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Introduction

As science literacy remains a highly important goal for science advocates (American Association for the Advancement of Science, 1990; 1993; National Research Council, 1996), the push for science educators to translate these goals into educational practices becomes even more pressing. With the additional call from the National Research Council (1988) for agriculture to integrate science into the curriculum and classroom, science literacy is an important topic for agricultural educators. One of the key components of science literacy is the nature of science (NOS). The NOS is commonly referred to as the “epistemology and sociology of science, science as a way of knowing or the values and beliefs inherent to scientific knowledge and its development” (Lederman, 1992, p. 331). As agriculture is an applied science, teaching the principles of science, in the contexualized setting of agriculture (Buriak, 1992), the incorporation of NOS into agricultural education becomes a fundamentle element.  
In the discipline of science education, NOS assessment is a major topic (Lederman, Wade, & Bell, 1998). As teachers are expected to educate their students on the NOS, teachers themselves should be confident and comfortable in their own understanding of the NOS. Thus, as future teachers undergo preparation for teaching, assessment of their knowledge has been an important focus in research (Abd-El-Khalick, Bell, & Lederman, 1998; Abell, Martini, & George, 2001; Pomeroy, 1993). However, the NOS views and beliefs of pre-service agricultural educators remain unexplored, contrary to their science education peers, even while they are expected to practice much of the same discipline. To lay the foundation for future research, a review of NOS assessment instruments for pre-service teachers has been collected and analyzed through the perspective of agricultural education for validity, reliability and alignment with NOS. The purpose of this analysis is to evaluate the status of current NOS assessment tools as it relates to agricultural education and provide direction for instrument development in the future.
Methodology

A wide variety of instruments and tools have been created to meet the needs of the investigators in the field of NOS research. Since comparing and contrasting all of the tools is not feasible for the scope of this project, criteria were applied in instrument selection. First, the tool must have been designed to measure the nature of science perceptions, beliefs, views or conceptions. Second, the instrument must have been validated for the age group of college undergraduates and/or pre-service teachers. Lastly, in order to provide both a historical perspective to demonstrate the history of NOS instrument development, while also providing a working analysis of modern tools, only a selection of historical tools (created prior to 1980) are discussed. After the tools were selected, they were analyzed for reliability, validity and alignment of the instrument with the tenets of the nature of science. While there is no single definition of the NOS, there are common themes throughout the working body of NOS research (Lederman, 2007), which were used to evaluate the NOS content of the in the context of agriculture. 
Findings
Tools created prior to 1980 that were analyzed showed evidence of minimal to moderate misalignment with the NOS tenets, and showed moderate levels of reliability. However, a serious flaw of most of the tools reviewed was that their external product, a single number, had little authentic value due to their lack of subscales. Finally, many of the tools contained language or examples that could potentially reduce the validity of the tool in agricultural education settings. 

After 1980, tools developed were primarily qualitative, creating test items that more deeply explored participant perceptions. The tools of this time generated data that was more useable and authentic. Bias, specifically in the interpretation of research remained an issue. The language of these tools is purposely broad, which allows for the application in agricultural education while retaining validity. In the last three years, the most cutting edge instruments are ones that contain both qualitative and quantitative items. While testing and refinement remain, they seek to build upon tools of the past years while solving issues of extensive time investment by researchers that use a purely qualitative tool.  
Conclusions

  
After the review of instruments currently utilized or in the process of development for NOS assessment in pre-service science teachers, it was observed that many of the quality tools available for the science education field would be equally as appropriate for assessing the NOS views of pre-service agricultural educators. While debate remains on the most appropriate framework, the core of the argument for either method or a combined approach lies in the hands of the investigators with their the purpose of research and the desired impact and outcome of data being the fundamental selection element. Researchers have a variety of measurement tools that provide reliable and valid data, however the alignment of NOS tenets with test items, and the application of data in an authentic context should be the deciding factor on instrument selection in agricultural education. 

Recommendations
Just as science educators and their pre-service counterparts are assessed for their views of NOS, it is imperative that the agricultural education discipline does the same.  Grady, Dolan, & Glasson (2010) made similar recommendations for the addition of NOS in agricultural education research. At this stage of minimal research, it could be reasoned that pre-service NOS assessment in agriculture should focus on methods that elicit view(s) and misconceptions in order to create a foundation of knowledge for improving practices. The integration of NOS is essential for agricultural education, and in order to promote effective practices, the assessment of NOS views is equally important. Assessment of NOS views and practices are needed throughout the practitioner preparation model in order to create a program that prepares educators capable of teaching the NOS in classrooms today. 
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