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Introduction/Need for research
Graduate students’ motivation to share their knowledge and research with K-12 audiences as future scientists is informed by their self-efficacy beliefs to teach science literacy through outreach and engagement activities. Previous studies on preparing graduate students for outreach and teaching experiences have focused the improved teaching and communication skills for graduate students (Calder, Brawley, & Bagley, 2003; Feldon et al., 2011; Grant, Liu, & Gardella, 2014; Laursen et al., 2012; McBride et al., 2011). Preparing future scientists to learn how to engage PK-12 students is important because of the societal responsibility to extend communication of their findings beyond research journals to policy makers and the general public (Smith et al., 2013). Graduate training programs in academia integrate outreach teaching components to equip future scientists with a variety of communication skills, which may reflect either a transmission of knowledge to the learner or through engagement with the learner. As such, the education component of the “Partnership for Research and Education in Plant Breeding and Genetics” grant sought to train graduate plant science students to disseminate their research to K-12 audiences. Graduate students participated in outreach teacher training using Learner-Centered Teaching (LCT) strategies to develop and conduct two science lessons for K-12 audiences in a non-formal and formal educational settings. The purpose of this mixed methods study was to describe the teaching self-efficacy beliefs of plant science graduate students before and after receiving outreach training on PK-12 engagement.
Theoretical Framework
	Teaching self-efficacy is an individual’s self-perceived capabilities in a teaching environment (Tschannen-Moran & Hoy, 2007). The process of learning to teach may initially happen by watching others teach (i.e., vicarious experience) or through by teaching others (i.e., mastery experiences). Self-efficacy in determined when graduate students reflect upon their experiences within an environment and their personal attributes to determine how confident they are in their abilities to teach in a specific context. Mastery experiences, verbal persuasion, vicarious experiences, and physiological arousal are the four major influences on teaching self-efficacy (Tschannen- Moran & Hoy, 2007). Teaching self-efficacy is a significant predictor of effective teaching practices (Goddard et al., 2004) and has been studied in the field of K-12 science (Bleicher, 2004) and higher education (DeChenne, Enochs, & Needham, 2012; Fives & Looney, 2009). Students were more motivated and performed at higher levels of achievement when teachers espoused higher levels of self-efficacy beliefs (Caprara, Barbaranelli, Steca, & Malone, 2006).

Methodology
	This was a descriptive study that used mixed methods to determine graduate students’ teaching self-efficacy beliefs. Quantitatively, a questionnaire was used to assess teaching self-efficacy before and after the outreach training experience. The 20 teaching self-efficacy items were adapted from “The Teachers’ Sense of Efficacy Scale” developed by Tschannen-Moran and Hoy (2001). Participants responded to a five-point scale responses: (a) Not at all/none, (b) Very little, (c) Some, (d) Quite a bit, and (e) Always/a lot. The questionnaire was reviewed by a panel of experts to establish face and content validity. The reliability of the self-efficacy questionnaire was established by calculating the post-hoc Cronbach’s alpha coefficient for 20 items (α = 0.90). Fifteen graduate students completed the questionnaire (13 doctoral & 2 master’s; 9 female & 6 male). Means and standard deviations were calculated and reported. Qualitatively, descriptive coding, in vivo coding, and provisional coding strategies were used to summarize content of students’ reflections of their nonformal and formal education teaching experiences. Provisional coding “corroborates or builds upon previous research or investigations” (Saldaña, 2013, p. 144). Strategies for auditability, objectivity and authenticity were followed (Miles et al., 2014). Trustworthiness of this study was guided by protocol in credibility, transferability, dependability, and confirmability (Denzin & Lincoln, 2011). Triangulation of data from multiple sources was utilized to establish credibility (Patton, 2002).

Results/Findings
	Teaching self-efficacy scores at the beginning of the experience depicted graduate students as overall feeling “somewhat” self-efficacious with teaching with an overall mean of 3.58 (SD = .38). Graduate students rated themselves as “quite a bit” teaching self-efficacious on 50% of the items. Teaching self-efficacy scores of graduate students from the follow-up questionnaire depicted graduate students felt “Quite a Bit” self-efficacious with teaching with an overall mean of 3.98 (SD = .28). The follow-up teaching self-efficacy scores had a large effect size (d = 1.19) from the initial graduate students’ teaching self-efficacy scores. This difference is descriptive and cannot be interpreted as a cause-effect relationship. Graduate students rated themselves with predominately “quite a bit” of teaching self-efficacy on 80% of the items. Qualitatively, a total of nine of the 15 graduate students expressed teaching self-efficacy related comments after teaching in the nonformal educational settings. Overall, graduate students generally described their perceptions of their abilities to assist student learning with K-12 audiences through reflective comments relating to communication skills and techniques, and they described two self-perceived teaching environmental challenges. First, it was challenging for graduate students to adjust their novice teaching behaviors according to the quick pace for non-formal instruction. Second, it was challenging to link research concepts to a quick presumption of the audience’s science knowledge. Regarding the formal K-12 teaching experiences, 15 graduate students expressed comments related to concepts within the teaching self-efficacy criteria. Graduate students described their development of teaching self-efficacy with a perceived ability to engage the K-12 students through their plant science lessons. Graduate students shared they felt self-efficacious based on their observations that K-12 students could readily understand and apply plant science knowledge during their lessons.

Conclusions, Implications and Recommendations
	Graduate students described field-based teaching experiences within formal and non-formal educational settings that helped them practice communication skills and develop their teaching self-efficacy. This conclusion supports the assumption that mastery experiences are valuable to build teaching self-efficacy (Shunk, 2008; Tschannen- Moran & Hoy, 2007). As graduate-level academic programs continue to adjust and adapt to prepare plant science graduate students to effectively communicate to society, the following implications are imperative: acquiring (LCT) teaching skills to communicate science literacy (Feldon et al., 2011), benefits of K-12 audience field-based experiences (Laursen et al., 2012), the opportunity to use a constructivist approach to assist learners in facilitating science outreach and implications for policy (Smith et al., 2013). Future studies should expand to other disciplines and more students to increase generalizability. Further studies should focus on key elements of a limited formal teaching experiences regarding a graduate students’ development.
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