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An Analysis of Engineering Content embedded within Western United States’ Agricultural Education Standards

Introduction/ Need for Research
National standards such as the Common Career Technical Core (CCTC) (NASDCTEC, 2012) and the Next Generation Science Standards (NGSS) (NRC, 2012) call for increasing student exposure to engineering in K12 education. Students are being asked to learn engineering practices such as design and optimization in middle school and high school. The CCTC presents an argument for students developing skills to apply engineering principles in power, structure, and technical systems. The NGSS envisions students adopting engineering practices and applying the engineering design process throughout all science classes. It is not known to what extent these national standards have been implemented in state agricultural education curricula. This study investigates western state agricultural education standards to evaluate their engineering content. With increased societal pressure to educate students in science, technology, engineering, and mathematics (i.e. STEM), emphasis on agricultural education as a science-focused discipline has increased (Wilson & Curry Jr., 2011). This study addresses Priority Area 3 of the National Research Agenda: Sufficient Scientific and Professional Workforce That Addresses the Challenges of the 21st Century (Doerfert, 2011).

Theoretical Framework
Learning is most effective when it occurs in a meaningful context (Doerfert, 2011). Engineering provides a context for students to learn concepts of agricultural science in context. Situated learning (Lave & Wenger, 1991) serves as the framework for this study. Situated learning places the learner in a community of practice to provide a context for knowing the background and practices of the community. The National Academy of Sciences (2009) issued a report entitled Transforming Agricultural Education for a Changing World which states:  “Our world is changing at an increasing pace and unleashing a complicated set of problems and opportunities” (p. 1). These problems require the ability to use science and mathematical knowledge in context.  Researchers have found improved student learning of STEM concepts when taught in a practical context, such as agriculture (Parr, Edwards, & Leising, 2006; Stone, Alfeld, & Pearson, 2008; Rich, Duncan, Navarro, & Ricketts, 2009; Clark, S. (2012). The inclusion of engineering in agricultural education allows students to take on the role of a problem solver in agricultural contexts. This approach situates both traditional science concepts along with agricultural science concepts in a real-to-life context, which allows students to better understand what they are learning.
Methods

This study employed content analysis to evaluate state agricultural education standards. All states (total of 24) west of the Mississippi River were included in the study. Career and Technical Education (CTE) standards for each state were located (if possible) through the help of a database managed by the Association for Career and Technical Education (ACTEonline.org). This database provides a high-level analysis of existing CTE standards for each state. In addition, Internet searches were initiated using the search terms “[State] agriculture education standards.” Once a state’s CTE standards were located, it was evaluated for agricultural education components. Any agricultural education-related components were copied into an Excel database. Any text not related to the individual standards was removed. After processing the Excel database consisted of a list of the agricultural education standards text for each state.
The standards for each state were further analyzed to identify engineering-related concepts. Each standard was evaluated for the presence of engineering concepts, which might be identified using keywords such as “engineer,” “engineering,” and “design.” The resulting list of standards was categorized by state, career pathway, and course or focus. This process was initially completed in May of 2014 and was repeated in June of 2015 to identify and include newly published standards, which were found in 3 states.
Results / Findings
Agricultural education standards were located for half (12) of the 24 states included in the study. The text of the standards included 81,017 sentences and 17, 850 individual standards. The average number of standards was 1,487 with a standard deviation of 1,295. Nevada has the largest number of standards (4,119) and Alaska has the smallest (40). Only a small percentage of these standards included engineering content. Of the twelve states publishing agricultural education standards, 83% included at least one standard with engineering content. However, only 0.15% (27) of the total number of standards (17,850) included engineering. These standards covered a broad range of content areas and primarily focused on design. Animal Systems pathways called for students to design an enclosure for livestock. Environmental Systems pathways discussed designing solutions to fluid flow problems and environmental issues. Plant Systems called for designing a greenhouse and landscape irrigation system. Power, Structural, and Technical systems was more broad and covered concepts such as designing generic projects, hydraulic systems, plumbing, control systems, electrical systems, and metal products.
Conclusion

Engineering concepts represent a small percentage of the total number of agricultural education standards published by the 24 states west of the Mississippi River. While Although the percentage of standards is small, the fact they exist provides an opportunity for curriculum developers and agricultural educators to implement national standards in such as NCTC and NGSS in their programs. The diverse range of pathways which include engineering-related standards point to the potential of teaching engineering practices in a majority agricultural education programs.
Implications/Recommendations/Impact on Profession

This research contributes to agricultural education by identifying specific content areas appropriate for including standards-based engineering content. The CCTC and the NGSS call for integration of engineering into agricultural education and science courses. This research supports the work of curriculum developers and agricultural literacy programs (such as Agriculture in the Classroom) by identifying content areas appropriate for integration of engineering concepts. We recommend engineering concepts be evaluated more broadly for integration into state agricultural education standards, district policies, and classroom curriculum.  
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