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Teaching Science, Technology, Engineering and Mathematics through Agriculture, Food and Natural Resources

Introduction & Need for Innovation
Agriculture, food, and natural resources (AFNR) are essential to human life and plays an important role in the global AFNR grand challenges that people are facing today. One in four jobs in AFNR are related to science, technology, engineering and mathematics (STEM), and there are nearly 15,500 annual job openings in agricultural related STEM areas, such as food scientists, biological engineers, and plant scientists (USDA, 2015). In addition, Mercier (2015) recommended the agricultural education system adapt to connect with STEM disciplines that links student learning to integrated projects that address real-world 21st century problems. Yet the integration of AFNR and STEM education are typically conducted independently within their respective domains (e.g., agriculture education or science education). Teachers play an important role in helping students learn (Stronge, 2007), and literature supports a consistent theme that agriculture teachers lacked science knowledge to integrate science into their classes (Baker, Bunch, Kelsey, 2015), and science teachers lacked agricultural knowledge to integrate agriculture into science classes. Although integration of STEM subjects offers students opportunities to experience learning in a real-world situation (Tsupros, Kohler & Hallianen, 2009), traditionally, teaching methods courses are taught in isolation within specific domains or disciplines. Students in teaching methods courses have limited opportunities to experience how to teach using interdisciplinary or integrated approaches by mixing domains such as agriculture and science. Although the integration of science and agriculture has been studied by many researchers in agricultural education, few researchers have focused on how to structure an effective course to equip students with knowledge and skills to develop lesson plans and teaching pedagogies by using an integrated and interdisciplinary approach through AFNR. 

How It Works/Methods/Program Phases/Steps
A new two-credit graduate course was developed and taught to help graduate students, who are interested in becoming youth educators, in a college of agriculture learn how to teach STEM through AFNR. We framed this innovative course as interdisciplinary learning (Ivanitskaya, Clark, Montgomery, & Primeau, 2002) for the development of integrated STEM lessons. Integrated learning promotes the development of: (1) higher-order thinking skills; (2) problem-solving skills; (3) knowledge application to real-world problems; (3) creativity, innovation, and invention; (4) relevance, including learning in real time and life; and, (5) individual and collaborative learning (Hargreaves & Moore, 2000). The student learning objectives of the course were to: (1) Select and develop an integrated model, and explain how it informs best practices for science and agriculture, food, and/or natural resources teaching and learning; (2) select current national and state standards that help design lesson plans in nonformal, and formal educational contexts; (3) develop lesson plans by using agriculture, food, and/or natural resources as context to teach STEM content and concepts; (4) identify life and 21st century skills that are relevant in agriculture, food, and/or natural resources contexts and demonstrate how these skills can be integrated into lesson plans; (5) write an assessment plan to evaluate learning outcomes; and, (6) use learner-centered teaching strategies, such as inquiry-based learning, to teach the lesson plans. This course consisted of 100-minute weekly sessions for 15 weeks. The co-instructors modeled integrated STEM lessons and facilitated discussions of readings in the weekly sessions. Students completed reflections on their learning experiences. Students developed a STEM integrated lesson plans by using agriculture, food, and/or natural resources as context and they taught and implemented the lesson plans with fifth grade students in an afterschool program. Students reflected on their own teaching experience and also conducted a teaching observation of a peer in the course. Finally, students developed a draft manuscript for dissemination of their integrated STEM lesson plan.

Results to Date & Implications
The graduate students who took the course believed that agriculture provides an excellent context to teach STEM integration. In addition, agriculture not only provides the content, but the context and overall themes that each part of STEM can relate back to. Although there are divided opinions on the best integration model to teach STEM through AFNR, majority of our students believe that interdisciplinary and transdisciplinary approaches are the best models to teach STEM through AFNR. They also believed by using integrated approaches, students are able to integrated the information and develop effective critical thinking and problem-solving skills that can be applied in a variety of settings. The students planned an integrated lesson and delivered it to fifth grade students in an afterschool program. They reflected on their teaching and learning experiences and shared their personal schemas of integrating STEM through FANR. The students also described their experiences were engaging, meaningful, and motivating; yet, they experienced challenges of delivering integrated learning experiences within the time constraints of the afterschool program.
The AFNR challenges that we face in our society are complex and interdisciplinary with STEM. One of the biggest challenges for STEM integration is that there is no agreement on what the best model is to integrate STEM with AFNR. This new course provided the students and instructors an opportunity to explore various roles that AFNR play in integration—as content, context, approach, or as the integrator. Our findings enrich our understanding of what the best model is to integrate STEM with AFNR from our graduate students’ perspective. Our finding serves as a starting point to help STEM and agricultural teachers who desire to integrate science and agriculture teaching STEM through AFNR.
Future Plans/Advice to Others
Students enrolled in the course were AFNR-related majors in the college of agriculture. We plan to recruit more broadly to attract students from STEM-related majors from colleges of science, technology and engineering. The interdisciplinary approach promotes a higher level of integrated learning and educational outputs, and would also broaden the understanding of agriculture to other STEM-related educators. It is also imperative that the co-instructors of a course represent different domains of agricultural education and science education and they have compatible philosophies to effectively co-teach and model interdisciplinary and integrated education.
Costs/Resources Needed
Co-instructors spent 50 hours of planning, 25 hours of instruction, and 10 hours of evaluation for each faculty. Approximately $100 was spent to support teaching resources for preservice educators. Reading resources (Bybee, 2014; Honey, Pearson, & Schweingruber, 2014; Vasquez, Sneider, & Comer, 2013) and curriculum resources (Karahan, Guzey, Moore, 2014; McGough & Nyberg, 2013; Schon, Hougham, Eitel, & Hollenhorst, 2014) were also useful. 
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