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Current Log We’re excited to bring our members another general issue of Current. This issue offers a variety of articles and activities,
from a study on middle and high school students’ sources of knowledge and interest about the ocean, to activities that inspire students to
make informed decisions about the environment, to a marine robotics program that provides undergraduate and graduate students with
real-world marine science experiences; as well as many other exciting topics that continue to provide our members with new ways to discover
“the world of water.” We will publish one general issue per year, so please continue to send in your original manuscripts on research, lessons,
resources, or strategies for teaching marine education. (Our next deadline is September 16, 2011; see "Call for Papers" on the bottom of page
17 for more information.)
The NMEA is gearing up once again for our 2011 Annual Conference, June 29-July 2 at Northeastern University in Boston, Massachusetts.
The theme is Cape to Cape: In the Hub of Marine Education. The conference hosts general and concurrent sessions, workshops, field trips,
and evening events, including a visit to the New England Aquarium and Thompson Island for a clambake and dancing, as well other exciting
events. Session proposals and registration will begin in early 2011. Visit the NMEA website for the latest conference details (www.marine-ed.
org/), or contact Robert Rocha, the NMEA 2011 Conference Chair, at rrocha@whalingmuseum.org. Join us this year in Boston, along with
the Massachusetts Marine Educators (MME), hosting this year’s 2011 NMEA Conference!
We wish to once again thank the Bridge for contributing links for this issue. You can locate the Bridge links at the end of each article and
activity. You can also visit the Bridge’s website at www.marine-ed.org/bridge for more information on ocean science topics, organizations,
lesson plans, career information, and professional development opportunities.
Cheers and see you in Boston this summer!
Lisa Tooker
Editor
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Uncovering Student Interests

in the

Ocean

By Meghan Marrero, Ed.D.

As educators in the 21st Century, we compete with Xbox, 3D movies,
iPhones, and Facebook for our students’ attention. So how do we capture their interest in order to improve their
ocean literacy? How do we know what topics interest them, so that we may capitalize on these ideas? This article
describes a recent study of over 900 middle and high school students in New York and California that sought to
uncover students’ beliefs about their sources of knowledge about the ocean and the ideas about the ocean that
interest them.

OCEAN LITERACY AND STUDENT INTERESTS
It is well-documented that public ocean literacy in the United States is poor. Americans are interested in protecting the
ocean, but do not really understand why it is so important in
the functioning of our planet. Pollution and other environmental problems related to the ocean rank as less concerning than
air pollution or problems on land, and people do not see their
actions—positive or negative—having much of an impact on the
ocean. Protecting the ocean, therefore, is not a highly important issue to most Americans (American Association for the Advancement of Science 2004; Belden et al. 1999; Steel 2006;
Steel et al. 2005; The Ocean Project 1999a, 1999b, 2009).
If ocean literacy of adults is lacking, it is almost certainly subpar
in K-12 students. Do they have the same ocean-related interests
and ideas as adults? There have been a few studies seeking
to examine students’ ideas about the ocean. In general, these
studies have found that students have positive attitudes, but

In NOAA-sponsored, Signals of Spring – ACES students use Earth
imagery to explain the movements of marine animals that are
tracked by satellite.

low levels of knowledge about the ocean. (Ballantyne 2004;
Brody 1996; Giles 1999; Souza 1984). In particular, Ballantyne
(2004) concluded that students are learning about the ocean
in various ways, but that the information gained is often erroneous, or at least erroneously constructed to fit with their existing
knowledge schema.
Science education research tells us that student success in science is due, in part, to their interest in the subject matter. Middle
school students, in particular, cite lack of interest as a reason for
poor performance in science. They attribute successes to effort
and interest (Koballa Jr. and Glynn 2007). Of course, there are
many factors that contribute to student interest and motivation,
such as cultural issues and perceived difficulty (Osborne et al.
2003). One way to promote student learning is to pick up on
ideas with which they are tangentially familiar, because, “When
students are very familiar with something, they may ignore it,
and when they are unfamiliar with something, particularly if it is
complex, they may not find it relevant or meaningful” (Koballa
Jr. and Glynn 2007). John Dewey (1915) noted the active quality of learning through one’s life experience, explaining, “[Learning] involves organic assimilation starting from within” (Dewey
1915). From this constructivist lens, “learning is not viewed as
transfer of knowledge but the learner actively constructing, or
even creating, his or her knowledge on the basis of the knowledge already held” (Duit and Treagust 1998). Even the new Core
Common Standards cite student engagement with subjects that
interest them as a priority, explaining that “. . . classroom learning experiences in science need to connect with students’ own
interests and experiences”(National Research Council 2010).
Whether or not students have firsthand experience with the
ocean, information about our planet’s dominant feature is all
around them—in school, on television, in movies, and video
games. A review of previous studies on prior knowledge found
that it plays an important role in future learning, particularly
when students harbor misconceptions (Dochy et al. 1999).
Therefore, as marine educators, it would behoove us to understand students’ prior knowledge, and to connect our instruction
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Figure 1. Reported sources of knowledge about the ocean.

to things with which they are familiar and find interesting. For
example, with what ideas about the ocean are students familiar?
What about the ocean interests them? Knowing the answers
to these questions can help us to better engage our students,
capitalizing on their interests and familiarities.
UNCOVERING STUDENT IDEAS
This study utilized a convenience sample of 941 students engaged in a NOAA-sponsored ocean literacy curriculum program
called Signals of Spring—ACES [Animals in Curriculum-based
Ecosystem Studies (www.signalsofspring.net/aces )], known as
“ACES.” The students were located in the New York City and San
Francisco Bay areas, and were enrolled in grades 6-12. Students
responded to a mixed questionnaire consisting of open-ended,
multiple choice, and Likert-type items. The questionnaire was
developed by a team of curriculum developers and scientists
to probe students’ thinking and attitudes about the ocean as
a first step to assessing baseline ocean literacy of project participants. Students answered the questionnaire online during
their science classes prior to engaging in any classroom activities. Open-ended questions were analyzed using the grounded
theory techniques (Charmaz 2000; Glaser and Strauss 1967),
and prevalence of emergent themes calculated. This qualitative
approach allows researchers to examine themes that emerge
from the data (Creswell 2007), and in this case allowed students’ ideas to shine.
Sources of Knowledge about the Ocean
Two questions were posed to students to name the sources
they identified as sources of knowledge about the ocean in their
lives. Respondents were asked to “choose all that apply” for
the question, “In your life, where have you learned about the
ocean?” While studies indicated that American pupils are not
likely learning enough about the ocean (Hoffman and Barstow
2007), approximately 76% of these students cited school as a
source of their knowledge (Figure 1). For the 67 students who

chose other, they most commonly explained that they learned
from family members.
This multiple choice question was followed with an openended one, in which respondents were asked to explain where
they had learned the most about the ocean. For this question,
the two most common answers were “school” and “television.”
Some students gave information about the specific grade level
or teacher from which they learned. Students who cited television elaborated and noted specific sources, including the Discovery Channel, Public Broadcasting Service (PBS), and news
programs. Students also acknowledged their personal experiences with the ocean, such as visiting zoos and aquaria, boating,
or fishing from a local pier.
Students’ Interest in the Ocean
Several questions probed what these middle and high school
students found interesting about the ocean. The open-ended
question, “What do you think is the most interesting aspect of
the ocean?” generated a wide range of responses. In addition,
students were asked to write two questions they had about
the ocean.
Interest in Animals. Not surprisingly, the most commonly
cited “interesting aspect” was animals. Many students cited
specific organisms such as sharks, whales, sea turtles, jellyfish,
or fish, while others gave generic answers such as “animals” and
“creatures.” Some respondents gave vivid descriptions of exactly what interested them in terms of marine life (i.e., “the cool
ugly fish at the bottom of the ocean,” “venomous creatures,” or
“some of the amazing and unusual creatures”). When mentioning organisms, many students discussed the ocean as a habitat
(i.e., “how it provides homes for so many animals and other
things,” or “there is a whole different ecosystem underwater”).
Interest in the Ocean’s Vastness. Although nowhere near
as prevalent a theme as animals, another popular point of in-
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Interest in the Ocean's Vastness
Size

Depth

Volume

• That the ocean takes up most of
the world

• How deep it goes

• The amount of water

• Trenches

• It contains most of our water

• When you sail on a boat you can
go where you can never see land
in any direction

• The seafloor

• How many gallons of salt water
are there?

• How vast it is

• The deep sea

• The ocean is extremely large

• How far down does the ocean go?

• I am amazed by how large it is

• How deep is the ocean and what's at
the bottom?

• Its vast expanse

• It's so deep

• How many gallons of water do we
have in the world?
• How many gallons does the
ocean hold?

Table 1. Interest in the size of the ocean.

terest, cited by 7.5% of the respondents, was the sheer size
and depth of the ocean. These diverse findings, related to the
ocean’s size, depth, and volume, were grouped together under
the code of size/depth (Table 1).
Interest in Discoveries. Another important theme was students’ interest in ocean discoveries. Grouped under the discoveries theme were responses such as: “well, all the things we
don’t know”; “so much left to discover”; “all the mysteries of the
depth”; “there’s always some mysterious creature being found”;
“the numerous parts of species and life that are still unknown”;
“that we haven’t seen it all.” This theme was also reflected in
students’ questions, although slightly less prevalent—in about
3% of cases. Questions along this theme included: “What parts
have we not explored?”; “Why is the ocean mysterious?”; “What
new things are being discovered?”; and more.
Pollution
• How polluted is it?

Protection

Care and Concern. In addition to the questions that related
to the themes of students’ interest discussed above, other common categories of questions were concern, particularly about
environmental issues, why the ocean is salty, and ocean color.
Students were asked to list two questions they had about the
ocean, and the theme of concern was reflected in the questions
by 15.7% of the students. Questions in this category were primarily related to pollution, but also revolved around endangered
species, climate change, and the availability of water (Table 2).
Students are concerned about environmental issues related to
the ocean and do seem to exhibit some prior knowledge about
these problems. Based on the sources of their knowledge that
emerged, it is likely that students are learning about these issues
in school and from television and personal experiences, such as
visiting parks and aquaria. It is encouraging that many students

Climate Change

• Could someone truly
destroy the ocean?

• What can we
do to prevent
water pollution?

• How does melting
ice caps affect the
ocean in the tropics?

• Can you clean
the ocean?

• How can we keep it
more clean?

• What are the
consequences if we
pollute the ocean?

• What kind of laws
protect the ocean?

• What will happen
to the ocean with
global warming?

• Do boats pollute
the ocean?

• What are ways to
save our ocean life?

• Have major
companies been
cleaning up
the ocean?

• Is ocean
temperature being
affected by global
warming and if
so, how are the
animals affected?
• How do we stop
global warming?
• How much has
the temperature
gone up in the last
five years?

Endangered Species

Availability of Water

• What kind of
endangered
species are there
in the ocean?

• Could the ocean
water ever run out?

• Why are the polar
bears going extinct?

• How would the
world be if there
was no ocean?

• Why do a lot of fish
go extinct?
• Why are coral reefs
so delicate?
• Has there been a
significant decrease
in the number
of organisms in
the ocean?

• Will the ocean
become extinct?

• Is it possible for the
ocean to drain?
• What will happen
when we need
water from
our oceans?

Table 2. Students’ sample concern questions.
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ACES students make connections between oceanic process and
socioscientific issues such as marine debris and alternative energy
resources. Surveyed students indicated great concern for the ocean.

are at least aware of human impacts on the ocean because
so much of our scientific decision making in modern society
seems to revolve around environmental issues. Awareness of
the human influences on the ocean is an important component
of ocean literacy.
Students’ concern about the availability of water in the ocean
is interesting. It appears that students are simply unaware of
just how large the ocean is, and how much water is actually in
it. This finding is consistent with the common interest theme
of size/depth, suggesting that students simply cannot fathom
how large the ocean actually is. It also suggests that students
are confusing the issue of freshwater availability with water in
the ocean.
DISCUSSION OF RESULTS AND IMPLICATIONS FOR
MARINE EDUCATORS
When we work with students, whether in the classroom or at
informal institutions, one of our aims is to excite students about
ocean science and its possibilities. The findings from this study
give us a few clues on how to “hook” students, and some things
to watch out for.
The New York and California students identify school, television, and personal experiences as their major sources of knowledge, similar to the results shown by Ballantyne (2004) in an
informal setting. Students are recognizing that there are intersections between their learning in informal and formal settings
(Hofstein and Rosenfeld 1996). They are aware of learning
from visits to zoos and aquaria, as well as from television and
other sources. One caution is that television can sometimes
provide incorrect information about scientific issues (Steel et al.
2005). Therefore, educators may consider discussing students’
prior knowledge from television in the context of the nature of
science, encouraging students to be skeptical, ask questions,
and seek answers.

The findings show us that students are aware that the ocean
is home to diverse life forms (Ocean Literacy Principle 5), although most of their responses focused on animals. Students
are also very interested in marine life, and this affords an opportunity to introduce the larger topics of ocean ecology and
the varied forms of life across many different scales. In addition to the strong interest in animals, which is not surprising
and is supported by previous studies (Ballantyne 2004; Fortner
1991; Giles 1999), teachers and curriculum developers should
capitalize on this study’s finding of students’ apparent interest
in the mysteries of the ocean. Ocean Literacy Essential Principle
7 states, “The ocean is largely unexplored”; this is an important
concept for students to understand. Students can aspire to careers in the ocean sciences with the knowledge that they can be
the ones making new discoveries and that the possibilities are
endless. Discussing the latest ocean discoveries with students
involves teaching inquiry skills, the nature of science, and the
importance of technology, all of which are addressed by middle
and high school science standards.
Another important theme that emerges is that students express
concern for the ocean, citing, in particular, issues related to climate change, pollution, and endangered species. This finding is
promising because it suggests that some students are at least
recognizing that humans do have an influence on the ocean.
As the students engage in marine education activities, we hope
that this underlying knowledge base will further develop and
that students will begin to consider how personal and societal
decisions affect the ocean—a key aspect of ocean and scientific
literacy. It will be interesting to examine in further studies how
students view these issues in comparison to others. Surveys of
adults indicate that citizens tend to view environmental issues
related to the ocean as less important than others. For example,
air pollution is viewed as a more immediate and dire problem
than pollution in the ocean (AAAS 2004; Belden et al. 1999;
The Ocean Project 1999a).
Overall, this study provides some starting points for marine educators as we work with secondary students. Additional studies
are needed to assess students’ baseline ocean literacy, and the
impact of different sources of information on students’ content
knowledge. These understandings may help us to better meet
students where they are, and to bring them to the next levels
of ocean literacy.
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A n Interdisciplinary, M arine Robotics Research
and E ducation Program
By Christopher Kitts, William Kirkwood, and C. Geoffrey Wheat

Santa Clara University’s Robotic Systems Laboratory runs a
world-class education and research program in marine robotics. This program provides both undergraduates and graduate
students a wide range of hands-on, interdisciplinary design and
research activities that are motivated by the needs of marine
scientists. Design and technology development activities typically culminate in students operating their own systems as part
of real-world marine science missions in bays, lakes, and the
Pacific Ocean. This applied and field-oriented program creates
exciting and highly motivating learning experiences, while also
providing unparalleled opportunities for technology verification
and validation.
The Educational Challenge
Meeting the future challenges facing the world’s oceans and
marine environments requires a significant effort in engaging,
training, and educating the nation’s current and future workforce
(1)
. This challenge exists not only for the marine technology field,
but also for the entire science and technology sector of the U.S.
economy (2). Yet, even with the importance of this well understood need, the United States currently faces a crisis in science
and engineering talent and expertise (3).
Robotics-based education programs have been demonstrated
to be particularly successful at attracting and motivating students to pursue study in science, technology, engineering, and
math (STEM) areas. The hands-on, interdisciplinary, and applied
nature of such programs creates exciting and rewarding learning opportunities and provides a real-world framework for understanding abstract knowledge (4, 5). These programs reinforce
the tenants of a wide body of educational theory in the field of
Project-Based Learning (PBL). PBL techniques promote learning
through the creation of a functional artifact that embodies the
knowledge learned (6). Through experiential creation, students
are able to reinforce their engineering knowledge, improve their
competence in the application of this knowledge, develop problem formulation/solving capabilities, expand their implementation skills, and improve their self-directed learning talents (7).
The SCU Robotics Program
The Santa Clara University (SCU) Robotics Systems Laboratory
(RSL) focuses its robotics program on student development of
mature robotic systems and technologies that can be deployed
in the field in order to conduct real-world missions for scientific
discovery and technology validation (8). Applying robotics-based
learning in the context of real missions provides learning experiences even more compelling than those found in traditional ro-

botics-based programs. These experiences are often described
by students as “life-altering” in terms of impacting their career
choice, and often cited as the “brass ring” in science and engineering education (9).
Over the past decade, RSL students have developed a wide
range of highly capable robotic systems that operate on the
land, in the air, in space, and in the sea. These systems are typically created by students as part of their senior undergraduate
capstone design project, with students evolving a system from
concept, to detailed engineering and fabrication, to integration
and test, and finally to field operation (10). Once operational,
these robotic systems are used by undergraduates, graduate
students, and professional researchers to perform compelling
science missions and to demonstrate advanced technology. The
development and use of these robotic systems serves as the
keystone for the integrative nature of the SCU program. Overall,
the mixing of engineers and scientists across a variety of educational levels, and from a multitude of organizations, creates
a particularly stimulating environment for technical education,
engineering innovation, and scientific discovery.
Specific missions have ranged from controlling NASA astrobiological spacecraft to demonstrating aircraft formation flying, to
discovering a sunken whaling fleet off the coast of Alaska. Collaborators for these and other missions have included a wide
range of agencies (NASA, NOAA, NSF, USN, AFOSR, and USGS);
companies (Lockheed, BMW, and ACRi); academic institutions
(UT Austin, Stanford, and St. Louis University); and non-profit
organizations [Space Grant, Monterey Bay Aquarium Research
Institute (MBARI), and IEEE/OES]. (Activities over the past several years have been funded at a level of more than $750,000
per year.)
Marine Education—Developing Robots
and Marine Technologies
SCU students interested in robotics get involved as early as their
freshman year by taking RSL’s course in Marine Operations, a
one-unit class in which students learn about the Lab’s existing
tethered Remotely Operated Vehicles (ROVs), to include how
they are designed, how to safely operate them at sea, and how
to pilot them. The final exam for this class is participation in a
real-science deployment, typically performed in Monterey Bay
or Lake Tahoe. An exciting extracurricular twist to this course is
the ability to obtain a specialty certification for diving with ROVs,
a program created by lab students, and now conducted on a
cooperative basis with a local dive shop owned and operated
by an SCU graduate.
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The yearlong senior capstone experience is the venue through
which students are able to design complete marine robotic systems or to extend existing systems with enhanced functionalities. These interdisciplinary student teams develop their system
from concept to field operation, often as part of a real-science
mission. Through this program, a wide range of ROVs, Autonomous Surface Vessels (ASVs), and a new Autonomous Underwater Vehicle (AUV) have been developed. Figure 1 shows the
Triton ROV (11), which has been operational for a full decade, as
it is being deployed by students in Lake Tahoe off the R/V LeConte. Figure 2 shows the SeaWASP ASV (12) as it generates bathymetric maps, also in Lake Tahoe. In addition to these robotic
vehicles, this capstone program has led to the development of
an underwater manipulator, a tether management system, and
advanced autonomous navigation systems for these vehicles.

Figure 1. SCU students deploy the Triton ROV off the R/V LeConte
in Lake Tahoe, California during a geological mission with
scientists from the U.S. Geological Survey and the University of
Nevada at Reno.

RSL’s graduate students also develop novel marine systems and
technologies as part of their graduate research work. This work
has led to the development of multi-ASV clusters that can cooperatively sail in formation and perform applications such as
patrolling dive sites (13) and performing distributed synoptic sampling. Students also have developed a novel, fault-tolerant AUV
thruster (14) and a bathymetric sensing system that is currently
used on the SeaWasp ASV. Graduate students often serve as
mentors for the seniors working on their capstone projects; in
fact, the graduate student team typically includes students who
were SCU undergraduates and worked within RSL for their own
capstone projects.
Real Missions
Without question, the most exciting and educationally valuable
part of RSL’s marine education program is conducting real missions using the robots and technologies developed by students.
Dozens of missions have been performed over the last decade
within locations such as Monterey Bay, Lake Tahoe, the Pacific
Ocean, and the Channel Islands; collaborators in these missions
have included personnel from NOAA, NASA, USGS, the U.S.
Navy, MBARI, and the University of Nevada at Reno. These missions allow students to demonstrate and verify the performance
of their system under real operating conditions. Furthermore,
they offer a unique chance for system validation since they can
assess the real value that their systems and innovations enable
in terms of improved performance, reduced costs, or other metrics of direct interest to the scientists and mission investigators.
One of the first missions involved collaboration between the
Lab’s first ROV team and an SCU archeology student who, as
part of his own undergraduate research project, believed he
could pinpoint the location of the New Bedford Whaling fleet,
a fleet of ships that was lost off the coast of Alaska in the late
1800s. After considerable preparation, the U.S. Coast Guard
hosted these students on the USCGC Polar Star as part of an
arctic deployment. With the assistance of U.S. Navy divers, the
team found a sunken ship believed to be one of the ships from
the whaling fleet (15).
Another mission highlight occurred in 2005 when students
worked with geologists from the USGS and the University of
Nevada at Reno and used the Triton ROV to discover evidence
of tsunami waves in Lake Tahoe (16). The evidence showed a
series of prominent boulder ridges, which were photographed,
characterized, and sampled by the student team. As a final mission, at the request of the same geologists, students revisited
the boulder ridge location in 2009, using the SeaWasp ASV to
create high-resolution bathymetric maps of the boulder ridges
(Figure 3).
Program Success

Figure 2. The SeaWasp ASV automatically sails in Lake Tahoe,
California, generating bathymetric maps such as the one shown
in Figure 3.

In growing this program, SCU has benefited from instrumental
partnerships with the University of Alaska, Fairbanks (UAF) and
MBARI. Interaction with UAF, which hosts NOAA’s West Coast
and Polar Regions Undersea Research Center (WC&PRURC),
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variety of K-12 education and outreach activities that are being
formalized into curricular packages that meet federal and California state standards.
Conclusions

Figure 3. A bathymetric map generated by the SCU SWATH ASV
shows the location of boulder ridges in Lake Tahoe, California that
are hypothesized to have been formed by tsunami waves.

has included significant financial support for developing several
technical systems as well as long-term collaboration in jointly
executing field missions and educational activities. The MBARI
partnership has included considerable in-kind contributions in
the form of equipment donations, facility use, mentoring, and
student internships. Many of the Lab’s projects complement
MBARI’s technical interests, allowing MBARI personnel to explore new concepts in a low-cost manner.
The program also benefits from the strong hands-on and interdisciplinary design program within SCU, its location in the Silicon
Valley, and its proximity to a wide range of diverse marine environments. Significant teaching and advising oversight is invested by having teams practice mature project management and
systems engineering techniques; communicate effectively and
professionally, particularly during field operations and when interacting with external collaborators; and follow well-rehearsed
safety practices and procedures, given the hazards of operating
in the field. These qualities lead to smooth and successful field
operations, which in turn attract new mission opportunities, collaborators, and sponsors.
A critical strategy in building the program consists of leveraging
many objectives with individual missions (17, 18). For example, on
a typical marine mission, the robot being used has likely been
designed or extended by a group of current seniors, it exploits
one or more advanced functions developed by graduate students, and it is operated by students in the marine operations
class. With such a strategy, the faculty advisor is able to combine commitments relating to both undergraduate advising and
graduate research, all in the context of an exciting and highly
visible, student-centered program.
New efforts are being made to extend the success of the RSL
program to other institutions. The Lab has initiated a new collaboration with several universities pertaining to the development of intelligent multi-ASV clusters. One of the Lab’s low-cost
ROVs, rated to 100 feet of depth, is being developed into an
open source design for high school educators. There are also a

Over the past decade, the RSL program has grown to be a
highly successful and comprehensive program. This program
integrates students across disciplines and educational levels,
combines hands-on design experiences with applied experimental research, and merges real-world science missions with
technology verification and validation activities. The program
produces students that are highly sought by employers, a line of
advanced robotic systems capable of supporting a wide range
of educational and research activities, and an ever-expanding
portfolio of scientific and technological contributions.
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A National Survey of M arine Educators:
Goals and Indicators of Successful Field Trips
By Erika K. Poarch

“This is so much cooler than learning from a book!” “I didn’t
think I liked science until we came on this field trip.” “Eww,
that’s gross! Can I touch it?” These are just a few comments one
might hear from excited students on a field trip to an aquarium.
Aquariums and other informal learning centers offer students a
chance to learn about science through novel, fun, and engaging field trip experiences. The study described here, completed
in June 2010, examined a number of important considerations
educators must take into account when conducting science
education field trips, including teacher goals, communication
between educators and students, pre- and post-visit activities,
teaching methods, and indicators of success. Preliminary results
were discussed at the 2010 National Marine Educators Association’s (NMEA’s) annual conference—and feedback from audience members strongly influenced this article. This paper examines two crucial, yet often unexamined, components of school
field trips, educator goals and success indicators, from the
standpoints of both formal and informal educators. Evidence of
disparate goals and success indicators is discussed, along with
the need, and ways, to overcome these discrepancies.
Science field trips are often considered a vital part of student
education: a chance to experience science firsthand and connect classroom lessons to real life. Classroom teachers and informal educators alike emphasize the importance of field trips
for student learning. A number of researchers support this assertion, claiming that field trips can induce cognitive and affective gains (Falk, Koran, and Dierking 1986; Hurley 2006; Martin 2004; Rennie 1994). According to Nabors, Edwards, and

Students learn about tube feet while on a field trip. Informal
educators insist “field trips provide something that classroom
lessons cannot.”

Murray (2009), field trips add depth to classroom curriculum,
strengthen students’ observational skills, increase students’
content knowledge in specific subject areas, and expand students’ awareness of their surrounding community. The National
Science Teachers Association (NSTA) states that informal education “complements, supplements, deepens, and enhances
classroom science studies” (National Science Teachers Association 1999). Furthermore, the National Science Education Standards (National Resource Council 1996) encourage field trips
to informal science education centers, as “these can contribute
greatly to the understanding of science and encourage students
to further their interests outside of school.”
Classroom teachers often elect to visit informal science education centers, such as zoos and aquariums, while on science
field trips. By design, these informal science education centers
encourage visitor learning that is “self-directed, voluntary… and
guided by a learner’s needs and interests” (Coll et al. 2003).
In the flexible, free-choice environment of informal learning,
visitors have “considerable…control over what they actually
attend to” which encourages unique and individualized learning (Falk and Storksdieck 2009). Allen (2004) states that exhibits in science centers are “novel, stimulating, evidence-rich,
multi-sensory and fun” leading to an experience that allows
“personal choices, without any teachers forcing learners to do
something unappealing, without curricular constraints, without
testing or accountability.”
However, in today’s world of high-stakes testing and standardsbased accountability, teachers must be able to make a case for

Informal educators examine a diamondback terrapin. Formal
educators say while on field trips, students “get to see things in
person and thus remember them better.”
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Educator Goal

Identified by
Identified by
Identified by
Formal Educators Informal Educators All Educators
(n=52)
(n= 41)
(n=93)

Examples from Educators

To encourage general learning

"Teach ecological concepts"

59.6%

73.2%

65.6%

To expose students to
new experiences

"Showing students things they
have never seen"

67.3%

43.9%

57.0%

To provide student enjoyment
or entertainment

"Create a fun experience" or
"Keep students entertained
while learning"

38.5%

58.5%

47.3%

To allow a change of setting

"Immersion in natural setting" or
"Get them outdoors!"

53.8%

22.0%

39.8%

To connect with the
classroom curriculum

"Reinforcement of things learned
in the classroom"

50.0%

24.4%

38.7%

To increase student interest
or motivation

"Expand student interest in
subject areas"

32.7%

29.3%

31.2%

To provide a safe experience

"Proper 'dress' for outdoor
water activity"

11.5%

24.4%

17.2%

To promote lifelong learning

"Illustrate what environmental
science careers might be like"

17.3%

2.4%

10.8%

Table 1. Identified educator goals for field trips.
Note: Educators were allowed to identify more than one goal for field trips. Results may vary slightly from those presented at the NMEA annual
conference (2010) due to improved coding methods.

learning that occurs on field trips. This creates an interesting
dilemma, as the field trip destination is an informal learning center, but the goals more closely mirror formal learning outcomes.
In effect, much of the school field trip is determined by the
teacher’s goals and expectations, which often leads to fewer
learner-driven choices and results in a more “formal” informal
experience. This is not necessarily a bad thing, as researchers
assert that educator-guided, flexible learning experiences can
still lead to significant cognitive and affective gains, if teachers
and informal educators clearly define goals prior to the field trip
experience (Kisiel 2005; Coll et al. 2003).
In an effort to illuminate these goals and determine signs of
successful field trips, this article examines the reflections of 93
formal and informal educators. Collectively, these educators led
over 2,400 field trips during the 2009-2010 school year; yet it
became evident over the course of this study that all field trips
are not created equally. Each educator cited different combinations of social, emotional, and educational goals prior to a field
trip, as well as a variety of post-visit ways to determine if a field
trip was successful.
METHODS
Study Sample
This survey was circulated online utilizing the existing NMEA
listserv. Members of this listserv are actively involved in marine
science education as current or retired classroom teachers, informal educators, and/or researchers. As of September 2010,

this listserv had 2,137 subscribers (L.A. Lawrence, Pers. Comm.
September 3, 2010). Ninety-four individuals responded to the
questionnaire, though one individual’s responses were not included in data analysis due to incomplete/improper answers, as
less than 30% of questionnaire items were answered.
Questionnaire
This 13-item survey instrument attempted to elicit information
regarding field trips to informal science education centers. It was
designed to be applicable to both formal and informal educators at all levels of instruction (pre-kindergarten to adult). Both
closed- and open-ended questions were included in an effort
to gain maximum insight without overwhelming respondents
(review Appendix 1 on the NMEA website at http://marine-ed.
org/current).
Data Analysis
All responses were confidential and labeled by timestamp of
survey completion. Prior to data analysis, responses were sorted into two categories: formal educators and informal educators (review Appendix 1, see instructions in above paragraph).
Eight respondents selected “other” and were sorted into categories based on the researcher’s interpretation of later openended responses.
Closed-ended or Likert scale responses were analyzed initially
by category and also in aggregate. Open-ended responses regarding teacher goals and indicators of success were coded according to criterion established by Kisiel (2005) and were also
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examined by category and in aggregate (Table 1. and Table 2.,
code descriptions). All responses were coded systematically by
the researcher and checked by a colleague using a representative sample of responses in efforts to reduce subjectivity.
FINDINGS
Of the 93 respondents, 56% were identified as formal educators (ex: classroom teachers, n=52) and 44% were identified as
informal educators (ex: aquarium educators, n=41). Responses
were recorded from educators at every level of education, from
pre-elementary to adult, though 68% taught high school students (n=63). Many educators instruct students of a variety
of ages, and respondents were allowed to choose more than
one level of instruction. Furthermore, 49% of all respondents
led a field trip at an aquarium in the past year, and 76% used,
or suggested using, presentations by informal educators during
the field trip.
Respondents were asked how often educational objectives
were discussed between a classroom teacher and informal
educator prior to the field trip. Responses were recorded using
a Likert scale: a score of “1” corresponded with “never” and a
score of “5” corresponded with “always.” Formal and informal
educators had an average response of 3.4 and 3.3 respectively,
corresponding to a verbal answer of “sometimes.” However, a
third of all formal educators responded chose “5” or “always,”
while a comparable number of all informal educators chose “3”
or “sometimes” (Table 3.).

Indicator

Examples from Educators

Educator Goals for Leading a Field Trip
Respondents cited a number of goals for a field trip, and these
were categorized using the protocol described by Kisiel (2005).
Eight goals were identified and are listed here by frequency:
(a) to encourage general learning; (b) to expose students to
new experiences; (c) to provide student enjoyment or entertainment; (d) to allow a change of setting; (e) to connect with
the classroom curriculum; (f) to increase student interest or
motivation; (g) to provide a safe experience; and (h) to promote lifelong learning. These goals were not mutually exclusive,
and many educators cited more than one goal for a field trip
experience. Table 1 shows that formal and informal educators
often cited different goals: formal educators were more likely
to claim that field trips could expose students to new experiences (e.g., “show students things they had never seen”), while
informal educators often saw field trips as a way to encourage
general learning (e.g., “get students to appreciate the value of
the marine environment”).
Indicators of a “Successful” Field Trip
Kisiel’s (2005) protocol was also used to code responses pertaining to indicators of success after field trip experiences. Seven
indicators were identified and are listed here by frequency: (a)
positive overall experience; (b) demonstration of new knowledge; (c) connection to classroom curriculum; (d) increased
student interest or motivation; (e) good student behavior; (f)
quality/quantity of student questions; and (g) trip completed
without incident. Formal and informal educators most often
Identified by
Identified by
Identified by
Formal Educators Informal Educators All Educators
(n=52)
(n= 41)
(n=93)

Positive overall experience

"If everyone had a good time"

57.7%

46.3%

52.7%

Demonstration of
new knowledge

"They are able to explain new
concepts or ideas they learned"

55.8%

43.9%

50.5%

Connection to
classroom curriculum

"Students can discuss the trip
as it relates to the concepts
presented in class"

34.6%

7.3%

22.6%

Increased student interest
or motivation

"They feel encouraged to learn
more about the environment"

26.9%

9.7%

19.3%

Good student behavior

"Kids were capable of staying
on task"

19.2%

17.1%

18.3%

Quality/quantity of
student questions

"The depth of the
new questions"

11.5%

9.7%

10.8%

Trip completed
without incident

"No one gets hurt or bit
by a snake"

7.7%

2.4%

5.4%

No response or
vague response

"N/A" or "Teacher feedback"

11.5%

29.3%

19.8%

Table 2. Indicators of field trip success.
Note: Educators were allowed to identify more than one success indicator for field trips. Results may vary slightly from those presented at the
NMEA annual conference (2010) due to improved coding methods.
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identified positive overall experience as a main indicator of
success: “students had a good time” (58% and 46% respectively, Table 2.). Demonstration of new knowledge was also
rated highly as a success indicator: 56% of formal educators
and 44% of informal educators identified this as a secondary
indicator of success. However, 12% of all formal educators and
29% of all informal educators either did not provide a response
to this open-ended question or responded with an answer that
was too generic for analysis (e.g., “teacher feedback,” Table 2.).
DISCUSSION
Many researchers, classroom teachers, and informal educators
agree that field trips are often an integral part of student learning
in science courses, whereby students can connect classroom
lessons to real-life experiences (Falk et al. 1986; Falk and Storksdieck 2009; Kisiel 2005; Coll et al. 2003). However, it appears
that students are less likely to make this connection automatically; educational goals and objectives should be stated explicitly (Martin 2004). Niebuhr et al. (2004) suggest that formal
and informal educators should communicate prior to the field
trip experience to discuss learning objectives, science standards,
and appropriate student behaviors. According to NMEA members who elected to participate in this study, conversations between formal and informal educators only happen “sometimes”
prior to field trips (Table 3.). As discussed below, formal and
informal educators appear to have different goals and success
indicators, and a lack of prior communication between these
two important groups may hinder student learning.

real-world problems”). Many educators claimed that these new
experiences would add depth to their classroom discussions,
increase student excitement, or allow students to connect lessons to real life.
Almost three-quarters of informal educators identified encourage general learning as a primary goal when leading field trips
(73%). These educators were less likely to emphasize connection to the curriculum (24%) and more likely to emphasize general ideas and concepts such as “promote conservation
through education.” Interestingly, 59% of informal educators
cited provide student enjoyment or entertainment as a goal
for field trips, yet museum curators, researchers, and informal
educators all claim that field trips to informal science education centers provide educational benefits to students. Falk and
Storksdieck (2009) claim that enjoyment or entertainment and
education are not mutually exclusive goals, but Connolly et al.
(2006) remind us that field trips “should be much more than
just a treat for students at the end of the year.” However, one
informal educator defended this position by saying, “the most

Why Lead Field Trips?
Previous studies have described a variety of goals or motivations
for visits to informal science education centers. For example,
Lukas and Ross (2005) described four reasons that members
of the public might visit a science museum: educational benefit, social activity with family or friends, personal enjoyment of
wildlife, and “to see pretty animals.” Hurley (2006) describes a
number of expected outcomes from field trips: “cognitive, affective, firsthand experience, variety, motivation, and ‘the best
way’ to do things for the content.” Others describe emotional
or content-based gains that occur during visits to informal science centers (Connolly et al. 2006; Falk and Storksdieck 2009;
Rennie 1994). It is obvious from this study that NMEA educators place heavy emphasis on both the cognitive and affective
aspects of learning that may occur as a result of field trips.
Formal educators (67%) identified exposing students to new
experiences as a primary goal (Table 1). For example, one
formal educator said that field trips “give students an opportunity to experience the environment in a way that they may
otherwise never have been able to.” This aligns with Rennie
and Johnston’s (2004) assertion that informal science centers
“must change people in some way” in order to have “an impact
on people’s lives.” Formal educators also claim that encouraging general learning is an important goal (60%), while 50% of
all formal educators surveyed wanted students to connect with
the classroom curriculum (e.g., “connect classroom learning to

Students examine a butterfly ray and discuss fisheries bycatch.
Formal educators hope field trips “connect classroom learning to
real-world problems.”
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Question: How often are educational objectives discussed between formal and informal educators prior to field trips?
Response

Formal Educators (n=52)

Informal Educators (n= 41)

1. Never

17.6%

0%

2. Almost Never

13.7%

26.8%

3. Sometimes

17.6%

34.1%

4. Almost Always

17.6%

19.5%

5. Always

33.3%

19.5%

Table 3. Likert scale responses
Note: Due to rounding, percentages may not add to 100. Average response from formal educators was 3.4, and average response from
informal educators was 3.3. Both values correspond to a verbal response of “sometimes.”

important thing I think is that all students are left with a positive
impression of the event… those with lots of interest will learn
more facts than others.”
How Do We Tell if Field Trips are Successful?
Both formal and informal educators stated that a positive overall
experience was the primary sign of a successful field trip (58%
and 46% respectively, Table 2.) though demonstration of new
knowledge was a close second, with 56% of formal and 44%
of informal educators looking for this success indicator. This
aligns with Falk and Storksdieck’s (2009) assertion that visitors
to science museums expect to have fun and learn. As discussed
by Walters (2006), a number of studies suggest that the excitement generated by novel, informal learning experiences may
produce “an interest in learning which transfers to long-term
increases in content knowledge.” Educators who emphasize the
“fun” aspect of field trips may assume that a positive experience
will lead to increased learning or interest in learning.
It is interesting to note what types of new learning formal and
informal educators expected to see after a field trip experience.
Formal educators often wanted students to have gained some
sort of declarative or content knowledge: “test questions are
correctly answered.” This declarative knowledge needed to be
connected to the curriculum, according to 35% of respondents:
“students connected something they learned in the classroom
to something on the field trip (or vice versa).” Only 7% of informal educators saw connection to the curriculum as a success
indicator; most expected to see generalized, affective learning
after a field trip. For example, one informal educator hoped that
the trip would “leave a lasting impression and the information
they have gained will be useful to them in the future.” This is
not meant to imply the goals of formal and informal educators
as described here are completely different; rather, these are
merely variations of the same goal—encourage student learning.
However, these variations may significantly impact the direction
of an educational program, and should be discussed explicitly
prior to instruction.
It is also interesting to note that 29% of informal educators did
not respond, or provided an overly vague response, to the open-

ended question regarding success indicators. This indicates two
possibilities: 1.) informal educators may feel that evaluation is
unimportant or outside their realm of influence; or 2.) informal
education centers do not have adequate ways to evaluate student learning. Many informal educators listed “teacher surveys,”
“teacher response,” or “teacher feedback” as success indicators,
suggesting that the responsibility of evaluating the successfulness of a program rests solely with classroom teachers. Conversely, a number of informal educators emphasized the need
for better evaluation techniques to measure field trip success:
“I wish we had a better way to assess the student experience,
especially in an informal setting where we may never see the
students again. We don’t know what they learned and retained
long term.” Another informal educator stated, “We are currently
grappling with this concept ourselves [ways to determine field
trip success]. Right now, we evaluate the teacher experience…
but we would like to evaluate the success of the trip from the
student perspective.” These, and similar comments, suggest
that informal educators are interested in determining the successfulness of field trip experiences, and that such evaluation
efforts would require the assistance of formal educators.
Conclusion: A Mismatch between Goals and
Success Indicators
As discussed above, both formal and informal educators are interested in increasing student learning during field trips. Formal
educators often need to justify time away from other classes
when leading a field trip (Kisiel 2005), and covering course
standards is one way to do so. As such, 50% of formal educators expect the field trip to connect to the classroom curriculum
in some way, and only 24% of informal educators cite this as an
important goal. This discrepancy is important because 76% of
all educators surveyed used or suggested using presentations
by informal educators during the field trip. Without prior conversations regarding goals, informal educators are more likely to follow their own agendas, which may not align with the classroom
teacher’s specified agenda. In addition, 17% of formal educators
claimed that field trips could promote lifelong learning while
only 2% of informal educators mentioned this goal. As Coll et
al. (2003) explained, science centers “exist for the purpose of
communicating science to the public” and encourage lifelong
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across the country are attempting to improve communication
between formal and informal educators. These NMEA members described a variety of techniques employed by their local
science education centers, ranging from short e-mail conversations to in-depth, full-day teacher and chaperone workshops.
The exact method of communication appropriate for individual
science centers will vary according to teacher involvement, program goals, funding, staff availability, and amount of flexibility
in program planning. Walker and Cook (2007) state, there is a
“need for formal and informal educators to work together on
activities that advance ocean literacy” and these partnerships
must begin with solid communication.

Visitors marvel at the size of a whale shark at the Georgia
Aquarium. One formal educator claims that field trips allow
students to “see something they can’t see in the classroom.”

learning. One informal educator said that “return visits” show
that a field trip was successful as “programs are self-supporting,”
yet did not include promote lifelong learning as a primary goal
for field trips. Again, a lack of communication reduces the likelihood that all educators’ goals will be recognized.
Not only is it important to recognize and communicate goals
between formal and informal educators prior to field trips, it
is also important to determine if these stated goals have been
achieved (i.e., a trip is successful). Kisiel’s (2005) study of elementary teacher motivations for field trips found inconsistencies “within the teacher perspective of a field trip,” as 90% described connection with curriculum as an important goal and
only 23% said that seeing these connections was a sign of success. Formal educators in the current study also had slightly
inconsistent goals and success indicators, though to a smaller
extent: 50% cited connect with the classroom curriculum as
a goal, while only 35% said making these connections was an
indicator of success. Only 7% of informal educators identified
connect with the classroom curriculum as a success indicator,
though 24% claimed it was an important goal. Similarly, 73% of
informal educators felt that encourage general learning was a
significant goal, though only 44% identified this as an indicator
of success. Overall, educators were less likely to identify success
indicators than goals. This may suggest: 1.) educators are not
aware of success indicators; 2.) educators do not attempt to
determine if educational goals were met during the field trip; or
3.) educators view field trips as an isolated incident and not part
of the traditional learning experience. Given the discrepancies
between formal and informal educators’ goals and success indicators, it is apparent that clear communication is of paramount
importance for successful field trips. Honest and thorough communication is not only crucial prior to field trips, as others have
noted (Niebuhr et al. 2004), but also after the completion of
field trips. This communication could help determine the effectiveness of current programs and guide the creation of new programming to better support the educational goals of classroom
teachers. According to audience members at the 2010 NMEA
annual conference, some informal science education centers

LIMITATIONS AND IMPLICATIONS FOR
FUTURE RESEARCH
As with almost all initial, exploratory studies, this study had a
number of limitations that could be resolved in future research
efforts. First, there was a dismaying lack of response to one
open-ended question regarding indicators of success. Second,
self-report data is not always the most reliable form of data, as
respondents are able to give answers that may not accurately
reflect their actions (Kenny 2009). Both of these perceived limitations could be overcome in future research by including an interview/observation stage for a select number of respondents.
Personal interviews prior to and after the field trip, in addition
to observation during the field trip, could allow the researcher
to determine the extent to which goals and success indicators
were emphasized and achieved. Third, one could claim that distributing the survey instrument over an existing listserv of marine educators led to convenience sampling, which could limit
the reach of this study. However, this researcher asserts that this
survey elicited responses from those whom it impacts most:
formal and informal science educators at all grade levels. Given
the quality and quantity of survey responses, as well as indicated levels of interest among audience members during the
initial presentation of results at the 2010 NMEA annual conference, the integration of formal and informal science education
is a line of inquiry that merits additional research.
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It 's E asy Being Green
By Krista M. Hoover and Mary Carla Curran

With the environmental issues that we are facing today, there is a
pressing need to provide students with environmental education inside and outside of the classroom (Hoover
and Curran 2010). If students become aware of their influence on the environment, they may be more likely to
make informed decisions about reducing, reusing, and recycling. In this lesson, students calculated weights of the
materials generated from one elementary school’s recycling efforts in Chatham County, Georgia, and converted
those values into ounces, pounds, and kilograms. Finally, student groups prepared Public Service Announcements
about recycling.

Introduction
Teenagers are spending large amounts of money on consumer
products, so it would be beneficial to educate them about the
environmental and economic benefits of recycling (Environmental Protection Agency 2009). When making a purchase, it
helps to be mindful of the amount of packaging involved and
whether the products are made from recycled materials (EPA
2009). Students need to be aware that their trash will end up in
a landfill and that we are not a land planet, but a planet dominated by oceans. Every bit of recycling matters and teenagers
can help make a difference. Recycling can reduce nonpoint
source pollution and the emission of greenhouse gases, create
new jobs, conserve our natural resources, and limit the need for
additional landfills (EPA 2006).
In this lesson, high school students evaluated data collected
from a recycling program at White Bluff Elementary School in
Savannah, Georgia. Students were asked to estimate the number of aluminum cans they use per day and project the amount
they use per year. Students also created a Public Service Announcement to educate others about the importance of recycling. National Education Standards in science, language arts
and math, and principles of Ocean Literacy have been incorporated. The seven essential principles of Ocean Literacy focus on
the influence of the ocean on humans and human influence on
the ocean (COSEE 2005).
Principle 6 states that the ocean and humans are inextricably
interconnected. Our lesson will address:
•

Section E: Humans affect the ocean in a variety of ways.
Human development activity leads to pollution.

•

Section G: 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.

Our lesson specifically addresses the following National Education Standards:
•

NS.9-12.6: Students in grades 9-12 will develop an understanding of natural resources, environmental quality, and
natural and human-induced hazards.

•

NS.9-12.1: Develop abilities necessary to do scientific inquiry and understand scientific inquiry.

•

NL.ENG.K-12.4: Adjust use of spoken, written, and visual
language to communicate effectively with a variety of audiences for different purposes.

•

NL.ENG.K-12.12: Students use spoken, written, and visual
language to accomplish their own purposes (National Education Standards 1996-2009).

•

Math expectations for grades 9-12: Students will understand measurable objects and the units, systems, and
processes of measurement. They will also understand
the differences among various kinds of studies and which
types of inferences can legitimately be drawn from each
(National Council of Teachers of Mathematics 2009).

Background
A student-driven recycling project was developed at White Bluff
Elementary School in Savannah, Georgia in the spring of 2009
as a result of a small Earth Day project the year before (Hoover
and Curran 2010). For this project, small groups of third grade
students were sent around campus to collect recycling from
the Kindergarten through fifth grade classrooms every Friday.
On June 5, 2009, scientists from Savannah State University assisted in quantifying weights of all sub-categories (paper, plastic,
aluminum) generated in one week. There were multiple classes
per grade level so that students could assess variability. Differences among classrooms was often the result of: variable
amounts of paper used in assignments; dedication of teacher
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Grade Level

Container + Contents
(lbs)

Container Weight
(lbs)

Recycling Weight in
(lbs)

Recycling Weight in
(kg)

K

303.4

283.8

19.6

8.9

1

272.0

254.5

17.5

7.8

2

60.6

58.2

2.4

1.0

3

575.3

541.8

33.5

15.1

4

232.6

221.5

11.1

4.9

5

133.0

122.3

10.7

4.8

Total

1,576.9

1,482.1

94.8

42.5

Table 1. Total recycling weight by grade from White Bluff Elementary School on June 5, 2009.

to the recycling effort; enthusiasm of students and their willingness to return from lunch with recyclables; and in the case of
third grade, the Recycling Coordinator had the greatest influence
on this group. With adult supervision, students weighed the total recycling from each classroom (in pounds) by stepping on a
scale while holding the recycling tub. A classmate recorded the
weight in pounds. The tub was emptied of its contents and the
student reweighed him/herself holding the empty container,
therefore serving as a portion of the tare. The amount of recycling was determined by subtraction. Students then separated
aluminum and plastic and determined these weights in ounces.
Data were recorded and then entered into an Excel spreadsheet
that served as the basis for the following activity for high school
students (Table 1).

In Section B: “Landfill Fill Up” (see page 23), students learned
how much aluminum they contribute to a landfill, if they don’t
recycle. Using a postal scale measuring in ounces, students
weighed different aluminum soda cans and found that the average weight was 0.5 oz. Students were able to compute how
many ounces of aluminum they threw away in a week and in a
year. This value was then converted into pounds to better comprehend their impact. It is of interest to note that many students had more than two sodas per day, which added up to a
remarkably high quantity of aluminum being thrown away. On
average, approximately 100,000 cans are recycled every minute
and 300,000 are created; students were asked to calculate this
percentage (33%).They were then asked to determine if the
percent of cans they personally recycled exceeded the average.

Lesson Procedures for a 9-12 Grade Activity

In Section C: “Lights, Camera, Action” (see page 24), students
created Public Service Announcements (PSA) to promote the
importance of recycling. Groups of three to five students worked
together for 30 minutes to produce a 30-60 second PSA. A list
of facts was given to each group to help generate ideas. To encourage creativity, few other guidelines were provided. Groups
were videotaped privately and then given the chance to perform their PSA in front of the class, if they wanted.

Begin by distributing the Trash Survey Handout (Table 2) to determine what students already know and how they feel about
recycling. Once collected, go over the survey and elicit student
responses. Share the background information provided on the
recycling project. Students can be divided into three groups.
Each of the three activities takes approximately thirty minutes
and can be cycled through on the same day or taught separately. See modifications for a possible fourth activity that can
be used if students finish any activity early.
Materials
•

2-3 aluminum soda cans (preferably different brands)

•

1 scale (weighs in ounces)

In Section A: “Recycling, It Really Adds Up” (see page 22), students were given a table with data from each grade level. They
were asked to find the total recycling weight in pounds and then
convert those pounds into kilograms. Students then calculated
the projected amount of recycling for an entire school year for
White Bluff Elementary. Students also approximated the amount
of recycling that could be collected from all 48 public schools
in Chatham County. To further incorporate metric conversions,
see Curran (2003).

Assessment
•

Grade worksheets and assess accuracy of conversions.

•

Assess completion and usefulness of a 30-60 second PSA.
Written transcripts could also be submitted for language
arts assessment.

Modifications
•

For the public service announcements, more planning time
could be allotted on a different day. This way, students
could gather the necessary props/items and have time to
rehearse. The teacher or groups may want to videotape the
final presentations.

•

In Section D: “Waste Not, Want Not” (see page 23), students created a waste reduction plan for their homes and/
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1. Where does your trash go after you throw it away?
_________________________________________________________________________________________________________
2. What can you do to reduce waste?
_________________________________________________________________________________________________________
3. Do you eat school lunch or home lunch the majority of the time?
_________________________________________________________________________________________________________
4. What affects your decision to bring or buy lunch?
_________________________________________________________________________________________________________
5. What materials do you recycle?
_________________________________________________________________________________________________________
6. Do you think recycling is worthwhile? Why or why not?
_________________________________________________________________________________________________________
7. How many aluminum cans do you use in a week?________ Approximately what percent of these do you recycle?_________
Table 2. Trash Survey Handout

or schools. The purpose of this plan was to minimize or
reduce the amount of waste generated. A Waste Reduction
Plan is included. Students were asked to reflect on possible
problems in putting their plans in motion, and what kind of
help or assistance they would need to get it started. This
plan can be used as an extension for students to complete
if they finish another section early, or as a separate 30-minute segment. Remind students that an elementary school
recycling program started with just such an activity.
Enrichment
•

Students may visit http://www.epa.gov/wastes/education/
teens/tips.htm to see how they can make a difference.

•

Create a recycling brochure similar to that described in
Fogleman and Curran (2006).

•

Brainstorm activities for your school to do on Earth Day,
such as the cafeteria trash survey detailed in Hoover and
Curran (2010) and make it happen!
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Section A: R ecycling, It Really A dds Up!
Name:________________________________________________________________________________________________________
We collected recyclable materials from each grade level, Kindergarten-5th, at White Bluff Elementary to determine the amount of
recycling generated in a week.
1. Which grade level do you think generated the most recycling?
Circle: Kindergarten 1st 2nd 3rd 4th 5th
Here are the data from each grade level.
Grade Level Container + Contents (lbs) Container Weight (lbs) Recycling Weight in (lbs) Recycling Weight in (kg)
K

303.4

283.8

1

272.0

254.5

2

60.6

58.2

3

575.3

541.8

4

232.6

221.5

5

133.0

122.3

Total
Table 1. Total recycling weight by grade from White Bluff Elementary School on June 5, 2009.

2. For each grade level, calculate the amount of recycling in pounds (lbs) and fill in the chart above (use the space below to show
your work).

3. Now convert each grade level’s total from pounds (lbs) to kilograms (kg). [HINT: 1 lb = 0.45 kg (use the space below to show
your work)]. For example: 26 lbs x 0.45 kg/lb = 11.7 kg.

4. Which grade level recycled the largest amount?_______________________ Why do you think that is?_________________________
______________________________________________________________________________________________________________
What was the average amount of recycling per grade? (Hint: take the total recycling weight and divide by the number of grades.)
_____________lbs______________ kg
5. We collected data from more than one classroom (or teacher) for each grade level. Why do you think we did this?_____________
______________________________________________________________________________________________________________
6. Are the actual results different than what you predicted in Question 1? ____________________ Why?_________________________
______________________________________________________________________________________________________________
7. What is the total amount generated by this school in one week?______________ lbs______________ kg
8. If there are 36 weeks of school per year, what is the estimated amount of recycling that would have been collected from this
school in 2009?
_____________lbs______________ kg
9. If there are 48 public schools in Chatham County, how much recycling would be collected from these schools in one week and
one year? Use the total amount of recyclable material from White Bluff Elementary.
Week: ______________lbs______________kg

Year:______________lbs______________ kg

10. The average person throws away 4.4 lbs of trash per day, but only 3.1 lbs can be recycled. What percentage of the trash
can be recycled?_______%
Bonus: In one year, White Bluff Elementary recycled 4.08 tons of material. Using the total amount of recycling in lbs from Question
2, what percent of the 4.08 tons was recycled on June 5, 2009?_________________________________________________________
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Section B: L andfill Fill Up
Name:________________________________________________________________________________________________________
1. Weigh 2-3 aluminum cans. How much does each weigh? ______oz ______oz ______oz
What is the average weight? ______oz
2. A soda can weighs ______oz.
If you drink one a day for a week, how many ounces of aluminum are you throwing away? ______oz
Now convert the value above (in ounces) into pounds (16 oz = 1 lb). ______lbs
3. On average, how many beverages in cans do you drink in a day? ______cans In a week?______
How many aluminum cans do you use in a year? ______cans
Therefore, how many ounces and pounds of aluminum will it take to make your beverage cans for a year? ______oz = ______lbs
4. Given the percent you wrote on the trash survey, calculate the number of ounces and pounds of aluminum you contribute to a
landfill in a year.
______oz ______lbs
5. On average, approximately 100,000 cans are recycled every minute and 300,000 are created. What percent is recycled?______%
Given the percent you recycle, do you exceed the average? Explain.______________________________________________________
______________________________________________________________________________________________________________
______________________________________________________________________________________________________________

Section D: Waste Not, Want Not
Name:________________________________________________________________________________________________________
One third grade class was able to initiate a recycling program for an entire school in Savannah, Georgia. Now it’s your turn to create a
Waste Reduction Plan for your home or school. The purpose of this plan is to minimize or reduce the amount of waste generated.
For home, think about:
• Water
• Electricity
• Heating/cooling
• Food habits (fresh vs. prepackaged foods)

For school, think about:
• Recycling/trash
• Lunch room waste
• School supplies
• Energy conservation

What’s your Waste Reduction Plan?

1. What problems do you foresee in putting this plan in motion?

2. What help or assistance would you need?
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Section C: Lights, Camera, Action!
Name:________________________________________________________________________________________________________
You will be creating a 30-60 second Public Service Announcement on recycling. Break up into groups of 3-5. Here is some
information from: Recycling Benefits and Facts (to be used for your public service announcement). (Information supplied by:
National Recycling Coalition and www.bringrecyling.org/benefits.html.)
•

Well-run recycling programs cost less to operate than waste collection, landfilling, and incineration.

•

Recycling creates 1.1 million U.S. jobs.

•

Every ton of paper that is recycled saves 17 trees.

•

The energy we save when we recycle one glass bottle is enough to light a light bulb for four hours.

•

It is important to reduce our reliance on foreign oil. Recycling helps us do that by saving energy.

•

It takes 95% less energy to recycle aluminum than it does to make it from raw materials. Making recycled steel saves 60%,
recycled newspaper 40%, recycled plastics 70%, and recycled glass 40%.

•

A national recycling rate of 30% reduces greenhouse gas emissions as much as removing nearly 25 million cars from
the road.

•

Recycling prevents habitat destruction, loss of biodiversity, and soil erosion associated with logging and mining.

•

Americans discard enough aluminum to rebuild our entire commercial air fleet every three months.

•

One recycled aluminum can saves enough electricity to operate a TV for three hours.

•

Recycling a glass bottle saves enough energy to light a 100-watt bulb for four hours.

•

If you stacked up all the paper an average American uses in a year, the piles would be as tall as a two-story house.

•

Every American uses almost 200 pounds of plastic in a year.

•

Americans use four million plastic bottles every hour—yet only one bottle out of four is recycled.

•

Americans use 100 million steel cans a day. We throw away enough steel every year to build all the new cars made
in America.

•

The world’s forests are being destroyed at the rate of one acre per second.

•

In a lifetime, the average American will throw away 6500 times his or her adult weight in garbage. For example, a 150 lb adult
will leave a legacy of 90,000 lbs of trash.
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Young Children and the Ocean: A n Investigation
Ocean Education in E arly Childhood Programs

of

By Elizabeth Austin

Oceans and marine life draw the attention of children of all ages;
however, there is little information about the level of knowledge and interest of preschool children, as well as the
place of ocean education in early childhood programs. This research was conducted through interviews of 76
children and surveys of 38 early childhood educators. It reveals information about young children’s knowledge of
and interest in the ocean, and teachers’ practices and preferences.

An emphasis on ocean education in the classroom is growing
parallel to a greater global awareness of the importance of, and
threats to marine ecosystems. Education programs, even for
preschool children, that highlight the value and grandeur of marine ecosystems could generate a greater conservation ethic. In
addition, according to the National Association for the Education
of Young Children, studies of the natural world are appropriate practices in early childhood classrooms (Bredekamp and
Copple 1997). Thus from the perspective of marine and early
childhood educators, a case can be made for ocean education
in programs for young children. Yet, an overarching question is
whether or not the children are motivated to study and learn
about the ocean and its creatures. Helm and Katz (2001) suggest that children’s interest and curiosity is vital to the learning process, and classroom investigations are more successful
when there is prior experience with the topic.
Study Sample and Methods
During the summer of 2009, I conducted a preliminary study to
explore young children’s and their teachers’ knowledge of and
interest in the ocean to determine whether ocean education
would be a viable topic for early childhood curricula and, if so,
what topics might be included in resources for early childhood
programs. Eight early childhood classrooms participated in this
study. They were either known to me or recommended by consultants and were located in rural, small town, and urban areas
of Western Massachusetts, approximately 160 km (100 mi)
from the coast. Based on the percentage of children receiving
childcare subsidies, the classrooms fell equally into upper- and
lower-socioeconomic groups.
Seventy-six, four- and five-year-olds (41 girls and 35 boys) participated in group interviews. The children were first asked what
they knew about the ocean and, after 20 to 30 minutes, when
they seemed to have shared all they could, they were asked
what they would like to learn more about, which took an additional 5 to 10 minutes. Their responses were written on a flipchart and the answers were covertly gender coded to examine

Books were the most popular method of ocean education among
the students.

gender differences. (For example, girls had a small hook on the
initial letter of the first word of each answer.)
This study gathered information about the breadth of children’s
knowledge and interests; that is, the scope of topics, not how
many times a particular topic might be mentioned in each group,
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nor the depth of knowledge. Therefore only ‘initial mentions’
were recorded and considered answers. For example, if one
child said, “The ocean has whales,” ‘whales’ was considered the
initial mention. If another child in the same group said the same
thing, that response was not counted. However, if a child in the
same group said, “There are humpback whales,” then ‘humpback whales’ was considered a separate answer.

American shad
Anemones
Angel fish
Angler fish
Beluga whales
Bluefish
Blue whales
Clams
Clownfish
Crabs
Dogfish
Dolphins
Ducks
Eels
Fiddler crabs
Fish
Flamingos
Hammerhead sharks
Hermit crabs
Humpback whales
Jellyfish
Lantern fish
Leatherback sea turtles
Lobsters

Thirty-eight teachers (47% return rate) filled out one-page written surveys prior to the children’s interviews. The surveys gathered demographic information, plus their experience with and
interest in ocean education. The respondents were more highly
educated than most early childhood professionals in Massachusetts and reported an average of 12.6 years of experience. In
terms of teaching approaches, 53% categorized themselves as
traditional, and the rest either progressive or a combination of
both. The majority were preschool-level teachers.
What Children Know
“The ocean has seagulls, water, sand, and a lot of things. Sometimes you catch fish. I tried that once but it didn’t work.”
The children had a lot to say about the ocean. The fact that they
generated responses for 20 to 30 minutes was testament to
their knowledge and interest. They provided 219 ‘initial mentions’ of which 133 were ocean animals. I had expected that
the first thing out of their mouths would be “Sharks!” and although sharks were mentioned by every group, they were never
mentioned first. The most mentioned were bony fishes such as
angel fish, with whales and dolphins next, followed by sharks
and stingrays. The breadth of the children’s knowledge included
birds, cetaceans, cnidarians, crustaceans, echinoderms, fishes,
mollusks, pinnipeds, porifera, and reptiles (Box 1).

Octopuses
Orca/killer whales
Oysters
Puffer fish
Salmon
Sawfish
Seagulls
Seahorses
Seals
Sea lamprey
Sea lions
Sea snakes
Sea stars/starfish
Sea turtles/turtles
Sharks
Spider crabs
Sponges
Squids
Stingrays
Striped bass
Swordfish
Tiger sharks
Walruses

Box 1. All ocean animals mentioned by the children.

Characteristics of the ocean were the second most frequent
response, including water, waves, tides, sand, islands, rain, seashells, and seaweed, among the 31 answers. In one instance,
a child described three zones of light in the ocean, identifying
them as the light zone, the twilight zone, and the dark zone.

What Children Know

What Children Want to Learn

What Teachers Have Taught

What Teachers Want to Teach

Ocean animals (61%)

Ocean animals (57%)

Ocean animals (64%)

Ocean animals (60%)

Ocean descriptors (14%)

Fantasy (16%)

Ocean descriptors (23%)

Ocean descriptors (30%)

Activities (5%)

Ocean descriptors (8%)

Activities (6%)

Activities (10%)

Fantasy (4%)

Activities (6%)

Fantasy (3%)

(Fantasy not an option on survey)

Table 1. Ranked order of responses by percentage within each section.

What Children Know

What Children Want to Learn

What Teachers Have Taught

What Teachers Want to Teach*

Bony fishes (23%)

Octopuses, squids (22%)

Dolphins/whales (26%)

Large ocean creatures (24%)

Dolphins/whales (18%)

Sharks, stingrays (19%)

Bony fishes (15%)

Fish (22%)

Sharks, stingrays (12%)

Dolphins/whales (11%)

Sharks, stingrays (14%)

Shore birds (19%)

Crabs, lobsters (11%)

Bony fishes (8%)

Crabs, lobsters (9%)

Jellies (17%)

Octopuses, squids (7%)

Crabs, lobsters (8%)

Octopuses (5%)

Shore creatures (17%)

Table 2. Ranked order of the top ocean animal groups.
*Ocean animal groups listed for check-off on the teacher survey.
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In 11 responses, the children were familiar with ocean-related
activities like building sand castles, swimming, scuba diving,
and boating. Only nine fantasy-related topics or characters from
books, movies, and television were mentioned. The children’s
and teachers’ responses were ranked and placed in Tables 1
and 2.
Univariate analyses were performed to identify statistical differences in socioeconomic status, gender, and group size. There
was no significant difference (P = 0.93) in the total number of
responses given by the two socioeconomic groups: the upper
group gave 111 and the lower 108. Coincidentally, boys gave
111 responses and girls 108. The total answers of both socioeconomic groups with group size and gender ratio taken into
account indicated no differences (P = 0.59). Also, there was
no difference between socioeconomic groups within any of
the response categories, such as “activities” or “ocean animal”
(P > 0.27).
What Children Want to Learn
“I want to learn about sea monster octopuses, giant octopuses.”
“I want to learn about stingrays that go in the water.”
When asked what they would like to learn, the children gave 63
initial mentions of 43 topics. The upper socioeconomic group
gave 34 answers and the lower gave 29, showing no significant difference in totals (P = 0.82), nor within the categories
(P > 0.67). Again the most numerous responses were ocean
animals; however, octopuses and squids were mentioned
slightly more frequently than sharks and stingrays, followed by
whales and dolphins. Bony fishes were tied with crabs and lobsters (Table 2).

Figure 1. The relationship between what teachers reported on
teaching, and what children know and want to learn.

After ocean animals, children expressed interest in fantasy items
with mermaids leading the list. In one group, there was a debate
about mermaids.
Child 1: “Mermaids! There are mermaids.”
Child 2: “Not real mermaids.”
Child 1: “Yes there is.”
Child 2: “Not in Massachusetts. You can’t see any.”
Child 1: “Yes there is. That’s because they are under water in
the ocean!”
Interest in ocean properties—water, tides, and shells—was third
in the number of responses and interest in activities, including
swimming and scuba diving ranked as fourth.
What Teachers Teach
Sixty-six percent of the teachers reported ocean-related topics
in their curricula within the previous year. They listed 40 topics
with whales, sharks, and fish being the most popular, followed
by shells, beach, water, dolphins, and crabs.
A Pearson two-tailed test was performed on what teachers reported teaching in the past 12 months, and what children knew
(P = 0.001) and wanted to learn (P = 0.014). This revealed
strong correlations (Figure 1).
Although 66% of the teachers reported including ocean topics in their curricula, even more (97%) reported using oceanrelated activities and materials in their classrooms (Figure 2).
Books were overwhelmingly the most popular, followed by toys
and materials, posters, and pictures. Several reported having
aquariums or ocean animals in their classrooms, using science
activities or displays, and using dress-up and block play as methods of teaching. However, investigations, themes, or units were
reported by less than half, and a small number of teachers reported incorporating field trips into their teaching methods.

There was no significant difference in girls' and boys' answers.

All 38 teachers expressed interest in teaching ocean education
with ocean animals and ocean properties (both were listed as
most popular; Figure 3). In addition to the categories on the
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The high correlation between what teachers reported having
taught and the children’s knowledge and interests cannot be
construed simply as cause and effect. The correlation might
reflect children’s responsiveness to teaching, but it also might
reflect teachers’ sensitivity to children’s prior experiences and
their willingness to expand on that knowledge.

Figure 2. How ocean information is presented in classrooms.

Figure 3. Teachers’ interest in ocean education.

survey, 11 other responses were given, including topics as disparate as food cycles and lunar cycles.

Generalizing the results of the study is limited by the distribution
and size of the study sample, as well as the selection method of
programs. A larger sample closer to and farther from the coast,
chosen randomly might produce different results. In addition,
this sample showed no socioeconomic differences in amount
or content of children’s responses. The paucity of information
about young children’s knowledge of the ocean makes it difficult
to assess whether or not this is typical of the general population.
However, there were design concerns in this preliminary study
that might have masked differences between the two groups.
The outcome might have been skewed by using only one measure of socioeconomic status, the possibility that the lower socioeconomic programs were of higher caliber than is typical,
and the fact that two of the lower socioeconomic programs
were involved in or had just completed a unit on the ocean.
Therefore, results related to socioeconomic status should be
viewed cautiously.
On the other hand, socioeconomic differences in young children’s knowledge of the ocean might be mitigated by common
experiences. If this study is reflective of early childhood programs, the children are presented information through books,
toys, materials, art, science activities, and planned curricula. At
the same time, when I informally asked some of the groups
how they learned about the ocean, they enthusiastically said,
“Television!” This may be a strong possibility. The Nielsen Company reports that children between the ages of two and five
watch close to 25 hours of television per week, plus over five
hours of DVD and VCR viewing (McDonough 2009). With many
videos available and TV channels such as Discovery and National Geographic dedicated to nature and science programs,

Tables showing the ranked order of children’s and teachers’ responses were created to easily visualize their relationships. They
summarize potential content of resources for early childhood
educators. Some responses, such as non-ocean animals, are
not included.

Outreach to Early Childhood Classrooms
•

Promote site visits (field trips) to prompt curiosity and
questions.

Discussion

•

Supply high-quality fiction and non-fiction books.

Children in this population demonstrated a broad familiarity
with the ocean and expressed interest in learning more. It was
notable that although octopuses and squids were ranked fifth
in what children reported knowing, they were first in interest. It
makes sense that children would be more curious about creatures they know little about. I also expected more media-based
fantasy figures to be part of the responses and, on two occasions, the teachers stopped what might have become gleeful
recitations of all the Sponge Bob characters. However, overall,
the children stuck closely to the real ocean.

•

Provide marine artifacts such as shells, egg cases,
skeletons, and rocks.

•

Teach educators how to keep a fish tank or terrarium
in the classroom.

•

Offer teacher workshops on basic facts about the
ocean and its animals.

•

Provide online and printed resources for teachers.
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addressing children’s interest in fantasy could be an avenue for
exploration of ocean topics. Finally, basic studies of ocean properties would be of interest to children and teachers alike.
References
Bredekamp, S. and C. Copple, eds. (1997). Developmentally
Appropriate Practice in Early Childhood Programs. National
Association for the Education of Young Children: Washington, D.C.
Helm, J. and L. Katz. (2001). Young Investigators: The Project
Approach in the Early Years. Teachers College Press: New
York.
McDonough, P. (2009). TV Viewing Among Kids at an EightYear High. Nielsenwire (www.nielsen.com).
Acknowledgements
This project would not have been possible without my committee members in Wildlife and Fisheries Conservation at the University of Massachusetts, Amherst: Todd Fuller, Alex Haro, and
Andy Danylchuk. I thank Jayshree Oberoi of the New England
Aquarium's Teacher Resources Center for inspiring and consulting on this project. I also thank Katie Kauffman for expert editing
and, finally, I am grateful to the early childhood administrators,
teachers, parents, and children who welcomed me into their
classrooms.

Elizabeth Austin, Ed.D., is a retired psychologist and

Approximately 48 species or animal groups were identified by
the children.

it may be reasonable to assume that television is the common
denominator in children’s knowledge.
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Journeying through the Hawaiian A rchipelago:
Using M arine Science and Place-Based Learning
at the Hawai‘i Institute of M arine B iology
By Carlie S. Wiener and Malia Rivera

Hawai‘i’s close proximity to the ocean allows for valuable student
learning opportunities, emphasizing an understanding of local
marine systems. The Hawai‘i Institute of Marine Biology (HIMB)
is a marine research facility located in Ka–ne‘ohe Bay on O‘ahu
that brings marine sciences into school classrooms and the local community through informal science education. Outreach
is a key part of HIMB’s role in a unique research partnership
with NOAA’s National Marine Sanctuary Program to conduct
management-driven, ecosystem-based research in the Papaha–naumokua–kea Marine National Monument (Northwestern Hawaiian Islands). Marine scientific research is used to promote
an understanding of complex ecological systems and topics to
Hawai‘i’s local communities. Using place-based and experiential
education, HIMB’s program integrates marine science concepts
with hands-on activities using interdisciplinary approaches.
Some of these activities include: mural painting, alignment with
existing school curricula using HIMB as a site for field trips, and
continuing education science classes. HIMB’s outreach efforts
work toward offering interactive activities that help participants
develop a sense of place in the community, strengthening relationships between schools and neighborhoods.
Introduction
The Hawai‘i Institute of Marine Biology (HIMB), an organized
research unit within the University of Hawai‘i at Ma–noa’s School
of Ocean and Earth Science and Technology, is located on
Moku o Lo‘e (Coconut Island) in Ka–ne´ohe Bay, O‘ahu. HIMB
is a research institute supporting multidisciplinary science and
education in all aspects of tropical marine biology. In 2005,
HIMB entered into a partnership with the National Oceanic
and Atmospheric Association’s (NOAA’s) National Marine Sanctuary Program to study the ecosystems of the Northwestern
Hawaiian Islands (NWHI). The science HIMB conducts as part
of the partnership is intended to provide critical information to
the ecosystem-based management of the Monument. Part of
HIMB’s role is to bring NWHI research to the public through
educational outreach.
In June of 2006, then President George W. Bush designated
the NWHI as the Papaha–naumokua–kea Marine National Monument. This designation gave way to the single largest conservation area under the U.S. flag, and one of the largest fully marine
protected areas in the world. Outreach efforts help to communicate the science arising from the HIMB partnership and are
used to educate several different audiences. Providing a diverse

array of programs, HIMB has been successful in reaching community members ranging from school children to seniors.
Science and Place-Based Education in Hawai‘i
A strong connection to the ocean is inherent in Hawai‘i, as life
in the islands is inextricably linked to the surrounding waters. Yet
for a state enclosed by ocean, interest among local students in
the marine sciences is strikingly low, as evidenced by the small
numbers pursuing degrees at the university and professional
levels. According to the Council of Chief State School Officers,
the State of Hawai‘i has experienced a 16% decline in high
school biology class enrollment since 1996 (Blank et al. 2007).
Similarly, data from the University of Hawai‘i at Ma–noa’s (UHM)
Institutional Research Office (2009) shows that despite the majority of undergraduates graduating from Hawai‘i high schools, a
disproportionately low number of local students are enrolling in
ocean science programs. Of the undergraduate majors traditionally associated with marine science at UHM, more than 73%
of the students enrolled are from outside the State of Hawai‘i
(see Figure 1). For example, the most recent data from the fall
of 2009 reveals only 34 Hawai‘i public school graduates were
enrolled in the undergraduate marine biology program, versus
213 high school graduates from out of state. This trend is amplified even more for local student enrollment in UHM marine science related graduate programs. These statistics demonstrate a
lack of local interest in science and may suggest shortcomings
in marine science related education at the elementary through
secondary and post secondary levels.

Figure 1. Students enrolled at the University of Hawai‘i at Ma–noa
Undergraduate (UG) level in selected science majors.
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The ability of environmental education to transform student
attitudes toward science can be dependent on the personal
learning experience (Haury 2003). For example, using the local geography to demonstrate ocean and coastal conservation
concepts is an effective way to communicate the importance
of marine science. Knowledge of place is also essential in developing one’s ability to recognize changes in the environment
(Bowers 2000). Such observational skills are critical not only
to fostering the development of a sense of place, but in understanding and practicing the scientific process. In Hawai‘i, however, many school children rarely have the opportunity to learn
firsthand from the environment because of challenges due to
liability risks within the public school system, thus restricting inthe-field activities. Nonetheless, new learning opportunities that
focus on the local environment are beginning to emerge with
the development of place-based K-12 curricula. These curricula
capitalize on the outdoor classroom and cultural content of the
islands. The HIMB NWHI outreach effort tries to build on regional learning through an exploration of the outdoor marine
environment, in part, by connecting existing efforts with independent outreach programs.
One goal of HIMB’s outreach is to highlight ongoing research
while simultaneously promoting the number of local and female

Figure 2. A student on a field trip from the Navigating Change
program completes a science activity on sound in the marine
environment while visiting HIMB.

students in the ocean sciences field. By targeting different segments of the local population, HIMB seeks to increase awareness of careers in marine sciences to help boost interest and
enrollment in related programs. Equally important is the community’s interest in the science being done in Hawaiian waters
and their understanding of its relevance to marine conservation
and scientific research. HIMB activities create connections between people’s lives and the ocean around them, building upon
each individual’s knowledge of the marine ecosystem. Using
both experiential and place-based learning, activities and skills
development are used as key components in the student and
community programs HIMB puts forth. Below are some of the
key components in developing a successful model of informal
education using the NWHI as the conceptual framework.
Working Together: HIMB Partnerships
and Collaboration
HIMB’s strength in developing outreach has come through collaborative partnerships with the surrounding communities, government agencies, education programs, and non-profits. These
collaborations have resulted in HIMB reaching over 20,000
people in the last three years. For example, a recent partnership with Seattle Aquarium provided for a cultural exchange

Figure 3. Students participate in hands-on marine science activities
as part of collaborative programs like Navigating Change.
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Figure 4. Science tools used in the field are showcased to inspire marine science careers (left). A student in Hilo explores a satellite tag used
to track shark movements in the NWHI (right).

program entitled Ecosystem Penpals that crossed the eastern
Pacific. This program brought together schools from Hawai‘i and
Washington to share knowledge about their local marine environments. Partnering with other curriculum programs has also
enhanced the learning experience for students visiting HIMB.
The Navigating Change program, (O’Connor and Martel 2008)
that began in 2002, was developed by Bishop Museum, NOAA,
U.S. Fish and Wildlife, and other agencies. HIMB participated
early in its development through playing a large role in the initial
planning committee and by helping coordinate and deliver subsequent teacher training in 2002 and 2005. Since then, HIMB
continues to partner as a field site for the Navigating Change
curriculum, offering student field trips that reinforce marine science and conservation lessons, including marine invertebrate
classification and alien algae removal (see Figure 3).
K-12 Outreach: Inspiring Marine Science Careers
HIMB, being located on an islet like Moku o Lo‘e (Coconut Island), lends itself to hands-on activities and programs. The island is surrounded by 64 acres of protected coral reef, which
provides a unique learning environment and exciting place for
students to visit. However, many schools are unable to participate in field trips due to liability risks, distance, or the lack of
funding for field trips. In order to accommodate some of these
students, HIMB brings the science directly to the site through
outreach at schools and community events. Using interactive
science tool demonstrations, students are introduced to the scientific process by learning about NWHI research. This allows
students to explore how modern scientific technology is used to
study the NWHI ecosystem. For example, using satellite tags to
track movements of sharks, microscopes to examine tiny polyps
of corals, and laboratory materials in DNA studies are some of
the ways used to incorporate science technology into the programs (see Figure 4).
Career days also reach hundreds of students and highlight the
different types of positions and tasks associated with marine

science careers. Slide show presentations and participation in
science activities allow students to experience what it is like to
be a marine scientist.
K-12 Outreach: Art Science Integration
The HIMB NWHI outreach effort strives to provide an interdisciplinary approach to marine science education, for example,
using art to communicate biological concepts. The HIMB - Future Marine Scientist Program, was developed to enhance student’s awareness and understanding of coral reefs, and to support conservation through painting. In the HIMB neighborhood,
three schools were chosen to be part of a two-month-long science and art integration project. The schools selected included
a public intermediate school (Samuel Wilder King Intermediate), a public high school (James B. Castle High School), and a
private school serving students primarily of Hawaiian ancestry
(Kamehameha Schools). Learning components included a visual journey to the NWHI, a science tools demonstration, team
planning, and mural painting sessions. The program encouraged
reef stewardship and scientific research to spark student interest
in the field of marine science. Students had to plan their paintings based on what they learned from the classes, and what
the ocean means to them. A comparison of the main Hawaiian
Islands and NWHI was also used to demonstrate the difference
between relatively pristine reef systems and those impacted by
humans. Two hanging canvas murals were completed as well as
one large classroom wall mural. Students exhibited their murals
with other local artists at the Hawai‘i Convention Center (see
Figure 5).
Science Inquiry through the Community
HIMB reaches out to the community at public events through a
continuing education course. The course entitled, Moku o Lo‘e:
The Best Kept Secret in Ka–ne´ohe Bay has been highly ranked
by participants. Over the past six semesters, at least 50% of
the students who completed the class showed a major to life
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Figure 5. Student murals (above and left) displayed at an art exhibit at the Hawai‘i Convention Center.

into both classrooms and communities throughout Hawai‘i.
Through the work being conducted in the Papaha–naumokua–kea
Marine National Monument (NWHI) by HIMB, important scientific research is used to promote an understanding of complex
ecological systems and topics. Place-based and experiential
education has successfully combined marine science concepts
with hands-on activities, using interdisciplinary approaches that
combine science with the arts and other disciplines.

altering change in their opinion of science and the importance
it plays in conservation and stewardship (see Figure 6). Several past participants have continued their involvement through
HIMB’s Community Education Program. Participants learn about
the research occurring at HIMB and in the NWHI through a fiveweek program that highlights topics on genetic connectivity,
apex-predator migration, and coral diseases. Lectures are followed by an interactive lab or field activity related to research
that scientists from HIMB help to prepare.
Summary
Since 2005, HIMB has been developing and delivering handson learning opportunities through the NWHI research partnership. By using informal education, HIMB brings marine sciences

Figure 6. The responses from participants after enrolling in the
course, Moku o Lo‘e: The Best Kept Secret in Ka–ne‘ohe Bay.

33

GCRL-165437-Current.indd 33

12/3/10 4:28:53 PM

Volume 26 • Number 3 • 2010

References
Blank, Rolf., Doreen Longesen, and Adam Petermann. (2007).
State Indicators of Science and Math Education. Counsel
of Chief State School Officer. Available online at www.ccsso.org/project/Science_and_Mathematics_Education_Indicators. Accessed on March 12, 2009.
Bowers, C.A. (2000). Let Them Eat Data. Athens, Georgia: The
University of Georgia Press.
Haury, David L. (1993). Teaching Science Through Inquiry. ERIC:
Clearinghouse for Science Mathematics and Environmental Education Columbus, Ohio. Available online at www.
eric.ed.gov. Accessed July 20, 2009.
O’Connor, Maura, and Lise Martel. (2008). A Teachers Guide
to Navigating Change. Available online at www.hawaiianatolls.org/teachers/. Accessed February 9, 2009.
University of Hawai‘i at Ma–noa Institutional Research Office. IRO
Base Table February 2010. Headcount Enrollment of Selected Science Majors.
Acknowledgments
HIMB Northwestern Hawaiian Islands Research Partnership acknowledges the support of Senator Daniel K. Inouye’s Office,
the National Marine Sanctuary Program, the Papaha–naumokua–kea Marine National Monument, State of Hawai‘i Department
of Land and Natural Resources Division of Aquatic Resources,
U.S. Fish and Wildlife Service, NOAA Pacific Islands Fisheries Science Center, and the numerous University of Hawai‘i partners
involved in this project. Funding provided by NMSP MOA 2005008/6882. We would also like to acknowledge Jennifer Barrett,
Mark Heckman, Cindy Sunada, and Joe O’Reilly for their important contributions to the HIMB education program. Dr. Robert
Toonen and Dr. Jo-Ann Leong for their support and guidance
on the Northwestern Hawaiian Islands Research Partnership.
The staff at the NOAA Papaha–naumokua–kea Marine National
Monument office for their continued support, in particular Matt
Limtiaco, the Navigating Change coordinator.

Carlie Wiener is the Northwestern Hawaiian Islands Re-

search and Outreach Specialist at the Hawai‘i Institute of Marine
Biology. She has been working for three years in this position
developing informal education programs around marine science in the Northwestern Hawaiian Islands (Papaha–naumokua–kea Marine National Monument) and ocean conservation. She
received her master’s degree in Environmental Studies specializing in environmental and sustainability education from York
University. She is currently working on her doctorate degree.

Malia Rivera, Ph.D.,

is an Education Specialist at the
Hawai‘i Institute of Marine Biology who oversees K-12 activities
in the HIMB education program and manages its core staff. Her
research background is in population genetics of marine systems, studying the migration patterns of fish.
PHOTO CREDITS
Figure 1: Adapted from Institutional Research Office, University
of Hawai‘i, 2009
Pages 31-33: Courtesy of Carlie Wiener

Related bridge resource pages:
Hawai‘i Institute of Marine Biology:
www.hawaii.edu/himb
Papaha–naumokua–kea Marine National Monument, NOAA:
www.papahanaumokuakea.gov
Northwest Hawaiian Islands: Navigating Change:
http://www.hawaiiatolls.org/teachers/NavChange.php
Sea Turtle Coloring Book-No Na Hono Kai:
http://www.yoto98.noaa.gov/books/seaturtles/
seatur1.htm
Albatross Project:
http://www.wfu.edu/biology/albatross/index.htm
Ocean Voyagers Lesson Plans:
http://cosee-central-gom.org/ovweb/ocean/
lessonpage1.html

34

GCRL-165437-Current.indd 34

12/3/10 4:28:53 PM

Volume 26 • Number 3 • 2010

International Ocean Institute —Kids: Targeting
Awareness on the Sea with the Younger Generations
By Aldo Drago, Alan Deidun, Martin Galea DeGiovanni, and Alicia Said

BACKGROUND TO THE ESTABLISHMENT OF THE
IOI-KIDS WEBSITE
The Internet revolution has led to the proliferation of accessible
web-based educational resources. The International Ocean Institute (IOI), initiated through its operational center at the University of Malta, has funded the IOI-KIDS project, the institute’s
flagship educational activity targeting awareness and knowledge-sharing about the sea with younger generations. The IOI
was founded in 1972 and is an International NGO, with centers
in 25 different countries and special consultative status within
the United Nations. Some of the key missions of the IOI are
to disseminate information, share and transfer knowledge and
experience, and instill, within the younger generations, a greater
interest in the sea. To further spread the legacy of the United
Nations Convention on the Law of the Sea (UNCLOS), IOI organizes the Pacem in Maribus (PIM) conferences. At the 32nd PIM
conference in Malta in November 2007, the emerging Malta
Declaration called for youth to help protect the marine environment, to move beyond the narrow circles of ocean professionals
and stakeholders to broader audiences—whose knowledge and
understanding are key to the support of sound ocean policy—
and to change perceptions and heighten appreciation for the
oceans and its importance to our lives and future, especially
among the young (Drago 2008a).
The IOI-KIDS project represents the IOI’s mission to help children, youth, community groups, and teachers across the world
to share ideas, projects, and experiences about the sea (Drago
2008b). The IOI-KIDS website (www.ioikids.net) uses the Internet as a tool to create awareness among the younger generations. The website features appealing visual content on the
marine environment through interactive educational games and
resources, informative articles, quizzes, and video features, including contributions from young authors, teachers, and individuals. The IOI-KIDS initiative originated from an idea of the author and has been developed under the IOI program, Women,
Youth and the Sea. The initial launch of this project consisted of
the “set–up” and launch of the website, which was completed
in 2007. The second phase targeted increasing the visibility of
IOI-KIDS; expanding the educational materials with greater participation from the recipients; promoting cooperation with other
IOI centers, notably in Slovenia and South Africa; and establishing the website as a resource for educational and cross-cultural
exchanges. The project is now poised to grow into a systemwide, online IOI platform, involving a wide group of collaborating
IOI Centers.

Other organizations that use the Internet as a web source for
marine-related educational resources include: the National Marine Educators Association (NMEA), National Oceanographic
Partnership Programme (NOPP), Sea Grant Educators Network,
and the National Oceanic and Atmospheric Administration
(NOAA), all in the U.S.; the Marine Conservation Society (MCA)
and Coastnet in the UK; and the Marine Education Society of
Australasia (MESA) and Reef Educators Network in Australia.
The Bridge (www.marine-ed.org/bridge) is an example of a collaborative effort between organizations (Sea Grant, NMEA, and
NOPP) to compile online, teacher-approved marine educational
resources and has been doing so since 1997. The spread of marine-based educational resources on the Internet is a fairly new
occurrence, especially when compared to other academic disciplines like chemical and biotechnological sciences; for example,
online resources were already compiled by Wolman (1996)
and Jenkins (1997), respectively, at a time when web resources
were still in their infancy. The potential of online educational
resources has been recognized by many scientific groups. For
example, the Tara Oceans Expedition (http://www.b2science.
org/institute/program-tara.html) is currently involved in a threeyear exploration of the world’s oceans and hosts an educational
version of its website parallel to its research website.
The focus of the IOI-KIDS website is to engage both K-12 and
high school-aged children. The primary goal is to reduce and
fill gaps and increase the level of understanding about the sea
through the use of technology. With the use of the Internet,
IOI-KIDS offers animated knowledge about the sea and brings
it into young people’s homes, as well as offers colorful games
and informative online activities through an interactive learning experience. These are the primary concepts and drivers
of the IOI-KIDS website in its current shape—to raise awareness among younger generations about the sea and life in that
marine environment, and to provide knowledge that is easily
understandable and channeled in a child-friendly and visually
appealing way.
IOI-KIDS uses the Internet medium, which is becoming more
easily accessible to all social classes and available in remote
corners of the globe, thus opening the way to a growing audience and reaching widely diverse cultures. The IOI-KIDS
website seeks to provide an educational program that tackles
the marine realm holistically, being conducive to promoting responsible citizenship and informed viewpoints by the public.
The use of the web offers a key vehicle in promoting communication between schools, especially between those in coastal
regions and those in the inland areas, allowing children who
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may never have come in contact with the sea to experience
it through the eyes of their peers. The use of visual media is
an important element in creating a form of distance education,
raising awareness, and the communication of ocean issues, especially with children and communities that cannot experience
the sea directly. This is precisely the scope and basis of the
IOI-KIDS initiative which seeks to raise awareness about the sea
among the younger generations, and to place greater emphasis
on sea-related topics in school curricula. The goal of the IOIKIDS website is to educate the younger generation to adopt an
informed and forward-looking approach to the world’s ocean,
and encourage them to participate in common activities with a
focus on the sea.
SALIENT FEATURES OF THE IOI-KIDS WEBSITE
The IOI-KIDS website is structured into a number of self-contained, inter-related components. Its main elements are classified under three main target streams:
•

Learning through fun experiences - using a colorful
and appealing web environment to present knowledge of
the marine environment through leisure activities such as
interactive educational games; user-friendly, light- and eyecatching informative articles; and structured online lessons
on interesting themes, as well as audio and video clips.

•

The IOI-KIDS teamwork - provides a facility for the direct
involvement of kids from primary and secondary schools
to create projects to share with others; interact with other
kids across the globe; participate in thematic competitions
and “team-up” with friends, working together on projects;
and providing a “News” section where schools can report
their activities.

•

A Teacher’s Resource - providing teachers with additional materials to enrich their lessons, aligned to national

Figure 1. Screenshot of the Matching Pairs game.

curricula; and encouraging experts and educators in marine- and environment-related fields to submit resources
for online publication to share with other teachers and
students. Contributors to this section of the website are
encouraged to consult the Ocean Literacy Scope and Sequence for Grades K-12 and visit the Ocean Literacy website (www.oceanliteracy.net).
The IOI-KIDS website is intended to provide a virtual warehouse
and information mining service on the sea. In its most innovative elements, IOI-KIDS creates a basis for a virtual classroom
setting by supporting a more IT-based classroom where traditional whiteboards and exercise books are replaced with monitors and virtual writing pads.
IOI-KIDS primarily seeks to provide educational resources on
the sea, specifically for younger viewers, and teaching aids for
teachers. The initiative contributes to school curricula through
dedicated tutorials, notes, and clips; and provides a warehouse
of additional information upon which curricular sea-related topics can be established and enhanced. As its content increases,
the IOI-KIDS website would like to provide teachers with the
tools to add notes, as well as post their didactic materials to
share with other colleagues across schools and countries. The
intention is to promote an increase of content on the website
through contributions by teachers who want to share their lessons, as well as by students who want to publish their projects.
Moreover, the website provides a framework and prolific medium for kids and educators to exchange opinions, share ideas,
projects and experiences, and to join in virtual dialogue on
topics relating to the marine environment. This functionality is
expected to evolve in the future by further developing the IOIKIDS website in line with state-of-the-art web technology that
enables direct input of content by the users, such as through
forum space or conducting online surveys. This will promote

Figure 2. The Eels and Ladders game.
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Figure 3. An online lesson giving an overview of marine floral and
faunal species.

interaction between teachers, students, and schools. The content of all submitted material will be vetted by a validation team
composed of a biologist and a teacher prior to online hosting.
The names of the professionals that form part of this validation
team will be visible on the website.
IOI-KIDS is organized to enable easy access to its various components from different entry points. In its current format, the
website is composed of the following key sections:
IOI-KIDS Games and Quizzes: Utilizes the learning-throughfun experience to teach young viewers basic knowledge about
the marine environment in an appealing way to children through
interactive educational games and quizzes. From the onset of
the IOI-KIDS program, the focus was on marketing a blueprint
that stimulates the interest of youngsters, and includes innovative, instructive, colorful, and eye-catching online games and
quizzes. Each game is linked to a marine theme, providing instructive material. Two typical examples are illustrated in Figures
1 and 2. The Matching Pairs game is based on pictures and
short accompanying notes on: 1.) fish in the Maltese coastal
sea; and 2.) marine instruments and methods used to implement underwater observations. The Eels and Ladders game is
adapted from the famous Snakes & Ladders board game; it is
played online, linking to interesting snapshot notes on positive
and negative fishing practices as a moving piece on the board
“goes up” a ladder or “slips down” an eel.
Info 4 Kids: Providing an educational web resource about the
sea for both kids and educators. This section offers online lessons, special notes, and articles that complement school curricula and articles to raise awareness on marine-related issues.
Submitted content is compiled by marine experts and educators, and school children are able to contribute to the forum
(which is subject to vetting). Figure 2 gives a screen shot from
an online lesson focusing on marine floral and faunal species.

Figure 4. The video clips section of the IOI-KIDS website.

Experts on marine and coastal affairs, such as marine educators,
popular science authors, and representatives of educational, environmental NGOs and other organizations, are encouraged to
contribute to this section. This “Info 4 Kids” theme constitutes
the majority of the website’s educational materials featuring online lessons to aid students with marine flora and fauna, marine
historical heritage (compiled in Maltese), marine conservation
efforts, weather and climate, the open ocean, and the coast. A
recent addition to this section has been regular uploading of
short audiovisual clips on the Mediterranean marine environment, depicting selected underwater habitats, such as seagrass
meadows and photophilic assemblages; iconic marine taxa,
such as gelatinous plankton (salps and pyrosomes); and marine
species, such as bluefin tuna. Figure 4 introduces the video clips
section of the IOI-KIDS website.
IOI-KIDS News: A dedicated section for the publication of
news items about the sea and notifications about events and
activities. IOI-KIDS links to useful newsfeeds and alerts, making
kids aware of and giving them access to detailed information on
topics they want to learn more about. Children and educators
may also contribute their own news items. Children are urged to
join the IOI-KIDS News Team and become young journalists on
maritime affairs, by contributing their own stories to this section.
Kids are encouraged to use their investigative and research abilities and write news items relating to marine and coastal issues
of a local, national, regional, or global nature. Such an initiative
squares with similar initiatives being taken to foster young environmental reports—for example, as promoted by the Young Reporters program operated by the Foundation for Environmental
Education (FEE). Some news items, together with related audio
and video clips, are already online and more will be added regularly as this web feature gains popularity with viewers.
IOI-KIDS International: This section links to partner websites. To date, two partner websites (IOI Slovenia and IOI South
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Africa) have been launched. Other contributions are expected
from additional IOI operational centers as the IOI-KIDS initiative
gains momentum toward becoming a system-wide project of
the IOI network.
Useful Links: Links to websites offering further information
and resources related to the marine and coastal environment. A
number of links are already online.
About IOI: Introduces the mission to visitors of the website.
IOI-KIDS Projects: This section is intended to provide a web
space where kids can share their projects or special reports on
the sea with others through online publishing. It is dedicated to
the publication of kids’ projects, including web pages, “writeups,” drawings and other artworks, posters and messages, stories, and poems, all relating to the marine environment. Participating school children and their guardians relinquish intellectual
rights over submitted material in order to permit the website’s
validation team to review and edit the materials for scientific validity and accuracy standards. This section is an opportunity for
children to use their creativity, see their work published online,
and pass on messages about the sea to other kids. A number
of dedicated campaigns and competitions have been launched
in recent years targeting schools, children’s summer clubs, and
other educational networks to attract attention to this component of the IOI-KIDS website. This campaign effort has resulted
in substantial contributions in the form of drawings and messages about the sea that have been reviewed and selected for
online publishing. Further outreach among schools and in the
local media continues to increase this momentum.

THE SPOT THE JELLYFISH INITIATIVE
The IOI-KIDS program of activities also entails novel and flagship dedicated initiatives that are based, hosted, and further
enhance the IOI-KIDS concept.
The Spot the Jellyfish initiative showcases the IOI-KIDS citizen
science program, which was launched in June 2010 jointly by
the IOI-Malta Operational Centre (IOI-MOC) at the University
of Malta and the Malta Tourism Authority (MTA), with the support of a number of Maltese ENGOs. This initiative’s primary
aim is to gain awareness within the younger generations and
the public at large concerning the growing phenomenon of jellyfish blooms. Through regular monitoring of different jellyfish
species, the initiative assesses intra-seasonal and intra-annual
changes in jellyfish species composition and abundance, pursuant to formulating management recommendations to authorities and to dispel prevalent myths about such species. The aim
was achieved through targeted lectures at schools, interventions
during selected media programs, regular contributions to print
media, and through an online map of the Maltese Islands, hosted on the initiative’s ad hoc website (www.ioikids.net/jellyfish),
with updated statistics of jellyfish sightings and “snippets” of
information on different jellyfish species. Although the initiative
originally addressed only jellyfish species, sightings of other gelatinous megaplankton species, including pelagic tunicates (salps
and pyrosomes) and ctenophores, were also coordinated.

IOI-KIDS Opinion: This section represents a space where
kids and educators can voice their thoughts and exchange
views about marine affairs and a variety of topics related to the
marine and coastal environment as well as to related studies.
This area of the website is intended to promote intercultural
and cross-cultural exchanges and experiences through online
forums and surveys.

A tailor-made initiative leaflet was produced (see Figure 5), depicting a visual guide to identifying different gelatinous megaplankton species (jellyfish, ctenophores, and salps), and a numerical code to the different coastal locations of the Maltese
Islands. Large numbers of the leaflet were printed and distributed to school children as well as made available online through
the dedicated Spot the Jellyfish website. Poster-size versions
of the initiative were also printed and funded by the MTA and
posted at different coastal locations around the islands (see Figure 6). Jellyfish sightings can be submitted by the public in a va-

Figure 5. The ad hoc Spot the Jellyfish initiative reporting leaflet.

Figure 6. Spot the Jellyfish posters affixed at a coastal site in the
Maltese Islands
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Figure 7. Image of a mauve stinger (Pelagia noctiluca) jellyfish.

Figure 8. Close-up of the blue button (Porpita porpita) jellyfish.

riety of ways, including the online submission form, the printed
ad hoc leaflet sent by post, or through mobile short-messaging
service (SMS) or email.

by simplifying related posters and leaflets. For example, while
the CIESM’s Jellywatch Programme posters include a total of
thirteen gelatinous species (jellyfish, ctenophores, and salps),
this number has been reduced to eight in Spot the Jellyfish
printed material (although sightings of other gelatinous species
not included in such printed material are still accepted, if substantiated by photographic or video evidence).

Jellyfish spotting initiatives are relatively common on a global
and regional scale. The Monterey Bay Aquarium hosts an online database (http://www.jellywatch.org/) of global jellyfish
sightings, while the International Commission for the Scientific
Exploration of the Mediterranean Sea (CIESM) hosts a similar
progam throughout Mediterranean waters (http://www.ciesm.
org/marine/programs/jellywatch.htm). Somewhat more elaborate jellyfish spotting programs exist for Irish waters (EcoJel programme, which includes jellyfish tagging, http://www.jellyfish.
ie/jellytag.asp) and for British waters (Marine Conservation Society Jellyfish Survey, which links jellyfish sightings to the presence of leatherback turtles in UK waters).
A previous jellyfish sighting exercise was conducted in Maltese
waters, with Malta starting its participation in the monitoring
protocol of the MEDPOL (The Programme for the Assessment
and Control of Pollution in the Mediterranean region) Jellyfish
Programme in 1982, with the aims of characterizing major features of coastal aggregations of Pelagia noctiluca and identifying
the major environmental factors of such aggregations (Axiak et
al. 1991). The methodology adopted involved the recruitment
of a large number of volunteers, managers of coastal touristic
establishments, and the Beach Cleaning Section of the Ministry
of Tourism, who were provided standard data sheets to record
sightings of jellyfish stranded on the shoreline or in the immediate vicinity of the coastline. Sightings at sea were recorded by
the Maritime Squadron of the Task Force (local Coast Guards).
The Spot the Jellyfish initiative draws on the lessons learned
from these existing programs and introduces innovative improvements, including the direct liaison with school children
through the dissemination of the ad hoc leaflets and briefing
sessions; real-time, geo-validated statistics on jellyfish sightings;
and the utilization of mobile SMS, as well as other avenues, to
submit jellyfish sightings. Additionally, the Spot the Jellyfish initiative makes a concrete effort to reach the younger generations

During the first three operational months (June-August 2010) of
the Spot the Jellyfish initiative, over 330 jellyfish sightings were
submitted, with the online sighting form being the preferred
submission choice (responsible for over 70% of all submissions). School children constituted ca. 10% of all jellyfish sightings received, with the printed leaflet used as their preferred
method of reporting submissions. Predictably, ca. 90% of all
jellyfish sightings received referred to the mauve stinger (Pelagia noctiluca). A total of seven cnidarian species (the hydrozoans Porpita porpita, Velella velella, Aequorea sp. and Physalia
physalis); the scyphozoans (Pelagia noctiluca, Cotylorhiza tuberculata and Olindias phosphorica); one cubozoan (Carybdea
marsupialis); one ctenophore species (Leucothea sp.); and
two, pelagic tunicate species (Salpa maxima and Pyrosoma atlanticum). The Spot the Jellyfish initiative will be conducted over
the coming successive seasons and years in order to identify
emerging inter-seasonal and inter-annual trends in gelatinous
megaplankton species composition. (See Figures 7 and 8 for
featured jellyfish photos submitted by children for the Spot the
Jellyfish initiative.)
THE IOI-KIDS BEST PROJECT COMPETITION 2010
Another dedicated initiative is the IOI-KIDS Best Project competition 2010 (http://www.ioikids.net/Competitions/2010/index.
html). This competition is the latest among many organized with
the goal of generating a collection of didactic material suitable
for online publishing in the “IOI-KIDS Projects” section. Primary
and secondary school children are challenged in this competition to combine their artistic and computer talents to prepare
attractive and informative electronic contributions in the form
of projects on topics related to the sea. The competition was
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open to individuals or teams of Maltese children in two separate
age groups, which include 5-10 and 11-16 year olds. The young
authors of the selected original works and projects were eligible
to participate in an international competition and share their
works and projects on dedicated pages of the IOI-KIDS website
with other kids in Malta and worldwide. Submissions could take
several formats, including a narrative in the form of a lesson;
an essay; poem or story; a web page, a database or collection
that can be shared online; a set of notes on a selected topic;
and a PowerPoint presentation. Submissions are expected to be
complemented with images (in the form of photos or drawings)
and/or audio or video clips.
The accepted works could cover any topic related to the sea and
the coast, and take the shape of: interesting articles, compilations, events or notes; interesting and/or unusual incidents; recent scientific or other discoveries; conservation issues; species
of plants or animals; ecosystems or places of interest; people
whose work is connected to the sea; and many other imaginative contributions. The 2010 competition follows a similar
competition, held in 2009, which solicited contributions from
teachers and parents, rather than from school children. Almost
60 submissions were received, ranging from marine topics on
conservation of endangered fish species, such as the killifish,
to the ecological impact of oil spills, to poems revolving around
marine themes.
FUTURE PROSPECTS FOR THE IOI-KIDS WEBSITE
The continued expansion of the website’s didactic ethos is
envisaged, through the development of a greater number of
tailor-made online lessons, video clips, and other educational
features. Such a development is mainly planned to address the
paucity in marine-related topics included in Maltese school curricula, thereby providing complementary resources to fill curricular gaps. The website’s proponents also want to bolster the
multi-cultural character of the website and promote a higher degree of inter-IOI center exchanges by encouraging the submission of educational materials to include opinions or indigenous
anecdotes and stories about the sea; for example, in native
languages that could be subsequently translated into English
for widespread dissemination. In so doing, the website would
further its outreach among non-native, English-speaking children by removing any existing linguistic barriers. Finally, website
proponents acknowledge the need to further incentivize school
children to contribute to the online forum section, even through
the utilization of popular social websites.
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Related bridge resource pages:
Discover your world with NOAA:
http://celebrating200years.noaa.gov/edufun/book/
welcome.html
Ocean Guardian:
http://sanctuaries.noaa.gov/education/ocean_
guardian_prog.html
Island Explorers Curriculum:
http://www.usc.edu/org/seagrant/Education/
IELessons/IELessons.html
Voyager for Kids:
http://explorations.ucsd.edu/Voyager/
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The Concept of Sustainability
Tragedy of the Commons

as

Proposed

by

Hardin’s

By John Trowbridge, Ph.D. and James H. Wandersee

Forty-two years ago Hardin’s classic essay, Tragedy of the Commons
was published and attempted to explain and encourage the concept of sustainability. His essay is influential in
how we think about the marine environment and resources. The concept of sustainability is foundational in
marine resource planning, conservation, and preservation. However, findings show that many educators have
a limited understanding of this important concept. A suggested cause of this lack of understanding is due to the
expanding nature of the concept.

INTRODUCTION
Currently, marine and environmental education is proliferating
in school settings. States and local education agencies have established marine or environmental science as a course option.
Adding to the current National Science Education Standards, a
set of Ocean Literacy Principles have been developed and disseminated. Many government agencies and non-government
organizations have developed a wealth of curriculum materials in marine and environmental science for teachers to use.
This should not surprise anyone, due to the increased concerns
about local and global environmental issues over the last few decades concerning the marine environment and climate change.
An important concept embedded in the current mainstream of
marine education, both formal and informal, is “sustainability.”

yields. The crash of the North Atlantic cod industry is evidence
that even the best science of biological/economic modeling can
sometimes fail to sustain a fishery. Gruson (1997) points out
that sometimes the proper move may even contradict common
sense. For example, throwing back undersize fish and keeping
the large ones actually increases the fitness of the smaller fish
and encourages the demise of the larger ones (i.e., population
reproduction models may not predict a sustainable fishery).

Sustainability has broad and widespread applications from natural systems, to world economics, to resource management, to
artificial systems. The context considered here is ecological sustainability, which can be defined as: meeting “the needs of the
present without compromising the ability of future generations
to meet their own needs” (Baden 1998). Ecological sustainability is relevant to local systems and large systems such as
the atmosphere and oceans; however, great confusion has occurred over a simple definition of sustainability. The term sustainability has been attached to anything labeled as “green.” We
now frequently encounter terms such as sustainable construction, sustainable agriculture, or a sustainable future. There are a
growing number of social theorists that view sustainability as an
act of human evolution. While these are good ideas, it can lead
to over-generalization of the sustainability concept.
As marine ecosystem-based resource conservation and preservation efforts are made, the ability to sustain, renew, or conserve that marine ecosystem or marine resource is of primary
consideration. But it is not easy to accomplish. Fisheries managers have for decades struggled to develop optimal sustainable

A fishing boat heads out to sea.
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But there are also less visible resources. Consider the microworld of thousands of species of plankton that live in the world’s
waters and which form the bases of aquatic food chains. There
is a need to expand to our students’ perspectives of critical
shared resources at various scales. The issue of scale has also
contributed to difficulties in understanding sustainability. Is
sustainability the umbrella term for saving the planet or is it a
resources management term? Many will answer yes to the former, and see overlap in the use of the term, but others can be
confused—often times school children who are just developing
notions of complex ecological relationships.
In 1968, Garrett Hardin published an essay in Science entitled,
The Tragedy of the Commons. In this context, a “commons”
is any resource used as though it belongs to all. A commons
is destroyed by over utilization, absence of individual ownership, and lack of oversight by any person or government entity. Hardin uses a public pasture to illustrate such exploitation.
Herders can quickly exceed the carrying capacity of that pasture
(system) and, thus, degrade or completely destroy the pasture
(resource). Hardin’s pasture is also considered to be a metaphor
for other aspects of society, such as our parks, roads, air, airwaves, oceans, and groundwater. They are all commons.
Since Hardin’s essay was published, the human population has
nearly doubled. Increasing affluence and ever increasing demands on energy have escalated pressures on common-pool
resources (Kennedy 2003). Because of its centrality to ecological thought, it bears examining how science teachers and marine science educators understand the essay, the Tragedy of the
Commons, and the concept of sustainability.
An eight-item questionnaire was developed to help gain insight
into educator’s ideas related to Hardin’s essay and sustainability.
It was administered to teachers participating in a summer science education in-service workshop and to the members of a
statewide environmental education organization (N=102).
RESULTS
The results of the questionnaires given to the teachers indicated a general lack of understanding of Hardin’s essay and
the concept of sustainability. I then queried another group—the
members of a national organization devoted to aquatic education—testing the idea that this group would have a greater understanding of the Tragedy of the Commons and the concept of
sustainability (assuming this specialized group is more involved
in education about fisheries and other ocean-based common
resources). These responses were analyzed separately for comparison purposes (N=63).
In response to the question regarding knowledge of Hardin’s
essay, 59% of the science teachers had not heard of or read
Hardin’s Tragedy of the Commons. Of the remainder who did
indicate they had heard of or read the Tragedy of the Commons, very few (16%) indicated a coherent understanding of
the principles addressed in the essay. Below are some excerpts
showing science teachers’ limited or flawed understanding:

A school of brown chub.

•

Everyone owns the common resource (the sea or the Boston Commons grazing rights) so all users try to get to it
before it is gone. Too many users deplete the resource,
totally, sense no one is responsible for its upkeep.

•

When a resource is available to everyone (free)—each
takes as much as they need or can without regard to
sustainability.

•

Every farmer is trying to maximize his or her own profits
and everyone goes broke. It gives many peoples’ ideas
about using a free area to its max. If I don’t use it, someone
else will!

•

Resources owned by all and cared for by no one; when
individuals try to maximize their property to the point of
using up the environment.

The aquatic educators organization members’ responses revealed that one-third (33%) did not have any knowledge of
Hardin’s essay. However, 52% responded with a clear understanding of the essay and its principles. Sample excerpts indicating at least a partial understanding include:
•

Since no one owns the common, no individual has a selfinterest in maintaining it.

•

When things are held in common (like our marine fisheries), they belong to everyone, and to no one in particular.
Therefore, people tend to exploit rather than conserve resources. “I’d better catch those fish before someone else
gets them.”

•

When everyone equally together owns a resource and access to the resource is unrestricted, there is a tendency for
the resource to ultimately be depleted completely—to the
detriment of the commons—since each person “wins” in
the short run by taking what they can in the form of dwindling resources.
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Question number two asked the teachers to define sustainability. This concept also seemed to elude this group of teachers.
Only three of the 28 responses (9%) contained an answer that
even marginally defines sustainability. These answers included:
•

Use only to the extent that renewable recourses can
renew them.

•

Use resources without their depletion or degradation to
produce goods and services.

•

The ability to use a resource without depleting it.

The characteristic of the ability to continue to live, survive, or
exist was used by 28% of the respondents in their definitions.
Thus, teachers appear to be limiting their answers to living
entities without regard to abiotic natural resources, such as air
and water.
The responses from the aquatic educators organization members indicated a clearer, more detailed understanding of the
concept of sustainability. Forty percent of the respondents displayed a scientific understanding of the concept. In addition,
only 5% made reference solely to living resources when describing sustainability. Response excerpts include:

When the teachers were asked about how they would manage
a common resource for maximize utilization (Question four),
their answers varied widely. Responses included increased
regulations, strict enforcement, time or seasonal requirements,
and distribution by need. They didn’t seem to recognize when
a particular management strategy is appropriate. This serves to
illustrate unawareness of the complexity of managing a common resource.
Aquatic educators organization members were given three
choices for solutions with a Likert-type-scale (1 to 5, with 5 being the highest ranking) to indicate its perceived effectiveness.
The average ranking given by participants for each choice:
•

Access to the resource must be limited. (4)

•

A moratorium on utilizing the resources should be evoked.
(3.6)

•

Legislated heavy fines should be imposed for exceeding
legislated utilization of the resource. (3.7)

It seems that the aquatic educators organization members
strongly favor limiting access to the resource, while the other
two methods are also viewed as somewhat effective. Aquatic
educators organization members were also given an opportunity to suggest other possible solutions. While responses varied
a great deal, one-fourth (25%) stated education should be part
of any possible solution.

•

Refers to the level of resource use, which guarantees
that the resource will remain viable and healthy over the
long haul.

•

Able to maintain over generations, with future generations being able to use and benefit as well as current
generations.

•

The use of various resources without seriously depleting
them. That would include not tendering the resource unusable through pollution, etc.

In response to the query probing knowledge of curriculum materials that support learning of the principles of the Tragedy of
the Commons, most teacher-respondents did not know about
Fish Banks, the BSCS Tragedy of the Commons CD-ROM, or the
award winning book, Common Ground (Bang 1997). Only a
few listed other relevant materials.

Question number three asked the teachers to list three things
they considered to be common resources. A total of 23 different resources were listed. The top six common resources listed
by teachers, by percentage, can be found in Figure 1.

Aquatic education organization members were asked to list the
concepts needed to understand sustainability. Out of 186 concepts listed, population dynamics and resources (both renewable and exhaustible) were listed most frequently (Table 1).
Population dynamics and resources were selected by approximately one-third of the respondents as being crucial to understanding sustainability. Following those selections, there was little
agreement (and perhaps, understanding) of the network of concepts vital to understanding the sustainability of a commons.
DISCUSSION

Figure 1. Percentage of top six common resources listed.

An insightful article published by the journal Science entitled,
Principles for Sustainable Governance of the Oceans (Costanza
et al. 1998), identified five major Tragedy-of-the-Commonsrelated marine ecology issues: overfishing, ocean disposal and
oil spills, destruction of coastal ecosystems, land-based contamination, and climate change. Each is eminently suitable for
teaching and learning. “Ocean Examples" are ideal to convince
teachers (and students) that they need to apply "Tragedy of

43

GCRL-165437-Current.indd 43

12/3/10 4:28:57 PM

Volume 26 • Number 3 • 2010

the Commons thinking" to their ecological decision-making and
stewardship practices. Why? Because if the vast oceans are being impacted by growing human population pressures on natural resources, then the largest ecosystems on Earth are calling
out for sustainable governance. The six keys to successful governance proposed by Costanza et al. are:
a)

access to environmental resources carries attendant responsibilities to achieve sustainability, economic efficiency,
and social fairness;

b)

ecological problems are multi-scale and must be dealt with
in an integrated manner;

c)

ecological decisions should err on the side of caution
when potentially irreversible environmental impacts
are involved;

d)

adaptive management is needed whereby information is
continually gathered and assessed;

e)

alternative decisions concerning the use of environmental
resources should each be subject to a full-cost allocation,
both social and ecological, and markets adjusted to reflect
full costs; and

f)

all stakeholders should be involved in environmental resource decisions so that credible rules and responsibilities
emerge. Ultimately, individual incentives should be developed consistent with the social objective of sustainability.

Figure 2. Population model used in Fishbanks, Ltd. simulation.

The questionnaire responses indicated a failure to grasp that
time is important to understanding sustainability. Time, across
generations and even centuries, is a necessary aspect of sound
ecological thinking regarding sustainability. It has been suggested that we need to learn to live in a 200-year present. The temporal aspects of sustainability are hard to grasp because they
do not occur within timeframes people can relate to. Therefore,
learning activities which require the use of various long-termtime scales should be developed to focus students’ attention
beyond the “here and now” approach to resource utilization.
Fishbanks, Ltd., simulation includes instructional materials that
illustrate models of sustainable fishing (see Figure 2). These
models may serve as a visual schematic to help students understand sustainability.

Concept

Number of responses

Population dynamics

24

Resources

21

Carrying capacity

7

Economics

7

Cycles

7

Time

6

It can be argued that the Tragedy of the Commons is not just a
topic in an ecology unit or an aspect of marine education, rather
it encompasses the heart and soul of ecological thought. Instructional resources like Fish Banks, Ltd., computer simulation,
BSCS "Commons" CD-ROM reference base, and the awardwinning children's science picture book, Common Ground, are
welcome and more such compelling materials are needed. One
hope for globally optimum oceans management lies is heightening stakeholders' awareness, including multiple viewpoints,
and adapting to new information, while following a set of mutually agreed-upon core principles. If teachers and students
learn fundamental marine ecology from oceans literacy teaching examples, the next step is to attempt to apply those "commons principles" to other ecosystems in a long-term ecological,
issue-based, series of classroom-effective lessons, emphasizing
sustainable-renewable thinking, and applying the latest ecological research. In this way, Hardin's classic can live on in the hearts
and minds of today's students—who are tomorrow's ocean literate adults.

Food chains/webs

5

REFERENCES

Growth rates

5

Biodiversity

5
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Based upon this survey, findings suggest that many science
teachers (and, therefore, their students) lack a well-integrated,
coherent understanding of the concepts of sustainability and
“the commons.” They also do not understand the variables that
govern them. In fact, because of the diverse scope of concepts
listed, teaching sustainability may not be difficult. The above
keys to governance might serve as a better organizing framework for teaching about sustainability.

Table 1. Most frequent concepts listed as necessary to understand
sustainability out of 186 concepts listed.

Bang. M. (1997). Common ground: The Water, Earth, and Air
We Share. New York: The Blue Sky Press.
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Related bridge resource pages:
PBS Marine Fisheries & Aquaculture Series:
http://www.pbs.org/emptyoceans/educators/
activities.html
National Geographic: U.S. Marine Sanctuaries Expeditions
Sustainable Seas Classroom Ideas:
http://www.nationalgeographic.com/seas/

is an associate professor of science education in the Department of Teaching and Learning at
Southeastern Louisiana University in Hammond, Louisiana.

Game of Life:
http://sanctuaries.noaa.gov/education/teachers/
pdfs/sustain_seafood_lesson1.pdf

James H. Wandersee is a professor of biological educa-

Empty Ocean:
http://sanctuariesx.noaa.gov/education/teachers/
pdfs/sustain_seafood_lesson2.pdf

tion in the Department of Educational Theory, Policy, and Practice at Louisiana State University in Baton Rouge, Louisiana.

NMEA 2011 Annual Conference
Cape to Cape: In the Hub of Marine Education
Save the Dates: June 29-July 2, 2011
Conference Location: Northeastern University, Boston, MA
Hotels: Northeastern University Dormitories or Midtown Hotel
Schedule of Events:
June 27: Pre-Conference Meetings
June 28: NMEA Board Meeting, Sea Perch Workshop
June 29: Field Trips and Welcome Events
June 30-July 2: Concurrent Sessions
June 30: New England Aquarium
July 1: Thompson Island Clambake and Dancing
July 2: Auctions and Dancing
July 3: Wrap-Up Breakfast, New Board Meeting
Other Upcoming Conference
Details and Deadlines:
Call for Proposals Announced: December 6, 2010
Call for Proposals Deadline: February 18, 2011
Proposal Acceptance Notification: March 15, 2011

Advanced Registration Opens: January 11, 2011
Advanced Registration Closes: April 15, 2011
Scholarships Deadline: March 1, 2011
Scholarships Notification: March 31, 2011
Expanding Audiences Scholarship Deadline:
April 15, 2011
Expanding Audiences Scholarship Notification:
April 30, 2011
Traditional Knowledge Stipend Deadline:
April 1, 2011
Traditional Knowledge Stipend Notification:
May 1, 2011
Registration Closes: June 17, 2011
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