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Introduction

In July of 2007, a group of alumni from NOAA’s Teacher at Sea program (TAS) met with the TAS program managers as well as staff from NOAA’s Office of Education to discuss expanding the TAS program into a program called Teacher@NOAA (T@N).  Based on this workshop, all involved agreed that expanding the program to include Teacher in the Air (TIA), Teacher in the Field (TIF), and Teacher in the Lab (TIL), as well as the original Teacher at Sea, is the next logical step in the evolution of this already successful program.  In its expanded version, T@N would more fully leverage NOAA’s capabilities to provide teachers a rich and rewarding authentic science research experience and also serve as an exemplary response to the America COMPETES Act and other Agency requirements.  Based on this assessment, those involved in envisioning the T@N Program have begun to move forward with its development.  This paper outlines the preliminary components needed to develop the program and how the program will support NOAA’s goals, STEM education, and the America COMPETES Act, which recently gave NOAA an educational mandate.  

Background

In 1990, NOAA Corps officer Lt. Ilene Byron started NOAA’s Teacher at Sea program.  Lt. Byron’s vision for the program was to provide teachers with hands-on research experience and an opportunity to learn about NOAA careers and the NOAA Corps.  Since 1990, the TAS program, housed in NOAA’s Office of Marine and Aviation Operations (OMAO), has supported over 500 teachers with program alumni representing 47 states and 4 countries.  

The program provides teachers the opportunity to work side by side with NOAA scientists on research cruises that last anywhere from ten days to a month.  Research focuses on three main disciplines: oceanography, fisheries science, or hydrography.  While onboard, teachers write logs, take photos, interview scientists, officers, and crew, and work as part of the science research team.  Teachers’ logs and photos are published online.  When teachers return from sea, they are required to write 6-8 lesson plans related to their research cruise and give a presentation about their experience to other educators at a conference or in their district or write an article for a journal.

Teachers who participate in TAS use their experiences as a catalyst for generating interest and excitement in students and other educators about ocean science, technology, and operations, as well as to expose them to numerous and varied career opportunities.  Furthermore, participating in the TAS program has come to be viewed as a prestigious opportunity, bringing teachers recognition as leaders in their fields from members of house and senate, heads of government agencies (e.g. NOAA, NASA, and NSF), school superintendents and principals, and local media.  After participating in TAS, many alumni seek out additional research experiences by participating in other competitive Teacher Research Experience programs and fellowships such as ARMADA, PolarTREC, and the Albert Einstein Fellows program, to name a few.

In 2004, building on the success of the TAS program, NOAA initiated Teacher in the Air.  NOAA’s fleet of 13 aircraft flies numerous, wide-ranging scientific missions each year, all over the world.  The TIA program flew a total of 13 teachers on various research projects, including “storm chasing” flights in Hawaii and Alaska, NOAA’s Hurricane Awareness Tour on the east coast, and coastal charting in California.  This program was equally well received, and the teachers involved were able to leverage their experiences to better connect their students and colleagues with the atmospheric sciences.

Recognizing that the TAS and TIA programs provide a successful model for engaging teachers and students, NOAA’s Office of Marine and Aviation Operations and NOAA’s Office of Education met in March 2007 to explore expanding the TAS program to a more comprehensive program that covers all types of NOAA scientific research.  A working group formed and used Claude Bennett’s logic model to map out goals and objectives for the new program, to be called Teacher@NOAA.  The Bennett logic model sets forth a thoughtful approach to program design and evaluation of environmental education and has proven successful in structuring education extension activities in the U.S. Department of Agriculture for over 25 years (Bennett 1995).  

Statement of Need

NOAA has a vision for “an informed society that uses a comprehensive understanding of the role of the oceans, coasts and atmosphere in the global ecosystem to make the best social and economic decisions.”  Inherent in this vision is the need for an environmentally literate public that is aware of, and understands, issues affecting Earth’s environment. 

In order to provide critical support for its mission and to strive toward its vision, NOAA must leverage its expertise in oceanic and atmospheric science to train and attract a future workforce.  A large percentage of NOAA’s senior scientists are eligible for retirement in the next few years.  Thus, NOAA needs to have the best and the brightest students, from a diversity of backgrounds, being groomed as the next generation of oceanic and atmospheric researchers.  Teacher@NOAA can contribute to this next generation by developing a cadre of teachers who can introduce students to NOAA science early in their academic career
The recently-passed America COMPETES Act (law H.R. 2272) focuses on strengthening deficiencies in the science, technology, engineering and math (STEM) education programs across the federal government.  The Act acknowledges the need for NOAA to be actively engaged in both formal and informal education efforts by stating that:

The Administrator of the National Oceanic and Atmospheric Administration shall conduct, develop, support, promote, and coordinate formal and informal educational activities at all levels to enhance public awareness and understanding of ocean, coastal, Great Lakes, and atmospheric science and stewardship by the general public and other coastal stakeholders, including underrepresented groups in ocean and atmospheric science and policy careers. In conducting those activities, the Administrator shall build upon the educational programs and activities of the agency.

In order for the K-12 formal education activities of NOAA to be effective, there must be a cadre of teachers across the nation competent in, and comfortable with, the teaching of oceanographic and atmospheric sciences.   However, the “Rising Above the Gathering Storm” report developed by the National Academies in 2005 found that “In 2000, 93% of students in grades 5-9 were taught physical science by a teacher lacking a major or certification in the physical sciences (chemistry, geology, general science, or physics).”   Therefore, there is a critical need for programs that provide research experiences to teachers to give them the tools, knowledge, experience, and comfort, necessary to teach NOAA-related sciences.

The No Child Left Behind Act (NCLB) requires science assessments to be implemented in every state by 2008 for grades 4, 8 and 11. Students must be able to “do science,” thus, accelerating the need for teachers to be able to direct their students in the inquiry process (Scowcroft and Knowlton, 2005).  Dea (2000) indicates that through Teacher Research Experiences (TRE), teachers become more motivated and capable to challenge their classes.  The purpose of the proposed Teacher@NOAA program is to provide teachers with real-life scientific research experiences by engaging them as active participants in NOAA research projects for short periods of time.
Teacher@NOAA is well positioned to address this need since it will provide research experiences to numerous teachers in a structured comprehensive manner.  As envisioned at the July 2007 meeting, T@N will provide long-term follow-up and go beyond a one-time participation event.   The network of teachers fostered by T@N will provide significant support for future participants, while providing NOAA with access to highly qualified teachers capable of creating and testing educational materials and projects.  Participants will share knowledge gained with other teachers through mentoring opportunities.  The program will leverage existing NOAA infrastructure to provide teachers with the experience necessary for NOAA’s formal education activities to be successful.
Purpose

Building on NOAA’s Teacher at Sea and Teacher in the Air programs, the mission of the Teacher@NOAA program is to incorporate two new avenues for the advancement of teacher, and thus student, learning.  These include Teacher in the Field (TIF) and Teacher in the Lab (TIL).  There is a need for NOAA to develop a comprehensive Teacher Research Experience program that will allow educators the opportunity to participate in more facets of NOAA research, including laboratory and field studies, and to literally translate science into action.  The inquiry process is nothing more than scientific methods brought into the classroom.  Teachers who have been exposed to conducting hands-on research and who have had the opportunity to engage first-hand in scientific methods are more prepared to direct students in the inquiry process.  This, in turn, should improve students’ abilities on the NCLB science assessments.  One essential goal of the program is to establish a long-term relationship between the teacher and NOAA so that teachers can gain skills and knowledge of NOAA-related science and data during their research experience and then effectively communicate this knowledge to students, thus contributing to NOAA’s future workforce and the environmentally-literate public needed for NOAA to meet its mission and vision.

The National Science Education Standards, which influence individual state standards, encourage teachers to learn science content by participating in real-world research and then to incorporate this new content into their classrooms by using inquiry-based teaching methods. These standards also support commitment by all stakeholders, especially the scientific community, to enhance classroom science.  This partnership between teachers and scientists is strengthened by teachers becoming the link between the scientific community and students, parents, and the general public (Dixon and Wilke, 2007). Chennel (1999) documented that scientists improve their communication skills when involving teachers in their research, an ability much needed in order to effectively relay their scientific findings to decision makers and the general public.

Teacher Research Experience programs, like that of the NOAA Teacher at Sea program, enable teachers to become users of research as part of a new culture of education (Ovens, 2000).  As a federal agency, NOAA maintains a series of laboratory facilities nationwide and supports national and international field research that teachers and their students typically only read about in textbooks or magazines, or experience through the Internet.  Teacher@NOAA will enable teachers to gain hands-on experience in NOAA facilities with NOAA researchers to learn about sophisticated technology and instrumentation that helps address major research questions significant to each citizen in the United States.  The experienced teacher will then serve as a conduit to the primary target audience, their students, enabling students to better grasp the importance of these scientific research problems and questions at an early age and appreciate the complex, dynamic, and interconnected society in which we live.  With greater appreciation for NOAA-related sciences and data, including NOAA-related sciences and data, the pool of informed future scientists and responsible citizens of the United States will grow.  Application of NOAA science will enhance the number of informed decision makers in our communities and increase the probability that our students will become better stewards of their environment.

Like NOAA’s Teacher at Sea program and NOAA’s internship and fellowship programs, Teacher@NOAA will provide teachers the opportunity to work side by side with NOAA scientists on cutting-edge research projects.  The idea for Teacher@NOAA is based on the premise that NOAA can provide a cost-effective solution to improve teacher confidence in the STEM fields and enhance their knowledge of advanced technologies available to complete research today.  NOAA already has the infrastructure and expertise to support this program, and NOAA is uniquely poised to encourage and make available the opportunities for teacher participation in real-world scientific investigations.  By leveraging NOAA’s world-class science facilities, research platforms, and field sites as venues for teacher professional development through experiential learning, the Teacher@NOAA program will offer a unique, cost-effective means for NOAA to enhance the confidence and competency of kindergarten through college level teachers in NOAA-related science. 

Furthermore, the expansion of the Teacher at Sea program into Teacher@NOAA will open the program to a more diverse applicant pool made possible by the multiple NOAA field sites and laboratories nationwide, many located within short distances of teachers’ homes.  Teacher@NOAA program will also establish opportunities for educators who are unable to travel away from home for extended periods, to work with NOAA researchers in facilities close to their communities.  Having teachers work with NOAA scientists close to home would facilitate maintaining an ongoing relationship between scientist and teacher that could be incorporated into the classroom.  Continued collaboration between educators and scientists will allow for sustained scientific exchanges rather than one isolated experience.  For example, alumni of the Teacher at Sea program view their cruise as more than just the actual “experience”—many view the cruise to be their introduction to an ongoing relationship with NOAA.  So, too, would the lab and field experiences be an entry into a continued partnership. 
The primary target for the Teacher@NOAA program will be middle school science teachers since their students experience their first significant focus on science, particularly Earth Systems science, during this time in their academic career.  A secondary target will be K-6 to establish excitement for the sciences at an early stage of development.  This is particularly important for all teachers working with underrepresented and disadvantaged communities where it is essential to enthuse and empower the students early in science and generally academically.  Great potential also exists in high school to inform students about careers involving NOAA-related sciences.  

Program Characteristics, Logistics, and Requirements
The Teacher@NOAA Program will consist of four sub-programs—Teacher at Sea, Teacher in the Air, Teacher in the Field, and Teacher in the Lab. Program operation across these components will share some common elements but also include characteristics unique to the specific opportunities. Implementation will require staff to coordinate program level activities agency-wide with individual components coordinated within the appropriate NOAA line and program offices most relevant to component operations (e.g., OMAO for TAS and TIA).  

For each sub-program, participants will complete pre-deployment training, both online and in person, in order to gain the knowledge necessary to adequately prepare them for their assignments.  Teachers and scientists would be “matched” by teacher qualifications, location of the facility, and general interests, whenever possible.  Each sub-program will include the participants assisting scientists in their daily tasks, thereby gaining knowledge of NOAA science in a hands-on manner.  In addition, participants in each sub-program will be expected to submit two to three logs per week, along with digital photos, to be posted on the Teacher@NOAA Web site.  This will allow for the knowledge the teacher has gained to be disseminated to the Web site’s audience, namely the teachers’ students and other interested parties.  

Currently under the Teacher at Sea program, participants go to sea aboard NOAA ships for a week to a month in order to work side by side with scientists, officers, and crew so that they may participate in hands-on scientific research.  Activities while on board a NOAA vessel may include sorting and measuring species, conducting CTD casts (conductivity, temperature, and depth), recording weather data, and assisting in navigation, among other duties.   

Participants in the Teacher in the Air program also take part in hands-on research, but via NOAA aircraft.  Unlike the Teacher at Sea program, participants in the Teacher in the Air Program usually fly on NOAA aircraft 1-3 times in a week, depending upon the flight schedule and space availability.  Participant activities can include preparing and deploying dropsondes, assisting in navigation, and recording data.  

Those participating in the Teacher in the Field program will be given the opportunity to conduct activities pertaining to weather, climate, and atmospheric research, as well as field work related to NOAA’s coastal programs.  Potential activities include deploying radiosondes, deploying weather balloons, measuring rainfall, collecting weather data, collecting samples in coastal estuaries and marine sanctuaries, and conducting surveys using SCUBA.  The possibilities for engaging in NOAA field work are almost endless.  

Participants in the Teacher in the Lab program will actually work in an assigned NOAA lab as a mentee, or “shadow”, of a NOAA scientist.  This program will require the longest time commitment, with assignments that could last as long as six weeks.  Some of the logistics could be potentially easier to arrange for lab/field experiences because they could be longer, more local, and more anticipative (both from the type of research, alignment with state standards, expectations, roles, and outcomes).  

In order to ensure the Teacher@NOAA program’s success, multiple parties will need to be involved in developing the educational strategies needed for that success.  The main agents in this strategy will be the Teacher@NOAA staff, NOAA’s Office of Education, NOAA line offices, NOAA scientists, and the teachers themselves as the participants, and the T@N alumni.  

The Teacher@NOAA Program will provide pre-experience training and a post-experience assessment, including extensive follow-up and evaluation components.
The T@N staff will be responsible for the overall participants’ preparation before embarking on their research experiences.  The program will offer online training pertaining to the specific venue the teacher will be working in (sea, air, etc).  Additionally, the program will offer an in-person training event that will bring the participants together for a workshop prior to embarking on their research experiences.  This workshop may include training in scientific equipment and instrumentation, skills for living in the field and at sea, lab safety and etiquette, and teamwork training, as well as program orientation and specific information and study materials on the science and data.  This training will ideally include information provided by the head researchers and scientists.  A T@N Coordinator will act as a liaison between scientists in NOAA field offices, the participants, and T@N staff.  During the research experience, communication as needed will continue among all parties, but NOAA scientists will obviously be responsible for the hands-on scientific training of the participants.  As appropriate, laboratory directors will follow established protocol with past interns or teachers.  Multiple teachers might also be able to be on assignment simultaneously at the same lab.  The scientists will determine, along with guidance from T@N staff, in which activities the teacher will participate.  

After their research experience, the Teacher@NOAA program will invest in sustaining the relationship between the teachers and NOAA.  The alumni of T@N will become “NOAA Ambassadors” to their schools and NOAA region and serve as mentors to new participants, which will create continuity between outgoing and incoming classes.  These alumni will provide NOAA with a core of teachers who will be able to increase awareness of NOAA and NOAA-related science and data, increase awareness of NOAA-related careers, and evaluate NOAA educational products. Ambassadors will serve as points of contact for their region, and will coordinate ongoing and post-experience activities, thus providing a valuable resource previously untapped in the Teacher at Sea program.  They will also work to establish curricula for mentees.  The T@N staff will be responsible for correspondence with the ambassadors, as will designated line office staff assigned as T@N regional points of contact.  

Like the Teacher at Sea program, the T@N program will accept applications from currently employed K-16 teachers with the majority of participants most likely being middle and high school science and math teachers.  However, the program will be open to teachers of all subjects as awareness of NOAA-related science and careers is needed across curriculums.
With NOAA’s Teacher at Sea program currently operating, and NOAA’s Teacher in the Air Program gearing up, Teacher in the Lab and Teacher in the Field will be piloted in Fiscal Year (FY) 2008.  Currently, the Teacher at Sea Program sends approximately 30 teachers to sea per year.  Teacher in the Air sends approximately five teachers per year to fly on NOAA aircraft.  A limited number of teachers will participate in both Teacher in the Lab and Teacher in the Field as pilot programs in FY 2008.  Once the pilot phases of TIA, TIL, and TIF have been evaluated and assessed, T@N will be fully functioning by FY 2010.    

Evaluation and Assessment

Periodic evaluations will be essential to ensure the program is functioning effectively and will provide a foundation of information from which the program can continue to evolve.  For example, the evaluation of the TAS and TIA programs has indicated the need for, benefits of, and opportunities associated with the Teacher@NOAA program described in this paper.  Also, a formal evaluation of the TAS program will begin in FY08 with plans to publish the findings in FY09.  These findings will be used to guide the establishment of Teacher@NOAA.
A front-end evaluation of the Teacher@NOAA concept was completed in July 2007 using a focus group of alumni from the Teacher at Sea and Teacher in the Air programs. The focus group reviewed draft program goals and objectives defined by an internal program development team and provided recommendations about appropriate target audiences, activities, duration, incentives, and follow-up activities to achieve the desired outcomes:

1. Long-term Outcomes: Social, environmental, and/or economic conditions to be changed.

· Social: Build a robust and diverse workforce for NOAA-related careers (Teacher at Sea currently is focused on promoting/building NOAA Corps service)

· Environmental/Social: Build understanding of NOAA-related sciences

· Environmental/Social/Economic: Improve use of NOAA-related sciences and services in decision making

2. Mid-term Outcomes: Practice or action required to bring about social, environmental, or economic change.

· Incorporation of NOAA-related science and NOAA examples in classroom activities

· Incorporation of NOAA-related careers opportunities and pathways in classroom discussions and mentoring

· Application of NOAA science to informed decision-making (e.g., interdisciplinary project-based application)

· Ongoing association with NOAA

3. Short-term Outcomes: Knowledge, attitudes, skills, or aspirations required to achieve the change in practice or action.

· Increase level of understanding and interest in NOAA-related science as described by various standards (e.g., NSES, Ocean Literacy, Climate Literacy)

· Improve understanding of NOAA-related careers and career paths

· Ability to translate NOAA science information and make informed judgments and action

· Increased confidence using NOAA-related experience in the classroom

4. Reactions
· Enthusiasm for NOAA science

· Interest in ongoing association with NOAA research staff, venue and project, and agency

· Characterization of the experience as truly participatory and experiential
· General satisfaction with the experience (e.g., logistics, length, level of participation)

A pilot implementation for Teacher@NOAA proposed for FY 2009 and FY 2010, based on availability of funds, will be designed to address these recommendations and outcomes. Development of the final design, logistics, and operations of the pilot will be overseen by an internal advisory group consisting of representatives from the existing Teacher at Sea and Teacher in the Air Programs, NOAA Office of Education, and the line offices or programs that could be involved in the Field and Lab component expansions. The NOAA Office of Education will support design of the pilot by providing the services of an independent evaluation team to assist the advisory group in defining appropriate performance measures to track program outputs and evaluate program outcomes.

At the completion of the pilot implementation, an interim formative evaluation will be conducted based on the defined performance metrics in coordination with the advisory group to assess whether the activities and operations were effectively implemented and appropriately structured to achieve programmatic outcomes. The evaluation will assess the reactions and outcomes of the participating teachers, the associated research staff, and the staff responsible for coordinating the experience. The findings of this evaluation will be briefed to the NOAA Education Council and used to inform and adjust the program design for the full-scale implementation in FY2011.

A complete formative evaluation will be conducted after full-scale implementation to ensure that the experience is appropriately designed and implemented, effective at achieving the short-term programmatic outcomes, and establishes the foundation necessary to assure that mid- and long-term outcomes are achievable. The findings of the formative evaluation will be briefed to the NOAA Education Council and used to adjust the program activities as it transitions to an operational phase in FY2011.

During the operational phase of implementation, data will be collected annually on program outputs and outcomes using the evaluation instruments developed during the formative evaluation. An annual progress report will be given to the NOAA Education Council.

An independent summative evaluation will be conducted at the completion of 3 years of program operations to assess program success at achieving short- and mid-term outcomes. Three years of program operation should establish a sufficient pool of program alumni to provide for longitudinal data required to assess mid-range behavioral change.

Design for the summative evaluation will be structured to incorporate a well-matched comparison group to ensure sufficient control and a reasonable expectation that the measured effects resulted from programmatic activities. The evaluation will be supported through a grant to or contract with an independent evaluation team.

Budget Justification
NOAA’s Office of Education and the Teacher at Sea program (Fleet Services Goal) submitted a request for funds in the Programming, Planning, Budget and Execution System (PPBES) FY2011-2015.  The request is listed below, along with an explanation.  This request is an estimate based on figures from operating the TAS program and other Teacher Research Experience programs.  Until the pilot of T@N is completed, these numbers are well-informed estimates.
	Teacher@NOAA

Resource Requirements
	 
	 PPBES 
FY2011 - 2015

	OEd: NOAA’s Office of Education

FS: Fleet Services
	 
	OEd $K
	OEd FTE

	Teacher at Sea and Teacher in the Air
	PROJECTED Annual
Participants
	 
	 

	Travel ($2.0 K/participant)
	50
	100
	 

	Stipend ($1.0 K/participant)
	50
	50
	 

	Teacher in the Field/Lab (6 weeks)
	 
	 
	 

	Travel ($2.0 K/participant)*
	20
	40
	 

	Stipend ($1.0 K/participant)
	20
	20
	 

	Living Expenses ($4.2 K/participant)
	20
	84
	 

	Program Coordination & Support
	 
	 
	 

	Annual Meeting/Orientation/Alumni                                                                                                                                                Support
	~100
	236
	 

	Evaluation
	 
	100
	 

	Program Manuals & Materials
	 
	50
	 

	Program Staff
	 
	300
	2

	Staff Travel
	 
	20
	 

	Sub TOTAL
	
	1,000
	2

	Total New T@N Participants
	70
	
	

	Total T@N Participants 

(new and alumni)
	~100
	
	

	Total Program Budget
	1.6
	
	

	Total Program FTE
	2
	
	


Travel: Estimated total cost of all types of transportation to and from destination based on current cost per Teacher at Sea participant.

Stipend: $1.0 K for participation in professional development is an approximate industry standard.

Living Expenses: Based on standard Federal daily rate for lodging, meals & incidentals ($0.100 K/day) for 42 day (6 week) research experience. Living expenses are allocated only for Teacher in the Lab & Field experiences because lodging & meals are provided by the hosting NOAA vessel at Sea.

Annual Meeting/Orientation/Alumni Support: Required attendance for selected future participants and competitive incentive for past participants. Scheduled coincidence with the Annual National Meeting of the National Science Teachers Association (NSTA). Cost includes per participant: Conference fees $0.25 K; 4 days lodging, meals & incidentals ($0.1 K/day), Travel ($1.0 K) plus NSTA symposia fee ($40).

Evaluation: Estimated at a rate recommended for evaluation of education activities (10% of total program costs).






Staff Travel: Conference participation for recruitment purposes and orientation activities (1 person at each of 3 NSTA regional conferences; 2 at NSTA National) at $1.5 K/person; ~12 other site visits or events ($1.0 K).

Conclusion

Based on preliminary research, both NOAA staff and TAS alumni agree that expanding NOAA’s Teacher at Sea Program into a comprehensive Teacher@NOAA Program will greatly benefit the program’s participants and contribute towards NOAA’s mission and requirements.  In turn, students will benefit from the wealth of information that teachers bring back to their classrooms.  By expanding NOAA’s Teacher at Sea Program into the Teacher@NOAA Program and by leveraging the infrastructure already existing within NOAA and the Teacher at Sea Program we can seize the opportunity to meet the challenge the America COMPETES Act has mandated for NOAA.  
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