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Involving Children
in Science and
Making it Fun

The purpose of this manual is to provide a
template and supponing information to
help teachers translate scientific informa
tion into effective and fun lessons for stu
dents. Our manual includes information on
how to incorporate scientific inquiry in the
classroom, a template for creating a unit of
lessons from a scientific article, and exam
ple lesson plans that illustrate the process
described in the template. These lesson
plans are based on SANREM CRSP
research that has been summarized in the
form of Research Briefs: shon.. non-techni
cal summary 'anicles' (see Appendix HI).

We hope that the material in this packet can be used in a variety of
educational settings and geographic locations. We stress that the 1es
sons presented are examples: they have not been wrinen to the cur
ricular/education standards ofany particular locale. The example les
sons may be replicated by teachers but may DOl be appropriate in all
cultural contexts; therefore, they should be modified to better reflect
the local conditions and culture in which the teacher is working.

One of the assumptions of the authors is that students who enjoy
exploring and observing their surroundings, and connecting what
they think will happen with their observations (sdmff). ",ill likely
become good problem solvers and decisions makers. The lessoos and
background information presented in this packet focus on some of
the problems that tomorrow's decision makers might face - mainly
those associated with natural resource management (NRM).

The template and lesson plans presented in this packet are an attempt
to make it easier for teachers to involve students in science in a way
that is fun and fulfilling (additionallessoos to test student questions
can be found in Appendix VII). The template will guide teachers in
creating units of lesson plans based on scientific anicles or reports

... lis ., n
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(examples of scientific documents are given in Appendices III and
V). Since a large portion of these lessons is guided by student
questions it is important to remain flexible in creating actual lesson
plans. Introductory lessons that encourage observation, question
ing, and discussion and are based on standards that teachers are
required to teach can be planned ahead of time. Once students
develop questions to drive further investigation it is up to the
teacher to work with the students' interests.

-
-

•

..
Some basic principles and concepts about natural resource man

agement are presented in Appendix I of this manual. In Appendix II, we briefly introduce addi-
tional concepts, ideas, and working examples of models and lesson __------
plans that helped to shape this project. The materials in these
appendices may be used to aid in the development of other
natural resource management lessons or to spur classroom
discussion.

How can we teach hard science
without making it harsh science?

The initial draft of the example lesson plans included in this manual was reviewed by a number
of education experts from developing countries and the United States (see Appendix IV). Some
feedback that we received is that the scientific method is too difficult and advanced for pri
mary grade students in developing countries, and that using the scientific method is primarily a
'western' way of observing the world and solving problems. Although this is a common and
sometimes accurate perception, it does not have to be true. While the scientific method is wide
ly taught in the 'western' education, it need not replace local knowledge or learning styles.
Rather it should complement these valuable resources by encouraging questioning and consid
eration of multiple points of view. As educators, it is important that we do not downplay the
importance of cultural diversity by imposing one way of thinking. All cultures are different

from one another and therefore have valuable, individual
resources to offer. Instead, we should aim to provide a vari
ety of teaching and learning tools to help broaden students'
perspectives. The scientific method is just one of these
tools.

Quite simply, observation is the key to unlocking the mys
teries of science, and science is the comparison of what stu
dents look for and what they actually find. Children are nat
urally inquisitive, and the scientific method is one process
to help them to organize their observations and direct their
inquiry in order to more easily and accurately find answers
to their questions. Facilitating this structured inquiry

-
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•
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..
requires flexibility and creativity on the part of the teacher. It does DOl, however, require that
the teacher be an expert in any scientific field.

The scientific process: Creating learner-centered,
multidisciplinary lessons from scientific articles

Thefollowillg illfo,."wlion "ill help you
to better understand the remplah! pro
vided at the end ofthe ln1JTJdJu:tion.

•

•

/ The natural world, and its "
interactions with local social sys- I

terns, provide a wide array of I
opportunities for As it is important to value the ideas and

methodologies of different cultures. it is
"- observation. .) also important to value the same in an
---------------~ individual child. Rather than looking at a

student as a blank page that needs to be filled, a teacher can instead draw from what the student
already knows (before engaging in classroom lessons). In fact, no student is a blank page. All
children have a wide array of beliefs and understandings that they have developed through their
life experiences. Drawing/irst from students' existing knowledge will help them value what
they have already learned from their culture, community, and family, and this will build their
confidence and increase their desire to learn more.

In....

, l

One way to draw from what students already know and provide them with a sense of ownenhip
in what they are about to learn is to present students with what will be observed and allow them
(and their interests) to drive scientific inquiry. This can be done while meeting cwricuIum SlaD

dards, maintaining order in the classroom, and
incorporating the scientific method (process).

Observation is the first step in the scientific
process. The natural world, and its interactions
with local social systems, provide a wide array of
opportunities for observation. To maintain adher
ence to curriculum standards this observation
needs to be structured. For example, a teacher
who needs to lead a lesson in the effects of dif
ferent weather types on rocks will need to direct
student observation in that specific direction. To
do this, teachers may wish to develop a broad
based •essential' question that defines and directs
students to the main point of the study (i.e. What
hoppens when a rock is exposed to Wf!flther? or
Ho"- does "'eather affect a rock?) and then
encourage students to make their own observa
tions. The teacher should allow students to dis
cover and draw conclusions without interjecting
his or her personal opinions or prior knowledge.

7 CnNIIInfI L__-eem..ct, ",,/fill. peNt)'L_

•

ill

•

•
II

ill

•

..



•

After considering the essential question and observing interactions between natural and social
systems in the local community, students will naturally develop additional questions (these
questions may come easy to some students while others made need to be encouraged to ask

them). Questioning is the second step in the scientific method. Student
questions should be about the topic stated in the essential question

• A but may include aspects of each student's personal interests. It
-r c- is likely that many students in the class will come up with the

" same or very similar questions and can therefore work in....t: groups to determine the answers to their questions. These·...4.. questions can guide in-depth learning activities and lessons., fl in which students determine the answers to their questions.

~
. _.:: - ? By followin~ the ste~s .of the. scientific m~thod stude.nts will
- •.;0U have ownershIp of theIT mveshgahon questIOns and wIll have

"'. increased incentive for further study. Teachers can anticipate
many student questions ahead of time and prepare lessons accord-

ingly. This method of teaching requires that the teacher allow for flexibility
in lesson plans and is familiar with resources available for addressing student questions. The
example lessons presented in this manual, and the template for creating lessons, provide an
example of how teachers can guide students through this observation and inquiry process.

Once students have developed questions it is important for them to determine what factors they
would like to test. This is done by making a hypothesis. At this point many of you readers may
be sighing, "Ugh. A hypothesis. Surely primary school students cannot form a hypothesis."
However, forming a hypothesis is easy; it is a matter of determining what you are expecting as
an answer. In many ways it can be compared to an assumption, or an intuitive response.
Students older than the age of seven can generally reason enough to determine what they expect
as an answer. As children grow they will refine their skills and provide more realistic, detailed,
and testable hypotheses. One way to familiarize students with making hypotheses is to ask them
to make guesses on a regular basis. Encourage them to guess about how many objects there are
in a jar, or to guess the answer to a question based only on what they already know. Let stu
dents know that they do not have a limited number of guesses. That way they can learn from
the guesses that were not correct. A wrong
answer is a good answer in that it can be
eliminated, and then the guesser is one step
closer to a correct answer.

The step that is often perceived to be most
difficult in the scientific method is design
ing a way to test a hypothesis. This does
not need to be difficult, and for younger stu
dents it is not necessary for test methods to
be completely flawless. The most important
thing is that students understand that they
can test a hypothesis and draw a conclusion.

-
-
-
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Children have experience observing and testing as a regular pan of their play. For example. a
child may see a dog and wonder what would happen if slhe were to bold food out to iL The test
is the act of holding the food out and seeing what happens.
For the child to test a hypothesis slhe would have to state
herlhis expectations abead of time. The child might expect
the dog to come nearer when slbe holds out the food; this
is the hypothesis. After holding out the food (the test) the
child will discover the difference of what was expected to
happen and what actually did happen.

As students learn they should be encouraged to recognize
sources of error in tests. For example. in the test with the
dog there are other factors that may have influenced the
dog's behavior. Rather than coming closer because the food
was held out, the dog may have come closer because it
wanted to be closer to an object next to the child, such as
the dog's water bowl. By repeating simple experiments like
this one some of the error can be eliminated. The more times the experiment is IUD and the
more times a result is demonstrated. the more likely it is that the result seen is a ttue explana
tion for why the dog is approaching the child. For example, if every time that the child bolds
out food to the dog, the dog approaches and sniffs or eats the food, then the child can be confi
dent that the dog was coming close because slhe was holding out food.

By considering all of the possible factors that influence a situation students can leam to antici
pate error abead of time and to eliminate variables (or influencing factors) that might give an
experiment poor results. For example, an older student might hypothesize that plant growth is
affected by exposure to light. Plant growth is the variable that will be tested. and this growth
will be related to light exposure. In an experiment to test this hypothesis, two trays of seeds can
be planted in soil and set in a warm, dark place to grow. The first tray of seeds will n:ceive DO

light throughout the experiment; this is called the control group because all factors\'-ariablcs
are controlled for and remain constant throughout the duration of the experiment. The second
tray holds the experimental group of seeds, and this tray will be exposed to different amounts

of sunlight. By duplicating all of the variables except one (in
this case, amounts of sunlight) the student can be more certain
that the change in plant growth is caused by a difference in
exposure to sunlight and not to any other factor which may also
influence plant growth (such as water availability or soil type).

By completing experiments and being encouraged to think about
sources of error or other factors that can influence experiment
results students will gtadually design experiments with more
accuracy.

Once students have tested a hypothesis they will need to determine what actually happened and
if these results are what they expected; they need to dr." conclusions. As with designing a test



Service learning
IS a common way

to
integrate the local

community in
student education

while
simultaneously
improving the
community.

for a hypothesis, this step can also become more complex as students reach higher grade levels.
In simple tests run only one time (for younger students), a student can easily detennine if what
slhe expected to happen actually did; in the dog example it is easy for the child to test a hypoth
esis and draw a conclusion (i.e., what happened when s/he held food out to the dog). For older
students, if this test was applied multiple times (to eliminate some sources of error) the student
could detennine what actually happened based on the number of times the dog did what was
expected compared to the number of times the dog did not do what was expected. This is a
great place in the scientific process to integrate math and graphing skills. As students become

more advanced in making and testing hypotheses, they
may naturally be drawn to quantify (i.c., use numbers to
detennine or explain) their results. For instance, every
time the dog did what was expected a score of I could be
marked, and when the dog did something unexpected a
score of 0 could be marked. These scores could be added
up and divided by the number of times the test was per
fonned to detennine an average number of times the dog
did what was expected. By quantifying data students are
using another "language" to analyze what they are
observing. This will allow them to see patterns that they
may not have otherwise noticed. Graphing is a way for
students to visually analyze infonnation and look for
additional connections and patterns. Graphing techniques
are discussed within the example lessons provided. Once
conclusions are drawn, students can revise their experi
ment and re-run it, or use their conclusions to fonn new
hypotheses.

The scientific method can be a useful tool for student learning. However, it should not be taught
as the one and only way to collect and analyze infonnation. Students should be encouraged to
draw from additional sources of knowledge and to think critically about what they are learning.
Just as they are asked to think of questions in the beginning of the scientific process, they
should be encouraged to continue to think of questions throughout the process. Likely they will
have more questions than answers when they are finished.

Making decisions when there are more questions than answers may seem like a daunting task to
some students. Yet through investigating the world around them students will likely find a num
ber of connections that they had not considered before. For instance, students may be aware
that a polluted stream can cause sickness for those that drink its water. They may have also
found through investigation that most pollution in a particular stream comes from soil washing
away from a pig farm and into the stream. By understanding the links between the pig farm, the
stream, and human illness, students will be better able to take appropriate actions to solve the
problems at hand. For instance, trees could be planted between the pig fann and the stream to
catch more of the water that enters the stream during a rainstonn. As more detailed infonnation
is learned, such as the specific bacteria in the water that is causing people to be sick, actions
can be adapted to better suit the problem. If it was learned that the bacteria that contaminated
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A well-prepared teacher will be able to
expect the questions that students generate

collaboratively by community part
ners and service recipients to answer real
community needs (see Appendix lIB for
more information on service learning).

Teachers should assess studentleaming
based on the standards taught as well as the
students' personaJ understanding. Did the
student sufficiently answer the question that
sIhe asked? What else did the student learn
during the process? Examples of more in
depth techniques for assessment are listed in
the example lesson plans. 1llese assessments
are only guidelines and should be modified
to better assess specifie curricular standards
that were met through this activity. Teacbers
can also use these student assessments as a
means to evaluate their teaching abilities on
these new topics.

the stream could be killed by boiling the water, people downstream
could be advised to boil their water before drinking. The key in
allowing continued adaptation of solutions to problems is the
continued questioning of the solution; students should
learn to continually ask questions and to monitor the
progress of their decisions (see Appendix I1A).

During investigations students may come up with
good ways to help solve community problems, such
as too much littering or ways to clean up a local
river. Implementing these actions can become an
additional learning experience for the students.
Employing student ideas will also help students to
feel confident and to understand that they can make
a difference. Senice learning is a common way to
integrate the local community in student educa- •
tion whiIe simultaneously improving the commu
nity. Service learning provides both serv-·-~
ices to the community as well as .~

appropriate learning activities to the, WOWI
service provider (i.e. the student). .
Objectives and goals of service

learning projects are developed • '"___......
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with (as well as the resources available for addressing these questions) ahead of time.
Regardless of the amount of teacher preparation, however, student learning will take place
when students are allowed to observe and be 'wowed' by the world around them. If they are
interested and amazed but what they observe, and are encouraged to discuss their observations,
they are more likely to care about and to want to learn about what they see. Cultivating this
sense of wonder will encourage students to continue learning and to develop environmental
ethics that are in line with the students' experiences.

The template provided in this manual was created with the above concepts in mind. To summa
rize:

* The world is made up of natural and social systems that continually interact. These
interactions between humans and nature can be observed every minute of the day, and
they form the complex world around us. If a change occurs in one system, then the
the other system is affected as well. Therefore, to study only one of the systems
without the other would provide only part of the story.

* Allowing students to observe and be 'wowed' by the world around them is crucial to
engaging children in science. If they are interested and amazed by what they
observe, and are encouraged to discuss their observations, they are more likely to care
about and to want to learn about what they see. Sometimes even the simplest
occurrence, such as a bird building a nest or a tiny whirlpool of water forming in a
stream, can lead to the most interesting and engaging questions and lessons.

* There are aspects of scientific research that are naturally interesting to students, and
developing lessons based on these points of interest will generate further inquiry and
desire to learn within students. This puts students at the center of learning. Building
on their existing knowledge and allowing them to test their questions will help
increase students' confidence in their knowledge and abilities to engage in scientific
inquiry.

* Lessons developed based on students' interest can meet curricular standards of
different subject areas. This can be done in the context of the natural and social
systems included in the scientific document that you read while maintaining the
interest of students and order in the classroom. Meeting these standards will require
some flexibility and creativity on your part as these lessons will not likely be standard
ones, but with a little extra thought and preparation, you should find that you can
create the lessons to meet your goals as well as students' goals.

* Scientific research can be applied in a local context. The research that teachers read
about may have been conducted in a geographic location far away, but the results of
the research can be applied at horne to make positive changes in a local community.
The same can be said for the class lessons that you create from student inquiry.

...
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• Remember, scientific research can lead 10 imponant discoveries. many of which

can be beneficial to humans, plants. and animals. Testing questions that students
have about their observations may lead 10 some exciting results thaI sbouJd IIOl be
regarded as unimportanl just because lhcy an: from a clll5S expcrilllCDL SCientific
discoveries have to start somewhere, and your class may be able 10 apply the
results that they uncover to benefit your local community.

This endeavor look multiple forms and attempts over the past year. lbrougb trial and error, we
developed and complied a number of materials as \bey related 10 training educators in learna-

centered education methodologies as well as specific subject an:as of natural resource tI'I8II8ge

men!. Appendix VI provides some of these materials.
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The next page illustrates a template that can be used [0 create leamer-centen:d. multidiscipli
nary lessons from scientific articles or other documents. The template has been formulated to
lead you through a series of steps that will help you generate lessons (from scientific docu
ments) that introduce basic principles of nalUral resource management Each step is followed by
a series of questions that should be answered before moving on to the next step. If you are DOl
familiar with creating lessons that are leamer-centered or multidisciplinary, this template may
take you some time to work through. It will also require you to be flexible and creative as you
will be allowing students' interests to guide scientific inquiry. Allowing students to explore
their interests while meeting curricular standards is sure to be a rewarding experience for both
you and your students.
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Creating learner-centered, multidisciplinary lessons from scientific articles
A template for teachers

I. Read a scientific article and answer the following questions:
a) Are there any aspects of this research that make it naturally interes~ng to students?

b) Which curriculum standards can be taught in the context of the natural and social systems included in the research?

• lfthe answer to question a) is yes and you are able to detennine curriculum standards can be taught in the context of the natural
and social systems included in the research [question b)], continue to Step 2.

• If the answer to question a) is no OR you are not able to determine curriculum standards can be taught in the context of the
natural and social systems included in the research [question bl], chose new scientific articles until you can continue to Step 2.

2. Answer or complete the following: 2a. The world is made up of natural and social
What was the main question/inspiration of the research? systems that continually interact. Determine the
Why was it important to answer this question? natural and social systems that were explored
What was the hypothesis? in the research (i.e. the river ecosystem and the
What methods did the researchers use to answer the ques~on? human health care system).
What were the conclusions? How do these systems interact?
How can these research conclusions be applied in a local context? What are some issues that arise from these
Work with other teachers to include standards trom varying interactions?
subjects.

+
3. Develop a broad. "essential" question to be presented to and explored by the students. Base it on the interactions
between the natural and social systems covered in the research brief and the curriculum standards that you would like to
teach (i.e. How does the river ecosystem affect human health?).

..
4. Determine how you will introduce the essential question to students (i.e. tell a story about the research. take a walk to
explore land use in an area, take simple measurements that are relevant to the question. etc.) and help them develop mOTe
specific questions oftheir own. Consider community resources that are available (i.e. land forms, people, information)
that will help you to complete this step. Develop lessons to introduce the essen~al question and to facilitate student
questions while meeting curricular standards.

+
5. List the specific questions that the students may come up with in response to the essential question.

..
6. Prepare a general plan to help students address their questions (actual projects should be determined by the students
based on their questions). If you choose the scientific method, consider the following:
How will you facilitate the fonna~on of hypotheses?
How will you help students to design an experiment?
What methods are available? What methods are most useful in the current circumstances?
What type ofresults might be generated?
How can the results be analyzed? Can these results be compared to the research results?
How will you help students reach a conclusion?
How can the infonna~on learned be applied in a local context?

+
7. Consider and list possible service learning projects in which students can take part to apply the knowledge that they
gained during their investigations (actual service learning projects will be developed with the students' input).

..
8. Determine a method for assessing the students' mastery of the material and of the standard/s that was/were taught

through this activity.
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Exploring the Waters:
Unit Overview

In this unit students will explore how water, a vital natural resource, can become polluted lIIId
how it can be protected.

The lessons provided in this unit were designed to build upon students' current knowledge lIIId
understanding of water quality. These lessons are examples of ways to help students take tbeir
knowledge one step further and see how it connects with new information. The Iessoos lIIId
assessment guidelines may need to be modified by teachers to better fit the needs of tbeir class
size, local culture, materials available, and learning environment (when possible, ways to modi
fy activities are suggested).

To begin the unit, students explore an essential question (a broadly-focused question that is
essential to the theme of the unit) through a combination of observation lIIId measurement activ
ities. Based on their observations and previous knowledge they will then formulate questions
that will lead to further inquiry. These questions reflect students' interests about the topic of
study.

Teachers can structure this student-generated inquiry by using the provided template lIIId bIIcIt
ground information on the scientific method to create lessons that will help answer student
questions. The lessons provided under ACliI"ilies In Address Studenl Questions are examples of
what lessons may look like.

II
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Although teachers provide the general structure for inquiry activities, using students' questions
for further investigation will enable them to combine previous knowledge that is valuable to
them with new knowledge that they hope to gain. By helping students learn about topics that
are interesting to them, they will gain a sense of ownership in what they are learning and will
be more open to and excited about learning. The results of this synthesis will also help students
to make more informed decisions about managing their natural resources (in this case, water).

-
-
-
-
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Unit Outline
Essential Question: How is water quality affected by

what we do and how does water quality affect our lives?
Ask your students this essential question and then talk about possible answers. Write the
answers in a place where students can see them (or have students come to the board and add
their words and answers; you can be in the background as a facilitator). Explain to SlUdents
that in order to further answer the question, they will complete some observation activities.
Tbese activities will also help them to create more questions about water quality.

Observation activities to introduce the essential question

What We Know About Water
As a class. students will review the water cycle and discuss what they know about
water, what they are unsure of about water, and what they do not know about water.

Story: The Muddy Water PoUce
Students will read about a projcct in which community members worKed with scientists
to measure water quality in a watershed in the Philippines.

What is a Watenbed?
Students will build a model of a watershed using a piece of paper.

A Walk In a Watenbed
Students will create a map showing land use in a local watershed. Students \\-;11 observe
and make note of the land use on a walk through the watersbed.

During the completion of these introductory activities students will be thinking ofand recording
questions that they develop about the interactions between the water system and the social sys
tem in the local community. Students will choose their favorite question. write it on a slip of
paper, and band it in to the teacher.

Guidelines for questions

Teachers may wish to write all of the questions on the board so that the SlUdents may see them.
compare them with other student questions, and know when their question has been addressed.

Teachers should place all of the questions on their desk and group the questions that are similar.
Students with similar questions can work together in a group. One of the objectives of the next
acti~;ties should be to address all of the students' questions.
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Example activities to address student questions

A Water Watch
Students will follow the scientific process to answer physical, chemical, and biological
questions about a body of water near their school. This lesson provides students with
several tests that use the scientific method and that will help them to answer their
questions about water quality.

Interview a Community Member or Elder
Students will use knowledge of people in their community to answer questions about
existing water laws, how and why these laws were made, and who made them,
perceptions about water quality, and lor the history of land use and water quality in the
watershed.

Once students have explored the topic of water and their surrounding watershed and have found
answers to their questions by using one of the methods suggested above or one of their own,
they will be ready to apply what they have learned on a larger scale: in their community.

Ask your students what they consider to be the biggest problems with keeping water in their
local community clean. What problems do they think are the most important? With their input,
create a list of projects that the students could complete to protect water quality in their local
communities. Help them choose one to start. Support their learning process by encouraging
them to become involved in all aspects of setting up and completing the project.

Possible Service projects to improve water quality

*Plant trees along a stream bank to help slow down the rate of erosion
*Educate community members about steps to take to prevent getting sick from
unhealthy water
*Educate the community about the importance of water quality and ways to protect
water quality
*Create a pamphlet about the importance of planting crops along the contours of a hill

Once students have completed this unit, conduct an assessment to determine the level of under
standing that they have gained. In the assessment, ask students to review the essential question
and write an essay on the topic. To test their understanding of the scientific method, have stu
dents design an experiment that will answer a question about a topic similar to water quality.
Include any local curriculum standards that need to be addressed. More information about
assessment, along with suggested guidelines for evaluating student work, can be found after
each activity.
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What We Know About
Water

/' Student age: Upper Primary/Early Secondary/Secondary '\
Location: Classroom
Objectives: Learners will:
1. determine what they know about water, what they are unsure of about water, and
what they do not know about water, ~

MATERIALS

•clear glass
·water
*something on which to write student questions

II

•

Background Information: Water is essential
to the lives of most living organisms. Humans
use water for many purposes: drinking,
bathing, cleaning, cooking, transportation, and
raising animals, just to name a few uses. Other
species use water as a vital part of their lives
as well. Plants need water to grow, mammals
and birds need water to drink and bathe, and
fish need water for a borne.

Before water gets to our faucet or pipe, it
comes from somewhere else! Water can be
found in many places such as rivers, streams,

lakes, ponds, ocean.., wetlands, and CVCD smaIl
puddles. It also comes from the sky as rain,
hail, or snow. But bow come we can see it in
both places? This is because of something
called the water cycle.

Before you begin any of the activities. you
may wish to review the water cycle (illustra
tion on next page):

The water cycle bas four main stages. The
first stage is evaporation (Al: when the sun
warms a body of water such as a lake or ocean
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and turns some of it into steam. That steam
leaves the water and travels up into the air.
Once the steam is in the air, the next stage can
take place. The steam eventually gets cold
from the air and changes back into liquid. This
causes clouds to form and is called condensa
tion (B). Precipitation (C) is the third stage,
and it occurs when there is too much water
that has condensed for the air to hold. This
makes the clouds heavy, so water falls back to
Earth as rain, hail, or snow. The rain may
enter the lake or ocean from where it came, or
it may fall on land. If it falls on land, it will
soak into the ground and become part of
"ground water" that plants and animals use for
drinking or bathing. It may also run across the
land and collect in the lakes or oceans (collec
tion (D) is the last stage of the water cycle).
When this happens, the cycle starts over
agam.

When water becomes polluted (dirty) with
large amounts of dirt, chemicals, or manure, it
creates a harmful environment in which to

live, and the water also becomes unhealthy for
humans to consume or use for bathing, clean
ing ,etc. Some of this pollution may come
from humans throwing trash into water, oils
and chemicals from cars, chemicals sprayed
on vegetables and other crops grown in gar
dens and on farms, chemicals from big facto
ries, livestock manure that washes into the
water, and many other places.

A lot of dirt and trash in water will slow water
flow, sometimes to the point where it cannot
flow at all. That means that the water that we
are used to having in our homes or community
might never reach us. Chemicals and animal
manure in water can make animals and
humans sick if it is consumed and sometimes
if it its even absorbed into our skin. Fish,
plants, and other organisms that live in pollut
ed water may also become sick and eventually
die. It is important to keep water clean so that
all living organisms that depend on it stay
healthy.

Water Unit: What We Know
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This activity is designed to determine what
knowledge children have of water, either from
personal experiences or from learning about
water at home or in school.

Procedure:
I. Pour some water in a clear glass and ask
students what it is. Ask them where they think
it came from. Tell students what water makes
you think about (e.g., swimming, drinking).

2. On the board. or aloud, ask students to fin
ish the following sentences:

'When I think of water, I think of... '
'Water comes from ... '
'Water can become polluted (dirty) and
unhealthy if. .. '
'If water becomes polluted, then _
might happen. '
'What I wonder about water is... '

It may help to organize these questions under
three categories:

a. What students definitely know about water
b. What students are unsure about water
c. What students don't know about water

3. Congratulate students on their knowledge
and explain to them that they are about to
engage in a series of activities about water that
will build upon what they aIready know as
well as help them to explain some of the top
ies about water that they are unsure ofor do
not know anything abouL

TimeJIength of activity: 30-45 minutes

Assessment:
Students should be assessed on their panicipa
tion in the sentence-finishing activity and their
understanding of the water cycle. After
explaining the water cycle to students, ask
them to repeat the four steps. in the correct
order, and have them draw the water cycle.
Assessment can be based on the following
guidelines (teachers should also determine
how to assess curricular standards that were
met through this activity):

Ii
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Needs improvement Satisfactory Excellent

Understanding of the Could not recall nor Could remember the Could remembe1" the
water cycle explain any of the four steps of the water steps of the water

steps of the water cycle in minimal cycle in the correct
cycle. Could not draw detail. Steps may not order and could draw
the water cycle. be in the correct order. the water cycle with

Could draw the water accuracy.
cycle with some accu-
racy.

Participation in finish- Did not participate Participated and was Participated and was
ing sentences about able to complete some able to complete all
water sentences. sentences.

..
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The Muddy Water Police
/' Student Age: Upper Primary/Early Secondary/Secondary "'\
Location: Classroom or a quiet outdoor area where students can sit comfortably
Objectives: Learners will:
1. listen to a story that describes a research project and how the research results were
used to help improve water quality in a community
2. consider the importance (or other applications) of a similar project in their own c0m

munity, /

MATERIALS

• story script: Something Was Wrong in the Manupali Valley
* optional: paper and a writing tool for students' answers to questions

The brief describes a project in which local
community members monitored water quality
in their local watershed The project gave
community members a better understanding of
water quality problems in their coonnunity
and how they, as citizens, could improve water

quality through changing their
land use practices in their
watershed.

•
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Background Inform.tiou:
This story was adapted from a SANREM
CRSP research brief: Water Spirits and
Citizens 'Action: Community-based Water
Quality Monitoring in the Philippines ( SAN
REM CRSP, 200 I. [See Appendix III)).

PREVIOUS PAGE BlANK

This story is used to illusttate
the practical applications of sci
ence in local communities. It
reinforces the concept that
activities in a wateTShed impIIct
its water quality and it describes
methods for monitoring and
improving water quality.

Procedure:
I. Read the story aloud to stu
dents or have them read the
story on their own as an in-class
or homework assignment

Folio.. up discussion:
Ask siudenis the follo\Oing
questions and either discuss



their answers or ask them to write their
answers and hand them in for assessment.

I. What was the main question that inspired
the community research?

2. Why was the water unhealthy?

3. How did the researchers measure the water?

4. Why was this project important?

5. How can the information that Boylon
learned help your local community?

Time I Length of Activity: 30 minutes
Assessment:

Assessment can be completed either informal
ly through discussion, or formally through col
lection of written student answers.
Assessments should be based on students'
understanding of the story and their ability to
apply what they learned in the story to their
own community.

The following guidelines can be used to assess
student understanding of these points (teachers
should also determine how to assess curricular
standards that were met through this activity):

...
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Needs Improvement Satisfactory Excellent

Understanding of the Answers to questions Answers to questions Answers to questions
story do not demonstrate demonstrate under- demonstrate an understand-

an understanding of standing of the main ing of the main points and
the story. points of the story. most of the details of the

story.

Application of the Does not mention Mentions ways in Mentions creative ways in
story applications of this which this research which this research could

research in a local could be duplicated be applied in a local con-
context. in a local context. text. Includes answers that

go beyond duplicating the
procedures used in the
story.

Ii
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Something Was Wrong in tbe
ManupaU Valley

BOylon could remember when he first moved
to the valley to start a fann; it was filled with
forests. Few people lived there, so there were
not many other farms. His family built a house
near the river so that they could be close to
water for irrigation, cooking, cleaning, and
bathing. Boylon's carabao (water buffalo), that
helped carry harvested goods and wet clothes
that had just been washed, often waded in this
same river; they drank from it, cooled off in it,
and defecated in it. Back then, the weather
was quite predictable: wet and rainy in May
and August and dry in July and November.
Boylon's farm was very productive. He grew
com, tomatoes, cabbage and other vegetables.
His crops did very well in the first few years
and his family grew.

Boyton had a large amount of land to fann.
Sometimes, during the rainy season, the rain
would cut ditches into Boyton's fields. After
repeated rains, the ditches would get deeper

and his crops would not grow as well. When
this happened, Boyton had to clear a new field
from the nearby forest and let the old one re
grow into grasses and small trees.

Boylon would occasionally travel further
down in the valley to visit some of his family
and to pick up supplies that were not available
where he lived. In the lowlands there were
irrigation canals that led water from the river
into the many flat rice fields. The town offi
cials also built a reservoir. Water leaving the
reservoir turned a turbine to create electricity
for the surrounding towns. Eventually that
electricity reached Boylon's fann.

Things had changed in the valley over the
years. Other families had followed in the foot
steps of Boyton's family and had settled and
started farms along the river. This movement
of people started slowly but then became quite
rapid as it became more and more difficult to
make a living competing with the larger farms
downstream. Boyton now lived in an area that
resembled a small town and most of the



Boyton was very worried about what was hap- The concerned community members formed a
pening in his village and along the river. The group called Tigbantay Wahig (TW) or Water
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forests that he could
remember were gone.
People had cleared land
for houses higher in the
valley. When it rained the
water seemed to run over
Boyton's fields faster than
when the forest trees were
present to slow the flow of
water. The force of the
rainwater cut even deeper
ditches. Boyton could see
his soil eroding away, but
there was no longer any
area nearby that he could
clear to make new fields.
Instead Boyton had to pay
money for chemical fertil
izers, which he bought in town, in order to
make his land continue to produce crops.
While this helped bring money to his family,
his crops were never as healthy or plentiful as
they once had been.

Heavy rains now often flooded the river. The
floods came quickly and unexpectedly, and
people that lived near the river were not
always ready for them. What made it all worse
was that for the past couple of years the rainy
and dry seasons were less predictable, and just
as there were many floods, there were also
many times that the river was nearly dry.

Boyton began to notice that his carabao were
no longer as healthy. Even though they had
enough food, they were thin, and last season
one had died for reasons that Boyton could
not understand. The scariest part was that the
health of Boyton's family seemed to be
decreasing. His children that still lived at
home were often ill with stomachaches and
fatigue, and they were not growing as quickly
as his older children had.

electricity that came to Boyton's house from
the turbine had become unreliable, so he often
did not have electricity. Boyton had heard that
many of the irrigation canals in the lowlands
had filled in with mud and that it took a lot of
time and energy for villagers to dig them out
each year.

What do you think was wrong?

Boyton spent many hours thinking about all of
these changes, and he had a strong idea about
what was wrong. The illnesses, the erosion,
the power loss, they all had one thing in com
mon: the river. Boyton could clearly remem
ber that the river once ran clear, and fish and
other aquatic animals were plentiful in its
waters. Now it was often muddy looking and
Boyton could not remember when he last saw
wild animals in or around it. It even some
times had a funny smell. He was not the only
person that thought that the river was sick;
many other villagers had noticed and they all
wanted to do something to help make the river
better.
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Watcher. With the support of an area organiza
tion of researchers called SANREM
(Sustainable Agriculture and Natural Resource
Support Program), the TW got involved in
measuring the quality of the water. By learn
ing about the river and gathering scientific
information, SANREM and the TW hoped
that people in the community, and especially
people that worked in the local govemment,
would work to try and clean the water.

Before they started the TW asked permission
to conduct their study from some tribal groups
that lived on the river. These groups viewed
the water as baving spirits, and the TW want
ed these beliefs to be respected and not under
mined. The TW wanted this project to be
important to everyone that lived along the
river. The tribal groups granted the TW per
mission to study the river.
Members of the TW included men and
women, farmers, teachers, and local govern
ment officials. With SANREM researchers,
they visited different sites on the river two
times a month to take scientific measurements.
If it was raining very hard they would visit the
sites every two hours and take extra measure
ments to help determine what happens during
storms and floods.

The TW measured the amount ofsoil that
washed into the river from farmers' fields
(called TSS: total suspended solids). Farmers
were very interested in measuring TSS
because it could show them how much impor
tant soil they were losing. The TW also used
simple tools to measure the amount of water
in the river and the speed at which water was

moving. This was important because it could
help people better predict when there might be
flash floods based on the amount of rain
falling in the watershed and the speed of the
river. Bacteria (germs) present in the \\"lIter
were measured, too. Bacteria, as well as agri
cultural chemicals, were thought to be resp0n

sible for causing illnesses in many people and
animals. To reinforce their suspicions that the
river might be sick., TW members also talked
to other community members about their
memories of the river and its health.

After collecting many samples ofTSS, \\"lIter

levels, speed, and water germs and talking to
many community members, the TW and SAN
REM determined that the local river was
indeed unhealthy. The amount of bacteria in
the river was too high. This meant thaI drink
ing water oul of the river, as well as out of
some springs, would make people sick. The
TW also found thai the \\"lIter was cleaner in

•
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the areas where there were fewer people. Even
though these areas had steeper mountains,
they lost less soil during rain than the areas
that were farmed. They found that the more
forest in an area, the less soil would wash
away; if areas had less than 30% forest cover
they would lose a lot of soil to erosion. It was
determined that erosion in higher elevations
had been clogging up the irrigation ditches
and the reservoir downstream. Soil in the
water also scratched and slowed the turbine
that made electricity, causing it to be less reli
able.

Boyton was pleased that the TW had learned
so much about their water. The next important
step, aside from continuing to watch, or moni
tor the water, was for the TW and SANREM
to determine how they could use their new
information and knowledge to improve the
water.

Together, the TW and SANREM determined
that farmers could plant crops so that their
rows went across the hills instead of down the

hills; this would help to keep ditches from
forming when it rained. Farmers could also
plant rows of trees between their rows of
crops to help catch soil that was moving
toward the river. Farmers liked this idea
because if they lost less soil, they may not
need to buy as many chemical fertilizers; this
saved them money and helped decrease river
contamination. The decrease in agricultural
chemicals in the water might also help to
improve people's health.

Boyton learned many things from his work
with the TW and he plans to continue to work
to clean up the river. The most important thing
that Boyton learned was that he and his neigh
bors could make a difference in their commu
nities. They could collect scientific informa
tion and then use it to influence the decisions
that people made about how they treated their
land and water resources. Boyton hopes that
as the project continues the TW will see the
return of health to the river and all of the peo
ple, plants and animals that depend on it.
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What is a Watershed?
/' Student Age: Upper Primary/Early Secondary/Secondary
Location: Classroom or an outdoor area
Objectives: Learners will:
1. Define the term watershed
2. Build a model of a watershed
\..

MATERIALS

• scrap paper (one piece per group of four students. If paper is not available a
watershed model can be made in the soil outside. Students can aeate miniature
landscapes with hills and valleys in the soil. They can then sprinkle water on the
miniature landscape until it runs down the "hills·.).
• water (ideal if it is in a spray bottle. otherwise it can be sprinkled from a bowl using
your fingers).
• Trays or basins for catching water (these are for catching water and are not nec
essary if the activity is completed outside)
• markers, pens or pencils

...
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Example Wale<shed

Background Information:
A watersbed is an area of land upon which
all surface waler flows into one commoa
polnL Water travels from high elevations to
lower elevalions. Watersheds are separated by
ridgellncs. Waler landing on one side of a
ridge may flow inlo one watershed ""'i1ile
waler landing on the other side of the same
ridge may flow inlo another watenbed.
Watersheds can be large and include all of the
tributaries (streams Ihat flow into larger
streams) of a large river that empties directly
into the ocean, or very small and include any
small stream and the land around il thaI
slopes loward the stream.

The concepl of a watershed is critical in
understanding the impact of our actions on
waler quality. This is because any activity
thaI takes place upstream in a watershed.
such as land use (i.e. agriculture, construc
lion, logging. elc.) can impact the waler qual
ity downstream in the watershed. When dis-

ill



cussing the concept of a watershed with your
students, you can talk about any body of
water: a river, lake, ocean, stream, pond, etc.
It does not matter what size it is because all
bodies of water are part of a watershed.

There are two types of pollution that can occur
in a watershed. Pollution that comes from a
variety of places and is picked up as water
travels across the surface of the ground is
called non-point source pollution. Pollution
that comes from one place (that is clearly
identifiable and can be pointed at) and is often
dumped directly into the water is referred to as
point source pollution. Both forms of pollu
tion impact water quality at lower points in a
watershed. In making decisions about natural
resource management, especially land use, it
is important for decision makers to consider
the impact any action will have on the rest of
the watershed. This can be referred to as
thinking on a "watershed scale."

Procedure:
1. Ask students if they know what a watershed
is. Explain that a watershed is the area of land
on which surface water flows into one com
mon point. For example, if rainwater were to
fall on a mountain it would flow downhill and
probably into a small river. That river would
flow into a larger river and so on until the
water eventually flowed into an ocean.
Explain to the students that they will get the
chance to build their own watersheds.

4. Explain to students that the crumpled paper
represents a mountain range and there are
many different watersheds on the landscape.
With markers, pens or pencils, students should
carefully draw a line where they think rivers
and streams will be on their landscape (stu
dents may need to temporarily flatten the
paper to draw on it and they can then bend it
back when they are finished). Using a differ
ent color or type of writing utensil, students
will then draw a line connecting the tallest
parts oftheir landscapes (from one peak to
another along the highest ridge). This line rep
resents the ridgelines that separate watersheds.

5. Ask students to select a place on their land
scape where they would like to put a house.
Each of the students in a group can select a
house site and draw an x or a box to represent
their house on the landscape. When they are
finished with this step they should set their
landscape in an empty, dry tray or on the
ground outside.

6. Spray or sprinkle each one with water while
the groups watch. As the water moves across
the landscape models students should deter
mine where the real rivers and ridgelines are
and if they correspond with the lines that they
drew on their models. They should also deter
mine if they chose a good location for their
house site.

7. Ask students to point to the different water
sheds on their models.

...
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Follow up Discussion:
Have students draw a large X on a high area
of their watershed model and explain that it
represents a farmer's field. Ask students what
would happen if pollution or soil from this
field flowed into a stream or river. Ask stu
dents to point to the areas that would and
would not be affected.

2. Break the class into groups of four students.
Hand each group a piece of scrap paper; keep
one piece for demonstrating the process.

3. Ask students to place the paper on a flat
surface in front of them. Next, one student
should crumple the paper into a ball. Another
student can then carefully unfold the ball of
paper, stopping before the paper is totally flat.
The paper should resemble a mountainous
landscape.
32 Creating Learner-Centered, Multidisciplinary Lessons Water Unit: WIIat Is a Watershed
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Needs improvement Satisfactory Excellellt

Definition of a Incorrect definition Correet definition Correct definition
watershed including descriptive

details which aid in the
readers' understanding.

Participation in the Did not participate Participated and was Participated and was
activities able to determine, with able to fully determine

some accuracy nvers, rivers, ridgelines, house
ridgelines. house place- placement, and different
menl, and different watersheds on their
watersheds on their models. Asked relevant
models. questions.
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TimeJIength of activity: 25 minutes

Assessment:
Students should be assessed on two points:
their understanding of the term watershed, and
their participation in the activities. including
determining accurate rivers and ridgelines on
their models, accurate locations of house sites
on their models, and identifying different
watershed on their models. Ask students to

write the definition of a watelSbed in a journal
or on a piece of paper that you can collect
This definition should be their own definition
and students should be allowed to write as
much as they please to describe a 1ll>1IterSbcd.
Assessment can be based on the following
guidelines (teachers should also determine
how to assess curricular standards that were
met through this activity):

_"""_...... ••d
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A Walk in a Watershed
Student Age: Upper Primary/Early Secondary/Secondary

Location: Outside on school site or in the local community (access to a nearby
stream is ideal)
Objectives: Learners will:
1. observe a local watershed
2. map features in a local watershed
3. determine which features in the watershed affect water quality

MATERIALS

• blank paper and a writing utensil for taking notes or making drawings of the water
shed during the walk (one for each student if possible)
• large blank paper on which to draw the class map (the map can be drawn any
wtiere where all students can see it)
• measuring stick to measure the depth of bodies of water (could also use a dry stick
and a measuring tape or string)

Background Information:
Water falls as rain on the landscape and
then flows downhill toward a stream or
river. Much of the water is either
absorbed into the soil where it is used by
plants. evaporated at the soil surface. or
it continues to soak down through the
soil into the ground water supply. The
remainder of the water flows across the
surface of the ground toward a stream or
river. As water moves across the land
scape it can become contaminated with
eroded soil (soil that has washed away
from its point of origin). or other pollu
tants such as agricultural chemicals. oil
and gas from cars. or animal waste from
nearby fields. Some plants and soil on
the site will act as filters and absorb
some of the pollutants out of the water.
However. this natural filter system can
stop working for several reasons includ
ing I) if there are too many pollutants. 2)
when there are not enough plants to act
as water filters. or 3) when pavement or
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compacted (hardened) soil prevents water
from being absorbed.

In this activity, students will observe and map
their local watershed as well as possible fac
tors affecting stream quality in their local
community.

Procedure:
1. Ask students to think about water in nearby
areas around the school or in their local com
munity. Ask the following questions: Where
does water flow in your community? Is there
water flowing into the community from anoth
er area? As the waterflows. what kinds of
materials might it pick up along the way
(examples are eroded soils, agricultural chem
icals, animal waste, gas or oil from cars, pol
lution from a factory, etc.)? Does the water
moving over and through your community
become cleaner or dirtier as it leaves your
community andflows somewhere else?

.
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2. Explain that students will be taking a walk
to make general observations about their local
watershed and human activities that take place
within it. Students should take notes or
remember what they see during the walk so
that when they return to the classroom they
can combine their information with that of
their classmates and create one complete map
of the area. Students can walk with a partner.
List the following features for which students
should look:

* Land use (i.e., playing field, parking lot.
forested area, field overgrown with plants,
garden, house, business, farm field)
* Highest point in the area
• Lowest point in the area
• Direction in which water flows around and
through the area
• Any evidence of erosion
* Bodies of water (for any bodies of water,
record how deep they are and in which direc
tion they flow; use the measuring stick for

.' ;
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small bodies of water and estimate the depths
for large bodies of water). including wetlands.
streams. ponds. lakes. etc.
• Places where puddles form when it rains
• Storm se,,-ers
• Ditcbes

3. Walk around the local area with students. If
there is a stream nearby. walk along side it.
Stop when appropriate to mark and measure
features.

4. When you return to the classroom. work as
a group to compare and contrast students'
maps and notes. Then, draw one large map
that incorporates land features that students
detected. If there are many features to put on
the map. it may be easier to draw symbols for
each feature and then one main list of what
each symbol represents; this is called a map
legend.

S. On the map. list possible pollutants that
might be entering the water from different
land uses. For instance. a farm might add
cbemicals. increased nutrients in the form of
animal manure. or soil. A home might add
soil. household cleaners and detergents, and
general trash. Roads will probably add soil. or
oil and gas that leaks from cars. Students
might lind evidence of other types of pollu
tants entering the water from various areas.

Time/length of activity: I hour

Assessment:
Assessment of this activity should be based on
student participation in the process of making
observations. mapping skills. and understand
ing watershed features that affect water quali
ty. The following guideliDCS may be used 10

aid in evaluation (teacbers should also deter
mine how 10 assess curricular standards that
were met through this activity):

..

..

..

..

..

II

Needs improvement Satisfactory EICeDellt

Student participation Did not participate. Participated and made Made detailed obsetva-
basic observations of tions of their local
their local watershed, watershed, mapped
mapped local water- many local water.ibed
shed features with features with accuracy.
some accuracy. and and determined many
determined some water.ibed features that
watershed features that affect water quality
affect water quality with accuracy. Asked
with some accuracy. relevant questions.

•
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A Water Watch
Student age: Upper Primary/Early Secondary/Secondary

Locations: Outside near a body of water (this can be a stream, river, pond, lake, or
even a ditch or large puddle).
Objectives: Learners will:
Study local water quality using the steps of the scientific method. Specifically, Ieamers
will:
1. determine questions that they would like to answer about local water quality
2. make hypotheses about local water quality
3. design or apply a method(s) for testing local water quality
4. implement the method(s)
5. collect data
6. organize results
7. draw condusions about local water quality based on results
8. present results to a wider audience

MATERIALS
(materials specific to experiments are listed before each experiment in procedure #8)

• paper and writing instruments for each student (or somewhere that they can
write/draw)
• blackboard and chalk (or somewhere that you can write/draw and all students can
see)
• poster paper for students to display experiment results (or somewhere that students
can write/draw so that all students can see)

•

II

..

Background InfonDlldon:
There a number of ways for teachers to belp students
find answers to their questions created during the
introductory observation activities (see "mer Unil
Overview for more infonnation on helping students 10

formulate questions). Below we provide seven! sug
gested activities that employ the scientific method.
The best method to use, however. will depend upon
the specific question being asked by eacb student or
group of students.

When scientists want to answer a question they follow
a series of steps commonly referred to as the scientific
method. This method is useful in organizing informa
tion to bener answer specific questions. The scientific
method includes observing, questioning, fonning a

PREVIOUS PAGE BLANK



hypothesis (a guess that that comes from an
assumption), testing the hypothesis, analyzing
the results of the test, and rejecting or accept
ing the hypothesis. A Water Watch was
designed to demonstrate methods for monitor
ing water quality that can be completed with
out special equipment. Most of the methods
described in Procedure 8 are taken from the
United States Environmental Protection
Agency's Volunteer Stream Monitoring: A
Methods Manual and have been modified for
classroom use. Procedures should be further
modified to address other questions that your
students may have, differences in materials
available, etc. Test kits are available for test
ing important properties of water quality
including bacteria levels, nutrient levels, dis
solved oxygen, etc. (the procedures for these
tests are not described in this lesson plan).
Suppliers or resources for obtaining test kits
are listed following this lesson plan.

The water quality tests described in this activi
ty and in Appendix VIlA are only suggestions
of ways that you can make observations about
water in your community to try to answer stu
dent questions about water; your class could
complete one or all of them. Above all, we
encourage students and teachers to make sci
entific observations in the most appropriate
way for their class.

Whichever tests you use, we encourage you
to complete the test multiple times in order
to compare results. Comparing methods and
results of different kinds of tests may help
you to determine which test works the best,
and comparing results of the same test done
multiple times will help you to decide if your
observations and conclusions are accurate
ones. The more times that you can achieve
the same results, the more likely that your
are observing a true phenomenon and not
something that just happened by chance.

Procedures:
Scientific Method
1. Record student questions generated from
introductory observation activities on the
board, or somewhere that all students can see
(refer to the Water Unit Overview for more
information).

2. Explain to students that they will have a
chance to answer some of their questions
using the scientific method.* The scientific
method will help them to organize the infor
mation needed to objectively answer their
questions about water. Answering their ques
tions "objectively" means that they will try to
answer their questions without letting their
ideas interfere with their study. For instance,
they may have an idea that a stream with a lot
of trash in it will be a home for fewer living
organisms than a stream with no trash in it,
but they cannot allow their idea to lead them
into reporting that result if it is not found
through their study. Explain or write the
steps of the scientific method on the board
(see Background Information). Students have
already made general observations about the
water quality in the area. Now they will
design some simple tests to learn more.
*Some student questions may be answered without by
simple observation; no practical testing would be need

ed.

-
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-
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Is our water clean enough 10 support life?

Or:

• Is our water clean enough to support life?
• How fast does our water move')
• How much water is there in the lake, pond.

etc.?

With student participation, review each of the
questions that can be tested using the scientif
ic method, and make any changes needed so
that questions become more specific, and
therefore easier 10 tesL This lesson plan will
focus on the following questions:

Do fish like to live near cow fields?

3. Detennine which student questions can be
tested using the scientific method (highlight
them on the board, ifpossible). These ques
tions need to be specific and detailed in focus.
In other words, how can you test something
you do not understand? Consider the follow
ing example:

It is impossible to detennine what fish like or
do not like because even though you can ask a
fish what it likes or does not, it is not going to
give you an answer! However one can deter
mine the behaviors that
fish exhibit in certain
circumstances, and
that could give an
idea as to what a
fish might prefer.
The original ques
tion could then be
reworded to ask a
more specific one
such as:

Another example of a question that can be
made more specific is:

. A hypothesis is a \. ~t p1~IJI1S.and
...:1 ammals hve 10

temporary explanationforj our water?

an observation or I :OOO:i::::on

scientiJic problem that can (when soil pres-

be tested byfurther ent in the water
smn to the bot-

investigation. It can come tom) occur in our

from experience, previous watershed?

research, or 4. After making
. I ~ , the questions as

"""" \stmp y an assumpuon. r: testable as possi-
ble, ask slUdents 10

This question is clear in what it is asking and think of b)·potheses. Explain that an h}-pothe
depending on the test used, one may be able to sis is a temporary exp1anation for an observa-
conclude that fish prefer to live in one area to tion or scientific problem that can be tested by
another. further investigation. It can coroe from experi

ence, previous research, or simply an assump
tion. Ask each student to think of an hypothe
sis for each question. There are many possible
correct answers. Some examples follow:

Do more fish live
near cow fields than
near forests?

II

II

•

..

•

..

..

..

Is our water clean?

,j

•
This question can be qualified in the following
ways:

Is our water clean enough to drink without us
getting sick')

• Our water is clean enough to support at least
20 different species of insect life.
• The water in our stream moves faster than
10 kmIItr during the month of May
• The water in our stream moves faster in
May than in July

_e.wt:A_-..
;.



-

42 Cleating Learner-Centered, Multidisciplinary Lessons Waler Unit: A Water Watch

•

•

..

•

•

•

•

..

•

..

...

-

ItAquatic macroinvertebrates are good indica

tors of stream quality because:
• They are affected by the physical, chemical,
and biological conditions of the stream.
• They can't escape pollution and show the
effects of short- and long term pollution events.
• They may show the cumulative impact of pol
lution.
'They may show the impact from habitat loss
not detected by traditional water quality assess
ments.
• They are a critical part of the stream's food
web.
• Some are very intolerant of pollution.
• They are relatively easy to sample and identi
fY." (USEPA, Volunteer Steam Monitoring
Manual)

8. Implement the tests*:
*For simplicity in this activity, we are provid

ing one possible test of water quality below
(Macroinvertebrate biodiversity study).

Additional tests are provided in Appendix VIlA.

Macroinvertebrate biodiversity
study
Studying biological factors, such as the
diversity of organisms in a given area,
can provide information about the envi
ronmental conditions of the area. This
experiment is best done in streams that
are shallow enough for students to
wade in the water (the water in the
stream or body of water should not
exceed the height of the students'
thighs). Many different organisms can
be studied, including plants and fish.
However, it is easiest for students to
collect and study macroinvertebrates
(animal organisms that are visible with
the naked eye and that do not have
backbones).

Generally a healthy, clean body of
water will have a higher amount of
macroinvertebrate diversity than a pol
luted body of water. Many organisms

* There are over 200 cubic meters of
water in the lake.
* Salamanders live in our stream.
*There is a higher amount of erosion
and sedimentation in our stream than in
the stream in our neighboring commu
nity.

5. Depending on the hypotheses, a test
may take place in one site or several
sites, and it may need to be conducted
more than once. For example, the
hypothesis that water in a stream moves
faster in March than in June would
require testing in the stream during both
May and June. Read the list of hypothe
ses with the students and as a group
determine in how many places and the
number or times each hypothesis needs
to be tested.

6. Break the class into groups so that
each group can focus on one hypothe
sis. Students should be placed in
groups based on similarities in their
questions derived from observation
activities. Ask students to come up with
ways to test the hypotheses. Give them
a set amount of time to think of
answers. After students have finished,
(or earlier, if students are having diffi
culty) describe some of the test meth
ods listed in Procedure 8. Let students
compare their methods to the methods
described and then decide which meth
ods would best test their hypotheses.
All of the students should be familiar
with all of the questions / hypotheses
and test methods.

7. Once each group of students has cho
sen the methods that they will use,
determine sampling dates and times.
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are very sensitive to pollution. That means
that pollution will bother them quickly; there
fore, these organisms are less likely to survive
in a polluted body of water. Other organisms
are more tolerant of polluted water; they have
better chances of surviving in it. Therefore, by
sampling macroinvertebrate organisms in an
area or several areas in a body of water, one
can get a sense of the amount of pollution
present, and therefore, bow healthy the water
is. (This sampling technique may not be as
accurate for isolated bodies of water such as
springs, stream headwaters, puddles or ditch
es. Species diversity may be low in these areas
because of their isolation from other bodies of
water.)

Explain the above background information to
students and that they will be collecting and

identifying macroinvertebrate
organisms in a selected body of

water to get a sense of bow
clean the water is.

,"aterials:
• paper and pelldis

• sie"1!S or straiJIen
• sc:reeas
• tweezen (if available)
• cups, bowls, budtecs,
shallow trays or plates
for collecting and tem
porarily holding animals

(must be able to hold
enough water for animals to

survive)
• an aquatic: macroillverte

bnte ldeadficatioll book (if
available)

• flaggiag (i.e.. pieces of cloth or
plastic ribbon) to mart the sample area

boundaries
• optioaal if collecting samples to identify: a
small jar or vile aad isopropyl aIc:oIIoI

As a group. walk to the watcr sampling sitc.
Use flagging to mart the section of stream
that will be sampled (if there are multiple
areas that will be sampled, mart each ami).
Students should record, describe, and name (if
possible), each organism !bat they see. If an
identification book is not available students
should draw or collect a sample of each
species. These can be identified later by ask
ing people in the community . Students may
use the following methods in looking for
macroinvertebrates:

Rock-rubbing method. fUse this method in
streams with riffle areas (patches of waves 01\

water) and rocky bottoms.] Remove several
rocks from within a riffle area of your stream
site (e.g., randomly pick I rock from each side
of the stream, ) rock from the middle, and I

_ t-= A _1IlIII:fl



rock from in between). Try to choose rocks that are under water during normal flow conditions.
Each rock should be about 4-6 inches in diameter and should be easily moved (not embedded,
or stuck in the stream bottom). Either inspect the rock's surface for any living organisms or
place the rock in a light-colored bucket or shallow pan, add some stream water, and brush the
rock with a soft brush or your hands. Try to dislodge any particles from the rock's surface. Also
look for clumps of gravel or leaves stuck to the rock. These clumps may be insect houses and
should be removed as well.

Stick-picking method. (Usc this method in streams without riffles or without a rock bottom.)
Collect several sticks (approximately I inch in diameter and relatively short) from inside the
stream site, and place then in a bucket filled with stream water. Select partially decomposed
(falling apart) objects that have soft wood, a lot of cracks and are found in the flowing water
(not buried in the bottom). Pick the loose bark from the sticks to find organisms. Fill the shal
low pan with water from the stream and remove one of the sticks from the bucket. Examine the
stick making sure you hold it over the pan so no organisms are lost. Remember that the organ
isms will have sought shelter, and they could be hiding in loose bark or crevices. After examin
ing the sticks, it might be helpful to break up the woody material. Examine each stick carefully.
Using tweezers or a soft brush, carefully remove anything that resembles a living organism and
place it in the pan. Also examine the bucket contents for anything that has fallen off the sticks.

Leq(pack-sorting method. (This method can be used in streams with or without a rock bottom.)
Remove several handfuls of submerged leaves from the stream and place them into a bucket.
Remove the leaves one at a time and look closely for the presence of insects. Using tweezers or
soft brush, carefully remove anything that resembles a living organism and place it in a pan
containing stream water. Also examine the bucket contents to see if anything has fallen off the
leaves (slightly modified from USEPA, 1997).

Substrate sifting method. This method can be used in streams with muddy bottoms. Using a
sieve, screen or net, scoop up some of the mud or sand on the bottom of the stream. Place the
contents of the net into a bucket or a tray and sort through the mud for macroinvertebrates. If
this method is used along a stream, make sure to begin sampling downstream and work your
way upstream so as not to muddy the water ahead of where you have worked (slightly modified
from USEPA, 1997).

After data is collected return organisms to the water (you may wish to keep a sample of each
organism that was not identified so that it may be identified back in the classroom. In this case,
place the organism in a vile or jar with isopropyl alcohol). Upon returning to the classroom,
combine all of the data that students gathered.

Ask students to determine: How many of the organisms found are considered sensitive to pollu
tion? Use the following key to determine the numbers of organisms found in each group (you
may have to modify the example insects listed for each group to accurately represent the insects
in your local area).

-
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Generally, the three tolerance groups are as follows:

Group I (sensitive organisms) includes pollution-sensitive organisms such as mayflies, stooe

flies. and non net-spinning caddisflies, which are typically found in good-<Juality water.

Group II (somewhat sensitive organisms) includes somewhat pollution-tolerant organisms such
as net-spinning caddisflies, crayfish, sowbugs, and clams found in fair-quality water.

Group III (tolerant organisms) includes pollution-tolerant organisms such as worms, leeches,
and midges, found in poor-<Juality water (USEPA).

Discuss whether students think that the water quality is high or low based on the diversity of
organisms found. In general, the higher the diversity of sensitive organisms, the higher the
stream quality.

II
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(please refer to Appendix VIA for additional activities to test waleI' qllQlity)

9. After completing data collection for this example water quality test. ask the students to re"is
it their hypotheses and think about how they can use their data to either accept or rejcct their
hypothesis. Demonstrate some common graphs that can be used to compare data.

Line graphs or bar graphs can be us.."<! to compare measurements of the same variable taken
at different times or different sites (for instance, comparing stream flow and 1'5S at different
times (i.e., the rainy season versus the dry season) or comparing 1'5S or specific organisms at
different sites).

•
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Example Pie Graphs

Pie graphs can be used to show the numbers of pollution sensitive/pollution tolerant macroin
vertebrates at different areas in the stream.
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After demonstrating the use of graphs have each group of students prepare a graph to describe
what they observed in their test. Students should present their graphs to the class. •
10. Based on the information found, the class should decide if each hypothesis should be
accepted, rejected, or if there is not enough information to form a conclusion. An important
point to remember is that a rejection is not a bad result. A rejection actually eliminates one vari
able that could be causing problems with water quality and brings you one step closer to the
right answer.

•

•
n. Discuss the results of the entire activity with the class. Ask students if they were satisfied
with their results. Do they think that their results were accurate? What would they do differently
next time? Did they come up with new questions as they were trying to answer the original
question?

•12. The class should work together to create a presentation of all lessons learned about the
body of water that they studied. Arrange a time when students can present this information to a
larger audience that may include parents and community members, or other students at the
school. The important information learned/discovered about sources of pollution should be pre
sented to a wide audience so that it might influence the behavior of those involved in land use
around the body of water. Students should present their information orally, as well as visually
using charts, graphs, and pictures.

Time! Length of activity: Varies depending on activity or multiple activities that you complete.

Assessment:
Students should be assessed based on their participation in the activities, their understanding of
the scientific method and the information gathered during activities, and their overall under
standing of the topics covered. Participation should be evaluated throughout the project.
Assessment of student presentations and an exam that focuses on using a similar process to

46 CruUng Learner-Centered, Multidisciplinary Lessons Water Unit: A Water Watch
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answer a different question can be used to evaluate their understanding of the scientific mdbod
and the information gathered during activities as well as their overall understanding of the~
ics covered. The following guidelines can be used to assess student wort (teachers should also
determine bow to assess curricular standards that were met through this activity):
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Needs improvement Satisfactory Excellent

Participation in the Did not participate. Participated. Participated and asked
activities relevant questions.

Understanding of the Did not demonstrate Demonstrated an Demonstrated a
Scientific Method understanding of the understanding of the detailed understanding

scientific method. Did scientific method. of the scientific
not differentiate Differentiated between method. Differentiated
between questions that questions that could between questions that
could be answered and and could not be could and could not be
could not be answered answered using this answered using this
using this method. Did method. Formed a method and trans-
not demonstrate the basic hypothesis for a formed questions that
formulation of a variety of questions. could not be answered
testable hypothesis. Collected data accu- into those that could.
Lacked accuracy in rately. Displayed data Formed specific
collecting data. Did not in a way that supported hypotheses for a vari-

I
display data relevantly. the acceptation or ety of questions.
Had trouble following rejection of a hypothe- Collected data accu-
the same process to sis. Could relate most rately and suggested
answer a new question.lof the steps of the methods for improving

process to a new ques- accuracy. Displayed
tion. data in a variety of

ways that supported
!the acceptation or
!rejection of a hypothe-
isis. Could relate all of

..

•

..

..

..

..
•

•
..

Understanding of the
Topic Studied

Recognized less than
half of the factors that
were tested by the
class in this project.
Did not recall the con
clusions to the study.
Could identity less
than half of the meth
ods used for data col
lection. Did not relate
water quality to land
use issues in the area.

ithe steps of the scien
itific method to a new
lquestion. •

•
•
i

•
•
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Works Cited:
USEPA. 1997. Volunteer Stream Monitoring: A Methods Manual, EPA 841-8-97-003.
November. United States Environmental Protection Agency, Office of Water, Washington D.C.
20460.

Resources for Water Quality Monitoring Equipment*:

LaMotte Corporation produces water qualily tesling kits as well as lesson plans for teachers to
use with the testing kits. Information online at:
http://www.lamotte.com!pagesledulwatermon.html

Carolina Biological Supply offers all types of tools for teaching the sciences to students. Find
them online at: http://www.carolina.com!

Another supplier of science supplies for the classroom, Ward's Natural Science can be accessed
online at: http://wardscLcomlDefault.asp?

Science Stuff also offers water quality testing kits. These can be ordered online at:
http://www.sciencestuff.comIMerchant21merchant.mv?CategorLCode=En-s

• Many other companies offer water monitoring equipment and can be found on the World Wide Web by san:hin&
for "water monitoring equipmenl"
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Interview a Community
Member or Elder

/ Student Age: Upper Primary/Early Secondary/Secondary "\
Location: Classroom or meeting area that facilitates a question I answer dialogue
Objectives: Learners will:
1. listen to a local person's perspective on water quality in the area
2. ask questions about water quality in the area and how it relates to quality of life
3. understand how natural resource issues such as water quality are dealt with in the
\... local community ./

MATERIALS

• something on which to write or record questions and answers (i.e.. paper, pen
cil)

•
till

..

•

ill

III

Background Information:
Infonnation to help answer student-generated
questions about water quality in the communi
ty may be obtained by talking with a commu
nity member that is involved with, and there
fore affected by, water quality on a local level.
Students may use the knowledge of their inter
viewee to answer questions on such topics as
water policy, perceptions about water quality,
or history of land use and water quality in
their local watershed. Interviews with multiple
people may be necessary to answer student
questions.

Tours of local water facilities may
also be available and could provide
students with first-hand accounts
of how water is managed in their
community.

Some people to coDSider interview
ing are: workers who are involved
in managing water resources, com
munity members who have volun
teered to test water quality, or com
munity members that are affected
by water quality issues (i.e. fann-

ers, fishermen, people living next to a body of
water, or health care workers and providers).

ProcedUI'l':
I. Based on students' questions (see /tiller
Unit Overview for more infonnation on help
ing students to fonnulate questions), ask the
class to come up with a list of people that they
could ask about water quality. Ask students if
they know anyone on the list. This will be
helpful in finding out how to conlllCt different
people.

II
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2. Contact people on the list to set up inter
views. First contact the people that could
potentially answer the most questions. Explain
what you are doing and how you would like
them to help. It is important to make clear that
you would like the students to conduct the
interview, so the speaker will need to be com
fortable with this format. Be sure to ask the
speaker if they are comfortable being tape
recorded, if you would like to use this inter
view technique. The speaker may also wish to
give an additional presentation or talk. Some
people may not be able to participate because
of scheduling conflicts. If one person on the
list is not available, call others until you have
enough speakers lined up to answer student
questions. Set times for meeting the various
speakers.

3. Tell students in advance who will be speak
ing and what the speakers' roles are in the
community. Remind students that they are
trying to obtain information that will help
them answer their questions about water. Ask
students to consider the speakers' roles in the
community when thinking of questions to ask
that might help answer their questions about
water. You may wish to make sure that each
student has a relevant question to ask (by rele
vant, we mean that the question may elicit
information that will help answer the students'
questions about water).

4. Set a format and rules for the interview.
Explain to students that they are to listen care
fully to what each speaker has to say and to
not interrupt them as several of the intervie
wees' answers may help a student answer
hislher question about water. Students may
wish to take notes each time the interviewee
answers a question, or a different student or
group of students could be assigned to take
notes on each interview question response.

Students should listen carefully to determine if
the speaker has answered their questions so
that they do not ask the same question twice.
Students may ask questions one at a time, or
they may ask questions spontaneously as top
ics are discussed. Also, encourage students to
avoid jumping from topic to topic, a common
problem in group interviews (a 'mock' or
rehearsal interview might be a good idea), as
this can be confusing for the speaker and
interrupt his/her natural train of thought. It is
important that the format used encourages all
of the students to participate in asking ques
tions.

5. On the day of the interview welcome the
speaker and introduce her or him to the class.
Allow as much time as needed or available for
student questions and any other presentation
by the speaker. Following the interview, offer
a round of applause. It may be appropriate to
offer a small gift of thanks to the speaker.
Discuss this with the students and ask them to
help create or purchase the gift.

6. After the interviews, ask students to recall
what they have learned and how this informa
tion might apply to their questions about
water.

Time/ Length of Activity: Varies

Assessment:
Assess students on their level of participation,
their ability to formulate relevant interview
questions (questions that may elicit informa
tion to help answer student questions about
water), and their understanding of how natural
resource issues such as water quality are dealt
with in the local community. Assessments can
be based on pre-interview activities (i.e., inter
view question formation), performance during
the interview (i.e., participation and attention
levels), and post-interview performance (i.e., a
test assessment of local water quality issues).

Water Unit: Interview
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next page) to evaluate student participation
(teachers should also detennine how to assess

curricular standards that were met through this
activity):
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Needs Improvement Satisfactory ExceDe8t
Panicipation Did not panicipate in Panicipated in the Participated ID the

the interview or any interview and the dis- interview and the dis-
class discussions lead- cussions leading up to cussions leading up to
ing up to the interview. the interview. Prepared the interview.

relevant questions. Volunteered time and
Recalled information ideas in preparation for
from the interview. the interview. Prepared

relevant questions
based on the topic
being discussed.
Recalled information
from the inten;ew and
could apply it to situa-
tions in their commu-
nity.

Ability to formulate Did not prepare ques- Prepared relevant Volunteered time and
relevant interview tions or prepared ques- questions. ideas in preparation for
questions tions that were not rel- the interview. Prepared

evant to the subjeet relevant questions
being discussed. based on the topic

being discussed.
Recalled information
from the interview and
could apply it to situa-
tions in their commu-
nity.

U gotbow On test or other gIven On test or other given On test or other given
natural resource issues assessment, did not assessment, demon- assessment, demon-
such as water quality demonstrate under- strated basic under- strated strong under-
are dealt within the standing of how natu- standing of how natu- standing of how natu-
local community ral resource issues raJ resource issues ral resource issues

such as water quality such as water quality such as water quality
are dealt within the are dealt within the are dealt within the
local community. local community. local community.

Recalled some infor- Recalled most infor-
mation from the inter- mation from the inter-
VIew. view and was able to

use that information in
responding to test
questions.

..... t.t* ......



•
..

'..
..
..
•

•

..
III

•

II

•

Saving Soils:
Unit Overview

In this unit students will discover the importance of fertile soils and explore the causes ot and
methods for, preventing soil erosion.

The lessons provided in this unit were designed to build upon students' current lmowlcdge and
understanding of soil quality. These lessons are examples of ways to help students lake their
knowledge one step further and see how it connects with new information. The lessons and
assessment guidelines may need to be modified by teachers 10 better fit the needs of their class
size, local culture, materials available, and learning environment (when possible. ways to modi
1Y activities are suggested).

To begin the unit, students explore an essential question (a broad1y-focused question thai is
essential to the theme of the unit) through a combination of observation and measurement activ
ities. Based on their observations and previous knowledge they will then formulate questions
thai will lead to further inquiry. These questions reflecl students' interests about the topic of
study.

Teachers can structure this student-generated inquiry by using the provided template and bact
ground information on the scientific method 10 create lessons that will help answer student
questions. The lessons provided under Actil'ities to Address Student Questions are examples of
what lessons may look like.

...u.:-Ot.,Js.
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Although teachers provide the general structure for inquiry activities, using students' questions
for further investigation will enable them to combine previous knowledge that is valuable to
them with new knowledge that they hope to gain. By helping students learn about topics that
are interesting to them, they will gain a sense of ownership in what they are learning and will
be more open to and excited about learning. The results of this synthesis will also help students
to make more informed decisions about managing their natural resources (in this case, soils).

This particular unit of activities is the most technical of the units provided and is therefore
geared towards secondary school students. The authors encourage all teachers to review it and
decide ifthe lessons could be used for their students, regardless of grade level. Lower grade
level teachers can use this unit as an example of how to make a different unit more technical.
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Unit Outline
Essential Question: How might human actions, such as

land use, lead to the loss of fertile soil, and how does that loss
affect us?

Ask your students this essential question and then talk about possible answers. Write the
answers in a place where students can see them (or have students come to the board and add
their words and answers; you can be in the background as a facilitator). Explain to students that
in order to further answer the question, they will complete some observation activities. These
activities will also help them to create more specific questions about soils and soil erosiOlL

Observation activities to introduce tbe essential question

What We Know Abont SoDs
As a class. students will discuss what they know about soils. what they are unsure of
about soils, and what they do not know about soils.

Soil, Plants and Animals: A Natural Connection
Students will observe a soil profile and form conclusions about the formation of soil in
an undisturbed ecosystem. They will also discuss the nutrient cycle.

Soil Erosion Demonstration
Students will learn about SANREM research on soil erosion. demonstrate the process of
soil erosion, and attempt to use methods that help prevent soil erosion using a mountain
landscape model.

During completion of these introductory activities students will be thinking of and recording
questions that they develop about the interactions between the soil system and the social sys
tems in the local community. Students will choose their favorite question, write it on a slip of
paper, and hand it in to the teacher.

Guidelines for questions

Teachers may wish to write all of the questions on the board so that the students may see them,
compare them with other student questions, and know when their question has been addressed.

Teachers should place all of the questions on their desk and group the questions that are similar.
Students with similar questions can work together in a group. One of the objectives of the next
activities should be to address all of the students' questions.

•
•
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Activities to address student questions

A Soil Study
Students will follow the scientific process to answer physical, chemical, and biological
questions about soils and soil erosion near their school. This lesson provides students
with several investigation methods that will help them to better understand soils.

Interview a Community Member or Elder
Students will use knowledge of people in their community to answer questions about
soil erosion, gather perceptions about soil erosion, and learn about the history of land
use and soil erosion in their watershed.

Once students have explored the causes and prevention of soil erosion and have found answers
to their questions by using one of the methods suggested above or one of their own, they will
be ready to apply what they have learned on a larger scale: in their community.

Ask your students what they consider to be the biggest problems with keeping soils in their
community clean and intact (non-eroding soils). What problems do they think are most impor
tant? With their input, create a list of projects that the students could complete to protect soil
quality in their local community. Help them choose one to start. Support their learning process
by encouraging them to become involved in all aspects of setting up and completing the project.

Possible service projects to reduce soil erosion

* Educate the community on soil erosion through pamphlets or a presentation
* Plant trees or other types of vegetation in vulnerable areas
* Help farmers to plant rows of trees in pastures or helping to plant crops in ways
that minimize soil erosion
* Start a community composting project

Once students have completed this unit, conduct an assessment to determine the level of under
standing that they have gained. In the assessment, ask students to revisit the essential question
and write an essay on the topic. To test understanding of the scientific method, have students
design an experiment that will answer a question about a topic similar to soils. Include any
local curricular standards that need to be assessed. More information about assessment, along
with rubrics for judging student work, can be found after each activity description.
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What We Know About
Soils

/' Student age: Upper Primary/Early Secondary/Secondary "\
Location: Classroom
Objectives: Learners will:
1. determine what they know about soils, what they are unsure of about soils, and
what they do not know about soils, /

MATERIALS

'soil samples
'something on which to write student questions

• Background Informadon: How often do you
stop and think about why soils are important?
You may see soil every day of your life. but
do you ever wonder why someone would want
to study it, or protect it?

Without soil. the world would be a pretty bor
ing place at which to look, and also an
unhealthy one. Soils enable plants to grow.
whether they are trees. grasses. or flowers.
SoiI also provides a habitat (home) for many
organisms to live. When soils are moved or
destroyed (disturbed) these plants and soil-

dwelling organisms may die. Humans c:an also
be affected. For iostance. if soils are cootami
Dated with chemicals sprayed on food crops
(perhaps to kill insect pests). then the food we
eat will also contain those chemicals, and that
can make us sick. Also. when heavy rains fall
on hillsides. soils are often washed into water
systems. This can contaminate the water. and
if any organism drinks that water (such as a
human or other mammal). sickness can occur.

When soiI becomes polluted (dirty) with large
amounts of chemicals or trash, it creates a

..



hannful environment in which to live and
grow. If humans grow vegetables in this soil,
the pollutants can be absorbed into the food
which we, in tum, consume. Some of this pol
lution may come from us throwing trash onto
the ground, from oils and chemicals from cars,
from chemicals sprayed on vegetables and
other crops grown in gardens and on fanns,
from chemicals from big factories, and from
many other places. It is important to keep soil
clean so that all living organisms that depend
on it stay healthy.

This activity is designed to detennine what
knowledge children have of soils, either from
personal experiences or from learning about
soils at home or in school.

Procedure:
J. Pour some soil from your soil samples on a
table. Allow students to observe the samples
for color, texture, and moisture. Ask them
where they think the samples were taken from.
Tell students what soils make you think about
(e.g., plants growing, wonns)

2. On the board, or aloud, ask students to fin
ish the following sentences:

"When I think of soils, I think of..."
"Soils can become polluted (dirty) and
unhealthy if..."
"If soils becomes polluted, then _
might happen."

"If it rains really hard, I notice that soils
"

"What I wonder about soils is ..."

It may help you to organize these questions
under three categories:

a. What students definitely know about soils
b. What students are unsure about soils
c. What students don't know about soils

3. Congratulate students on their knowledge
and explain to them that they are about to
engage in a series of activities about soils that
will build upon what they already know as
well as help them to explain some of the top
ics about soils that they are unsure of or do
not know anything about.

Timellength of activity: 30-45 minutes

Assessment:
Students should be assessed on their participa
tion in the sentence-finishing activity and their
general understanding of why soils are import
nat to many organisms and what happens to
these organisms when soils become polluted.
Assessment can be based on the following
guidelines (teachers should also detennine
how to assess curricular standards that were
met through this activity):
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Needs improvement Satisfactory Excellent

Understanding of why Could not recall or Could recall or explain Could recall or explain
soils are important to explain any reasons one or two reasons in detail numerous rea-
many organisms and why soils are impor- why soils are impor- sons why soils are
what happens to these tant to many organisms tant to many organisms important to many
organisms when soils and what happens to and what happens to organisms and what
become polluted. these organisms when these organisms when happens to these

soils become polluted. soils become polluted. organisms when soils
become polluted.

Participation finishing Did not participate PartICIpated and was Participated and was
sentences about soils able to complete some able to complete all

sentences. sentences.
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Soil, Plants, and Animals:
A Natural Connection

/ Student age: Secondary
Locations: In the classroom and outside
Objectives: Learners will:
1. Observe layers of soil from different places near the school site
2. Form conclusions about how soils form and erode
3. Discuss the nutrient cycle and its importance in making and maintaining soil
\.

MATERIALS

• A shovel or different item to dig down into soil
• Paper and pencils for students (if available)
• A little water

Background Information:
This activity introduces students to the importance of fertile soils and the ecological processes
that create, maintain, and destroy soils.

Soils are formed over time as weather conditions break down inorganic paretiC material
(underlying rock) and organic materials. Organic materials come from matter that was OIICC

living (i.e., plant or animal). Inorganic materials are those that were never living and did DOl

come from living matter. In an undisturbed environment (one in which soil has accwnulated
naturally over time and has DOl been lost to
factors such as extreme weather or human

" agricultural efforts) soils will form separate
", • layers called horizons which are distinct in

, color, particle size, and texture. Observing
these layers of soil can provide clues about
how the soil formed and about possible
ways that the soil was disturbed over time.
An undisturbed soil profile (a visa..
eumple of soil Iayen) might look like the
picture on the last page of this activity (an
explanation of the layers accompanies the
illustration).

Soil is constantly changing due to events
that occur in nature. For example, water
running through the soil (say, from rain)

PREVIOUS PAGE BLANK
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Soil

C0
Plant Roots

removes nutrients and deposits them deeper in
the soil where they are less available to many
plants. Also, nutrients in the organic matter in
the top layers can oxidize (break down after
reacting with oxygen) due to contact with the
air. Plants are constantly removing nutrients
from the soil for food. In order to support
plants and other life, soil must balance this
nutrient loss by adding new nutrients. These
are added as new organic matter from dead
plants and animals that have decomposed. In a
system where soil has not been disturbed (for
example, from human activity such as farm
ing) soil is constantly maintained by the
decaying of organic matter and the continued
weathering of rocks.

It is important to understand how soil is natu
rally maintained in an undisturbed system
before studying a disturbed system such as an
agricultural field. Nutrients are constantly
cycling through the soil and through the plants
and animals that depend on it. Plants take up
soil nutrients through their roots and use them
to form the structure of their cells (I). When
plants die (2), or shed their leaves, most of the
nutrients in them are returned to the soil. If an
animal eats the plants (3) (or eats another ani
mal that ate the plants (4» the nutrients are

used by the animal and are
returned to the soil in the ani
mal's waste (5) or in the ani
mal's body once it dies (6).

This process of reusing nutri
ents is called the nutrient
cycle. A healthy ecosystem
will maintain a balance of
nutrients moving through the
soil, plants, and animals. The
nutrient cycle is broken when
one of the components (soil,
plants, or animals) is
removed and its nutrients are
not allowed to return to the

soil. This happens in agricultural or forestry
systems when plants or animals are harvested
and removed from the local system. In the
case of an agricultural system, farmers usually
add nutrients to the soil to make up for the
nutrients lost when they harvest plants. Other
common interruptions in the nutrient cycle
occur when there are not enough decom
posers (organisms that decompose, or break
down organic matter; for example, bacteria or
fungi such as mushrooms) in the soil. This can
happen due to extremely dry weather condi
tions or due to lack of insects from pesticide
application (often times when pesticides are
applied to agricultural crops to kill insect
pests, reduce plant disease, or stimulate plant
growth, beneficial insects and decomposers
are inadvertently killed). Erosion (the removal
of soil by wind or water) is another threat to
the nutrient cycle. In situations where there is
erosion, soil may wash away faster than it is
formed; this causes problems for the plants
and animals that depend upon it. If the topsoil
is totally removed in situations of erosion, it
can be very difficult for plants to begin grow
ing in that soil again. So, not only will a num
ber of plants be lost, but also the animals that
depend on them will have trouble finding
food, and therefore surviving.

SoIls Unit: Soils, Plants, Animals
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Procedure:
1. Before class. find two or three areas close
to the school where students will be able to
observe both disturbed and undisturbed soils.

2. Ask students what they know about how
soil is fonned. Write the answers on the board.
Explain that students will be observing soil
from different areas, discussing the differ
ences, and drawing conclusions about how
soil is fonned and maintained.

3. Visit the sites with students.

4. Using the shovel remove a section of soil
from each site. If possible, break students into
small groups and have each group remove a
section of soil from each site. It is important
to try to keep the layers of soil in their natural
fonnation on the shovel; you do not want the
layers of soil to crumble and mix with one
another. If this is difficult you may instead dig
a small soil pit To do this dig a hole that is
deep enough and wide enough to let students
observe the soil horizons.

S. Students should draw andior describe each
of the soil layers. They may wish to smear,
with some water, a little dirt from each hori
zon on their drawings to show soil color at the
different sites. Students should draw as mauy
horizons as they can see.

6. Upon returning to the classroom discuss the
main differences between sites. Draw (or
describe) a diagram ofa generic soil profile
(see diagram in Background Informtltion) for
students to see and label the different hori
zons.

7. Did each of the sites visited have the same
horizons? Which site had the most topsoil, or
the most organic matter? Which site had the
least of these? Ask students why there were
differences between the sites. What do they

think caused there to be more soil at one site
and what do they think causes soil to disap
pear, or never appear?

8. Draw a diagram of the nutrient cycle (see
diagram in BackgrowuJ InformtltiOllI on the
board. Explain to students what is happening
in the diagram. You may wish to use local
plant and animal names for examples. Discuss
this diagram in relation to what students just
observed. Did they observe a healthy ec0sys

tem or one that displayed missing soil? If soil
was missing, discuss why this might have hap
pened (use information/rom BackgrowuJ
Information above 10 help lhe discllssion)"l

9. Discuss situations when the nutrient cycle is
broken. What happens when there are no
plants? What happens when plants are harvest
ed? What could be done to repair the nutrient
cycle? What other threats are there to soil?

Sols lWr: Sols, ,...,., AI' "



Time I Length of Activity:
1-3 hours (includes site visits)

Assessment:
Students should be assessed based on their
participation in the activity and discussions as
well as their understanding of how soils form

and erode and the importance of the nutrient
cycle in making and maintaining soils. The
following guidelines can be used to judge stu
dent participation. Teachers should also deter
mine how to assess curricular standards that
were met through this activity.

..

•

..

..
Needs Improvement Satisfactory Excellent

Participation Did not participate in Participated in the Participated in the
the activity or discus- activity and discus- activity.
sions about the activi- SlOns. Asked relevant ques-
ty. tions and contributed

frequently to discus-
sions.

Understanding of how Did not demonstrate an Demonstrated a basic Was able to provide
soils form and erode understanding of how understanding of for- accurate responses to

soils form and erode. mation of soils and soil questions and discus-
erosion. sion about soil forma-

tion and erosion.

IlJnderstanding of the Did not demonstrate an Demonstrated a basic Was able to provide
nutrient cycle and its understanding of the understanding of the accurate responses to
importance in making nutrient cycle and its nutrient cycle and its questions and discus-
and maintaining soils importance in making importance in making sion about the nutrient

and maintaining soils. and maintaining soils. cycle and its impor-
tance in making and
maintaining soils.
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One might think thaI soil would continue to build
this way as plants and animals decompose and
become pan of the soil. However the organic mai

ler mixes with Ihe inorganic mailer thaI comes
from weathering of the parent material. This mix
ing occurs due to the actions of insects and eartb
wonns that live within and travel throughout the
lOp layers of soil; they digest and move the soil as
they travel.

Below these layers is a dart layer ofdecomposed
(broken down) organic mailer. Scientists refer to
this layer as the "0" borizon.

The layer of dart soil beneath the 0 Horizon is
called topsoil. Soil scienlisL~ call this layer the -A"
horizon. This layer is rich in nutrients so plants live
happily here. You may see many planl roots in both
the 0 and A horizons.

The top layer is made up of both organic material
thaI has not yet broken down and living plants. For
example, in a foresl this layer might consist of
leaves, and in a grass ecosystem this may be a
layer ofdead grass thaI bas stuck together (thatch).
Underneath the layer of fresh organic mailer will
be a layer of organic material thaI bas been break
ing down over time. In the diagram, these two lay
ers are represented by the incremenl above the let
ter '0.'

These nutrients are then deposited deeper in the
soil al the "e" borizon. Like the 8 Horizon, plants
with deep roots use this soil layer.

As waler falls and flows down through the soil, it
will pick up (or leacb) nutrients in the top layers of
soil and deposil them lower in the soil. As this hap
pens the soil often changes color. The subsoil layer,
also referred to as horizon "8," is an area wbere
nutrients have been leached out of the soil. Plants
with deep roots, sucb as trees, use this soil layer.

B

(

BEDROCK Al the very bonom of a soil profile is the parent
malerial, also called bedrock.
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Soil Erosion

Demonstration
Student age: Secondary

Locations: Classroom and an outside area near the school
Objectives: Learners will:
1. Listen to a description of a SANREM research project about soil erosion prevention
2. Observe soil erosion on a model of a mountain landscape
3. Attempt to prevent soil erosion on the mountain model
4. Compare the results of different soil erosion prevention methods on the model

MATERIALS

Background Inform.doD:
Students will listen as the instructor summarius a
scientific document (called a 'Resean:h Brief")
called Saving Soil- /megraling Erosion Conlrol ill
Upland Agricultural Systems (MindoJuro Island.
Philippines) (SANREM CRSP, 2(01). The docu
ment discusses a resean:h project in which
resean:hers studied different methods ofcontrolling
soil erosion. The resean:hers also studied how will
ing fanners in the Manupali Watershed
(Philippines) were to use the different methods.
Since no one will pay the fanners to use these
methods, the methods had to provide results that the
fanners would like as well as not cost the farmers a
lot of time and money to use them.

Soh UnIt: ~ClilI.'lIfJ DI a'" ...

• SANREM Research Brief Saving Soil: Integrating Erosion Control in Upland
Agricultural Systems (Mindanao Island, Philippines). SANREM CRSP. 2001. [See
Appendix III for Brief)
• List of soil vocabulary words
• Situation cards
• A shallow tray or wooden box filled with soil
• A brick or other object that can be placed under the soil tray to form an incline (a
slant)
• Water (ideally in a spray bottle)
• Small sticks and twigs (to represent trees in the model)
• Cut grass and leaf litter
• Rocks
• Moss or another substance (to represent hedges in the model)

•
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7. Ask the students to gather around the box
observe what happens when you spray water
on the soil.

9. Show students the materials that represent
trees, shrubs, grass, rocks, leaf liller, etc.
These are items that can slow soil erosion.
Explain that the students will work in groups
and use these items to attempt to slow soil
erosion in the mode.
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8. Using the spray bOllle, spray the soil with
water until the water begins to run down the
soil into the tray (see illustration below).
Explain that this is erosion (the removal of
soil by wind or water). When erosion takes
place, small gullies may form. As water con
tinues to flow, the gullies may become even
deeper. Students will observe that soil at the
top of the hills is removed and deposited
lower in the landscape (at the bollom of the
soil mountains).

10. Each group will be given a Situation Card
(found on last page of this activity) that
describes a situation that the students must
imagine. Each card describes goals that the
students must keep in mind while trying to
determine the best way to prevent soil erosion
(i.e., the need to grow crops, etc.).

2. Ask students to describe what they know
about soil erosion.

4. Read and/or summarize the Research Brief
aloud.

After listening to the Research Brief students
will further explore erosion prevention by test
ing erosion control methods on a model
mountain landscape.

This Research Brief illustrates how the
process and results of science can be used in
local communities. It also reinforces the idea
that some of the methods used for farming can
leave soils at risk for erosion. The story dis
cusses some methods that can decrease soil
erosion as well as some farming methods that
cause soil erosion.

Procedure:
1. Before class begins place soil in the tray or
wooden box and form small 'hills' of soil.
These can represent mountains.

5. After reading the Brief, list
new vocabulary words on the
board. Ask students to guess
the meaning of each word.
Present the correct definition.
If paper is available, have stu
dents record the definitions on
a sheet of paper.

3. Explain that you are going to summarize a
Research Brief about soil erosion prevention.
A Research Brief is a paper describing scien
tific research. Some of the words may be
unfamiliar to the students, but they should try
to listen for the main ideas in the Brief.

6. Carry the tray of soil out
side. Prop one end of the tray
on a brick or other object so
that it is on an incline.

•
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11. Allow each group five minutes to read
their Situation Card and decide what they will
do.

12. Each group will then read their situation to
the rest of the class and use the model to
demonstrate their solutions (this will take at
least 5-10 minutes per group, so this final step
of the activity may need to be broken up over
several classes). Students will place their er0

sion prevention "tools" (i.e., the sticks) in the
tray of soil "hills" and "mountains" and then
spray the model with water to determine the
success of their solutions. Did their placement
of material help prevent soil erosion? (The
soil in the tray should be smoothed after each
use. If the soil becomes difficult to work with
new soil should be added to the tray. Make
sure that the soil added is similar to the origi
nal soil in the tray. Different types of soil may
react differently to the same experiment.)
Remind students of solutions that were tried in
the Research Brief and ask students to talk
about the success of these methods.

Folio'" up discussion:
Discuss the successes and failures of the dil~

ferent methods that were attempted in the
Research Brief and in class. Ask students
which methods might be easy to use in real
life, such as in farms in their community, and
which would be difficult. Are there benefits to

some of the more difficult methods (e.g. plant
ing rows of trees may take time but the trees
can be harvested for additional income for the
farmer)? Ask students if soil erosion seems to
increase or decrease with the amount of vege
tation present in the modeL Why does this
happen? Remember that in real life trees have
roots that make them better at bolding soil
(and therefore preventing erosion) than the
simulated trees in the model. Discuss other
similarities/differences between the model and
what happens in real life. Ask students if what
they learned from the Research Briefand from
the class demonstration could help prevent
soil erosion in their local community.

Time I Length ofActivity:
2-3 hours

Assessment:
Assessment should be based on students'
understanding of the main points of the SAN
REM Research Brief and the new vocabulary
words, participation in the activity, and under
standing the benefits of different soil erosion
prevention methods. A written test or discus
sion can be used to assess student understand
ing of the main points. The following guide
lines will help in judging students' understand
ing and participation. Tcachers should also
determine how to assess curricular stanc"'n1s
that were met through this activity.

..



Needs Improvement Satisfactory Excellent

Understanding of the Does not demonstrate Demonstrates an Demonstrates an
research brief an understanding of understanding of the understanding of the

the research. main points of the main points and many
research. of the details of the

research.

Understanding of new Demonstrates an Can give a basic defi- Can define the new
vocabulary words understanding oflittle nition of the new vocabulary words and

or none of the new vocabulary words. has attempted to use
vocabulary words. them in context.

Participation Did not participate in Participated in the Participated in the
the activity or any activity and discus- activity. Asked relevant
!class discussions about SlOns. questions and con-
!the activity. tributed frequently to

I ,
the discussions.,

,
Make comparisons of Pid not make compar- Was able to make gen- Made comparisons
different soil erosion lsons. eral comparisons. specific in detail that
prevention methods demonstrated benefits

to different types of
soil erosion prevention
methods.

, ,
I ,
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Soil Research Brief Vocabulary Words

Agro-forestry system: a system in which agricultural crops (i.e. foods) are grown with lTeCS.

Canopy cover: the thickness (density) of tree leaves and branches. A dense canopy cover will
protect soil better thao one that is less thick.

Ecological: refers to ecology - the study of plants and animals as wcll as their interactions "I!o~th

each other and their surrounding environments (including living and DOn-living aspects).

Economic: refers to the economy and the related social system of trade and commerce.

Efficacy: capacity or power to produce a desired effect.

Environmental stress: continued disruption of an ecosystcrn caused by human actions.

Erosion (erosive): the movement (and potemialloss) of soil caused by water or ...~nd moving
across a landscape.

Fallow land: land that is not planted for a season in an anemptto rebuild nutrients in the soil
(or in the least, to not diminish soil nutrients).

Hedgerow: a row of bushes or small trees that when planted on the contour of a hill will slow
water moving down the hill and decrease soil erosion.

Leaching (leached out): a chemical reaction in which soil chemicals separate and drain away
from water; these soil panicles are eventually removed from the soil.

Organic matter: materials in the soil that came from living plants or animals and contain the
element Carbon.

Planting on the contour: plaming across a hill rather thao up and down the hill. This practice
slows soil erosion by blocking or slowing water as it moves down the hill.

Population pressure: the effect of an increasing population of organisms on a limited number
of resources on which the population depends (i.e., food, shelter).

Rotate crops/Crop rotation: a practice in which fanners do not plam the same crop in the
same place year after year but rather plant different crops in the same area year after year. This
is done so as not to deplete the soil of panicular nutrients or so as to build up soil between
growlDg seasons.

Siltation: the natural process of eroded materials. such as silt. lying down along a stream or
other body of water.

Soofs tMIt SolI &alia" DD .lIlIftl



Situation Cards
You are a farmer who grows tomatoes and You are a farmer who grows com in a field
cabbage in a rotation. You usually grow on a hill. You have problems with soil ero
your crops up and down the slope of your sion. You are also getting older and would
hill to let water flow down the slope. like to make money without having to work
However you are losing a lot of soil to ero- so hard. What can you do to 1) decrease
sion. You are not able to support your fam- soil erosion on your land and 2) decrease
i1y on fewer crops. What can you do to your workload without decreasing the
decrease soil erosion in your fields? amount of money that you make? Can you

achieve both of these goals at the same
time?

...

-
...

•

•

-
You are a new farmer with fields on a very
steep slope. Your soil could easily wash
away without multiple soil erosion preven
tion measures. You are not sure what
crops you would like to grow. What can
you do to avoid soil erosion on your land?

Your home is on the bank of a stream. The
banks of the stream are very eroded. If
nothing is done. the stream water may
continue to erode the soil at the bank and
put your home in danger. What can you do
to prevent this from happening? •

II

You own forested land and are trying to You are a farmer trying to decide if you
figure out the best way to grow food crops should plant crops or graze cattle on a
while preventing soil erosion. Your choices steep piece of land. Which would you
,are to plant rows of crops on the contour choose to decrease soil erosion on your
lof the slope with hedgerows and rows of land?
:trees separating the crops; or you could
not plant crops on the sloped forest land
and instead put crops on forest land that is
flatter. Which would you choose to
decrease soil erosion?

You have a small field on a hill. You just You would like to build a house. To do so
prepared the soil for planting but must wait :you will need to clear some land and level
a few weeks before you can begin. You out the soil. What can you do ahead of
are worried that it might rain before you time to keep the soil that you moved from
get a chance to plant your crops and this eroding when the rainy season begins next
could cause erosion on the unprotected month?
soil. What can you do to protect the soil in
the next couple of weeks and while the
new plants are growing?

•
i

•

•
ill
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ASoilSludy
/ Student age: Secondary
Locations: Outside on the school grounds or in the local community
Objectives: Leamers will:
Study soils and soil erosion in the area using the steps of the scientific method.
Specifically, learners will:
1. Detennine Questions that they would like to answer about soils and soil erosion
2. Make hypotheses about soils and soil erosion
3. Design or apply a method(s) for testing and soils and soil erosion
4. Implement a method(s)
5. Collect data
6. Organize results
7. Draw conclusions about soils and soil erosion based on results
~. Present results to a wider audience

I MATERIALS
,I (materials specific to experiments are listed before each experiment in procedure #8)

I'· Paper and writing instruments for each student (or somewhere that they can
write/draw)
• Blackboard and chalk (or somewhere that you can write/draw and all students can

see) I
• Poster paper for students to display experiment results (or somewhere that students
can write/draw and all students can see) I

..
•

•

•

Background Information:
There a number of ways for teachers to help
students find answers to their questions creat
ed during the introduclory observation activi
ties (see Soil Unit Overview for more informa
tion on helping students to formulate ques
tions). Below we provide several suggesled
activities thai employ the scientific method.
The besl method to use, however, will depend
upon the specific question being asked by
each studenl or group of students.

When scientists want to answer a question
they follow a series of steps commonly
referred 10 as the scientific method. This
method is useful in organizing information 10

better answer specific questions. The scienlific
method includes observing, questioning, form-

Soils UnIt: A SolI'"
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ing a hypothesis (a guess that comes from an
assumption), testing the hypothesis, analyzing
the results of the test, and rejecting or accept
ing the hypothesis.

This activity was designed to demonstrate
methods for measuring and monitoring soil
characteristics and soil erosion. These meth
ods are useful in comparing soils at an eroded
site to those at a non-eroded site. Some or all
of the methods (listed in Procedure 8) may be
used to test soil quality in an area. All of the
tests may be completed at the same sites.

Students may have additional questions that
are not covered in this lesson plan. Using the
methods outlined, students should be able to
design other experiments or tests to answer
these questions. A list of additional resources
for testing soils follows this lesson plan.
The soil tests described in this activity and in

Appendix VIIB are only suggestions
of ways that you can make observa
tions about soil in your community to
try to answer student questions about
soil; your class could complete one or
all of them. Above all, we encourage
students and teachers to make scien
tific observations in the most appro
priate way for their class.

Whichever tests you use, we encour
age you to complete the test multiple
times in order to compare results.
Comparing methods and results of
different kinds of tests may help you
to determine which test works the
best, and comparing results of the
same test done multiple times will
help you to decide if your observa-
tions and conclusions are accurate
ones, The more times that you can
achieve the same results, the more
likely that your are observing a true
phenomenon and not something that
just happened by chance.

Procedure:
1. Review the introductory observation activi
ties that the students have completed, Record
any student questions on the board, or some
where that all students can see (Refer to the
Soil Unit O,'crvicw for more information).

2. Explain to students that they will have a
chance to answer some of their questions
using the scientific method.* The scientific
method will help them to organize the infor
mation needed to objectively answer their
questions about soils. Answering their ques
tions "objectively" means that they will try to
answer their questions without letting their
ideas interfere with their study. For instance,
they may have an idea that soil from an undis
turbed forest plot may contain more nutrients
than soil used for agriculture, but they cannot

-
Iii
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•

-
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•
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•
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allow their idea to lead them into reponing
that result if it is not found through their
study. Explain or write the steps of the scien
tific method on the board (see Background
Information). Students have already made
general observations about the soil quality in
the area. Now they will apply a simple test to
learn more.
• Some student questions may be answered without

pnctical testing but instead by simple observation.

3. Determine which student questions can be
tested using the scientific method (highlight
them on the board, if possible). These ques
tions need to be specific and detailed in focus.
In other words, how can you test something
you do not understand? Consider the follow
ing example:

Do earthworms /ike to live in topsoil~

It is impossible to determine what earthworms
like or do not like because even though you
could ask an earthworm what it likes or does
not, it is not going to give you an answer!
However one can examine the behavior that
earthworms exhibit in certain circumstances,
and that could give an idea as to what an
earthworm might prefer. The original question
could then be reworded to ask a more specific
one such as:

Do more earthworms live in topsoil or in
muddy water near streams?

This question is quite clear in what it is asking
and depending on the test used, ooe may be
able to conclude that earthworms Jmfcr to live
in one area or another.

Another example of a question that can be
made more specific is:

Is our soil healthy?

This question can be qualified in the following
ways:

Is our soil healthy enough to support new
crops each year or Is our soil healthy enough
to suppon plants that need a lot of nutrients?

With student participation. review each of the
questions that can be tested using the scientif
ic method, and make any changes needed so
that questions become more specific and
therefore easier to test This lesson plan will
focus on the following questions:

•
III



* What is a "natural" rate of soil erosion and
how does it compare to the rate of soil erosion
on a typical agricultural field?
* How do eroded and non-eroded soils differ
in depth and texture?
• How do eroded and non-eroded soils differ
in their capacities to absorb and hold water?
* How do eroded and non-eroded soils differ
in the number and diversity of soil organisms
present?
• How do eroded and non-eroded soils differ
in levels of acidity?
• What plants protect the soil more in a rain
event?

4. After making the questions as testable as
possible, ask students to think of hypotheses.
Explain that an hypothesis is a temporary
explanation for an observation or scientific
problem that can be tested by further investi
gation. It can come from experience, previous
research, or simply an assumption. Ask each
student to think of an hypothesis for each
question. There are many possible correct
answers. Some examples follow:

* The rate of soil erosion in an agricultural
field is greater than the "natural" rate of soil
erosion.
• Eroded soils are not as deep as non-eroded
soils and they contain more sand and small
rocks.
* Non-eroded soils can absorb and hold more
water than eroded soils.
• Non-eroded soils contain more soil organ-

isms (i.e., worms, decomposers) than eroded
soils.
* Non-eroded soils have a higher level of
acidity than eroded soils.
• During a rain event, corn protects soil more
effectively than tomatoes.

5. Depending on the hypotheses, a test may
take place in one site or several sites, and it
may need to be conducted more than once.
For example, the hypothesis that during a rain
event, corn protects soil more efficiently than
tomatoes would require testing in dry and in
rainy conditions. Read the list of hypotheses
with the students and as a group determine in
how many places and the number or times
each hypothesis needs to be tested. Many of
the above hypotheses can be tested in two or
three eroded and non-eroded sites.

6. Break the class into groups so that each
group can focus on one hypothesis. Students
should be placed in groups based on similari
ties in their question derived from observation
activities. Ask students to come up with ways
to test the hypotheses. Give them a set amount
of time to think of answers. After students
have finished, (or earlier, if students are hav
ing difficulty) describe some of the test meth
ods listed in Procedure 8. Let students com
pare their methods to the methods described
and then decide which methods would best
test their hypotheses. All of the students
should be familiar with all of the
questions/hypotheses and test methods.

...

-
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7. Once each group of students has chosen the methods that they will use. detennine sampling
dates and times.

8. Implement the tests*:
*For simplicity of this activity. we are providing one possible test of soil quality (MnmrillC IOiI ...... ntnl

Additional tests are provided in Appendix VlIB.

Measuring soil erosion rates
Soil erosion occurs all of the time. Even in an undisturbed ecosystem soils are constantly being
eroded and deposited into new areas. However. in an undisturbed ecosystem the rate of soil er0

sion is much slower. Plant roots hold the soil in place and a thick layer of leaves protects the
soil from the force of raindrops. Using the following method, students can compare the rates of
soil erosion on different plots of land. Students may wish to compare the rate of erosion on an
undisturbed piotto that ofa cleared plot. Other possible comparisons include plots with differ
ent slopes. plots with different ground covers (vegetation that covers the ground). or a plol that
bas been plowed on a contour and a plot that has not.

Soil erosion and soil erosion rates are complicated to measure on a large scale. The following
method is adapted from a United States Department ofAgriculture. Forest Service Publication
on using silt fences to measure soil erosion rates (USDA. Sill Ft'net's. An Economical
Technique for Measuring Hil/slope Soil Erosion). Silt fences are simple fences that are made of
a thick fabric that are placed towards the bottom of a hillside slope. When the soil on the slope
is disturbed, such as when it rains. the soil washes down the slope and is caught by the silt
fence. Silt fences help prevent the soil from being deposited at the very bottom of the slope.
which is often a water source. such as a stream. The technique described requires that students
study small plots ofland during several rain events (depending on how often it rains, this tech
nique make take a period of weeks or months). If it is not possible to study agriculturailand,
students may wish to simulate a small plot of cultivated land for this study. A plot that is only
three or four-square meters is a good size with which to work.

Materials:
* A supply of sill fence (actual silt fence is made from geotexti\e fabric. but similar cloth such
as burlap or feed sack material will also work, as long as the same type of fabric is used at each
site. If fabric is unavailable. woven grasses or reeds may also work. looser knit fabric \11,;11
aUow more soil particles to pass through than tighter knit fabric. However. fabric that is too
tightly knit may not aUow water to pass through quickly and this may cause the fabric to rip or
the stakes to faU over.)
• A scale or balance that can be used to measure the weight of the accumulated sediment. (I f
these are not available the sediment can be measured using buckets)
• Stakes or posts (thick sticks will work) to hold up the silt fence; nails and a hammer or
wire/string to fasten the fabric to the stakes
* A shovel or other digging tool
* Paper and pencils for recording data
* Optional: thin layer of cloth

II



Choose two sites to compare the amounts of erosion from different agricultural practices or
ground covers. The areas should be similar in size (3 or 4 square meters) and soil composition
(the types of soil present).

Students should dig a small trench or place a log at the top of each site to keep soil above the
measured site from moving into the site.

At the base of the site students will need to set up a silt fence to catch sediment. To set up the
silt fence, dig a small trench (about 15 centimeters (cm) deep) and place one end of the fabric
in the trench. Bury the end of the fabric with dirt so that it is held firmly in the ground. Place
stakes in the ground at regular intervals and attach the fabric to the stakes with string or wire.
You will probably need to put small holes is the silt fence material so that you can put the wire
or string through it, in order to tie the material to the stakes.

/"

.~"

---
~-

Setting Up a Silt Fence

After a set period of time or a single rain event, visit the plots and measure the amount of soil
that eroded and was deposited at the bottom of the hill. To measure the amount of sediment col
lected at each site, students will remove the sediment with a shovel and weigh it in the hanging
scale (see following page for diagram). If a scale is not available measure the soil based on the
number of buckets of soil removed. Students should record the weights on a piece of paper.
80 Creating Learner-Centered, Multidisciplinary Lessons Soils Unit: A 5011 Study
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Deposited Soil To Be Measured

Return to the classroom and compare the results at the different sites. Ask slUdenlS to gJBpb lhe
resullS on a bar graph to compare the amounlS of soil collected. Were the resullS similar to what
they expected? Discuss any problems with their soil erosion study. What could the slUdenlS
have done differently?

(Please refer to Appendix VlIB for additional activities 10 lesl soil quality)

9. After completing data collection for this example soil quality test. ask the students to revisit
their hypotheses and think about how they can use their data to either accepl or reject lheir
hypothesis. Demonstrate some common graphs that can be used to compare data.

Line grapbs or bar grapbs can be used to compare measurements of the same variable taken
at different times or different sites (for instance, data collected at both eroded and IIOIH:fOded
sites or data recorded for the amount of soil deposited in one area over time).

Deposited Soils Collected

..
iii
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Soil Organisms

N....be< af Soil Organisms

Example Bar Graph

.Eroded sn.

.Non-eroded sn.
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-After demonstrating graphs have each group of students prepare a graph to describe what they
observed in their test. Students should present their graphs to the class.

10. Based on the information found, the class should decide if each hypothesis should be
accepted, rejected, or if there is not enough information to form a conclusion. A rejection actu
ally eliminates one variable that could be causing problems with soil quality and brings you one
step closer to the right answer.

n. Discuss the results of the entire activity with the class. Ask students if they were satisfied
with their results. Do they think that their results were accurate? What would they do differently
next time? Did they come up with new questions as they were trying to answer the original
question?

12. The class should work together to create a presentation of all lessons learned about the soil
that they studied. Arrange a time when students can present this information to a larger audi
ence that may include parents and community members, or other students at the school. The
important information learned/discovered about sources of erosion should be presented to a
wide audience so that it might influence the behavior of those involved in land use. Students
should present their information orally, as well as visually using charts, graphs, and pictures.

Time! Length of activity: Varies depending on activity or multiple activities that you complete

Assessment:
Students should be assessed based on their participation in the activities, their understanding of
the scientific method and the information gathered during activities, and their overall under
standing of the topics covered. Participation should be evaluated throughout the project.
Assessment of student presentations and an exam that focuses on using a similar process to
answer a different question can be used to evaluate their understanding of the scientific method
and the information gathered during activities as well as their overall understanding of the top
ics covered. The following guidelines can be used to assess student work (teachers should also
determine how to assess curricular standards that were met through this activity):

lOll
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Needs improvement Satisfactory Excellent

Participation in the Did not participate Participated Participated and asked
activities relevant questions

Undemanding of the Did not demonstrate an Demonstrated an Dilterentiated between
scientific method understanding of the understanding of the ons that could

scientific method. Did scientific method. and could not be
not differentiate Differentiated between answered using this
between questions that questions that could method and trlIDS-

could be answered and and could not be fonned questions that
could not be answered answered using this could not be answered
using this method. method. into those that could.
Did not demonstrate Fonned a basic Fonned specific
the fonnulation of a hypothesis for a vari- hypotheses for a vari-
testable hypothesis. ety ofquestions. ely of questions.
Lacked accuracy in Collected data accu- Collected data accu-
collecting data rately. rately and suggested
Did not display data Displayed data in a methods for improving
relevantly. way that supported the accuracy.
Had trouble following acceptation or rejection Displayed data in a
the same process to of a hypothesis. variety of ways that
answer a new question Could relate most of supported the accepllI-

the steps of the process tion or rejection of a
to a new question. hypothesis.
Demonstrated a Could relate all ofthe
detailed understanding steps of the scientific
of the scientific method to a new ques-
method. lion.

Undemanding of the Recognized less than Recognized the factors Gave a detailed expIa-
topic studied half of the factors that that were tested by the nation of the factors

were tested by the class in this project. tested by the class and
class in this project. Recalled the conclu- how they relate to each
Did not recall the con- sions to the study. other.
elusions to the study. Could identify most of Recalled the conelu-
Could identify less the methods used for sions of the study and
than half of the metb- data collection. how they were
ods used for data col- Demonstrated recogni- reached, including all
lectioD. tion and understanding of the methods used
Did not demonstrate of the importance of for data collection.
recognition of the healthy soils. Demonstrated recogni-
importance of healthy tion and understaDding
soils. of the importance of

I healthy soils and the

,
Ithreats to healthy soils.

II
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Works Cited:
Robichaud, Peter R. and Robert E. Brown. Silt Fences: An Economical Technique for
Measuring Hillslope Soil Erosion. General Technical Report RMRS-GTR-94. USDA Forest
Service, Rocky Mountain Research Station. 2002.

Resources for Soil Testing Materials*:

LaMotte Corporation produces soil testing kits as well as lesson plans for teachers to use with
the testing kits. Information online at http://www.lamotte.com/pages/edu/soil.html.

Carolina Biological Supply offers all types of tools for teaching the sciences to students. Find
them online at http://www.carolina.com/

Another supplier of science supplies for the classroom, Ward's Natural Science, can be accessed
online at http://wardsci.com/Default.asp?

Science Stuff also offers soil testing kits. These can be ordered online at http://www.sciences
tuff.com/Merchant2/merchant.mv?Category_Code=En-s

*Many other companies offer soil-testing equipment and can be found on the World Wide Web
by searching for "soil-testing."
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Interview a Community
Member or Elder

Studentage:Seconda~

Locations: Classroom or meeting area that facilitates a quesbonlanswer dialogue
Objectives: Learners will:
1. Listen to a local person's perspective on soils and soil erosion in the area
2. Ask questions about soil quality in the area and how it relates to quality of life
3. Understand how natural resource issues such as soil erosion prevention are dealt
with in the local community

MATERIALS

• something on which to write or record questions and answers (i.e., paper, pell

cil)

..
•

III

II

BackgrGaDd Information:
Infonnation to help answer student-generated
questions about soils and soil erosion in the
conununity may be obtained by talking with a
community member that is involved with, and
therefore affected by, soils on a local level.
For example, students may use the knowledge
of their interviewee to answer questions about
histo~ of land use and soil quality in their
local watershed. Interviews with multiple pea-

pie may be necessary to
answer student questions.

Tours of fanns may also be
available and could provide
students with fiBt-hand
accounts ofhow soil is main
tained and prevented from
eroding in the community.

Some people to coosider
interViewing are: farmers
who are concerned about
healthy soil and soil erosion
and who have tried different
erosion prevention measures;
conununity workers who

help farmers use better ways to manage and
protect soil; or conununity members who are
affected by soil erosion and the resulting silta
tion of local streams and other water sources,

Procedure:
I. Based on students' questions (see Soils Unit
Overview for more infomllllion on helping
students to formulate questions), ask the class

..
Sols UnIt' I _ ....



to come up with a list of people that they
could ask about soils and soil erosion. Ask
students if they know anyone on the list. This
will be helpful in finding out how to contact
different people.

2. Contact people on the list to set up inter
views. First contact the people that could
potentially answer the most questions. Explain
what you are doing and how you would like
them to help. It is important to make clear that
you would like the students to conduct the
interview, so the speaker will need to be com
fortable with this format. Be sure to ask the
speaker if they are comfortable being tape
recorded, if you choose to use this interview
technique. The speaker may also wish to give
an additional presentation or talk. Some peo
ple may not be able to participate because of
scheduling conflicts. If one person on the list
is not available, call others until you have
enough speakers lined up to answer student
questions. Set times for meeting the various
speakers.

3. Tell students in advance who will be speak
ing and what the speakers' roles are in the
community. Remind students that they are
trying to obtain information that will help
them answer their questions about soils. Ask
students to consider the speakers' roles in the
community when thinking of questions to ask
that might help answer their questions about
soils. You may wish to make sure that each
student has a relevant question to ask (by rele
vant, we mean that the question may elicit
information that will help answer the students'
questions about water).

4. Set a format and rules for the interview.
Explain to students that they are to listen care
fully to what each speaker has to say and to
not interrupt them as several of the intervie
wees' answers may help a student answer
hislher question about soil. Students may wish

to take notes each time the interviewee
answers a question, or a different student or
group of students could be assigned to take
notes on each interview question response.

Students should listen carefully to determine if
the speaker has answered their questions so
that they do not ask the same question twice.
Students may ask questions one at a time, or
they may ask questions spontaneously as top
ics are discussed. Also, encourage students to
avoid jumping from topic to topic, a common
problem in group interviews (a "mock" or
rehearsal interview might be a good idea), as
this can be confusing for the speaker and
interrupt hislher natural train of thought. It is
important that the format used encourages all
of the students to participate in asking ques
tions.

5. On the day of the interview welcome the
speaker and introduce her or him to the class.
Allow as much time as needed or available for
student questions and any other presentation
by the speaker. Following the interview, offer
a round of applause. It may be appropriate to
offer a small gift of thanks to the speaker.
Discuss this with the students and ask them to
help create or purchase the gift.

6. After the interviews, ask students to recall
what they have learned and how this informa
tion might apply to their questions about soils.

Time! Length of Activity: Varies

Assessment:
Assess students on their level of participation,
their ability to formulate relevant interview
questions (questions that may elicit informa
tion to help answer student questions about
soil), and their understanding of how natural
resource issues such as soil erosion are dealt
within the local community. Assessments can
be based on pre-interview activities (i.e., inter-
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view question formation), perfonnance during
the interview (i.e., participation and attention
levels), and post-interview perfonoaoce (i.e., a
test assessment of local soil quality issues).
Use the following guidelines (found on the

next page) to evaluate student participation
(teachers should also detennine bow to assess
curricular standards that were met through this
activity):

•



Needs Improvement Satisfactory Excellent

Participation Did not participate in Participated in the Participated in the
the interview or any interview and the dis- interview and the dis-
class discussions lead- cussions leading up to cussions leading up to
ing up to the interview. the interview. the interview.

Prepared relevant Volunteered time and
questions. ideas in preparation for
Recalled information the interview.
from the interview. Prepared relevant

questions based on the
topic being discussed.
Recalled information
from the interview and
could apply it to situa-
tions in their commu-
nity.

Ability to formulate Did not prepare ques- Prepared relevant Volunteered time and
relevant interview tions or prepared ques- questions. ideas in preparation for
questions. tions that were not rel- the interview.

evant to the subject Prepared relevant
being discussed. questions based on the

topic being discussed.
Recalled information
from the interview and
could apply it to situa-
tions in their commu-
nity.

Understanding of how On test or other given On test or other given On test or other given
natural resource issues assessment, did not assessment, demon- assessment, demon-
such as soil erosion demonstrate under- strated basic under- strated strong under-
prevention are dealt standing of how natu- standing of how natu- standing of how natu-
within the local com- ral resource issues ral resource issues ral resource issues
munity such as soil erosion such as soil erosion such as soil erosion

prevention are dealt prevention are dealt prevention are dealt
within the local com- within the local com- within the local com-
munity. munity. Recalled some munity. Recalled most

information from the information from the
interview. interview and was able

to use that information
in responding to test
questions.
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Local Lenses:
Unit Overview

In this unit students will explore how the cultural values shape interactions with. and opmions
of, the environment.

The lessons provided in this unit were designed to build upon students' cum:Dtknowledge and
understanding of cultural values and their affect on attitudes towards the environment. l1Jese
lessons are examples of ways to help students take their knowledge one step further and sec
how it connects with new infonnation. The lessons and assessment guidelines may need to be
modified by teachers to better fit the needs of their class size, local culture, materials available.,
and learning environment (when possible, ways to modify activities are suggested).

To begin the unit, students explore an essential question (a broadly-focused question that is
essential to the theme of the unit) through a combination of observation and measurement activ
ities. Based on their observations and previous knowledge they will then formuIare questions
that will lead to further inquiry. These questions reflect students' interests about the topic of
study.

Teachers can structure this student-generated inquiry by using the provided template and back
ground infonnation on the scientific method to create lessons that will help answer SlUdeot
questions. The lesson provided under Actil·ities to Address Student Questions is an example of
what a lesson may look like.



Although teachers provide the general structure for inquiry activities, using the students' ques
tions for further investigation will enable the students to combine previous knowledge that is
valuable to them with new knowledge that they hope to gain. By helping students learn about
topics that are interesting to them, they will gain a sense of ownership in what they are learning
and will be more open to and excited about learning. The results of this synthesis will also help
students to make more informed decisions about managing for their natural resources.

-
..

-
III

-
-
•
..
•
•

•

•

•
•

90 Creating Lumer-Centeted. Muttldlsclplinary Lessons Culture Unit: Overview ..
•



•

II

..

..
•

..
•
II

iIIi

UNIT OUTLINE
Essential Question: How do local values and ideas about \

the environment affect people's management of natural I
'\ resources? ,~
Ask your students this essential question and then talk about possible answers. Write the
answers in a place where students can see them (or have students come to the board and add
their words and answers; you can be in the background as a facilitator). Explain to students that
in order to further answer the question, they will complete some observation activities. Tbese
activities will also help them to create more specific questions about values and anitudes as
they relate to managing the natural environment.

Observation activities to introduce the essential question

Seeing Through Othen' Eyes
Students will read a story about how values affect decisions, and they will listen to a
project summary in which researchers anemptto measure community members'
perceptions of the natural environment.

Your Owu Eyes
Students will ",Tite a personal essay in whieh they explore a value of their own and how
it relates to their anitudes towards the natural environment.

A Picture is Worth One Thousand Words
Students will ask community members to tell short stories and will determine how the
stories reflect anitudes, wishes, thoughts, and interests.

During completion of these introductory activities students will be thinking of and n:wllting
questions that they develop about the value systems of their community and natural resource
management decisions. Students will choose their favorite question, write it on a slip of paper,
and hand it in to the teacher.

Guidelines for questions

Teachers may wish to write all of the questions on the board so that the students may see them,
compare them with other student questions, and know when their question has been addressed.

Teachers should place all of the questions on their desk and group the questions that are similar.
Students with similar questions can work together in a group. One of the objectives of the next
activities should be to address all of the students' questions.



Activities to address student questions

Studying Society: The Importance of Stories
Students will use the scientific method to address questions about their local culture.
They will conduct and record oral history interviews to gather data from community
members.

Once students have explored their local 'culture' and have found answers to their questions by
using the method suggested above or one of their own, they will be ready to apply what they
have learned on a larger scale: in their community.

Ask your students what they consider to be the biggest environmental problems in their com
munity. How might community members' values affect these problems (e.g., do values create
behaviors that enhance the problems?) With student input, create a list of projects that the stu
dents could complete to determine how people with different perspectives and values could
work together to solve some of the problems and improve the natural environment. Help them
choose one to start. Support their learning process by encouraging them to become involved in
all aspects of setting up and completing the project.

Possible service projects to improve understanding of community members'
perspectives on the importance of the natural environment

• Give a brief performance (e.g., play, puppet show) about how different values
affect the use of natural resources
• Organize a group of people of diverse backgrounds (e.g., age, job) to take part in a
community clean-up project
• Create a flier or pamphlet that reflects the community's perceptions of why the
environment is important

Once students have completed this unit, conduct an assessment to determine the level of under
standing that they have gained. In the assessment, ask students to review the essential question
and write an essay on the topic. To test their understanding of the scientific method, have stu
dents design an experiment that will answer a question about a topic related to cultural and per
sonal values and their influences on natural resource management decisions. Include any local
curriculum standards that need to be addressed. More information about assessment, along with
suggested guidelines for evaluating student work, can be found after each activity.
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Seeing Through Others'
Eyes

/ Student age: Upper Primary/Early Secondary/Secondary "
Locations: In the dassroom or an outside area that is suitable for reading and group
discussion
Objectives: Learners will:
1. Listen to a story about people with different perspectives and values
2. Learn about research on how to measure and quantify local values
3. Consider the importance of different perspectives and values within their own c0m

munity, /

MATERIALS

• Story script: Seeing Through Others' Eyes
• SANREM CRSP Research Brief: Looking at the Landscape Through Local Lenses:
Integrating Community Values and Variation in Indicators of Sustainability. SANREM
CRSP, 2001.[See Appendix 1111 for Brief)
* SANREM CRSP Research Brief Summary
• Optional: paper and writing tool for students to answer questions

..
•

..
III

•

...

III

II

II

BackgrouDdIDfOl1Dadoo:
Pans of the story script Seeing Through
Others' Eyes are adapted from the SANREM
CRSP research brief: Looking at the
Landscape Through Laca/ Lenses: Integrating

Community Values and VariJ:lIimr in Indicators
ofSusl/linabi/ity (SANREM CRSP. 2001).

The story script includes I) a fictioDal 8CCOUIlt
of how two people with differeDt peispccti\<'CS
aDd values attempt to reach the same goal aud
2) a 5WIIDIlIf)' of a research project iD which
SANREM researchers quantified commUDity
members' values using a series of tests.

Both the story aud the project 5WIIDIlIf)' pR:S

ent students with information about why it is
important to consider all peispecti"es aud val
ues when making natural resource manage
ment decisions.

ProcedDre:
t. Read the siory Seeing Through Others·Eyes
aloud to slUdcnts or havc thcm read the story

..



Needs improvement Satisfactory Excellent

Listened to story about Did not listen. Listened and partici- Listened, participated
different perspectives pated in answering in answering questions,
and values questions. and asked relevant

questions.

Learned about research Did not differentiate Demonstrated a basic Demonstrated a
on how to measure and between the two types understanding of the detailed understanding
quantify local values of data that a two types of data that a of the two types of

researcher can gather. researcher can gather data that a researcher
and the benefits of can gather and the ben-
each. efits of each. Gave rel-

evant examples of each
type of data and the
benefits of each.

Considered the impor- Did not recognize why Demonstrated a basic Gave a detailed expla-
tance of different per- it is important to meas- understanding of why nation of why it is
spectives and values ure and include differ- it is important to meas- important to measure
within their own com- ent perspectives and ure and include differ- and include different
munity values of individuals ent perspectives and perspectives and val-

when making natural values of individuals ues of individuals
resource management when making natural when making natural
decisions. resource management resource management

decisions. decisions.

on their own as an in-class or homework
assignment.

2. Pause at the appropriate points in the script
so that students may answer questions listed in
the script. You may wish for them to respond
verbally or to write their answers on a piece of
paper to be collected for evaluation.

3. Once students have answered the questions
continue reading the story.

Follow up Discussion:
1. Briefly discuss the story with the students.
What did students learn from the story? Have
students experienced similar situations in their
own communities?

2. Read the SANREM CRSP Research Brief
Summary to the students. Discuss how this

project may be useful in making decisions
about protecting natural resources.

Time/ Length of Activity: 30 minutes

Assessment:
Assess students on their level of participation,
their ability to differentiate between the two
types of data collection methods discussed,
and on their recognition of the importance of
measuring different perspectives and values of
individuals when making natural resource
management decisions Assessments can be
based on responses to the story questions and
follow-up discussions. Using the following
guidelines (teachers should also determine
how to assess curricular standards that were
met through this activity):
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wood and food from the forest and there
would be less to go around.

Often times, Mauricio's and Eduardo's fami
lies would see each other in the forest and

Mauricio and his family also lived on the out
skirts of the forest. and like Eduardo's family,
they also valued and depended on the forest.
Mauricio, as his father. was a logger. He and
his sons had paying jobs from a company in
the city: they drove large bUCks and cut down
areas of forest for timber that was sold all over
the world. Their boss gave them a good n:asoa
to work bard: he paid them by the nwnber of
forest trees they could cut and clear. The more
they cut. the more money they made. For
Mauricio, the forest was not just a pl.Ke to
live; the trees also meant a salary for bis fami
ly. Mauricio's family was not rich, but jf they
worked bard, they could afford to buy all of
the things that they needed from the store in
town. They also could afford mnning water

that the family used for bathing and drinking.
Mauricio and his family depended on the for
est. and they knew it was not limitless.
Mauricio knew that trees took a long time to
grow back, and often after he had cleared a
piece of land the soil would wash away. He
also knew that the more trees he cut. the fewer
he would be able to cut later.

Eduardo and Mauricio both lived in the
Manupali valley of the Philippines. Eduardo
and his family lived on the outskirts of the
forest. They were a family of craftsmen
wbo valued the forest for many reasons.
Fallen branches from forest trees provided
them with firewood for beat and for cook
ing. Other trees provided them with timber
to build a bome and furniture for it. Wood
and seeds harvested from the forest were
used to make jewelry and bowls that were
later sold in town. The money that they earned
belped them buy clothes and medicine.
Eduardo's family was able to live on a modest
income because they relied on the land and the
forest for many of the things that they needed.
Mucb of the food that they ate came from the
forest in the fonn of animals that they hunted
as well as fruits and seeds that they collected.
The family also treasured the forest for its
coolness, its fresh air, its bountiful birds and
insects, the stream that ran through it. and as a
place for the children to play. They used the
stream for irrigation as well as drinking and
bathing water. Eduardo and his family depend
ed on the forest. and they knew that it was not
limitless. Eduardo knew that as the population
of the village grew, more people would need

Seeing Through Others'
Eyes

•

•

•

•

..

..

..

..

•

..

..

..



their children would play in the stream. Eduardo and Mauricio had grown up together and were
friends even though they felt that they shared few values. Eduardo knew what Mauricio did for
a living and he disapproved. He did not understand why Mauricio and his family could not live
without cutting valuable forest. Eduardo often remained silent when the family would talk
about jobs because he did not want to start an argument.

Mauricio knew that Eduardo disapproved of what he did for a living but he could not give up
his income. He was also careful to avoid an argument.

Although the two men avoided arguing for many years, the tension between them built, and
both families worried that they might lose their friends.

Student Questions

Both Eduardo and Mauricio were raised to value natural resources differently; they
both needed the forest, but for very different reasons.

1. Why did Eduardo and his family need the forest? Why did Mauricio and his family
need theforest?
2. Who had a better reasonfor needing the forest?
~. What do you think would happen ifEduardo and Mauricio discussed each other's
Ifamily needs?

Tired of their families being upset and worried, and with encouragement from their wives and
children, Eduardo and Mauricio decided to talk about the forest. Rather than talking about what
they thought the other person was doing wrong, they agreed to only talk about what they valued
and what they worried about. By not accusing each other, they were able to avoid an argument,
and they realized that they actually valued the same thing - the forest. Both relied on the forest
for a variety of reasons, and both were very worried about the loss of the forest and its valuable
resources. On day they decided to talk about it. Eduardo and Mauricio realized that they could
work together to save the forest that they both depended upon. Eduardo told Mauricio about
some loggers in another valley that did not cut all of the trees in an area at the same time, and
this effort protected the soil from washing away and allowed new trees to grow more quickly.
Mauricio decided that he would talk with his boss about ways that they could change their
operation so that they would be able to continue cutting trees without destroying all of the
forests. Mauricio told Eduardo about how he had seen some people planting useful trees closer
to their homes so that they did not deplete all of the wild fruits and seeds, and Eduardo thought
this was a very good idea. Both Eduardo and Mauricio knew that it would be difficult to make
changes, but they were happy to keep their friendship and to share values.
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SANREM CRSP Research
Summary

The land in the Manupali watershed in north
ern Mindanao, Philippines, has recently under
gone tremendous deforestation as a result of
population growth in the area. Much of the
deforested land is now used for agricultural
production. This has resulted in increased lev
els of soil erosion and water quality degrada
tion. While agriculture and forestry have
brought income to the people living in this
watershed, they have also brought destruction
to the land. Although many people are pleased
with the new crops that are growing, no one
wants to see the land ruined.

People value land and natural resources for a
variety of reasons including:
• Economic value - the resources provide
money
• Use value - the resources are useful as a
food, medicines, building materials,
fuel, etc.
• Aesthetic ~'alue - the resources
provide beauty or pleasure
• Politics - the availability and quali
ty of resources affect family health
and social class and they may create
other life difficulties
• Spiritual value - the resources play
an important role in one's religious or
spiritual beliefs
• BiologicallEcosystem value - the
resources are important for the rest of
the ecosystem (all of the organisms
and all of their interactions in a spe
cific physical environment)

It is important when making a natural
resource management decision, such
as deciding to protect the water
source that a community uses for
drinking or cooking, that varied needs

and values of the people affected by the deci
sions be considered. Scientific research can
help people make more informed decisions
about how to protect natural resources. Then:
are several methods for collecting and inter·
preting research data. Some researchers
describe and interpret data using numbers; this
is called quantitatin data. For example. if a
researcher wished to study who used more
trees for their job, Eduardo or Mauricio, they
would count the number of trees each used
over a given period of time.

However, not everything can receive a number
value and make sense. For instance, if s0me:

one asked Eduardo why he valued the forest,
do you think he would respood by saying
'ten'? In this case, a numerical answer would
not make much sense. Instead, he might
respond 'I value the forest for the shade and
food that it provides. ' In attempting to elicit
Eduardo's attitudes towards the forest, it docs
not make sense to describe his values in terms



of numbers. Data that is described and inter
preted using words is called qualitative data.

Both quantitative and qualitative methods can
be used together to describe and analyze the
values of people, and this is how Dr. Virginia
Nazarea and other SANREM-Andes
researchers conducted their research
(described in the research brief Looking at the
Landscape Through Local Lenses: Integrating
Community Values and Variation in Indicators
ofSustainability). These scientists created
research projects to understand how local
communities valued the natural environment.
Instead of assuming, as many scientists do,
that communities only value their local natural
environment because it can provide a source
of income, Dr. Nazarea's team worked to
understand all of the values that community
members consider when deciding to protect it,
including aesthetics, emotions, moral reasons
and spiritual considerations. These researchers
sought to obtain a holistic view of how one
community valued their natural environment.
Holistic refers to viewing nature in terms of
interacting 'wholes' (e.g., living organisms)
rather than the sum of their parts.

In their research, the SANREM-Andes team
worked with community members of the
Manupali watershed in the Philippines
(Southeast Asia). Dr. Nazarea was interested
in understanding the community members'
"whole picture view" of their watershed envi
ronment. She and her team of researchers took
a test that is traditionally used to understand a
person's personality traits and slightly modi
fied it so that it could be used to evaluate peo
pies' attitude towards natural resources. The
traditional test collected quantitative data, but
Dr. Nazarea's approach used data collection
and analysis techniques that combined both
quantitative (numerical scores) and qualitative
(values described verbally by themes and cate
gories) methods. After performing this test
with 51 community members of different
ages, gender, and ethnicities (and a few other
qualitative methods such as recording oral his
tories), SANREM researchers identified a
number of values of local environment beyond
economic interest. The values observed tended
to be different depending on gender, age and
ethnicity. The data can be used to integrate a
variety of perspectives into environmental
monitoring and decision-making.
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Your Own Eyes
/ Student age: Upper Primary/Early Secondary/Secondary "'-
Locations: In the classroom or an outside area that is suitable for reading and group
discussion
Objectives: Learners will:
1. Write a personal essay in which they explore a value of their own and how it shapes
their opinion of the natural environment, /

MATERIALS

• Paper
• Writing tool
• Worksheet: Major Categories Discovered in SANREM CRSP Research on Values in
the Manupali Valley of the Philippines

..

..

•
•

..

..

Background Information:
Humans make decisions for a variety of rea
sons, including what we have been taught and
what we believe. We often make these deci
sions without ever really knowing why.

In this activity, students will be asked to write
a personal essay that helps them explore their
own value system.

Procedure:
I. Engage students in a discussion about
values. Here is a suggestion on how (0 intro
duce this topic:

Ha,"e you ever thought abolll why you like
something and dislike something else?
Sometimes the answer is simple. For instance.
you may value Saturdays because it means no
school and that you can see your friends.
Sometimes. though. the answer is not that sim
ple. When you have to make a decision. what
do you think about before you decide?

Values are the principles. standards. or quali
lies that you consider to be meaningful or
desirable. You may have very different values
depending on the situation. For instance. how

•
~

much do you value good health? How IftIICIt do
you value delicious food? How much do you
value trees?

2. Read the following scenario to the swdents.

You live witlt yourfami(v in a smalllrouse that
is surrounded by forest. Your fatlter and mother
havejobs in the city that pay them enough
moneyfor everyone in yourfamily to havefood
and clothing. Besides giving you a p/Dce to
play. your family collects some food and odtB



Needs improvement Satisfactory Excellent

Participation Did not participate Answered some story Answered most story
during story questions and follow-up discus- and follow-up discus-
or follow-up discus- sion questions. sion questions. In these
sion. Did not write per- Completed the person- answers and in their
sonal essay. al essay and answered essay, demonstrated a

all questions listed in detailed understanding
Procedure 3. of what values guided

their decision during
the essay activity and
how they compared to
the values described on
the worksheet.

materialsfor your homefrom the forest. One
day, a man from the city comes to visit your
home. He wants to cut down the trees that sur
round your home and sell them to people who
build houses. He offers your parents more
money than what they would make in 6
months to cut down the trees. What should
your family do?

3. Ask students to write an essay addressing
the following questions.

*After hearing the story, how important is the
forest for you and your family in terms of pro
viding you with money, clothing, food, and
materials for your home? Do you think that in
a different situation, you might value the for
est differently (for example, what if you relied
on the forest for all of your food)?

* What other values did you consider in mak
ing your decisions?

* What experiences in your life have shaped
your values?

Follow up Activity:
Share the worksheet, Major Categories
Discovered in SANREM CRSP Research on
Values in the Manupali Valley ofthe
Philippines. with students. Explain that SAN
REM CRSP research in the Manupali Valley
showed people's values fitting into four major
categories. Have students compare the values
that they wrote about in their essay with the
values described on the worksheet. How are
they similar and different?

Length of Activity: 30 minutes

Assessment:
Assess students on their level of participation
in class and follow-up discussions as well as
personal essay writing. Assessments can be
based on performance during the story ques
tions, follow-up discussion, and from the qual
ity of the personal essay. Assessment can be
based on the following guidelines (teachers
should also determine how to assess curricular
standards that were met through this activity):

-
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Major Value Categories Discovered in SANREM CRSP Resean:b ou VaI_ ill the
Manupali Vaney of the Philippines

In a research study about people's values as they relate to natural resource management in the
Philippines, 32 themes were identified in answers collected during a modified Thematic
Apperception Test (TAn (previously described in A Picture is Worth a T/rOllStllld WOlds and in
seeing Through Others' Eyes). The 32 themes were clustered into the following four categories.
Example responses from participants in the study are included below each category.

a. Aestbetic value (i.e.• beauty, bannony, sense of place, etc.)

Sample Responses
What I can say is that the trees in the environment are all very beautifUl... this can mak£ us feel
cool and we get fresh air...

Wlren there are lots offruits. there are also a lot ofbirds that feed on it and their voices or
humming are good too.

b. Usefulness (i.e.. usefulness of resources. but also a concern for using them sustainably, etc.)

Sample Response
The tnmb can also be used as posts for houses and are more comfortable than bamboo... TIre
leaves can be used as rooffor the nursery...

c. Economic (i.e.. how natural resources can be used for profit. economic success. etc.)

Sample Response
The sugar cane here is ne4ring harvest. they are he4lthy...1 think they will get plenJy ofIIWIIe)'.

d. Politics (i.e., family bealth, social class and other life difficulties)

Sample Response
This house indicates thaI the owner is poor. Because sometimes ownen ofhouses like
these are being oppressed by the rich.
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A Picture is Worth One
Thousand Words

Student age: Upper Primary/Early Secondary/Secondary
Location: Classroom for student interviews; a place most suitable for community
member interviews
Objectives: Learners will:
1. use TAT cards to elicit community members' values and attitudes towards natural

resources

I MATERIALS

I. TAT cards (pictures of people interacting with natural resources; the pictures chosen
should help students to address the questions that they created. These can come from
magazines, newspapers, books, the Intemet, or can be drawn by the instructor)
• Paper
• Writing instrument to record answers
• Tape recorder or video camera to record answers (use only if respondents have
given permission to be recorded by either or both means)

l1li
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BackgrouDd IDformatioD:
TAT refers to something called a 'thematic
apperception test.' This is a test that psycholo
gists lscientists who study the mind and
behavior of humans and other animals) often

use to study a person's personality traits, such
as happiness, shyness, or other emotions. TAT
tests evaluate a person's personality based 011

how that person responds to a series of pic
tures, often depicting at least one human fig
ure, sometimes two or three. The pictures
show different social situations and are vague
enough in detail that they can be interpmed in
many ways. A person is sho""n TAT cards and
then asked to teU a story about what each card
shows.

In this activity students will use TAT cards to
interview members of their community.
Following the research methods of Dr.
Virginia Nazarea (see Seeing Through Others·
Eyes). students will modify the TAT test used
by psychologists to try to elicit cultural fea
tures such as attitudes, wishes, thoughts, inter
ests, motives, and conflicts rather than pers0n

ality features.

l1li PREVIOUS PAGE BLANK
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Procedures:
The goal of this activity is to use TAT cards to collect data about people's values. In order to be
able to analyze data, all students must use the same pictures and must record the same basic
information about the person they are interviewing (e.g., age, gender, ethnicity, socioeconomic
status, education, etc.).

•
1. With students, choose pictures to be used for the TAT cards. Assign a number to the back of
each card. Pictures should display people interacting with natural resources. Remove or cover
any text on or around the picture so that interviewees are looking only at pictures. Each picture
should be numbered and duplicated so that all students use the same pictures for their inter
views.

iii

-
2. As a group, determine the basic information that should bc collected from each interviewee.
This information is valuable data that you may wish to use in subsequent activities that involve
forming a class hypothesis. Examples of this information include age and gender of respon
dents, size of family, type of work, etc.

Iii

iii

•

•

•

I
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4. Before testing others in the community, stu
dents should review answers from their practice
interviews with classmates to determine if the
class hypothesis was proven or disproven. TAT
cards may be added or removed based upon their
usefulness in the process of testing the hypothe
sis, as the next step will be to for student to use
TAT cards with members of the local community.
Each student should choose one or two people to
interview. The people chosen should be adults
and can be family members or friends of the stu
dents.

5. Instead of assuming that someone will want to
be interviewed, students should call or visit the
people that they would like to interview in order
to introduce themselves and explain their project.
The students should be sure to tell the intervie
wee why they want to talk to himlher. Students
should also be sure to tell the interviewee that theExample TAT test card

3. Students should practice using the chosen pictures by interviewing another classmate. One
student should hold a card and the other should tell a short story describing the picture. The
person holding the card should write down the story and the number of the card as well as any
other basic information collected to test the hypothesis. Students should then switch roles so
that every student has an opportunity to view a card and tell a story about it. If more practice is

needed, students can practice with more than one
TAT card.
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infonnation from the interview will be added to classmates' interview data so tbal there are
many pieces of infonnation to analyze and compare. Interviewees should be allowed to choose
if they want their names included with their responses or if they prefer to remain anonymous.
* ImportaDt!: Some people may not understand why someone is interested in their stories.
They may be asking '/nrerview me? / haven ~ done anything signiflCOlll or UnpoTUllll. "If this
happens, students may need to spend extra time explaining the point of the class project aud
that interviewees' stories are helping to contribute important infonnation that is often DOl c0n

sidered when law makers make decisions that affect their community.

6. If the community members agree to the inten;ew, students sbouId then set the time: and pIKe
according to the interviewees' CODvenience. If the students have access to a tape recorder or
videotape, they should ask the iDterviewees if they would be comfonable with their iDterview
being recorded and/or videotaped. Also, students should inform interviewees about how IoDg
the interview is to last

7. Students will each conduct their interviews and record their data.

8. The collected stories should be soned based upon the class hypothesis. For example. if we
return to the class hypothesis that men and women have different values in relation to the envi
ronment, then stories caD be separated into two piles: stories that men told and stories tbal
women told. Students should then analyze their stories and determiDe the rrtain themes of each.
One way to do this and include all students' input is to have everyone read his or her story
aloud. You may wish to stan with one TAT card and then have each student read the SUlry tbal

..



they collected for that card. After a story is read, decide as a class the main themes of the story.
Then, continue this process with all of the other cards. Some themes might include usefulness
of resources, family health, government control, beauty, etc. List the themes somewhere where
all students can see them. Determine if some of these themes are similar enough that they can
be lumped together into the same theme 'category' (e.g., health).

9. Depending on the class hypothesis. you may need to determine the most or least common
themes. To determine this information, students should start with the first theme listed. Have
them reread the stories that they collected. If the theme is represented in a story, record a X next
to the theme. Students should do this for all of the themes and all of the stories. To determine
the total score for a theme category, add all of the X's for that theme. The theme with the most
X's is the most dominant (common) theme.

10. Discuss the most and least common themes, and
compare the information found with the class
hypothesis. Does the information support or disprove
the hypothesis in any way? Students may find it
interesting to determine if there are differences in
responses to TAT cards based on age or gender (e.g.,
for a particular TAT card, all women mentioned
'health' and all of the men referred to 'economic
concern').

Time! Length of activity: Varies

Assessment:
Students should be assessed based on thcir class activity participation including helping to
determine what data should be collected and engaging in practice TAT card interviews, their
establishment and conduction of TAT card interviews with community members, and their
analysis of data. These forms of assessment can help teachers gauge students' understanding of
the importance of how TAT cards help to elicit val-
ues and ideas about natural resources. The following
guidelines can be used to assess student work (teach
ers should also determine how to assess curricular
standards that were met through this activity):

....

...

•
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Needs improvement Satisfactory Excellellt

Participation in class Did not participate. Participated. ParticIpated and asked
activities relevant questions.
Establishment and con- Did not establish or Established and con- Established and con-
duction ofTAT card conduct any interviews ducted one interview idueted one interview
interviews with com- with community mem- with a community with one or two c0m-

munity members bers. member with the assis- munity members with-
tance of another stu- ~t assistance.
dent, the teacher, or a Developed inten-iew
parent. Developed ~uestions and collected
interview questions and analyzed data
and collected and ana- without assistance.
Iyzed data with assis-
tance.

Analysis of data Did not analyze data. Able to analyze some Analyzed all data col-
data from interviews lected and was able to
and relate it to support accurately determine if
or rejection of the class it supported or rejected
hypothesis. the class hypothesis.
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Studying Society:
The Importance ofStories

/ Student age: Upper Primary/Early Secondary/Secondary "
Locations: Possible locations include classroom environment or home environment
Objectives: Leamers will learn about values using the steps of the scientific method.
Specifically, leamers will:
1. Determine questions that they would like to answer about how values influence pe0

ple's behaviors and attitudes towards protecting the local environment
2. Make hypotheses about how values influence peoples' behaviors and attitudes
towards protecting the local environment
3. Apply the oral history method to elicit community values
4. Implement the method
5. Collect data
6. Organize results
7. Draw conclusions about how peoples' behaviors and attitudes towards protecting
the local environment based on test results
8. Present results to a wider audience, /

MATERIALS
(materials specific to experiments are listed before each experiment in procedure #8)

* Paper and writing instruments for each student (or somewhere that they can
write/draw)
* Blackboard and chalk (or somewhere that you can write/draw and all students can
see)
• Poster paper for students for displaying experiment results (or somewhere that stu
dents can write/draw and all students can see)

Background Information:
There a number of ways for teacher.; to help students find
answers to their questions created during the introductory
observation activities (see Cullu" Vllit Overview for more
infonnation on helping students to fonnulate questions).
Below we provide one suggested method that employs the
scientific method. The best method to use, however, will
depend upon the specific question being asked by each stu
dent or group of students.

When scientists want to answer a question they follow a
series of steps commonly referred to as the scientifIC
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Local Lenses: Unit Overview for more infor
mation).

Students may have additional questions that
are not covered in this lesson plan. Using the
methods outlined, students should be able to
design other experiments or methods to
answer these questions. 2. Explain to students that they will have a

chance to answer some of their questions
using the scientific method.* The scientific
method will help them to organize the infor
mation needed to objectively answer their
questions about soils. Answering their ques
tions "objectively" means that they will try to
answer their questions without letting their
ideas interfere with their study. For instance,
they may have an idea that women value for
est for health reasons more than men, but they
cannot allow their idea to lead them into
reporting that result if it is not found through
their study. Explain or write the steps of the
scientific method on the board (see
Background Information). Students have

Procedures: already made general observations about the
1. Review the introductory observation activi- soil quality in the area. Now they will design
ties that the students have completed. Record some simple tests to learn more.
any student questions on the board, or some- *Some student questions may be answered without

where that all students can see. (Refer to the practical testing but instead by simple observation.

110 Creatlng LNmer-Centered. Multidisciplinary Lessons Culture Unit: Studying Society

The following activity was designed to
demonstrate a simple method for measuring
and monitoring the values that influence how
people make decisions. These methods are
useful in accounting for all possible reasons
that may drive a person to make a decision, in
this case, about protecting natural resources.
The method described in this activity (listed in
Procedure 8) may be used to elicit and assess
values within a community. Students should
use this method, or a variation of it, in a class
experiment.

Whether you use the method provided and/or
modify it, we encourage you to complete the
test multiple times in order to compare results.
Comparing methods and results of different
kinds of tests may help you to determine
which test works the best, and comparing
results of the same test done multiple times
will help you to decide if your observations
and conclusions are accurate ones. The more
times that you can achieve the same results,
the more likely that your are observing a true
phenomenon and not something that just hap
pened by chance.

method. This method is useful in organizing
information to better answer specific ques
tions. The scientific method includes observ
ing, questioning, forming a hypothesis (a
guess that comes from a "gut" feeling), testing
the hypothesis, analyzing the results of the
test, and rejecting or accepting the hypothesis.

•
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3. Detennine which student questions can be
tested using the scientific method (highlight
them on the board, if possible). These ques
tions need to be specific and detailed in focus.
In other words, how can you test something
you do not understand? Consider the follow
ing example:

Do people value theforesr?

It is not clear from this question lI'ho the
group of people of interest is. The question
should be reworded to be more specific. For
example:

Do different people in my communiI)' appreci
ate the forest for its beaul)' orfor money thai
it can bringjrom selling its trees?

This question is quite clear in what it is ask
ing, and depending on responses from com-

munity members, one may be able to CODCIude
that community members value forest for its
beauty more than for economics.

Some questions will be difficult to test as
there may not be one thing that is valued as
'most important' by all community members.
In this case, a question such as:

What do all community members ,'Ollie most?

might need to be rephrased as:
What are the most commonly menliotu!J val
ues ofthe members ofmy communily?

With student paniciparion. review each of the
questions that can be tested using the scientif
ic method, and make any changes needed so
that questions become more specific and
therefore easier to tesL As a class, students
should select one question that they would
most like to answer. This can be deIermined
by voting on a question or by discussing the
questions and coming to a consensus decision.

4. After making the questions as testable as
possible, ask students to think of h~']JOtIIeses.

Explain that an hypothesis is a temporary
explanation for an observation or scientific
problem that can be tested by further investi
gation. It can come from expel ieuce, previous
research, or simply an assumption. Ask each
student to think of an hypothesis for each
question. There are many possible correct
answers, Some examples follow:

•

..
--

• Most people in my
community value nat
ural resources

• A community mem
ber's personal values
affect the decisions
that s/be makes



* A community member's personal values
about certain topics are the same as those of
his or her parents, chief, or religious leader

*The people who pass laws in my community
take values of all social groups in the commu
nity into consideration when they make their
decisions

* Members of my community will only pro
tect the natural resources if they derive eco
nomic benefit from this protection

5. Make a list of all of the hypotheses and
decide, as a class, which hypothesis to test.

6. Ask students to come up with ways to test
the hypotheses. Give them a set amount of
time to think of answers. After students have
finished, (or earlier, if students are having dif
ficulty) describe the method listed in
Procedure 8 (Oral Histories). Let students
compare their methods to the TAT test then
decide which one method
would best test their
hypotheses.

7. Once students have chosen
the method that they will
use, determine when the tests
will take place, the questions
that students should ask, and
how to apply the method
chosen (details for the Oral
Histories test are given in
Procedure 8).

8. Implement the test:

Oral Histories
Oral history is a way for
people to learn about history,
but not through reading!
Instead, it comes through

stories that people tell. Oral history is proba
bly the oldest method for rewording history.
Oral histories may emerge while sitting
around a fire and telling stories, or they may
be a result of a more structured format such as
an interview. Oral histories are the stories of
people's lives, and they help us to understand
their experiences and perspectives. By collect
ing many stories, we can begin to see concepts
and values that appear most often; these are
the concepts and values that are shared in a
culture.

Materials:
* Paper and writing instrument to record
answers
* Tape recorder or video camera to record
answers (optional)
* List of questions (described below)

The goal of this activity is to collect data,
through oral histories. This is one method to
show how values are distributed in the com-

-
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munity. In order to be able to compare and
analyze data from different interviews, stu
dents must all have the same set of questions
to ask their interviewees.

Based on the class hypothesis, decide the topic
on which you will interview community mem
bers. Then, as a class, decide what questions
each student should ask their interviewee.
Each student should have a list of the same
questions. The points below may help formu
late good interview questions.

* You want to ask questious tIIat wiD pro
vide backgr'ouDd IDformaUoD about the
IDterviewee (e.g.• how their life experiences
have shaped their values)

* ThlDk about tile topics tIIat you waDt to
cover. Examples might be:

Family: Do the interviewees have any broth
ers and sisters, are they married, do they have
any children?

Daily Activities: What work do they do
everyday, what do they do at home, with fami
ly, socially, etc.?

What They Do For FoD: Story telling. walk
ing, time with families, etc.

Schoo6ng: Did they go to school and
for how long?

Place that they live: "''here did they grow
up?

How the Intervlew'cc feds about tile UK of
Da..raJ resources: Make questions specific.
such as "hal'e you noticed a differena! in the
landscape over your lifetime?" and "halO' hal'e
water use regulations affectedyou?"

Make sure to ask enough questions to have
useful results, but not so many questions that
you tire your interviewee.

* Desigo the wording of ~'our qftSdoes:
This may be the hardest part. You want to
make sure that you ask questions that are
•open-ended. ' That is, you do not want 10 pose
questions that suggest what answer you expect
or desire because this might induce the inter
viewee to answer as expected. This is called
creating leading questions.

For instance, if you disapproved in using pes
ticides to grow vegetables because these
chemicals pollute drinking water, and you
want to know how your interviewee views
using pesticides, you should ask the question
in a way that elicits open and honest answers.

In this case, a leading question might be:
"Since pe.<ticid,>s pol/ute the water ,,~ drink
and make us sick. do you thin1cfarmen slwtJd
use them?" This question reveals your opin
ions, and, since you are conducting and con
troUing the interview questions, your intervie
wee answer the question by agreeing with you
than stating his/her true opinion. Rather, you
should ask "HalO' do .'-ou (eel about
pesticides""

..
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Ask the class to come up with a list of people
that they could interview.

With students' assistance, contact people on
the list to set up interviews. First contact the
people that could potentially answer the most
questions. Explain what you are doing and
how you would like them to help. It is impor
tant to make clear that the students will be
conducting the interview, so the speaker will
need to be comfortable with this format. Be
sure to ask the speaker if they are comfortable
being tape recorded, if you choose to use this
interview technique. Some people may not be
able to participate because of scheduling con
flicts. If one person on the list is not available,
call others until you have enough speakers
lined up to answer student questions. Set times
for meeting the various speakers.

Students will each conduct their interviews on
their own time and record their data. Here are
some helpful tips to make interviews run
smoothly:

If you have time, try a "pre-interview" with
your interviewee. Asking simple questions
during this time may help you to design your
interview questions. For example, you may
wish to ask what kind of work that they do or
if they live or on a farm.

End your interview with "Is Ihere anylhing
else Ihat you would like 10 lell us?"

It is very important to thank the interviewee
for time. Ask if they would be interested in
learning about the results of the class project.
If your class is planning an event to bring all
of the interviewees together to learn about the
class results, make sure to invite your intervie
wee.

Discuss and compare oral histories that stu
dents collected. What interesting information

did interviewees add at the end of the inter
view? Did this information help to identify
interviewees' values? After listening to the
interview responses from each other's inter
views, are the students able to determine com
mon values (or value themes) amongst com
munity members? If not, why do values
appear to be so different? How can this infor
mation be used in making decisions about nat
ural resource use?

Depending on the class hypothesis, students
may group responses according to the specific
question (i.e., compare all of the answers to
questions # I). To determine the main themes
of each set of responses, students should take
turns reading their responses to Question # I
aloud. After an answer is read, decide as a
class the main themes of this response. Then,
continue this process with all of the other
responses to Question # I. Some themes might
include usefulness, family, government, and
beauty. List the themes somewhere where all
students can see them. Determine if some of
these themes are similar enough that they can
be lumped together into the same theme 'cate
gory.'

To quantify the results, students may deter
mine the theme occurring most or least fre
quently. To determine this information, stu-

-
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dents should start with the first theme listed. Have them reread the answers to Question II I. If
the theme is represented in their response, record an X next to the theme. Students should do
this for all themes and all questions. To determine the total score for a theme add all of the X's.

Discuss themes that occur with the most and least frequency, and compare the information
found with the class hypothesis. Does the information support or disprove the hypothesis in any
way? Students may find it interesting to determine if there are differences in responses to ques
tiODS based on age or gender (i.e., for a particular question. more women than men referred to
beauty and more men than women referred to economic concerns.

9. After completing data collection for the student tests. ask the studems to revisit their
hypotheses and think about how they caD use their data to either accept or reject their hypothe
sis. DemODStrate some common graphs that can be used to compare data.

•

Line graphs or bar grapbs can be used to compare measurements of the same information.
These types of graphs may work well for comparing data on different themes. or comparing one
theme across variables (i.e., place of residence).

.. Responses to the Question: Have You
Noticed a Difference In the

Landscape Over Your Lifetime?

~o

II • .U~n:c residents
8. • Rural residents• : ~.

"-.::>a:
'>~

o 5 10 15

Number of Responses
Example Bar Graph

..



Pie graphs can be used to show the percentages of males versus females who found a particular
theme in their story.

Positive responses to using pesticides
on food crops

...

-
•

•36"1_
....%

Example Pie Graph

• Males responding
positively

• Females
responding
positively

-

After demonstrating graphs, break students into groups and have each group of students prepare
a graph to describe something that they observed in the test. Students should present their
graphs to the class.

10. Based on the information found, the class should decide if the original hypothesis should be
accepted, rejected, or if there is not enough information to form a conclusion.

11. Discuss the results of the entire activity with the class. Ask students if they were satisfied
with their results. Do they think that their results were accurate? What would they do differently
next time? Did they come up with new questions as they were trying to answer the original
question?

12. The class should work together to create a presentation of all lessons learned about values
and how they affect decision-making about natural resource use. Arrange a time when students
can present this information to a larger audience that may include parents and community mem
bers, or other students at the school. Students should present their information orally, as well as
visually, using charts, graphs, and pictures.

Time! Length of activity: Varies from 10-20 total hours

Assessment:
Students should be assessed based on their participation in the activities, their understanding of
the scientific method and the information gathered during activities, and their overall under
standing of the topics covered. Participation should be evaluated throughout the project.
Assessment of student presentations and an exam that focuses on using a similar process to
answer a different question can be used to evaluate their understanding of the scientific method
and the information gathered during activities as well as their overall understanding of the top-
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ics covered. The following guidelines can be used to assess student work (teachers sbouId also
detennine how to assess curricular standards that were met through this activity):

Needs improvement Satisfactory ExcelleDt

Participation in the Did not participate. Partlclpated. Participated and asked
activities relevant questions.
Understanding of the Did not demonstrate Demonstrated an Demonstrated a
Scienti fic Method understanding of the understanding of the detailed underslanding

scientific method. Did scientific method. of the scientific
not differentiate Differentiated between method.
between questions that questions that could Differentiated between
could be answered and and could not be questioDs that could
could not be answered answered using this and could not be
using this method. method. answered using Ibis
Did not demonstrate Formed a basic method and trans-

the formulation of a hypothesis for a vari- formed questioDs that
testable hypothesis. ety of questions. could not be answered
Lacked accuracy in Collected data accu- into those that could.
collecting data. rately. Formed specific
Did not display data Displayed data in a hypotheses for a vari-
relevantly. way that supported the ety ofquestions.
Had trouble following acceptation or rejection Collected data accu-
the same process to of a hypothesis. rately and suggested
answer a new question. Could relate most of methods for improving

the steps of the process accuracy.
to a new question. Displayed data in a

variety of ways that
supported the accepta-
tion or rejection of a
hypothesis.
Could relate all of the
steps of the scientific

i
i:::OO to a new ques-I

II



Understanding of the Recognized less than Recognized the factors Gave a detailed expla-
Topic Studied half of the factors that that were tested by the nation of the factors

were tested by the class in this project. tested by the class and
class in this project. Recalled the conclu- how they relate to each
Did not recall the con- sions to the study. other.
clusions to the study. Could identitY most of Recalled the conclu-
Could identitY less the methods used for sions of the study and
than half of the meth- data collection. how they were
ods used for data col- Demonstrated recogni- reached, including all
lection. tion and understanding of the methods used
Did not demonstrate of the importance of for data collection.
recognition of the how values affect Demonstrated recogni-
importance how values behaviors/decision- tion and understanding
affect behaviors/deci- making. of the importance of
sion-making. how values affect

behaviors/decision-
making.
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Appeadix I
Basic PriDciples of Natural Resource Mauagement

The tenn 'natural resources' refers to all of the products that humans receive directly from the
natural world. These products have traditionally included food products. wood products. useful
plants. and wildlife. We are now beginning to recognize that the natural world. which is made
up of a series of ecosystems, provides us with much more than just an income, food and shel
ter; in fact, the most essential resources that sustain 01/ Ii";ng organisms come from the natural
world. Ecosystems can be defined as groups, or systems of organisms that interact with each
other and with their physical environment on a continuous basis. Ecosystems are self-sustaining
if the organisms that comprise them are able to maintain relationships that benefit one another
and the physical environment. For instance, plants provide the oxygen that living OJPnisms
need for breathing as well as storage for excess carllon that might otherwise cause damage to
the atmosphere. Layers of soil, wetlands environments, and the water cycle continually purify
water that many organisms use for drinking. We are also discovering that the diversity of
species on this planet, both plant and animal, bold important genetic information that can be
used to fight disease and to improve agricultural methods and products. Clearly, the couutless
numbers of organisms that help build and also rely upon natural resources provide 'life suppon'
for all organisms in Earth's ecosystems, including bumans.

As our definition of natural resources has broadened. the task of natural resource management
has moved from being the responsibility of farmers and foresters to the responsibility of every
human. Ecosystems can provide resources for life, but these resources are not limitless.
Ensuring continued life support and availability of resources depends on everyone and the daily
decisions that we make. Human use, or m't''''se. of natural resources often pushes an ecosys
tem's capacity to its threshold and can therefore cause it harm. This stress may cause the
ecosystem to function less favorably for all organisms, including humans. Natural resoun:e

~, ... ,



management is therefore not about managing the resources of the planet but rather managing
the people that use the resources. This task begins with managing our individual resource use.

Studying our ecosystems is a key step in understanding the impact of human decisions on natu
ral resources. As we learn more about how ecosystems function we can begin to interact with
them in ways that allow us to meet our needs while causing less stress to the systems.

Two obstacles to maintaining continuous availability of natural resources are I) the persistent
rise in Earth's human population and 2) the excessive consumption of these resources by those
in developed countries. Overcoming these obstacles can only be accomplished if people are
willing to adjust their needs and behavior for the benefit of others and for future generations.
For example, learning to reduce the number of items that one uses and instead, reuse what one
already has, will save a tremendous amount of natural resources as well as money needed to
produce the materials. Another simple example of preserving natural resources would be to tum

off running water when it is not being used or fixing leaky faucets.

It is important that students, the stewards of tomorrow's ecosystems, learn these basic principles
of natural resource management. Through exploring the ecosystem and drawing their own con
clusions through scientific inquiry, students can create and act upon their own understanding of
these principles.
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AppendiJ: II
Supporting Materials

AppendiJ: IIA: Systems Thinking, Adaptive Management and ConstnKtivism

In creating the template and lesson plans includ~-d in this manual we drew on knowledge from a
variety of scientific and educational fields as well as from examples of effective curricula. We
felt that the following ideas and sources of infonnation greatly inspired and influenced our
work and may be of use to others.

Systems tbinking and adaptive management are imponant tools thaI can be used logether 10

better understand complex issues (in any subjecl area) and 10 create useful solutions to these
problems.

Systems tbinking. one melhod of analyzing information. assumes lhal when attempting to
understand how something works, the relationships between the objects thaI comprisc what is
being slUdied, as well as the relationships between whal is being slUdied and other faclolS in ill
environment, are as imponant as the objects themselves. This assumption is different than c0n

ventional techniques of analyzing information where whal is being slUdied is broken into indi
vidual components and then those pans are slUdied in-depth (these conventional practices are

commonly used today in academia, especially in 'hard' sciences sucb as physics,
chemistry, mathematics and engineering).

Systems thinking takes what is being studied aDd
examines I) how its components interact and

how il interaels with other factors In its eO\;
rooment; 2) the behavior or outromes that

result from these interactions; aDd 3) bow
its components function on an individual

level. This approach of examining the
functions of a ..-hole system. as well as

its pans, will often lead to assump
lions that vary greatly from those

normally created wben just ana
lyzing the pieces of the system,
particularly when the system
being studied is continually
interacting and changing at
multiple levels. Medicine is a
field in which systems thinking

is very important In studying
how a medicine functions in the

body il is important to consider not

only the chemical make-up of the
medicine but also how it will react to the

.." ...



millions of other chemicals in the body under varied cir
cumstances. Systems thinking can be of great value when
complex problems require seeing the 'big picture' as well
as its smaller parts.

Adaptive management is a process by which one can
continually improve a management policy or practice by
systematically monitoring, evaluating, and modifying
implemented solutions in order to learn from past
attempts and adapt to new situations. Adaptive manage
ment recognizes that systems change over time.
Therefore, a management practice or policy applied to a
situation at one point in time may need to be modified at
a later point in order to account for changes to the system
that have occurred.

In determining natural resource management (NRM)
practices and public policy (law) on how to use natural
resources wisely, people have begun to rely on informa
tion that is complex and ever-changing: scientific infor
mation. However, science rarely provides definitive
answers, especially when trying to consider how human
actions will affect a complex and ever-changing ecosys
tem. Since science is not a black and white process, it is
not translated clearly and easily into public policy, there
fore making it difficult to confidently base policy on sci
ence alone. For instance, if water needs to be drawn from
a river for irrigation, the river will be greatly impacted.
Known and unknown organisms will be affected, and the
effects that they feel may vary based on the season. There
may even be situations in which drawing water harms one
organism while encourages the growth of another.
Policies must be created to allow for enough water to be
drawn for irrigation but with the least impact on the river
and the organisms that depend on it. Because ecosystems
are complex and dynamic it is impossible to predict how
anyone policy will affect an entire ecosystem at any
point in time. In this case, adaptive management would
allow for systematic monitoring of the policies created.
Rather than waiting the many years scientists would need
to study every last organism in the river, a decision is
made based on the information that is known at the time.
The effects of the decision are monitored over time, and
the value of the decision is reassessed and the decision
modified regularly as conditions change or new informa-
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tion is learned. This way people can use the natural resources while continually learning bow
the system works and adapting policy to work best over a long period of time. Adaptive man
agement allows for mistakes. Because it integrates monitoring and reassessment of policy, mis
takes are caught and learned from rather than allowed to cause excessive banD to the system.

Adaptive management is a constructive process: over time. as more is learned through experi
ence and experimentation. a body of knowledge is constructed. Constructi,ism is the process
of actively constructing knowledge by integrating new infonnation into previous knowledge
and under.;tanding. This is how we learn when no one is teaching us. In this way. the lessons
that we learn on our own are often the lessons that we remember and that shape our percepcioos
and values. In a formal educational setting this type of learning is often overshadowed as stu

dents are expected to learn what they are presented. Although many students retain this infor
mation it rarely has the impact that comes from learning through experience and consttueting
meaning for themselves. Teacher.; that encourage constructivism are more interested in the stu
dents uncovering meaning than covering prescribed material.

Appendix DB highlights examples of existing teaching models, curricula. and lesson plans that
integrate some of the above ideas.
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Appendix lIB: The EICTM Model, Learner-eentered Lesson Plans and Information About
Service Learning

The EICTM Model
One model that has been developed to train teachers to use a leamer-centered, constructivist
approach to education in the United States is the EICTM Model, Using the Environment as an
Integrating Context for Learning. This program offers a well-packaged synopsis of how teach
ers can integrate pedagogies that enhance learning into their current standards based curriculum.

The elements included in the EIC'" Model are:
* Integrated - Interdisciplinary Instruction
* Community Based Investigations - Service Activities
* Collaborative Instruction
* Leamer-centered, Constructivist Approaches
* Cooperative and Independent Learning, and
* Local and Natural Community Surroundings as the Context for Learning

The EICTM Model is a comprehensive, highly structured program that requires an intensive,
commitment from teachers, school committees, superintendents, and other higher school offi
cials.

The phrases "EIC ModelTh<" and ''using the Environment as an Integrating Context for Learning
(EIC Model™)" are copyrighted and trademarked by SEER (State Education and Environment
Roundtable) and therefore cannot be reproduced. Infonnation about the EICTM Model can be
accessed online at http://www.seerorgmages/eic htm!.

Two examples of lesson plans that use a learner-centered approach and integrate systems
thinking, adaptive management, and constructivism are provided in the remaining pages
of this Appendix. A summary explanation of service learning Is also provided. World Wide
Web links to download these lessons for free are given below:

* Education for a Sustainable Future Unit: Are We Growing Like Weeds or Cultivating
a Garden? Education for a Sustainable Future Project, Center for a Sustainable
Future, Cobb County Schools, Marietta, Georgia, U.S.A..
http://csf.coocord.org!esf/index.php?module~curriculum&lype~unit&func-display&wlitid-149

* Education for a Sustainable Future Unit: Voices for the Lorax: Thinking About and
Affecting the Future (Land Conservation). Education for a Sustainable Future Project,
Center for a Sustainable Future, Cobb County Schools, Marietta, Georgia, U.S.A.
bttp;//csf.concord.org/esf/index.php?module~curriculum&lype~unit&func~displaY&unitid~22

* Service-Learning, California State University: Module I: Introducing Service
Learnin. California State University Chico, Chico, California, U.S.A.
http://wwwcsuchico.eduJpsed/servjceleaming/mod I/modl 4-1.hlml
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• About Sustainabllity

• About ESF

• Special Features

• Resources

• Netcou~

• Curriculum

• Software

• Home

• Your Account

• log Out

Quote of the
Moment

1 am, after 24 years
of teaching. more
interested in a 'sane'
answer than chasing
the 'same' answer to
the question of how
to best provide an
education for a
community of
learners. I believe
that ro assist a
community as it
moves into the
future to become a
part of the global
village, we must
begm with a
community destgned
and ImpJemented

Sort Units By Topic Sort Units By Grade level search Units ESF Rubric



Education For A s.aailllble FIltulT::

educational
experience. The
promise of this
project lies in the
fact that it begins
with a restricted local
focus. The project's
intent is to sustain a
community through
a future-not just
drop it off at the
future. Sustaining
our own community
does not mean
isolating it from the
world, It means
inclusion ;n the
sustained global
village. I am
energetic and
enthusiastic about
the problems and
possibilities

-- Randall Crump,
Harrison High School

ESF Topic

Designing Sustainable Communities

Unit Title

Are we growing like weeds or cultivating a garden?

Authors

Tracy Young

Unit Overview

-
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This unit provides tasks for students in grades 3·5 In aU subject areas to focus on •Are
we growing like weeds or cultivating a garden'''' as it relates to the Educatton tor a
Sustainable Future tOPiC of DestgOing Sustainable Communities. The C'OOCe1)l at design 1$

very Important In helping us get to a sustainable world. Good design needs to account for
environmental and social attnbutes and 1$ bound by econorntC reahty. This umt will be a
study of the components of a community and how they affect Its sustalnablhty. Students
will explore and investigate the dnvm9 Question....Are We Growing LJke Weeds or
Cultivating a Garden?" by studying the changing patterns of land use ,n Kennesaw~

Georgia through looking at the present, past and future. They will IOvesbgate what
makes up the land In our surrounding area, how CIty limrts are deftned. catee)Oi.es of land
use, and map types and map making. Artifacts produced by the students wtli tndude
interviews of local CItizens. maps of land use. a three-dlmenstOt\aJ map of Kennesaw as
well as a daily Journal of thoughts and feelings regarding land use In thefr community.

Through activities such as map e)(plorabon, studying landforms. and haVing ViSItS from a
zoning offiCial and a cartographer students will gain a better understandmg of the way
that their land has been used, IS being used, and how they can ma6ce cnanges U'l how It IS
used In the future to maintain a sustainable community.

Essential Question

How can we make changes ,n our use of land to successfully affect the future ot
sustainable communibes?

Guiding Sub-questions

-What are different types of maps?
-How are maps made'
•What is our land like'
-How do you know when you're In Kennesaw?
-What IS our current land use pattern'
-What are the patterns of land use from 30 years ago?
-What do you think?
-Using current data, what are the prO}eCted patterns of land use 30 yean from now?
-What are the changing patterns of land use 10 our otv'

DesIred Results

..,'00000__""...-"''''.........,...:1_..0'.........' .-0 oi22l&~1'lDI '.SI ......



The students will:
-Make predictions about uses for the many types of maps presented
-Explore to find various landforms, landmarks, and places on a scavenger hunt
-Discover real-life uses for the maps they've explored
-Prepare questions to ask a cartographer about making maps
-Listen attentively during a speaker's visit
-Take notes about cartography
-Develop questions to be used by the teacher in test construction
~Write a note to thank a speaker for his/her visit
-Use observation skills to examine soil samples
-Learn the three major types of soil and their characteristics
-Hypothesize about how people might use the soil in our area
-Discuss landforms that can be found on maps
-Explore their area to discover various landforms
-Locate bodies of water in their area
-Locate sources of bodies of water
-Develop questions for inquiry
-Research for information using the questions they developed
-Create models of their homes
-Utilize mapping skills
-Identify the purpose of map scale
-Review characteristics of urban, rural, and suburban communities
-Identify at least four types of current land use (including but not limited to : residential,
commercial, industrial, parks/recreation)
-Utilize a map grid to locate places/areas in the community
-Calculate the percentage of land currently utilized in each category
-Chart/compare/discuss results
-Create models of buildings in their area
-Explore land use in their community
-Utilize historical maps to identify the types of land use
-Calculate the percentage of land utilized in each category
-Construct a graph showing the percentages of land use from 30 years ago
-Utilize technology to demonstrate the status of land use
-Construct a survey
-Administer a survey
-Graph results of a survey using technology
-Analyze results of a survey.
-Determine action to be taken.

Grades

3-5

\1o!J
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Curricula

Interdisciplinary

Time Frame

16-20 hours

Unit Preparation for Implementation

Students should have a baSK: understanding of the following map renns:
+Cardinal d,rectlons
-legend/key
-symbols
-scale
-political/physical
Students should also be famlhar and comfortable with working In cooperattve groups.
There are wonderful resources available. whtCh give mtormahOO about how to best
Implement cooperative groups. A key is to make sure that each student takes an actl'lte.
important role In the group. For example. you may aSSIgn JObs such as: marenals.
reader, researcher. recorder, reporter, timekeeper, encourager. and so on. A great
resource for learning about helping students develop these skdls. as well as uSIng the
body/mind connection IS (http://www.kovallk.com). We cail our c.ooperatnie groupS
learning teams (see appendix). Our classroom model encourages the use of UteIong
GUidelines and LJfeskllls (see appendix).

Community Contacts:
Atlanta Regional Commission
City of Kennesaw Zoning Board
City of Kennesaw Mayor"s Office

Technology:
Community Construction Kit
N",ghborhood Map Machine
Sim Town
Geographical Information Systems
Insplratlon
The Graph Club

Unit Resources

,)f
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All resources available through Amazon.com (http://www.amazon.com) unless otherwise
noted.

Professional Resources:
-Ten Minute Field Trips by Helen Ross Russell, National Science Teacher's Association
-ITt: The Mode! Integrated Thematic Instruction

Websites:
Discovery Gardens
http://www.mindspring.com/ ...discoverygardens/dgihome.htmI
Mainly specific to Georgia, this site gives information on maximizing the use of your
school grounds as an outdoor classroom.

USGS (US Geological Survey)
http://www .usgs .govIfact-sheets/finding~your- way/find ing~your-way. html
This page gives information on topographic maps - what they are, and how to use them.

Map-It: Form-based Simple Map Generator
http://crusty.er.usgs .gov/mapit/
Enter the longitude and latitude for anywhere, and this site will generate a simple map
for you!

Sustainable Communities - Student Activities
http://www.wri.org/wri/enved/suscom/scenrich.htmI
This site gives some activities which can be used to extend the activities in our unit.

Landscape Lesson Plans for Teachers
http://www2.cr.nps.gov/hli/landless.htm
This site provides tools to teach students how to be the historians as they study primary
sources, using a variety of research tools that may include historic and contemporary
maps, surveys, photographs, etc. Students could be taught how to "read" the landscape
itself, and search for the history within the cultural landscape in their community.

Enviro-Source
http://www.enviro-source.com/us/us2. cfm
This lists a number of websites, which can provide background information for teachers.
The sites include links to land-use planning resources, and information on professional
planners. There are also links to sites about sprawl issues.

With the Grain
http://www.wtgrain.org/
Providing planning and zoning solutions geared toward natural resource conservation and

liIe'J/~lop'indelr..hbnl(6of22)815120041:20:56AM
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preservation. through public educatiOn, resource advocacy support, and documented
alternatives for speCIfic sites and local condlbons.

Center of Excellence for Sustainable Development
http://www.sustalnable.doe.go.l/jlanduse/luintro.htm
This IS a government site useful for teacher background. It outhnes the ISSues Involved In

land use planning and proVideS information on how citizens can beCome mvolved.

Kagan Cooperative Learning
http://www.kagancoopleam.com/Newslerter/0898/lndex.htrnl
This site contains newsletters With tiPS for cooperative leamlflg and multlJ>'e Intell.gen«:es
as well as numerous resources for sale.

Susan Kovalik and Associates
http://www.kovalik.com/
The miSSion of Susan Kovalik and ASSOCiates IS to teach educators about the bIOlogy of
learning and Its applications 10 classrooms, schools. and school dlstncts to create
dynamiC learning communities and responsible citizens across the country and the world,
The site contains links for many related areas 10 developing a body/bram compabble
environment for learning.

Study Web
http://www.studyweb.com/
Has links for educators. A search for "soil"' tumed up great background mformaOOO
pnmarily for teachers, but which students could also understand.

Evaluation and Assessment

Standards Alignment (Top)

Georgia (unstructured) <br><br>,GA<br><br>
55.3.4 ExplainS that rules and laws protect the OlJhtS

of people.

55.3.5 Explains the difference among making laws. carTYtng
out laws, and determining If laws have been VIOIateelL
Identifies the governmental boches that perfonn these
funettOns at the k>c.al, state, and national levels.

55.3.6 Desc.nbes how vloiatlons of the taw produce
consequences.

55.3.7 DistingUIsheS among city. county, and state
governments.



Edur.ation For A Sustainable FIllIlI'e::

553.8 Identifies the duties of local officials (e.g., mayor,
county commissioner).

55.3.12 Determines the purpose of a map by examining title
and content

55.3,13 Recognizes how human actions and physical
environment affect one another.

55.3.14 Determines the type of map needed for a specific
purpose

55.3.15 Explains the purpose of map scale.

55.3.16 Describes physical characteristics of landforms and
bodies of water including mountains, peninsulas, islands,
plains, plateaus, valleys, gulfs, rivers, bays, and lakes.

55.3.17 Identifies the features of a river.

55.3.20 Describes and classifies the physical and human
characteristics of urban, rural and suburban communities.

55.3.23 Describes the local community in regard to origin,
growth and change over time.

55.4,7 Distinguishes between political and physical maps.

5 3.1 Asks Questions, classifies objects and events,
communicates with other, makes inferences and predictions,
uses estimation and measurement, uses evidence to
construct explanations, makes sketches and diagrams to
explain ideas, and organizes data into tables and charts to
interpret and formulate simple hypotheses.

5.3.4, 4.4, 5.4 Actively engages in the learning process via
hands-on science activities and experiences. Uses appropriate
tools to collect and analyze data and solve problems.

5.3.20 Compares various soils such as sandy soil and red
clay.

54.1 Asks Questions, makes inferences and predictions, uses
estimation and measurement,- uses evidence to construct
explanations, makes sketches and diagrams to explain ideas,
organizes data into tables and charts for interpretation, reads
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and IOte..prets vanous types of graphs, formulates Simple
ttypotheses, Identlftes and controts a limited number" d
vanables. and designs a simple expenmenl.

5 5.1 Asks questions, makes and keeps records of
observations, classifies objeCtS and events. communICates
with others, makes Inferences and predtCbOns, uses
estimation and measurement, uses ey.cjeoce to construCt
explanations, makes sketches and diagrams to explam Ideas.
organizes data IOto tabies and charts for Interprer-~bOn. reads
and Interprets various types of graphs. formulates SImple
hypotheses. Identifies and controls a limited number of
vanables. and deSigns a simple expenment.

55.4.7 Oistlnguishes between pohtKal and phyStCal maps.

M.3.38 Locates POints on a map Of god.

M.3.39!4.26 Organizes data Into charts and tables and
constructs bar graphs U5109 scales of one. two. fur-e or ten
units and pictographs U5109 scales of one. two. three. four.
five or ten UOitS .

M.3.40 Collects. reads, Interprets, and compares data In
charts, tables, and graphs.

M.4 .2S Collects. reads. ,nterprets and compares data from
charts, tables and graphs uSlOg a vanety 01 scales and
estimation.

M.S.33 Collects and orgamzes data ,nto talbes. charts, and
tables; determines appropnate scale and constructs bar
graphs and pictographs.

LA 3.29 Draws conclUSions. makes predlCbons, compares
contrasts, and makes genet"ahzanons.

Teaching Procedures (Top)

,2!>
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Back inside, have students write about their impressions for 15
minutes independently. Have them think about and answer the
following: What did you notice about each area? Which area
appealed to you more? Why?

Now tell students they will be going outside during this lesson to
observe, sketch and write about types of areas on the school
grounds (garden, play, school building, parking lot, park/green
space, etc.). Review the importance of observation as data
collection D what you see, hear, feel etc. Go outside as a group,
and give students about 15-20 minutes to sketch different areas.

As a pretest, before the day of the first lesson, students will use
Inspiration to design a web that has OLand UseD as the center.
They wilt be asked to make the branches of the web into things
that they think of when the term OLand UseO is used.

This lesson may need to be done over a 2-3 day period.

Are We Growing Like Weeds or Cultivating a Garden?

Share the results as a large group, creating a class Venn
diagram. Draw analogies between gardening and land use.

Have students complete a Venn diagram comparing two areas.

Introduce the term/concept of sustainable communities. A
sustainable community is one that meets its present needs in a
way that will allow future members of that community to meet
their needs. Discuss/introduce the terms environment, economy,
quality of life and relate to sustainable communities.

#1
120
min.

Discuss the following questions, using the Think, Pair, Share
file-j/~top'indell..htrnl(100£22)111512004 7:20:56 AM
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technique (see Glossary of Terms).

What kmds of things are bemg bUilt In our community? Where are
they being bUilt? Does our community seem more hke a
cultivated garden, or a Wild, weedy area' Why'

Explain that the focus for the next umt Will be on land use In our
community. Share the general areas of study: What IS our land
like? What IS our history of land use D now, In the past' How
does our commumty feel about thIs development' What can we
do about it"

Students will decorate the covers of their dally JOUrnals and
respond to todayOs lesson.

Assessment: Use the Gene...al Grading Rubric to grade
studentsO sketches and Venn Diagrams. Pretest will detem'une
what students know so one can determlOe With a pasttest If
learning has occurred.

II 2 Exploring Haps
60 min.

In today's lesson, refer to the pictures the students drew of the
areas around the school. Ask students for other ways that we c.an
show representations of land. (Make sure to get the ldea of USIng
maps from your children.)

Distribute maps to groups. Ask students to make predtCbOnS
about why the maps are given their speoflc names {i.e. poltbCal.
phYSical, relief}.
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Distribute Geography Scavenger Hunt.

In cooperative groups, students will find things on Geography
Scavenger Hunt, They will label what they find as well as the
type of map they used.

After completing the Geography Scavenger Hunt, students will

individually find a real life use for each type of map. They will
share these with their cooperative groups.

Using Inspiration as a whole group, create a web showing the
types of maps as well as their real life uses. As closure, ask how
these maps could help in cultivating a garden! creating
sustainable land use.

Students will respond to todayOs lesson in their journals.

Assessment: The Geography Scavenger Hunt will be graded as
an assessment and will be recorded on the General Grading
Rubric.

-
-

....

•

-
•

•

•

•

..
•

•

•

-



•

•

•
iii

Ii

Ii

Ii

II

•

•

•

# 3 Autoblograph,caJ Haps
60 min.

This lesson will include an expianatlOfl of the homewortc:
assignment and a follow-up the day the asstgnment 15 due.

Connect to prevtaus lesson by aSktng students: -How lS knowtng
abour: your home OturtO Important to understanding sustalnabie
communities and your quality of life""

Present the Autobiographical Mapping homewon. to the
students uSing the transparency model. Explaln that they wlli be
responsible tor presenting their Autobiographical Maps to Ule,r
cooperative groups.

Distnbute white paper and instructIons.

Follow-up: As students share their Autoblographteal Maps, they
should remember to tell how their neighborhood and the area
around their neighborhood has changed over the past few yean-.
(They may not see many changes, as they are only between 8-10
years of age.)

Students will complete a boef assessment of their netghbomoOds
in their Journals. Is my neighborhood sustamabie' What was
taken down to build my nelghborhooc:P Do I hke what IS
happening In and around my nelghboftloo(j7

Assessment:

Teacher will assess the quality of the Autobtograptucal Map uSing
the Genera' Grading Rubric.
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#4 A Visit from a Cartographer
120
mm.

This lesson can be done over a period of days: preparation for the
visit, the visit itself, and follow-up.

Connect to Step 3's lesson: How were our autobiographical maps
made? What about the ones we used for the scavenger hunt?
Who does this? Why are these people important as we study how
land is used in designing our cities?

Prior to the cartographerOs visit, have the students prepare
questions. They may wish to use some of the materials on map
making that the teacher gathered.

During the cartographer's visit, the students may take notes as
their questions are answered. Take some digital pictures during
the visit, illustrating some of the major points.

Next, review the answers to the students' questions, and the
major points that the cartographer made. Have students work
with the digital pictures to explain what each one shows by
writing captions. These may be bound into a book.

Students should then respond to this Question in their journals:
How can a cartographer help a community become more
sustainable?

Iiil
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Finally. have students write thank you notes to the cartographer.
ThiS can be done for homework or dunng class.

Assessment: Review stucsent )ournals to assess understandmg of
a cartographer's job and how It relates to destgnlOg sustalnabte
communities.

.5 Studying Soil
60 min.

Explain that we have been looking at commumttes In 2
dimensions, and studying what IS above the ground by USing
maps and drawings. Now. they will be gOing deeper, Into 3
dimensions. They Will look at the 5011 In our area. Ask students
how they think thiS relates to where thmgs are built. Begin a KWl
chart about soil (What We Know, What We Want to Know, What
We Have learned). workIng as a whole group.

Divide students into cooperative groups of 3-4. Groups will find a
digging spot, collect a few spoonfuls of sod, and seal It 10 l'\e
plastK bag.

Upon return to the classroom, they will complete the thlnkSheet,
Soil Observations: What do You Observe'

AS a class, dISCUSS the results of your sod ~mple observatIOns.
Using a variety of books, the SOli sampleS and water for
experimenting. and seeds in the three sotls. have students

,)J
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Assessment: Thinksheets completed by students

You could further assess their knowledge of soil types by
presenting students with unlabeled soil samples, ask them to
categorize the samples, and explain the reasons for their choices.
Students can use the Studying Soil form to record information.

complete the thinksheet, Soil Observations. Review the charted
information as a group, so that the students can draw similar
conclusions. Discuss the answers to the questions. Students may
have a variety of ideas, and may propose some inquiry questions
for further investigation. Summarize, on chart paper, their ideas
about how the soil could be put to use and how this relates to
designing sustainable communities. Relate to the environment,
economy, and quality of life.

Students will respond to todayOs lesson in their journals.

Do Landforms Affect Where we Live?#6
120
min.

Procedures: Connect to previous lessons. Expand into the study
of bodies of water. Make sure to link this concept to sustainable
communities. Read As the Crow Flies by Gail Hartman. Discuss
the landforms observed in the book. Students will begin the
lesson by exploring a map of their state. They will be asked to
make connections between the landforms they see on a daily
basis with their representations on a map. They will then look for
bodies of water (lakes, rivers, streams, etc.) in the state. After
listing these in teams, students will look to find the sources of
these bodies of water (Le. Is there a river that runs into the lake?
Do we know if the lake is manmade?) Students will then look at a
map of their county. They will explore the bodies of water in the
county. After listing the bodies of water in our area, each group
will pick one body of water to research. They will look at the GIS
map to find out what is built around the body of water. Students
will develop their own research questions for inquiry such as: Are
there neighborhoods that are built around these bodies of water?
Are there things that you think were built in a different place
because the body of water is there? Are the bodies of water
natural or man-made? After students research, they will share
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150
min.

their research With other cooperative groups In thetr classroom.
Encourage students to tocate other landforms In ttlelf stale. After
they have found some. make sure that they share them wtth
other cooperative groups 10 the classroom.

Play Georgia Geography Jeopardy. You may mochfy the
answers within the vanous categones to fit your loCatton.

Students will take the studysheet home to use as a review tool.
The studysheel has OgradedO questIons so each grade level
knows how much Information theyOre responSible for. Students
will take a grade appropnate qUiZ covenng the vanous landforms
In Georgia {or your state}. Students will respond to todayOs
lesson In their Journals .

Assessment: Students will do a self·assessment of thetr resean:tL
They need to check to make sure that It is correct, complete an<l
comprehensive. The Georgia Geography Quiz will also be

graded.

Procedures: Dunng your Social Studies time. give students a
demonstration or Community Construetmn Kit. Making a model of
your own house or the school IS easiest. Make sure you show
students the picture of your home and how you made each part
or your home on the computer. Tell students that they will be
making models of their own homes. They can make these models
any time during the day that It SUits your schedule. Revlt"w the
types of commuOitles there are and what type of communfty thetr
school is in. Connect to prevIOUs lessons by recalling types of
maps and 5011 youOve learned about and also how and why maps
are made. Make sure to be these concepts IOto sustamable
communities. the environment. the economy. and their Quahty of
life. ThIS OlessonO is only the first part of the comm~MY.
Students will only be discovenng the netghborhoOd portion of
land use at thiS time. While homes are bemg completed, groups
of students wltl ultlize a map of their ory to layout streets on the
wall space youOve designated fOT tile three dimenSIOnal map.
They will label the netghborhoods around the schOof. As homes
are completed, they will be placed In the correct netghbc>rtlOOds
on the map. This IS a perfect time to diSCUSS map seaie. As the
students Will not make all homes In a neighbOrhood. they llE'ed to
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..decide how many homes their created house stands for (i.e. If 3
kids in your class live in a neighborhood of 75 homes, each house
stands for 25 homes. As part of the Community Construction Kit,
you can print houses of different sizes. You can decide that small
houses represent 10 homes, medium represent 50, and large
represent 100.) Extra Credit can be obtained by contacting
builders of the neighborhoods and homes to find out why they
built homes where they did. Students can also find out what was
moved to put in the neighborhoods. Students will respond to
todayOs lesson in their journals.

Assessment: Students will be evaluated on whether or not they
completed their home using Community Construction Kit.

Procedure: Recall the term sustainable land use as how we in our
community choose to make use of the land. Relate this to the
driving question, Are We Growing Like Weeds or Cultivating
Gardens? Students brainstorm their ideas; teacher lists them. To
connect to prior unit lessons: Students should analyze the partial
three-dimensional map of Kennesaw (your town/city) which was
constructed using the Community Construction Kit. Relate to the
cartographerOs visit and the tools that he/she uses. In the
analysis, students should identify the types of land use eVident on
their map. Reflect upon soil types, sources of water, etcE
Distribute maps of the community. Students locate, using the
map grid, the school, their neighborhoods, and other significant
places. Students attach the acetate grid to the map using small
pieces of tape. Each group should diVide up the map so that the
entire community is covered (your community will probably cover
a number of pages if the map is quite detailed). Each group
decides on a key for land use. For example, residential areas
could be red, parks could be green, and so on. This should be
recorded on the Land Use Chart in the appropriate area.
Students fill in the grid boxes on the acetate for their area, using
the appropriate colors. Discussion should take place as the
studentOs work as questions arise. Land use categories can be
added if needed. When all in a group are finished, students will
record numbers on the chart for each land use category. Show
students how to calculate percent; dividing the number of coded
boxes by the total number of boxes. Students calculate the
percent for each land use category, and record it on their chart.

#8
120
min.

Groups present their findings, summarized on a large group
lilr.lf~top'indl:1_html(18 of22)llf5f2004 7:20:56 AM

•
•

....



•
..
•

..

..

..
•
..
..
IIiil

..
•

.9
60 min.

chart. During this time. you may wish to diSCuSS the fOUowlOg
questions. DISCUSS one In a large group. Then do a carousel
brainstorming activity (see Glossary of Tenns) for the other

Questions. Why might groups have different results? How cook!
we check our results' What surpnsed/lnterested you about the
way we use land ,n our community? Why do yOu think we use the
land thiS way in our commumty' How do you think thIS has
changed over the past 30 years? How do you think It will change
in the next 30 years' Are you satisfied with our commumty land
use? Why/why not? If you are not satIsfied. what could we do'
Reinforce the concept of sustainable commUnities. DISC\.lSS things
that are done that wanOt hurt the future. Det>nef as a large
group. Have student/faOlltator for each QUestIon (from the group
that ended with the chart) report .

Focus on the last Question, OAre you sabsfied with our
commumty land use? Why/Whv nop~ Students Will respond to
todavOs lesson In their JOurnals.

Assessment: Assessment for this actiVity IOdudes studentsO
ability to locate places on the map, code them accordlO9 to land
use, convert tractions to percents. record InformattOn accurately
and neatly on the Land Use Chart. As a fOllow·up or homewor1c
assignment, you may wish to have students comp$ete a S!m'll¥
activity independently .

Procedures: ConnectIOn to prevIous lesson: How were the maps
made that we used In our last lesson' Who does thiS? Why are
these people Important as we study how land IS used In desJgn!ng
our Cities? Pnor to the zOOing offlclalOs VISit, students will
complete the homework asstgnment ·Zoning Boa...d Visit"
regarding QuestKKls that they have about their commumty today.
zoning Issues, and the future of their community. The students
will reaSi their Questions from notecards dun~ ttle zoning
offioalOs ViSIt. Students Will respond to todayOs Jesson In the,r
Journals.

Assessment: After the zonmg offiaalleaVe5, we Will have a 15
minute debneflOg about the ZOOIng 'Issues of our City and hOw
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#10
ISO
min.

#11
60 min.

they relate to sustainable communities. There will be no graded
assessment.

Procedures: On the first day of the lesson, students will break
into four cooperative groups. The groups will be commercial,
agricultural, industrial, and OotherO for other areas of land use.
The students will develop questions for inquiry to guide their
week long homework (i.e. The commercial will need to find out
what the buildings look like as well as the names of them.) Give
the students their jobs, and give them 3-4 nights to gather their
information. The ideal would be to let them break into groups on
Monday, work at home on Tuesday-Thursday, and complete the
three-dimensional map in class on Friday. The commercial and
industrial groups will need to use Community Construction Kit
during the week to make their buildings. The groups will meet on
the 5th day and compile their information, construct their
buildings, farms, etc. and place them on the three~dimensional

map. Present to other cooperative groups. Assess work on self
assessment checklist. Be sure students make the connection
between what theyOre doing and the driving question, Are We
Growing like Weeds or Cultivating a Garden? Students will
respond to todayOs lesson in their journals.

Assessment: Ongoing teacher observations of the process
students go through to develop their buildings and other areas of
land use as well as organization of the three-dimensional map will
be the assessment. There will be no graded assessment.

Procedures: Refer back to notes made in Step 6 "What is Our
Current Land Use Pattern?" regarding studentsO speculations
about what the land use was in our community 30 years ago.
Make sure students see the connection between the mapping
lessons, the current land use, the environment, the soil survey,
and sustainable communities. Distribute the historical maps, and
ask students to complete the Past Land Use Chart, using the
same techniques as in prior lessons. They should also complete
the questions at the bottom of the page. Discuss the questions on
the Land Use Chart. Utilize Think, Pair, Share (see Glossary of
Terms).
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#12
45 min.

Have students figure out information USlOg the Land use in
Kennesaw - 1972 form. (Modify for your community). Then
they'U use The Graph Club to create hoe graphs reflecting their
data of past and present land use, They should also Indude the
future, so the graph will show a pro)ecttOn 30 year'S Into the
future. They may use Center time. before schOOl, free time, etc.
Students will respond to todavOs lesson on the Land Use in
Kennesaw-Graphform.

Assessment: Past Land Use Chart Graphs constructed by students
using the General Grading Rubric.

Procedures: Introduce studenrs to the purpose of a survey: to
gather infOrmation/opinions about a partICular topt<: from a group
of people. Share samples of surveys with students (U.S.A. TOCIay
is a good source of surveys 0 they Include at least one dady). As
a group. compile a list of what should be Included In a survey.
Make sure students Include the Idea of demographIC mtormabOn
(necessary In order to graph results of different groups) as wen
as the questions themselves. ASk students to brainstorm
questions they could ask reSidents regarding land use changes In
our community. Finalize the questtons to be Included on the
survey•. It IS Important that students understand how to
approach the task of conducting a survey. Model It tOT them and
have them practice," pairs or threes. Nelrt. students condaet the
survey of community residents. As a large group. chart the
results. Total the studentsO fmdlngs. and calculate the average5_
Using the results of the survey, students Will construct graphs.
uSing The Graph Club. This can be done dunng Cenler time,
before school, dunng free time, etc.

Once all graphs are complete, diSCUSS the results as a group. Ask
students what they thmk shoukl be done as a result of theu
survey. Is there a group, such as the City cQunal, lO whom It
could be presented') Should they wnte a letter to the newspaper->
Who would be interested 10 these results 7 Students will destgn a
web that has OSustainable Land UseD as the center. They Will De
asked to make the branches of the web IOto thmgs that thev
thmk ot when the term OSustatnable Land usee IS used. It your
students donOt know how to use InsplrattOn. they can Illustrate
the web by hand. Students Will respond to todayOs Jesson In their
Journals. TAKE AcnON~~1
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Assessment: Teacher evaluation of the survey: complete/not
complete. Grade will be written on the grading checklist.

Comments (Top)

Education for ,1 Sustainable Futur'2 (ESF), a project of Center for a Sustainable Future and Cobb County Schools
Copvr-gh, "," 1999-2C'02, Ail ngllts re'.ervec

CSF 'S il division of The Concord Consortium
Comments/Questions) Ple,~5e send emClil to ",s!lnf,)(~pcon,ordorg
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Quote of the
Moment

To seek to look
ahead into the future
is to seek to
understand the
momentum of the
past and choices
available to us in the
present. We live in a
world of options
constrained by
decisions already
made and actions
already taken - many
before we were bom.

.- Thomas Sowell,
The EconomiCS and
Politics of Race: An
Intematlonal
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Perspective

ESF Topic

Thinking About and Affecting The Future

Unit Title

Voices For the Lorax: Thinking About and Affecting the Future (land Conservation)

Authors

Rebecca James

Unit Overview
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Through activities such as reading Children's literature, making observabOnS, graptung,
intervieWing, creating causal loop diagrams and behavior OVe." tlme graphs, USing
computer programs, drama, wntlng a class book and a fleld tnP. students wlil begin to
understand systems, cause and effect relationships, the terms past. present and future.
the effects of chOices made today on the future and the Importance of canng to'" ther
environment now for the future.

Essential Question

thiS unit provides tasks for students In Kindergarten to second graae to focus on -hOw
they can save our world from Once-le" Actions as descnbed rn the book The Lorax by Dr.
Suess as ,t relates to the Education for a Sustainable future top" of Thmk'''9 AIlOOl ancl
Affecting the Future. Sustamability IS bound In the future. We are making choices today
about how we live In order to affect the future for our c!llldren and grandchildren. Most
students have a very short future View, ranglOg from days to weeks. Sustalnabdrty
reQuires that we take a long View, otten many generabons Into the future. So the
challenge lS to create learnmg OpportuOitles for students to 1) look Into the future and 2)
understand the systems that affect the future through the use 01 system tools to plan for
the future. Students should thus be empowered to affect the future both for themsetYes
and for their commUnities. thiS future Vlew needs to be seen through the ~s of the
environment, the economy and an eqUitable society.

GUiding Sub-questlons

Desired Results

How can we save our world from Once-Ier aetlons'

What problems occurred In the Lorax's world after the Once-ier amvelP
What similar problems do we have In our woMd'
How is the land In our coummuOity being used'
How do trees benefit our environment'
How does the loss of trees affect animals?
How does population affect land use'
How do chOIces now about the use of land and populatIOn development affect future
generatlons··what will the environment be like when 'four children start school'
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Students will:
-begin to understand systems that affect the future
-begin to understand connections -the importance of the interconnectedness of these
systems in a sustainable world
-introduce multiple perspectives - respect the diversity of points of view
-introduce systems thinking capabilities- understand cause and effect, change over time,
"what-if analysis"
-be able to identify their families, their school class and their neighborhood as systems
-understand the term "future" as it relates to the present and the past
-understand how their choices today affect the future
-use System Dynamics tools such as, behavior over time graphs(BOTG), causal loops
(el), and computer models and scenario building

Grades

K-2

Curricula

Interdisciplinary

Time Frame

10-15 hours

Unit Preparation for Implementation

-Computers with Internet access
-Students should know how to use the computer to access specific websites for
information.
-Students should have an understanding of how to make observations. Opportunities to
practice making observations and recording information would be helpful prior to the field
trip described in this unit.
-Students need to understand the interview process. Young learners often have difficulty
realizing that someone is asking questions and recording 'another' persons answers--they
often try to answer their own questions. There is an interview form attached in this unit,
however it may be helpful to design one with the students.
-Students need to know how to tally.
-Multiple copies of The lorax would be helpful for reading instruction for students who
are reading at that level.
-This unit involves cooperative group work and whole group discussions. Students should
be familiar with working in a group and how to be a contributing member. In the

-
•

-
III

...

•

•
..
•
•
..
•

file'jIlC~lop'.lfectingFuIlIre.hlm {.of 12)ll1SI2004 7:31:08 AM

•
...

•



•

•

...

III

ill

ill

attachments for the Student ActiVity IS a form for cooperative group self-evaluatIOn that
would be helpful In teaching students how to work In cooperative groups.
-The teacher may need to make arrangements for the held tno at the beginning of the
Unit as thiS IS a part of step 5.

Unit Resources

Books: These are available through Amazon.com
-The Lorax
Dr. Suess
-Yonder
Tony Johnston
-The little House
Virginia Burton

Videos
-The Lorax
Dr. Suess

Bookmark
KidS Explore at-http://www.epa.gov/klds/ch.pmunk.htm
Friends of Trees- http://www.teleport.com/.....foV
Welcome to the Wonderful Wand of Trees-http://www.domtar.com/arbrelenghSh.:"lndex.
htm
Educatlon for Sustainable Futures-http://csf.concord.org/esf/lndex.cfm

Computer Programs
·"Inspiration" by InSpiratIOn Software,lnc.
·"Choices, Choices Kids and the Envj,.onment" by Tom Snyder
-"Model-It" by CogIto

·"What-If Builder" software by ESF
-Photo Studio(or software to edit dtgital camera photos)

EvaluMion .nd A._meld:

Standa,.ds Alignment (Top)
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Edutation For A Sustainable Future::

Georgia (unstructured) QCC
Language Arts K-2

-Listens to a variety of literary forms including stories and
poems.

~Responds to questions on orally presented material.

-Increases vocabulary to reflect a growing range of interests
and knowledge.

-Draws conclusions, makes predictions, and comparisons

Social Studies

-Identifies events as past, present and future.

-Makes decisions and identifies the consequence(s) of choices.

-Participates in a group as a foHower and lor leader.

-Uses pictorial and semi-pictorial symbols on maps as
needed, such as symbols for house, school, church, and road.

Science

-Asks questions, classifies objects based on similarities and
differences, communicates with others, makes inferences and
predictions, uses estimation and measurement, uses evidence
to construct explanations, and makes sketches and

diagrams to explain ideas.

Math

-Constructs simple graphs using concrete objects such as
blocks and squares.

-Constructs and interprets simple bar graphs and pictographs
with up to five columns, using whole unit data.

Teaching Procedures (Top)
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#I
45 min.

.2
45 min.

#3
45 min.

Pnor to Introducing this UOlt administer the Pre/Post Test
Voices For The Lorax. Introduce this umt by reading The Lorax

by Dr. Suess. DIscuss the story and create a story map. Use
"Inspiration" to brainstorm Once-Ier actions (those beha"tOrS
that harm the en....lronment With no regard for the future). Begin
brainstorming actl....lty With those actIons found In the story then
include the students' own actions. See attached examples of thiS
actiVity·· once-Ier actions

and our once-Ier actions,

Show the ....Ideo The lorax. Compare and contrast the
environment In The lorax after the Once-Ier amved with our
environment USln9 a Venn diagram, (see Venn Diagram. ptcture

of students at work on thiS actiVity). It would be helpful to use
hula-hoops In creating the Venn diagram as a concrete learning
tool for the pnmary child. Copy on a chart to refer to later In the
unit.

REMEDIATION: PrOVide opportunities for students to praetlCe
using a Venn Diagram.

Refer to the story map from step _I to predICt the future d the
lorax's wand. ThiS diSCUSSion should lead the students to develoP
an understanding of the future as It relates to the past and the
present. Use "InsplfatJon- template "character web" to map the
past-present-tuture In the story of The Lorax. Each student wtli

create a Poster to Illustrate hiS or her past. present and future.
Then let them share their posters With the class. Continue to
reinforce the concept of past, present and future uSing the dalty
calendar.



EdIaeal:ion For A Sutainable FIIlure::

#4
45 min.

#5
120
min.

The Lorax illustrates numerous systems. Discuss these examples,
such as, the pond and the Humming-fish, with the students to
help them understand systems. Discuss the fact that when
something happens to one part it affects the whole system.
Identify with the children the fact that their body is a system and
discuss the effects to the whole system (the body) when they are
sick. In order to show that the family is a system read the book_
Yonder by Tony Johnston. Discuss the farmer's family and explain
how it is a system. Create a famity tree based on Yonder with the
students to exemplify systems. Here is a sample of a Family Tree
created by the students, systems.

Continue to develop the concept of systems by using the
framework of the classroom and the neighborhood.

A good follow up activity is to have the students chart their own
family tree. This, Family Tree, could be used as the homework
assignment.

REMEDIATION: Discuss the class as a system or their sport team
as a system.

ENRICHMENT: Students could draw and explain other systems
they find.

Review the Venn diagram from step 2. Students will take a field
trip to observe what is happening in their community. They will
tally their observations using the recording sheet" My
Community Observation." Students wilt transfer this
information into a bar graph (see picture, graph, of students)
and discuss the results that represent a factual picture of what is
happening in their community. You may create a class graph
using "The Graph Club" by Tom Snyder (or other graphing
software) after sharing observations.

REMEDIATION: Provide students the opportunity to tally
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REMEDIATION: Use Commumty P1anner-ESF software (can be
found at the website) to help students create a picture of what
they observed.

Use the story of The lOrax to develop behavior over time
graphs (BOTG) Illustrating what happened over time to the

Truffula trees. the Bar-ba-loots. ThneedS and the people. These
should be created In a Whole group setting With student
partlCipation. USing teacher observation, be sure that students
understand BOTGs. Lead the diSCUSSion of the graphs to help
students realize that Truffula trees affected the Bar-ba-kx>ts. the
Thneeds and [he people. Use ·CommuOlty Planner'" (hnc:ilcst.
concord.org/esf) as a whole class actiVity to demonstrate these
cause and effect relationships.

ENRICHMENT: Allow students the opportumty to create a model
of what happens to the community as the trees are cut for
building. Community Planner-ESF software (can be found at the
website) is an excellent program for students to do thiS.

observations of animal movements white watching a video. tor
example, tally how many tlmes an animal Jumps. runs, or dlmbs.

Use the observation sheet from step 5 to diSCUSS how many
Items they observed that mvolved the use of land. Then lead the
discussion to the recognition that as the land IS used there ws a
loss of trees. Create a class "r graph to record each student's
response to the Question ·Should we cut down our trees to
bUild?" Save thiS to compare with a fOllow· up -r graph. Students
will then use the following mtemet site to IOvestlgate the ways In
which trees help us: Welcome to the World of Trees.

Afterwards do another class I grapn like the one abOve to
assess understanding. USing a model of a tree as a chart, create
a class list of the ways In which trees help uS, postJOg the ways
on the branChes. Save thiS model to use In the last step_

Tip: Demonstrating cause and effect relationships USlflg undex
cubes to represent the Truffula trees. etc. In The Loren. helps

#6
90 min.

#7
45 min.
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#8
165
mln.

#9
45 min.

#10
45 min.

some students to have a better understanding of this concept
prior to introducing Community Planner (see picture of students,
cause and effect).

Review the BOTGs from step 7 to introduce the Student
Interview Activity. During this activity students will interview
family members or neighbors that have lived in their area using
the Interview Form. These interviews will help students to
collect data so that they can create a BOTG graph illustrating
what has happened over time to the trees, animals, houses and
population in their area. A Group Self-evaluation Formand a
BOTG Design Checklist Form will be used to assess
performance.

Using the graphs shared by the students from their interview
activitYt create causal loop diagrams to illustrate the cause and
effect relationships between (1) land use and the trees; (2) trees
and the animals; and (3) people and houses (from the interview
data in Student Interview Activity). Discuss the fact that all three
of these loops are interrelated to the use of land and that what
happened to the land affected the animals, the people and the
houses (Refer to step 4). This would be a good time to point out
that all these parts make up an ecosystem. Save these causal
loops to help build scenarios in the last step.

ENRICHMENT: Students create their own causal loops using other
concepts from the environment that they observed.

Review the causal loop diagrams from Step 9 emphasizing the
cause effect relationships of each one. Demonstrate the
"Choicest Choices Kids and the Environment" computer
program by Tom Snyder (this is a great technology tool that
demonstrates the effects of choices). Allow students the
opportunity to explore this software to prepare them for using
the "What-If Builder" and to demonstrate the effects of
choices. "Choices, Choices Kids and the Environment" could be a
center activity or whole class activity.
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Introduce the book The little House by Virginia Burton explaining
that this story portrays the future of a house and what happened
to its environment over the years. Afterwards diSCUSS what
happened to the house in the story. Be sure to maude a
diSCUSSion about what caused the changes m the environment of
the lIttle House. Chart WIth the students what the vooce 01 the
Lorax would say they should do now to create the scenanc of the
future that they most want to exist when their children start
school. This chart should be mcluded In the class book_ It could
be scanned or typed In Microsoft Word to be ponted for the boOk,
Students could take turns shanng the class book WIth ttlelr

parents.

ReView some of the outcomes from the choices students made
using "Choices. ChOIces". Demonstrate how to use the "Wtt.t-If
Builder" {eSF computer program}. Students will use the -What
If Builde.... In groups, to create what-If stones based upon the
three causal loops from step 9. Each group will share the,r
stones. ( It might be helpful to have the groups wor1c With What·
If BUilder with the teacher, depending on their age and abilItY,
while other students are workmg In centers.)

Begin building scenanos for the future With the class. A scenano
15 a story about the future based on current trends. Have
students focus on the concepts of land use and iX)PUlatlOn when
building their scenano (future story). Students In groups will
develop stories to act out their predictions of the future_ The
Scenarios Rubric wIll be used to gUide and as.sess rtler
performance. A rubnc IS Included. however. It IS a more effectIve
teachmg tool when It is created with the students before they
begIn their plays. Share these plays of the future w,th the class.
(These can also be shared With other classes or parents.) Use the
dIgital camera to take a picture of each group. (See ptCture of
one group, plays). Afterwards each group could wnte abOut their

scenario using MKrosoft Word and create a dass bOOk. Or the
class could use "What-If Builder" software beglnmng with a

common stem and then each group could use their scenano to
branch. Then diSCUSS poSSIble futures versus preferred futures by
asking the students whiCh scenanQ they would hke to live 10 tor
the future.

UI
45 min.

#12
60 min.

#13
45 min.
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Educ:Itioll For A SuslaiDabIe FIrture::

#14 Administer the post test P,-ePosttest Voices Fo,- The Lo,-ax.
15 min.

Comments (Top)

Education for a Sustainable Future (ESF), a prOject of Center for a Sustainable Future and Cobb County Schools
cO[)~,,']ht ,·'·1999-2':'02. Ail ...ght~ re~er"Ved

CSF is a div;s;on of The Concord Consortium
Comments/QuestIOns) Please send email to esfiQf(Ji§'coIJcorJt.o_~g

fiJe"j/~rpharalDesktop'.lTedingfuhIR:.hlm(12 or 12)81512004 7:31 ,os AM
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lesson 4: Student Demonstrations of Service-learning in K-12
Education

Activity 1: Design Examples of Student Work for CalifornIa Draft
Interim Service-learning Standards

1~1 DefIOltions of
Service-leammg
Terms

1.2 T~'o Pnnoples of
ServlCe-leamlng

1.4 Student
Demonstrabons of
service-learning ,n

K-12 Education
Activity 1

1.3 The Standards of
Quahty for $ervlce

learning

Module 1INTRODUCING SERVICE-LEARNING

Module 1 • Introducing Service.learning

What should students know and be able to do as a result of their
participation in a service-leaming activity or project? This lesson presents
five key elements that should be addressed in every service-leaming
activity. These "key elements" or areas for student Ieaming provide
guidance for the design of effective service-leaming experiences. rStuclent
Demonstrations of the Key Elements of Service-leaming," CaIServe
Program. California State Department of Education, 2000).

Sena-~ModYIcs

iIII

• ServIce-
c.o-s.-

About n.a Course...
Course Modules

Course Toolbox...
ContKtlnfo

• A<9atraWn

Mol", Page

•

..

This lesson presents examples of studentieaming within the five key
elements of service-leaming as recommended by the California State
Department of Education.

NOTE: The five elements discussed here were originally described as ·content
and performance standards· in a 1995 document. Draft Interim Content and
Performance Standards for california Schools. Because service-learning can be
incorporated into all disciplines and is defined as an "instructkmal strategy, • it
is a method of integrating curriculum across content areas, and not actually a
·content· area as are the diSCiplines ofmathematics, reading, writing, seiena!,
and history/social science. Service-learning allows the student to make
meaning of these curriculum content areas through participation in the design
and implementation ofa service-learning project.

1.5 The Elements of
ServlCe-learmng

1.6 The Benefits of
5erv!ce-leaminq

1.7 AsseSSing Student
learning

1.8 Addressling the
leam.ng Needs of
Spec,a! Educatlo-n
Students

1.9 SummarY of Modu,e

..
•

•
•

Step One: Study the Student Demonstrations of the Key Elements of
Service-Leaming presented here.

Element 1: Meeting a Reel Community Need
Students will understand how the needs of the community are identified or.
when appropriate. will identify the needs of the community. Based on
demonstrated understanding of these needs. students will actively
participate in thoughtfully organized service that addresses the needs of the
community as identified by the needs assessment. (Note: The school may
be defined as the community.)
For example. students with help from their teacher have determined that a
school beautification project is needed to build a sense of community pride
and improve the physical surroundings of the neighborhood. A third grade
class designs and distributes an opinion survey to their peers and the other
teachers. They are responsible for tabulating the results of the survey_
Based on survey information. the class designs, plans, establishes, and
maintains a garden at the school. Flowers grown in the garden are used to
beautify the school.

Element 2: Integrated into and Enhances the Curriculum
Students will demonstrate their mastery of curriculum content SllIndards

• fik:.iI!QIOroc-_..,,,"'n_...N<220S_,,..' ."L~I_4-I""""IIIIm(1 olJ)&'Y20041.Jl:SS AM
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Service-Learning Modules

through participation in a service-learning activity that is integrated into the
curriculum.
For example, a seventh grade science class works with their teachers and
staff members from local conservation organizations to design, create, and
maintain a garden in a deserted lot in the back of the school. This becomes
an on-campus community garden that consists of native California plants
and ecosystems and is used as a focal point for the study of geology,
ecology, and agriculture. Staff members from the conservation agency
provide valuable scientific expertise, and assist the class with resources by
donating garden supplies and educational materials. Based upon their
service experience, students learn lessons in local environmental science,
geology, agriculture, and ecology and participate in discussions about
environmental issues that effect them and their community.

Element 3: Coordinated with a Community Agency, Another School, or the
Community at Large
Students will understand the relationship betweeb school and community
and the value of school-community partnerships. Students and teachers
collaborate with individuals and organizations in the community to develop
and implement meaningful service activities that meet the needs of the
school and the community.
For example, in conjunction with the school's project-based curriculum, .
students participate in a six-week project on city planning. Students survey
neighborhood needs, visit utility sites around the city, and invite city officials
to speak in their classes. As a service project, the students decide to
improve services and safety in their school community by designing
wheelchair accessable ramps. Studnets learn geomentry as they design the
ramps and are assisted by professional architects and city planners to be
certain the ramps will meet all specifications. Parents and community assist
the students with the building of a ramp at the school. Students write essays
to refect on their understanding the issues of accessability in their own
school and community.

Element 4: Helps Foster Civic Responsibility
Students will understand and demonstrate civic responsibility through
participation in a service-learning activity which meets a real community
need and improves the quality of life in the community.
For example, in an urban high school, science classes for English language
learners study geology, including lessons on earthquakes and plate
techtonic theory. The classes visit an office for emergency disaster
management to understand the scale of natural disasters. The students
decide to work with agency staff to raise awareness in their community,
which has historically not been prepared for natural disasters. In English
class, the students work with their teacher and community members to
compile information and instructions about earthquake preparedness in the
various languages reflected in their community. This prOVides an excellent
opportunity for students to utilize computer knOWledge and publication
production skills while they reinforce their literacy in English-language arts,
science, and business technology. Students gather materials for earthquake
preparedness kits and then travel in teams with representatives from the
natural disaster relief office to distribute kits to residents in thir
neighborhoods. Students prepare and make presentation to the faculty,
school board, and local civic organizations that reflect their knOWledge about
earthquakes, the importance of preparedness, and how their service
benefits the community.

Element 5: Provides Structured Time for Reflection

file:JIICl/Documentso/.20and%20Settingslrphares!Desktop/mod 1_4·I.html.htm (2 of 3)81512004 7:32:55 AM
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StudenlS will understand and reftect upon the significance of their service
learning experience, and how applying skills and knowledge affecls them as
individuals, their own learning, and the community.
For example, a high school American Democracy ctass selBcts the theme of
poverty for the semester-long course. Aller brainstorming issues reIaIed to
the theme, studenlS identify community agencies at which they could
volunteer throughout the semester. The teacher and staff from the local
volunteer center help studenlS identify service p1aeemenlS that rnatch
course expectations and community needs with each studenlS' interests.
StudenlS volunteer at after-school tutoring programs. chikk:are centers.
soup kitchens, and food banks in nearby Iow-income neighborhoods.
Throughout the semester. the teacher assigns readings related to poverty.
Each student maintains a journal with reflections on hislher volunteer
experience and how it relates to the study of poverty. American Democracy.
and the people that have been served.

I Entry#8:

In your Journal. provide 2 examples of S8lVice-leaming for each of the five
key elemenlS discussed above. Provide one example that is appropriate for
the elementary grades of K-6 and one example that is appropriate for the
secondary level. grades 7-12.

Step Two: E-mail this journal entry to your instructor as an attachment.

Servlce-learmng Main Page A00-.J: Moo'l'es ToC!bC~ C:,"ta:t J,.,f,::;. Reg,s;'a~,c-'"

Cop)'nght (f;: 2000 Teresa Da\i1s. Anne Blanchl So CSIJ Cr)~{O
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Appendix III
SANREM CRSP Research Briefs

This appendix contains the three SANREM CRSP Research Briefs on which !be example units
of lesson plans in this manual are based. Additional SANREM CRSP Research Briefs can be
viewed and downloaded for free from the SANREM CRSP web site:
http://www.saorem.uga.edu.
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WATER SPIRITS AND CITIZENS' ACTION:
COMMUNITY-BASED WATER QUALITY MONITORING
IN THE PHILIPPINES

.

_~ _=_-----::..L.."'- ~~ '"-~_ Ii" ,.:::"':..~~_i.,,- __ f... _

Global enYlronmental poltey IS

promoting decentralization
and devolution to the local
level as a kcv to sustainable
natural resource management.
Yet rates of natural resource
loss exceed the capacity of lo~

cal government structures to
remedy the situation without
the active illvoiYement of civil

society and private sector.
How to generate awareness
and motivation among Citi

zens and facilitate understand
Ing of ecosystem linkages
among decislOn-makers re
mains a challenge.

Thts brief descnbes a unique mitiatlve In whICh members (If a rural Philippine community
parti_cipated Il1 collectmg data about water conditIOns that \vas used by local government in
making decisions ahout water management. The 1l11tiative IS part of the Sustainable .-\gncul
rure and Narural Resource :vf<magement Collaborati"e Research Support Program (SANREl\!
CRSP) and is directed by ~-\uburn University SCientist \\/illiam Deutsch in collaboratlOn with
local communities and other inrernattOnal, national, and prm'incial instinttions.

Despite the Philippines' rich water resources, the country IS currently facing a crisis regMd

109 the dwindling supply of high quality water. Water 'luality IS threatened by lugb rates of

soil erosion, sedimentation, nutrient runoff, and bactenal contaminatton. 111is kind of
pollution (non-pomt pollution), which is generated from broad areas of the landscape, is far
more difficult to control than pollution that results from a specific source.

Can IOtalpeople participate in monit()li~g the quality oj natural ,nolmes in thei,' communities?
Can they pmduce mjimnation that IS Idiah!e and to/lsiltellt enough to ,reinJoI' emiIVnmental
tJHeHmentJ andpo!i:} !'(?commendatioflJ?
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The problem IS pMTICularlv a<Ute m
the \ bnupali ,,"arershed. whICh m rhe
List 30 yeM'S hdS expcnenccd d. high
rolfe of con\'"CN.lon of forc~r CO\-Cf to

(orn .m vegetable cultlYJ.f1on at me

dIUm and higher e1e\-Aflons. TIlcse
crop:i- reccl\-e heary doses of chemi
cal tnpurs -.md offer InsuffiCient sOli

prOlccnon, espeCially dunng hc.l'"Y
raUlf:u) evcors. -lhey .m: otten pLUltL"t.t
ag.unst the contour to f~lL:1hrJ.te f.lnn
work dfId drAuuge, bur thiS also en
cour.lges sod erOSK.lI1 and nutoent
fimoff. Ie-.ldmg (0 do",nstre-.un Sedi

mentation and cont<tffitnaHon of \\-.1

rer courses.

Farmers compl.un th:,lt Itxal stre-.un
tlo'\\-s have be(Offit~ more Irregular.

gOIng through cycles. of tlO'Jd .lOd
drought. whICh causes further soil
erosion, crop and anllnal losses, .utd, c\t:caslonally hu

nun casualnes

~drJ.flon has reduced the efti.clfficy of lowland IcngAHon
networks to 25·. of normal L\PACttY. _\0 unporr.ulf hy
droelcrtnc power gene~flon reservoir In tht' wOlrcrsht.-tl
1$ half-fdled with seduncnts ~UlJ s-utanon occurs at ne.uly
Qnc meter per year ,It the d.un. Suspended :ioltds can

tnbure to we-.lf-out of rurbmes .U1d fn't.J.uem power oU(
AgeS_

Pesnode and pathogen Contlnunanon of \VAter resources
Affcrts anunal md hunu:n he.llth. Publlt: health records
shm.'\- higher man Average mf.uu mort"dhry and morbtd

Ity~ \nth many ,ulmenrs CAUsed by w.uCtTh.lme p.1thngcns.

::: ~- = ~ - - ~ - - ----

Defining a ~. of wale, qualiry indica.on
The prolecr adapred rrJmm~ merhod, and s;unpl1J1!!; rech
nlgut's from the EP_\-sponsoct'd :\lab.arn:a "~lter \'Cudl,
A yoltmreer \\~.ucr qUAlity fTlomtormg program Opcr-,ItUlg
tn the L:nJtro States_ The ;\ppm~Kh cCOters on A mUll

mum set of mdU::Arors rh.u .ut""

a) sClennfically ,-alid ro ensure cret_ltbdll')·~

h) relevdIlt to the cnmmumrv fnr their CfKinrst.'11l("JU

i.U1d partKlpanon~

c) prACtical and u1eXpenS1\"c lor sustduuble usc.

The momronng acb\>nes beg;ut m 1m. ",,,It A I....,hne
dt'S\:nptlOn of w·...fe'r qlLlll~· (ondulOflS thmughc.MJI the
wareeshet! T111s m,1UI asse>smen, 1J1L'''P'''.IIal the qwh
ttlnvc UldlCilrors of Commwllty percepnon. mnn[)~· ...-t
t'xpcnena-

Sekcring sires aDd samplinc rrdmiqaa
The monnonng SIf{--!;. W{-n:- chos.eo tor ;lC\.~dlIIJfY .and
dbtl.ty (I) rcprC5e11t dl\""Cf'5e ("M)ftK'JOS of rhe lUl(i~.lfX'~ Ul·

dudm~ rn""" JJld f",,"1md \loJ1Jr"" lL"<'d .mported
sunple lesl kns JJld locall\" A\..w.tble rrul<'lUl. (ropes..
sncks.. Aoats) to rake rne-asurements (JI"k.~ or N-'lCC" ptt

month at four s,.tes U1 d~~'1ulle. base IKN: a:wldIhOf\S. Dur
ing selecred tntense r.unf.llJ e\Ulrs,. samples "'-Tre f2krn
on "'I houri\" 1,,,1> _\r cemun ,.res. sod loss UlCrnsed up
10 l.n(.H;~d""ltm a I\\Y>-hour penod of he"" ,.un 1n
better t:onvt'y thIS 10 farmers., the U~ltof sod lost U"';lS

hkened ro rhe ",.."pJlr of a SACk of com "P!'1O:<UlUn,h
me::- SIZe of II snwl desk

Addnsainc salorbolckn' inle,""
\~ agt"K"ldnJR' IS me~- 5.()U(("t' of 11\~&hood for flY)S.r

res.dt"fUS. rne-ASU1l."'I11f11tS of sod loss.. ~uch as T~ n·ot.d
Suspen(kd Solrd'",gener.llal much mtereSf dJ1"~ fAl"lll
en. Sm.'·am n10clty .Uld dl$Clurge u-ere .1lso me-asured

C"ncurn....r TSS dJld srre>m dlsclurge =ulred dl nlu
Able l"-s.rlJ1Uttl of 5t.'dlment nc:ld .md tdennb.:Ah<1Il ofhot

'1'01> of sor! croston dlroupJlour the bndsc.>pe_



\X.bmen's groups were very involved in the monitoring
and showed particular interest in biological indicators,
such as E.LVli and other bacteria, that may contaminate
drinkmg water and affect chtldren's health.

Integrating cultural and ritual dimensions
Particular attention was paid to reconciling scien
tific methods with indigenous spirituality concern
ing water and nature. Researchers and mlunteers

received permission to enter streams and sample wa

ter by the leadership of the Talaandig, the tribal group

that holds ancestral claims to the area..\ Ritual of

Understanding was also held to ceremonially sanc

tion the research activities. This ritual included a rec

ognition for the Talaandig beliefs in water spirits,

which need to be respected.

Building local institutional capacity
.\Ionitors, which included teachers, students, and

local government officials, became involved in other
aspects of environmental activism and educatton.

After several months of operation, they formed a group
called T~gbcmtay IFah,~ (\'{'ater Watcher) that was mcorpo
rated and officially recoglllzed as ,Ul l'Go. Volunteers
received training in water quality monitoring as \vell as in
leadership, management, outreach, aquaculhlre, <lgn1-for
estry, and livestock production.

Population and land use as key factors influencing
water quality
The data showed <l progressive decrease In water
quality along an east to west gradient. This variability is
due to a combmatlon of croppll1g patterns and rainfall
frequency and tntensity. \Vhile more severe erosion
might have been expected to occur 111 the western sub
watersheds, which have steeper slopes, hIgher TSS
levels were recorded In the eastern part, where more
hOllses, roads, and farms drc found.

Farmers Ilwolved in vegetable production plow and
expose large areas of bare SOll for planting just prior to
hea", spring (!\[ay-June) rains. Not surpnsmgly,
measurements of sedIment yield were highest dunng
the wetter months and where forest cover was least. In
eastern suh-watersheds, soil loss exceeded the maxI
mum measured in western sub-watersheds by 10-25
times, achieving levels of 3,400 kg/h with mtense rains
that fell mJuly [999.

Unstable stream flows threatens community well
being
Stream discharge indicators, which provide a useful early
alert to watershed disruption, followed the same west
to-east pattern as TSS. 111e coefficient of vanation in
monthly flmvs \-aricd from 32 to 140°'-0 among sub-wa-

tersheds Flood and drought
cycles were exacerbated by the
effects of EI Kino events. This
instability in stream f!O\VS was
becoming a senous problem
for the rntUlicipality and for lo
cal people who depended
upon rivers for bathing, wash
ing clothes, and watering live
stock.

.-\ group of local water monitors
gather to collect and analyze
samples.
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Bactcrial contamioatioo excccds World Hcahb
Organization (WHO) standards
fhcterial (omanunatlon .1.150 Ulcre.t.sed from rhe \\"t'st·
em sub-\\41rersht.xis to rhe eastern sub-\\-,uer.-heds. "nt.'n:
7)°. of the munICipAlity pOpUI.l.t1Ofl hn.·s In S.Ol1lt'l"<lSf

em stre-.uns. concentr.l.uon of pott:'11ually 114lrmti.L1 h.le

tena reached rales tha' e"et>Jed the \'(110 st.uldard b,'
tfl-51) fnld_ Se\-eral commuOity faucet::- ~h(lwed present."e
of E..v" bacten<t, whldl M-t.'pt.'li tnfO rupruft..J pipes frum

contaIllmated sods and warer.

30% (orcst covcr idcntificd as sustainability
thrcsbold
Ry enfeeblmg the \\-Ater de~adJflon d~lt.l with def1l()
gr,lphu: and land use cover pam:nls from gml.'mmenr
census and reOlote sensmg datA,. rese-Archers IOrnflfled

.1 rhn'shold of unsusr~un••blc soli e({)~lon..\halpr an

(fe'"dSeS to TSS occurred when sub-uettershcd forest

cower dropped helnw 3tl'. and agnmJmral land made

up more than 50· o. These tindul~ cOUlctde \"-nh those

by the InremAhonall.xnter for R.e~C".udl 10 :\grofore~~'

JCR.-\F)~ \\"hKh J.1s.0 determIne d threshold of ]pO 0

mtnlf11Uffi forest cover before se\-Cfe t.'11\mlnrnt.'1u:a.I deg

ctdatlon affects uptUld trOpical forestS.

- - --, -- " - ~ • ~- y -
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Important reseArch results often go lUldenlllhzed he

CAUse they t~tI to enter the pOI1tlC.lJ. .lren'l_ :\ f.wnr.lhle
pohtKa! .:onluncture l'n.lbled the 1Otegr.mnn of prnlCt."t

tind~ mID local le",1 pttlCesses of p1annulg and P'~I""

ITUklOg

Findings inform local gonrnmcnt poticics
The 11)116 "Pe<>pIe Power" re,T>!utllm had laId 'he toun,

daftons for greater 1O\-oI\'emenr of ("Inl sexlcty 10 de
centralized go\'emann'. The It)() I LncalliO\-emmenr
f-:ode lTund.ltl's the partlClp-.Ulon of OllZCn.... · grollp5
and accredued ~G()S 10 Local (;o\,crnmem L'nlt
1.GL') dehherallons, It ,uso demh'ed ro lllUllICq>al,

rte:-; the responslbdlt~ito den~lopnAnlcal resoun:e ITL.Ul
~t plms, whICh mdude water Is~ues

:\'lunrClpal leaders \\"('no getter,lIly receptl\'C to UlIO:t
fives that helped mform and fTkmlllze- tht' COlllllllUll~'
~l11d offen,d c()st,eff~fl\1.'\\',1\'5 ttl i.lht.un Ult()CffiAtll)n

to gUIde deCiSiOns., Research tlndlf1~ from w,;uer yuahry
monttnnng Cl...:tlntleS werl' pronJed to the Ll;L \nrh
re...:ommendAtlons for pnon~' .l.ccas .mu le.lslhle 10r('('
\'entlons,

Pre>I''''1 ImpAct' extended henmd the mwuop.hlr TIle
Pre)\'UlClal Plannmg and Dewl"pmem {)ftice OlgAllIzaf •

forum tn pn'"$t'flt Tht.° proteCT And key UldIC.1rONo to pc:"lIIk.~'

maker> .md p1anner< 10 the 1~ other tnJl11Cq>;UIl1eS dw
(on5-tlnJtt: rht: pnn-Ini.-t.'_

Indicators used in makin« commUDity drcisioas
Indl\.:;tror~ of SOli Im~s md WAft'C cont:;uTl1fi.lnon h,n-e
pmnxl to he kcr dc\'-15-10n support h~S_ For UlStM'k:'t'

• stream dl>charJ',': me.lSWb mdJc.ted rlur A....rem sub
walel>hed was pMtKul.uh' prone '0 "'.1.<otUi tl00d,

U1~ '1111~ tindul~ (()U1Ctded \\,th dle ocnlrrence 01 dc

:HruCll\1: tlood~ ,md the (Je,:15kJO hy me fTkItll(rp.uI~'

ff) hUlld new l.ukerfs ret p«-\"("OI u"Ash,-mt .1Od block·
Agt' (If A.ccess rOAds

• a nllag(: kader n"tJllC'5n:d the ~f\'lCC'$ of \\".Iter mOIll

tors 10 lesl bActt"O.ll k\"t"ls In a $~ dLu \\~ to be

used !"r dflllkmg ,,-.tec The anal'-SL< shouw thAI the
\\-:ltt'C \\";1..;;; (Onf;unU1dted~ ~ tfUI .ln .lIrc-nun\l~ s.oun.:e

\\-.lS dlllscn

Monitoring promoles an'ironmallal~
Community-based IndK,uors were effcch\'e In heiplOg

people 't> under>rand the consequences oi l.uld u.<e <in•.
~K)f15 on J. landscape' 5oC.uC The- \'"M1ADCC' AJTI(>ng s.ub-"'~.I'

tt'rsheds \\-AS used U1 the course..' oi ((lnll1lWlJ~ p«senf.l·

lions to ~unuiAIC"'"\\-.uk through 11111(,,"_ .\ U'.lIershed resl'

denl could h,k \\~, and see /lou- rhelC ennreJOlJll<OI " ....

10 the p.lst.. Mld look t.°"st And s.ee ht.\\· It \u:ud be tn the
turucc If land U~' (:hanJZ,eS " ..ere nor nude

Inn>ln'lTk'11r 10 WAter qualary montrormg~' ~.Khers .uso
t."t1s,un.-tl A gn:.•uec emph»IS on ",-...rer qUAl.~- ;,md enl-m"fl,
mental (Olts.et\·d.hon l'iSUC'So III the CWll\.-Wur.l (lbldml \\.'nl:

...hle to k:ilm wtuch nn,"rs \\"l"re deAn .md \\-hadt \\~ p.1II
IUft.'t.L 5t.;hools ,u:;.c:) SIMted r("S.Tof".ilhOn ,Khnncs.. such .lS

tree pliUltUlg on n\,,~rllAnks ro pre\"ent erosIOn

AppI/tUJ1on of part" lIoikfJlood "ollj~rrtJlltNI

prod"'.. utlb(1I1! (tJI1IIIIIIOI'" IIIro!Jrllltol

10'11 br brllrr 11,,10 U'111111!,(or i1lhorOH!,h

,afllllft, flotllrl/l 10 fir (omp/rlrd. r1Jr07lUJr In

Ihr (tlJr Of r;tptd/r tfr"rttdt1l!, H.tlm«tk

I""



Community indicators are effective tools
(or:
a) Pn·on"t)' Jetting. to identify "hot spots" of soil
erosion· and water pollutions or weak lmks in

the public water system In need of repair;

b) Emironnrentai tJJJessment to quantIfy baseline
conditions, to evaluate impacts of develop
ment, and track progress of restoration activi
ttes;

c) Awarent'JJ· raiJing. to illustrate ecosystem link
ages and landscape effects of farmers' resource
management decisions:

d) Adt'O,·r"u)' and rUOllrce mobilization: to docu
ment need and make stronger cases in gram
proposals for federal or fOre1gn aId;

Hands-on activities stimulate awareness
and action
Citizens were directly Involved in prodUCing

information and knew that thelf efforts mat

tered because the data was used in improving
land and water conditions. The community's
receptivity was due to the fact that the project
responded to a widely perceived need and sense
of urgency, which was shared by local govern-

Policy making caDs for "good-enough" re
search
Information needed by policy makers must be
science-based but need not necessarily meet the
most stringent scientittc standards WIth regard

to methodology. Community mOnItoring may
forego some precision and accept poSSible bias
for the sake of cost-effectiveness, feasibility, and
rele\rance. Application of partly understood
conservation practices with full community In
volvementmay be better than waiting for a thor
ough scientific analysis to be completed, espe
cially in the case of rapidly degrading- \vater
sheds.

Political turnover
Effective environment'al mot1ltoring needs
contInuity to ol.pttalize on capacity build
ing and regular data collection activities.
Yet admtnlstratl\'c shifts and politICal 111

stability at the national level may induce
changes in local government leadership
and resource management agendas. An in
formed, orga.l1lzed, and active community
can playa key role in sustaining monitor
II1g efforts throughout LeL' changes.

Development priorities
The dc\'olutton of responSibilities for pub
lic sernccs to the local level may result in
pressures 011 local government to gener
ate re\'enue~, Economic development,
such as building new roads and attracting
agribusmess, may take precedence over
conservation goals. Rut the development

of a muniCipal natural resource manage
ment plan, Informed by S.\NREM re
search findings, IS a positive step toward
reaching a balance between economic
gro\vth and envlf()I1mental sustainability.

Transaction costs
The startup of a collaborative process that
lllvolves community members and diverse
stakeholders IS relatively slO\v and costly.
but results imhcate that the benefits and
potential for sustainability are much higher
than if implemented It1 Isolation.

This brief draws from articles by \Villiam
Deutsch et aI. in: JeekiJ{~ SUJlawahility: (ha11el{ges
of agna"lIfra! de1'efopmenf tllld mdrOllmeltla! maH
a..gemenl ut tI PhllippulC I1'tllcn/Jd Edited b~' I.
Coxhead and G Buenavisttl. PC\RRD, Los
B~UlOS, Laguna, 20(H. PDF versIons of indi
vidual articles (all be downloaded from:
http://www.aae.wisr.edu/sanreffi-sea
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SAVING SOIL: INTEGRATING EROSION CONTROL IN
UPLAND AGRICULTURAL SYSTEMS
(MINDANAO ISLAND, PHILIPPINES)

Cdn j-,"uJlholtkn in dtl'rloll"..~ l"OJmtllti t!lfoni ill1Uuubtltl) (Cdn ,(Nt nrJif()1I bt !",Y1t..~~J a:
n!..lt!l(b' /ou ..Of: to f,udl'itn? 117d/ .~)1!-'(n~JlN"/"d.1Hf., Jlt 11IO~1 J ...."tj1'JJblr /6, fdnttnJ flu:

jjl( i?!/ the land !Hjn.lJ!.t!t IfplJlfJ tff:UOfll1ltr.:d

These qUt.·:;'h~lO~ u-ere ex
plnred lw ~:udler; D.nd
.\hdml1te. DurgJi Poude!.
MKI1,><Id :--;"'s<n dun..¢' •
rene'$. oi tlfl-f.um truls con
ducted to t:"oll.lbor.thOfl \\-.th

Ph.I'Pf'1Ile> f.llTlCr; 111 "'"

(OOteU of the ~$t.llfl.ahl("

\!(tlC\dture _I ~;.rur'" Re
~ourcc- \lAnA~emenr 1~(i.I

bhor.\hw Rc;.e.m:h Suppon
Pro~nm:> \'.;RBI.:R.."",

The~' srress du.r eltorts Itl

rre'-enr bod degr..lduloo
must focus on promoting bent'f nunagemem prd\:n(:cs r.uher tlun on n"$fTh:fUl~AiLt:"t$.:S .mJ
resource use_ In melr '"ICW. thiS ..pprnach IS more hkdy tn succeed U1 rile long run dun the
lop-down. cnOHTSltJn 0'- upland tnlpn:"u are-.lS mtn fUture reser\"(: <Uld fUnoruJ p.arks dur do
nor <\((OWll for the It\"t"lthnod needs of lo(..u pt....:.pIt"

Tht" researrhers ;uso pomt to the I1t'"t-d to s.ltuAte nAmr.&l fl~mn.:e nun~f ,md Inng
(erm de\-elopmenr plAJ1flln~ Ul .lland)...:.lpc JX>rsPC.··L(J\-e. h1"Ct.1 nn All Uflders-tIDd1fl~ or" eco
lOgICal and econorTlH.: ludu..ges heN.-een loutlands ilnd 111ghl...fkls

- "
a!o ,.-

;t,,; _: -;.:: ::~.~~_r:e!~_' ~ _
- - ~ ~ ~"';~ -~:...~~~~~~~~~~;:-~~~----:
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age, but this also causes greater ero
sion and runoff of chemicals.

~[any farmers are aware of the 5011

depleting effect of these crops and
practices, but few fallow land, rotate
crops, or lOvest in conservation tech
nologies.

Corn IS planted after tomatoes or
potatoes and then the land IS fal
lowed for three or tour years. Rut
tallowing is not always motivated by
the Jeslre to restore fertility. In some
cases, farmers Are forced to leave
land uncultivated because the\' lack
Iabor or capi tal.

-
-
•

•

As is the case with many upland ecosystems of the hu
mid tropics, the ]0. Ianupali river watershed In the Philip
pine island of Mmdanao is plagued by populatIOn pres
sure and environmental stress. ~[eafl annual rainfall 15

2,470 mm and has a bimodal distribution \vith dry spells
m July and I'ovember. Hea\)' ratns fall at the onset of
the rainy season in ~[ay and in August, while Novem
ber IS the dnest month. ]0. [ost of the soil erosion occurs

due to steep slopes where forest is being deared to grow
temperate climate vegetables. Over the List 20 years, the
permanent forest cover has dimmished from half to
one fourth of the total area, whlle land under corn and
\'cgetables has grown from 20°/0 to 40°'0. But average
farm size IS small, half of the farms are less than :, ha,
and three fourths are less than 5 ha.

Agriculture IS the main source of income for at least
t\.\'O thirds of the population. Trade and pnce policies
promote annual crops, such as corn and \'egetables
(whose management practices arc highly erosive and
reqwrc heavy doses of chemical inputs) compared to
tree crops. In half of the farms, crops are planted up
and down the slope to facllitate farm work and dram-

Solutions tbat ensllre ft/wnda/ returllJ; sueb
asp/atlting high !'a/lie ,rops orfast-gro11'illJ',

limber, are dearly more amplable 10 fimnen-
thatl takillg /alld out if ai/tim/ion.

~ [easures on tot<l.l suspended solids (rSS) across the \va·
tershed were significantly higher in more mtensively culti
vated areas and when land preparation activities are under
way. Siltation. due to rainy season runoff in denuded up
land areas, hampers the functioning of Irrigation systems
:and of an unportant hydroelectric power generating res
ervoir, which only a decade <lfter construction is half-filled
with sediments.

The S~\NREf\r scientists c-arned out field tnals for t\vo
and a half years (seven cropping seasons) in collaboration
with 12 partiCipating farmers as well as on managed ex
perimental plots.

Soil erosion varies with slope
"111e estimated rates of soil erosion under diftcrent man
agement options by us109 two models (EroSIOn Produc
tivity Impact Calculator and ~Iodltled Universal Sot! Loss
Equation) calibrated to the watershed condItIons. Soil loss
was found to be more severe on steeper slopes (being 4-6
times greater on 44~'o slopes than on 20% slopes). Loss
of organic matter \vas greater 111 the upper portions of
each plot, whICh usually produced lower yields.

Tomato associated with highest degree
of erosion

Among "egetables, tomato was found to be associated
with the highest degree of erosion hecause required till
age leaves the SOil exposed and its foliage provides little
protection during erosive rainfall events. For tIlstance,
soil eroslOl1 tIl tomato-cabbage-tomato was three times as
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se\"ere as in cJ.bbage-fOmdfo-cabbage (:Ol1l prnnded
bener 50011 prote(:flon.

Farmer...,ndoned soil conservation practices baln
soil trosion rates
ImplementAtion of con:;.en-atlon ted1nolog16 Will also

be needed U1 conlwKrlon wuh crop rotAlions. To Idenhf,"

effectf\-e and acceptA.ble ways of prevennng 5011 loss, .t

set of redUlolopj.es. endorsed by ~t1 of alXlut 1Uti sur

,"eyed farmer:-.. wert' compared to pl.mtmg up and down

the slope. They mduded: plantmg on the Conh)ur~ planr
mg: ,"egerAbles With stops of bean CCOssl:uttmg rhl' slopt·;

and planting up and dmm the ,lope bur wllh smps or"
high \"alue hedgem'w cmps. on the cnntour

T'hese pr.lCnces \vere found to reduce SOlI eroston by hAlf
Without negam-e ImpActs on \.-n)p ~-lclds. \"e~t;-t.hll· <lOd
(om nelds were hl~esr where contoUf ma stop rre-at
ments were used. Conrouf hedgerows were mort" eftec
tl\-e Ul controllmg eroston ,1her three seasons AS they be

Lame more established.

Trees and annual crops P""'" to be compatible
Trees Lan be planted m f:allow land t.\C lnren:roppt~d with
annual crop5- to proVIde CIDOpy co\"('r and ret.un nuto

ems rhar \\uuld otherwise be Ic,lCheti our :\ shlfr frnm

Inrensn"e \'egerahle produ([lon to trl'C Lrnps. wtULh An:

less demandmg of lalX)[ MId mputs. would Also en.lhlc
turners ro devore Hme and resources to other Iflt.:nffi("

~ner.ltlflg ACtl\-mes.

The research e\.tIwred benefirs and dr.l'wb.teks of mter

cropptng: trees With \-egetailles, p-Mtll_:ulmy LOrnp:.mng the
de~l' of .1h(we and helow-gn)und
cornpt>t1tJOn. The perfomunce of tn~

speCies alone was camp-aced to mlxeU
agro-foresrry plots. The tn.'!: speCies
tnren.;ropped With \'e~eraoles weft'

analyzed for the eHects of \"<lClOUS

plantlng denSthes. prunln~ praLtlLes.
.md supplernt'1ltacy fertdlz.lflnn tre"at
menB on trt't's.

F-.rnners tdenhfy teA.otolbk
(onsen-ahon prok:ht:es for

011- fMTll temng

&:Inw-ground LOmr)('nflOn \\'1.~ ITIlmnui In (..k.....~ min

Lmppt.-d trees ~ff'\\O "\-tee .1-." fast SlIlCt'~- henefirrd frnm
t'x(e~s nurfll.llb A.pplled to \-e~uhles- :\hon~'-~

c0mpt'hnon for h¢n aftCctfii crop-s plAnted III the ncm

Ity of tree SpC'CI('S \\"llh dc.-n-:'oer ...-Afl("'PY ..Y"""l~I.e. 1:...·410;,.,....
tN.; ;(Jffd/Jnj~, .Uld as. the r-rees ~'. 11lC slud~ effecr
C1l1 he IlUIU~l-d by plantUlg rn-..:s "'1th sp-.u-ser tTl)\\'1lS

'1 l" P.mllm.Jr.:k_, bl."JLm.i;. hy AdlUQmg mten:mp den

Slt~.. <lOd ~t-otnt·tcy And by pc:ou.iK: prunU1~

Indirect acI-"antagn of agro-rorutty
\\111k umber rILlY not appeAr 1"- protitAble ;IS- \~t.lbIC$

on :1 per an~ IUSIS, thiS 1;'0 only true If one ;'\sSUfTle'S that
n~getAhle prnduLflon does not dedUlC \ndl (:1'WlhnuoU$

crnppltljl; Bur datA from the fteld mals ,IlOU, thaI prn
ducnnr\" d(1I(.-'s. dt.-,.-Itnc o\-ertune. ~d ((Ml-ott."1"\··.lIlOll .lfld
\.·OlP dl\"Cf':'lfKat10n Inn' Also (lffse-t the decltne If1 \~"

cfAllle pnt:l"s If pnt:e support'S are retllOY'ed ..\:s run! b

lXlr IS loc.:n:asmgly absodled h~- non· f..um empI~"JTk.Y1f_

k~s ffi.Uugcmcnt-IntrnsJ'l: _l.~). fon-~try 5oy-s.rcm.s Af1"C"M

more .~d\"'d.flt\gcou~

Targeting steeper slopes and uppu IKId ponioos
EfforP.' mu;'Ot he dlft.'t:led ro f1lIfUfTlJ71n~ n"f'SlOO~

replt:nlShU1~nutnenr-s on steep sl{~~ .and uppc:-r field
portions. (1op chOICes .md plannng tune And .4flPiICA·

tlOns of O~.Ult( numcnt sou£("cs tnlSt be (AltOCAted to

rillS purpo:'lo.



Testing efficacy of conserva.tion
technologies during heavy rainfall events
Conservation practICes can reduce soil eroSton

by about half, but dunng hlghlv erosive ram
events the level of soil conservation effcct was
less than hoped for. In particular, research must

explore ways of preventing scouring effects
(dlggmg IOta the slope) behmd contour
hedgerows.

Working with farmers to improve feasibility
and profitability of agro-forestry
!\.lulti-season trials show that trees and annual

crops are compatible and, to some extent, ffiUnl

ally advantageous. Planting practices and penodic
pruning can minimize competition for light be

tween trees and vegetables. But, since pruning:

slmvs tree growth and moving vegetable rows away
from trees reduces land area available to vegetables
and limits nutrient access by trees, these options

are likely to be less acceptable to farmers. LIght
competition management should rather be treated
as a component of long-term farm planning rather

than as a problem in need of short-term solu
tions.

Analyzing economic returns for
different conservation technologies
and intercrop mixes
Solutions that ensure financial returns,

such as planting high value crops or fast
growing timber, Are cleArly more accept
able to farmers thAn taking land out of
cultivation. ThIS IS particularly true if

these techmgues call for additional tnputs
of labor, as 111 the case of hedgerows.
The efft'ctiveness of different techniques
and profitability of different crops and
trees must be assessed overtime, to ac

count for changes 111 growUlg: conditions
and in market demand.

ll1is brief draws from arfld('s by David
I\·[idmore et aI. m: Serkin,g Su,tainahiliry':
;;!JaU(I~~eJ of (~gn',Jil!J~mldet"l!lopment and
em'irollmental mallt.!p,eme!lt In a Phdippine
uJalenhed. Edited by I. Coxhead and G.
Buenavista. PC\RRD, Los Banos, Laguna,
2001. PDF versIOns of indivtdual articles
can be downloaded from: h..u.pJl
www.aile.wISt·.edu/s;lI1t"Cffi-S P a
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LOOKING AT THE LANDSCAPE THROUGH LOCAL
LENSES: INTEGRATING COMMUNITY VALUES AND
VARIATION IN INDICATORS OF SUSTAINABIUTY

...-:1JI th(l( /00;,', fhl.1/ tn,lh.'( If) /Q ,d(n/~f; ~1t!JlilJi/J ItitfJn: 11iahJ!OIJ ~f 'J/f.!oRlWiNJ;;; ;;/6.1

qUJ/:{i '?' ~/t? C~J1! lit qlldlfllJr !fii:J1/'foplt', d.i it.iimtn/.' ?t- (m';trJIUIl~~JJa' ~-!vlf!.(' lIi'1!.-h dU

qN:.Iitfdf:n: Jf! 1l:J/llld /1011 .;}If IU rlfJJllt t.Jdtttlfu/t rtp'f'rr.ldIJ()lf (if :J'Of .1;I'('fY.;·t~ ~- ~uf

pm-prdlmf

Ez.npk of photo eIiti_ plat.
Respoodmn wen: osUd. « Could you ... us •
.lOry about tIus pborognph'.

Con\"t''fltlonal .tppnlilLhes 10 cnnrnnf11{"nt~1

monltormg hln~e on extt.°rnallY-lmp0St.·d
sr~mdards.. such as (rop yields or UlLOfll(" le\-·

cis. whlCh Are ,1SSUll'k:d til he unl\1:f5.tlly ,-tp
pltt:ahle dOd "'1uan~· reltT.mt ff)r ,ul st.'Clnrs

of the popuLmon. But Slllo:h PArAIll("te-C'S fad
to,ldcquJ.reiy represent loc.u people's hoI1s
IlC undersr-.lndulg of the en,","molt"nt. he
m;.; hta.sed U1 fa,'or of mnnetMy or rrut.ren.u
\....uuoltlon over acsthchc. Cl1'lOh()n~-lI> fll(Jc.u.
and sp,ntu,d LO()nSlder.uuJlb

Increasmgly. donors md I..leClSlOn makers re
gum: h.-1n1 l·vll..ienu' of tht." dTt:..:un.-nes$ of

research Mid dcyelopmenr progr-.uns_ Scten*

t1flC rrsl....uch (.in suhstMlttally 111lpOWe en,")·

ronmcnral planning anJ 1-')01106 hy prnnd
109 ()pel.uu.>n~d measures th.u s'~1Al \\TIen
f'\.-llloga..:a1 (If StX"uX'conOffilC ((~ndlrl(mS d.f'C

rea..:htng LntlL<lJ [hrc:sholds.

--- - --. _ T --: _ ~-= =,..- ---

~4¥~~ _ -;:;~':-

lblS hnei dlustrates an IIl1lO\.nn: tool that enahles reseMl:hers to cloClt rultun11y "*'......t
IndICAtors. nuny of whICh .Ut=' nnn-mnncury And non-nurenal But 11 A1s.n shou-s. hou,- quaI.
t.lO\-e par-.unerers c.m be <.JU4Ulhtied for C,",uu.ltI\'C' .md cornpArAn\~ purposes The ..uuIyslS
of quanhtied datA nukes II p<)s,~lhlc to uo\"Cd and retlect WlderlYlflg panems of Ultra

culrur.u dt\"crslfV In ennronmenu) <lSSt."s~nlf"m$
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This approach, based on applIed etlmoecology and modi
fied projective techniques, was pioneered by University
of Georgia anthropologists Virginia Nazarea and Rob
ert Rhoades, in the context of the Sustainable Agriettl
tufe and Nanlral Resource ~Ianagement Collaborative
Research Support Program (SANRE~[ CRSP). Ftest
tested in the Phillpp111es S.\NRE!I! CRSP Site, the meth
odology was replicated successfully in different ecologi
cal and cultural contexts.

•
The case study focuses on the l\lanupll1i \vatershed, in
northern j\lindanao. The watershed encompasses the 1\rt
Kitanglad National Park, one of the most Important
biodiversity reserves in the country. In recent decades,
the buffer zone surrowlding the Park has undergone •
massive deforestation. Immigrants from other parts of
the country attracted bv land availabllItv and favorable
agriculturai'conditions, ~oved in and c~nverted forest
to farmland.

Recommended Sampling framework

(original sample n=54)

Men ""omen Men \Xlomen Men "':omen

IgDlotS 11ogJIJ()s .\ .\ .\ .\

Dllfllaf;lts i Lilmnds .\ .\

nati\'e TJhand,!/;S .\ .\ .\

Because the method re{]uires that participants engage
in a relatively tedious and time-consuming process,
indiVIduals who were unwilling to do so were elimt
nated from the list.

The small Size of the remaining sample (n=5l) lim
Its the 'i'altdtty of statistical tests, but it does allow
for a more contcxtualized understanding of percep
nul data and emerging: patterns.

..

..
-
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As a result of tilis influx, the current populattrm is char
actenzed by multiple layers of ethniClty - nat,,'e
Talaandigs, Dumagats or Lumads from the \/isaysan Is
lands, and Igorots and Ilocanos from Luzon. The agri

cultural landscape is an equally compoSite patchwork of
production strategies, including irrigated rice, corn, sug
arcane m the lowlands, and corn, coffee, and temperate
climate vegetables 111 the uplands. Agncultural intensitl
cation, coupled with heavy application of chemical in·
puts has resulted in high rates of SOlI erosion and water
quality degradation,

Sampling design
• Respondents were selected from three nlhges along

an e1evational gradient and among people above 40
years of age Qikely to have more extensive ecologi
cal knowledge).

• The sample was stratified to represent significant so
cial differentiation variables: etfmicit},. ,gender and ~ge

as follows:

• Equal numbers of participants (n= 18) were randomly
selected from the 3 main ethnic groups: Igorotsl
noganos, Dumagats/Lumads, and nal1ve Talaandigs

• For each ethnic group respectively 3 men and 3
women were ral/domty selected from 3 age cohorts:
405, 50s, and 60+ (tor a total of 9 men and 9 women).

\'\/hile this brief focuses on the application of TAT inter

views anti scores, thiS technique was used in combina
tion \vith other tools, Ulcluding:

• Oral hirlon'eJ describing patterns of resource use as
'lived experience';

• Human uL1itil)' ,gndr based on observation of Infor
matH Intensity and frequency of resource use (con
ditional upon his/her consent)~

• Cf{~flitj,.e mappillJt depicting the relative salience of en
vironmental features from the informants' p01nt of
view.

Methodological tools
Researchers adopted and modified a commonly used pro
jective techl1lquc for psychological assessment ktl0\\t11 as
ThematiC :\pperceptIOI1 Tests (fATs), consist1l1gof a set
of cards each shOWing an ambiguous representation, gen
erally drawn, of one or more human figures. The respon
dent is asked to tell a story about each card. The theory is
that respondents reveal their concepts and \vishes In the
process of making sense of the figures.

1111s study used 20 photographs of scenes from the wa

tershed, illustrating aspects of the landscape, sustainable
and unsustainable agricultural strategies, and humans in
relations to plants and to each other. Respondents were
asked, "Could you tell us a story about thIS photograph-"
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PretestUlg of the l11.<ut'oaJs .Uld merhtx:ls IS l-sscmlM since
the srrucNn." and slgntiit.:AJlcC ot sroC)7 tdhng VAnes
ACross culmres. The '·Iswl loois were developed by
drawmg from matenAis and lfiSlghlS generAted by thetr

prevIous and t:Uf'b:ooutant rese-Mch~ pre-tested With re

spondents of both genders and dIfferent edullc groups

Data aaalysis
Local enumecuors ulterYlewed respondents 111 their
natn"C language. 1be elicited stones. were t.tpe~ro.:ontcd~

lranscnbed verbAhIll, and tr:mslated mtn Engltsh b\' I\\\>

;lSSlStIDts who constIDdy cross-<:hedred eAch olher. The
transcnbed stones were AIlalyzed and .1 fOr-.lI oi 3~

themes were ,dennfied

The themes were clustered U1 tour malor cAregones:

1) InmnstC value (I.e. beauty. harmon~·. dl\~rslry.

sense of plat:e. mten.::onnecredness of oaNrAl ele
ments, en:.) :

,r'hal 1 am i.t!'1 U lbullht Inti lit tht ~JtlU'OllJllol1 drt

allI~ htoll/ifNI... t/¥'- i.iJJt 61ah Jb ./n[ i'tJ()i UlCa .t

.t!Jjmhau ..

U-~htn tlwr dI't d lot oj JrJlllJ. /fw-r .In ubo d 1M 01
bmi) tAoltd 011 tl ad ,j,ttr lot,,? or }.NJ1tlltIJt.!. JTr

!fJOli /QO.

!) care for and USC of environment (I_e _usefulness of
resour('es~ but also ('oncern for uSlOg them

susramably. elc.\:

Tht ITJlllkJ· 'WI also Ix H.itd iIi poib jor hoIlJtJ· tDlO
tut lIIort o"OlIlfortubk tAlIt bd~"boo ... Tlat {tl1lt.- ,"JIl

Iii( /tid tii roof lor til( I!Jif}(f) ....

« ••• Tbu _ -.is '-;., r..- - of
..... Jhtn .. Inti. Jhtn .. ",.;,. Tbm
Jmj .. -' 1IJ"..,. • .-; dJtJ ..0
"""§"frnh ... htn: • ",.;, .. .,.; '"
pt....!In!",. ---u~._
1 "'" J« • flo•." ~ • 'r' Ibn

Jlt-n - -Ie-t"'.,;
..11 .....,"'1/ ."..
_sdw~fI-.,,·

:\ prpducupo onc:nJahQo (I e \.'omrrtn:"uhnnon, u.~ of
InpufS~ ecnnonbc ~lk:ces$.. eft.::

Tilt j/~~dT.un~!I('t"(;i I1rJ1'lJ!l!. f\JfI'f:'l,~ dTr ht~,

lrhmA: IAn m!lt:fl t·ft#/'t tJ.f ~(ll'Jn.

Tht tlJr" unui. iVY 't"f."l lJl..!... J... 1HJl i.IUr Ii J~ ..J.JcJ
/~rtl"~ or JflJl(

4; so....a1 pphrwa! erooOlD!C wahow '." t'Jrndv he>1th.
11\'(-llhotJd str.lteg,tes. j(l(.·I.al 5-lr.allilC.lt,.,JO. g-~n-emnlC1l1
(onrrol~ hie dlffk.:ulfR·S, (;"J(

Thh IJOiIJ! ,"..f.HJI.r1 ;IIJJ :J1rf DJkrtn' U j ...... &4kfot .....

IllJltJ (JIHttr:; o! .~k,;{; !.t.t .1'!H JT'( br:~t"!l"'ri.i:;fj~:Iv

niJ..

TM( .kld,," 10m. :~ J1Y IvJ1Jfr, bA_ ,btu~
lHk.1,!JOd .un ~ rknr ~,n tt lhi) tm!'J f.ontr -il .....-NrlI:"

lift bmvt" I1>rt J1Y !JTS'UTL.T1ot .:hiLim, oJ", ~" ,.

IN ",olllfldtn, .Ht btll" 1~1f .JlTY (,I;~ fA. J-l.fn:tt
/'-' rk !O."h

The srone-s wen: $Cored hA..~ on domuunr dlemes, per·
f"alnlflg tn locAlly rrlt"\-.uu l:ono:prs. of SUSUuublht'~, M1d

<twill)" of hf" Th,' storm!! ..·AS .lone I>\" three gnJwre
srudenrs from dlftcnl1f dL"ClplUll"$ md (OUfltnc.~_ i'~\'e-nru

ally me prntect .mrods. tu rA-k the T.'T cat~oObhKk tn
l(,;tl people hi ~"'l' hnw dns.t·I\· the.' xonnJ2 '5-~"'5-re.'1TI (:(\£ff

sponds 10 their \\.;.ty of dA~-SI~'"Ulg~_

.\ score of I or 0 Wb ~",n depenJm!! on unether A pM·

m-war theme was pn:.-Sl'1U or ahSot.'1u U1 a T.-\T sro~· Cf.\T
stones (ontAlned ilIOn- rh:m nne Ih{-nl("~ The totAl S('O!'t'

fnr d theme ,\\-,lS the numbe."f pf tunl"'s. II \\~.L'" mennoned bv
All me ulforrn.mts frhc ITlAXun.un 5>\:0["(' h~.'U\g ~) x :; t =
1.1)~(i POintS:'



EIIl'ironmettta!peraptioflS and
pn·oritie.f differ a,wrdil!~ to the

iJ/(iil'iduaFr po.fitionil{~ in the !ota!
Joda! Jtntdure. That iJ; hi... or her

'/'(JI/t({~e poil/t:
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more sal1ent for indigenolls Talaandig,
who have suffer greater marglnalization.

Age group
Informants in thetr SO's were less focused

on the inherent beauty And direct use of
resources, moce attuned to theu" commer

Cial value, and more willing to use exter

nal inputs. The hypothesis is that farmers
who are now U1 theu" 50's, might have been

more deeply mfluenced by Green Revo
lution ideas, promoted during the 1970's.

Dunng that time pe
riod, these farmers
were In their 20s, a

more impressionable
age. Younger people,
on the other hand,
rnav he more aware of

the f,ulures of the Grecn Revolution and
morc committed to restoring- the environ~

ment.

Quantitative, operational indicators of
sustainabiltty and guallty of life do not
always coincide with \vhat matters to lo
cal people. ThIS case snldy indicates that
modified T_\Ts, complemented by other
ethnographic methods, can be used to in~

tegrate local perspectives and concerns
into env1f()I1mental monitoring.

TIlis brief draws from an artide by Virginia

Na7.a.rea, Robert Rhoades, Erla Bontnyan,
and Gabriela Rora entitled "D¢ning
!mu,IJIOfY Irh;,b .\fake SenJe 10 Local People:
!"tra~C.,tllurall·7tJ,ialiof! ;11 Pnrepliot1s (!f NtltlmJ!

ReJlllfrtu," publtshcd Ill: Hllmal1 0r.grmiZtltwlI,

VoL 57. No.2 1998. pp. 109-171).

ldoreovl'r, It pomts to the importance of
an analytical approach that encompasses
the diverse angles from which the land
scape is perceived by people helong1l1g to
different ethniC, gender, and age groups.
The method has great potential not only
for cross-cultural comparison but for 111

vestigating finely-patterned intra-cultural
varia tions as well.

Total sample
The data shows that local people gtve prIority to .
values that are not often reflected in com'corional

measures and indicators. For Instance, direct

uses of natural resources were stressed more
than their commercial worth . .:\Iso salient for \VI1.

tershed residents were intrinsic, non-uttlitarian val

ues, such as beauty of the landscape, diversity of
plants, and interconnectedness of natural ele
ments.

Themes related to fam
ily and communlt)' rela
tions, social hierarchy,
and government author
it)', were also prominent.
\'i,'hile generally predIS-

posed to accept the status quo and the downSides
of development, the informants nonetheless ques
tioned the necessity of changes that threatened
quality of hfe and envIronmental health.

By dlsaggregating the data bv significant social
differentiation vanables, the researchers found that
environmental perceptions and priorities differed
according to the informant's positioning: in the
local social structure (that IS, her/his l.£llllo,ge point)
which IS determmed by gender, ethnloty, and age.

Gender
Discourse analysis of stories shows women domi
nating in managing internal relations and ensur
ing social stability, and men prevalltng in control
of resources and contacts with markets and the
state. 'Women showed greater appreciation of in
digenous knowledge, while responsibilitv for natu
ral resources received more attention by men.
Commercialization was more emphaSized by men.
Social hierarchy and government control were also
more salient for men, while family relations and
human health scored higher in \vomen's stories.

Etbnicity
Usefulness of resources was a primary concern
for all ethlllc groups. But commerCIal and pro
duction issues were mentioned more frelluently
by Dumagat settlers, who have greater access to
capital and resources than other groups. On the
other hand, social inequality and statc power were
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Appendix IV
Acknowledgement of Feedback

Prior to the printing of this manual, all lessons were reviewed by a panel of eleven expens in
science education, environmental education, sustainable agriculture. and D8lUTaI resource man
agement Six were from the United States and five were from developing countries. A great
deal of the feedback from these individuals has been incorporated within the c:urrent version of
the lesson plans, either directly within the text of the lessons. as "side bar'" suggestions, or with
in introductory or supporting material, Some comments, however, were country specific and
therefore could not be incorporated into these lessons without completely restrue:turing them to
meet specific country curriculum standards and requirements. Additionally, some reviewers
noted that lessons presented in this manual might be too complex for some teachers and SIU

dents who do not have a strong science background or who are unfamiliar with the scieutific
method of inquiry. The authors readily acknowledge this concern and would like to re-empha
size that we do not wish to replace indigenous knowledge or traditional ways of inquiry and
investigation. We hope that that educators will use this manual as a means to compliment these
methodologies and provide new perspectives for teachers and students. Additionally, as a mIu1t
of reviewer comments, scientific and technical language has been simplified and ways to modi
IY parts of (or entire) lessons are provided.

The authors are most grateful to the eleven reviewers who volunteered their time and thougbts
in the lesson plan review as well as the overall project:

Kim Bailey, Environmental Outreach Coordinator, Georgia Department ofNatural Resoun:es,
Environmental Protection Division, Land Protection Branch, Atlanta, Georgia, U.SA,
Katherine Bates, Peace Core Volunteer, Honduras
Licenciada Maria de los Angeles Castro. Educator, Santa Elena, PetCn, Guatemala
Maria Augusta Espinosa V., Anthropologist, Quito-Ecuador
Lillian Hood, Librarian, Bemon Heights Elementary School. Woonsocket, Rhode Island,
U,S,A,
Carla Roncoli, Deputy Director, SANREM CRSP, Watkinsville, Georgia, U.SA
Carlos Perez, Director, SANREM CRSP, Watkinsville, Georgia, U.S,A.
Anne Shenk. Director of Education, The State Botanical Garden of Georgia, Athens, Georgia,
U.S.A,
Antonio T. S...haIan. M.U.P, D.M., Licensed Environmental Planner, Rural DeveIopmeut
Consultant, City of Malaybalay, Bukidnon, Philippines
Elvira B. Snmbalan. Ph.D.• Professor, Bukidnon State College, City of MalaybaJay, Bukidnon,
Philippines
Norm ThomsOII, School ofTeacher Education, Science Education, The University of Georgia,
Athens, Georgia, U.S.A.

We also thank the following individuals for additional fftdback. support, suggestions and
encouragement: Dr. Vuginia Nazarea (SANREM-SEA), Dr. Vel Summinguit (SANREM-SEA),
Dr. Bill Deutsch (SANREM-SEA), Dr. Gladys Buenavista (SANREM-SEA), Roberta Hilbruner
(USAIDIEGATINRMILRM), Erin Riley (Dept. ofAnthropology, Univ. of Georgia)
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Thank you to the following for allowing the use and reproduction of educational materials that
contributed to the formation of this manual:

• Education for a Sustainable Future Project, Center for a Sustainable Future, Cobb
County Schools, Marietta, Georgia, U.S.A. http://csf.concord.orgiesf/

• California State University, Chico, Chico, California, U.S.A., Service Learning Online
Course. htl1J://www.csuchico.edu/psed/servicelearningl

• The National Geographic Society. httP;//www.national~eo~raphic.com

• AAAS (American Association for the Advancement of Science).
http://www.eureklert.orglkidsnews

• Science News for Kids. http://www.sciencenewsforkids.or~

Thank you to the United States Agency for International Development (USAID) for the support
of this project.
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Appendix V
Scientific Documents for Cbildreu

This appendix contains four scientific documents ",Tinen for children. These documents can be
used to develop units of lessons that introduce science and natural resource management c0n

cepts and are multi-disciplinary, leamer-centered, and fun for students.

..
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The following article was reprinted with pennission from AAAS. "A Forest's Appetite
for Carbon," Science for kids:
http://www.eurekalert.org/kidsnews/index.php?page=malamala-kids. Copyright 2003
AAAS. Individuals using this manual may use AAAS material for non-commercial,
classroom purposes only. Any other use requires permission of the copyright holder.

'While you're outside diving into piles of fallen
leaves. itnagine piles of dead roots undergro\Uld. A
group of scientists did m.or-e that jU"it picnU"e it
They dug into the dirt in search of dead roots with a
specific question in mind:

Do the tiny roots from diff",ent kinds of trees live
for the same length of time~

These root-searching scientists say no. Instead, they
report that tiny pine-tree roots b\·-e longer than the
itsy-bitsy TOOts from. s,v~tgurn trees. Roser
Mat:a.n::la1.a of the Argonne National Laboratory in
Argonne, IL. and her colleagues descnbe this
discov'ery in the 21 November issue of the jotunal
&imtCB.

In the past, other scientists have predicted a
different answer-suggeshng that lDOst of the
SIDa11est tree roots from all kinds of trees die and
get replaced by a ne""'- set every year.

The length of root life is important. It helps
detennine the 81l101l1lt of carbon that the forests pu.ll
out of the attnosph=e (through photosynthesis) and
deposit into long-tenn storage _The level of carbon
in the air. es~lallyUl the fonn of carbon choxide.
impacts the process of global wanlling.

If long-lived roots are found in other forests. then
the world's tr~s nlight not be storing carbon in the
soil as quickly as scientists have es.timated_

Realizing that some forests may not be soaking up
carbon as fast as "we thought highlights the small
d:U:ngs that kids can do to reduce the 3I11Ount of
carbon dioxide in the atnlOspbere. Turning off
lights. recycling paper. and '\valking instead of
driving are simple ways to lunit the carbon you add
to tbe atmosphere. says Matamala.

As a kid, she said that sl... diOO' t think about
protecting the environment No"...' she is lIlOTe
carefilL

"It's easier for us to reduce the ar1lO1l1lt ofcarbon
dioxide that we add to the air than it is for forests to
pull extra carbon out." says Matamala. who will be
teaching these satne lessons to hee fom- month old
baby when sl... is old enough to llllderstaud.

ScifInClI is published by AAAS. d:lC' non-profit
~soci~
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The fonowing article was reprinted counesy ofThe National Geographic Society. All
rights reserved.

Photogri,ph courtesy Corbts

Soenbsts at Cornell unIVersity found
that hot cocoa may help fight cancer.

Scientists at Cornell

University in New York

State found that hot

cocoa may help fight cancer.

Cocoa May Help
Fight Cancer,
Study Says

Bysa..... lves
National Geographic News
December t 9, 2003

Could hot chocolate

actually be good for you?

According to a new

study, the answer may

be yes!

Chang lee, a professor of food chemistry, led a team of

scientists that did the first ever study comparing hot

chocolate with other drinks known to help fight cancer (a

harmful disease) .

..

..

..

..

•
•

lee and his team compared hot cocoa with green tea,

black tea, and red wine.

The results give hope to chocolate lovers everywhere.

..
•

·Cocoa came out on top,· said lee.

Sound too good to be true? lee explained that cocoa is

high in antioxidants (an-tee-QX-uh-dints).

•



Antioxidants are chemicals in the body that fight cancer

causing substances called free radicals. Free radicals

naturally occur in the body, but if there are too many of

them, they can damage the body and cause cancer.

Getting a lot of antioxidants from fruits, vegetables-and

cocoa-may help your body stay cancer free!

Just because cocoa may help fight cancer, you shouldn't

necessarily drink hot cocoa for breakfast, lunch, and

dinner. Experts still recommend eating fmits and

vegetables as a way of making sure you get plenty of

antioxidants.

The study appeared in the December 3 issue of the Journal

of Agricultural and Food Chemistry.

© 1996-2004 National Geograph,e Society. All rij:jhts reserved

\~I

..

..

..

..
-

-
•

•

II

•
•



•
The following article was reprinted courtesy ofThe National Geographic Society. All
rights reserved.

AccordIng to some researchers. an
adult rattlesnake can recogOlze ItS

brothers and SIsters that were born
in the same Irtter-even If they were
separated at btrth.
Image courtesy Rulon W. et"rlc.
DepiJrtment of NeurobIOlogy "00
Beh.JVlor. Cornell UnIVerSIty

Danger-that's what

most people think when

they see rattlesnakes.

But some scientists are

starting to think that

these deadly snakes may

have a more caring side.

Researchers, led by

Rulon Clark of Cornell

University in New York,

have been stUdying timber rattlesnakes in the eastern

United States. And what they found may surprise you.

Reported by James 0-. and
written by sarah Iyes
National Geographic Kids
News
Man:h 04, 2004

The Cuddly Side
of Rattlesnakes?

oM

lOt

•
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As adults, researchers say,

rattlesnakes can recognize their

brothers and sisters that were

born in the same litter-even if

they were separated at birth.

Snakes can tell a lot with their

senses. ·With a single flick of his

tongue, a male garter snake can

not only tell the species of another

snake, but also its sex, its body

S.ster snakes that were
born together spend
more time dose to each
other than other snakes.
says soenbst Rulon
Clark.
Im.oge courtesy Rulon
W. Cl<Jrlc, DepMtrnent of

..



size ... and whether or not it has

mated recently," said Rick Shire, a

snake expert at the University of

Sydney in Australia.

Neurobiology and
Behavior, Cornell
University

..

•
·Clark's work lets us know that-like lizards-these animals

can also tell whether or not the other animal is a close

relative," Shire added.

Clark studied 24 timber rattlesnakes in a laboratory. He

kept the snakes apart from each other for two and a half

years. Clark then brought the snakes back together in

pairs. Clark found that sister snakes that were born

together spent more time close to each other than other

snakes. Sister snakes spent almost half the time with their
bodies wrapped together!

Male snakes did not spend time close together whether or

not they were related. Clark believes that the males' lack

of closeness was a result of lab conditions that made male

snakes more aggressive than normal.

Clark says that related snakes probably stick together for

protection from their enemies. Rattlesnakes can be food

for badgers, coyotes, eagles, foxes, opossums, raccoons,

skunks, and wild pigs. "I even had an adult female [snake]

1 was radio-tracking last year killed by a red-tailed hawk,"

Clark added.

Timber rattlesnakes need all the protection they can get.

The animals are listed as endangered or threatened by 15

U.S. states.

© 1996-2004 National Geographic Society All rights reserved
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The following article was reprinted courtesy ofScience News for Kids. Copyright 0
2004 by Science News for Kids. hnp:/lw\\w.sciencenewsforkids.org
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Appendix VI
Additional Information

Over the past year, this project bas taken numerous fonns. As this project took shape a variety
of additional products were created. Two of these effons follow:

I. Appendix VIA: This appendix includes a sample two-day leacher training agenda that \\'3S

written as a collaborative effort between the authors of this manual, SANREM South East Asia
(SEA) team members, and a Filipino teacher/graduate student (the objectives of this proposed
agenda are listed on pages 2-4 of this manual). While the authors of this manual did IJO( tra,,-cl
to the Philippines to take part in this suggested training, the agenda was reviewed. modified and
approved by our Filipino partners as being a worthwhile endeavor for Filipino teachers. At least
some, if not all, of the training agenda was to be used as a resource for Mrs. Sumbalan's doctor
al dissertation.

This agenda was designed to serve as an outline of a proposed teacher training WOIbbop and
therefore does not contain a significant amount ofdetail per scheduled activity. This workshop
outline can be modified to focus on any type of research (not just SANREM) and involve facul
ty from nearby colleges or researchers from agricultural stations. It can also be used to improve
language skills (e.g., English language skills).

2. Appendix VIB: This appendix provides a brief annotated list of sustainable agnculture and
environmental education resources (i.e., lesson plans and curricular material) as well as infor
mation about service learning. all of which can be accessed via the World Wide Web.

..
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Appendix VIA: Integrating Natural Resource Management in the Classroom: Philippines
Teacher Training

Objectives:
* To give teachers background information on Natural Resource Management (NRM)
Principles, SANREM-SEA research and results, to improve language skills through NRM les
sons, and to create leamer-centered lessons that use the local environment to engage learning.

* To develop a Unit Development Plan that will guide teachers in creating NRM lessons that
enhance English language skills, are leamer-centered, and use the local environment to engage
learning.

* To introduce the people working on this project to one another and to solidify the
intent of this collaborative project to the teachers developing the lesson plans.

Example Agenda:

Day 1
8:00
Introduction
* Introduce project and project collaborators.
* Ice breaker activity (i.e., a game to introduce everyone).

8:30
Introduction to Natural Resource Management Principles and Systems Thinking
* Teachers define a system and identify different systems.
* Introduce and discuss rules of how all systems function.
* Discuss the Natural System (e.g., river ecosystem) - how it functions (general relationships)

(15 minute break)

* Discuss the Social System (e.g., human health care system) and the interactions between
social and natural systems. What demands do we put on natural systems?

* Issues (problems) that arise from these interactions.
* Diagram an issue and look at the interactions of the systems involved.
* Consider solutions to the problems based on the interactions of the systems.

* Introduce the idea of sustainability. Have teachers define sustainability. Discuss the impor
tance of understanding the relationships between systems in order to make sustainable decisions
about our resources.

11:30
Why integrate natural resource management in the classroom; how/why is this a good
way to enhance English language skills?

...
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12:00 - Lunch

1:00
How can we integrate natonl resource management information into our aarrellt aarriaa
lum?
• Effective methods for teaching NRM concepts: An introduction to different teaching methods
(one of these methods will be "Ieamer-centered"" teaching).

• Presentation of two different teaching methods for the same material and objectives.
Comparison of the methods. Discussion of variations.

• How to use the local environment to engage learning and create lessons that are
learner-centered.

2:00
Begin developing a Unit Plan

linking Curriculum
• Teachers will create an interdisciplinary curriculum slllJUlards map. This map will link cur
riculum standards so that standards for different subjects can be taught in an interdisciplinary
fashion. Enhancement/improvement of English language skills can be incorporated in all parts
of this map.

• Teachers will determine the best places in the curriculum for teaching NRM-based lessons.

3:00
Teachen will develop an essential question based OB standards that they mlllt tadllIIId
the interactions of systems in their local environment.
• Essell/ial questions are the main questions that are addressed in a lesson. l1Jey are general
questions that focus on the interactions between systems in the local environment (e.g. How
does an increase in the number of banana plantations affect the water quality in our village?).

4:00
Creating a Resonrce Map
• Teachers will determine what resources they have in their community! environment that can
help them teach a lesson.

5:00
AdjoBrD for the Day

8:00
Presentation of SANREM-SEA resean:h and results and how they can be ued fa a m

room

'lj; • 1/1



11:30
Teachers determine how the resources available to them can be used to teach the stan
dards that they have chosen to address
* This process would ideally be a collaborative one; small groups of teachers and SANREM
SEA presenters could work together.

12:00 - Lunch

1:00
Teachers determine student generated questions
* These are questions that students will likely formulate after observing relationships between
systems in their local environment. These questions will drive leamer-centered investigations.

• Discuss the steps between formulating a question and formulating a hypothesis.

1:30
Teachers describe possible activities to address student questions
• Lesson plan ideas will be created for these activities. In subsequent months, these ideas will
be further developed in the form of full lesson plans. Because the students generated the ques
tions that are driving the lessons, students will feel a greater ownership of the lessons and the
learning process.

2:00- Break

2:15
*Discuss what to do with results
* How can results be used?

• Creating causal loop diagrams to describe system behavior (causal loop diagrams are a
way to illustrate how a system works; they consist of arrows connecting the system vari
ables in a manner that shows how one variable affect another variable)
• Graphing system behavior
• Organizing data for comparison
• Integrating SANREM data as a comparison for results

2:45
*Assessment
*Determining methods for measuring students' understanding of the subject matter and mastery
of the standards

..
•
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3:15
Preparation of materials for teacher presentations

3:30
Teachers present their Unit Plans and two potential NRM lessons
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4:45
Describe the rest of the project and the timeline

5:00 - Adjourn
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Appendix VIB: Snstainable Agriculture (SA) and Environmental Education (EE)
Resources

Website URL Website ntle Annotation/Comment
htn>:Ilwww.naJ.usda.gov/afsicl Sustainable This web site gives an extensive list of
AFSIC pubslk-12.htm Agriculture 'SA'resourcesicurriculaiwebsites.

Resources for However, many of the curricula listed are
Teachers K-12 broad-based EE curricula and do not
(United States specifically address SA. Grade level: K-
Based) 12; primary through secondary.

http://www.gatewest.net/-green Green and Growing This web site provides lessons that focus
Ifromlindex.html (Canada Based) on SA. They are quite detailed in infor-

mation and have a heavy science content.
Grade level: high school; upper second-
ary.

http://www.acsu.kI2.vt.us/RO Food Works - In the Of the publications from Food Works, In
OTSNet.htmllsisters.html Three Sisters Garden the Three Sisters Garden is the book

(United States most related to SA (rather than just EE).
Based) This book focuses on the link between

culture (especially those of Native
Americans) and agriculture. Web site
provides a detailed description of the
book, but example lessons from the book
are not available. Grade level: grades I
and 2; primary.

http://www.tilburvhouse.comlC Healthy Foods from This web site provides a detailed descrip-
Ihildren%27S%20Frames/child Healthy Soils tion of the book Healthy Foods from
health fr.html (United States Healthy Soils. This book focuses on the

Based) connection between human health and
the health of the land and food that we
eat. Example lessons from the book are
not available. Grade level: K-6; early
and upper primary, early secondary.

htn>:/Iwww.umich.edul-mmcpu Sustainable This resource list provides articles,
b/resourceslResLists/agri.html Agriculture books, videos, online resources, faculty,

Resource List and organizations to help incorporate
(United States pollution prevention into agriculture
Based) classes. It does not include specific cur-

riculallessons but does provide resources
for curriculum development. Geared for
advanced levels (i.e., college students,
researchers, practitioners, professors).

...
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Website URL Website Title Annotationlc... OR'~ t

http: ",>ww.nun.Qld'l:ov.aul Sustainable Agriculture As stated from the website: 1bis module
.A..~·tionimorllllo>'<!illninr< Practices - ONR provides a selection of activities as a basis
econdaIy1sustainabie agri- Queensland (Australia for teachers to develop their own individ-
culture! Based) ualized units of work. These units could

combine activities from a range of mod-
ules and other sources...The key concept
developed in this module is that decisions
about the ways in which science is applied
have soon-term and long-term implica-
tions for the environment., for communi-
ties and for individuals. Other key c0n-

cepts to which this module relates are:
that living things use the resources of the
eanb, solar system and the universe to
meet their needs; and that environments
are dynamic and have living and non-liv-
ing components, which interact. Acti\<;ties
are designed to help students understand
that the applications of science have
immediate and long-term consequences
for society, and consider the implications
of using renewable and non-renewable
resources on habitat modification and
species diversity."

Lessons have a strong focus 011 meeting
standards, particularly areas of science.
Lessons are not very interdisciplinary.
Lesson content is thorough. Good Ic:ssonsf
curriculum. Grade level: midd\e school
level; junior secondary level.

h!1P:!ffaite.nete.net.aulresou Agriculture and Land This site promotes learning materials that
rcesibookSifieJdwork kj\.ht Management have been developed on a collaborative

ill Fieldwork Kit basis by farmers, students, teachers,
(Australia Based) Depanment of Natural Resources and

Environment staff, and other organiza-
tions. The few lessons that can be
reviewed have themes that relate to SA,
but the lessons lack in detail and assess-
ment. Grade level: middlelupper elemen-
tary; middle/upper primary.

"'1 sA '"



Website URL Website Title Annotation/Comment

htm://foodlandl'col'lc.or~ Project Food, Land and People Web site provides brief descriptions
(United States Based) of lessons that comprise the book

Project Food. Land and Peo.ple.
These lessons cover a diverse array
of topics associated with agriculture
and the environment (e.g., grazmg
practices, role of aviation in agricul-
ture, tillage techniques). Example
lessons can be viewed and are
designed in a general framework so
that states (of the United States) can
"easily" match them to state curricu-
lar standards. These lessons are not
leamer-centered, vary in detail, and
are for a wide range of age/school
levels. Grade level: elementary and
middle school; primary and second-
ary.

hno:llwww.wisc.edulcias Center for Integrated Description of sustainable agriculture
Ipubs/curricul.html Agricultural Systems (United curriculum, a teacher's guide, and

States Based) resources for teaching sustainable
agriculture given. No example les-
sons given. Inexpensive to order.
Grade level: high school, upper sec-
ondary.

hno:llwww.csuchico.edul Service-Learning, California Description of the basic terms and
psedlservicelearning/mod State University: Module I: concepts associated with service
lfmodl 4-l.html Introducing Service Learning learning.

(United States Based)

-
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Appendb VII
AddtioDai Tests for A WGtn' WIltCIr and .4 Soil Study

Appendix VIlA. AddtiODai Tests for if WGtn WIltCIr

I. Determining Stream Flow (including volume (how much of somedIiDg is
present) and velocity (how fast some
thing travels». Stream Dow is defined as
the volume of water moving past a certain
point during a specific period oftime. In
order to determine stream flow. one must
measure the stream velocity and the average
volume of water in a given area. Stream flow
is useful in determining the effects of weath
er events or seasons such as floodiog or
drought . One can calculate the stream flow
in a specific season and compare it to an0th
er season or a season average. During slorIII

events one can also determine the increase in
stream flow based on the amount of rain that
has fallen in a period of time. This data can
be used to predict when rain may cause

severe flooding. Stream flow measurements are also used to determine the how well a stream
can tum a turbine (motor) or for diluting pollution.

Stream flow is influenced by the amount of vegetation present in a watershed. The more vege
tation present, the slower water will move across the land and into stream or other body of
water. The vegetation slows runoff by acting as a
barrier and by taking up water through its roots.

Materials:
• a watch or a timer
• an orange or other Ooatiog object
• a measuring tape or length of string that is
marked to measure 10 meters
• extra string
• dry sticks or measuring sticks for detennining stream depth
• optional: a calculator

Mark ten meters along the bank of the stream. This will be the area that you will sample. The
first measurement that students will collect is the average area of the cross sectioII of the
stream. Explain that a cross section is what one would see if they could cut a stream in half
(width-wise) and look at it from the end. It may be helpful to draw a picture ofa cross section
ofa stream.
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Cross Section of a Stream
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To detennine stream volume, students will first need to know the width of the stream. This
information can be gathered by using a measuring tape or string to measure from one side of
the stream to the other.

Width of the stream = m

Next students will need to measure the depth of the stream. Explain that the depth of the
stream varies from the sides to the middle, so students will measure the stream in three regular
ly spaced areas and then use an average of those three numbers and the number zero (which is
the depth of the stream at the very edge).

•
•
•

lo..-)

I

j

Whelll to Measulll Sllllam Depth Across a Stlllam

Break the class into four groups and choose four areas along the 10 meters (regularly spaced)
for groups to take measurements. If possible, tie pieces of string so that they stretch across the
stream and mark the four cross section areas. Students should measure stream depth once in the
middle of the stream and once between the middle and the edge of the stream on each side.

•
•
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Measuring Stream Depth Using Dry Sticks or Measuring Sticks

Measure stream depth using a measuring stick or dry stick and a measuring tape (if using a dry
stick measure shallow areas first). Place the measuring stick or the dry stick in the water.
Record where the water reaches on the measuring stick (or remove the dry stick from the water
and measure the distance from the bottom of the stick to lhe top of lhe area where the water left
a mark).

..
•
III

•

..

Stream Bottom

Measuring Stream Depth with a
Measuring Stick lOry Stickl

Dry Area

Wet Area

MeasurirlQ!
Tape I

All,., idIa W



-
Record the three measurements on a piece of paper and also include the number zero. Add the
four numbers (including zero) together and divide by four. That is the average depth across the
line in the stream.

•

•

Multiply the average depth at the cross section by the width of the stream at the cross section to
determine the area at the cross section of the stream.

___ m+ m+ m+ Om
measurement I measurement 2 measurement 3

___m./4= m
average depth at cross section -

-
___m x m =
width of the stream at cross section average depth of the stream at cross section area at cross section

Determine the average area at the cross section by adding each group's area at the cross section
value and dividing by 4.

The average of all of the measurements along the ten meters can then be multiplied by the
length of the area (10 m) to determine the volume of water. Volume is expressed in cubic

meters (m3). Explain that the volume measurement represents all of the water in the ten-meter
area.

..

..
group 4 area average area

m2 + m2 +
group 2 area group 3 area

m2 x 10 m = m3
---
average area length volume

The next task is to measure how fast the water in the stream is moving (velocity). Explain that
velocity is measured by determining how far the water moves in a specific amount of time. An
object that floats will move at the same speed as the water (note: objects that float slightly
below the surface of the water, such as an orange, are more accurate measures of stream veloci
ty than objects that float high in the water because they have less contact with the air above the
stream and therefore produce less friction).

;;s-..
One student should be in charge of watching the watch or timer. Another student should toss the
orange into the middle of the current upstream from the ten-meter boundary marker. The stu
dent with the watch should begin counting time as the orange passes by or under the beginning
mark of the ten meters. Once the object passes the person at the downstream end of the ten
meters that person should yell "stop" to the person with the watch. The time should be recorded
and the activity should be repeated three times. Calculate an average time.

•___.s+ s+ s= s/3= s
trial I time trial 2 time trial 3 time average time

•
At the very bottom of the stream the moving water comes in contact with the earth. Because the
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The length of the stream section (10 meters) can then be divided by the average time with c0m

pensation for drag to determine the velocity of the stream (students may wish to convert the
example units of measurement into more common ones such as inches or feet).

earth at the bottom of the stream is more or less stationary (does not moveI. this creates a small
amount of friction (or drag) that slows the water. To compensate for this slower water at the
bottom of the stream, multiply the average time by a coefficient of 0.8 (s) for streams with
rocky bottoms or 0.9 (s) for streams with smooth bottoms.

..

..

..
II

___ s x

average lime for drag

0.8 or
rocky bottom

0.9 =
smooch bottom

___ s
average time with c....... ' wion

.. 10 m / s =
length of stream section average lime with compensation fur dnIg

___ mls

stream vdociIy

To determine stream flow multiply the volume of water in cubic meters by the velocity that the
water is moving in number of meters! second. This will give you the stream flow in cubic
meters per second.

II. Sampling for specific plant or animal species: Students may wish to know if the
body of water that they are studying contains a certain species of plant or animal. Sampling an
area for a specific species requires research on the specific species to determine the best medJ
ods for sampling. For example, a student interested in salamanders may find that the best place
to look for them is on the streamside near vegetation. Another method may be searching for a
specific species in a variety ofareas in the body of water. The species presence or absence may
indicate changes in the stream habitat and it might lead to hypotheses about what the particular
species requires in a habitat. Salamander presence upstream and absence downstream may indi
cate a change in habitat that excludes salamandns in downstream areas. Students sbould test a
variety ofareas multiple times for accuracy.

ill

..

..

•

m3 x---
volume

____ mls

stream velocity

= ____m3/s

• III. Measuring Total Suspended Solids (TSS): Total suspended solids is the amount
of particulate matter (sand, sill, clay, and other particles) that are present in a stream. A measure
ofTSS can show where there are problems with erosion and siltation (the presence of large
amounts of silt or sand) in the stream. TSS is measured by the weight of solids per volume of
water sampled. This is usually expressed in milligrams per liter (mgIL). TSS will generally
fluctuate with the stream flow. In order to compare TSS over time, stream flow must also be
considered.

Materials:
*A liter (or other kno'Nn volume amount) vessel for caIT);ng water from each site sampled to
the classroom
* 2 micron filter paper (If this is not available a coffee filter or regular paper can be used. Tesa
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the filter paper to determine if TSS particles will flow through the paper. Ideally water will fil
ter through the paper very slowly and TSS particles will remain on the filter paper. Regardless
of the paper used, be sure to use the same paper for each sample so that they can be compared.)
• A bowl or jar for catching filtered water
• A funnel (this can be made by cutting the top off of a plastic soda bottle)
• A scale or balance (the more sensitive the better)*

Weigh the clean, dry filter paper using the balance or scale.

Weight of filter paper = mg

At each area to be sampled, a liter of water should be drawn in a clean vessel. This sample
should be taken before any other sampling that may increase the amount of sediment in the
water. Carry the water back to the classroom for further study.

In the classroom place the filter paper inside the funnel (it may need to be folded into a cone
shape to fit well in the funnel). Slowly pour the water through the filter paper into the empty
bowl or jar. Once all of the water has been poured through the paper, remove the paper and
place it in a warm area to dry. Once the paper is completely dry weigh it again.

Weight of filter paper and sediment =__mg

Subtract the weight of just the filter paper from the weight of the paper and the suspended
solids. The difference is the TSS in mg/L.

-

-
•

•

-
•

..
III

•
___ mg
weight of filter paper

___mg
weight of filter paper and sediment

= ___ mg/L
weight of sediment •

·Note: if a senstive scale is not available, fill a plastic liter bottle (e.g., soda bottle) with water
from a local stream and observe it for two to three days. Take note if any sediment forms on the
bottom. If so, measure the sediment with a ruler. This will give you an apprimation of how
much sediment, or TSS, can be found in your water site. •

•
..
•
..
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Appendix VIm: Addtional Tests for A Soil StlI""

I. Determining physical characteristics of soil: depth and texture. A soil's tn
tore and depth are imponam indicators of how well "lants will grow in a given area.

In an area that is not eroded, the soil is often deeper than in an area that is eroded. The top lay
ers of soil, including the organic matter and rich lopsoil, are the firsl to wash away into air or
water when erosion takes place. The remaining subsoil is generally less favorable for planl
growth. (see PlanL~. Animals. and Soil: A Natural Connecrion for more information on soil
horizons.) The soil particles that wash away do not remain in the water or air forever.
Eventually the water or air will slow and the soil particles will fall out and deposit themselves
somewhere. This process is called deposition. In areas of deposition the soil depth is generally
quite deep. By measuring soil depth students can compare areas oferosion and deposition and
can begin to understand how soils have moved through the area

Soil texture is the size and shape of the panicles thai make up the soil. Soil is made of sand,
silt, and clay particles, as well as bits of organic matter. Panicles that make up soil come liom
the weathered bedrock of the area. The best agricultural soils are made up of a variety ofdif
ferent particles, but plants grow differently depending on the soil in which they are found. For
example, some plants grow best in soils with a lot of silt while other prefer a more even mix
ture of sand and silt.

Sand is the largest soil particle and it is generally circular in shape. A very sandy soil will
absorb water well, bul also dry out or drain very quickly. It is also not able to hold important
nutrients for plants.

Clay is the smallest soil panicle. Clay panicles have a flat shape and they are very sticky. Soils
that have a lot of clay can hold a 101 of water and they drain very slowly. Clay holds onto water
and nutrients so tightly that plants cannol absorb them.

Silt is in-between sand and clay in size and olher charactcristics. Most agricultural crops do
well in soils with high silt content.

Soils of different textures erode and are deposited differently. In comparing soils liom eroded
and non-eroded sites students may discover differences in soil texture that make sites more or
less suitable to growing agricultural crops.

Materials:
* A shovel or a soil auger (soil enrer)
* Containers for collecting soil samples (one per site)
* Water
* Clear jars with straighl sides and a lid (one per site)
* Teaspoon ofIaundry detergent (one per site)

• A ruler
* Paper and pencils for recording data

II
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Explain the above infonnation about soil depth and texture to students.

With students, choose two or more sites to compare.

At each site, students should dig with a shovel or soil auger to measure soil depth. The depth of
each soil horizon (see soil activity Plants, Animals, and Soil: A Natural Connection) can be
measured as can depth to the water table (point at which the ground is saturated with water)
and the depth to bedrock. Students should record these measurements.

Collect soil at each site and bring it to the classroom to detennine the soil texture. Be sure to
label the containers with the name of the site from where the soil was collected.

Students should practice feeling the soil as it is collected. Once they become familiar with the
different soil textures they can detennine texture based on the way the soil feels.

To feel for soil texture students should place a small clump of soil in the palm of their hands.
Students should moisten the soil with a small amount of water and then rub the soil between
their fmgers. They will be able to feel the texture of the soil and with practice will be able to
detennine a soil's suitability for growing crops. If soil feels gritty it has a high sand content; if
it feels smooth and can be molded into a thin rope it has high clay content. Soils that are in
between sand and clay in texture may have high silt content.

-
•

•

-
•

-
•

•

•
In the classroom, place the collected soil samples on a table. To separate the soil particles and
detennine actual soil texture, students will place a clump of each soil sample in a separate glass
jar. Fill the jar with water and add a small amount of laundry detergent (this will help the parti
cles to separate).

Shake the jar until the soil is thoroughly mixed with the water
and soap. Allow the jar to sit and the soil to settle to the bot
tom of the jar. If soil has high clay content the jar may need
to sit overnight in order for the soil to settle. The soil will
form layers as it settles with the heavier particles on the bot
tom and lighter particles on the top. Any rocks or gravel will
sink to the bottom followed by a layer of sand, silt, and then
clay on as the top layer. Non-decomposed organic matter will
often float to the top.

Measure the different layers with a ruler. Use the equation
below to detennine the percentage of each layer:

I
11 ~-., -
"I~~~
~! ~--------

~
Jar of Settled Soil

•
II

•
II

•
_____cm I
Height of specific layer

______cm x
Total height of soil in the jar

100
percent of specific layer •

Detennine the percentage for the sand, silt, and clay layers. Soils of different sand, silt, and clay
percentages have different names and different physical characteristics. Use the following chart
to determine your soil's type:
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There are two lines that extendfrom each percenlage number on the figure above. It is impor
tant to remember than when drawing lines from a perr:enlage number. follow the same dirrction
in which the number is written.

To determine your soil texture. begin on the bottom axis with the percentage ofSQN/.. Mart your
soilspercentage ofsand with an 'x' on the perr:enlage number and then draw a linefrom the x
toward the clay axis. The line should be parallel with or directly on the given perrentDge lilies.
Extend the line through the clay axis. Next, mart your percenlage ofclay on the clay axis and
draw a line toward the silt axis. keeping the line parallel or on the given lines. Extend die line
through the silt axis. Final(v. draw a line from the silt axis to the sand axis and extend it
through the sand axis. Find where the three lines intersect at one point. The closestlobel tells
the name ofyour soil type. For agricultural crops. the most desirable soils are loams and are
located near the center ofthe triangle. As one moves toward the corners ofthe /riQngle die soil
becomes less desirable for growing agricultural crops.

Record the soil names and discuss the differences with the students. Which soils were found in
areas that had been eroded? Which soils were found in areas of deposition? Did students find
some soils to be more likely to erode than others? Which areas were best suited to growing
crops?

•
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II, Measuring water inrtItration rate, As rain falls on soil it will either soak into the
ground or move across the ground. Water that moves across the ground can cause erosion.
There are many reasons that water will not soak into the soil. Excessive amounts of rain, a steep
slope, soil compaction, small soil particle size, or a lack of organic matter can cause this.

* Compaction: When heavy objects (such as rain drops) repeatedly pass over soil, soil
particles get squeezed together more tightly. The air spaces between the soil particles get
smaller or may disappear. The presence of large air spaces helps soil absorb water
easily; therefore compacted soils cannot absorb much water. Rain that falls on these
areas is more likely to run off the soil surface before being absorbed.

* Soil particle size: Remcmber that soils arc composcd of different materials, such as
sand, clay, and organic material. Sand particles are relatively large and large air spaces
are found between them. Clay particles are much smaller and have smaller spaces
between them. Organic matter has an irregular shape and can absorb water between
particles. The composition of the soil (the relative amounts of sand, clay, and organic
material) will influence the infiltration (or absorption) rate of water. Sandy soil will
absorb water relatively quickly while clay absorbs water slowly (clay, however, will
hold the water longer than sandy soil). The presence of organic matter will slow down
the water infiltration rate of sandy soil and will speed the uptake of water in clay soils.

Plants'roots often use water that is absorbed into soil. On a steep slope where vegetation has
been removed, heavy rain can cause soil to erode quickly. Students can easily measure the rate
at which water is absorbed into the soil and, by doing so, can deter
mine if a soil site is vulnerable to erosion.

Materials:
* A tin can with both ends removed
*A vessel for carrying watcr
*A stop watch or a watch with a second hand

Visit an outdoor area with vegetation growing in soil. The site must
be large enough to conduct water absorption tests in three different
areas of the site. Students should remove any vegetation from the
soil surface but leave the roots in place.

Push the tin can into the soil to a depth of about 2cm (0.787 inches). (If the soil is very dry and
you cannot push the can in, wet the soil with a small amount of water before pushing the can
into the ground.)

Fill the can with water until water reaches the rim of the can.

Using a stopwatch or a watch with a second hand, record the amount of time it takes for all the
water to be absorbed by the soil. Perform this test multiple (at least three) times in different

...

...

...

...

...

•
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areas at each site tested. Average the results for each site (for each area, take the~ recorded
times, add them together, and divide the sum by three; the answer is your average duration for
soil to be absorbed).

Discuss the data that was collected: How do the rates of infiltration compare in
the sample sites chosen? Can you think of reasons why these rates might differ?
What could you do that would change the soil infiltration rates?

III. Soil organism diversity study. Many organisms live in the soil and
in the surface litter (vegetation that lies on lOp of soil. such as leaves and
sticks). Some play an important role in breaking down dead organic material and recycling the
nutrients for plants to use. Soils that are rich in organic material often contain large populations
of soil animals and insects. They may be sbredden that break apart large pieces oforganic
material Oike leaves) or detritivores. organisms that feed on the small bits of organic material
produced by tbe shredders. Fungi (such as mushrooms) are also important decomposers. All
perform important roles in breaking down organic materials and recycling the nutrients they
contain. One indicator of healthy soils is the presence of these organisms in the soil and surface
litter. Students can assess soil bealth and the amount of decomposition taking place by counting
the numbers of decomposers found at different sites. Students should use the same sites that
they used for the previous tests.

Materials:
• String four stakes to mark off a square meter on the
ground
• A measuring tape
• Paper and pencils for recording data

Mark off a square meter (or multiple square meters)
using the tape measure, string and stakes.

Break students into groups to count the number ofdecomposers in the soil at the different sites.
Students should look on the surface of the soil and also beneath any plant material. In a forested
area students can remove the leaves and replace them wben they are finished counting. In a
grassy area students should dig into the soil as needed without disturbing too many living
plants.

Students should record the number of mushrooms and other decomposers that they find. If there
are fungi available remind students that these are also decomposers. Record the number of soil
animals as well as the number of types of fungi found.

Compare the data from the different sites. Which sites bad the largest and smallest numbers of
insects and fungi? Were there any surprising results? Students should enter the data from the
different sites into a bar graph to compare.

w ..... 1III



IV. Determining soil pH. pH scales measure the acidity of a substance. "pH" stands for

potential hydrogen. The pH scale ranges from I to 14 with I representing a highly acidic sub
stance and 14 representing a highly basic or alkaline substance. A pH vale of 7 means that the
substance being measured is neutral, neither acidic nor basic.

Although pure rainwater has a pH of about 5.6, the pH of water, once it enters soil, will change
based on the chemical characteristics of the soil. Alkaline soils have a pH greater than 7 and
acidic soils have a pH less than 7. Many nutrients found in soil, such as calcium and phospho
rus, are better able to dissolve under slightly acidic conditions. That means that plants are better
able to use those nutrients in slightly acid conditions. If a heavy rain occurs, these nutrients will
dissolve in the water and can leach (sink) into lower soil layers where many plant roots do not
occur. If soils are too acidic or too alkaline, certain
nutrients may be unavailable to plants.

Materials:
* Three plastic cups or glass jars
* pH paper (also called litmus paper)
*A spoon for stirring soil (a stick or other object
will work)
* Distilled water (Tap water will also work but may
not be neutral and should therefore be tested for pH
ahead of time; if you know the pH of the water
ahead of time then you can compensate for it later.
Distilled water can be found in most grocery stores.)

Test soil pH at the same sites where students tested other soil characteristics.

Collect a core of soil at each site and try to include a representative amount of each of the soil
horizons.

Stir each soil sample so that all of the horizons are mixed.

In the classroom, place soil from each site into three separate cups.

Add 100 ml of distilled water to each cup.

-
•
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Use the spoon to break apart the soil and mix the
water with the soil.

Leave the cups on a shelf for about three hours or
until the water has become fairly clear (soils with
heavy clay content may need to sit overnight).

Tear off a small strip of pH paper (about 5 em).

•
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Touch the waler with the paper. Do nol touch any soil.

Match the color of the weI paper 10 the colors found on the pH package. Record the pH number
of the matching color. This is the pH of your soil.

Discuss any the differences between the sites lested. What might have caused these differences?
Add the pH results 10 a graph of soil characteristics al different sites.

V. Measuriog the effects of raiD 00 soil When it rains, bare soil (soil without any vege
tation growing in il) is likely to erode. Ground cover can help 10 protect the soil and prevenl
erosion. Ground covers may include mulches (protective coverings. usually of organic matter
such as leaves or suaw, placed around plants to prevent the moisture evaporation, root freezing.
and weed growth or living plants. The following test can be used 10 determine the rate al which
different ground covers protect the soil.

Materials:
• White or light colored wooden stakes
• A measuring tape or ruler
• A marker with ink Ihal will not disappear if it
gets wet

III

III

•
•

Place the white wooden stakes in the ground; do
this in areas that have differenl plant covers.
Make sure that the stakes are secure in the ground
and thaI they are perpendicular 10 the ground.

Using the measuring tape and the marker, mark
centimeter increments (one- or five-cm incre
ments will work) up the length of the stakes. Start
with the mark of zero centimelers al the poinl
where stake comes out of the ground.

"' .....;,

'I
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•
Visil the stakes after each rain event and record
the height of where mud has splashed on the stakes. Wtpe the stake clean after recording so that
you may continue to take measurements after additional rain events.

Compare the results from different siles. Stakes that show small mud splashes will indicate that
the ground cover present offers the soil good protection from rain; therefore, the soil is less
likely to erode. Which ground covers provided the 1IIOSti1east protection from rain?
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