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Professional Development for Sustainable Bioenergy Education

Introduction/Need for innovation or idea
With an increasing demand for technological advancements and a generation set to retire, the amount of available jobs in science, technology, engineering, and math (STEM) is on the rise (Terrell, 2007). The need for people to work in STEM fields has continued to grow, and high school graduates are being asked to fill this need (Terrell, 2007). Unfortunately, secondary students are lacking in their overall STEM knowledge (Stone, Alfeld, & Pearson, 2008). What is more, when comparing test results, U.S. students lag behind their counterparts from other countries (Hanushek, Peterson, & Woessmann, 2014). 

By participating in math and science competitions, students can prepare themselves better for a STEM career (Terrell, 2007). Fortunately, agricultural education serves as a natural nexus for preparing students for future STEM careers due to the existing STEM competencies found within the agricultural education curriculum (Myers & Thompson, 2009; Smith, Rayfield, & McKim, 2018; Swafford, 2018). Unfortunately, however, agricultural educators do not always possess the necessary STEM knowledge required to teach it effectively (Scales, Terry, & Torres, 2009). Thus, professional development is needed. To address this need, Oklahoma State University successfully developed and received funding for a grant aimed at cultivating STEM knowledge for educators (e.g., STEM teachers, school-based agricultural education teachers, and 4-H educators) from Oklahoma, Kansas, Texas, and Arkansas regarding bioenergy and bioproducts.  
How it works/Methodology/Program Phases/Steps
Educators were recruited though social media, various educational websites, 4-H offices, and word of mouth. Sixteen agreed to participate in the inaugural weeklong session at Oklahoma State University in June 2018. During the weeklong session, educators rotated through various classroom and laboratory learning sessions related to bioenergy and bioproducts, which were delivered by Oklahoma State University scientists. Content (i.e., lecture material, PowerPoint notes, and visual aids) was modeled to educators in a train-the-trainer format so that educators could replicate the material later with their own students. Individual sessions ranged from 60 to 75 minutes in length with numerous opportunities existing for educators to engage through experiential learning activities. In addition to the formal learning environment, offsite field tours were included where educators were able to learn about and observe biobased producing field crops in their natural growing element. Specifically, educators toured Oklahoma State University’s bioproducts farm as well as the Noble Research Institute’s main campus in Ardmore, OK to learn about a variety of biobased crops and their uses. The ultimate goal of the grant is to increase students’ awareness of and interest in bioproducts by having them engage in an experiment in which they create a science fair project. Therefore, in addition to technical science information, educators received training on using statistics, setting up quality experimental designs, analyzing data, recognizing and reporting statistically significant differences between two phenomena, and coaching their students to design high quality poster displays and make effective oral presentations for the science fair project. To accommodate educators’ needs, time was allotted each evening for brainstorming sessions regarding potential bioenergy-related experiments that could be conducted with their respective students. 
Results to Date/Implication
Quantitative data (i.e., at the beginning and end of the weeklong session) were collected on the educators by the research team and will be analyzed and reported in the future. The participants also provided qualitative data on the different aspects of the training. When asked about the gains made in their understanding of bioproducts as a result of the workshop participant 16 said, “my understanding has vastly improved, and it will help me teach my students with greater confidence about the subject.” Participant 1 reported, “. . . the detail that was provided gave me more in depth knowledge, and filled gaps in my existing knowledge.” 
Future Plans/Advice to Others
Future trainings will be held during the summer months at Oklahoma State University in Stillwater, OK over the course of the next two years. Specifically, 30 teachers will be selected each year for the next two years to participate in the project. Each cohort of teachers will spend one week receiving hands-on experiences with biobased energy research. The teachers who complete the weeklong training will be expected to become Bioproduct Fellows over the course of the year. To become a Fellow, an educator must support student-led research which will be presented at their respective state’s science fair, complete ongoing educator training during the school year, and provide future support for student bioenergy research. The educators will leave at the end of the weeklong training with all the supplies (~$1,000 per educator) necessary to conduct various bioenergy experiments. Additional supplies will be provided to teachers who have a large amount of students interested in bioenergy. In addition to training the educators, students will receive support though a constructivist massive open online course (cMOOC). They also will receive assistance through a phone application. The application will feature statistical tools (i.e., ANOVA) to allow students to analyze their data on their student-led experiments. Data will be collected from students who participate in the science fairs to evaluate the degree of learning achieved, the range of perceived knowledge and skills gained, and the effectiveness of the experience as a lasting impact on the students’ career paths and degree plans. Any student who does not have access to a traditional science fair will be able to participate in a one-half day science fair held during the Oklahoma 4-H Roundup. Two STEM students, two 4-H members, and two FFA members will be selected, along with their educator(s), to attend bioenergy experience trips which will be held on the second and fourth years of the project. These trips will include university visits as well as tours of local bioenergy or bioproduct facilities in different states. Throughout the program, assessments will be administered to the educators, faculty, and students evaluating the variables of interest within the framework of this study such as self-efficacy, interest, motivation, attitude, ability to perform STEM-based professional skills, and future STEM-based career interest. The data collected will be used to make changes and modifications to the existing structure. By the end of the project the researchers expect to impact over 10,000 high school students in the area of bioproducts.
Costs/Resources Needed
The costs associated with this project include educators’ room and board for four days and nights (i.e., hotel, three lunches, snacks, and breakfast at ~$500 per person) in Stillwater, OK. In addition, each educator who participates will receive STEM-based laboratory supplies (i.e., chemistry sets, lab coats, centrifuge tubes, timers, thermometers, pipettes) used during the week, valued at $1,500.00 each. The travel expenses also are covered as a result of the grant, although these costs will vary by participant. In total, ~$50,000 was used to host and professionally develop 16 educators during Year 1 of the bioenergy grant experience at Oklahoma State University.
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