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CURRENT LOG – After a long hiatus, we’re thrilled to be relaunching Current in a new digital format, under our new editor. Whether you’ve been
waiting patiently since our last issue in 2013 or you’ve just joined the NMEA family, you’re in for a treat. The eight articles in this general issue
originate from California, Florida, Bermuda, New York, Maine … even land-locked Indiana. They highlight teachers who are eliciting the first
glimmers of scientific thought in elementary school children, educators who are fostering awareness of careers in marine science among middle school
students, and scientists who are enabling high schoolers to become skilled researchers as well as passionate advocates for environmental responsibility.
A common thread runs through these stories: The ocean belongs to each of us, and we are all entrusted with its care. We are bound together by what
the sea provides, but we also find our fates linked by its destructive power. This notion is so basic that it actually forms the 6th Essential Principle of
Ocean Literacy: The ocean and humans are inextricably connected. To be human is to depend upon and be affected by the ocean, and we must all
understand the significance of that.
Increasing the knowledge and involvement of those who are underrepresented in science or who live in underserved communities is a strategic goal of
NMEA. NMEA’s Expanding Audience Program offers scholarships to assist educators who are working to further this goal, and we are delighted that
four recipients of this award are featured in this issue of Current.
2012 recipient Rocío Lozano-Knowlton’s work aligns perfectly with that mission, as program director of a bilingual (Spanish and English) Earth and
ocean science program in the Santa Barbara Channel region. Kaitlin Baird, a 2012 recipient who was selected as a Teacher at Sea for NOAA, opens
the eyes of Bermuda children to the wonders of the sea around them in her role as Science Education Officer and Lecturer at the Bermuda Institute
of Ocean Sciences.
The 2013 recipients — Nermeen Dashoush, science teacher and coordinator at NYC’s Speyer Legacy School, and Deirdre S. Englehart, an early
childhood education expert in Florida who introduces young children to the concepts of ocean literacy — share insights from their work to ensure
that the youngest minds are captivated early by aquatic science.
As educators, we teach about the many features of the ocean, the diversity of life it supports, and how the ocean interacts with and affects our climate.
As scientists, we identify important causal links, explore new territory, and contribute to an increasingly sophisticated body of knowledge about the
ocean’s past, present, and future. But we also have a responsibility to advocate for the health of our ocean and its resources in a way that ordinary
people can understand. We must reach beyond our circle of colleagues and students to the general community, making sure that society at large
understands how their own actions have an impact upon the ocean, no matter where they live.
Young people — such as the citizen scientists being groomed by Edie Widder and her colleagues at ORCA — seem to understand this instinctively,
embracing not just the science, but also their role in “teaching other people about what will or can happen if you don’t make an effort to protect the
earth” (as one student learning about the importance of preserving eelgrass habitats stated). There is hope for our future.
Jane Rubinsky
Editor
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There is Only One Ocean: The Societal Impact of
the Japan Tsunami on Communities in the U.S.
BY CRAIG STRANG WITH PERSIS KARIM

AS ONE OF MANY LEADERS OF THE UNITED STATES OCEAN LITERACY CAMPAIGN, I HAVE SPENT
the last decade explaining to children, teachers, scientists, and the general public the importance of
the central tenant of Ocean Literacy: There Is Only One Ocean.

This single idea helps us to understand so much about:
1.

the unity and fluidity of life in the ocean and on our
planet;

2.

how water, nutrients, energy, heat, and carbon move
from hemisphere to hemisphere, basin to basin,
reservoir to reservoir, from land to sky to ocean;

3.

the inextricable interconnections between the
environment and human systems (the ocean flows
through each of our watery bodies—there is only one
ocean and it is us);

4.

the interdependence of all human cultures and
societies (we all share and depend on the same
ocean);

5.

and finally, those five words tell us in no uncertain
terms of the fragility of our planet’s most important
and essential resource—there is only one ocean, and
we won’t get another.

I have been talking about this powerful idea for a long time,
but my experiences around March 11, 2011, caused me to
understand the words with new meaning and new gravity.
I first met Professor Tsuyoshi Sasaki, a Japanese
ichthyologist, at the 2006 National Marine Educators
Association Conference in New York, then again at the
first International Pacific Marine Educators Conference in
Honolulu, Hawaii, in 2007. Professor Sasaki immediately
demonstrated both his intellectual courage and curiosity
by delivering a fascinating presentation entirely in English
about his own social science research into how Japanese
people view the ocean and their relationship to it. I was
struck by and drawn to how similar his ideas were to my
own and those of my American colleagues, though we live
half a world apart and had never met. He spoke with a quiet
passion and a gentle conviction about the importance of
improving public understanding of the ocean in order to
ensure that we adults will leave our ocean and our planet
in better condition for our children than when we found it.

2

Professor Sasaki, at a fish market in Moss Landing, California,
during his time as a Visiting Scholar at UC Berkeley in 2008. He
is examining the Eastern Pacific species of the smelt he studies
in Japan. Photo by Craig Strang.
Later that year, Tsuyoshi arranged to work with my colleagues
and me for several months as a Visiting Scholar at Lawrence
Hall of Science at the University of California, Berkeley. He
quietly participated in all our marine science teacher workshops,
curriculum development and summer institutes, read everything
he could find, and engaged us in deep discussions about our
approach to teaching and learning. He travelled the U.S. visiting
universities, marine sanctuaries, and State Sea Grant offices,
including the office of NMEA past president, Dr. Mike Spranger,
in Florida.
At the end of his time in the U.S., Tsuyoshi’s wife, Chie, his
daughter, Mana, and his son, Tasuku, who lived in the small
coastal town of Otsuchi, Iwate Prefecture, came to visit him in
California. Over those few days, our professional collaboration
became a family friendship.
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Less than a year later in 2008, Tsuyoshi hosted a groundbreaking
event at Tokyo University of Marine Science and Technology
(TUMSAT) and invited me to participate as a speaker. The
event was called “The Japan Ocean Literacy Symposium:
New Marine Education to Maintain a Wholesome Global
Environment for Eternity.” This was the first Ocean Literacy
event of its kind in Japan; in fact, it was the first anywhere in
the world outside the U.S.
Then on March 11, 2011, the entire town of Otsuchi was
destroyed by the tsunami. Tsuyoshi was in Tokyo at the time,
teaching at TUMSAT, but his children were in school and
his wife was working in Otsuchi. Most of Otsuchi’s children
were safely evacuated from schools to tsunami shelters on
higher ground, but 1,500 adults working in town were killed,
leaving behind hundreds of instantly orphaned children. The
newspapers in Japan the next day estimated that over 10,000
people had been taken by the wave.

outside of town, Tsuyoshi’s wife, Chie, also searching for their
children, saw her husband as she drove by in a truck.
That day, he wrote to me, “Hi, Craig. Thank you for thinking
of us. I was able to take my daughter and son and wife. We
are OK.” For months afterward, Tsuyoshi taught his college
classes during the week in Tokyo, then drove back to Otsuchi
on the weekends, and each week he brought entertainment
and educational programs with him to the shelters full of his
children’s friends who no longer had parents. He would bring
marine science activities but also musicians and jugglers.

I desperately sent an email to Tsuyoshi the day the wave hit.
He replied simply, “Hi, Craig. Thanks, I am OK. Family not
contact.” Against the advice of government officials, he drove
north as far as he could until the destroyed roads ended, and
walked the rest of the way into Otsuchi town.

He wrote to me later that spring, “I try to make them smile. This
is important.” On his visits, Tsuyoshi realized that the surviving
children had grown understandably terrified of the ocean, the
very resource that has sustained them for all time. By the end
of 2011, Tsuyoshi Sasaki, the smelt biologist, assembled a
team of nurses, psychologists, and marine educators to help
him to slowly take these children back to the shoreline and
gently and safely reintroduce them to the ocean. He and his
team would wrap shaking children in life vests and slowly walk
them down the beach to first put their feet in the water, then
to wade out a short way, and finally to float in the now calm
and peaceful water that had taken their parents.

Two days later a mutual friend in Japan sent me an email:
“Tsuyoshi wrote that he just arrived Otsuchi town and found
that nothing remains.” He searched over 20 shelters one by
one for his family until he found first Tasuku and Mana, safe
in a shelter. Hours later, while he was walking on a highway

As this drama played out in Japan, it sent waves across the
Pacific. Americans watched live footage of the devastation
in shock and horror. Many around me watched with a sense
of helpless detachment, thankful not to have a personal
connection to the disaster, grateful to be able to send a

Kirikiri, Ōtsuchi, Iwate, Japan (March 18, 2011) An aerial view of damage to Ōtsuchi, Japan, a week after a 9.0 magnitude earthquake
and subsequent tsunami devastated the area. (U.S. Navy photo by Mass Communication Specialist 3rd Class Dylan McCord/Released)
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donation to the Red Cross and not to think more about Japan.
My wife, my then 8-year-old son, and I had no such luxury.
We watched film from Iwate before we received emails
from Tsuyoshi telling us he had found his family. We braced
ourselves for the shattering news that we knew was inevitable
but that thankfully never came true. My son asked, “We live on
the ocean, we have earthquakes, couldn’t that happen to us?”
Rather than feeling shocked and detached, my family — and,
we soon learned, many others who had even the smallest
personal connection to Japan or the ocean — felt an intimate
sense of closeness to our Pacific cousins. The one ocean
that usually seemed to separate our countries now served to
inextricably connect us together.
Fort Bragg, California, the sister city of Otsuchi Town; the
U.S. National Marine Educators Association; the students
and science teacher of Lime Kiln Middle School in Fulton,
Maryland; and Cragmont Elementary School in Berkeley, which

my son and a few Japanese children attended, are just a few
examples of communities that were deeply affected by the
tragedy in Japan and felt compelled to try to overcome their
sense of powerlessness by finding small ways to contribute to
the recovery. Because international relief efforts were slow to
develop, and it was difficult for money and material to find its
way from U.S. agencies to people living in shelters, we made
several efforts to contribute directly to the shelters themselves
by way of Professor Sasaki. From the U.S., we heard stories
and rumors that monetary contributions to international
aid organizations were being held up without making it to
on-the-ground relief efforts and were mostly spent on staff.
We heard rumors that material contributions such as warm
winter clothes and toys were being stored in warehouses and
were not being distributed to the shelters full of freezing and
despairing children.

A Thousand Cranes Project leaders from Cragmont Elementary in Berkeley. L to R, back row: Persis Karim, Principal Evelyn Bradley,
Nicole Watanabe; front row: Saori Russell, Akiko Cutlip, Haruna Kabota. Photo by Craig Strang.
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In Berkeley, my wife, son, and I reached out to the community
of Cragmont Elementary School five days after the tsunami,
suggesting that perhaps we could do something, we didn’t
know what, to support the children of Otsuchi Elementary.
Little did we know that, among the families of Cragmont, there
was an American mom married to a Japanese husband from
Fukushima, and three Japanese moms married to American
husbands.
Within days, A Thousand Cranes Project was launched. On
April 3, 2011, the first post went live on our blog announcing
that Cragmont children had resolved to fold 1,000 origami
paper cranes (a traditional sign of support and compassion for
someone who is suffering), write personal letters of support
to Otsuchi children, and raise at least $1,000, in part by selling
A Thousand Cranes Project T-shirts.
On March 23, 2011, Saori Russell, a native Japanese speaker
and one of the moms behind A Thousand Cranes, made
contact with Sasaki by phone. On April 12, we sent out a press
release to local media about the project:

The North Coast Brewing Company in Fort Bragg, California,
made this special beer to raise money for its sister city, Otsuchi,
after the tsunami. Photo by Craig Strang.
In response, the small town of Fort Bragg set up a website so
people anywhere in the U.S. could donate money that would
be sent directly to the Otsuchi Town Council. They conducted
fundraisers and did their best to stay in contact with Otsuchi
town officials. The local brewery created a special beer, Old
Stock Ale Otsuchi 2012, dedicated to the relief efforts, with all
proceeds from the sales going to Otsuchi.
Mike Spranger, from the University of Florida, and I were the first
members of the U.S. National Marine Educators Association
to post regular Listserv updates about the circumstances of
Professor Sasaki and other Japanese colleagues. Many others
sent email messages expressing condolences, support, and
solidarity, and created a blog to track the events surrounding
the earthquake, the tsunami, and the nascent recovery.
Bob Keddell, a science teacher at Lime Kiln Middle School
in Fulton, Maryland, saw my emails describing the efforts in
Berkeley to support Otsuchi Elementary School and he sped
into action. His students collected hundreds of stuffed teddy
bears, packaged them, and shipped them to Berkeley — from
where we shipped them to Tokyo, and Dr. Sasaki transported
them to Otsuchi shelters.

Sasaki described on the phone to Russell his children’s
eyewitness description of their school bursting into flames
less than 10 minutes after they had evacuated the school
in response to the tsunami alarm. Minutes later, a 30-foot
wave washed over the school and the entire town. Most
of the Otsuchi children survived because they were in
school and were well prepared for a disaster of this kind.
Other residents of Otsuchi were not so lucky. More than
ten thousand in the town of 15,000 perished or are still
missing, including the town’s mayor. For many of Otsuchi’s
children, the devastation is unimaginable. They’ve lost
parents and other family members, schoolmates, their
school, and their homes…
The press release went on to describe the overwhelming
consensus of Cragmont parents. The parents understood that
we were unlikely to make a tangible and material difference
in the lives of Otsuchi children, but this disaster provided
our community with an inescapable opportunity to nurture
in our children, and to provide the children of Otsuchi with,
something more important — a deep understanding of our
connectedness to those on the far side of our one ocean:
The Thousand Cranes Project is designed to be a
fundraiser for a fellow Japanese school about the same
size as Cragmont, but more importantly to emphasize to
Berkeley children the need for compassion, resiliency,
and community support for people facing a disaster.
The Cragmont moms went class-to-class throughout the school
giving presentations about Japan, the tsunami, and about
Tsuyoshi and his family. They asked children to think of a time
they did something to help someone who was sad, then turn
to the person next to them and talk about how it made them
feel and how they think it made the person who was sad feel.
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For days and days children spent their recesses and lunchtimes
folding cranes and writing letters. After school, they went
door-to-door and asked their neighbors to buy T-shirts or to
make donations. In the end, they folded nearly 2,000 cranes,
wrote hundreds of letters and cards, and collected $2,000 in
donations. We lovingly boxed up our gifts and shipped them
to Japan. On May 20, 2011, Professor Sasaki delivered the
cranes, cards, and money directly to the children of Otsuchi
Elementary School.
These small and insignificant efforts taught us at least two
significant lessons: 1) Despite the technological prowess of
two modern economic powerhouses and the blinding speed of
internet communications, concerned citizens in the U.S. had no
reliable mechanism to provide tangible support to our friends
experiencing a natural disaster in Japan; and 2) In the absence
of the ability to make monetary or material contributions
of significance, some people in the U.S. made personal or

community-based, heartfelt, direct
connections with those directly
impacted by the disaster. Moral
support, kindness, compassion,
and goodwill substituted for the
physical relief that we sought but
were unable to provide to those
who were suffering.
While I choose to describe my
thoughts about the concept of
Only One Ocean with words like
ecosystems, ocean circulation, and
carbon cycle, my wife is an English
professor and a poet. The following is a poem that she wrote in
spring 2011 that describes, in a very different way, the meaning
of those five words:

The children of Cragmont Elementary sent love, moral support, 1,000 origami cranes, and a small cash donation directly to the
children of Otsuchi Elementary through The Thousand Cranes Project. Photos by Persis Karim.
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RESILIENCE (ONE)
BY PERSIS KARIM
The earth trembles and parts
on its rusty hinge.
From the hill, children watch
as the wave consumes
their school then, in slow motion,
houses leave
their moorings, roll
over, roll like sticks
on an ancient river.
Disbelief swallows the whites
of their eyes. Women
and men walk for days,
search streets where solid things
float–
cars, ovens, TVs
bob like bathtub toys.
I imagine watching this
from a hillside, not
from a screen.
The unreal majesty of waves
sweeping across landscape,
each board and brick torn
by unrelenting water—
so high it laps up
people, paper, boats, everylivingthing.

We said, this could be us
without words. Our location
on the Pacific. The ache we know
of losing precious things:
a child, a tree, a photo album.
The piles of debris make a new chain
of islands, mountains of steel
fill the land, a vast destruction
so quiet, there is no echo.
In our helplessness,
we make a thousand cranes,
fundraise at my son’s school.
First, we ask for pennies and quarters,
then for nothing more than
notes to children.
One boy writes: we are thinking of your school
Another: Otsuchi, you will rise again.
And when I grow impatient with folding
Origami cranes, I pull out my pen
compelled by disaster—
as no other earthquake
or flood or tornado before—
write: remember resilience.

CRAIG STRANG is Associate Director of Lawrence Hall of Science at the University of California, Berkeley.
PERSIS KARIM is Professor of English Literature at San Jose State University.
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Engaging Underrepresented Youth in STEM
for Ocean Protection
BY ROCÍO LOZANO-KNOWLTON, JULIE BURSEK, AND MICHIKO MARTIN

SUMMARY
This article summarizes the goals, methods, accomplishments,
and lessons learned during eight years of implementing the
National Oceanic and Atmospheric Association (NOAA)
Multicultural Education for Resource Issues Threatening Oceans
(MERITO) Academy in the Santa Barbara Channel region. The
MERITO Academy is a bilingual (Spanish and English) Earth
and ocean science education program designed to increase
ocean and climate literacy, raise awareness of ocean issues,
and inspire youth underrepresented in STEM fields (Science,
Technology, Engineering and Mathematics) to pursue careers
in science or resource protection using their local and regional
natural environments as the study area, with emphasis on the
Channel Islands National Marine Sanctuary. Implemented since
2006 as a partnership program with a number of organizations
led by NOAA Channel Islands National Marine Sanctuary, the
MERITO Academy has immersed 5,650 4th- through 12thgrade students in Earth and ocean science education and
conservation, and trained 212 educators between 2006
and 2013. The program provides an array of services and

MERITO Academy students at Santa Cruz Island (June 2011).
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products. Program evaluation data and analysis conducted by
external evaluators show a correlation between the recorded
increased knowledge and the student’s participation in the
Academy. Measured impacts include increased understanding
of Earth and ocean science concepts, awareness of ocean
issues, and interest in protecting the ocean. The methods
and strategies used by the MERITO Academy have proven
effective at engaging multicultural audiences in ocean science
and conservation while building stewardship for the Channel
Islands National Marine Sanctuary.

INTRODUCTION
The MERITO Academy is a hands-on Earth and ocean science
bilingual (English-Spanish) education program that provides
4th- through 12th-grade educators with the tools to teach
the required standards in the context of coastal and ocean
environments while addressing ocean threats, exposing
underrepresented students to STEM careers related to the
ocean, and increasing awareness of how our actions affect
the health of our marine environments through the application
of meaningful, inquiry-based classroom and field experiences.
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Each year, 600 to 900 students participate in the program,
and their knowledge of Earth and ocean science and interest
in science careers have increased significantly after exposure
to the program, as documented by external evaluators’
statistical analysis and teachers’ reports. The impact is also
evident based on the consistent demand of the program
from educators, their strong desire to return to the program
in subsequent years, and the willingness of municipalities,
agencies, and non-governmental organizations to collaborate
with the Academy.
The MERITO initiative was originally developed by the Monterey
Bay National Marine Sanctuary in 2001 to cope with changing
demographics of the Monterey Bay region. In 2005 Channel
Islands National Marine Sanctuary adapted it to the Santa
Barbara Channel region (Santa Barbara and Ventura counties)
through a thorough study that identified the needs and gaps
in environmental and ocean science education among the
region’s diverse communities (http://channelislands.noaa.
gov/education/meritoacademy.html). The program was
initiated in 2006 led by CINMS in partnership with a number
of local, regional, and national organizations.
The MERITO Academy’s learning objectives are to:
•

Increase knowledge of ocean, climate, and environmental
literacy.

•

Increase understanding of ocean issues.

•

Increase awareness of professional career possibilities in
marine or environmental science.

•

Provide opportunities to the participating students for
involvement in ongoing citizen science and conservation
projects.

THE NEED
From an environmental perspective, it is well known that
many human actions are threatening marine environments
locally and globally, changing the abiotic factors that sustain
ecosystems.1 Understanding the critical environmental issues
is key to modifying behaviors that create these problems.
From an educational perspective, despite historical record
achievement, the United States currently lags behind other
nations in STEM education at the elementary and secondary
levels. According to the President’s Council of Advisors in
STEM Education2, international comparisons of our students’
performance in science and mathematics consistently place
the United States in the middle of the pack or lower. Moreover,
there is a large interest and achievement gap among some
groups in STEM, and African-Americans, Hispanics, and
women are seriously underrepresented in many STEM fields.
The Council also notes that there is a lack of interest in
STEM fields and cites recent evidence that many of the most
proficient students, including minority and women, gravitate
away from science and engineering toward other professions.

MERITO Academy students remove invasive plants at Anacapa
Island (April 2007).

METHODS
The MERITO Academy program is implemented on academic
year cycles (August-June), and evaluation analysis takes
place in the summer months. It accomplishes the program’s
objectives by implementing six main strategies in the
following order: (1) Fundraising; (2) Curriculum development/
improvements; (3) Professional development in the area of
Earth and ocean sciences; (4) Year-round support through
in-class visits, coordinating and coinstructing field experiences;
(5) Meaningful watershed, coastal, and island experiences for
students; and (6) Evaluating program impact and reporting.
The evaluation methods used consist of front-end, formative,
remedial, and summative evaluations. The needs assessment
conducted by CINMS3 in 2005 forms part of the front-end
evaluation. Pre- and post-educators’ workshop surveys supply
information for the formative evaluation, and post-program
surveys supply information for remedial evaluation. The
formative evaluation of the students consists of pre- and postprogram surveys. Because the MERITO curriculum focuses on
grade-specific subjects and standards, separate evaluation is
conducted for three academic grade levels. Student assessment
addresses understanding of science concepts, attitudinal
change, concepts in conservation, and increased awareness
of career opportunities in marine and environmental STEM
careers. The differences in scores between the pre- and postassessment reflects changes in knowledge, understanding,
and/or attitudes related to or towards the watershed, coastal,
or marine environments.
The MERITO Academy invests an average of 5 percent of its
annual funding for external evaluation and analysis. Specifically,
the evaluators were asked to determine if there is any statistical
correlation between the students’ participation in the program
and any change in knowledge or attitudes. The sample size has
been consistently large (~66 percent of participating students
and 90-100 percent of educators) to obtain the smallest possible

9

Volume 29 • No. 1 • December 2014

margin of error. The external evaluators examined the data
using inferential statistical analysis, typically using SPSS-18.0 and
SPSS-20.00 data analysis software, and have concluded that
group means of pre- and post-surveys scores associated with
the exposure of the students to the MERITO Academy activities
(in class and out in the field) are statistically significant.

Figure 1: Number of Students Per Year
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8th-grade students collect rocky-intertidal data at Coal Oil Point
Reserve (February 2009).

ACCOMPLISHMENTS
1. Audience served

2006-2007

10

2010-2011

2012-2013

Number of students enrolled in the MERITO Academy at
the Santa Barbara Channel region per academic year from
2006-2014 for a total of 5,640 students.

Figure 2: Student Demographics Breakdown (%)

5,640 4th- to 12th-grade students and 212 educators have
participated in the program to date. Figure 1 shows the
number of students per year from 2006 to 2014, respectively.
During the application process, participants agree to the
following: a) To participate in the annual MERITO Academy
Educator’s Workshops; b) To instruct a minimum of 15
lesson plans contained in the curriculum during the school
year (in addition to the field activities); c) To allow program
staff to administer pre- and post-program evaluation surveys
to students and educators alike; and more recently, d) (For
students) To deliver an end-of-year project or essay related
to ocean science or conservation. The educators spend a
minimum of 50 hours per school year preparing and teaching
at least 15 in-class activities, as well as planning, coordinating,
and instructing six to seven field activities.
The demographic composition of participating educators
over the past eight years has been on average: 70 percent
Caucasian, 30 percent Hispanic; 75 percent female, 25 percent
male; 74 percent in-service teachers (formal educators), and
26 percent after-school program educators. 97 percent of
participating educators work at Title 1 schools. The majority
of the educators who participate in the program re-apply to
participate the following year (69 percent stay three to five
years in the program). Their students, however, are typically all
new to the program unless they are in an elective after-school
program involved with MERITO the previous year or multiplegrade-level teachers are using the curriculum.

2008-2009
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Average ethnic demographics of students who have participated
in the MERITO Academy program between 2006-2014
(throughout eight academic years).
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The demographics of participating students over the past eight
years is diverse, as shown in Figure 2. On average, the racial
composition was 77 percent Hispanic, 16 percent Caucasian,
2 percent Multiracial, 2 percent African-American, 1 percent
Asian, and 2 percent other (i.e. Middle Eastern, Native
American, or Pacific Islander).

2. Channel Islands MERITO Academy Curriculum
The core of the program is the MERITO Academy curriculum,
a six-year endeavor that culminated in October 2013 with the
development of the 50-lesson plan curriculum originally aligned
to California academic standards (4th- through 8th-grade
level), correlated to the ocean and climate literacy principles
and the California Education and the Environment Initiative,
fully adapted to the coastal and marine environments of the
Santa Barbara Channel region and suitable for English learners.
The curriculum was aligned in summer 2014 to Common
Core State Standards (CCSS) and Next Generation of Science
Standards (NGSS). The curriculum’s interdisciplinary and
inquiry-based nature fits so much better to CCSS and NGSS
that it now meets 4th- through 12th-grade level standards. The
lessons were adapted or created by a number of professionals
including MERITO Academy and Office of National Marine

Sanctuaries staff, contracted curriculum developers, and the
participating educators who piloted, tested, and edited much
of the content. The development was possible thanks to a
variety of sponsors, including federal and corporate sponsors.
The curriculum addresses multiple disciplines and is integrated
across grade levels to provide the building blocks to support
activities the students will experience in future years.

3. Eight 2-3 Day Long Annual MERITO Academy
Educators workshops
Despite numerous financial challenges the program has faced,
MERITO Academy’s two-day workshop in the fall became the
official starting point for participating educators to receive new
tools and get re-energized for the new school year. During
each workshop participating educators receive a revised copy
of the curriculum and are trained in its use; are given access to
supporting materials in a kit (e.g. species cards, water-quality
test kits, ID guides, etc.); and researchers and professionals
are invited to lecture on current Earth and ocean topics and
issues. The workshops build capacity among participating
educators, especially elementary school teachers, who
appreciate the lectures. The two-day fall workshops focus on
use of the curriculum and exploration of the Channel Islands by

6th-grade MERITO students relax after monitoring sandy beaches of Malibu (April 2013).
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transporting the educators to Santa Cruz Island to explore and
learn about the Channel Islands resources and habitats and
implement field activities drawn from the curriculum led by
staff. During the one-day winter workshop the educators are
further trained in use of the curriculum and on the application
of ONMS Long-term Monitoring Program and Experiential
Training for Students (LiMPETS)4 beach monitoring techniques.

4. Meaningful Watershed, Coastal, and Island
Experiences for Students:
448 field experiences have been coordinated, co-instructed,
and either fully or partially sponsored by the MERITO Academy
between October 2006 and June 2014 (Figure 3 shows
annual number of field experiences). Educators can choose
from a variety of three themed field experiences and plan,
schedule, and teach the content accordingly. Most chose the
themes according to what curricular activities align better
to their specific grade levels, the disposition of their school
administrators, or available funds for student transportation
(either raised by the Academy or their school). To date, the
MERITO Academy has been able to secure funds to assist with
student transportation to field sites. The three offered themed
experiences are: (a) Watershed Connections to Oceans, where
activities include water quality testing, native plant restoration,
beach clean ups, bird identification, tours of local wastewater
treatment plans, and/or wetland exploration; (b) Monitoring
Coastal Habitats, where students experience, explore, and
collect monitoring data on key indicator species of sandy and
rocky intertidal zones; and (c) My Channel Islands National
Marine Sanctuary and National Park, where students observe
and identify wildlife, hike at the Channel Islands, on occasion
participate in restoration efforts, phenology data collection, and
take part in group discussions regarding resource protection.
Students directly impart a positive impact on their local natural
environments through the field experiences either by restoring
native plant communities, picking up trash along the beach, or
contributing to long-term data sets.

ocean. Mean pre-program and post-program total scores
were calculated for each participating school classroom and
after-school group each year. The surveys administered were
different for each grade level, but the total number of possible
points has been 50 every year for every survey. The overall
average change in knowledge, attitudes, and behaviors was
calculated by extracting the mean percentage scored in
post-test from the mean pre-tests per class (cohort). The overall
average change in students’ scores between pre-program and
post-program evaluation surveys over eight years is 34 percent.
Students answered correctly an average 42 percent of the
questions in the pre-program survey and 76 percent during the
post-program evaluation surveys. Figure 3 shows the average of
students’ survey scores between 2006 and 2014.
The statistical analyses have also revealed statistically significant
increases in student knowledge and appreciation of the Channel
Islands natural and cultural resources, with a mean difference
of .810 points per question after participating in the MERITO
Academy. Additionally, students have showed a statistically
significant increase in their understanding of ocean-related
threats with a mean difference of .816 points per question
after participating in the MERITO Academy. Students reported
increases in their sustainable practices in everyday life with
mean differences averaging .233 points higher after participating
in the MERITO Academy. Likewise, teachers’ preparedness to
teach concepts of Earth and ocean science as they relate to
the Santa Barbara Channel Islands habitats have increased an

Figure 3: Average Increase in Student Pre- and
Post-Program Survey Scores (%)
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5. Year-round support:
All 212 trained educators and their 5,640 students have been
supported throughout the academic years in various ways:
through initial in-class presentations in English or Spanish by
Academy staff on Channel Islands resources and habitats and an
overview of ocean-related threats; in-class training of students
on the beach monitoring protocols; end-of-program visits to
observe student project presentations; coordination of field
experiences between educators and partnering organizations;
support from MERITO Academy and CINMS personnel during
field activities; and seeking and securing funding to cover
program costs (the most challenging part of the program).

6. Program Impact:
Measured program impacts from 2006 through 2014 include
increased understanding of Earth and ocean science concepts,
awareness of ocean issues, and interest in protecting the
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Percentage change (increases) per year in students’ survey scores
calculated as the difference between students’ post-program
average scores minus pre-program scores (2006-2014).
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average of 46 percent after attending the MERITO Academy
Educators Workshops. Program impact is also evident by the
restoration and/or monitoring efforts, logbook entries, students’
projects, and increases in science test scores as anecdotally
reported by school administrators or teachers.

DISCUSSION (LESSONS LEARNED)
The MERITO Academy has evolved and modified its approaches
over the years based on observations, experiences, evaluations,
and, to a certain extent, to adapt to financial uncertainties. In the
following paragraphs we attempt to share a few of the lessons
learned and changes in approach.
The target audience: During the initiation of the program in
2006 the target audience was believed to be Hispanic students,
and Hispanic-serving educators. It was hypothesized that the
main constraint for engaging this ethnic group, which sanctuaries
along the West coast had not been able to successfully engage
in ocean conservation, was the requirement of bilingual
approaches. Over the course of a few years we learned that
language is not the main barrier. We discovered that meeting
the needs and understanding the core values and aspirations of
the communities are the key, and the values and aspirations are
as diverse as the communities we reach.
While it is much more effective to have bilingual (EnglishSpanish) programmatic elements (such as student worksheets,
datasheets, and assessment) and staff — as well as much more
appealing to many students to relate to professionals who
look like them, and speak the language they hear or speak at
home — the program has been able to truly engage students in
ocean science and conservation and motivate them to consider
STEM careers by using not one, but an array of approaches.
The first step is figuring out what their needs are through an
in-depth needs assessment, and mapping out the needed
outputs, learning objectives, short- and long-term outcomes
and indicators of impact. The needs in the case of the Santa
Barbara Channel region (perhaps not very different from other
regions across the U.S.A.) include:
•

Increasing capacity of teachers to teach science in the
context of coastal and marine environments for upper
elementary and lower middle school level educators.

•

Creating STEM-related engagement experiences (for
example, having “real scientists” be the guest speakers
in the classroom or in the field makes those careers
tangible).

•

Giving access to science content that builds on what is
familiar to the students, such as their local or regional
environments, and that aligns to CCSS and NGSS.

•

Maintaining genuine contact with educators and
students (for example, forward new available resources,
help coordinate field experiences, and maintain direct
communication).

•

Building partnerships with community leaders, other
agencies, and NGOs of similar goals, leveraging resources
and connecting people.

•

Providing experiential learning tied to instructional days in
the natural environments is perhaps the most impactful
approach; making this happen for students in Title 1
schools can be one of the main barriers if schools’ districts
do not consider field experiences to be academic.

After a few years, it became evident to MERITO Academy staff and
partners that the main constraints in engaging underrepresented
students in STEM careers and ocean conservation are socioeconomic rather than cultural or linguistic. So our approach has
shifted from being exclusively for Hispanic students to being
inclusive, needs-based, and truly multicultural, as is our nation.

5th-grade MERITO Academy students identify macro-invertebrates at Santa Monica Mountains (March 2012).
The content and experiences: Because the Channel Islands are
offshore, this geographical condition required a comprehensive
and sequenced land-to-sea ecosystem approach (with each
grade level focusing on one or two ecosystems). Watershed
education comprised the first third of the curriculum,
recommended for upper elementary-school grade levels
followed by a progression to coastal habitats, open-ocean, and
the offshore Channel Islands for middle school to high school
students. It finalizes with an introduction to human-induced
ocean threats, examples of effective conservation efforts
through citizen science and service learning experiences, and
age-appropriate alternative behaviors that empower students to
take action. The MERITO Academy curriculum’s interdisciplinary
and investigative approach to ocean science concepts and
issues connected to societal or community concerns is a good
fit for meeting CCSS and NGSS, teachable and learnable at
increasing levels of depth for 4th- through 12th-grade levels.
Formal vs. informal educators: The highest demand for
the program comes from in-service teachers. However, since
2008 we have also worked closely with after-school educators.
After-school or expanded learning programs provide an ideal
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spatiotemporal opportunity for STEM education. After-school
education does offer some challenges. Often, after-school
educators do not have as much instructional training as formal,
in-service teachers do, and we have found a high turnover
of after-school program coordinators. However, we have
learned that we need to provide the tools and instruction for
both formal and informal educators as long as they have the
interest to teach the content and the support from their site or
school administrators.
A new way of doing business: The America COMPETES
Act (P.L. 110-69) gives NOAA broad authority for educational
activities. Furthermore, the National Marine Sanctuaries Act
provides a direct congressional mandate for ONMS to conduct
education. However, for the past several years, ONMS has
been subject to budget reductions as a result of the economic
downturn and many variables. CINMS is no longer able to
sustain this program that has been able to operate primarily
by leveraging resources with local, regional, and state partners
funded largely through grants.
In order to keep delivering the products and services the
MERITO initiative has done for over eight years, ONMS has
taken a different approach and has supported the creation of
a non-governmental, non-for-profit organization called The
MERITO Foundation, charged to provide an independent entity
to carry on the mission and goals of the program. This new
business model aims to build a public-private partnership to
carry forward this amazing program by continuing to function
as a liaison between ONMS, NOAA, the State Department of
Education, school districts, and other science and resource
protection agencies and schools, bringing the most up-to-date
ocean science information and education tools to schools,
teachers, and students. The MERITO Foundation incorporated
in September 2013, received tax-exempt status in June 2014,
and has trained over 40 middle-school science teachers
from two school districts in the region that have adopted the
MERITO curriculum since its incorporation.

3.

Continuously implementing a robust evaluation plan
that involves external analysis to help program staff
recognize weaknesses and provide an open channel
of communication between participants and staff.

4.

The commitment and passion of those involved,
starting with the leadership and staff at Channel
Islands National Marine Sanctuary and the Office of
National Marine Sanctuaries, the work of volunteer
naturalists, the staff of partnering agencies, and
numerous sponsors, teachers, program leaders,
municipalities—without whose support the success
would have not been possible.

5.

The profound need of our oceans to be protected, and
of our public schools for meaningful STEM education.

WHAT’S NEXT?
There is much room for improving the MERITO Academy
in Southern California. An important area is improving our
methods for evaluating long-term program impact. We
plan to address this issue by establishing tracking channels
with region’s colleges and universities to identify if MERITO
Academy alumni are pursuing STEM careers, and if they
are, were motivated at all by the experiences offered by the
Academy.
We are also analyzing the expansion of the curriculum for
upper middle school and high school levels by developing
or adapting existing content that addresses Earth, physical,
and life science while integrating technology and engineering
in marine environmental applications. We are exploring
collaborations with other governmental and non-governmental
organizations dedicated to other fields in STEM.

CONCLUSIONS
To engage our diverse communities in ocean and environmental
protection and inspire underrepresented youth to consider
careers in STEM fields related to the ocean or environment,
the MERITO Academy, a community-based program initiated
by NOAA Channel Islands National Marine Sanctuary at
Ventura and Santa Barbara counties, has implemented a multipronged approach that has proven effective. In retrospect, its
effectiveness is largely due to five aspects:

14

1.

Thoroughly assessing the needs of the local community.

2.

Developing a robust program design that includes a
logic model. The logic model charts the goals, objectives, resources, and outputs needed, and outlines
the short-, mid- and long-term outcomes desired,
which keeps the navigation of the program on course.

Rocío Lozano-Knowlton (center, in hat) with student participants of the MERITO Academy at Coal Oil Point Reserve
(April 2012).
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Save the Water Babies: High School Students
as Citizen Scientists
BY EDIE WIDDER, PH.D., BETH FALLS, PH.D, RETTA ROHM, AND CHLOE LLOYD

ALTHOUGH CITIZEN SCIENCE HAS BEEN AROUND FOR SOME TIME, IT IS GAINING TRACTION,
not only as a means to improve science literacy, but as a tool for scientists to leverage diminishing
funding support (Silvertown 2009). The Ocean Research & Conservation Association (ORCA) utilized
citizen scientists to complete a project titled Save the Water Babies in 2013.
ORCA’s Save the Water Babies project gave students at the
Indian River Charter High School (IRCHS) in Vero Beach,
Florida, a real-world science and education experience that
taught them how to determine where pollution comes from
and where it ends up in the Indian River Lagoon. These
students then used their new knowledge and skills – along
with their creativity and passion – to transform the Indian River
County community’s understanding of how their actions (or
inactions) may contribute to the death of first-born dolphins
and to the overall health of the lagoon. Over the course of
this one-year project, 18 high school students evolved into
skilled citizen scientists who learned how to link knowledge
with action to transform how communities work together to
identify environmental problems and, in turn, restore and
protect vulnerable ecosystems.

CITIZEN SCIENTISTS
Science as a way of knowing is valuable to both scientists and
non-scientists. It is a powerful tool for making decisions – a
tool that is best learned by doing (Gopnik 1999). The sooner
we can involve students in doing real science, the better for all
concerned. The students learn the power of science to answer
questions and are engaged by doing something meaningful,
while scientists gain assistance with research-related tasks.
Citizen science promotes close interaction between scientists
and the community with benefits to both parties. Having
everyday people describe an issue in their own words,
as opposed to a scientist’s point of view, changes the
public’s perception of an issue. Volunteers eagerly take the
opportunity to learn about the environment and improve their
understanding of scientific concepts. Citizen science gives
individuals an opportunity to make a true difference at a local
level and motivate their peers to become involved in research
opportunities. Citizen scientists attain skills that enable them
to address scientific issues with stakeholders and community
members and develop action plans that are clear and concise
(Citizen Science 2014).
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ORCA places a strong focus on developing effective citizen
scientists. In addition to sharing the workload, citizen scientists
offer valuable observations and extend ideas to researchers,
as well as engage the public in research being conducted
within their community. High school students’ involvement
offers a young, fresh perspective as they eagerly explore the
field to collect data. Young students can see things experts
might overlook in the field (Kids Count 2014). Researchers at
ORCA have had great success in utilizing citizen scientists in
research projects, especially when working with high school
students. This age group is particularly effective due to their
higher level of understanding, which allows them to explore
sophisticated issues and undertake projects to help solve real
problems. When given the responsibility to collect and analyze
samples, students become more confident in their scientific
abilities and in all aspects of their work. The more the students
learned about and understood their project, the more they
cared about their research. Students learned how to work well
as a team and collaborate to achieve a collective goal.

Figure 1. Students collect a sediment sample from the Indian
River Lagoon. Photo by Retta Rohm 2012.
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actively participated in field and laboratory research alongside
ORCA scientists and field technicians. Field work consisted of
sediment sampling, monitoring water quality, and taking field
observations (Figure 1). Students went on a total of four fieldtrip excursions with ORCA throughout the fall semester to
collect a total of 101 sediment samples. In the ORCA laboratory,
students were introduced to standard laboratory safety
procedures. The students composited sediment samples
to be tested in compliance with ORCA’s Fast Assessment of
Sediment Toxicity (FAST) protocol (Figures 2 and 4). FAST
testing consists of conducting a broad-spectrum bioassay to
determine total toxicity of the sediment (Micro-tox®), drying
and sieving samples to measure particle size, and measuring
total organic carbon (Widder and Falls 2014).

Figure 2. Students composite sediment samples in compliance
with ORCA’s FAST Protocol. Photo by Edie Widder 2012.

SAVE THE WATER BABIES
The idea for the Save the Water Babies project came from
the devastating trend of many first-born dolphin calves to
not survive, due to toxin transfer from the mother during
pregnancy and lactation (Wells et al. 2004). This is not a
commonly known effect of the pollution that is entering the
Indian River Lagoon in Florida. While many young people aspire
to become marine biologists with the goal of working with
dolphins, most do not realize that, if they truly want to help
dolphins, they should focus on cleaning up the environment
in which dolphins live. Derek Hodson argues that, ‘…if current
social and environmental problems are to be solved, we need
a generation of scientifically and politically literate citizens…”
(Hodson 2003). ORCA’s Save the Water Babies project was
designed to give high school students a real-world science and
education experience as the basis of an initiative to transform
their local community’s understanding of how their actions (or
inactions) may contribute to the death of first-born dolphins
and other marine organisms.

Through their lab work and data analyses, students identified
where problem areas exist in the Indian River Lagoon. Data
was analyzed and used to create pollution gradient maps of
the study area in Indian River County (Figure 4). Students
were introduced to Geographic Information Systems (GIS)
mapping and were taught how ORCA utilizes GIS to create
pollution gradient maps. ORCA scientists use pollution gradient
maps as the first step in visualizing and interpreting data. The
students shared the maps created with their data with citizens,
stakeholders, and lawmakers to draw attention to areas that
pose the largest environmental and health threats, and helped
them work together to make informed decisions to protect and
restore local aquatic habitats.

LINKING KNOWLEDGE WITH ACTION
During the spring semester, the students were proactive
in developing ideas to involve their peers and community
members in joining Save the Water Babies’ conservation
efforts. They began by addressing environmental issues
through peer education. Each student developed a summary
of their real-world science experience with ORCA and shared

The study area for the project was a particularly impacted
section of the 156-mile-long Indian River Lagoon in Indian River
County, Florida. In this region, many dolphins, manatees, and
pelicans died and over 47,000 acres of seagrass disappeared
in a matter of a few years (Indian River Lagoon 2014). The
Save the Water Babies project consisted of two parts. Part one
included students working side-by-side with ORCA scientists
and technicians in the field and laboratory; part two involved
students working with ORCA staff and consultants to translate
the results of their research into conservation actions.

FIELD AND LAB WORK
Prior to venturing into the field to collect samples, students
received background knowledge and in-class tutorials. This
helped to ensure students were knowledgeable and able to
conduct scientific tasks to produce reliable data. Students

Figure 3. Students conduct a Microtox® Broad Spectrum
Bioassay to determine relative toxicity of samples collected from
the Indian River Lagoon. Photo by Lauren Tracy 2012.
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this experience with other science classes at IRCHS. With the
help of a graphic designer, students created and maintained
an online blog detailing their project. (The blog can be viewed
at http://orcaprojects.tumblr.com/.) Students helped organize
and worked at ORCA’s Save the Lagoon 5K run to raise
awareness of issues facing the IRL. Students created IRL-based
conservation games and storybooks suitable for varying age
groups. They presented these resources to students at a K-8
private school in Vero Beach to educate younger students
about the problems facing the IRL (Figure 5). The storybooks
and games were presented to the school for teachers and
students to continue to use and share with others. Students
also met with local politicians and members of the media to
present their work (Figure 6).
ORCA worked with the students to create a media campaign to
reach Indian River County citizens of all ages to join in “saving
the water babies.” Students participated in IRCHS’s “Charter
Chat” radio show, detailing their research and the steps they
took to educate and involve the public to help improve the
current state of the IRL. A movie theater “trailer” played for
an entire month at a local movie theater before each movie
showing, detailing the students’ project goals. Several local
newspaper and magazine articles were published on the
progress of the Save the Water Babies project. Utilizing this
collaboration with local news and media stations, students

Figure 5. Conservation-based games developed by IRCHS
students are shared with students in the community. Photo by
Retta Rohm 2013.
were able to further educate the IRC community on the
importance of protecting our waterways from harmful toxins
and other environmental pollutants.
The community benefited greatly from this project by receiving
information at no cost on the state of the IRL that includes the
expanse from Barber Bridge north to the Wabasso Bridge in
Vero Beach, Florida.

REAL-WORLD SCIENCE
This project was revolutionary for Indian River County. There
was no truly scripted curriculum. The basis for the Marine
Science II Honors course was relevant, real-world marine
science. Students as citizen scientists are solving real problems,
prepping them for future careers. We allowed students to take
important local issues into their own hands, empowering them

Figure 4. GIS Pollution Gradient Map displaying levels of
sediment toxicity throughout the study area. Microtox® Broad
Spectrum Bioassay data are reported on a scale of 0-100, with
zero being no toxicity identified, and 100 being the highest
toxicity. Photo: ORCA 2013.
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Figure 6. A student talks with a reporter to educate the
community on the importance of protecting our waterways.
Photo by Edie Widder 2012.
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with project responsibilities. Their enthusiasm throughout the
project was contagious. Students’ confidence grew as they
worked hard to achieve the goals and objectives set for the
project.

PROJECT EVALUATION/SUCCESS
ORCA conducted periodic formative evaluations during the
project, as well as a summative evaluation at the end of the
project, to determine if objectives had been met and goals had
been accomplished [Tables 1 and 2]. These evaluations helped
ORCA scientists determine the project’s progress as well as
the students’ overall understanding of the scientific research.
In the evaluations, students expressed significant interest in
the research they conducted and formulated tangible ideas
for ways in which to transform conservation actions in Indian
River County. Our greatest success has been the students’
demonstrated field and lab skills and how this project has
sparked a pronounced interest in developing conservation
initiatives. IRCHS students were positively impacted in many
ways. In addition to gaining scientific knowledge, they gained
an appreciation for how research is conducted (including its
many challenges), and how to turn scientific knowledge into
conservation action. This experience has given students the
confidence to excel in their future college and professional
careers.
Student comments from evaluations included the following:
“I love unique opportunities to learn, so being in the
environment we are studying was valuable.”
“I loved the hands-on experience that this class provided
me with. I liked that I was treated like an adult in some
ways rather than just a student. I feel like this class gave
me the first chance EVER to actually experience science in
a raw and natural state. I feel like I’ve truly evolved as a
student because of this course.”
“If all courses were like this, then students would have
so much more of an understanding of the subject being
taught.”
“This class deals with problems that will dominate the
political field when my generation comes into power.
It has helped us to think as both scientists and general
problem solvers.”
“This class was revolutionary in terms of the average
science class. I loved that the focus was not put on the
classroom or testing or reading a textbook. We learned
by doing, and we knew that what we were doing was
actually valuable. I certainly learned a lot about marine
science research and feel like I was able to identify and
solve real environmental problems.”

Table 1: Student Evaluation Responses
Question: Rate your progress on the course objectives
goal: Local students will develop the knowledge and
skills needed to conduct marine science conservation
research.
Response

Students (n=18)

Extraordinary

17%

Excellent

50%

Good

33%

Average

0%

Some

0%

Little

0%

None

0%

Table 2: Student Evaluation Responses
Question: Rate your progress on the course
objectives goal: Students will identify and solve real
environmental problems that affect Indian River
County through engaging in science inquiry and
education of the citizens of Indian River County.
Response

Students (n=18)

Extraordinary

11%

Excellent

56%

Good

33%

Average

0%

Some

0%

Little

0%

None

0%
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SUSTAINABILITY
Projects and programs utilizing student citizen scientists are
particularly sustainable in that, once the initial group has been
trained, those individuals may train more citizen scientists who
may subsequently train more citizen scientists, and so on.
Materials created through the Save the Water Babies project
(e.g. IRL conservation-based books and boards games) are
now being used by educators and students in Indian River and
St. Lucie Counties in Florida. These resources will educate and
inspire future citizen scientists in our local area.
The success of the Save the Water Babies project prompted
ORCA to submit a new project proposal to Indian River Impact
100 to continue implementing real science in the classroom. In
April 2014, ORCA received funding for the project titled “Kilroy
Academy.” This project will utilize ORCA’s Kilroy™ network
(http://api.kilroydata.org/public/), a water-quality monitoring
device and database, to deliver internet-based, real-time,
real-world data and challenging associated curriculum within
the Science, Technology, Engineering, Art, and Mathematics
(STEAM) educational framework to high school students in
IRC. Active learning modules that consist of video-based virtual
field trips, combined with video-taught laboratory exercises
for students, will be developed for continued use by STEAM
teachers in IRC. The modules will train students to access and
analyze real-time data from ORCA’s Kilroy™ database, which
continuously updates and records water quality in the IRL,
training additional students to be true citizen scientists. This
project is transformational in that it can be carried out year
after year with the potential for variations and enhancement of
modules. Not only does it provide necessary long-term water
monitoring in IRC, it also has the capacity to reach thousands of
students county-wide. The goals of this project would expand
our goals reached through Save the Water Babies. This project
has a larger audience and thus will have a greater impact on
Indian River County.
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We have learned how young people make a true difference
within a community. Their ownership of this project prompted
the students to take their roles as scientists seriously and strive
to do their best. We will apply this knowledge to future projects
by continuing to recruit students to help complete research
effectively and efficiently.
Many students commented on the helpfulness of receiving
background knowledge and in-class tutorials prior to field and
lab work. If we were to undertake this project again, we would
increase the amount and variety of training demos/workshops
and tutorials to enhance their learning experience. Video
tutorials would be helpful to give an introduction of marine
science research to students. ORCA is now in the process of
creating video tutorials to share with students in the future,
to explain ORCA’s conservation efforts and the research that
students will help with.
We recommend students complete an application for review by
project managers to ensure student interest and commitment.
This also helped determine if students had completed the
prerequisites required to apply. It is recommended that projects
like Save the Water Babies involve high school students in a
dedicated marine science class or club. This helps allocate
time specifically dedicated to the project.
It is helpful to conduct field and lab work outside of regularly
scheduled school hours. Weekends and/or scheduled afterschool time work best, so as to not interfere with school
testing and events. Another consideration for a successful
high school citizen science project is the support of the school
administration. This project would not have experienced the
success it did without the strong support and backing from
Indian River Charter High School’s administration. This project
will serve as a model for communities throughout the state
and the country in the protection and conservation of valuable
coastal and aquatic areas, saving these precious habitats for
the generations of tomorrow.

CONCLUSION
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Young Environmental Leaders: Building
Environmental Stewardship Skills and SelfConfidence in Students Through Eelgrass
Research and Restoration
BY JANE E. DISNEY AND TAMMY CROSSMAN TURNER

INTRODUCTION
Our young people are inheriting a world where the oceans
are in peril. Students learn in school about the mounting
impacts of global climate change on oceans (for example,
ocean acidification), but the effects of climate change are not
always immediately apparent. Here in coastal Maine, many
students live in communities where local economies are
dependent on fish, lobsters, and clams. In these communities,
species declines due to marine habitat degradation and loss
(due to climate change or other reasons) are not abstract
concepts. Why is it important that we engage students as
environmental stewards and work to identify and encourage
young environmental leaders? Because there is evidence that,
with diligence and hard work, significant gains can be made;
many examples of successful marine conservation can be
found around the world (Knowlton, 2014). There is a lot of
work to be done to turn things around. It may take generations,
so it is important that we provide young people the skills, tools,
and practice, and instill the self-confidence they will need to
help effect change over time.
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Figure 1. Students assess and map eelgrass areas.

Why is eelgrass conservation an influential
experience for our local Young Environmental
Leaders?

earth (Nellemann et al., 2009). Unfortunately, world-wide
eelgrass losses have increased almost 10-fold in the last 40
years from a multitude of threats (Orth et al., 2006). Our local
Frenchman Bay, in Hancock County, Maine, is no exception,
with a 75 percent decrease in eelgrass over the last couple of
decades. Protecting and restoring eelgrass are essential to the
future health of the bay.

Lush underwater meadows of eelgrass once covered the
shallow subtidal zones of estuaries and bays in oceans
around the world. Eelgrass beds are ranked among the most
productive plant communities on the planet, serving as
nurseries and havens for juvenile crabs, mussels, lobster, and
numerous species of fish. The long, ribbon-like blades of grass,
growing up to six feet, are often covered with tiny marine
plants and animals. Waterfowl, wading birds, and shore birds
congregate above them, some species feeding on the leaves
and seeds, others on the abundant fish and invertebrates.
Eelgrass roots bind bottom mud and keep water clear, and
through the uptake of nitrogen and phosphorous, eelgrass
beds help to keep water clean. Eelgrass beds dampen wave
energy and buffer coastlines, helping to mitigate shoreline
erosion (Nedeau, 2004). In addition, eelgrasses, like other
seagrasses, are among the most efficient carbon sinks on

In 2007, researchers here at Mt. Desert Island Biological
Laboratory (MDIBL) joined forces with a diverse group of
community partners to restore eelgrass in a 14-acre site at
Hadley Point, which, like other places in Frenchman Bay,
had experienced a significant decline in eelgrass coverage.
These partners included mussel harvesters, who agreed to
restrict their dragging at Hadley Point, in effect, creating a
marine protected zone (Disney and Kidder, 2010). Since then,
additional protected areas have been established; effective
methods for restoration have been worked out (Kidder et al.
2013); and eelgrass restoration projects have been launched in
an additional 200 acres in the bay. Despite eelgrass restoration
efforts, eelgrass in Frenchman Bay has continued to decline.
Destruction of eelgrass by invasive green crabs, combined
with changes in water quality, may be contributing to eelgrass
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loss (Disney et al. 2014). Eelgrass restoration and research
on eelgrass loss over the last several years have provided a
meaningful backdrop for our Young Environmental Leaders
Program as described below.

STUDENT NUMBERS
In all, 78 students have participated in the Young Environmental
Leaders Program at MDIBL since its inception in 2010 (Table 1).

The Young Environmental Leaders
Program at MDIBL

Table 1: Student participation in Young
Environmental Leaders 2010-2014

BACKGROUND
Staff scientist and eelgrass researcher at MDIBL, Jane Disney, in
partnership with middle school science teacher Tammy Turner,
have created a week-long summer program for middle school
and young high school students called Young Environmental
Leaders. This program grew out of an EPA-funded outreach
and education program at MDIBL called “Seagrasses in
Classes,” which involves visiting five local middle schools each
spring, introducing 7th- or 8th-grade teachers and students
to eelgrass as an important marine habitat, helping them to
establish an eelgrass aquarium in their classroom or school
yard, and providing them with guidance and resources as
they study the eelgrass habitat in the aquarium (https://
seagrassesinclasses.mdibl.org/). Each year, there are some
students who take more interest in the aquaria than others,
who go above and beyond in maintenance and scientific
investigation of the aquaria. These students inspired the
creation of the Young Environmental Leaders program.

STUDENT RECRUITMENT
Each year, science teachers from these local middle schools
are asked to nominate four to six students for the program.
Applications are sent from MDIBL to all nominated students;
so far, all students who have submitted applications have
been accepted for participation in the program. If there is
room, we send an application to young people who volunteer
in our summer eelgrass projects as well. In addition, we offer
a second-year experience to all students who participated in
the previous year’s program. Some of them are high school
students in their second year of participation. They are provided
with new opportunities and mentor younger students.

Level

2010

2011

2012

2013

2014

Beginning
or First
Year

9

13

11

14

-

Advanced
or Second
Year

-

6

11

5

9

Total

9

19

22

19

9

GOALS
Our goals for the Young Environmental Leaders program
are to: 1) Provide students with the content knowledge and
skills to be effective stewards of local marine habitats. 2)
Increase student confidence that they can take a leadership
role in improving ocean health. 3) Improve student ability to
communicate about coastal issues with other people.
In a study of the formative influences on young people who
take leadership roles in effecting environmental change,
Arnold et al. (2009) found that key factors included both
influential people and influential experiences. Our program
offers a structured plan of action that includes both of these
key factors in its development of young environmental leaders.
Students work together with instructors, MDIBL scientists and
interns, and older, more experienced students, all of whom
serve as role models. By engaging in an eelgrass project
that is part of a larger, ongoing effort to conserve habitats in
Frenchman Bay, students learn valuable skills (marine habitat
restoration methods, environmental monitoring, water quality
measurement, data collection and analysis, and GIS mapping)
that will serve them well in future environmental work.

PROGRAM DETAILS
Each year the Young Environmental Leaders Program has a
similar flow of events and activities, although days may be
switched to take advantage of low tides for eelgrass research,
mapping, and restoration (Figure 1).

Figure 2. Student creating GIS map using QGIS.
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WEEKLY PROGRAM
Day 1: Introductions, leadership activities, eelgrass
lessons and water monitoring.
In the morning, students participate in activities designed to
help them get to know each other. Students are challenged to
explore their own understanding of leadership. We found that
students had well-defined ideas about what environmental
leadership means (see quotes below). They are engaged in
problem-solving activities and identifying strategies to achieve
success. Students articulate their fears and concerns about
the upcoming program, so that we can help address them
throughout the week.

Student understanding of what it
means to be an environmental leader:
“It means to be someone that can lead the
world in the right direction and to save the
world from disaster, and playing a role in
teaching other people about what will or can
happen if you don’t make an effort to protect
the earth.”
“To be proactive in my thoughts and actions
and to promote that attitude in others.”
“Being an environmental leader means at least
one person standing up and helping the world,
and leading others to do the same by example.”

After morning activities, students learn about MDIBL’s ongoing
eelgrass work with partners in Frenchman Bay. We review
eelgrass habitat concepts and share GIS maps of historic eelgrass
distribution compared to more recent eelgrass distribution. At
this point, students realize the value of GIS maps in tracking
changes in marine and other environments over time. They
learn about current efforts to restore eelgrass in the bay and
get an overview of what they will be doing to contribute to the
effort in the coming days. They learn that eelgrass restoration
success is dependent on good water quality. Then, they move
to the MDIBL waterfront, where they learn to measure water
temperature and fix water samples for dissolved oxygen analysis
using LaMotte kits (Figure 3). They determine salinity using a
refractometer and transparency using a Secchi disk. Weather
information, such as rainfall and wind direction, is recorded on
data sheets along with water quality data. Fixed water samples
are brought back to the MDIBL teaching laboratory and titrated
to determine the level of dissolved oxygen in the bay. Students
learn about quality assurance, duplicate samples, field and
laboratory safety, accurate record keeping, and working together
as a team. In addition, students are provided opportunities to
take leadership roles in field and laboratory work.
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Day 2: Collecting water quality information at the
restoration site, mapping eelgrass in the area,
collecting specimens for lab analysis.
Students visit their restoration site at Hadley Point in
preparation for their restoration work later in the week. They
repeat the series of tests that they practiced on the first day
of the program. Their data will later be used to practice data
analysis skills. Students learn to assess eelgrass density using
quadrats and map eelgrass in the area using Garmin GPS units
(Figure 2). Later, course instructors will download data from
the GPS units into GIS shapefiles using a free online tool from
the Minnesota Department of Natural Resources (http://www.
dnr.state.mn.us/mis/gis/index.html). These shapefiles will be
used by students to create maps of the area using free online
mapping software called Quantum GIS (http://qgis.org/).
Students collect eelgrass blades from various areas as they
map the eelgrass. These blades will invariably host a variety of
organisms, most of them invisible to the human eye. After lunch,
students work in the MDIBL teaching laboratory, using dissecting
microscopes and field guides to identify invertebrates that use
eelgrass blades as habitat (Figure 5). Since MDIBL scientists
have been recently investigating the role of invasive green crabs
in the loss of eelgrass (Disney et al., 2014), students in 2013 and
2014 focused some of their attention on green crab numbers,
and added green crab census activities to their investigations of
eelgrass areas. All data are entered on datasheets. Later in the
program, students use their data to compare species diversity
and abundance between years.
Day 3: GIS mapping, film, and discussion
Students participate in a morning workshop on GIS mapping.
Students use Quantum GIS to produce maps from their own
GPS coordinates on laptop computers on loan from one of the
local middle schools. Base layers for maps are obtained from
the Maine Office of GIS (http://www.maine.gov/megis/).
They learn to create legends and titles and export maps as
jpegs to use in presentations and reports (see Figure 2 and
Figure 6).
In the afternoon we show a film called “From the Bow Seat” by
Linda Cabot (http://www.fromthebowseat.org/contest/). This
film was made locally by a home-schooled family and features
young people on a sailing journey in the Gulf of Maine. Many
of the issues raised in the film relate to the issue of eelgrass
loss in Frenchman Bay. We have a discussion afterward that
draws connections between science and society and raises
questions about how to achieve ecological sustainability while
preserving local economies.
Day 4: Eelgrass restoration, data analysis and
presentation preparation.
Students, instructors, and interns meet at Hadley Point on
Frenchman Bay and work together to tie eelgrass plants to
grids using biodegradable floral tape ties (see Figure 4). When
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all of the grids are completed, they are transported by boat
to the restoration site. Several students at a time are able to
travel on the boat with the grids and help to plant them in the
subtidal area.
Later in the day, students learn how to transfer data from
datasheets to spreadsheets. They are given data from past
years so they can make a comparison with their water quality,
invertebrate, and/or invasive green crab data. Students make
graphs and perform some introductory statistics on their data.
Then they make decisions about what kind of presentation
they want to make on the next day, and begin to prepare and
practice for their presentations.
Day 5: Debrief and evaluation, presentations to families
and community members.
Students debrief from the week, discussing what they liked
best and what they would like to see improved. Then they
fill out the evaluations, the results of which are reviewed
below. Students work to put the finishing touches on their
presentations. In most years, students made traditional
PowerPoint presentations. In 2012, students chose to set
up demonstration stations in a science fair format. Stations
included dissolved oxygen titration, viewing invertebrates in
microscopes, and GIS mapping. Both of these methods of
presentation were instructive opportunities for the students
and were well-received by audience members including
parents, MDIBL scientists, and community members.

How is the program different for second-year
“advanced” Young Environmental Leaders?
The advanced Young Environmental Leaders are expected to
be mentors, and so they are part of all of the activities that
involve introducing new concepts and skills. They ensure that
the younger students are using safety equipment, following
instructions, and using microscopes properly. They also help
the younger students to take leadership roles throughout the
week, modeling for them what it means to be the one who is

Figure 4. Tying eelgrass onto grids in preparation for an eelgrass
restoration project.
responsible for organizing equipment, or making sure that data
sheets are compiled and data are entered into spreadsheets.
The advanced students have the opportunity to work with
our laboratory interns, joining them for eelgrass harvest in
preparation for the eelgrass restoration project. In addition,
they are invited to participate in activities that mirror a local
initiative to create a conservation action plan for Frenchman
Bay. They review the Conservation Measures Partnership
(CMP) Open Standards for the Practice of Conservation
(http://www.conservationmeasures.org/) and use the Gulf of
Maine Primer (http://www.gulfofmaine.org/habitatprimer/)
to help them choose habitats and species (conservation
targets) on which to focus their own bay planning efforts.
At the final presentation the advanced Young Environmental
Leaders present their vision for the whole bay. Many of these
students cite the bay planning process as the highlight of their
week. Their insights have helped to inform the evolution of the
Frenchman Bay Plan (http://www.frenchmanbaypartners.org/
publications/frenchman-bay-plan/).
In 2014, we decided to focus the program on the advanced
Young Environmental Leaders. MDIBL had received a grant
from the National Fish and Wildlife Foundation to greatly
expand the eelgrass restoration acreage in Frenchman Bay
and so we decided to engage more experienced students in
helping us coordinate this ambitious project. After the program,
these students reflected on their experience and provided us
with the following comments:
“I think that the Young Environmental Leaders program gave
me more confidence to voice my opinions and improved my
communications skills. In hindsight, after returning to school, I
can definitely say that it has made me a more active contributor,
and I am more committed to helping my community and
furthering my knowledge.”

Figure 3. Students practice water quality monitoring skills at our
lab dock.

“Young Environmental Leaders has given me a great
opportunity to become a leader. This program raised my
awareness to a level I have never experienced before. I was
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as intertidal scavenger hunts, marine food web construction,
Project Wild exercises, and word-play activities to strengthen
vocabulary. These interns are excellent role models for the
Young Environmental Leaders, as they are taking responsibility
for aspects of the eelgrass restoration and research in their
own summer work as well as taking responsibility for aspects
of the Young Environmental Leaders program.

PROGRAM EVALUATION

Figure 5. Documenting organisms found in eelgrass areas using
dissecting microscopes in our teaching laboratory.
able to do the hands-on field work I have always wanted to do
and restore nature at the same time. I have more confidence
as a leader now because of all the in-depth discussion we had
where no one was judged. This gave me a chance to really
contemplate the world we live in and how I can help to make
it better.”
“Because of the Young Environmental Leaders program I
have gained leadership skills — that I might not have gained
anywhere else — by being able to convey my ideas to the other
Young Environmental Leaders and by helping and teaching the
people that were new to the program. I feel that this program
has greatly improved my confidence as a leader.”

OTHER ASPECTS OF THE PROGRAM
There are college and high school interns at MDIBL who
participate as planners and program assistants in the Young
Environmental Leaders program. They plan lunchtime activities
for students that help to strengthen or reiterate concepts
students are learning through their literal and figurative
immersion in eelgrass habitat. These include activities such

Figure 6. GIS map created by a student.
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First-Year Young Environmental Leaders: On the final day
of programs between 2010 and 2013, students were asked to
complete a final evaluation using a Likert scale-style assessment
(Figure 7). Forty-six students completed the final evaluation.
They did not put their names on evaluations. The evaluation
included two sets of statements. The first set (1-5) included
statements about knowledge, skills, and inspiration derived
from the program — for example, gaining understanding about
the importance of eelgrass habitat, developing skills to be
an effective environmental leader and confidence in helping
others understand the need for environmental protection. This
set of statements required a response of strongly agree, agree,
undecided, disagree, or strongly disagree. The second set
(6-11) included statements about future actions that students
might take as a result of their involvement in the program — for
example, signing up for environmental science courses in high
school or seeking out volunteer opportunities related to the
environment. This set of statements required a response of
very likely, likely, undecided, unlikely, or very unlikely.
The data from all four years were combined to reveal trends in
student opinions, attitudes, and aspirations (Chart 1). Overall,
students responded more positively (strongly agreed or
agreed; very likely or likely) to the first set of statements (Chart
1a) than to the second set of statements (Chart 1b); in fact,
there is a significant difference in the responses to statements
1-5 and statements 6-11 (t-test, p=.012).
In 2012 we conducted both a pre-program and post-program
evaluation (Chart 2a-d). The questions in the pre-program
survey were essentially the same as in the post-program survey
(Figure 7). Our findings indicate that there is a significant shift
in student responses from the beginning to the end of the
program with regard to statements 1-5 (t-test, p = .015), but
not in response to questions 6-11 (t-test, p = .696).
From the summative data of all four years (Chart 1), and
pre- and post-program evaluation (Chart 2), we conclude
that students gained knowledge, skills, and inspiration from
participating in the program, but most remained unsure about
what they might choose to do in the future. Students may
need more information to help them think about how to
respond to statements about future actions. For example, they
may need to know what kinds of environmental courses are
available at their high school, or they may need to hear about
volunteer opportunities in the community to know whether
they might want to get involved.
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Figure 7: Program Evaluation
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5

4

3

2

1
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This Likert scale was developed as an evaluation tool for the Young Environmental Leaders program at the MDI Biological Laboratory in
order to assess student attitudes, opinions, and aspirations. It was accompanied by open-answer questions about ways the program
could be improved or instructors could be more helpful.
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Chart 2c – Pre-Evaluation of Program Participants 2012
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Chart 2d – Post-Evaluation of Program Participants 2012
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Second-Year “Advanced” Young Environmental Leaders:
When comparing responses from the same pool of students
in 2010 (n=9) and 2011 (n=6), there was an increase from
83% to 93% positive responses to all statements. This is
a significant increase (t-test, p = 0.044). The mix of more
experienced and less experienced students in the second-year
groups shifted in subsequent years, but there was still a trend
toward more positive responses in post-program evaluations
of the second-year students. This could be explained by the
fact that the students who responded positively in the first year,
self-selected to return a second year, thus skewing the data.
However, these data help us to glean some understanding
of what students are getting out of the Young Environmental
Leaders program and how it is influencing their thinking about
their future. The data are also helping us to improve the
program as we plan for future years.

CONCLUSIONS
One of the most important results of the Young Environmental
Leaders program is an empowered group of young people
with increased knowledge and skills to make a difference in
the world. These students had great enthusiasm during the
program and most wanted to return for a second year to
expand their knowledge, hone their skills, and participate in
eelgrass restoration at a more advanced level. Some went on
for a third year to create their own research program.
As the program evolved over time, we had past program
experiences to draw on in engaging both the first-year and
second-year Young Environmental Leaders. Our expectations
grew, as we learned how much these students were capable
of doing. The students always rose to the occasion. In 2014,
students began to question whether eelgrass was being
transplanted in the most efficient way. They brainstormed
new methods, trialed them, and changed our thinking about
restoration methodology.
Even with these experiences, it is clear that students are not
sure about what to do with their skills, where to apply them
in the community, and how to continue making a difference
on their own. We are planning to compile a list of potential
opportunities and to identify other community partners who
might be interested in helping young people who want to
continue contributing to preserving and improving local marine
environments. We plan to create a consortium of community
partners with whom students could have a continuum of
opportunities to engage as environmental stewards and leaders.
In addition to connecting with community partners, we see the
scientist-teacher partnership in project implementation as part of
the reason it has been successful and well received by students
and parents over the last five years. We bring complementary
skills to the project that together have resulted in a pool of
confident and capable young people in our community who
can be called upon to help with restoration and research as
needed in Frenchman Bay.
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Leveraging the Flipped Classroom Model to
Promote Ocean Literacy
BY AMY LARRISON GILLAN AND DANIEL SMITH

AS THE CALL TO PROTECT THE HEALTH OF THE GLOBAL OCEAN AMPLIFIES, THE STRUGGLE
continues to ensure the next generation is equipped to do so. The ocean has a history of being
ignored in K-12 education (Cava, Schroedinger, Strang, Tuddenham, 2005) and, in spite of Herculean
efforts on the part of the ocean literacy community, even the Next Generation Science Standards skim
the surface of what students need to fully understand about the ocean in order to make informed
decisions as future consumers and voting citizens.

As we look for ways to integrate ocean literacy into the
current high-stakes, testing-focused curricula, we might
consider a mode of instruction — the “flipped classroom” —
whose paradigm shift frees up more class time for the kinds
of hands-on, experiential learning foundational to effective
science teaching.
The “flipped classroom” model of teaching and learning is
gaining popularity in K-16 classrooms across the country.
Teachers who “flip” their classroom invert the traditional
model of teacher-led, direct instruction in class and homework
completed at home. Instead, students receive initial content
instruction at home and use class time to apply their new
knowledge, often working in collaboration with their peers.
This model allows for more lab time, more opportunities for
one-on-one or small group instruction from the teacher, and

essentially, places more of the responsibility for learning on
the students’ shoulders (Bergmann & Sams, 2012).
While fully submerging your students in the flipped classroom
model may seem daunting at first, simple steps can be taken
to gradually learn and apply the tricks of the trade. If you feel
your lectures are too valuable to give up, simply recording them
for later use is an option. To keep students engaged, limit each
video clip to under 10 minutes, highlight the relevance of the
topic to students’ daily lives, and incorporate humor or personal
anecdotes. Many free, popular, and user-friendly presentation
tools (such as www.zentation.com) use the ubiquitous YouTube
video site as a basis for flipped classroom applications. Getting
acquainted with uploading YouTube videos is extremely
productive for flipped instruction, if for no other reason than
being able to redo and augment existing lectures.

Screenshot of Daniel Smith delivering a lecture via Zentation.
Coral reef model created with colored chalk.
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One of the advantages of assigning students videos to
watch instead of problems to solve or questions to answer
as homework is that the videos do not necessarily have to
be of you speaking. We increasingly see websites which offer
materials specifically designed to supplement and/or replace
a typical classroom lecture, including the Khan Academy
website, Brightstorm, PhET, and Knowmia.com. In comparison
to working with students individually or in small groups,
lecturing to an entire classroom of students while managing
classroom behavior is not only one of the least differentiated
ways to teach, but it is also one of the more difficult tasks
required of educators. Why not allow outside experts to supply
the lecture material, with you working with individuals and/or
small groups to provide the scaffolding to take the lecture into
classroom activities and higher thinking skills?
In terms of assessment, many educators implementing the
flipped classroom use the mastery model; i.e., students work
at their own pace to meet specific learning goals and are
expected to master each objective before they move on to
the next topic/activity (Bergmann & Sams, 2012). The mastery
emphasis on student responsibility is perfectly aligned with the
goals of flipped learning. As an educator, being able to spend
nearly all of the classroom time interacting with students on an
individual or small group basis has clear advantages in terms
of both supporting struggling learners as well as encouraging
exceptional learners to dig deeper.
In a lesson on climate change and ocean acidification,
a pre-service science teacher and his college supervisor
employed the flipped classroom model to introduce ocean
literacy concepts in a landlocked, Midwestern high school
ecology class. In lieu of a textbook and classroom lectures,
the pair capitalized on the plethora of free online ocean
resources (many of which we have listed here) to provide the
foundational content.
The effectiveness of the flipped model of instruction was
determined using pre- and post-lesson surveys. The survey
consists of 25 questions adapted from the Hamilton College
National Youth Polls, Climate Change and Environmental
Issues Poll (Videras et al., 2009) and a survey created by
Bruno, et al. (2011) for their work with students on ocean
acidification experiments. Students completed a pre-lesson
survey that encompassed factual questions involving simple
acid/base concepts, climate change as it relates to oceans, and
coral reef structure in addition to climate change disposition
questions. The ecology class (15-18-year-old students
taking the class as an elective) viewed a 5-minute video
presentation (their student teacher’s videotaped lecture with
accompanying Powerpoint slides using Zentation software)
and an appropriately selected National Geographic video
on coral reefs (http://video.nationalgeographic.com/video/
environment/habitats-environment/habitats-oceans-env/
coral-reefs/) prior to the first day of the lesson.
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On day one, after a brief question-and-answer session,
jumping immediately into lab procedures provided a clear
advantage in that it drew student interest and engaged the
diverse group of students. They were asked to build coral
reef structures from chalk (coral reef skeletons and chalk are
both calcium carbonate compounds and behave the same
way chemically), taking length and mass measurements
before depositing them into a model ocean environment.
They added carbonic acid to the models to recreate an
acidic ocean environment. In addition to watching the effect
an acidic solution has on a carbonate compound, students
observed the effect that carbon dioxide has on water.
Students exhaled into a beaker of water through a straw,
taking pH measurements before and after.
Throughout the lesson, students responded to guiding
questions ranging from equilibrium concepts (What happens
if we increase the amount of carbon dioxide available in the
system?) to ocean chemistry (What is the effect of having less
free carbonate ion available?) to ocean ecosystems (What
other species will be specifically affected should calcifying
coral reefs be compromised?).
On the second day of the lesson, 72 hours later, students
collected careful measurements of the air-dried chalk
structures and discussed possible long-term effects and
unforeseen circumstances resulting from an increase in the
acidity of ocean environments. They repeatedly mentioned
the erosion of the calcified structures. Students showed a
marked improvement on the post-lesson survey, especially
on the simple acid/base concept questions. While climate
change and calcifying coral reefs may not have been a topic
covered in detail in these students’ curriculum, it would be
safe to assume that they had seen acids and bases before.
Their improvement in retaining these foundational chemistry
concepts stresses that such topics should not be reserved for
just the chemistry classroom.
In summary, the flipped classroom approach provided more
time for lab activities and class discussion, minimizing the
time students were “fed” information and maximizing the
time they saw this information in action. We observed,
through both quantitative and qualitative measures, that our
students were receptive and responsive to this procedure.
As an educator, having sustained opportunities embedded
throughout the bulk of the class time to ask and answer a
multitude of varied questions was much more challenging,
rewarding, and, we suggest, effective, than following a more
traditional lecture-lab protocol. The ocean sciences are well
suited to be addressed in this inverted manner, thanks to
the bountiful number of free online video resources currently
available to support ocean literacy.
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Flipped Classroom Lab: Chalk It Up to
Ocean Acidification
OBJECTIVES
Given supportive video and lab materials, students will
demonstrate how carbon dioxide in the atmosphere affects
the pH of seawater. Students will critically analyze the impact
of changes in ocean pH on the health of coral reefs.

GRADE LEVELS:
Grades 9-12

STANDARDS
Common Core State Standards for Reading in Science,
and Technical Subjects
Grades 9-10 & 11-12 Students
3. Follow precisely a complex, multistep procedure when
carrying out experiments, taking measurements, or
performing technical tasks; analyze the specific results
based on explanations in the text.
Grades 11-12 Students
7. Integrate and evaluate multiple sources of information
presented in diverse formats and media (e.g.,
quantitative date, video, multimedia) in order to
address a question or solve a problem.

3. The ocean is a major influence on weather and climate.
3e The ocean dominates the Earth’s carbon cycle. Half
the primary productivity on Earth takes place in the
sunlit layers of the ocean and the ocean absorbs
roughly half of all carbon dioxide added to the
atmosphere.
5. The ocean supports a great diversity of life and
ecosystems.
4f Ocean habitats are defined by environmental factors.
Due to interactions of abiotic factors such as salinity,
temperature, oxygen, pH, light, nutrients, pressure,
substrate, and circulation, ocean life is not evenly
distributed temporally or spatially, i.e., it is “patchy.”
Some regions of the ocean support more diverse and
abundant life than anywhere on Earth, while much of
the ocean is considered a desert.
6. The ocean and humans are inextricably interconnected.
6g Everyone is responsible for caring for the ocean. The
ocean sustains life on Earth and humans must live in
ways that sustain the ocean. Individual and collective
actions are needed to effectively manage ocean
resources for all.

MATERIALS

Grades 9-10 Students
9. Compare and contrast findings presented in a text
to those from other sources (including their own
experiments), noting when the findings support or
contradict previous explanations or accounts.

•
•
•
•
•
•
•
•

Common Core State Standards for Writing in Science, and
Technical Subjects

•
•

Grades 9-10 & 11-12 Students
1. Write arguments focused on discipline-specific
content. 1e. Provide a concluding statement or section
that follows from or supports the argument presented.

ENGAGE

OCEAN LITERACY PRINCIPLES
1. The Earth has one big ocean with many features.
1e Most of Earth’s water (97%) is in the ocean. Seawater
has unique properties: it is saline, its freezing point
is slightly lower than fresh water, its density is slightly
higher, and it is slightly basic. The salt in seawater
comes form eroding land, volcanic emissions,
reactions at the seafloor, and atmospheric deposition.

mass balances
chalk
safety glasses
dilute carbonic acid
pH paper
straws
beakers of tap water
industrial or sandbox sand (pet or aquarium sand may be
made of calcium carbonate, which may re-coat the chalk)
large clear containers for coral reef models
device to view videos

Pre-lesson survey and view recorded mini-lecture (Zentation
presentation) and a National Geographic coral reef habitat
video as homework.

EXPLORE
Students predict what if any impact on pH will occur if they
exhale through a straw into water. Provide pH paper and
equipment for students to test their predictions.
The teacher will move about the room, asking questions to
test for understanding such as:
Is tap water acidic, basic, or neutral? What substances are we
adding to the water when we blow into it? Why is the bicarbonate
ion (HCO3-) the most abundant compound as a result?
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EXPLAIN
Ongoing question-and-answer session and discussion of
major ideas of the lesson in small groups and/or individually
as the teacher moves around the laboratory. Tie the videos
in with the Explore activity. Formative assessment is ongoing
through teacher questioning and observations.

Centers for Ocean Sciences Education Excellence (COSEE)
www.cosee.net/resources/coseewebinars/
College of Exploration www.coexploration.org

ELABORATE

Discovery of Sound in the Sea www.dosits.org

In small groups, collaboratively construct a coral reef model.
Make and record observations of the “corals” and then place
them in an acidic “ocean” environment. Predict what will
happen to the “corals” over the next 48 hours. After two days,
remove “corals” from the “ocean.” Let them dry overnight and
make and record observations.

Global Learning and Observation to Benefit the Environment
(GLOBE)http://www.globe.gov/teaching-and-learning/
materials/overview

EVALUATE:
This phase of the lesson includes the post-lesson survey
and verbal summative assessment questions for groups and
individuals. (Questions were adapted from https://gustavus.
edu/events/nobelconference/2012/teachers/)
What is a coral reef and how is it made? How does ocean
acidification occur? What is the effect of ocean acidification
on coral reefs? How might we slow this process of ocean
acidification? Use data to illustrate the effect of pH on coral
reefs. Use class lab data in a discussion of ocean acidification
and coral reef habitat destruction.
RESOURCES SUPPORTING THE FLIPPED
CLASSROOM MODEL
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OCEAN LITERACY VIDEO, AUDIO, AND REALTIME DATA
ONLINE RESOURCES FOR FLIPPING THE CLASSROOM

Jean-Michael Cousteau: Ocean Futures Society
http://www.oceanfutures.org/learning/kelp-ecology/
videos
Marine Advanced Technology Education Center (MATE)
http://www.youtube.com/MATECenter
Monterey Bay Aquarium www.mbayaq.org
National Geographic Xpeditions
http://education.nationalgeographic.com/
education/?ar_a=1
National Marine Educators Association (NMEA)
Natural Resources Defense Council (NRDC) www.nrdc.org/
oceans/acidfication/aboutthefilm.asp
Newswave – NEOSEC-COSEE New England Ocean Science
Education-COSEE

•

Zentation, a free presentation tool on the Internet that
provides a link that can be made available for students
to view outside of class time.

•

Knowmia.com provides lesson videos as well as a variety
of ways to create your own video lessons, importing
from YouTube, Vimeo, Prezi, and TED.

•

Knowmia Teach iPad app, uses recorded video with
available visual aids published on its website.

The Bridge – Online Ocean Education Teacher Resource
Center www.vims.edu/bridge)

•

PhET (http://phet.colorado.edu/en/simulations/
category/by-level/ hosts free online demonstrations of
science concepts.

The Jason Project http://www.jason.org/

•

The Flipped Learning Network ‘Ning’ at http://flippedclassroom.org, an online community devoted to sharing
best practices and supporting educators of all subjects
and grade levels who are flipping their classrooms.

•

Free Technology for Teachers, an award-winning blog
written by Richard Byrne, who reviews and assesses free
resources for teachers. http://www.freetech4teachers.
com/

National Oceanic and Atmospheric Administration (NOAA)
http://oceanservice.noaa.gov/education/
Smithsonian Ocean Portal http://ocean.si.edu/
media-archive/video

World Ocean Radio
http://worldoceanobservatory.org/world-ocean-radio
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The Ocean Planet: Ocean Literacy
with Young Children
BY DEIRDRE S. ENGLEHART AND MEGHAN E. MARRERO

OCEAN LITERACY IS AN IMPORTANT SCIENCE TOPIC BUT ONE WHICH IS NOT OFTEN ADDRESSED
in curriculum for young children. This article shares insight into teaching ocean literacy to young
children. It provides a “big ideas” approach to the topic, enabling teachers to integrate the ideas
into other curricular areas. The article explores some common misconceptions that children have
regarding the ocean and describes ideas for activities to support children’s learning in this topic.

In the past few years, our students and the public have heard
about catastrophic oil spills, devastating tsunamis, powerful
hurricanes and their subsequent flooding, and global climate
change. All of these issues are intimately related to Earth’s
largest feature — our ocean. These events remind us that we
must make decisions—about energy strategies, consumption,
pollution, land use, and more.
But are we preparing our students to make informed decisions
about these issues? While the ocean covers more than 70
percent of our planet’s surface, it is rarely a focus of science
instruction, save for a marine biology elective in high schools
(Walker, Coble, & Larkin, 2000). Young children are eager
to learn about their world and can attain a foundation of
knowledge that can be built upon in later science experiences
to support their overall understanding of the impact of the
ocean. Doris (2010) suggests that “direct experience with
plants, animals and objects that surround them enables
children to think scientifically and draw conclusions from
firsthand observations” (p. 5). Therefore, allowing children to
have experiences with their surroundings and environment
supports their understanding of the world. Beyond a focus
on environmental education, this article suggests that ocean
literacy can be a starting point for children’s science learning.
We hope that the activity descriptions will inspire you, and
provide ideas for teaching some of our youngest learners
about the ocean.
To prepare students for 21st Century issues, we should start
early in teaching them about the ocean. We should assist them
in developing their ocean literacy, defined as “an understanding
of the ocean’s influence on you, and your influence on the
ocean” (Carley et al, 2013). Being ocean literate means, in
part, that one understands the Essential Principles of Ocean
Literacy (Table 1). Striving to improve ocean literacy does not
mean adding more content to an already-full curriculum, but
rather, using an ocean lens as a way to teach science and
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other disciplines. The ocean is a complex system — earth,
life, and physical science can all be taught using oceanic
examples (Lambert & Sundburg, 2006). Earth’s largest feature
is prominent in other subject areas as well, in art, in literature,
music, the development of civilizations, etc.
When teaching science concepts, it is beneficial to begin
teaching based upon children’s ideas and understanding of
science. “Students do not enter the classroom with empty
heads”; they have ideas about the world that are based
upon their own experiences and understandings (Brunsell
and Marcks, 2007). Previous research from Ballantyne
(2004) shows that children have developing ideas or
misconceptions about the ocean and marine environments. A
few misconceptions that connect with the activities described
in this article address the saltiness in the sea and its formation.
Ballantyne (2004) indicates that children commonly believe
that people put the salt in the ocean, or that the salt comes
from animals or plants. These misconceptions, as they connect
to the principles of ocean literacy, can be the basis for some
explorations related to the ocean. Feller (2007) also shared
additional misconceptions that can be addressed with young
children, saying children believe that:
The ocean is basically a bowl, deepest in the middle, the
three big oceans are not connected; each acts alone, table
salt and water equals sea water, and humans have no
permanent effect on the ocean — it will recover (p 172-173).
As educators, it is important to consider children’s ideas in
science and to design learning opportunities that encourage
children to expand and alter their initial concepts. Children
develop ideas and understandings from their own interactions
and experiences with topics such as the ocean. Providing
opportunities for children to express their ideas supports
teaching practices in that it allows students to review and
consider their own understandings as well as allowing teachers
to learn what students are thinking (Ford and Taylor, 2006).
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This article describes some activities for addressing some of
the Essential Principles of Ocean Literacy with young children,
a first step toward achieving understanding. It also looks at how
ocean literacy can be further supported with young children
with additional ideas related to the essential principles.

Table 1: The Essential Principles of
Ocean Literacy
1

The Earth has one big ocean with many features.

2

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

3

The ocean is a major influence on weather and
climate.

4

The ocean makes Earth habitable.

5

The ocean supports a great diversity of life and
ecosystems.

6

The ocean and humans are inextricably
interconnected.

7

The ocean is largely unexplored.

THE OCEAN PLANET
The unit began with children participating in an “I think, we
think” activity to brainstorm ideas that students have about
the Earth. Most first-grade students drew pictures of the Earth
and wrote or indicated that the Earth spins (see Figure 1).
They drew pictures, wrote down their ideas, and then talked
with other students. Students then helped to “build the Earth.”
One student began as the strong inner core of the Earth; next,
a small group of students represented the Earth’s mantle as
they chanted, “hot rock, hot rock” in a circle around the core.
Lastly, another group of students were the crust of the Earth
as they chimed, “moving plates, moving plates,” slowly circling
the mantle (see Figure 2). Students shared ideas about the
features of the Earth, including the features of the crust and
land and water that we see. Students then voted as to whether
there was more WATER or LAND on the crust of the Earth.

The activities described below attempt to bring a number
of ocean literacy principles into the curriculum through a
“big ideas” approach (McTighe and Wiggins, 2004). A “big
ideas” approach in science helps to focus on the overarching
concepts and see the connections of science concepts. The
Next Generation Science Standards require educators to
consider the content, or Disciplinary Core Ideas; the skills, or
Science and Engineering Practices; and also the big ideas, or
Crosscutting Concepts. These Crosscutting Concepts include
Patterns, Cause and Effect, and Systems and System Models.
It is hoped that children will understand the significance of the
ocean in the Earth system. In this case, the big idea was “The
Ocean Planet.” The descriptions of these activities represent
a starting point from which teachers of various grade levels
can extrapolate and build. Additionally, students were given
opportunities to reflect on their learning and to use various
forms of communication to help them review and share their
science ideas. Fleer and Robins (2003) indicate that young
children’s thinking is often complex, and communication is a
critical feature for children to develop their understandings in
science. They recommend providing unique and creative ways
to allow children to communicate their ideas.
The students who participated in this unit were from a racially
and culturally diverse school, with 63 percent of students
receiving free or reduced-cost lunch. The students were in
first grade and were living in a coastal county in Florida.

Figure 1. Children’s illustrations showing the Earth spinning.
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Students watched video clips of the Earth from space and
made observations about what they saw. Their observations,
which were recorded as a class, included:
•

I saw a lot of water.

•

There’s more water [than land].

•

I noticed that land looked yellow, brown, and orange.

•

The Earth keeps moving.

•

I noticed white stuff, it could be snow.

•

I thought I saw North Carolina.

We read the story Our Big Home, by Linda Glaser. This story
is a beautifully illustrated poem about the Earth. It talks about
all the living things on the Earth and that we share the air,
the water, the sun, and sky. It is a great book to help children
consider how we all depend on the resources of the Earth.
Next, students watched a demonstration to learn about the
types of water on the Earth. They heard that the oceans cover
over 70 percent of the Earth’s surface and that 97 percent of
that is salt water. A five-gallon bucket was employed to represent
all of the water on the Earth. Two cups of the water represented
the fresh water on the Earth; out of that, one-and-a-half cups
represented the ice caps. One drop of water out of the five
gallons represented all of the drinking water on the Earth.
Students were given two samples of salt water; one from the
ocean and one made from tap water with salt added, and
were asked to compare the water and consider if the “salt
water” that we made is the same as salt water from the ocean.
In these activities, the children are learning and exploring ideas
related to water, salt water on the earth, and water as a limited
natural resource. This first set of activities addressed Essential
Principle 1: The Earth has one big ocean with many features.
(You can review the Scope and Sequence for K-2, Principle 1
here: http://www.coexploration.org/oceanliteracy/CFDs/EP1/
GB_K-2/cfd_1a.html)

Figure 2. A child’s drawing illustrating the classroom activity of
“building” the Earth.
In small groups, students worked on designing their own
experiment to answer one of these questions: What happens
to the shore from the movement of the ocean? What things
float in fresh and salt water? What are the different effects of
erosion on rocks and soil from water? Some students used a
large tray filled with sand and water to simulate the shoreline.
They tried various instruments such as a ruler to create waves.
Another group took materials typically used for a sink/float
lesson and tested them in salt and fresh water. Another group
of students used sandpaper on rocks to notice variations on
their surface. Children drew and wrote about their ideas and
reflected on their learning after these initial activities. Providing
opportunities for review and reflection allows children to
process their ideas and provides opportunities for them to
share their ideas with others.
These activities addressed some aspects of Essential Principles
1 and 2; see the K-2 Scope and Sequence for Essential
Principle 1 here: http://www.coexploration.org/oceanliteracy/
CFDs/EP1/GB_K-2/cfd_1a.html, including:
•

1e. Most of Earth’s water (97 percent) is in the ocean.
Seawater has unique properties. It is salty, its freezing
point is slightly lower than fresh water, its density is
slightly higher…

•

1f. The ocean is an integral part of the water cycle and is
connected to all of Earth’s water reservoirs via evaporation and precipitation processes.

SALT AND FRESH WATER
In this activity, students used warm water and ice to simulate
the water cycle. They first placed warm water in a plastic jar.
The lid of the jar was turned upside down, with ice placed in
the lid. Students used observation to note changes and were
asked to connect the ideas to the water cycle. They did an
experiment to float an egg in fresh water and in salt water, to
see the effects of salt water (see Figure 3). The first author
read the book Water, by Frank Asch, to students. The book
uses colorful illustrations with simple text to explain where
water is found on the Earth; from rain, snow, and dew to rivers
and streams, water is all around us. The ideas from the book
help to support children’s growing understanding of water on
our planet and were used to help them reflect on the water
experiments that were conducted.
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See the K-2 Scope and Sequence for Essential Principle 2
here: http://www.coexploration.org/oceanliteracy/CFDs/
EP2/GB_K-2/cfd_2a.html, including:
•

2c. Erosion — the wearing away of rock, soil, and other
biotic and abiotic earth materials — occurs in coastal
areas as wind, waves, and currents in rivers and the
ocean, and the processes associated with plate tectonics
move sediments…
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Students also used online data to track a sea turtle that was
released with a satellite tracking device. Students plotted the
movements of the turtle and discussed their observations.
They were interested to see that sea turtles traveled long
distances but sometimes circled around some locations over a
short period of time. A resource for sea turtle tracking is www.
signalsofspring.net/aces; teachers click on Maps and Data to
track sea turtles or other animals (see Figure 5). The students
also watched local news clips related to turtle nesting.

Figure 4. Student drawings of loggerhead sea turtles.

STUDYING SEA TURTLES
The second aspect of this unit focused more closely on one
specific ocean animal: loggerhead sea turtles. This species of
sea turtle is the most common in Florida, and is also featured
on some special Florida license plates. Students participated
in the following activities to help them develop background
information related to sea turtles and to identify a problem
related to the local species. A picture was shared that showed
a turtle eating a piece of plastic. Students were invited to
comment and share their thoughts about the picture. They
discussed what they knew about loggerhead sea turtles
and what they thought they knew. Two polls uncovered
students’ past experiences with sea turtles, indicating that
most students had seen sea turtles (11 students) but had not
observed them laying eggs. Students watched video footage
of sea turtles (http://www.oceanfootage.com/stockfootage/
Loggerhead_Turtle) to make observations and to learn about
the turtles’ body structures and behaviors. They recorded their
observations in pictures and words (see Figure 4).
In another activity, children estimated the number of turtles
that would survive to adulthood from a nest of 100. Students
participated in counting the eggs as the first author explained
different threats to turtle eggs and to young turtles. We then
modeled an activity titled, “You are what you eat? ” using a
nutcracker to demonstrate how the loggerhead’s powerful
jaws can crush different hard-shelled mollusks for food.
Students used a nutcracker to try to crush various types of
shells and balloons, which modeled jellyfish.

Next, students worked in groups to discuss the critical issues
that loggerhead sea turtles face. The students had time to
discuss and pursue their own unanswered questions related
to turtles. They identified a problem for sea turtles and
possible solutions. The project culminated with students
sharing advocacy plans related to how they plan to advocate
for the loggerhead sea turtles in our community (see Chart 1).
Students suggested that they recycle plastic items, make less
trash, and teach other people about sea turtles. The students
were very receptive and engaged in these ideas and they
represent initial efforts to introduce ocean literacy to children.
The above activities focused on Essential Principle 6: The
ocean and humans are inextricably interconnected. Particularly,
they addressed portions of Fundamental Concept 6d: Humans
affect the ocean in a variety of ways… and 6g: Everyone is
responsible for caring for the ocean… (See the K-2 Scope and
Sequence for Essential Principle 6 here: http://oceanliteracy.
w p2 . c o e x p l o r a t i o n . o r g / o c e a n - l i t e r a c y - f r a m e w o r k /
principle-6-v2/)

Figure 5. The students used a map to track a sea turtle’s path.
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The Ocean Planet unit ended with children working in groups
to reflect upon and share what they learned from the unit.
Some students created a cooperative learning formation, or
physical structure using their bodies to show the Earth with
the ocean. One group created a poster to share what they
learned. Overall, children were introduced to the concept of
ocean literacy through a series of activities with a big ideas
approach. They were also provided opportunities to share their
ideas through talking and drawing. The language and visual
representations supported children in thinking and reflecting
on their own understandings. Their responses allow us as
educators to understand their thinking (Ford and Taylor, 2006).

Things we can do
NOW:
•

Recycle

•

Use reusable bags

•

Make less trash

•

Dim Lights

Advocating for
Sea Turtles:
•
•

•

2.

Children’s literature is a great avenue of learning and
support. It is recommended that literature selections
can be shared with young children when learning about
different topics such as the ocean. They can provide an
avenue to engage children on a topic, to offer information,
or to provide a connection to activities that will take place
in the classroom. The following is a selection of children’s
literature that can be used on the topic of ocean literacy:

•

A Visit to the Aquarium by Aliki

•

Commotion in the Ocean by Giles Andreae

•

Eye Wonder: Ocean by Sue Thorton

•

In The Sea by David Elliot

•

Life in the Ocean: The Story of Oceanographer Sylvia
Earle by Claire A. Nivola

•

Our Big Home by Linda Glaser

•

Somewhere in the Ocean by Jennifer Ward

Turn off lights
near beaches

•

Water by Frank Asch

•

Way Down Deep in the Deep Blue Sea by Jan Peck

Mark off nesting
areas and stay
away from them.

•

A House for Hermit Crab or Mr. Seahorse by Eric Carle

•

Clam-I-Am by Tish Rabe

3.

Adoption: Many organizations support specific
sea animals such as sea turtles, and offer individuals or classrooms the ability to “adopt” an
animal. Classrooms can also adopt a highway or
beach area to clean up in the local community.

Tell people about
sea turtles

Here are some additional suggestions for creating opportunities
for young students to explore ocean topics:
1.

Visit a local aquarium or participate in a virtual field
trip. This experience can support what children are
learning in the classroom and expand on classroom
activities. Aquarium websites help the teacher to
prepare for a field trip by providing before, during,
and after-trip activities. Additionally many aquariums
provide webcams or podcasts of animals as well as
other information about ocean life and animals in an
aquarium. Below are some examples of podcasts,
webcams, and other avenues to share information
about the ocean online:

•

Monterey Bay Aquarium: http://www.montereybayaquarium.org/efc/cam_menu.aspx?c=dd

•

New England Aquarium: http://www.neaq.org/
education_and_activities/blogs_webcams_videos_and_
more/index.php

•

Seattle Aquarium: http://www.seattleaquarium.org/
live-cams

The activities described above focused on children’s
initial school experiences related to the ocean. They
are a starting point for laying a foundation for ocean
literacy with young children. The big ideas approach
allows children to begin with a broader perspective
of the ocean as a part of the Earth system, while
addressing commonly held, naïve misconceptions as
they build their own understanding.

Figure 3 Student work explaining some of the properties of
water.
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Life Within the Sargasso Sea:
Sargassum Communities
BY KAITLIN BAIRD

SPECIES OF THE GENUS SARGASSUM INTERLOCK TOGETHER TO MAKE A FLOATING CARPET OF
seaweed that has been dubbed the “Golden Rainforest.” These large rafts of seaweed can be detected
from space via an environmental research satellite that has a specialized spectrometer measuring the
solar radiation reflected by the earth.

This summer, students at the Bermuda Institute of Ocean
Sciences (BIOS) got to take a look at this amazing floating
seaweed within the Saragasso Sea, a region within the North
Atlantic Subtropical Gyre, largely defined by water currents.
The Sargasso Sea itself is estimated to be between 20 N and
35 N Latitude and 30 W and 70 W Longitude. The only land
formation above sea level within the Sargasso Sea is the island
of Bermuda. Within a virtual oceanic desert (due to nutrient
limitation), the Sargassum rafts house an amazing diversity
of life.

•

Flip chart paper or dry-erase board

•

Sharpie markers or dry-erase markers

•

Tape or u-tac

LIFE IN THE WEED: A SARGASSO SEA FOOD WEB

One 45-minute class period

FOCUS

SEATING ARRANGEMENT

Sargassum ecosystem food web (dominated by Sargassum
fluitans and Sargassum natans)

Activity will be completed as a class

GRADE LEVEL
Middle/Senior (UK)/ 6-8 & 9-12 (US)

FOCUS QUESTION

•

Overhead or LCD projector

•

Computer with internet connection

TEACHING TIME

KEY WORDS/ VOCABULARY
Algae: A photosynthetic organism that occurs in most habitats.
Their sizes range from single-celled to complex multicellular
forms.

What are food web connections of different resident organisms
in the Sargasso Sea?

Carnivore: An organism that captures and consumes animals.

LEARNING OBJECTIVES

Ecology: The science by which we study how organisms
(animals, plants, and microbes) interact.

•

Students will be able to describe adaptations of life within
the Sargassum ecosystem.

•

Students will create a food web that models predators
and prey in the Sargasso Sea, making predictions as to
who eats what in the Sargassum ecosystem.

•

Students will understand that these animals and plants
are dependent on the seaweed for their survival.

MATERIALS
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AUDIO VISUAL MATERIALS

•

Flip chart or large sheet of paper taped to the board/wall

•

Sargassum individual organism cards

•

Sargassum prey and predator cards

Ecosystem: Groups of organisms including their physical and
chemical environments.
Food Chain: A graphic representation of the transfer of food
(energy), showing how one organism feeds upon another.
Food Web: A network describing the feeding interactions
of the species in an area; a graphic representation showing
how many different food chains are linked to each other in an
ecosystem.
Gyre: A circular movement of water driven by oceanic currents
and patterns of wind direction.
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Habitat: The natural home or environment of an animal,
plant, or other organism.
Herbivore: An organism that consumes plants.
Marine Snow: the shower of organic material falling from
upper waters to the deep ocean.
Omnivory: Beings able to feed in more than one distinct way
(capable of carnivory and herbivory).
Organism: An individual animal, plant, or single-celled life
form.
Plankton: Organisms living suspended in the water column
and unable to traverse strong currents.
Predator: An organism that consumes another living
organism (carnivores and herbivores are both predators by
this definition).
Prey: A living organism that is consumed, either entirely or in
part, for food by another organism.
Primary Producer: An organism capable of using the energy
derived from light or a chemical substance to manufacture
energy-rich organic compounds.
Primary Consumer: An animal that eats grass and other
green plants in a food chain; an herbivore.
Secondary Consumer: An animal that feeds on smaller,
plant-eating animals in a food chain.

BACKGROUND INFORMATION
The currents that make up its borders largely define the
Sargasso Sea: the North Atlantic Drift to the North, Gulf Stream
to the West, Northern Equatorial Current and Antilles Current
to the South, and the Canary Current to the East. The sea itself
is estimated to be between 20 N and 35 N Latitude and 30 W
and 70 W Longitude.
The currents that border the Sargasso Sea create a slowly
rotating body of water known as a gyre. Bermuda lies on the
western fringe of the Sargasso Sea within the North Atlantic
Subtropical Gyre. Since ocean currents create the boundaries
of the Sargasso Sea, it is the only sea in the world without
shores. It is named after the dense mats of brown algae of the
genus Sargassum that can be found in the region. Sargassum
seaweed spends most of its life adrift. The dominant species, S.
natans and S. fluitans, reproduce by fragmentation in the water
column. These dense mats of algae interlock, creating unique
floating islands that have been dubbed “The Golden Rainforest.”
Shrimps, crabs, sea slugs, and Sargasso fishes can all be
found within Sargassum. Some, such as the flying fish, use
the seaweed as a raft for their eggs. At least 10 species of

Figure 1: Since currents are part of a dynamic system, the
boundaries of the Sargasso Sea are always changing.
invertebrates and 125 fishes are found in and around the
Sargassum that drifts throughout the Sargasso Sea.
In this lesson, students learn how different predators and prey
interact within the Sargassum, and are therefore connected
based on their diets. A typical simple food chain begins with
primary producers (plants) being eaten by primary consumers
(zooplankton), followed by secondary consumers (small
fishes). A food web is a grouping of food chains together with
significant overlap of food resources.
Many of the “passengers” of the Sargassum are uniquely
camouflaged within the seaweed. The International
Commission for the Conservation of Atlantic Tuna (ICCAT)
has designated the seaweed itself as essential fish habitat for
many billfish, tuna, and sharks. In this lesson, students will
be able to look at some of the major categories of resident
“passengers” in the seaweed.

LEARNING PROCEDURE:
1.

Review background information about the Sargasso
Sea.

2.

Review vocabulary terms for the lesson.

3.

Print out critter cards and arrange them on a table or
front of classroom.

4.

Print out individual critter cards and have students cut
them out and place the name of the critter on the back.
http://www.bios.edu/uploads/LessonPlans2012_
Individual_critters.pdf (Downloadable at: http://
www.bios.edu/education/archived-resources/)

5.

Have students begin to question who eats whom,
and why.

6.

Show students this short clip on the Sargasso Sea:
http://blog.lookbermuda.com/sargasso-sea

7.

Ask students if they can find the Sargasso Sea on a
map.
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8.

Tape the sun to a flip chart or dry-erase board.
Explain that all organisms will eventually need the
energy from the sun. A plant (like Sargassum) will
get its energy (food) directly from the sun, whereas
other organisms get this energy by feeding on
plants or other animals that feed on photosynthetic
organisms.

9.

Tape the phytoplankton to the board and explain that
this is a primary producer or autotroph. Marine plants
like phytoplankton are essential in taking the energy
from the sun and making their own food. Therefore,
they act as the basis for the food web.

10. Tape up the card of marine snow. Explain that, like
anywhere else, things die and decay in the ocean.
Along with bits of detritus and other debris, marine
snow is a part of the food web.
11. Have students choose one critter card, and have
them take the individual corresponding card that has
the pictures of what this organism eats.
12. Explain to students that they are going to create the
rest of the food web that you have started together.
The food web will be built as a class.
13. Each individual card corresponds with a critter card
like the one pictured below. The big picture (rounded
edges) represents the critter and all of the smaller
photos (bounded in white frame) make up what it
eats.
14. Students will check the critter cards to find which
animal eats phytoplankton. The student(s) with this
card will place it on the board.
15. Once they find one or more critters, they can tape
or tack the organism above the phytoplankton and
draw the arrow of energy from the phytoplankton
to, for example, zooplankton. This arrow means the
energy is moving from one organism to another

Figure 2: Critter Card. Snail on left eats critters on the right:
bryozoans (top), hydroids (center), and Sargassum epiphytes
(bottom).

44

Figure 3. Drawing the arrow of energy as it passes from phytoplankton to the next organism, zooplankton.
16. The web starts to get tricky, as many of the organisms
eat many different things! Let the students work
together to come up with a strategy for continuing to
build the web. This step might take awhile, but is a
good team-building exercise. It is easiest for students
to continue from the bottom and work their way up;
the next question is, what eats zooplankton?
17. Once students get to higher-level organisms, they
will have multiple arrows. As the web becomes
larger, with more organisms placed, have students
check their work to make sure each critter has all the
right prey (via arrows).
18. Students can check their answers with the key that
goes along with the supporting documents for
this lesson plan by counting the number of arrows
directed to each organism. No two webs will look
alike, but they should all have the same number of
arrows going to each organism!

Figure 4: An example of what the completed food web in the
curriculum packet will look like.
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4.

Students can interact with the food web using Prezi to
create their own path or animate their own Sargassum
Critters.

EXAMPLES
http://prezi.com/3o2rf6lsptam/sargassum-food-web/
http://prezi.com/yga1umca9icq sargassum-food-web_pictures/
http://prezi.com/qbwh3dlxfh3k
sargassum-food-web-words_final/
Paths can be made with Prezi and characters were animated
with blabberize.com

FURTHER READING AND RESOURCES
Figure 5: If you would like to extend this lesson to a younger
audience, you can provide them with the web of words and have
them create it in pictures.
19. For Primary students, you can provide them with the
word version of this web, and using both the pictures
and the names, they can build their web of pictures.

QUESTIONS

Marine Food Web:
http://www.youtube.com/watch?v=rJ2oFD9-WVc
Food Chains:
http://www.youtube.com watch?v=TE6wqG4nb3M
Sargasso Sea Alliance: http://www.sargassoalliance.org/
Downloadable PDF:
http://www.sargassoalliance.org/storage/documents/
Sargasso.Report.9.12.pdf

•

Which organism seems to be eaten the most by other
organisms?

•

What might happen if the number of phytoplankton in
this habitat decreased?

•

Why is sunlight very important for the open ocean habitat?

Blue Halo: http://www.bermudabluehalo.org/

•

What might happen if there were no more ____________
(fill in the organism) in this habitat?

Monterey Bay Aquarium Research Institute:
http://www.mbari.org/expeditions/Sargasso3/index.htm

•

What are two organisms that compete for the same food?

•

What might happen if there were many more Sargassum
swimming crabs?

•

What evidence can help scientists learn about organisms’
adaptations?

National Oceanic and Atmospheric Administration: http://
oceanservice.noaa.gov/facts/sargassosea.html

Pew Foundation Global Ocean Legacy Program:
http://www.pewenvironment.org/campaigns/
global-ocean-legacy-bermuda/id/328701

EXTENSIONS
1.

Students select a region of the world (land or sea)
and create a food web for that region. Students
identify the predators and prey within that region and
create a model food web with at least 12 different
organisms included.

2.

Students individually select a vertebrate or invertebrate
found within the Sargasso Sea that was not included
in the food web activity and build a new food web,
including the organisms that creature consumes and
the organisms that consume it.

3.

Students can take individual animals within the
Sargasso Sea and learn a little more about them,
giving a class presentation.

A sea slug, a type of nudibranch found in the Sargassum.
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OCEAN LITERACY PRINCIPLES

CLIMATE LITERACY PRINCIPLES

Principle 4: The ocean makes Earth habitable.

Principal 3: Life on Earth depends on, is shaped by, and
affects climate.

4a: Most of the oxygen in the atmosphere originally
came from the activities of photosynthetic organisms
in the ocean.
Principle 5: The ocean supports a great diversity of life and
ecosystems.
5c: Some major groups are found exclusively in the
ocean. The diversity of major groups of organisms is
much greater in the ocean than on land.
5d: Ocean biology provides many unique examples of
life cycles, adaptations and important relationships
among organisms that do not occur on land.
5e: The ocean is three-dimensional, offering vast living
space and diverse habitats from the surface through
the water column to the seafloor. Most of the living
space on Earth is in the ocean.
Principle 6: The ocean and humans are inextricably
interconnected.
6c: The ocean is a source of inspiration, recreation,
rejuvenation and discovery. It is also an important
element in the heritage of many cultures.
Principle 7: The ocean is largely unexplored.
7b: Understanding the ocean is more than a matter of
curiosity. Exploration, inquiry and study are required
to better understand ocean systems and processes.

3A: Individual organisms survive within specific ranges of
temperature, precipitation, humidity, and sunlight.
Organisms exposed to climate conditions outside
their normal range must adapt or migrate, or they
will perish.
3E: Life – including microbes, plants, and animals and
humans – is a major driver of the global carbon cycle
and can influence global climate by modifying the
chemical makeup of the atmosphere. The geologic
record shows that life has significantly altered the
atmosphere during Earth’s history.
This lesson was built on ideas by Great Exploration of
Math and Sciences (GEMS) created by Lawrence Hall of
Science and the University of California Berkeley.
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A mat of Sargassum as it floats into North Lagoon, harboring a
plethora of endemic and migratory species. Its final job on the
shores of Bermuda is to act as both a source of nutrients and a
sand/sediment stabilizer.
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The Case of Jack Dempsey: A Construction of
Knowledge and Misinformation
BY NERMEEN DASHOUSH

OUR MASSIVE AND UNDER-EXPLORED OCEANS HOLD MANY MYSTERIES. THIS HAS RESULTED in
various misconceptions, misinformation and fabrications about them. But who would think that the
same could hold true of a 20-gallon fish tank? A simple welcoming of new class fish turned into a
school-wide debate in which legends were told and reality was questioned. It will forever be known
as the Case of Jack Dempsey.

In order to understand how the mystery unraveled, one must
look back at the formation of the tank. The second-graders at
the Speyer Legacy School were studying the Hudson River as
part of their humanities and science exploration. This involved
testing water for pH levels, turbidity, salinity, and temperature.
The second-graders applied their knowledge and created a
science lab fish tank that they cycled for bacteria, tested, and
prepared for incoming residents: a group of various fish.

students were divided into two camps: those who believed
in Jack Dempsey and those who insisted he never made it
out of the fish store. Some made signs that read “Bring Jack
Back!” Others waited by the fish tank patiently with a camera
to try to prove he was in there, albeit shy and hidden. As time
progressed, there were some who claimed they saw four fish
in the tank. And who could forget the sighting of a one-legged
crab?

While the Hudson River was not easily accessible on a daily
basis, the tank gave them an opportunity to peek into the
world of fish. The time they invested in preparing the fish tank
gave them an especially strong interest in and ownership of
the tank. It was also a great way to have them apply their skills
while integrating math. The students developed a frame of
reference for liquid measurements as they filled up their tank.

This was a teachable moment in marine education. Moments like
these — artificially created by a teacher, or happening by chance
— allow us to discuss scientific knowledge and misinformation
with students. It allows them to see, firsthand, how information
can be passed along, twisted and then misconstrued. Within the
small microcosm of the school, students were experiencing how
misinformation can run rampant.

Then came the day when the fish were added to the tank.
The students sat around the rug and learned about the three
fish added: a Tiger Oscar, a Leporinus, and a Jack Dempsey.
I told them I had picked out all three fish at the pet store,
quickly came to school, adjusted the temperature, and added
the fish into their welcoming new home of aquatic plants,
driftwood, and artificial barnacles. The students learned a few
fun facts about the new fish and were eager to see them.
They were sent in small groups to the tank. The first group
peeked inside and appeared confused. They called over to
their other classmates that they were only seeing two fish. “It’s
only Leporinus and Oscar!”
The second group went up for their turn and also reported
that they saw two fish. Yet, when the third group went up, one
second-grader uttered three words that caused a clamor in
the science lab: “I see him!” Skeptical second-graders ran to
the fish tank to see for themselves. Some claimed to catch a
glimpse of a tail disappearing into a barnacle; some insisted
there were only two fish in the tank. And so it went. The

A second-grader ponders the number of fish in the classroom
tank. Photo by Nermeen Dashoush.
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This incident set the tone and the foundation for many lessons
on creditable resources and data. The class developed an
interest in the citizen science project known as “A Day in
the Life of the Hudson River,” an annual event coordinated
by the Hudson River Estuary Program of the New York State
Department of Environmental Conservation and Lamont
Doherty Earth Observatory. Every year, classes from all over
New York gather to collect data at various sites along the
Hudson River. The middle school students at the Speyer
Legacy School, led by their science teacher Kimberly Schwab,
were already participating in the project. The second-graders
became intrigued with looking at past data collections and
seeing how quantifiable data could present a snapshot of a
river so close to home but also so full of wonders. The middle
school students shared their experience with the secondgraders in the Hudson River Fair that year. It has since become
a tradition to participate in the “A Day in the Life of the Hudson
River” project. Our fish tank is just a peek into marine life, since
nothing can replace the experience of gathering data out on
the river and being a part of the bigger picture.

HELPFUL WEBSITES
A Day in the Life of the Hudson River:
http://www.ldeo.columbia.edu/edu/k12/snapshotday/
Hudson River Lesson Plans and Data:
http://www.dec.ny.gov/education/25386.html

Second-graders learn about collecting data at the Hudson River
Fair, led by the middle schoolers. Photo by Nermeen Dashoush.
Then there was the question of reliable sources. Most students
refused to accept the existence of Jack Dempsey unless they
saw him with their own eyes. Others were willing to believe
eyewitness accounts from other classmates, as long as they
saw those classmates as “someone who wouldn’t make things
up.” As the teacher of the classroom, perceived as an authority
figure, I got a sense that they would have believed me if I just
confirmed or denied the existence of the fish.
Then suddenly, one morning, Jack Dempsey was found
swimming around the tank. All the students witnessed him
weaving around between the leaves. Some rejoiced in the
notion that they had been right about his existence. Others
claimed that I had just put him in the tank that morning.
Students asked me, and I told them he was there the
whole time. But does that make it true? Let us seize these
moments to teach not only science, but to teach scientific
thought as well.
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We Want You To Come Present at NMEA 2015!
Our 2015 Conference’s Call for Presenters is now open! Please
consider presenting a session at this year’s conference, to be held in
scenic and historic downtown Newport, Rhode Island.
The conference brings together formal and informal educators, scientists,
students, and government and industry members to share ideas on the
world of water.
This year there are five conference tracks: in the classroom, out of the
classroom, next generation science standards (NGSS), today’s scientific
research, and partnerships with industry and government.
We look forward to seeing you in Newport!
Visit the submission page here
Session submissions will be accepted through January 30. For questions,
please e-mail Andrea Gingras, Programs Committee Co-Chair.
THE THEME OF THIS YEAR’S CONFERENCE IS:

“Ocean State, Ocean Planet: Exploring Our World of Water.”
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