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Cultivating New Methods for Teaching Middle School Agriscience
Introduction
It is often suggested that improving science comprehension is critical to improving student achievement. However in analyzing science comprehension, specific program delivery methods are often overlooked. In an innovative approach to teaching and learning, [University] and [School system] in [State] have developed an educational partnership focused on agriculture, food, and natural resources. The Memorial Middle School Agricultural Extension and Education Center (MMSAEEC) is a youth science center emphasizing inquiry-based learning and experiential education. The mission of the center is to develop a model of teaching and learning excellence that complements in-class instruction by providing context to content. Context is linked to content and enhanced through agriscience and STEM (science, technology, engineering and mathematics) based curricula, activities, and experiments. This research tests whether agriscience programs delivered through a youth agricultural science center contribute to improved science learning for a predominantly Hispanic and economically disadvantaged middle school student population.
Conceptual framework
Making science education more effective and relevant for a diverse population of young learners is critical to preparing them for future careers (United States Department of Education, 2009 & Weiman, 2008). To ensure this learning is effective, transformative approaches to teaching science are needed (National Research Council, 2007 and 2012). Additionally, reforming science education includes enhancing the experience of youth by engaging them in high quality programs (Skelton and Dormody, 2009). New models should provide students with opportunities to conduct experiments and research using scientific practices (Clarke, 2010). Several secondary education studies found that integrating agriculture with science had beneficial effects on overall test scores for students (Chiasson & Burnett, 2001 and Roegge & Russell, 1990).

A conceptual model by Skelton, Seevers, Dormody & Hodnett (2012) describes how the integration of agriscience into a core curriculum can develop understanding through experiential education and inquiry-based learning enhances science achievement. It depicts a process in which youth transform information into knowledge, develop skills to conduct experiments and research, and acquire the reasoning abilities to explain what they have done, how they did it, and what they can conclude from the experiment. The model emphasizes the importance of the scientific method through the development of experience, asking questions and forming hypotheses, searching for evidence, analyzing and interpreting data, and communicating results and conclusions.
Methodology
Study populations were drawn from two different agriscience programs: a sixth grade plant/soil pH relationship program (N = 116) and an eighth grade plant/water chemistry relationship program (N = 55). The study employed pre and post test program evaluations to measure changes to science knowledge, skill development, reasoning abilities and science comprehension as a result of the program treatment. The researchers developed valid and reliable instruments that reflect content delivered through MMSAEEC programs based on New Mexico agriculture, food, and natural resource content and performance standards (Castillo, 2003). Instruments were reviewed by a panel of experts to establish face and content validity. Reliability of the pre and post test program evaluations was established with a test-retest method where instruments were administered at the onset of a program and immediately after program completion. Demographic data and grade level performance data was obtained from the school district. The data were analyzed using a using descriptive statistics and a two factor ANOVA with the factors grade level performance and test score differences. All data were analyzed using SAS version 9.3 software. 
Results/findings
For the plant/soil pH relationship program, 90% of students were Hispanic, 52% male, and 61% performing below-grade level in science. For the plant/water chemistry relationship program, 85% of students were Hispanic, 58% male, and 36% performing below-grade level in science. Significant post test score differences were found for students at grade level in the pH program (p = <0.01), for students below grade level in the pH program (p = <0.01), for students at grade level in the water chemistry program (p = <0.01), and for students below grade level in the water chemistry program (p = <0.01). There were no significant differences found for student grade level performance in either the pH program or the water chemistry program and improvement scores were slightly lower for students performing below grade level in both programs.
Conclusions
Results from this study indicate that, despite grade level performance, student achievement improved in science based on the conceptual model. The researchers had hoped that the model would function in a manner that would provide a learning environment where students below grade level could catch up to students performing at grade level, but this was not the case. However, this does not diminish the significant gains to knowledge, skills, and reasoning abilities that were observed for all groups. Furthermore, the results are consistent with both the need for enhanced learning opportunities and improving minority student achievement scores through non-traditional programs that facilitate career pathways.
Implications/recommendations/impact on profession
This study has important implications for strengthening agriscience programs delivered through agricultural education programs, improving ethnic diversity of students entering post-secondary STEM programs, and improving student achievement imperative for a competitive and knowledgeable workforce. Additional testing of the model is warranted to confirm findings and reanalyzing the data to examine gender differences would add additional richness to the study. Delivering programs that allow students to inquire into subject matter, where content is enhanced through context, facilitates a transformative learning environment. This type of approach allows students to acquire knowledge, develop a variety of skills, and think critically making programs more effective and education more relevant.
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