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Bioenergy Science and Engineering as Components of Ag Education Curricula

Introduction/ Need for Research
It is important for the “entire global food and agriculture system be reflected in the [agricultural education] curriculum (Doerfert, 2011, p. 26). However, teaching about energy crops is new in the agricultural education field (Sallee, Edgar, & Johnson, 2013). Teachers recognize the importance of bioenergy careers but do not have confidence in their knowledge about these career choices (Christensen, Warnick, Spielmaker, Tarpley, & Straquadine, 2009). Additionally, teachers agree on the importance of biomass production and believe it should be taught in existing agricultural education classes (Han, 2014). However, curricula have not yet been developed to meet this need (Acker, 2008). In accordance with priority five of the National Research Agenda (Doerfert, 2011), this study aimed to develop a list of key bioenergy concepts for use in agricultural education programs. These concepts can be used to guide the development of curriculum to support the teaching of bioenergy concepts, including biomass production.

Theoretical Framework
Learning is most effective when it occurs in a meaningful context (Doerfert, 2011). Bioenergy provides a context for students to learn concepts of biology, chemistry, physics, earth science, and economics. Situated learning (Lave & Wenger, 1991) places the learner in a community of practice which provides a context for knowing the background and practices of the community. The inclusion of bioenergy in agricultural education allows students to take on the role of a biomass producer who must understand the larger issues associated with biomass crops and alternative energy needs. This approach situates agriscience concepts in a real-life context and allows students to better understand the issues. 

Methodology
This study was conducted using a mixed-method three-round “Classical Delphi” methodology (Dalkey & Helmer, 1963; Okoli & Pawlowski, 2004). This approach was used to identify important concepts for a K12 bioenergy education framework and develop consensus among a group of bioenergy experts. To this end, educators and researchers (N=20) from the National Institute of Food and Agriculture bioenergy grant research community were recruited to participate on an expert panel, charged with developing a consensus on the essential bioenergy concepts for K12 students. A traditional three-round Delphi methodology was used to foster a consensus around core bioenergy concepts. In round one, the experts were asked to list all the concepts they believed were essential to teaching bioenergy at the K12 level. The participant’s responses were qualitatively coded for bioenergy concept themes. In round two, experts were asked to rate (1=non-essential to 5=essential) how essential each of the themes were. Concepts with a rating below 4 were removed from the list as not being essential. In round three, participants again rated the shortened list on importance.  

Results/Findings
Of the 21 experts who agreed to participate in the study, eight completed all three rounds.  After coding round one, 20 themes emerged. After round two, nine themes were removed from the list because they were rated below a 4 (1=non-essential to 5=essential) by at least two-thirds of the respondents. Table 1 shows the final list of bioenergy themes and their ratings.

Table 1
Bioenergy Science and Engineering Themes Identified by Experts for K12 Education (N=8)
	Theme
	Field
	M
	SD

	Energy requirements: Quantity and type of energy needed
	Engineering
	4.88
	0.35

	Energy consumption: Current and historical energy sources
	Engineering
	4.88
	0.35

	Climate change:  Historical record and projected consequences
	Science
	4.88
	0.52

	Nature of engineering: How engineering is important to bioenergy
	Engineering
	4.63
	0.52

	Energy fundamentals  
	Engineering 
	4.63
	0.52

	Work, energy, conversions
	Science
	4.63
	0.52

	Lifecycle assessment: Environmental impacts cradle to grave
	Science
	4.50
	0.52

	Photosynthesis:  How light energy is stored in plants
	Science
	4.38
	0.46

	Conversion principles: Types of biomass conversions
	Science
	4.38
	0.52

	Chemical cycles: Water, carbon, nitrogen cycles
	Science
	4.25
	0.35

	Ecosystems: Ecology and human impact
	Science
	4.25
	0.52


Note.  Items ranked on a scale of 1= non-essential to 5=essential.

Conclusion
[bookmark: _GoBack]Because bioenergy is a new field in agricultural education it can be difficult for educators to choose appropriate topics from among the many available. This study yielded 11 important themes, producing a framework for teachers to integrate aspects of bioenergy concepts into agricultural education classrooms. The bioenergy concepts framework highlights the need for basic understandings of energy along with a better understanding of basic biology concepts such as photosynthesis, chemical cycles, and ecosystems.  Furthermore, these findings provide a framework for educators to facilitate learning in a community of practice because it provides students with a context for knowing the key concepts and practices of bioenergy and biomass production.   

Implications/Recommendations/Impact on Profession

This research contributes to the field by providing guidance regarding important bioenergy concepts applicable to agricultural education classrooms. Because these themes emerged from a K12 education context, these findings have implications not only for secondary agriculture teachers, but also agricultural literacy programs, such as Agriculture in the Classroom, in the primary grade levels. We recommend state agriculture teacher associations work with university faculty in developing and distributing this curricula. Furthermore, we recommend teachers and university faculty utilize the themes and concepts from this study when developing bioenergy curricula. Finally, we recommend needs assessment studies and professional development regarding the teaching of bioenergy concepts be conducted among agriculture teachers. 
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