 min)

While you are reading the book, keep referring back to what they have learned.


Posttest: What do you know about water conservation? (15 min)
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Pass out the posttest and then collect when they are finished. Look at the results to
see how well your lessons went. Think about what you could do differently next
time. Thank all the students for learning about water conservation and ask them to
try to make one change for their future water use.
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APPENDIX E
Water Conservation Fact Sheet
Ways to Conserve Water Fact Sheet
Use these ideas to help your discussion on water conservation.
We live in a watery world, with the average American lifestyle fueled by nearly 2,000
gallons of H2O a day.
What may come as a surprise is that very little of that—only five percent—runs through
toilets, taps, and garden hoses at home. Nearly 95 percent of your water footprint is
hidden in the food you eat, the energy you use, products you buy, and services you rely
on.
Toilets, Taps, Showers, Laundry, and Dishes









Make sure you have low-flow showerheads, faucets, and toilets.
Repairing leaky faucets and toilets can save 10 gallons a day.
Using a low-flow showerhead can save 15 gallons of water during a 10-minute shower.
It takes about 70 gallons of water to fill a bathtub, so showers are generally the more
water-efficient way to bathe.
Most front-loading machines are energy- and water-efficient, using just over 20 gallons
a load, while most top-loading machines unless they are energy-efficient, use 40
gallons per load.
Nearly 22% of indoor home water use comes from doing laundry. Save water by
making sure to adjust the settings on your machine to the proper load size.
Using a dishwashing machine is actually more water efficient than hand washing,
especially if you run full loads.

Yards and Pools



Nearly 60% of a person's household water footprint can go toward lawn and garden
maintenance, so let nature water your lawn.
The average pool takes 22,000 gallons of water to fill, and if you don't cover it,
hundreds of gallons of water per month can be lost due to evaporation.
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Diet








One of the easiest ways to slim your water footprint is to eat less meat and dairy.
Another way is to choose grass-fed, rather than grain-fed since it can take a lot of water
to grow corn and other feed crops.
There are also water costs embedded in the transportation of food (gasoline costs water
to make). So, consider how far your food has to travel and buy local to cut your water
footprint.
Pork costs water to produce, and traditional pork production—to make your sausage,
bacon, and chops—has also been the cause of some water pollution, as pig waste runs
into local water sources.
A cup of coffee takes 55 gallons of water to make, with most of that H2O used to grow
the coffee beans.

Fuel Economy



Washing a car uses about 150 gallons of water, so by washing less frequently you can
cut back your water use.
A gallon of gasoline takes nearly 13 gallons of water to produce. Combine your
errands, carpool to work, or take public transportation to reduce both your energy and
water use.

Industry





It takes about 100 gallons of water to grow and process a single pound of cotton, and
the average American goes through about 35 pounds of new cotton material each year.
Do you really need that additional T-shirt?
One of the best ways to conserve water is to buy recycled goods and to recycle your
stuff when you’re done with it. Or, stick to buying only what you really need.
Recycling a pound of paper, less than the weight of your average newspaper, saves
about 3.5 gallons of water. Buying recycled paper products saves water too, as it takes
about six gallons of water to produce a dollar worth of paper.

Reminder: This fact sheet is only for reference to help guide the discussion. Ideas from
students don’t have to be found on this sheet!

78

APPENDIX F
Diagram of the Water Cycle
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APPENDIX G
Diagram of the Groundwater Supply
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APPENDIX H
Distribution of the Earth’s Water
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APPENDIX I
Land Subsidence

Approximate location of maximum subsidence in the United States identified by research efforts of
Dr. Joseph F. Poland (pictured). Signs on pole show the approximate altitude of land surface in
1925, 1955, and 1977. The site is in the San Joaquin Valley southwest of Mendota, California.
Credit: Dick Ireland, USGS.
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A row of buildings, showing effects of land subsidence, near the Great Temple in Mexico City.
Credit: Chris Earle.
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Land subsidence in California, due to groundwater withdrawal. Fissures near Lucerne Lake (dry) in
San Bernardino County, Mojave Desert, California. The 5-gallon bucket is for scale.
Credit: USGS
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APPENDIX J
The Incredible Journey Directions
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APPENDIX K
The Incredible Journey Station Signs
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APPENDIX L
The Incredible Journey Boxes
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