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Measuring and Comparing Student’s Knowledge on Genetically Modified Organisms 
Introduction and Need for this Study
Consumer knowledge and perception of agricultural issues has been a significant issue in agriculture (Doerfert, 2011; Miller & Conko, 2004; Murphy, 2007; National Research Council, 1988).  During this time consumers have become increasingly critical of industrial agriculture practices.  For instance, more emphasis is being put on sustainability and caring for the environment.  An argument from many agriculturalists is that the information consumers receive about agriculture is inaccurate and/or negative.  In short, it is the lack of consumer knowledge or accurate knowledge which leads to their distrust of industrial agriculture.  This situation has placed a greater emphasis on agricultural literacy (Doerfert, 2011).  
Framework on Genetically Modified Organism
An example of an issue which polarizes people around agriculture is genetically modified organisms (GMOs).  Some consumers and organizations feel that GMOs are detrimental to the small-scale farmer, genetic diversity, and the overall health of the ecosystem (Rodale, 2010).  Conversely, some people and groups support GMOs because they think that GMOs help feed a growing world population (Conway, 2012; Borlaug, 2012; Miller & Conko, 2004).  Agriculturalists argue that consumers need factual truth regarding GMOs in making informed economic and policy decisions (Doerfert, 2011).  This would require educational programming and public information campaigns; however, a lingering question remains before these campaigns can begin.  How much do consumers actually know about GMOs?  The purpose of this exploratory study was to measure and compare high school agriculture students’ and college of agriculture undergraduates’ level of knowledge about GMOs.  We wanted to examine our own students’ knowledge base, which will help us develop more appropriate outreach programs.  
Methods
[bookmark: h.l410k16hn61c]	This study was a descriptive quantitative study that measured high school agriculture students’ and college of agriculture undergraduates’ responses relating to their existing knowledge of GMOs.  The study was given to [Region of the State] high school agriculture students and [University] college of agriculture undergraduates.  The 57 high school students surveyed ranged from freshmen to seniors and demographically were mostly white and middle class.  The 27 undergraduates had a wide-range of majors and were generally white, middle-class, and between 18 and 23 years old.  The instrument consisted of one open-ended question and ten multiple choice questions.  The design of the open-ended question allowed participants to answer a variety of ways and still be correct.  The open-ended question was scored on a six-point scale which examined how the accuracy of the stated argument compared to arguments developed by the panel of experts.  This was scored as compatible (C) or incompatible (I) to the experts’ argument.  Next, the amount of supporting evidence provided for participants’ argument was scored as either being sketchy (S) or elaborate (E) in detail.  Thus a participant could receive a rating for their open-ended question which was recorded as compatible elaborate (CE), compatible sketchy (CS), incompatible elaborate (IE), or incompatible sketchy (IS).  A participant could provide an argument which was completely unrelated to the topic (scored as a U) or provide no argument or evidence (N).  This coding approached was developed by Hess and Trexler (2011).  The multiple choice questions were derived from United States Department of Agriculture fact sheets and each question had only one correct answer.  Answers were graded against a rubric and grading scales.  The coding process was done by a research team.  Validity of research was also maintained by having a panel of GMO and education experts review the open-ended questions, the rubric for the open-ended question, and multiple choice questions.   The multiple choice questions were reviewed by the same panel experts who reviewed the open-ended question.  The study was approved by our Institutional Review Board app.  We analyzed the data using basic frequency techniques.  
[bookmark: h.wqhv0iljcpur]Findings
[bookmark: h.vg58gvmkr9wq][bookmark: h.49o4pdwl8qd4][bookmark: h.alcjbnu6bftl][bookmark: h.1wtkwoz529bc][bookmark: h.8d8afbiizcax]	The high school students’ open-ended responses were most frequently at the incompatible elaborate level, meaning they had some knowledge about GMOs, but struggled to develop a factual argument.  An example response included, “It has helped them improve production because the engineering production will help provide more production.”  The undergraduate open-ended response was most frequently at the compatible sketchy level, which means they provided accurate arguments about GMO, but struggled to provide evidence to support their argument. An example of a response included: “GMOs help the farmers by giving the farmer seeds that are drought resistance, pesticide resistance, etc.  It increases the yield as well.”  Multiple choice responses were varied across both high school and undergraduate studies.  The high school students had an average of 30% (n=57) of the questions answered correctly while the undergraduate students had an average of 47% (n=27) answers correct.    
Conclusion
This study should be analyzed with its limitations in mind, which included limited frequency techniques, small population size, and a non-randomized sample.  The undergraduate college of agriculture students had a greater level of knowledge about GMOs compared to high school agriculture students; although the level was still significantly low at 47 %.  The undergraduates were able to articulate quality arguments about GMOs in the open ended question.  The high school students scored lower in the multiple choice section with 30%.  They also provided less articulate open ended reposes compared to the undergraduate.  These scores for high school students generally align with Pense and Leising’s (2004) findings about 12th graders general agriculture knowledge.     
Implications and Recommendations
The findings from this study pose a possible significant issue for agricultural literacy.  We found that our undergraduates understood GMOs if we loosely conceptualized the open-ended question as a form of understanding.  However, the multiple choice questions, which reflected the overall knowledge level of GMOs, seemed low.  Could the undergraduates at our institution be as unknowledgeable about GMOs as the general public?  Research is needed to find baseline levels of knowledge and understanding of GMOs in order to accurately compare these populations.  Nonetheless, we found that these undergraduate and high school agriculture students’ knowledge level of agriculture was low. This would support the concept of training in GMO related curriculums at both the high school and undergraduate level in agriculture. Additional research should be conducted related to other controversial issues in agriculture to confirm findings.      
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