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Implementing the Integration of STEM Curriculum in Agricultural Education: Implications for Pre-service Teacher Education
Introduction and Background
	A quality education is essential to compete in today’s job market, not only when competing for “top tier” jobs but entry-level skill positions as well. So, it is easy to recognize why student success regarding knowledge and skill acquisition is important not only on the local level but also the global stage (National Center for Education Statistics, 2005; Provasnik, Gonzales, & Miller, 2009).  
	Stone, Alfeld, and Pearson (2007) found that the competence of America’s high school students in curricular areas such as science and mathematics was insufficient for many entry-level employment opportunities. Moreover, according to Provasnik et al., U. S. students who took the Trends in International Mathematics and Science Study (TIMSS) assessment from 1995 to 2007 showed no improvement during that period, further reinforcing the need for increased Science, Technology, Engineering, and Math (STEM) curriculum integration. This has become an “escalating imperative” among lawmakers who have expressed concern over poor achievement levels of many students (Robelen, 2010).  
	The U. S. Bureau of Labor and Statistics has projected that a 22% increase of STEM-related job openings will occur due to growth and retirements in the U. S. by year 2014 (Terrell, 2007). This increase translates into 2.5 million additional workers who will be needed to fill STEM-related jobs. Due to this projected need for workers with highly developed competencies in math and science, teacher educators need to embrace STEM education as it relates to the professional preparation of teachers (Morrison & Bartlett, 2009).
	The highly qualified requirement for instructors mandated by No Child Left Behind legislation of 2001 and the importance of improved program effectiveness (Reeves, 2003) highlights a need to integrate more STEM content into secondary agricultural education curriculum (U.S. Congress Act 109, 2006). Additionally, as posited by Washburn and Myers (2010), the importance of agriculture teachers and their science teacher colleagues collaborating is key to increasing student achievement. However, according to Myers and Thompson (2009), a philosophical shift is needed in agricultural education. Teachers need to “buy in” to the concept that core curriculum areas such as math, science, and reading should be integrated into agricultural education transparently and continually. Moreover, teacher preparation programs can serve as “catalysts” toward increasing STEM integration in the AGED curriculum.  

How It Works
[***] requires AGED pre-service teachers to take several courses before embarking on their student teaching experience. Two of these courses include Foundations and Philosophies of Teaching Agricultural Education (AGED 3103) and Methods and Skills of Teaching and Management in Agricultural Education (AGED 4103). Students are required to create detailed lesson plans using the [***] lesson plan template. In AGED 3103 labs, students are required to incorporate STEM principles in their assignments. Students create and present a lesson emphasizing STEM curriculum integration, including applications. Activities must be included in lessons that hold potential for increasing student engagement and learning. AGED 4103 labs stress STEM concepts by requiring students to develop four lessons featuring various teaching methods. Pre-service teachers are required to incorporate science, technology, and math principles in lessons through such methods as inquiry-based teaching and learning, demonstrations, case study, and modified lecture. Lab instructors assess students’ lessons and facilitate their improvement, including STEM integration, before the lessons are taught during students’ field experiences.

Results to Date
During the 2009-2010 academic year, 27 AGED 4103 and 74 AGED 3103 pre-service teachers received instruction on integrating STEM principles. Accordingly, students integrated science, technology, and math into their lessons. Lesson topics in AGED 3103 ranged from plant nutrient requirements to animal anatomy regarding science, ratios and percentages as well as graphing per math, and use of Interactive White Boards (IWBs) along with data management software addressing use of technology. Pre-service teachers in AGED 4103 created numerous lessons incorporating science, technology, and math. Specific examples included anatomy of various species of livestock, punnett square problems (genotypic and phenotypic characteristics and heritability ratios), perimeter and volume calculations, solving equations, IWB tools and applications, as well as power tools and land surveying instrumentation.

Future Plans and Cost/Resources Needed
AGED faculty at [***] will continue to prepare pre-service teachers in future semesters with an emphasis on STEM integration. They will continue incorporating and modifying assignments to require more use of IWBs and other instructional technologies to enhance student engagement and learning. Integration of science and math will be highlighted along with English, history, and social studies, where appropriate. Input from student teachers through focus group interviews during their capstone seminar debriefing sessions will be gathered. Faculty will examine and discuss student teachers’ methods of incorporating STEM. Students’ perceived needs regarding effective integration of STEM and possible opportunities for systematic inquiries on STEM integration will be explored by faculty. In addition, it is anticipated that AGED teachers’ use of STEM content integration will be studied in the future, through Strengths, Weaknesses, Opportunities, and Threats (SWOT) analysis, for example. 

Integrating STEM principles into pre-service AGED teacher preparation programs involves no “mandatory” costs. Time is the only “investment” required to create assignments stressing curriculum integration of STEM principles.  Pending availability of resources, the average cost of an IWB is $2,100.00 (Bunch, Whisenhunt, Edwards, Robinson, & Ramsey, 2010). An alternative to the IWB can be the purchase of a Wireless Slate (WS) at an average price of $340.00 (Ramsey, Whisenhunt, Bunch, Edwards, & Robinson, in review). Purchasing realia to assist pre-service teachers in completing assignments could be an additional but optional cost.
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