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Preparing Future Agriculture Teachers for STEM Integration
Introduction
Rigorous preparation in the STEM (science, technology, engineering and math) disciplines is crucial for the next generation of farmers, ranchers and agricultural leaders to be prepared for the changing face of agriculture (National Research Council, 2009). In a recent speech, former United Nations Secretary General Kofi Annan, the UN Food & Agriculture Organization and the World Bank, highlighted the need to boost global food production.  Delivering the dramatic increases in crop yields needed to feed 9 billion people by 2050 - without increasing greenhouse-gas emissions or encroaching on land that is needed to maintain biodiversity - is a daunting challenge with no simple solutions. It will probably require many different innovations in plant growth and food production, from exploiting plant genomics to create crop strains resistant to changes in climate, to reducing greenhouse-gas emissions from agricultural practices, to boosting the efficiency of photosynthesis (Gewin, 2011). The secondary agriculture classroom is the ideal place to provide students with the skills and knowledge to address these growing concerns, but teachers must be adequately prepared for this (often daunting) task.
Twenty-first century agriculture teacher preparation programs are responsible for equipping teachers with the ability to meet increasing expectations for STEM integration in their programs. In addition to science content knowledge, effective science instruction that conforms to national standards includes using a student-centered, inquiry based approach (National Research Council, 1996). In a recent study, (Washburn & Myers, 2010) found that agriculture education teachers in Florida overwhelmingly supported including instruction on science integration in agriculture as part of teacher preparation programs. (Thompson & Balschweid, 2000) had similar results in a study of Agricultural Science and Technology teachers in Oregon. While some agriculture teacher preparation programs do include instruction in inquiry, U.S. agricultural education teacher educators are not as comfortable with teaching science content nor are they as aware of current movements in science education when compared to agriculture (French & Balschweid, 2009). Furthermore, agriculture teacher misconceptions about the nature of science and the process of scientific inquiry can prevent students from engaging in authentic inquiry during science instruction (Grady, Dolan, & Glasson, 2010). 
program Design
In order to strengthen STEM integration efforts, the university agricultural education department hired a faculty member with a science research and teaching background. This person provides expertise on best practices for teaching science content and the nature of science.
Upon graduating from the one-year, master’s level teacher preparation program, students are prepared to incorporate science and student-centered inquiry into their teaching of agriculture concepts. Students enter the program with foundational science and agriculture content knowledge. Prior to admission to the program, students are required to complete a bachelor’s degree in agricultural sciences or other degree in agriculture. The agricultural sciences degree requires a minimum of 8 semester hours each of biology and chemistry, including laboratories. The curriculum design course in the teacher preparation program aims to help pre-service teachers incorporate inquiry, critical thinking, and problem solving into their courses.
Results to date
As a part of the inquiry component of the curriculum design course co-taught by faculty with agriculture and science education backgrounds, students conducted a number of laboratory experiments designed to reflect the key components of inquiry based instruction (Fay & Bretz, 2008).  As a result of these experiences, the agricultural education students engaged in weekly discussion of what inquiry based instruction might look like in an agricultural education classroom, how they as teachers will be able to initiate student lead inquiry based experiences within the context of agriculture, as well as how inquiry based laboratory experiences can be conducted without expensive resources and equipment.  
The laboratory experiences allowed students to reflect on how they, as teachers, will be able to increase the opportunity for their future students to engage in science concepts in the context of agricultural education classes.  The core piece of this discussion and student reflection centered on the issue of how much science emphasis might be too much of an emphasis (Center for Science Mathematics and Engineering Education Staff, 1998) resulting in a loss of the agricultural content focus that attracts the secondary students to an agriculture program in the first place. These discussions offered students the unique opportunity to examine curriculum issues with a team of two faculty members representing science research and education and agricultural education. Discussions continued throughout the course as both the students and faculty members recognized the issues as an ongoing struggle to balance the need to strengthen and recognize the science concepts imbedded in agriculture practices and the importance of providing enough classroom time to the specific content components of the agriculture curriculum. 
Future plans
As the students move into their student teaching internship work, they will be challenged to integrate inquiry based instruction into their teaching responsibilities.  Since many current teaching internship sites have limited science based laboratory resources, student will have the option to borrow teaching and laboratory resources from the agricultural and extension education department at the university.  As the university faculty members continue to seek funding for STEM curriculum integration projects, they will continue to include requests to purchase additional resources for students to utilize in their local internship sites. 
The next phase is to complete externally funded curriculum development projects that will emphasize STEM integration and in-service teacher professional development efforts that support the state agriculture teachers.  This development work will be done with the same partnership of science and agriculture educators incorporated into the agricultural education course offered to the pre-service students. Once completed, the curriculum will be available to science and agriculture educators nationally.
resources needed
Minimal additional resources are required for departments that have established agriculture teacher preparation programs. There are a variety of ways to include a person with a science background in co-teaching. If it is not feasible to hire new faculty in the agricultural education department, collaboration with science education faculty or hiring an adjunct instructor are possibilities. Alternatively, involvement of science research faculty and graduate students in an agricultural education program may satisfy requirements by their funding agencies to conduct outreach activities.
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