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ABSTRACT

Estuaries, marshes and wetlands provide a rich context for teaching about
important scientific concepts, yet they are little studied in schools. This paper reports on
1) areview of estuarine content in national & state curriculum standards, and 2) a nation-
wide needs assessment survey about estuarine education, both conducted by TERC,
working with NOAA’s National Estuarine Research Reserve System (NERRS). While
only 11 states explicitly mention estuaries or estuary-related terms in their science
standards, we found scientific big ideas and thinking skills (the other foci of the review)
can be easily taught via estuaries. The online needs assessment survey (N=988) found
that estuarine ideas are currently taught 1 to 3 weeks per year, frequently using hands-on
activities, student problem solving, and inquiry activities, and occasionally analyzing
charts, graphs, maps, and images, and using data. Teachers described supports and
obstacles they encounter in implementing new curricula, and needed professional
development supports. We conclude that new curricula will succeed if they use
interdisciplinary learning in authentic contexts and focus on human impact on the
environment, and if they are at the appropriate level, address science standards, use
existing equipment and materials, and fit with teacher interests and content

understanding.

INTRODUCTION
The National Estuarine Research Reserve System (NERRS) is a network of 27
protected areas established for long-term research, education and stewardship (see map,

Figure 1). As part of their K—12 Estuarine Education Program (KEEP), NERRS



contracted with TERC, a non-profit math, science and technology research and
development firm in Cambridge, MA, to 1) review national and state science standards,
2) conduct a nation-wide needs assessment survey, and 3) develop high school level
curriculum materials on estuarine topics. This paper reports on the findings from the
standards review and needs assessment survey, as presented by James K. L. Hammerman
and Atziri Ibafiez at the North American Association for Environmental Education,
Virginia Beach, VA, on November 15, 2007. The complete Needs Assessment Report, as
well as an Executive Summary and a Statistical Appendix are available online at
http://estuaries.gov/nareport.html. Additional information about NERRS and the KEEP

program can be found at http://estuaries.gov/.
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protected areas

. Wells, Maine . Chesapeake Bay, Maryland 15. Rookery Bay, Florida . San Francisco Bay, California

. Great Bay, New Hampshire . Chesapeake Bay, Virginia 16. Apalachicola, Florida . South Slough, Oregon

. Waquoit Bay, Massachusetts . North Carolina 17. Weeks Bay, Alabama . Padilla Bay, Washington

. Narragansett Bay, Rhode Island . North Inlet-Winyah Bay, South Carolina 18. Grand Bay, Mississippi . Old Woman Creek, Ohio

. Hudson River, New York . ACE Basin, South Carolina 19. Mission-Aransas, Texas . Proposed—St. Lawrence River, New York
. Jacques Cousteau, New Jersey . Sapelo Island, Georgia 20. Tijuana River, California . Kachemak Bay, Alaska

. Delaware . Guana Tolomato Matanzas, Florida 21. Elkhorn Slough, California . Jobos Bay, Puerto Rico

Figure 1: Map of NERRS Reserves



STANDARDS REVIEW

TERC reviewed the National Science Education Standards, as well as all 50
states’ Earth and environmental science standards for content related to estuaries, and a
sampling of science standards in other disciplines. We took three approaches to this
search, from more directly focused on estuaries to more general perspectives: 1) Look
for explicit mention of estuaries or related terms; 2) Look for big ideas related to
estuaries in Earth, life & physical sciences; and 3) Look for ways in which estuaries
could serve as a vehicle for addressing broad scientific thinking skills emphasized in the
Standards.

In our first analysis, we found that the National Science Education Standards
don’t mention estuaries at all, and only four states (Alabama, Mississippi, Virginia and
West Virginia) explicitly mention estuaries. For example, Mississippi’s standards state:
“Describe the abiotic and biotic characteristics of a bay, sound, estuary, and marsh,” and
West Virginia’s ask students to “Investigate and discuss the impact that humans may
have on the quality of the biosphere such as depletion of the rainforest, pollution of
estuaries, strip mining, depletion of fossil fuels and deterioration of ozone layer.” Seven
more states (Georgia, Maryland, Massachusetts, North and South Carolina, Pennsylvania,
and Texas) mention estuary-related terms such as wetlands, salt marshes, tidal
environments, coastal swamp, brackish, bay, marine and salt water environments.

Not surprisingly, our second approach yielded more. The National Science
Education Standards in several subject areas include big ideas that are related to estuaries.
For example, in Earth science, topics such as the Origin & evolution of the Earth system,

Energy in the Earth system, and Geochemical cycles could easily be approached through



a study of estuaries. In biology, topics such as Interdependence & behavior of organisms,
Matter, energy & organization in living systems, and Biological evolution are clearly
essential to a study of estuaries. Relevant physical science topics might include Structure
& properties of matter, Chemical reactions (especially those involving water), Motions &
forces (waves) and Energy conservation. Finally, the National Science Standards
describe a set of Unifying concepts which are also relevant: Systems, order &
organization, Change constancy & measurement, Form & function, Evidence, models &
explanation, and Evolution & equilibrium.

The National Standards and most state standards also emphasize a range of
relevant scientific thinking skills, such as: Identify questions & concepts that guide
scientific investigations; Design and conduct scientific investigations; Use technology
and mathematics to improve investigations and communications; Formulate and revise
scientific explanations and models using logic and evidence; Recognize & analyze

alternative explanations and models; and Communicate and defend a scientific argument.

NEEDS ASSESSMENT SURVEY

Design

The nation-wide needs assessment survey was designed to answer three broad sets
of questions: 1) How can we characterize teachers who might teach about estuaries, the
contexts in which they teach, and the general teaching methods they use? 2) How do
estuaries, or topics related to estuaries, and teaching methods particularly suited to
teaching about estuaries, fit with what teachers currently teach? and 3) How can new
estuarine-related curriculum materials and professional development be designed to

increase the likelihood that they’ll be used?



TERC worked with the Education Coordinators from NERRS and a focus group
of classroom teachers to develop the survey questions. Broad categories included context
& background about teachers, students and available resources; descriptions of current
content coverage, teaching practices, learning goals, and preferred curriculum sources
and formats; teachers’ perceptions of supports and obstacles to use of new curricula and
teaching methods; and their professional development needs & preferred formats. There
were a mix of rating scale and open-ended questions and the survey began with an
informed consent page approved by TERC’s Institutional Review Board (IRB) that
required active confirmation of consent.

We wrote both English and Spanish language versions of the survey and used an
online survey tool, SuveyMonkey (http://www.surveymonkey.com) to increase the
numbers responding and the diversity of contexts, roles, teaching foci and geographical
locations reached. We recruited participants through listserves and websites of a wide
variety of science education organizations, and by offering a raftle of incentive prizes

donated by NOAA and NERRS as well as a subset of these organizations.

Respondents and their contexts

During the two months that the survey was open, a total of 1342 people logged
on, 988 completed the survey, 414 entered the prize drawing, and 118 prizes were sent.
Teachers represented a variety of elementary through high school contexts and informal
education settings, from 47 states as well as DC, Puerto Rico, and some international.
They were slightly more coastal than the US as a whole, and slightly more urban and
rural, and less suburban than the US as a whole. Further details about teacher and student

background characteristics can be found in the full report. High school teachers mostly



said they taught biology and environmental/ earth science with some physics, chemistry,
and other topics. Teachers generally had access to computers, especially in a lab

context—an important resource for some types of curricular explorations.

Current Teaching Practices

We were interested in teachers’ current practices with respect to estuarine content
and inquiry science methods. Teachers currently teach about estuarine-related topics 1-3
weeks each year, though 1/5 spend only 1-2 days and 1/3 spend more than 3 weeks.
Educators near the coasts spend about 1/3 more time than those further inland. Materials
designed around a 2 to 3 week time period are, thus, useful to teachers. Responding
teachers say they currently do classroom work outdoors an average of twice each year but
25% do field work four or more times annually and 20% not at all.

Teachers have both practical concerns and general curricular goals in mind when
choosing new materials. These include an interest in using authentic contexts to increase
student interest in science topics, a focus on human impact on the environment, and a
desire for materials that meet standards and curriculum frameworks, that are interesting
to both students and teachers, and that are integrated across subject areas. Materials
using familiar methods, such as hands-on activities, student problem-solving inquiry
activities, small & whole group discussions, as well as lecture, are more likely to be
adopted than those using less familiar methods. Activities focusing on analysis of charts,
graphs and maps, on images and animations, discussion of current issues, and use of data
may require more curricular support if they are to be used effectively in classrooms.

Despite the interest of environmental educators, field work at natural sites and service



learning/ stewardship activities are rarely used in classrooms at present and may be

difficult to implement in many school contexts.

Supports and Obstacles

Teachers generally see their own “Moderate” to “Solid” knowledge and interest in
the topics of Physical, Earth and Life sciences, Science/ research and Humans and the
environment as a support for implementation. The overall likelihood of teaching the
specific estuarine-related topics we addressed is 40-50%. Specific topics that were
particularly likely to be taught are described in the full report. Teachers see their
colleagues, administrators, and students and their parents as a support for trying new
things. The availability of technology is also seen as a support, whereas logistical and
policy constraints on conducting field work are problematic for school teachers.

Teachers are looking for professional development supports, particularly to
develop their own science content knowledge, to make new curriculum materials relevant
to students and integrated into existing practice, to incorporate new labs and, for middle
school teachers, to use real-time data and data visualizations and analysis software. They
prefer professional development in focused 1-3 day workshops or ongoing consulting

support.

RECOMMENDATIONS
From this needs assessment, we recommend creating 1-3 week modules of
interesting materials, focused on scientific concepts taught in the context of estuaries.
These should use inquiry methods already frequently used, or occasionally used methods
with more support. They should address teachers’ goals for interdisciplinary learning in

authentic contexts with a focus on human impact on the environment. And they should



address teachers’ concerns about meeting standards, and being at the appropriate level
while using existing equipment & materials and fitting with teacher interests and content

understanding.



