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The primary responsibility of teachers of sci-
ence is to teach science, not to inform their stu-
dents on environmental issues—and certainly
not to influence the stand students may take on
those issues. Fostering student understanding of
the scientific view of the natural world and how
science goes about its work is the first order of
business in the teaching of science.

Nevertheless, experienced science teach-
ers—backed by research on learning—know
that most students do better when they see how
the science they are studying helps them to un-
derstand “practical” things that matter to them.
Thus, it makes sense to organize science teaching
contextually from time to time, that is, to treat
the science content from a “real-world” perspec-
tive. Many such contexts exist, including inquiry,
mathematics, health, sports, technology, history,
biography, art, and other cross-cutting themes,
such as scale, systems, constancy and change,
and models. It is the contention of this project
that the environment is another such context,
and a particularly important one at that.

Environmental issues and concerns provide
a particularly attractive context for teaching
various scientific concepts and skills. That belief
is what motivated the Environmental Literacy
Council (ELC) and the National Science Teach-
ers Association (NSTA) to join forces in develop-
ing this set of science/environment modules for
teachers. From an educational perspective, sci-

Preface

ence learning and environmental understanding
effectively complement each other in two ways:

The environmental context can improve sci-
ence learning.

Learning science can improve the ability of
students to deal with environmental issues.

Another way of putting this is that study-
ing science in the context of the environment
is doubly productive. It shows how scientific
knowledge and ways of thinking, coupled with
the process of making decisions about our col-
lective interaction with nature, can illuminate
each other to the advantage of both.

Development and Design
of the Modules

As can be seen in the acknowledgments section
of each module, these modules are the work of
a large number of individuals—science teach-
ers, curriculum specialists, scientists, environ-
mentalists, and evaluators. At the outset of the
project, an advisory committee selected possible
topics to pursue and indicated the kinds of ma-
terial to be included in the modules. Three-per-
son teams—composed of a teacher, a scientist,
and a curriculum expert—were then formed to
prepare module drafts. Successive drafts were re-
viewed by other teachers and scientists, revised
accordingly, and eventually tested in classrooms.

Resources for Environmental Literacy : Five Teaching Modules for Middle and High School Teachers
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The published version of each module was pro-
duced by ELC staff under the supervision of the
co-directors and the project principal investiga-
tor, approved by ELC members, and designed
for printed publication by NSTA editors.

The immediate purpose of these modules
is to provide middle and high school teach-
ers of science with useful science/environ-
ment resources. Beyond that, the work was
intended to develop a model for the design
of contextual modules more generally. If sci-
ence teachers find these particular modules to
be effective in helping them to achieve their
learning goals, then other groups may become
interested in creating additional science/en-
vironment contextual modules and perhaps
contextual modules in other appropriate do-
mains as well. In that light, the module design
that emerged has these features:

Contextual modules are organized to
serve as professional development resourc-
es for teachers, not primarily as student
materials.

Contextual modules do, however, con-
tain student activities. These activities are
presented only as examples and therefore
may be modified by teachers or replaced
with other activities, as appropriate. When
helpful, modules may back up the student
activity examples with student materials,
such as instructions or readings, which can
be copied or downloaded and distributed
to students.

A contextual module must address specific
learning goals. This is crucial, since good
instruction usually begins with a clear pic-
ture of what “take-away” learning we want
students to acquire—the understandings
and ways of thinking that will remain with
them long after the details of instruction
have been forgotten. In the science/envi-

ronment context, appropriate goals have
been selected from Benchmarks for Science
Literacy (American Association for the Ad-
vancement of Science 1993) and National
Science Education Standards (National Re-
search Council 1996).

A contextual module provides background
content for teachers organized with refer-
ence to a set of essential questions. The intent
is to provide teachers with a solid substan-
tive base for undertaking contextual teach-
ing. For example, responses to the essential
questions in these modules are intended
to foster a thoughtful way of approaching
complex science-based environmental is-
sues without leading students to particular
decisions regarding the various issues.

A contextual module provides a suggested
teaching approach. This component in-
cludes an overview of possible student
activities, suggestions regarding potential
student misconceptions, commentary on
assessing student learning, and some rec-
ommended resources, both in print and on
the internet.

The order in which such content is presented
is less important than the quality and appropri-
ateness of the content itself. In this publication,
the organization used was that which turned out
to be the most effective in actual use:

Introduction (including rationale and a list
of essential questions)

Student Learning Goals
Background Content for Teachers
Teaching Approach

Activities Overview
Misconceptions

Assessing Student Learning

Recommended Resources

National Science Teachers Association
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Student Activities
Student Materials

Topics and Availability
of the Modules

An introduction entitled “The Environ-
mental Context,” written by ELC’s late Executive
Director, Kathleen deBettencourt, precedes the
modules. The purpose of this introduction is to
provide teachers with an appropriate perspective
on teaching science topics in an environmen-
tal context. The modules cover the following
topics:

Biodiversity: This resource for middle school
life science teachers deals with differing sci-
entific explanations of the cause of great ex-
tinctions and examines many aspects of ex-
tinctions taking place today, including the
influence of humans on the rate of species
extinction and the possible impact of rapid
species extinction.

Global climate change: This resource for
middle school physical science teachers is
based on the premise that understanding
the nature of the Earth’s energy balance and
what influences that balance is necessary,
though not sufficient, for making sound de-
cisions with regard to climate change.

Earthquakes, volcanoes, and tsunamis: This
resource for high school Earth science
teachers takes a look at earthquakes, vol-
canic eruptions, and tsunamis not only as
hazards, but as players in the dynamic sys-

tem that fashions the environment of the
Earth’s surface.

Genetically modified crops: This resource
for high school biology teachers is based on
the belief that issues surrounding the ge-
netic engineering of crops can be a power-
ful learning context for teaching ideas about
the nature of science, genetics, and the use
of technology, allowing students to connect
and apply what they are learning to real-
world issues that affect their lives.

Radioactive waste: This resource for high
school physics teachers on issues surround-
ing the storage and disposal of radioactive
waste is based on the belief that these is-
sues can be a powerful learning context for
teaching about radioactivity, technology,
risk assessment, and trade-offs.

The essay and modules are available on both
the ELC website (www.enviroliteracy.org) and in
print from NSTA (www.nsta.org). These mod-
ules are, however, a work in progress; they will
be periodically updated to include relevant new
resources as they become available. Additional
modules may be developed to explore the rich
array of topics related to natural resources and
the environment.

References

American Association for the Advancement of Sci-
ence. 1993. Benchmarks for science literacy. New
York: Oxford University Press.

National Research Council. 1996. National science
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Academy Press.
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The argument for teaching science in the envi-
ronmental context is based on the reality of the
science-environment relationship and on the
potential contextual teaching has for contrib-
uting to valuable student learning. At the same
time, it must be recognized that such teaching
involves dealing with controversial issues. These
matters are discussed briefly here as background
for consideration of the five science/environ-
ment modules that follow.

The Science-Environment-

Education Connection

Although we cannot predict all the challenges
that the next generation will face, we can be
sure that issues related to natural resources and
environmental quality will be among them. As
we begin the 21st century, we live in a world
in which science and technology have brought
enormous gains in understanding the Earth’s
natural systems. New tools such as computers,
satellite imagery, and mass spectrometers per-
mit us to observe, measure, and examine parts
of the Earth that were previously inaccessible.
Technology has also given us a better under-
standing of how humans have altered the Earth’s
systems and the risks those alterations pose to
biodiversity, to human health, and to our quality
of life. We now know that there are complex in-
teractions between natural and human systems,
and that human health and ecosystem integrity
are intricately linked.

Introduction:
The Environmental Context

As the human population grows the de-
mands on natural resources and the load on eco-
system services will increase. The challenge we
face is to meet the needs of a growing population
for water, land, energy, and mineral resources in
ways that minimize damage to ecosystems and
living things. Intelligent use of resources de-
pends on our understanding of Earth’s systems
and our wise use of science and technology.

Issues related to the environment have risen
to the top of the public agenda. Every day the
public is called upon to evaluate evidence and
assess risk: Is tuna contaminated with mercury?
Do lead levels in drinking water pose health
risks? Although some environmental problems,
such as the loss of tropical forests, seem distant
from our lives, the globalization of the econo-
my means that consumer choices in developed
countries may have an impact on the sustain-
ability of natural resource management in devel-
oping countries far from our own. Many of the
most intractable environmental challenges that
confront us, such as global climate change, water
quality, and loss of habitat, result from the cu-
mulative impact of the actions of millions upon
millions of individual choices and actions.

For these reasons, it is vitally important that
students have an understanding of the linkages
between natural systems and human activities.
Most important, environmental issues provide
students with an opportunity to understand
how the science they learn in the classroom can
help them grasp real-world concerns. Environ-

Resources for Environmental Literacy : Five Teaching Modules for Middle and High School Teachers
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mental topics help students make connections
between what they are learning in the classroom
and problems that affect their lives; it also helps
them make the connection from their local com-
munity to the global community.

Students may have the impression from
textbooks that science is a body of facts that are
difficult to understand and hard to remember.
Presenting science in the context of a real prob-
lem to be solved allows students to see science as
a process in which scientists make observations
and collect and analyze data to try to make sense
of a natural phenomenon. Environmental prob-
lems provide a story within which seemingly
abstract concepts have immediate relevance; the
importance of the carbon, nitrogen, and hydro-
logical cycles in understanding global climate
change is one example of fundamental science
concepts that have immediate relevance to an is-
sue of great public concern.

Environmental topics are not new to the
science curriculum. The foundations of envi-
ronmental literacy—of understanding the in-
terrelationships between natural processes and
human activities—are firmly rooted in the Na-
tional Science Education Standards (National
Research Council 1996), most explicitly in the
standard “Science in Personal and Social Per-
spectives” Fundamental concepts related to the
flow of energy and matter through ecosystems,
weather and climate, and the biogeochemical
cycles, among others, are central to many envi-
ronmental concerns and can be used to illustrate
the relevance of these scientific ideas. Environ-
mental topics also provide a vehicle for students
to employ important skills, including the ability
to evaluate quantitative evidence, to think criti-
cally, to solve problems, and to communicate
their results. Research shows that science learn-
ing is enhanced when students can demonstrate
conceptual understanding by applying it to a
real-world context.

Project 2061’s Science for All Americans
(American Association for the Advancement of
Science 1990) clearly states the role of science
literacy in preparing students to comprehend
complex public issues, including those relating
the environment:

Scientific habits of mind can help people
in every walk of life to deal sensibly with
problems that often involve evidence,
quantitative considerations, logical argu-
ments, and uncertainty; without the abil-
ity to think critically and independently,
citizens are easy prey to dogmatists, flim-
flam artists, and purveyors of simple so-
lutions to complex problems. (p. xiv)

Students need to understand how scien-
tific ideas and habits of mind help them make
sense of the world. That is, in addition to being
equipped with basic scientific and mathematical
knowledge and the ability to gather and criti-
cally evaluate information, they must grasp how
this knowledge relates to an understanding of
environmental issues.

Environmental issues are useful for engag-
ing students’ interest in science. Students are
clearly interested in the environment, and the
importance of scientific knowledge for dealing
with these issues is clear. Students’ natural inter-
est in and concern for the environment can pro-
vide a powerful motivation for students to study
and learn the science that underpins the under-
standing of the environment and the interven-
tions to improve it. The use of the environment
to teach fundamental science concepts may in-
terest some students in science who might oth-
erwise not see its importance to their lives.

Teaching Environmental Issues

Environmental issues are particularly well suited
for providing opportunities for students to learn

National Science Teachers Association
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and exercise scientific habits of mind. Many is-
sues related to the environment are controver-
sial and are the subject of heated debates among
groups representing a variety of interests. To
understand these issues and the practicality of
the various solutions proposed, students must
evaluate evidence, critically assess arguments,
and think about how scientific knowledge ap-
plies to a real-world problem.

There are challenges in teaching contro-
versial topics of all kinds, particularly environ-
mental topics. Students may have naive notions
about many concepts related to the environment
and about the role of science in policy making.
Scientific advice is most useful when attempting
to identify, quantify, and understand risks to hu-
man health and ecosystem integrity. Scientific
information can also help policy makers evalu-
ate potential environmental costs and benefits of
proposed actions and can provide information
about probable outcomes. But although good
scientific information is critical to addressing
environmental issues, there are limits to scientif-
ic knowledge, particularly of complex systems,
and other considerations are also important. Po-
litical, economic, social, and aesthetic factors are
just some of the many considerations that affect
choices about actions to take to solve environ-
mental problems.

Students may not recognize the role of
uncertainty in scientific understanding. They
may tend to regard science as a fixed body of
knowledge rather than an ongoing process for
a systematic investigation of the natural world.
Scientific ideas and theories are continually re-
evaluated in light of new data and observations.
Sometimes improvements in instrumentation
for measuring or observing can reveal new data
that requires reconsideration of old theories and
understanding. And there are many parts of the
Earth’s systems that scientists are just beginning
to investigate. Only in the last few decades, for

example, have scientists been able to explore the
deep ocean, and they have found many surprises
there. Scientists never claim to have the final an-
swer, because new data, additional research, and
new theories arise to change understanding. Sci-
ence, therefore, inherently includes uncertainty.

Decisions about policies related to environ-
mental health and quality, however, often have to
be made even though the scientific understand-
ing is not complete. Scientific knowledge can in-
form decision making, but scientists can rarely
definitively predict what consequences will oc-
cur as the result of various actions, particularly
when complex environmental systems, such as
the global climate, are affected by the action.

One source of confusion is that the word
theory has a very different meaning in common
language than it does in science. As it is often
used, the word implies a lack of knowledge or a
guess. “It’s just a theory” may be understood to
mean that the science on the matter is not clear.
In science, however, theories are widely accepted
explanations of natural phenomena that are sup-
ported by many observations and experiments.
A theory is strengthened as scientists gain ad-
ditional information, but they are the explana-
tions of which scientists are most sure. When
students hear phenomena such as plate tecton-
ics or climate change referred to as theories, they
mistake the level of scientific understanding that
is implied.

Even when scientific understanding of an is-
sue is fairly well established, science alone is not
sufficient. Economic considerations are almost
always a critical factor in making decisions. For
example, scientists can identify the sources of
mercury in the environment and provide in-
formation about how it is transported and the
probability of adverse effects on the ecosystems
and human health at various levels of exposure.
But to develop policies to reduce emissions of

Resources for Environmental Literacy : Five Teaching Modules for Middle and High School Teachers
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mercury, such as those that come from electri-
cal power plants, policy makers have to consider
the economic effects on the community. Some
actions might have devastating effects on local
jobs and reduce the funding that is available for
other important social needs, such as education
or health care. Decisions are often complicated
when there is a disagreement about whether
there is a health risk to the population, particu-
larly when the costs of mitigating the problem
are high. Choices that may seem simple at first
become more complex when all the factors
are considered.

Policy makers have to weigh the costs of
taking a particular course of action and the
potential benefits to be gained against the al-
ternatives. Although everyone agrees that air
quality is an important good, people disagree
about what costs they would be willing to bear.
The quality of air in a community would be im-
proved if a community agreed to restrict the use
of automobiles or to raise the price of gasoline
to high levels, but this would impose hardships
on residents, and few areas have been willing to
pursue this approach. The costs of this alterna-
tive, in the opinions of the residents, outweigh
the benefits.

Some environmental interventions, though
effective, are very expensive; for example, we
could assure the safety of food if every meat and
vegetable product was inspected before it was
sold, but the cost of doing so would be prohibi-
tive. Such a policy would take resources away
from other important social needs, including
other environmental programs. There is always a
limited amount of resources in any community,
and funding that is used to address one problem
is not available for other needs.

Cost-benefit analyses, however, can be con-
troversial. People often disagree about the value
to place on various goods and benefits, and some

benefits are hard to assess. In many communi-
ties there are disagreements about the value of
preserving open undeveloped spaces versus the
importance of providing affordable homes for
the residents of the community. People disagree
over the need to reduce traffic and air emissions
as opposed to the convenience of having more
roads for personal transportation. The aesthetic
value of green spaces and the need to preserve
biological diversity are important, but there are
often disagreements about how to assign quan-
titative values to these considerations.

In addition, people disagree about the
amount of the risk they are willing to assume.
Every activity has some risk associated with
it. Walking down the stairs can result in a fall;
driving without a seat belt increases the pos-
sibility of injuries from an accident. Risk is the
probability of harm resulting from an action or
a set of circumstances. The degree of risk is ex-
pressed statistically; using statistical methods to
calculate the probability of harm is called risk
assessment.

Although almost every action involves
some risks, some involve more potential danger
than others. The amount of risk we are willing to
assume is a subjective judgment. Skydiving, for
example, is a high-risk activity that people vol-
untarily choose to do. Studies have shown that
people are less afraid of risks from something
that they have voluntarily chosen to do than
they are of risks that are imposed on them. Also,
people are more concerned about risks that im-
pose great harm, even though there is a low
probability that the event will occur, than they
are of risks that are more probable but less dra-
matic. For example, surveys indicate that people
rate a nuclear accident as a greater risk than x-
rays, though experts rate the harm from x-rays
as much higher a threat. People are also willing
to accept risks if they perceive that the benefit

National Science Teachers Association
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to be gained is worth the risk; the earthquake
zones in Los Angeles and San Francisco and
hurricane-prone beach towns along the coast
are densely populated despite the risk because
the residents believe the benefits outweigh the
potential danger.

Risk assessment is an important component
of environmental policy making. Scientists can
provide information about the potential risk of
detrimental health effects that a population may
face at various levels of exposure to a pollutant.
This information is expressed as a range of prob-
abilities that harm might occur. Policy makers
often have to make decisions about regulating
the use of a substance that may have very benefi-
cial uses and for which no alternatives are read-
ily available based on this information and their
assessment of whether the benefits derived from
using the substance outweigh the potential risk.
Weighing alternative actions can be difficult,
particularly when there is a high level of uncer-
tainty about the health risks.

Environmental decisions also involve trade-
offs. Environmental systems are complex; they
are composed of subsystems (atmosphere, bio-
sphere, hydrosphere, and lithosphere) that in-
teract in many ways that are not completely un-
derstood. A change that affects one system may
affect other systems in ways that may not be
known immediately or for even years or decades
after the change has been made. This means that
there are often unintended consequences. For
example, to reduce the amount of pollution near
manufacturing plants, many communities in the
United States began to require that manufac-
turers build smokestacks to vent the emissions
high into the air, where the winds would carry
it away. The emissions of particles containing
sulfur dioxide, however, are carried into atmo-
sphere, where they react with water particles
in clouds to form acid rain; winds in the atmo-

sphere carry the acidic particles long distances
in the air before they fall as rain, affecting water
quality in lakes far from where the pollutants
are produced. The solution to a local air qual-
ity problem therefore became a regional water
quality issue.

More recently, communities in the Washing-
ton, DC, area found that there were high levels
of lead in their drinking water; concentrations in
some areas and schools were above the level con-
sidered safe (see www.epa.gov/dclead). Researchers
investigating the problem found that the increase
in lead in the water was the result of the city’s deci-
sion to switch from using chlorine to using chlora-
mines to disinfect the water; the chloramines re-
acted with the lead in the pipes, releasing particles
into the water. The city had switched to chlora-
mines because the U.S. Environmental Protection
Agency tightened standards on using chlorine ow-
ing to concerns that chlorine by-products might
be carcinogenic. Thus, the response to one poten-
tial health risk led to the exposure of a significant
number of the population to another serious health
problem.

There are consequences—both intended
and unintended—for every action taken or
not taken. Trade-offs are inevitable in environ-
mental decision making. Every choice involves
a decision not to choose the alternative policy.
There are costs and benefits associated with each
alternative that have to be weighed in the deci-
sion. For example, as discussed in the module
on radioactive waste, the decision to transport
and store nuclear waste at Yucca Mountain is a
controversial one. Those who oppose the policy
have pointed out the risks and costs of shipping
wastes across the country; on the other hand, if
the waste is not transported, it will continue to
be stored in cooling ponds on the sites of nucle-
ar reactors, many of which are near large urban
populations.
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Teaching Controversial Issues

Many environmental issues are controversial,
and students, parents, and community members
may have strong opinions about them. People
may agree on the long-term goal of protect-
ing environmental quality and human health
but vigorously disagree about the best means
of achieving that goal. Controversial issues can
be excellent teaching tools because they engage
student interest and can be used for spirited de-
bates, and there are a number of resources that
provide guidance on teaching controversial is-
sues. Some advice that teachers have found
helpful is to remember that the educator sets the
tone and the ground rules for the debate. Teach-
ers should make sure that all sides are presented
and that students provide evidence to substanti-
ate their arguments.

Environmental issues tend to be complex.
Often simple solutions may be offered that ap-
pear compelling but do not take into account
the legitimate interests of various groups or the
trade-offs that are inherent in any choice. Once
students begin to analyze the effect of any de-
cision on the parties involved, they may begin
to see the issues differently. On the other hand,
students may find it discomfiting that there is
not one “right” answer and that the needs and
concerns of the various parties must be weighed

and addressed.

Students should be cautioned to examine
quantitative evidence offered in defense of an
argument for or against a specific approach. It
may be useful to examine common fallacies in
logical reasoning to accustom students to recog-
nize these errors as they research an issue. One
of the most common errors is to confuse cause
and correlation. Often data are presented that
imply a relationship between two phenomena;
however, it is important for students to learn
how to evaluate the data to see whether there is

sufficient information to indicate a relationship.
Two phenomena may be positively correlated,
which means a change in one is associated with
a change in the other. Yet even a strong correla-
tion does not necessarily mean that one is a cause
of the other. Either one could cause the other,
or they could both be related by chance. For
example, there might be a correlation between
ice cream sales and shark attacks. One could
say that eating ice cream makes a person more
susceptible to being attacked by a shark; another
explanation is that more ice cream is eaten in the
summer and more people in the water increases
the likelihood of shark attacks. It is possible to
find all kinds of statistical associations, but it is
necessary to do further research to determine if
the phenomena are in fact associated.

Students should become accustomed to
analyzing the quality and validity of arguments.
Advocates on all sides of an environmental issue
may make self-interested claims. This does not
mean that the claims are not valid, or that the
factual evidence offered in support is not accu-
rate, but the argument may leave out the equally
valid arguments of other parties involved in the
debate. It may be a useful exercise to have stu-
dents investigate the arguments made by various
parties and to identify and assess the evidence
offered by each. Students should be encouraged
to look for equally valid evidence or arguments
that may be made and to think about what other
information one would want to know to make a
decision. Students can learn to recognize weak
arguments and to critically evaluate quantita-
tive claims.

Debates and research projects also provide
opportunities for students to communicate,
both orally and with graphics, their understand-
ing of an issue. Working with teams or individu-
ally, students have to marshal their evidence, or-
ganize it, and communicate it clearly. The point
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