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Fresh and Salt
Introduction
project began with Greatest of the Great Lakes: A
Medley of Model Lessons, 41 activities for grades
4-10, providing highly relevant and timely lessons.
The topics encompass regional fields of science
research and at the same time allow us to address
the priorities that educators express, those that deal
with environmental issues and responsibility.

COSEE Great Lakes—A Regional Project
Linking Scientists and Educators to
Collaborate on Ocean and Great Lakes
Science
The National Science Foundation’s Division of
Ocean Sciences supports a network of coordinated
centers whose mission is to spark and nurture
collaborations among research scientists and
educators to advance ocean discovery and make
known the vital role of the ocean in our lives.
COSEE Great Lakes is a member of this network of
Centers for Ocean Sciences Education Excellence
(COSEE) fostering the integration of ocean and
Great Lakes research into high quality educational
materials. These centers enable Great Lakes and
ocean researchers to gain a better understanding
of educational organizations and pedagogy, while
providing educators with an enhanced capacity to
understand and deliver high-quality educational
programs in the ocean sciences.

The culmination of the project includes Fresh and
Salt, a collection of activities connecting Great
Lakes and ocean science topics to enhance teacher
capabilities for accessing science information that
is vital to maintaining the environmental health
and economic benefits of our nation’s freshwater
and marine systems. This exemplary collection
provides teachers with an interdisciplinary
approach to ensure students achieve optimum
science understanding of both Great Lakes and
Ocean Literacy principles. A comprehensive
range of instructional modes is offered, including
data interpretation; experimentation; simulation;
interactive mapping; investigation, and decisionmaking.

COSEE Centers also provide material to the
public that promotes a deeper understanding of the
Great Lakes and the ocean and their influence on
quality of life and national prosperity. COSEE’s
goals include inspiring citizens to become
more scientifically literate and environmentally
responsible through standards-based science
curricula and programs that bridge the ocean and
freshwater sciences, while also creating dynamic
linkages between the education and research
community.

Criteria for Selection
The 14 activities that compose Fresh and Salt
were selected based on a distinct set of criteria
and opportunity to apply the science process skills
students need for effective science learning. In
seeking recommendations for quality activities,
the COSEE Great Lakes educator responsible for
this curriculum project contacted other COSEEs,
the NOAA Education Office, Sea Grant programs
outside of the Great Lakes region, and the National
Marine Educators Association through its online
website, “The Bridge.”

Toward a Fresh and Salt Curriculum
COSEE Great Lakes has continued to meet the
challenge of improving today’s science education
through its professional training for educators
and innovative curriculum resources for students
and teachers, grades K-16. Our curriculum-based

The recommended activities were carefully
considered by the COSEE Great Lakes team
comprised of education professionals from the
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Illinois-Indiana Sea Grant Program, Ohio Sea
Grant Program, New York Sea Grant Institute,
Pennsylvania Sea Grant Program, Michigan Sea
Grant Program, and the Minnesota Sea Grant
Program.

Using the Fresh and Salt Collection
This curriculum is organized by pairing two activities,
typically one freshwater and one saltwater, that are
aligned to each of the Ocean Literacy and Great
Lakes literacy principles. In each literacy principle
section, we have included a preamble that provides
an overview of the activity pairs; how they relate to
the literacy principle; how they may compare and/or
contrast; and comments from teachers who have pilot
tested the activities.

To ensure excellence, activities were required to
meet the following criteria for selection:
• Enhance learning skills: Inquiry, hypothesis,
synthesis, and other essential skills.
• Offer numerous learning applications: Problembased learning, data gathering and interpretation,
and authentic, real world experience.

Enhancing Great Lakes and Ocean Literacy

• Integrate science with other disciplines.

Participation in COSEE programs and classroom
integration of supplemental curriculum materials
provides educators, both formal and informal,
with an interdisciplinary means of creating a more
scientifically literate work force and citizenry.
Educating students about ocean and Great Lakes
topics can enhance science, math, geography,
and technology skills, as well as foster new
understandings about best practices for protecting our
local aquatic and marine resources. The new Great
Lakes Literacy principles and associated website
www.greatlakesliteracy.net had its origin in Ocean
Literacy, a concise framework for conveying the
most important science principles and interconnected
concepts that citizens around the globe should
know. The Ocean Literacy principles, fundamental
concepts, and scope and sequence may be found
at http://oceanliteracy.wp.coexploration.org.

• Provide grade level coverage in elementary,
middle, and secondary schools.
• Offer a good representation of activity types,
e.g., role playing, decision-making, data
interpretation, and experimentation.
Designed to be used by teachers in grades 5-12,
these pre-existing materials have been rigorously
reviewed and tested in schools. Pilot testers in
Great Lakes schools evaluated materials for
appropriateness of the grade level, reliability,
accessibility, functionality, and relevance to the
literacy principles. The final lessons selected were
developed by national and regional agencies,
institutes, organizations and universities.
Using the alignment tables, educators can see
how each activity is matched with State Science
Education Standards for Great Lakes states, Great
Lakes and Ocean Literacy Principles, and National
Geography Standards. This standards-based
framework will enable educators to integrate the
Fresh and Salt curriculum into classrooms and
informal learning environments. An Instructional
Mode chart is also provided to assist educators in
identifying the type of activity and its application to
the curriculum.

It is our hope that this new curriculum will engage
students in relevant science and help prepare students
as responsible decision-makers and future leaders to
promote a sustainable society. We now invite you and
your students to explore the world of water and spice
up your classroom with a little Fresh and Salt!
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Activities by Grade Level
Grade
Level

Fresh and Salt Activities - COSEE Great Lakes

Format

Principle 1: The Earth has one big ocean with many features.
Density: Sea Water Mixing and Sinking

Experiment

6 - 12

Going with the Flow

Experiment/Data

3-5

Principle 2: The ocean and life in the ocean shape the
features of the Earth.
Ooze Clues—Diatom Ooze

Data Interpretation

9 - 12

What Causes the Shoreline to Erode

Investigation

6 - 12

Implications of Warming in the Arctic

Cooperative learning/
feeback loops

6 - 12

How is Coastal Temperature Influenced by the Great Lakes
and the Ocean?

Investigation/
mapping/ graphing

6 - 12

Bats and Hot Dogs!

Real - time Data
Interpretation

6-9

Being Productive in the Arctic Ocean

Experiment

9 - 12

Principle 5: The ocean supports a great diversity of life and
ecosystems.
Tangled Web

Simulation

5-8

Sea Connections

Food Web Card Game

6-8

Pollution Solution

Experiment/Role-play

6-8

Downeaster Alexa: A fishery story

Data Interpretation

6-9

Principle 3: The ocean is a major influence on weather climate.

Principle 4: The ocean makes Earth habitable.

Principle 6: The ocean and humans are inextricably interconnected.

Principle 7: The ocean is largely unexplored.
I, Robot, Can Do That!

Technology Investigation/ 7 - 8
Decision - Making

Calling All Explorers

Webquest NOAA
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5-9

Fresh

Salt

and

Principle 1
Ocean Literacy

The Earth has one big ocean
with many features.

Great Lakes Literacy

The Great Lakes, bodies of fresh
water with many features, are
connected to each other and to
the world ocean.
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Principle 1: The Earth has one big ocean with many features. (OL1)
The Great Lakes, bodies of fresh water with many features, are
connected to each other and to the world ocean. (GL2)

Density: Sea Water Mixing and Sinking................................................................13
Going with the Flow...............................................................................................18

E

ssential Principle #1 addresses the
dominant physical features of the ocean and
the interconnected nature of its circulation system
powered by wind, tides, and the force of the Earth’s
rotation, the Sun, and water density differences.
Although most of the Earth’s water (97%) is in
the ocean, as compared with the Great Lakes, it
is finite and resources are limited. This principle
teaches us that the ocean is connected to all major
watersheds on Earth, which drain to the ocean.
Both of the included activities incorporate writing
and discussion to compare the concept of surface
currents in the ocean and fresh water.

Students further investigate the role of temperature
and salinity in determining seawater density by
using a T-S Diagram, a powerful tool used in
studies of seawater density, mixing, and circulation.
Such mixing can be a significant factor in causing
surface seawater to sink as part of vertical
circulation. The use of a laboratory procedure to
illustrate the concepts of density, measurement, and
graphing provide students with the background and
essential information to help understand the concept
of ocean salinity. Additional background resources
include a concept map, “Properties of Water” from
the comprehensive Aquarius Concept Map – Water
& its patterns on Earth’s surface, vocabulary list.

Density: Sea Water Mixing and Sinking,

from NASA Aquarius Education and Public
Out¬reach, is geared towards middle or high
school students. This activity explores important
characteristic properties that contrast sea water
from fresh water. Students learn that two of the
most important characteristics of ocean water are
its temperature and salinity. Together they help
govern the density of seawater, which is a major
factor controlling the ocean’s vertical movements
and layered circulation.

Teacher reviewers offered the following
comments:
“I expect my students to use measurement in
science. I expect them to use the correct equipment
and labels and to fully understand the concept of
density. I also expect them to be comfortable using
various graphs and tables because the WCKE test
is full of this sort of assessment.”
“The use of a laboratory procedure makes this
extremely interesting to my 8th graders. To me,
the use of the graph with the curved lines and the
added dimension make this innovative.”

As a class or in small groups, students investigate
the role of temperature and salinity in determining
seawater density. Students write a brief paragraph
describing their observations and results during
the experiment. Critical thinking skills are
enhanced, including comparison, predicting,
and hypothesizing, as students address three
questions to assess their level of knowledge and
comprehension throughout the activity.
1 OL:

Ocean Literacy

2 GL:

Great Lakes Literacy

“I like this lesson because it reviews concepts like
density, volume, and mass. It also has them attempt
a new graphing skill. I will use this in the future
with all classes. It’s a good way to teach a physical
science concept through an environmental venue.”
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Going with the Flow, by the Office of

Education and Outreach at the University
Corporation for Atmospheric Research and Eastern
Michigan University, is a classroom activity based
on the book Ducks in the Flow – Where Did They
Go? Students develop a simple model to discover
that air moving over water causes the surface
of the water to move horizontally. In writing
and in discussion, students relate this concept
to surface currents in the ocean and the Great
Lakes. Designed to be used in grades 3-5, students
work in teams to simulate how wind makes
surface water move by transferring energy to the
water. Incorporating skills such as observation,
simulation, and data interpretation, students are
able to address the following key points:
1) Wind makes surface water of the ocean and
Great Lakes move.
2) Wind transfers energy to the water. When the
wind stops for a brief amount of time, the
currents continue to flow because the water still
has energy.
3) Objects floating in the ocean or Great Lakes
will move with the currents. The ducky in
the Ducks in the Flow, Where Did They Go?
storybook traveled because it floated in surface
currents.
4) Surface currents affect the surface water: deep
water does not move with the currents.

Educators who reviewed this activity shared
these reflective comments:
“The activities had a connected flow and allowed
students to investigate concepts about the transfer
of wind energy and surface currents through
exploration, observation, and group/whole group
discussions.”
“The student worksheets prompted thinking and
required explanations for a student’s thoughts.
Recording observation notes, using a key to
guide drawings, and allowing students to work
in cooperative groups added to the quality of the
lesson.”
“The activity sheets were exceptional. They
provided students with enough space to make
scientific drawings and write their observations.”
“The activities held student interest because they
were very ‘hands-on.’   The kids loved doing the
investigations in groups, rather than just following
teacher-led demonstrations.”
“The relationships of the Great Lakes easily
surfaced in Activity 1, as we discussed the
movement of the foil balls and related it to water
pollution circulating and moving from one body
of water to another due to the flow of currents.
Students easily made the connections between
what happens in the oceans, happens to all bodies
of water.”
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Fresh

Salt

and

Principle 2
Ocean Literacy

The ocean and life in the
ocean shape the features of
the Earth.

Great Lakes Literacy

Natural forces formed the
Great Lakes, which continue
to shape the features of their
watershed.
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Principle 2: The ocean and life in the ocean shape the features of the Earth. (OL)
Natural forces formed the Great Lakes, which continue to shape the
features of their watershed. (GL)

Ooze Clues...............................................................................................................37
What Causes the Shoreline to Erode?.....................................................................41

E

ssential Principle #2 is the one in which
much of the geology content of Ocean and
Great Lakes Literacy is addressed. The activities
in this set represent geological phenomena that
can be found in some form in both the ocean and
Great Lakes. One activity relates to underwater
sediments, how they are formed and how people
interpret Earth history with their configuration;
the second activity focuses on some dramatic
macroscopic shoreline geology. Both lessons
address how humans study and interact with the
geological phenomena.

activity across topics, and appreciated the science
process applications: “Science is all about making
predictions and looking for answers within data.
This activity nicely did both. I used the activity
at the beginning of my invertebrate unit as we
discussed plankton. They had just learned about
diatoms and had drawn them under the microscope,
so they knew what they were. We had just finished a
unit on the ocean floor so it was good to relate the
two units.”
For teachers who are seeking a direct freshwater
parallel, a sample activity on lake sediment cores,
with pollen instead of plankton, Paleoclimates and
Pollen is found at http://www.windows.ucar.edu/
tour/link=/teacher_resources/teach_pollen.html.
The use of layers of lacustrine [lake] sediment
layers for documenting changes over time is
important in showing how climate has changed
in different parts of the world. Scientists studying
sediments in a Lake Erie pond1 have data that could
be used to construct a lesson that roughly parallel
the data use and hypothesizing in Ooze Clues.

Ooze Clues, from the Bridge for Marine

Education, describes major types of biogenic
ocean sediments and asks students to determine
where they occur on the sea floor based on their
characteristics and how they react with ocean water.
Since the skeletons of diatoms and foraminifera
form the silicious and calcareous oozes, and ocean
depth affects where these remnants of life are
found, the lesson also demonstrates how biology
interacts directly with geology. Students will apply
and practice skills in data analysis, predicting, map
reading and making comparisons.

What Causes the Shoreline to Erode?

This activity originated with Ohio Sea Grant, and
the erosion examples are from the Great Lakes.
Of course, the same processes occur on ocean
shores as well, and impacts are also related to the
shoreline composition. In the activity, students
simulate the action of waves on shorelines of

The lesson is designed for high school and is
best done with groups that have already studied
plankton and foraminifera. Some teachers who
used the lesson on the Atlantic coast added advance
information about the plankton and forams in local
sediments. The same teachers have commented
that the questions in the lesson are fairly low
level but do require students to identify the
science used to justify their choice of location for
the types of sediments. A Great Lakes educator
used the lesson as a summative and connective

(Endnotes)
1 Stuckey, Ronald L. and David L. Moore, 1995. Return and

Increase in Abundance of Aquatic Flowering Plants in Put-InBay Harbor, Lake Erie, Ohio. OHIO J. SCI. 95 (3): 261-266
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different composition and anticipate the ways a
shoreline will change with continuing erosion.
The lesson uses a range of science process skills,
including map reading and interpretation, decision
making and concept mapping. For the educators
who reviewed this lesson, the addition of a lab
experience for students to simulate a shoreline
model was also a strong engaging component. As
one reviewer pointed out in her evaluation, “The
introduction provides an excellent overview of
the natural causes of shoreline erosion because
all the facts that are needed are stated within
three sentences. The shoreline of the Great
Lakes is like the ocean shoreline in that both are
subject to erosion from external forces. We can
compare and contrast the external forces and
the rate of shoreline erosion on the Great Lakes
and in the ocean. Since both bodies of water are
interconnected, it is important to let the students
know the important relationship for our existence of
these bodies of water.”
For higher grades and an example of how
technologies inform scientists about coastal erosion,
teachers may want to try Erosion in the Outer
Banks, at http://www.lib.unc.edu/dc/ncmaps/
erosion_k12.html.
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Principle 3
Ocean Literacy

The ocean is a major influence
on weather and climate.

Great Lakes Literacy

The Great Lakes influence
local and regional weather
and climate.
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Principle 3: The ocean is a major influence on weather climate. (OL)
The Great Lakes influence local and regional weather and climate. (GL)

Implications of Warming in the Arctic...................................................................53
How is Coastal Temperature Influenced by the Great Lakes and the Ocean?
What Happens to Heat Energy Reaching Water and Land?.......................59
How Do the Ocean and the Great Lakes Affect Temperature?....................62

E

ssential Principle #3 describes how the
development of climate patterns is a
complex set of processes. Learning about coastal
weather conditions serves as a step toward
understanding how the atmosphere and ocean
interact to create a maritime climate. Oceans
influence the world’s climate by storing solar
energy and distributing it around the planet through
currents and atmospheric winds. The Great Lakes
also have a big influence on the climate. Acting as a
giant heat sink, the lakes moderate the temperatures
of the surrounding land, cooling the summers and
warming the winters.

of the world. This makes the study of the Arctic
interesting and important for several reasons, from
climate impacts to its huge resources of oil, gas, and
fish that supply the rest of the world. In addition,
effects of global warming in the Arctic are easily
recognizable and often dramatic.
Students in grades 6-12 investigate three positive
feedback loops, including surface reflectivity, ocean
circulation, melting permafrost releasing heattrapping gasses, and melting ice contributing to rising
sea levels. Working in pairs, students cooperatively
read, plan, and practice their lessons, as well as
present their lessons to each other. Although the
earth will continue to warm for centuries due to heattrapping gasses already in the atmosphere, students
will learn that it is not too late for the public to take
action to slow that process and prevent some of the
most extreme effects.

Both activities in this set use a cooperative learning
approach to help students develop an understanding
of how lakes and oceans can have a direct effect
on weather and climate. The first activity relates
to rising Arctic temperatures and how this can
impact the global climate and have other worldwide
implications, including sea level rise. The second
activity focuses on how soil and water differ in
their ability to absorb and release heat energy and
describes how this difference, in heat absorbed or
released, affects the atmosphere immediately above
the land and the water.

For more information on other topics presented in this
lesson, as well as expedition resources linked to this
lesson plan, visit: http://willstegerfoundation.org/
index.php/programs/k-12-education-program.

How is Coastal Temperature Influenced by
the Great Lakes and the Ocean? In this Ohio

Sea Grant lesson, middle school teachers can help
their students build an understanding of how large
bodies of water serve as a heat source or sink at
different times. Students investigate how proximity
to water moderates climate along the coast. The
activity’s combination of laboratory investigation,
map study, and graphing applies different learning

Implications of Warming in the Arctic,

from the Will Steger Foundation, focuses on
how the Arctic responds more rapidly and more
dramatically than the rest of the world to the early
effects of global warming. In the past few decades,
Arctic average temperature has risen almost twice
as quickly as the average temperature in the rest

51

Fresh and Salt Principle
styles and provides practice in several important
science processes.
Activity 1 examines the principles behind changes
in temperature of water vs. changes in temperature
of land or the air. Working in teams, students
construct a lab to investigate (1) how soil and
water differ in their ability to absorb and release
heat energy and (2) describe how the difference in
heat absorbed or released affects the atmosphere
immediately above the land and the water.
Activity 2 demonstrates how the role of energy in
temperature change plays out in modifying coastal
temperatures. Students work in pairs to synthesize
information about the effects of the ocean and Great
Lakes on the temperature of the surrounding land.
As one teacher reviewer commented, “I really like
that the students have to become accustomed to
new types of maps and reading those maps based
on the information provided. There was higher level
questioning going on with the compare/contrast
questions. I think those are extremely powerful.”
This “Coastal Temperature” activity is adapted
from Earth Systems Education Activities for Great
Lakes Schools: Great Lakes Climate and Water
Movement (V. J. Mayer et al., 1996).
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Ocean Literacy

The ocean makes Earth habitable.

Great Lakes Literacy

Water makes Earth habitable;
fresh water sustains life on land.
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Principle 4: The ocean makes Earth habitable. (OL)
Water makes Earth habitable; fresh water sustains life on land. (GL)
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BATS and Hot Dogs...............................................................................................70
Being Productive in the Arctic Ocean.....................................................................81

ssential Principle #4 describes how life is
thought to have begun in the ocean. The
earliest evidence of life is found in the ocean as
fossils. Activities by photosynthetic organisms
in the ocean initially produced much of the
atmospheric oxygen. In modern times oxygen
levels and other physical and chemical properties
affect production in both the ocean and the Great
Lakes, often to the point that they become limiting
factors. Limiting factors, e.g., inadequate amounts
of oxygen, can constrain the productivity of
organisms and communities.

classroom. It familiarizes students with the concept
of productivity and allows them to use data to infer
what might be the limiting factor on productivity on
a given day.
Similar processes are at work in the Great Lakes
and can limit production there. The Dead Zone,
for example, is a phenomenon in western Lake
Erie where oxygen is depleted by decomposition
of large amounts of plant matter. This process is
amplified by zebra mussel activity as they filter out
the smallest particles in the lake, allowing more
light to penetrate and thus more plant growth at
depth. As decomposing plants deplete the oxygen,
fish and other organisms in the area must either
relocate or perish.

Being Productive in the Arctic Ocean and
BATS and Hot Dogs both discuss productivity,
one in the Atlantic/Pacific Oceans and the other in
the Arctic Ocean. Both lessons use data collected
by research facilities and ask students to analyze
that data. BATS and Hot Dogs uses real time data
from ocean observatory websites. For classrooms
that don’t have internet access Being Productive in
the Arctic Ocean provides the data on data cards.

BATS and Hot Dogs from EARTH,

(Education and Research: Testing Hypotheses),
uses real-time data to compare nitrate and
phosphate concentrations at two ocean sites.
Students retrieve data from these sites, analyze
the data, construct graphs and compare their data
with other students. Variables in this lesson include
phosphorous, nitrate, salinity, temperature, and
depth. These physical and chemical properties
impact production in the world’s oceans. The lesson
also stresses interactions between the atmosphere
and the ocean, and introduces students to Ocean
Observation Systems.

Being Productive in the Arctic Ocean,

from NOAA Ocean Explorer, focuses on factors
that limit primary productivity in the Arctic
Ocean. It lists and describes the three realms of
the Arctic Ocean and discusses how microscopic
algae use photosynthesis to provide energy for the
other organisms in this environment. The lesson
includes ten data sets that represent samples that
could have been taken at ten different times of
the year. Students use this data to determine why
certain days were more ‘productive’ than others.
Variables include ice cover, photosynthetically
active radiation, chlorophyll a, nitrate, and primary
productivity.

There are several parallels to the Great Lakes
system. Many of the same physical and chemical
properties exist in a freshwater environment. The
oceanic and atmospheric interaction is also similar.
This lesson asks students to take what they’ve
learned to the next level by hypothesizing what
the impacts of global climate change might be on
primary productivity. Impacts may be different in
the ocean and Great Lakes environments.

This activity is geared towards high school students
who do not have access to the internet in their
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Principle 5
Ocean Literacy

The ocean supports a great diversity
of life and ecosystems.

Great Lakes Literacy

The Great Lakes support a broad
diversity of life and ecosystems.
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Principle 5: The ocean supports a great diversity of life and ecosystems. (OL)
The Great Lakes support a broad diversity of life and ecosystems. (GL)

Tangled Web...........................................................................................................97
Sea Connections.....................................................................................................119

E

ssential Principle #5 addresses the life
sciences, especially biology and ecology.
The two activities in this set focus on life forms that
live in the ocean or Great Lakes environment, and
further, on the interactions among those “critters”
that define the ecosystem. In Dr. Art’s Guide to
Planet Earth, a reference publication cited at the
end of this overview, the author takes a systems
approach to the earth and defines three principles
– Matter Cycles, Energy Flows, and Life Webs.
Both of the included activities clearly demonstrate
“life webs.” With a bit of discussion they both
also show how “energy flows” through the
system. The Tangled Web activity includes critters
that are decomposers, illustrating how “matter
cycles.” These are basic concepts applicable to
all ecosystems, and very important for students to
understand.

may also break connections in the web to discover
and discuss the effects. Upon concluding the group
activity, students are asked to create a food web
diagram, and then to write a brief essay about how
his/her critter fit into the food web and to show
the effects of changes. An assessment rubric is
provided.
The activity is designed for grades 4–8; students
benefit from prior participation in several other
lessons from the overall set of 80 activities. The
set of creature cards packaged with the overall
curriculum, or a facsimile, is also necessary to build
the web. Teachers who used the lesson provided
very positive comments, including:
“The activity engaged students right from the
beginning and held their attention.”
“The lesson required students to work
cooperatively.”

In Tangled Web, from Great Lakes in My World
by the Alliance for the Great Lakes, students have
at least one “creature card” from a supplied set of
sixty that is used to develop a yarn web showing
the connections among the critters that inhabit the
Great Lakes. The students discuss how complex
the interactions in the web are and the significance
of that complexity. And they discover how impacts
to a small portion of the web may generate largerscale changes, perhaps extending throughout the
system. Students become actively involved in
constructing the web based on listening skills and
building on the input of other students. Once the
web is built, students are asked to consider specific
perturbations to the web and what the effects might
be. Tugging on the web in a single location results
in most, or all, feeling the connection. Students

“This provided a very concrete example of how
humans impact ecosystems.”
“The activity was very hands-on and interactive.
Students remained engaged and interested
throughout.”
“The lesson utilizes multiple learning strategies.”
The Sea Connections activity is one of the
Smithsonian’s Ocean Science Interdisciplinary
Marine Science Activities. A very informative essay
provides superb background on the four ocean
ecosystems – kelp forests, coral reefs, hydrothermal
vents, and polar oceans—investigated in the lesson.
Students identify producers and consumers from
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Specific comments included:

each system and construct a food web (or chain)
illustrating one of the systems. They recognize
the delicate balance that exists in each, and the
potential disruptions caused by human activities.

“The game was very creative and enabled the
students to see the consequences of actions in a
very real way.”

The activity is built around a card game that
includes critters from each of the four ecosystems.
Working in groups of four or fewer, students play
the game until one is able to collect all five of the
cards in one of the four ecosystem “suits.” The
rules of the game are provided to the student in
an easily-understood summary. “Disconnect” and
“reconnect” cards add the impacts of natural and
human perturbations to the rounds of play. Once
one student in a group has collected a “winning
hand,” the remaining players can trade to fill out
each of the remaining suits. Once all the hands
are assembled, the students are asked to complete
a data sheet about the ecosystem cards collected.
Then they build a food web/chain that includes
producers, primary consumers, and predators.
A guided discussion about the perturbations and
impacts helps students to recognize the delicate
balance in these often-fragile ecosystems.

“Playing a game is always a great way to teach
students.”
“The activity does a wonderful job of showing the
need for environmental stewardship.”
“The construction of a food web was a great way
for students to demonstrate understanding of the
food web relationships within an ecosystem.”
“The closing activity encourages awareness and
knowledge of how human activities can affect
organisms living in the marine ecosystem. High
school students could go on to develop action
plans.”
“The background information was excellent.”

Teachers from the Great Lakes region who
reviewed this activity and used it in their
classrooms appreciated the introductory material,
and recognized the parallels between these ocean
ecosystems and the Great Lakes.

Sussman, Art, 2000. Dr Art’s Guide to Planet Earth. Chelsea
Green Publishing Company, White River Junction, VT, 122
pages. ISBN: 1-890132-73-X
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Principle 6
Ocean Literacy

The ocean and humans are
inextricably interconnected.

Great Lakes Literacy

The Great Lakes and humans in
their watersheds are inextricably
interconnected.
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Principle 6: The ocean and humans are inextricably interconnected. (OL)
The Great Lakes and humans in their watersheds
are inextricably interconnected. (GL)

Pollution Solution.................................................................................................135
Downeaster Alexa: A fishery story.......................................................................147

E

ssential Principle #6 covers the humanenvironment connection; i.e., people’s
dependence and impact on the oceans and Great
Lakes as well as the resources provide by oceans
and Great Lakes, which sustain our quality of life.
This principle teaches us about the many foods,
medicines, minerals, and energy resources provided
by these waters. The Great Lakes also provide a
significant source of drinking water to populations
living near the lakes. In addition, residents in
coastal areas are impacted by land use decisions
and natural hazards. These human hazards may
include tsunamis, hurricanes, changes in water
levels, and storm surges. Conversely, people can
make physical modifications to the shoreline and
beaches, which can result in problematic erosion,
storm surges, and in the Great Lakes, can increase
or reduce lake levels.
A central stewardship theme expressed throughout
this principle is that the ocean and the Great Lakes
sustain life on earth and humans must live in ways
that sustain these waters. Individual and collective
actions are needed to effectively manage these vital
water resources.

Pollution Solution and Downeaster Alexa:
A fishery story examine environmental changes

to both an ocean and Great Lakes system that lead
to impacts affecting not only marine ecosystems,
but also people’s lives and livelihoods. In both
activities, students examine these changes and also
learn about mitigation strategies including an oil
spill cleanup, as well as needing to make changes in
the fish catch.

Pollution Solution is geared towards high
school students and creates awareness and

knowledge about the cost of using materials to
clean up a spill, but also the cost of disposing
of those materials. In addition, students build an
understanding of how expensive an environmental
clean-up operation would be. This activity,
published by the Smithsonian Center for Education
and Museum Studies, helps students understand the
ecological impacts of an oil spill as well as impacts
on human populations. It’s not all gloom and doom,
however; the lesson notes that “ecologists revisiting
oil spill sites have found marine population
recovering better than they had predicted.” This
glimmer of hope doesn’t negate the fact that it will
often take decades for this to happen.
Similar hazards have occurred in the Great Lakes,
including events such as hazardous substance
releases, hazardous ice conditions, and oil spills in
Great Lakes watersheds.
Educators who reviewed this activity offered
these important reflections:
“Could a massive oil spill happen in the Great
Lakes? What is the history of these accidents in the
Great Lakes?”
“These two situations can be investigated by
students, creating an excellent Great Lakes
comparison.”
“The introduction provided a nice way to introduce
the topic of oil pollution.”
“The experience of causing the oil spill and
cleaning it up, and keeping track of the expenses.”
“The procedure is very clear and concise and userfriendly!”
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“I like the idea of using trade books to introduce
a topic, especially colorful children’s books.”
regarding resources suggested in the activity

Teacher reviewers provided these significant
comments on the benefits of the activity and
suggested extensions and modifications:

“I used the website links provided in the activity to
show the pictures of animals and the environment
with oil on them.”

“The single most creative portion of this lesson was
its global approach. The students were able to see
the struggle between maintaining a healthy fisheries
stock and securing the future of an industry that we
all depend on.”

Downeaster Alexa: A fishery story from

The Changing Earth System (The Ohio State
University) takes a look at events and people of
a struggling North Atlantic striped bass fishery. It
incorporates learning skills such as interpreting
song lyrics, graphing, analyzing data, map
reading, and collecting historical records. Students
describe a major fishery of the North Atlantic;
interpret the offshore characteristics of an area
using a bathymetric chart; identify human and
natural environmental reasons for changes in
fish catch; and analyze the relationship of global
environmental changes to fish population changes.
A teacher, eloquently described the flow:“The
students were hooked on the lesson with singing
the song. After that they immediately started to
discover both sides of the ecological equation
by studying why the fishermen had to limit their
striper catch as a means to re-establish the striper
population. But, they also saw that there is a
great deal of personal sacrifice on the part of the
fisherman to attain ecological goals. This was a
component that I was glad to see included. Too
many times we present ecology to students as a
one-way street. In other words, ecology trumps all
industrial endeavors, which simply can’t be the
case.”

“These lessons were very well-developed and
geared for the students to see the bigger ecological
connections. The dependency between a successful
fisheries industry and the need for catch limits was
undoubtedly delivered in this lesson.”
“This strategy [in the Procedure section] allowed
for me to approach this in a differentiated
pedagogy. I had some students in groups moving
independently with mini-conference time with
me. Others required a more direct instructional
approach.”
“I found my students completely engaged
throughout this lesson and its activities. I teach in a
42-minute block, which is conducive to this format
[mini activities embedded in the lesson].”
“Use of the Billy Joel song as an introduction to
this activity was effective, although I augmented
the set-induction by finding the 1989 MTV video of
the song and allowed the students to actually sing
along and view the message that the composer was
trying to deliver. The students quickly related to the
plight that the fisherman were encountering.”

There are several parallels to the Great Lakes
system. A Pennsylvania teacher suggested that it
would be a natural connection for students to author
a subsequent lesson on the freshwater fisheries
industry on Lake Erie and similar problems it has
faced. Students can also look at unique problems
experienced by anglers on the Great Lakes.
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Principle 7
Ocean Literacy

The ocean is largely unexplored.

Great Lakes Literacy

Much remains to be learned about
the Great Lakes.
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Principle 7: The ocean is largely unexplored. (OL)
Much remains to be learned about the Great Lakes. (GL)

I, Robot, Can Do That!.........................................................................................167
Calling All Explorers.............................................................................................177

E

ssential Principle #7 addresses exploration,
inquiry, and study of the ocean systems and
processes. Over the last few decades, the use of
ocean and Great Lakes resources has significantly
increased. Therefore, it is vital to the future
sustainability of our oceans and the Great Lakes to
build an understanding about those resources and
their potential limitations.

group provides a brief oral report of the features of
their robot and completes an “Underwater Robot
Capability Survey” to record details about the
special advantages and capabilities of their vehicle.

Technological innovations are expanding our ability
to conduct exploration using tools such as satellites,
unmanned submersibles, and mathematical models.
Explorers of the past read journals published upon
the return of an expedition. Weather was recorded
from instruments by hand. Scientists can now rely
on underwater robotic vehicles and real-time data
for information.
The Great Lakes, the largest bodies of fresh water
in the world, in addition to our oceans, are vast
resources for biologists, zoologists, historians,
and humanitarians. They provide a wealth of
information and underwater cultural resources and
hold many secrets yet to be discovered.
Both of the activities in this set focus on the history
and modern exploration of ocean discoveries and
explore innovative ways to improve the literacy
of learners with respect to Great Lakes and ocean
issues.

I, Robot, Can Do That!, from NOAA Ocean

Explorer, is designed for grades 7–8 engages
students in small group work to describe and
contrast several types of underwater robots. Each
student group is assigned an underwater robot that
can be used to perform various tasks that support
scientific exploration of the deep ocean. Each

In addition, students learn about a series of mission
trips for which an underwater robot is needed and
then discuss whether their robot is capable of the
mission. Mission descriptions include expeditions
such as: studying fish communities around deep
water coral reefs; exploring the wreck of a Spanish
galleon; and studying an unexplored chain of
underwater volcanoes. This lesson investigates
important learning concepts including hydrothermal
vents, plate tectonics, and ecosystems.
Educators who reviewed this activity offered the
following reflective comments:
“Great Lakes relationships could be introduced or
reinforced by having students design a robot vehicle
that would go into the lake and also describe what
it would be used for. In that process, they would
learn about Great Lakes relationships.”
“This lesson requires students to perform research
and collect data, as well as organize the data and
present it orally or otherwise.”
“The materials are accessible because you could
use the internet, print-outs from the internet, or
you could even make information cards. It’s quite
adaptable for use.”
“One can incorporate visualization [in the
Resources section] with the background
information and see what scientists see from real
life submersible robots—make real feed.”
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“The activity gets students to practice their skills of
problem solving and experimental design.”

Educators who reviewed this activity shared
these comments:

“It initiates much debate among students as
to which vehicle would best solve the problem
scenario at hand.”

“Two full pages of background information on the
history, expeditions and agencies related to ocean
exploration are provided.”

Calling all Explorers, from Ocean Explor-

“They learned about [the submersible] Alvin
and some of the scientists who have participated
in ocean explorations. They also learned that
scientists study many aspects of the ocean and have
specialized studies.”

ers, takes students, in grades 5-9, along with
them through the NOAA Ocean Exploration (OE)
website as they research and write about what it
means to be an ocean explorer, both modern and
historical. This activity investigates the history of
ocean exploration with emphasis on recent explorers of deep-sea environments. Students are asked to
reflect and write about differences and similarities
between explorers of the past and modern day explorers, as well as to describe the nature of oceans
and ocean exploration.
This lesson is designed to enable students to move
at their own pace, in self-directed exploration
of the Ocean Exploration site. Working in small
groups at the computer, students navigate the OE
site to locate the “Deep East” ocean explorers
via the Cooperative Explorers Web Quest Data
sheet. Using updates and logs from the manned
submersible Alvin, during the “Deep East”
Expedition, students investigate scientists’ research
including: video footage from the bottom of the
Atlantic; data of the biological, geological, and
chemical features of the surrounding areas; and
examinations of deep-sea water corals and methane
hydrates.

“This reinforced aquatic biodiversity with another
web quest lesson on the Great Lakes [important
for comparing/contrasting with Great Lakes
concepts].”
“You need one computer for every two students and
two sessions to finish this web quest on a grade 6-8
level.” (helpful tip for educators as they plan for
this activity)
“Seeing the pictures of ocean exploration was
interesting to my students.”

In addition, students visit the Reading for
Ocean Explorers collection, a digital library of
complete documents and excerpts from letters,
autobiographies, federal government reports,
science articles, and reminiscences. This collection
illustrates the history, science, and extraordinary
personal stories of those involved in the exploration
of the oceans. Students also have an opportunity to
meet science mentors and role models online during
their journey.
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Appendix A
Sources for Fresh and Salt Activities
ES-EAGLS: Earth Systems
Education Activities for Great
Lakes Schools

water cycle–can benefit student learning. Sea
surface salinity is key to learning about the water
cycle because 86 percent of global evaporation and
78 per cent of global precipitation occur over the
oceans. Our Salinity Patterns & the Water Cycle
resources are aligned with the National Science
Education Standards for Physical Science (grades
K-12). For more information, visit NASA Aquarius
Education at www.Aquarius.nasa.gov.

This five-volume series of books from the Ohio
State University contains 67 activities relating
directly to important Great Lakes issues. Activities
tie in to a variety of subject areas, including
science, math and social studies. Each volume
centers around an important Great Lakes topic;
Life in the Great Lakes, Great Lakes Climate &
Water Movement, Great Lakes Environmental
Issues, Great Lakes Shipping, and Land & Water
Interactions in the Great Lakes. Instructions for
ordering can be found at: www.ag.ohiostate.
edu/~earthsys/order_2.html.

Office of Education and Outreach
at the University Corporation for
Atmospheric Research:

Great Lakes in My World
This collection of 80 activities for grades K-8 gives
students a meaningful way to learn science, history,
and culture through study of the Great Lakes. These
interdisciplinary, inquiry-based activities attempt
to provide a sense of place, and build from the
students’ own experiential frames of references.
Understanding and appreciating their own Great
Lake helps develop an ongoing ethic of care and
responsible decision making. Great Lakes in My
World encourages service learning with a positive
focus and a problem-solving approach. For more
information, visit the Alliance for the Great Lakes
at www.greatlakes.org.

NASA Aquarius Education and
Public Outreach
A goal of NASA Aquarius is demonstrating
how improved understanding of salinity-driven
circulation – and its influence on climate and the
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This teacher’s guide was produced by the National
Center for Atmospheric Research as a companion
to the Climate Discovery exhibit at our Boulder,
Colorado laboratory. Each unit contains lessons
appropriate for grades 5-9 on a variety of earth
system science topics that facilitate student learning
about our planet’s climate system. For more
information, visit UCAR at www.eo.ucar.edu/.

The Bridge
The Bridge is a growing collection of the best
marine education resources available on line. It
provides educators with a convenient source of
accurate and useful information on global, national,
and regional marine science topics, and gives
researchers a contact point for educational outreach.
The Bridge is supported by the National Sea Grant
Office, the National Oceanographic Partnership
Program, and the National Marine Educators
Association. For more information visit the Bridge
at htttp://web.vims.edu/bridge/?svr=www.
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Will Steger Foundation

time data with existing educational standards and
tested curriculum in an interactive and engaging
way. EARTH uses near-real-time data from ocean
observatories to design and test outreach with
the internet as an interface to scientists, teachers,
students, and the public. Several workshops were
held at MBARI in 2002-2005 bringing educators,
scientists, and engineers together to develop
effective educational practices for access and use
of near-real-time data in preparation for the future
deployment of benthic observatories. For more
information visit MBARI at www.mbari.org/earth.

As eyewitness to the reality of global warming,
and as an explorer taking on daunting challenges,
the Will Steger Foundation inspires people to
embrace the transition to a low-carbon economy:
exploring the path forward and leading the way
through exciting education, citizen engagement
and international cooperation. Supported by robust
educational and public policy initiatives, we are
making a tangible impact on public awareness
concerning the threat of global climate change.
To advance state and federal policy that address
solutions to global warming, we are mobilizing the
public and elected officials through the compelling
narrative and credibility of the eyewitness account.
For more information visit the Will Steger
Foundation at Globalwarming101.com.

Smithsonian Education for
Education and Museum Studies

NOAA Ocean Exploration Program
The NOAA Ocean Exploration program strives
to engage broad audiences to enhance America’s
environmental literacy through the excitement of
ocean discovery. Increasing this literacy requires
high-quality, effective collaborations between ocean
explorers and America’s teachers. NOAA regularly
forms such collaborations to reach out in new ways
to the public to improve the literacy of learners with
respect to ocean issues. For more information visit
the NOAA Ocean Exploration Program at www.
Oceanexplorer.noaa.gov.

Monterey Bay Aquarium Research
Institute
Recognizing the need to educate the public about
the value of research and help them understand
scientific methodology, this Monterey Bay
Aquarium Research Institute (MBARI) and
Monterey Bay Aquarium (MBA) collaboration
allows us to test new ideas for public outreach
and education. One of MBARI’s joint projects
with MBA, Education and Research: Testing
Hypotheses (EARTH), lays new groundwork,
providing teachers with means for integrating real-
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The mission of the Smithsonian Center for
Education and Museum Studies is to increase the
Smithsonian Institution’s impact as a national
educational organization. The center has created
a long-term alliance with state education officials
that has become the basis for several collaborative
teacher training and resource development
projects in a wide range of subjects. The center
also manages pan-institutional functions such as
internships, heritage month celebrations, school
tour programming, and the collection and analysis
of data on Smithsonian education programs. For
more information visit Smithsonian Education at
www.smithsonianeducation.org.
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Appendix B
Alignment to State and National Standards
Alignment to National Science Standards
Ocean and Great Lakes Literacy Principle 1

Ocean and Great Lakes Literacy Principle 2

Density: Sea Water Mixing and Sinking

Diatom Ooze

Grades 5-8

Grades 9-12

5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry

9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry

5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy

9-12.2: Students should develop an understanding
of the structure of atoms, properties of matters,
chemical reactions, motions and forces, and
conservation of energy

Grades 9-12

9-12.3: Students should develop an understanding
of the cell, biological evolution, interdependence
and behavior of organisms, and the molecular basis
of heredity

9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry
9-12.2: Students should develop an understanding
of the structure of atoms, properties of matters,
chemical reactions, motions and forces, and
conservation of energy

What Causes the Shoreline to Erode?
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry

Going with the Flow
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry

5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy

5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy

5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system

5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system

5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations
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What Causes the Shoreline to Erode?
Grades 9-12
9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry
9-12.2: Students should develop an understanding
of the structure of atoms, properties of matters,
chemical reactions, motions and forces, and
conservation of energy
9-12.4: Students should develop an understanding
of energy in the earth system, geochemical cycles,
and the origin and evolution of the universe
9-12.6: Students should develop an understanding
of personal and community health, population
growth, natural resources, natural and human
induced hazards, and technology

Ocean and Great Lakes Literacy Principle 3
Implications of Warming in the Artic
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry
5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy
5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system

9-12.2: Students should develop an understanding
of the structure of atoms, properties of matters,
chemical reactions, motions and forces, and
conservation of energy
9-12.4: Students should develop an understanding
of energy in the earth system, geochemical cycles,
and the origin and evolution of the universe
9-12.6: Students should develop an understanding
of personal and community health, population
growth, natural resources, natural and human
induced hazards, and technology

How is Coastal Temperature Influenced by
the Great Lakes and the Ocean?
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry
5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy
5-8.4 Students should develop an understanding of
the earth system, its history, and earth in the solar
system
5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations

5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations

Ocean and Great Lakes Literacy Principle 4

5-8.7: Students should develop an understanding of
the history and nature of science

5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry

Grades 9-12

5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy

9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry

BATS and Hot Dogs
Grades 5-8
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5-8.3: Students should develop understanding of
reproduction and heredity, regulation and behavior,
ecosystems, diversity and adaptations of organisms,
and the structure of living systems

9-12.4: Students should develop an understanding
of energy in the earth system, geochemical cycles,
and the origin and evolution of the universe

5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system

Tangled Web

5-8.5: Students should develop understandings
about science and technology
Grades 9-12
9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry
9-12.2: Students should develop an understanding
of the structure of atoms, properties of matters,
chemical reactions, motions and forces, and
conservation of energy
9-12.3: Students should develop an understanding
of the cell, biological evolution, interdependence
and behavior of organisms, and the molecular basis
of heredity
9-12.4: Students should develop an understanding
of energy in the earth system, geochemical cycles,
and the origin and evolution of the universe

Being Productive in the Arctic Ocean
Grades 9-12
9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry
9-12.2: Students should develop an understanding
of the structure of atoms, properties of matters,
chemical reactions, motions and forces, and
conservation of energy
9-12.3: Students should develop an understanding
of the cell, biological evolution, interdependence
and behavior of organisms, and the molecular basis
of heredity

Ocean and Great Lakes Literacy Principle 5
Grades 5-8
5-8. 1: Students should develop abilities necessary
to understand and do scientific inquiry
5-8.3: Students should develop understanding of
reproduction and heredity, regulation and behavior,
ecosystems, diversity and adaptations of organisms,
and the structure of living systems

Sea Connections
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry
5-8.3: Students should develop understanding of
reproduction and heredity, regulation and behavior,
ecosystems, diversity and adaptations of organisms,
and the structure of living systems
5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system
5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations

Ocean and Great Lakes Literacy Principle 6
Pollution Solution
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry
5-8.2: Students should develop an understanding of
properties, motions and forces, and the transfer of
energy
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5-8.3: Students should develop understanding of
reproduction and heredity, regulation and behavior,
ecosystems, diversity and adaptations of organisms,
and the structure of living systems
5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations

Ocean and Great Lakes Literacy Principle 7
I, Robot, Can Do That!
Grades 5-8
5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry
5-8.5: Students should develop understandings
about science and technology

Grades 5-8

5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations

5-8.1: Students should develop abilities necessary
to understand and do scientific inquiry

5-8.7: Students should develop understanding of the
history and nature of science

Downeaster Alexa: A Fishery Story

5-8.3: Students should develop understanding of
reproduction and heredity, regulation and behavior,
ecosystems, diversity and adaptations of organisms,
and the structure of living systems

Ocean Exploration
Grades 5-8

5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system

5-8.4: Students should develop an understanding of
the earth system, its history, and earth in the solar
system

5-8.6: Students should develop an understanding of
personal health, natural hazards, risks and benefits,
technology in society, and populations

5-8.7: Students should develop understanding of the
history and nature of science

Grades 9-12

9-12.4: Students should develop an understanding
of energy in the earth system, geochemical cycles,
and the origin and evolution of the universe

9-12.1: Students should develop abilities necessary
to understand and do scientific inquiry
9-12.3: Students should develop an understanding
of the cell, biological evolution, interdependence
and behavior of organisms, and the molecular basis
of heredity

Grades 9-12

9-12.7: Students should develop understanding of
the history and nature of science

9-12.4: Students should develop an understanding
of energy in the earth system, geochemical cycles,
and the origin and evolution of the universe
9-12.6: Students should develop an understanding
of personal and community health, population
growth, natural resources, natural and human
induced hazards, and technology
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Alignment to National Geography Standards
Ocean and Great Lakes Literacy Principle 1

4B. Describe and interpret physical processes that
shape places.

Density: Sea Water Mixing and Sinking
Grades 5-8

7A. Describe how physical processes affect
different regions of the U.S. and the world.

7A. Use physical processes to explain patterns in
the physical environment.

7B. Explain Earth’s physical processes,
patterns, and cycles using concepts of physical
geography.

7B. Analyze physical patterns in terms of the
processes that created them.

7D. Describe the ways in which Earth’s physical
processes are dynamic and interactive.

Grades 9-12

4B. Describe and interpret physical processes
that shape places.
7A. Dexcribe how physical processes affect
different regions of the U.S. and the world.

What Causes the Shoreline to Erode?

7B. Explain Earth’s physical processes,
patterns, and cycles using concepts of physical
geography.

1D. Use geographic tools and technologies to pose
and answer questions about spatial 			
patterns on Earth, over time.

7D. Describe the ways in which Earth’s
physical processes are dynamic and interactive.

2A. Identify the locations of certain physical
features and events on maps and answer 			
related geographic questions.

Grades 5-8

			
Going with the Flow

3A. Analyze and explain distributions of physical
and human phenomena with respect 			
to spatial patterns.

Grades 5-8

7A. Use physical processes to explain patterns
in the physical environment.

4A. Analyze the physical characteristics of places
(using maps, graphs, tables, and other 			
tools)			

7B. Analyze physical patterns in terms of the
processes that created them.

7A. Use physical processes to explain patterns in
the physical environment.

Ocean and Great Lakes Literacy Principle 2

7B. Analyze physical patterns in terms of the
processes that created them.

Ooze Clues
Grades 9-12

1C. Evaluate the applications of geographic
tools and supporting technologies to serve a
particular purpose
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What Causes the Shoreline to Erode?

Grades 9-12

Grades 9-12

1C. Evaluate the applications of geographic tools
and supporting technologies to serve a particular
purpose.

1C. Evaluate the applications of geographic tools
and supporting technologies to serve a particular
purpose
4B. Describe and interpret physical processes that
shape places.
7A. Describe how physical processes affect
different regions of the U.S. and the world.
7B. Explain Earth’s physical processes, patterns,
and cycles using concepts of physical geography.
7D. Describe the ways in which Earth’s physical
processes are dynamic and interactive.
15A. Analyze examples of changes in the physical
environment that have reduced the capacity of the
environment to support human activity.

Ocean and Great Lakes Literacy Principle 3
Implications of Warming in the Arctic
Grades 5-8
1D. Use geographic tools and technologies to pose
and answer questions about spatial patterns on
Earth, over time.
2A. Identify the locations of certain physical
features and events on maps and answer related
geographic questions.
3A. Analyze and explain distributions of physical
and human phenomena with respect to spatial
patterns.
4A. Analyze the physical characteristics of places
(using maps, graphs, tables, and other tools)
7A. Use physical processes to explain patterns in
the physical environment.

4B. Describe and interpret physical processes that
shape places.
7A. Describe how physical processes affect
different regions of the U.S. and the world.
7B. Explain Earth’s physical processes, patterns,
and cycles using concepts of physical geography.
7D. Describe the ways in which Earth’s physical
processes are dynamic and interactive.
15A. Analyze examples of changes in the physical
environment that have reduced the capacity of the
environment to support human activity.

How is Coastal Temperature Influenced
by the Great Lakes and the Ocean? (Two
Activities)
What Happens to Heat Energy Reaching Water
and Land?
How Do the Ocean and the Great Lakes Affect
Temperature?
Grades 5-8
1D. Use geographic tools and technologies to pose
and answer questions about spatial patterns on
Earth, over time.
2A. Identify the locations of certain physical
features and events on maps and answer related
geographic questions.
3A. Analyze and explain distributions of physical
and human phenomena with respect to spatial
patterns.

7B. Analyze physical patterns in terms of the
processes that created them.
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Sea Connections

Being Productive in the Arctic Ocean

4A. Analyze the physical characteristics of places
(using maps, graphs, tables, and other tools)

Grades 9-12

7A. Use physical processes to explain patterns in
the physical environment.
7B. Analyze physical patterns in terms of the
processes that created them.

7D. Describe the ways in which Earth’s physical
processes (systems) are dynamic and interactive.
8D. Evaluate ecosystems in terms of their
biodiversity and productivity.

Ocean and Great Lakes Literacy Principle 5
Ocean and Great Lakes Literacy Principle 4

Tangled Web

Bats and Hot Dogs

Grades 5-8

Grades 5-8

8B. Explain the functions and dynamics of
ecosystems.

3A. Analyze and explain distributions of physical
and human phenomena with respect to spatial
patterns.
4A. Analyze the physical characteristics of places
(using maps, graphs, tables, and other tools)
7A. Use physical processes to explain patterns in
the physical environment.
7B. Analyze physical patterns in terms of the
processes that created them.
Grades 9-12
4B. Describe and interpret physical processes that
shape places.
7A. Describe how physical processes affect
different regions of the U.S. and the world.
7B. Explain Earth’s physical processes, patterns,
and cycles using concepts of physical geography.
7D. Describe the ways in which Earth’s physical
processes are dynamic and interactive.
14B. Explain the global impacts of human changes
in the physical environment.
15A. Analyze examples of changes in the physical
environment that have reduced the capacity of the
environment to support human activity.

8C.Explain how physical processes influence
ecosystems.
8D. Explain how human processes contribute to
changes in ecosystems.
14A. Analyze the environmental consequences
of humans changing the atmosphere, biosphere,
lithosphere, and hydrosphere.
14B. Identify and explain the ways in which
human-induced changes in the environment in one
place can cause changes in other places.

Sea Connections
Grades 5-8
8C.Explain how physical processes influence
ecosystems.
8D. Explain how human processes contribute to
changes in ecosystems.
14A. Analyze the environmental consequences
of humans changing the atmosphere, biosphere,
lithosphere, and hydrosphere.
14B. Identify and explain the ways in which
human-induced changes in the environment in one
place can cause changes in other places.
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Sea Connections
16B. Describe the consequences of the use of
resources in the contemporary world.
16C. Evaluate different viewpoints regarding
resource use.
18A. Analyze the interaction between physical
and human systems to understand possible causes
and effects of current conditions on Earth and to
speculate on future conditions.
18B. Integrate multiple points of view to analyze
and evaluate contemporary geographic issues.

Ocean and Great Lakes Literacy Principle 6
Pollution Solution
Grades 5-8
8C.Explain how physical processes influence
ecosystems, including how specific populations
within ecosystems respond to environmental stress.
8D. Explain how human processes contribute to
changes in ecosystems.
14A. Analyze the environmental consequences
of humans changing the atmosphere, biosphere,
lithosphere, and hydrosphere.
14B. Identify and explain the ways in which
human-induced changes in the environment in one
place can cause changes in other places.
16B. Describe the consequences of the use of
resources in the contemporary world.
16C. Evaluate different viewpoints regarding
resource use.
18A. Analyze the interaction between physical
and human systems to understand possible causes
and effects of current conditions on Earth and to
speculate on future conditions.

18B. Integrate multiple points of view to analyze
and evaluate contemporary geographic issues.
18 C. Demonstrate an understanding of the spatial
organization of human activities and physical
systems and be able to make informed decisions.

Downeaster Alexa: A Fishery Story
Grades 5-8
1D. Use geographic tools and technologies to pose
and answer questions about spatial distributions and
patterns on Earth.
2A. Identify the locations of certain physical
features and events on maps and answer related
geographic questions.
3A. analyze and explain distributions of physical
phenomena with respect to spatial patterns,
arrangements, and associations.
3C. Explain the different ways in which places are
connected and how these connections demonstrate
interdependence and accessibility.
4B. Analyze the physical characteristics of places
using maps, graphs, and tables to make inferences
about causes and effects of changes over time.
8C.Explain how physical processes influence
ecosystems, including how specific populations
within ecosystems respond to environmental stress.
8D. Explain how human processes contribute to
changes in ecosystems.
14A. Analyze the environmental consequences
of humans changing the atmosphere, biosphere,
lithosphere, and hydrosphere.
16B. Describe the consequences of the use of
resources in the contemporary world.
16C. Evaluate different viewpoints regarding
resource use.
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18A. Analyze the interaction between physical
and human systems to understand possible causes
and effects of current conditions on Earth and to
speculate on future conditions.
18B. Integrate multiple points of view to analyze
and evaluate contemporary geographic issues.
18 C. Demonstrate an understanding of the spatial
organization of human activities and physical
systems and be able to make informed decisions.
Grades 9-12
1C. Evaluate the applications of geographic tools
and supporting technologies to serve a particular
purpose.

14C. Develop possible solutions to scenarios
of environmental change induced by human
modification of the physical environment.
15A. Analyze examples of changes in the physical
environment that have reduced the capacity of the
environment to support human activity.
16E. Evaluate policies and programs related to the
use of resources on different spatial scales.
18A. Develop policies that are designed to guide the
use and management of Earth’s resources and that
reflect multiple points of view.
18C. Analyze a variety of contemporary issues in
terms of Earth’s physical and human systems.

3A. Apply concepts of spatial interaction to account
for patterns of movement in space.
4B. Describe and interpret physical processes that
shape places.
4C. Explain how social, cultural, and economic
processes shape the features of places.
5C. Identify human and physical changes in regions
and explain the factors that contribute to those
changes.
5F. Use regions to analyze geographic issues and
answer geographic questions.
6C. Analyze the ways in which people’s changing
views of places and regions reflect cultural change.
7B. Explain Earth’s physical processes, patterns,
and cycles using concepts of physical geography.
7D. Describe the ways in which Earth’s physical
processes are dynamic and interactive.
14A. Evaluate the ways in which technology has
expanded the human capability to modify the
phy6sical environment.
14B. Explain the global impacts of human changes
in the physical environment.

Ocean and Great Lakes Literacy Principle 7
I, Robot, Can Do That
Grades 9-12
1C. Evaluate the applications of geographic tools
and supporting technologies to serve a particular
purpose.
4B. Describe and interpret physical processes that
shape places.
4C. Explain how social, cultural, and economic
processes shape the features of places.
7B. Explain Earth’s physical processes, patterns, and
cycles using concepts of physical geography.
7D. Describe the ways in which Earth’s physical
processes are dynamic and interactive.
10C. Explain how cultural features often define
regions.
15A. Analyze examples of changes in the physical
environment that have reduced the capacity of the
environment to support human activity.
16B. Explain the relationship between resources and
the exploration of different regions of the world.

202

Fresh and Salt Appendix
18D. Use geography knowledge and skills to
analyze problems and make decisions within a
spatial context.

2C. Compare mental maps of individuals to identify
common factors that affect the development of
spatial understanding and preferences.

Calling All Explorers

6A. Explain why places and regions are important
to individual human identity, as exemplified by how
point of view influences a person’s perception of a
place.

Grades 5-8
2D.Analyze ways in which people’s mental maps
reflect an individual’s attitudes toward places.
3C. Explain the different ways in which places are
connected and how these connections demonstrate
interdependence and accessibility.
5D. Explain how regions are connected.
6A. Evaluate the characteristics of places and
regions from a variety of points of view.
6B. Explain how technology affects the ways in
which cultural groups perceive and use places and
regions. Explain how technology affects the ways
in which cultural groups perceive and use places
and regions.

8C. Apply the concept of ecosystems to understand
and solve problems regardsing environmental
issues.
16B. Explain the relationship between resources
and the exploration of different regions of the
world.
18D. Use geography knowledge and skills to
analyze problems and make decisions within a
spatial context.

		

8D. Explain how human processes contribute to
changes in ecosystems.
14A. Analyze the environmental consequences
of humans changing the atmosphere, biosphere,
lithosphere, and hydrosphere.
16C. Evaluate different viewpoints regarding
resource use.
18B. Integrate multiple points of view to analyze
and evaluate contemporary geographic issues.
Grades 9-12
1C. Evaluate the applications of geographic tools
and supporting technologies to serve a particular
purpose.
2B. Identify the ways in which mental maps
influence human decisions about location and
public policy.
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Experiment/Data

Going with the Flow

Investigation

What Causes the Shoreline to Erode
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Experiment

Being Productive in the Arctic Ocean

Food Web Card Game

Sea Connections

Data Interpretation

Downeaster Alexa: A fishery story

Web-quest NOAA

Calling All Explorers

5-9

Technology Investigation/
Decision-Making
7-8

6-9

6-8

6-8

5-8

9-12

I, Robot, Can Do That!

Principle 7: The ocean is largely unexplored.

Experiment/Role-play

Pollution Solution

Principle 6: The ocean and humans are inextricably interconnected.

Simulation

Tangled Web

Principle 5: The ocean supports a great diversity of life and ecosystems.

Real-time Data
Interpretation

Bats and Hot Dogs

6-9

6-12

Cooperative learning
groups

Implications of Warming in the Arctic

Principle 4: The ocean makes Earth habitable.

6-8

Lab/Graphing

6-12

9

5

6-9

How is Coastal Temperature Influenced by the GL and the Ocean?

Principle 3: The ocean is a major influence on weather climate.

Data Interpretation

Ooze Clues--Diatom Ooze

Principle 2: The ocean and life in the ocean shape the features of the Earth.

Experiment

State Goal 13
State Goal 11 A. 3a, 3g State Goal 13 B. 3c, 3d

State Goal 11 A. 3a B. 3a, 3b
B. 3a, 3c

State Goal 11 A. 3a, 3f, 3g State Goal 13 B. 3a,
3d

State Goal 11 A. 3a, 3b, 3c, 3f, 3g 11 B. 3b, 3d
SG 12 B. 3a, SG 13 B. 3a, 3d

State Goal 11 A. 3f State Goal 12 B. 3a State
Goal 12 B. 3b

State Goal (gr 4-5) 11 A. 2c, 12 B. 2a, 13 B 2f
(gr 6-8) 11 A. 3c, 12 B. 3a, 13 B. 3f

State Goal 11 A. 4a, 4c, 4d State Goal 12 B. 4a

State Goal 11 B. 3a State Goal 12 F. 3a, 3b

State Goal 11 A. 4a, 4b, 4c, 4d, 4e, 4f, 4g

State Goal 11 A. 4a, 4d, 4f State Goal 12 E. 3b

State Goal 11 A. 4a, 4b, 4c, 4d, 11 B. 4b, 4e
Stste Gosl 13 B. 4d

State Goal 11 A. 4a,4d, 4f State Goal 13A. 4c

State Goal 11 A. 2a, 2b, 2c, 2e

State Goal 11 A. 3a, 3b, 3c, 3f, 3g

Instructional Mode Grade Level Standards

Density: Sea Water Mixing and Sinking

Principle 1: The Earth has one big ocean with many features.

Name of State: Illinois

Template for Links to State Standards
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Template for Links to State Standards
Name of State: Indiana
Instructional Mode

Density: Sea Water Mixing and Sinking
Experiment/Data

Experiment

Principle 1: The Earth has one big ocean with many features.

Going with the Flow

Ooze Clues--Diatom Ooze

Investigation

Data Interpretation

.1 .2 .3 .5 .6

5

Grade
Level Standards

6-10
5

8

B

ES1.13, ES1.13, CP 1.4, CP 1.5, C1.1, C1.2,
ES1.15, ES1.17 CP 1.11, CP
C1.26, C1.35,
,ES1.20, ES1.21 1.16, CP 1.17 C1.38

ES

C

7

B 1.40, B 1.41,
B 1.43, B 1.44,
B 1.45

CP

6

8.1.3, 8.1.4, 8.2.2, 8.2.3,
8.2.8, 8.3.7, 8.3.10,8.3.14,
8.4.8, 8.5.1, 8.5.2, 8.5.3,
8.5.4, 8.5.5

1.12

CP1.15,CP1.20
,CP1.24,CP1.2
5,CP1.26

7.1, 7.2,
7.3, 7.4,
7.5, 7.7

1.37,1.42 1.43,
1.44 1.46
B.1.37, B.1.39,
B.1.40,
B.1.43,B.1.44,
B.1.45

1.15 1.17 1.18

1.17

1.41 1.44

6.2, 6.3,
6.5, 6.7

6.2, 6.3,
6.4, 6.5,
6.7

8.1.4, 8.2.1, 8.2.2, 8.2.3,
8.2.8, 8.5.1,8.5.2, 8.7.7

6-10

6.3 6.7 7.2
7.3 7.4 7.5 7.2 7.3 7.4 2.1 2.2 2.3 2.4 2.7 2.8 3.10
7.6 7.7
7.5 7.6 7.7 3.14 3.15 4.5 7.3 7.7

7.1, 7.2,
7.3, 7.4,
7.5, 7.7

6-8

9

Principle 2: The ocean and life in the ocean shape the features of the Earth.

What Causes the Shoreline to Erode

Principle 3: The ocean is a major influence on weather climate.
How is Coastal Temperature Influenced by the
GL and the Ocean?
Lab/Graphing

1.20 1.21

1.13 1.14 1.17
1.20 1.21 1.29
1.37 1.39 1.42
1.43 1.45

1.11 1.12 1.20

1.6 1.8

1.6 1.37 1.39
1.40 1.42 1.44
1.45 1.46

1.8 2.1 2.3 2.7 2.8 3.10 4.8 1.41 1.43 1.44

.3 .7

.1 .4 .6 .7

6-10

6.1 6.2 6.3 7.1 7.2 7.3 1.3 1.4 1.8 2.2 2.4 2.5 2.7
6.7
7.7
2.8 2.9 2.10 5.4 5.6 7.3

Cooperative learning groups

6-9

Principle 4: The ocean makes Earth habitable.
Real-time Data Interpretation

1.3 2.7 4.8 7.1

Bats and Hot Dogs

.1 .3 .4 .7

9-10
5-8

.3 .4

Experiment

Implications of Warming in the Arctic

.1 .2 .4 .6

Being Productive in the Arctic Ocean
Simulation

6-8

Principle 5: The ocean supports a great diversity of life and ecosystems.
Tangled Web

Food Web Card Game

7.1 7.3 7.4
6.3 6.4 6.7 7.7
2.7 4.4 4.5 4.6 7.7

Sea Connections

1.6 1.7 1.8 2.2 2.3 2.4 2.6
6.2 6.3 6.4 7.1 7.2 7.3 2.7 3.3 3.4 3.6 3.7 5.1 5.7
6.5 6.6 6.7 7.5 7.6 7.7 5.8

Principle 6: The ocean and humans are inextricably interconnected.
6-8

2.1 2.2 2.3 2.4 2.7 2.8 2.10 1.16 1.41 1.43
3.7 5.1 5.3 5.8 7.4
1.47

Experiment/Role-play

.1 .2 .3 .5
.6 .7

1.1 1.6 1.7 1.8 2.3 2.7 3.2
3.14 4.6 7.1

Pollution Solution

.1 .2 .3 .5
.6 .7

1.1 1.2 1.4 2.4 2.7 2.8 2.9
2.10 7.1 7.2 Standard 6

.3 .5 .6 .7

.1 .3 .6 .7

6-9

7-8
.1 .6

Data Interpretation
Technology Investigation/
Decision-Making

5-9

.1 .2 .4

Downeaster Alexa: A fishery story

I, Robot, Can Do That!

Web-quest NOAA

Principle 7: The ocean is largely unexplored.

Calling All Explorers
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Instructional Mode

Experiment/Data

Going with the Flow

Investigation

What Causes the Shoreline to Erode
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Experiment

Being Productive in the Arctic Ocean

Food Web Card Game

Sea Connections

Data Interpretation

Downeaster Alexa: A fishery story

Technology Investigation/
Decision-Making
Web-quest NOAA

I, Robot, Can Do That!

Calling All Explorers

Principle 7: The ocean is largely unexplored.

Experiment/Role-play

Pollution Solution

Principle 6: The ocean and humans are inextricably interconnected.

Simulation

Tangled Web

Principle 5: The ocean supports a great diversity of life and ecosystems.

Real-time Data
Interpretation

Cooperative learning
groups

Bats and Hot Dogs

Principle 4: The ocean makes Earth habitable.

Implications of Warming in the Arctic

How is Coastal Temperature Influenced by the GL Lab/Graphing
and the Ocean?

Principle 3: The ocean is a major influence on weather climate.

Data Interpretation

Ooze Clues--Diatom Ooze

5-9

7-8

6-9

6-8

6-8

5-8

9-12

6-9

6-12

6-8

6-12

9

5

6-9

S.IA.07.11

S.IP.07.16

S.RS.05.16

S.RS.06.16

S.IA.06.11

B3.3A

B1.1g

S.IA.07.12

S.IP.06.16

S.RS.07.16

L.EV.05.12

S.IA.07.13

S.IA.06.11

L.EC.06.41 S.RS.07.16

S.IP.07.14

S.IP.07.13

E.SE.06.12

B.1.2E

S.IA.07.15

S.IA.06.12

S.RS.07.17

B3.3A

B3.3b

S.RS.07.11

S.IA.06.13

E.ES.07.42

B3.4C

B3.5e

S.IP.07.16

S.IP.07.15

P.FM.05.41 P.FM.05.42

S.IP.07.13

L.EC.06.41 S.IP.07.15

S.IA.06.11

S.IP.07.15

L.EC.06.41 B3.1A

S.RS.07.15

B1.1E

S.IA.06.11

E4.2B

S.IP.06.16

S.IP.07.13

B1.1g

P.FM.05.21 P.F.05.22

S.IP.06.16

P.CM.07.21 E3.3A

S.IP.06.15

S.IP.06.11

S.RS.07.16

S.RS.06.17

L.EC.06.11

S.RS.06.15

B1.1D

S.IP.06.16

S.RS.06.16

L.Ol.06.51

S.RS.05.15

B1.1B

S.IP.06.15

E4.2A

E4.2B

E1.1g
E1.2D

S.IP.06.15

S.IP.06.15

B1.1E

S.IP.05.11

S.IP.06.14

S.IP.06.13

S.IP.06.13

B1.1D

S.IP.05.13

E4.2d

S.IP.06.13

Grade
Level Standards

Principle 2: The ocean and life in the ocean shape the features of the Earth.

Experiment

Density: Sea Water Mixing and Sinking

Principle 1: The Earth has one big ocean with many features.

Name of State: Michigan

Template for Links to State Standards

B.1.2C

S.IA.06.15

E1.2B

S.IA.07.11

S.IP.07.16

S.IP.07.16

L3.p4A

S.RS.06.11

E2.4B

S.IA.07.11

S.IA.07.11

B3.4C

L.EC.06.41

E.ES.07.73

P.PM.07.24

Fresh and Salt Appendix

Template for Links to State Standards

Name of State: Minnesota
Instructional Mode

6-9

6.1.3.4.1 8.1.1.2.1 8.1.3.4.1 8.1.3.4.2 8.2.1.1.1 8.2.1.2.1 9.1.3.4.2 9.1.3.4.3 9.3.2.2.1

Grade
Level Standards

Experiment
5.1.1.1.3 5.1.1.2.2 6.2.3.2.1

Principle 1: The Earth has one big ocean with many features.

Density: Sea Water Mixing and Sinking
5

9.1.3.1.1 9.1.3.1.2

Experiment/Data

Data Interpretation

6.1.3.1.1 6.1.3.4.1 6.2.3.2.3 7.1.1.2.3 8.1.1.2.1 8.1.3.4.1 8.1.3.4.2 8.3.2.1.2 8.3.2.1.3 8.3.2.2.3

6-12 7.1.1.2.3 8.1.1.2.1 8.1.3.4.1 8.1.3.4.2 8.3.1.2.1 9.3.4.1.1

9

Going with the Flow

Ooze Clues--Diatom Ooze
Investigation

Principle 2: The ocean and life in the ocean shape the features of the Earth.

What Causes the Shoreline to Erode
Principle 3: The ocean is a major influence on weather climate.
6-8

6-12 8.1.1.2.1 8.3.2.1.2 8.3.2.1.3 8.3.2.2.1 8.3.2.3.1 9.1.3.1.1 9.1.3.1.2 9.1.3.1.3 9.3.2.2.1

6-9

Cooperative learning
groups

How is Coastal Temperature Influenced by the GL and the
Ocean?
Lab/Graphing
Implications of Warming in the Arctic

Real-time Data
Interpretation

9-12 9.1.1.1.2 9.1.3.1.1 9.1.3.1.2

Principle 4: The ocean makes Earth habitable.
Bats and Hot Dogs

Experiment

Simulation

6-8

5-8

7.4.2.1.1 7.4.2.1.2 7.4.2.2.1 7.4.2.2.2 7.4.2.2.3 7.4.4.1.2

5.4.2.1.1 5.4.2.1.2 5.4.4.1.1 7.1.1.2.3 7.4.2.1.1 7.4.2.2.1 7.4.2.2.2 7.4.2.2.3 7.4.4.1.2

6.1.3.1.1 7.1.1.2.3 7.1.3.4.1 7.1.3.4.2 7.4.2.1.3 7.4.2.2.1 7.4.2.2.2 8.1.3.4.2 9.1.3.1.1 9.1.3.1.2 9.1.3.4.3

Being Productive in the Arctic Ocean

Tangled Web

Food Web Card Game

Principle 5: The ocean supports a great diversity of life and ecosystems.

Sea Connections

Downeaster Alexa: A fishery story

Pollution Solution

Technology
Investigation/
Decision-Making

Data Interpretation

Experiment/Role-play

5-9

7-8

6-9

6-8

8.1.3.2.1 8.1.3.3.2 8.1.3.3.3 9.1.1.1.2 9.1.1.1.6 9.4.4.1.3

7.1.1.2.3 7.1.1.2.4 8.1.1.2.1 8.1.3.3.1 8.1.3.3.2 8.3.1.2.1

7.1.3.4.1 7.1.3.4.2 7.4.2.1.3 7.4.4.1.2 8.1.1.2.1 8.3.4.1.2 9.1.3.1.1 9.3.4.1.2 9.4.4.1.2

6.1.3.4.1 6.2.1.2.1 7.1.1.2.3 7.1.1.2.4 7.4.4.1.2 8.1.1.1.1 8.1.1.2.1 8.1.3.3.1 8.2.1.1.1 8.3.4.1.2

Principle 6: The ocean and humans are inextricably interconnected.

I, Robot, Can Do That!

Web-quest NOAA

Principle 7: The ocean is largely unexplored.

Calling All Explorers
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Instructional Mode

Experiment/Data

Going with the Flow

Investigation

What Causes the Shoreline to Erode

208
Experiment

Being Productive in the Arctic Ocean

Data Interpretation

Downeaster Alexa: A fishery story

Technology
Investigation/
Decision-Making
Web-quest NOAA

I, Robot, Can Do That!

Calling All Explorers

Principle 7: The ocean is largely unexplored.

Experiment/Roleplay

Pollution Solution

5-9

7-8

6-9

6-8

6-8

Food Web Card
Game

Sea Connections

Principle 6: The ocean and humans are inextricably interconnected.

5-8

Simulation

9-12

Tangled Web

Principle 5: The ocean supports a great diversity of life and ecosystems.

Real-time Data
Interpretation

Bats and Hot Dogs

6-9

6-12

Cooperative learning
groups

Implications of Warming in the Arctic

Principle 4: The ocean makes Earth habitable.

6-8

Lab/Graphing

6-12

9

5

6-9

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x

x
x

x
x

x

x

x

x

x

x

x

x

x

x
x

x

x

x

x

x

x

x

x

Grade
Level 1.1 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2 1.1 1.2 2.1 2.2 3.1 3.2 4.1 4.2 5.1 5.2 6.1 6.2 7.1 7.2

How is Coastal Temperature Influenced by the GL and the
Ocean?

Principle 3: The ocean is a major influence on weather climate.

Data Interpretation

Ooze Clues--Diatom Ooze

Principle 2: The ocean and life in the ocean shape the features of the Earth.

Experiment

Density: Sea Water Mixing and Sinking

Principle 1: The Earth has one big ocean with many features.

Name of State: New York

Template for Links to State Standards

Fresh and Salt Appendix

Template for Links to State Standards

Name of State: Ohio

Activity

Instructional Mode

5

6-9
5C-3, 5A-6

9B-4,

Earth & Space Sciences

Experiment

Grades

Experiment/Data

Principle 1: The Earth has one big ocean with many features

Density: Sea Water Mixing and Sinking

Life Sciences

Physical
Sciences

Science and
Technology

Scientific Inquiry

Scientific Ways of
Knowing

9B-5

10A-2, 10A-3, 9C-2,
D-9, 11A-1, 11A-2,
11A-3, 12A-3, 12A-4,
12A-5, 11C-9, 11C-10,
12C-9, 12C-11

8A-1, 10A-1, 10A-3,
9B-5, 9B-6, 9B-7, 11A1, 11A-2, 12A-1, 11C-9,
11C-10, 12C-9

7A-1, 7A-2, 7A-3,
6B-3, 7B-5, 7B-7,
8B-3, 8B-4, 9A-3, 6A-2, 8A-1, 7C-3, 9A-1,
9A-5, 9A-6
9B-5, 9B-7, 9C-2, 9D-8

6A-2, 7A-1, 7A-2,
9A-2, 9B-1, 10B-1,
7A-3, 7B-5, 9A-3,
10B-2,11A-1, 11A-4, 9A-5, 9A-6, 10A-2,
11A-5, 11A-6, 12A-4 10A-4, 10A-5

5B-2

6A-2, 7A-1, 7B-7,
8B-3, 9A-3, 9A-6 9A-3

6A-4, 8B-2, 6C6, 7D-3, 8D-4,
9C-9, 9G-19,
7A-2, 8A-2, 6B-5, 7B9G-20, 12A-2, 4, 8B-3, 9A-2, 9A-3, 7B-7,8B-3, 9A-3,
11C-3, 12D-3
9B-1,11A-1, 11A-2, 10A-2,

6A-1, 6A-4, 9C-9

7C-3, 7C-4, 6D-1, 6D-2,
8E-11, 8E-13, 9B-4, 10B-2,
10D-5, 11B-2, 11B-3, 11B-4, 7C-6, 7D-5, 10F-17, 11B-5,
11B-6, 12B-5, 11B-13
11D-12, 11F-9

6A-4

9A-3, 9A-5, 9A-6

6-12

7C-6, 7C-7, 7C-8

9B-4

6-8

7C-1, 7C-2, 7C-3, 7C-8, 9B-4,
10B-1, 10B-2, 10C-4, 10D-6, 7C-3, 7C-6, 7D-5, 10D-9,
11B-3, 11B-4, 11B-5, 11B-6, 10D-11, 10F-15, 10F-17, 10G- 6A-1, 6A-4, 6C12B-511C-11, 11C-13
18, 11D-12, 11F-9,
8, 9C-9, 9F-17

7B-7, 8B-3

6-12

9

Going With the Flow

Investigation

Data Interpretation

Principle 2: The ocean and life in the ocean shape the features of the Earth.

Ooze Clues - Diatom Ooze

What Causes the Shoreline to Erode
Principle 3: The ocean is a major influence on weather climate.

Cooperative Learning Groups

How is Coastal Temperature Influenced by
the GL and ocean?
Lab/Graphing

Implication of Warming in the Arctic
Principle 4: The ocean makes the Earth habitable.

6A- 1, 6A-4, 9C6C-8, 7C-3, 7C-6, 7D-5,8D-5 9, 9D-21
9A-2

9A-1, 10A-1, 10A-2,
10A-3, 9B-6, 9B-7,
11A-2, 12A-1, 12A-4,
11C-9,

7C-2, 9B-4

9A-1, 9A-3, 9A5, 9A-6, 10A-4,
10A-5, 11A-1,
11A-512A-1

8B-2, 6C-3

6-9

9A-2,10B-2, 12A-4

7A-2, 8B-3

Real time data Interpretation

10D-9, 10D-10,
10D-11,10F-15, 10F-16, 10F17, 10G-18, 12A-3, 12A-4,
11D-12, 12E-9, 11F-9, 11F-11 9F-15, 9G-18,

6A-2, 7A-2

6A-1, 7A-3, 8B-3

Bats and Hot Dogs

5B-1, 5B-2, 5B-3, 5C-4, 5C-5,
5C-6, 7C-3, 7C-7, 7D-4

6A-2, 7A-2

9-12

5C-6,

6C-8, C-3, 7C-7

Experiment

5-8

7C-1, 8E-12, 8E-13

Being Productive in the Arctic Ocean

Simulation

6-8

Principle 5: The ocean supports a greaat diversity of life and ecosystems.

Tangled Web

Food Web Card Game

6-8

8A-1, 7C-2, 7C-4, 7C-6, 8E8, 7C-3, 7C-6, 7D-5, 8D-5 6C-8, 7C-3, 7C-6, 7D-5

6A-1, 6A-2, 7A-2, 7A6A-2, 7A-1, 8B- 3, 8A-2, 6B-5, 7B-4, 6A-1, 6A-2, 7A-1,
1, 8B-2, 8D-4, 8B-3, 8B-4
7A-4, 8A-1,
6C-3, 7C-3

Sea Connections

Experiment/Role Play

Principle 6: The ocean and humans are inextricably interconnected.

Pollution Solution

6A-1, 6A-2, 8A-1, 7B-1,
7A-3, 8A-2, 7B-5, 7B-2, 8B-2, 6C-3, 7C-3,
7B-7, 8B-3, 9A-1, 9A-1, 9A-3, 9B-5, 9B-6,
9A-3, 9A-5, 9A-6 9C-2, 9D-9
7C-1, 7C-2, 7E-13, 9B-4,

6A-1, 7A-2, 8A-2,
9A-2, 9A-3, 9B-1

6-9

6B-4, 7B-8, 6C-8, 7C-3, 7C6, 8D-5

Data Interpretation

7C-3

Downeaster Alexa: A fishery Story
Principle 7: The ocean is largely unexplored.

7A-4, 8A-1

7-8

7A-3, 8A-1, 8A-2,
8B-4

Technology Investigation/
Decision-Making

7C-2, 7C-6,

I, Robot, Can Do That!

5A-1, 5B-4, 5C-5, 5D-6,
6A-2, 6C-3, 6C-5, 7C-3,
9A-1, 9B-7, 9C-2, 9D8, 9D-9

5-9

5B-2, 5C-5, 6A-1

Web-quest NOAA

5A-1, 6A-1, 8A-1

Calling All Explorers
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Instructional Mode

5

Going with the Flow

Investigation

What Causes the Shoreline to Erode

210
Experiment

Being Productive in the Arctic Ocean
9-12

Food Web Card Game

Sea Connections

Data Interpretation

Downeaster Alexa: A fishery story
Technology Investigation /
Decision-Making
Web-quest NOAA

I, Robot, Can Do That!

Calling All Explorers

Principle 7: The ocean is largely unexplored.

Experiment/Role-play

Pollution Solution

Principle 6: The ocean and humans are inextricably interconnected.

Simulation

Tangled Web

5-9

7-8

6-9

6-8

6-8

5-8

Principle 5: The ocean supports a great diversity of life and ecosystems.

Real Time Data Interpretation

Bats and Hot Dogs

Principle 4: The ocean makes Earth habitable.
6-9

6-8
6-12

Cooperative learning groups

Implications of Warming in the Arctic

6-12

9

How is Coastal Temperature Influenced
by the GL and the Ocean?
Lab/Graphing

Principle 3: The ocean is a major influence on weather climate.

Data Interpretation

Ooze Clues--Diatom Ooze

Principle 2: The ocean and life in the ocean shape the features of the Earth.

Experiment/Data

6-9

3.1.7B Describe the use of models as an application of scientific or technological concepts; 3.8.7A Explain how sciences and
technologies are limited in their effects and influences on society; 3.8.7B Explain how human ingenuity and technological resources
satisfy specific human needs and improve the quality of life; 3.8.7C Identify the pros and cons of applying technological and
scientific solutions to address problems and the effect upon society; 4.8.7B Explain how people use natural resources; 4.8.7C
Explain how human activities may affect local, regional and national environments; 4.8.7D Explain the importance of maintaining
the natural resources at the local, regional and national levels; 4.9.7A Explain the role of environmental laws and regulations

3.1.7B Describe the use of models as an application of scientific or technological concepts; 3.2.7C Identify and use the elements of
scientific inquiry to solve problems; 3.2.7D Know and use the technological design process to solve problems; 4.2.7A Know that
raw materials come from natural resources; 4.3.7B Describe how human actions affect the health of the environment

3.3.7A Describe the similarities and differences that characterize diverse living things; 4.6.7A Explain the flows of energy and
matter from organism to organism within an ecosystem; 4.6.7C Explain how ecosystems change over time; 4.7.7A Describe the
diversity of plants and animals in ecosystems; 4.7.7B Explain how species of living organisms adapt to their environment; 4.7.7C
Explain natural or human actions in relation to the loss of species; 4.8.7B Explain how people use natural resources; 4.8.7C
Explain how human activities may affect local, regional and national environments; 4.8.7D Explain the importance of maintaining
the natural resources at the local, state and national levels

4.6.7A Explain the flows of energy and matter from organism to organism within an ecosystem;

3.1.7B Describe the use of models as an application of scientific or technological concepts; 3.2.7B Apply process knowledge to
make and interpret observations; 3.2.7C Identify and use the elements of scientific inquiry to solve problems; 3.4.7B Relate energy
sources and transfers to heat and temperature; 3.5.7C Describe basic elements of meteorology;

3.1.7B Describe the use of models as an application of scientific or technological concepts; 3.2.7A Explain and apply scientific and
technological knowledge; 3.2.7B Apply process knowledge to make and interpret observations; 3.4.7C Identify and explain the
principles of force and motion

3.2.7B Apply process knowledge to make and interpret observations; 3.2.7C Identify and use elements of scientific inquiry to solve
problems; 3.4.7A Describe concepts about the structure and properties of matter; 3.5.7D Explain the behavior and impact of the
earth’s water systems;

Grade
Level Standards

Density: Sea Water Mixing and Sinking Experiment

Principle 1: The Earth has one big ocean with many features.

Name of State: Pennsylvania

Template for Links to State Standards

Fresh and Salt Appendix

Template for Links to State Standards

Name of State: Wisconsin

6-9

Sci C.8.2

Sci C.8.6

Sci C.8.6

Sci E.12.2

Sci C.8.3

Sci D.8.1

Sci E.8.1

Sci F.8.8

Sci C.8.6

Sci E.8.1

Sci E.8.3

Soc A.8.1

Sci D.8.5

Sci E.8.3

Sci E.8.3

Sci D.8.9

Mth A.8.1

Sci C.8.2

Sci E.8.1

9

Mth D.8.3
Sci A.8.6

Sci C.8.3

Grade Level Standards

Experiment
5

Instructional Mode

Density: Sea Water Mixing and Sinking
Experiment/Data

Principle 1: The Earth has one big ocean with many features.

Going with the Flow

Sci A.8.6

6-12

Sci C.8.2

Lit A.8.3

Principle 2: The ocean and life in the ocean shape the features of the Earth.
Sci A.8.6

Sci E.8.3

6-8

Sci D.8.8

Implications of Warming in the Arctic

Real-time Data Interpretation

Cooperative learning groups

How is Coastal Temperature Influenced by the GL and the Ocean? Lab/Graphing

Principle 3: The ocean is a major influence on weather climate.
Soc A.8.1

Eng b.12.1

Data Interpretation

Sci E.8.1

Sci E.12.2

Sci A.8.6

Lit d.12.1

Principle 4: The ocean makes Earth habitable.
Bats and Hot Dogs

6-9

6-12

Sci G.8.3

Sci C.8.2

Investigation

Sci D.8.8

Sci E.8.3

Sci C.8.8

Sci A.8.6

Sci F.8.9

Ooze Clues--Diatom Ooze

Sci D.8.7

Sci E.8.2

Sci C.8.6
Sci F.8.8

What Causes the Shoreline to Erode

Sci C.8.3

Sci E.8.1

Sci C.8.4

Sci A.8.3

Lit A.12.3

Eng B.12.1

Sci C.12.5

Lit D.12.1

Sci F.12.8

Sci F.12.10

Sci C.12.6

Sci E.12.2
Env B.12.6

9-12

Env B.8.5

Sci C.12.5

Experiment

Eng B.8.1

Env B.12.4

Being Productive in the Arctic Ocean

Sci F.8.9

Sci C.8.6

5-8

Sci F.8.8

Sci C.8.2

Simulation

Principle 5: The ocean supports a great diversity of life and ecosystems.
Tangled Web

Env B.8.10

Env B.8.8

Env B.8.8

Env B.8.6

Env B.8.5

Sci F.8.8

Sci G.8.3
Env B.8.16

6-8

Eng C.8.2

Sci C.8.6

Food Web Card Game

Eng C.8.1

Env B.8.15

Sea Connections

Sci G.8.2

Sci C.8.6

6-8
6-9

Sci C.8.10

Sci C.8.2

Data Interpretation

Experiment/Role-play

Principle 6: The ocean and humans are inextricably interconnected.
Pollution Solution
Downeaster Alexa: A fishery story

Sci C.8.8

Env A.8.2

Sci G.8.3

Env B.8.22
Sci A.8.6

Env B.8.16

Principle 7: The ocean is largely unexplored.

Sci C.8.6

Eng C.8.3

Sci F.12.8

Soc B.8.8

Env B.8.18
Sci A.8.3

Env B.8.12

Sci G.8.1

Sci C.8.2
Sci F.8.8

Sci G.8.2

Env A.8.4

Env A.8.4

Sci C.8.2

Sci A.12.5

Sci E.8.2

Env B.12.6

Sci B.8.1

Env B.12.5

7-8

Env B.8.23

5-9

Env B.12.12

Technology Investigation and
Decision-Making

Eng E.8.1

Web-quest NOAA

Eng B.8.1

I, Robot, Can Do That!

Soc A.8.8

Calling All Explorers
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Educator Feedback Form

Fresh and Salt
How are you using this curriculum?

Which activities did you most frequently use, and why?

How did the Great Lakes and Ocean Literacy Principles help you teach Great Lakes and marine
concepts to your students?

Can we add you to our educator contact list to receive further information on this and other education.
initiatives and professional development opportunities? If yes, please complete the information below.
Name:
School or Organization:
Grade Level:

Subject(s) Taught:

Street Address:
City/State and Zip code:
Email Address:
Thank you very much for your input! For more information on other Cosee Great Lakes
curricula and educator programs, please visit http://coseegreatlakes.net/curriculum.
Please e-mail to: Terri Hallesy at thallesy@illinois.edu or send via Fax to
217-333-8046. If you prefer to send hard copy, mail to Illinois-Indiana Sea Grant,
University of Illinois, 388 NSRC, MC-635, 1101 W. Peabody Drive, Urbana, IL 61801.
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