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Introduction/Theoretical Framework 
The rise of COVID-19 created mass disruption of education systems worldwide during the spring of 2020. By mid-March, more than 1,100 universities and colleges throughout the U.S. cancelled in-person courses, leading to the implementation of virtual learning for course work previously delivered in-person (Hess, 2020; Smalley, 2020). Virtual learning commonly involves instruction utilizing computers as the pathway for students to receive information, often coupled with learning management systems (Beek, 2011). Students connect with their instructor through a variety of virtual learning options including synchronous learning, asynchronous learning, and/or hybrid learning (Finol, 2020). Virtual learning as a teaching modality is not new. However, the impacts of COVID-19 forced higher education to deliver the majority of content in a virtual format, within a severely truncated time frame, and often without support systems in place to create high quality instruction (Gardner, 2020). Virtual learning was no longer a choice, but instead was mandated for the majority of higher education, including teacher preparation. 

Various aspects of SBAE teacher preparation outcomes were potentially impacted by the move to virtual learning; however, this study is concerned with the impacts on preservice teacher knowledge, more specifically pedagogical content knowledge (PCK). PCK is a specialized form of teacher knowledge that includes the knowledge of, logic behind, and enactment of teaching content for enhanced student outcomes (Berry et al., 2015). Experts have asserted teachers in all education disciplines need to hold and demonstrate PCK to be effective in the classroom (Darling-Hammond, 1997; NCATE, 2002). In SBAE teacher preparation, the development of PCK is vital (Rice & Kitchel, 2017) due to its positive influence on multiple teaching decisions such as selecting appropriate representations and examples of concepts, addressing student misconceptions of concepts, and incorporating and arranging concepts in the curriculum (Ball et al., 2008). However, in various education disciplines, researchers have found PCK in preservice teachers is lacking (Ball et al., 2008; Berry et al., 2015; Kind, 2009). PCK is complex and develops over time through experiences (Grossman, 1990), but can begin at the preservice level through purposeful instruction (Hume & Berry, 2010). Classroom practice is an essential component of PCK development (Berry et al., 2015), leading SBAE teacher preparation programs nationwide to include field experiences, micro-teaching, and student teaching as critical components for teacher knowledge development (Retallick & Miller, 2010). Learning from the act of teaching is a fundamental aspect of the vocation of teaching (Berry et al., 2015), and was directly impeded by the move to virtual learning propelled by the global pandemic.

The Model of Teacher Professional Knowledge and Skill Including PCK served as the theoretical framework for this study (Berry et al., 2015). Resulting from research in science education, this framework is derived from generalizable professional knowledge of teaching and is applicable to any applied science discipline (Newsome, 2015), including SBAE. This framework is a model for teacher knowledge development, where PCK is defined as both a knowledge base utilized in the planning and delivery of topic specific content and a skill within the act of teaching (Newsome, 2015). The framework depicts how teaching is related to student outcomes encompassing teacher professional knowledge bases (TPKB), topic specific professional knowledge (TSPK), teacher beliefs and orientations, student beliefs, and classroom practice. The Model for Teacher Preparation in Agricultural Education (Whittington, 2005) served as the conceptual framework for this study as it identifies the major goals and foundations of a teacher preparation program, guiding graduates to acquire the knowledge, skills, and dispositions needed by beginning SBAE teachers. 

Purpose of the Study and Research Question

If PCK is difficult for preservice teachers to develop in the best of circumstances, and is a vital factor in teacher preparation, how has COVID-19 and the subsequent move to virtual learning impacted SBAE preservice teachers’ knowledge development? The purpose of this study was to explore the influence of COVID-19, and the shift to virtual learning, on the preparation of SBAE preservice teachers at the University of Arizona (UA) with a focus on their PCK development. The following central research question guided this study: What is the influence of COVID-19 restrictions and modifications on the PCK development of UA SBAE preservice teachers in agriculture, food, and natural resources content? 
	 
Methods

This research employed a single case study design of one preservice teacher cohort (Hancock & Algozzine, 2011). This particular case was chosen because of the unique nature of teacher preparation during the COVID-19 pandemic and the shift to virtual learning. I approached this study through a constructivist lens (Boghossion, 2006). To avoid bias is my research, it is also important to disclose my positionality (Creswell, 2013). I completed the UA SBAE teacher preparation program, including all core courses and student teaching, in spring 2018 unaffected by COVID-19. Additionally, I served as the teaching assistant for two courses in the UA SBAE teacher preparation program during the COVID-19 pandemic. 

Participants in this study included five UA undergraduate SBAE preservice teachers, two UA instructors, one UA teaching assistant, and five Arizona supervising practitioners. The five preservice teachers all fell between the ages of 20-24, completed the core teacher preparation courses, and engaged in student teaching. The five supervising practitioners were employed at Arizona high schools, served as a mentor to a preservice teacher for their student teaching experience, and were able to observe the student teacher in action. The final group of participants included two UA instructors and one UA teaching assistant who taught teacher preparation courses during 2020 and 2021. 

Data were collected during the spring 2021 semester. Semi-structured interviews were conducted for all participants via Zoom to comply with COVID-19 restrictions. Three individual interviews were conducted with all five preservice teachers, prior to, mid-way through, and after the completion of, the student teaching experience. Two interviews were conducted with the two University instructors and one teaching assistant, prior to, and after the completion of, the student teaching experience. Two interviews were conducted with the five supervising practitioners, one at the mid-point of the student teaching experience and one at the end of the student teaching experience. In addition to interviews, documents were analyzed to provide additional data sources for the case study. Syllabi from the three core teacher preparation courses were analyzed for changes and modifications under COVID-19 restrictions, cooperating site schedules were examined to provide further insight into the modalities of instruction, and preservice teacher lesson plans were analyzed to uncover evidence of PCK during planning. 

	All data sources were included in analysis and managed using Nvivo 12 software. Data were analyzed for trends aligned with the central research question. First, I deductively coded the data using codes created from the frameworks for this study including the Model of Teacher Professional Knowledge and Skill Development Including PCK (Berry et al., 2015) and the Model for Teacher Preparation in Agricultural Education (Whittington, 2005). In addition to theoretical coding, I inductively coded the data and created open codes to capture any emergent findings outside of my frameworks. After coding was completed, I further collapsed the emerging codes into categories and six themes that served as the basis for my findings. To ensure trustworthiness, I employed data triangulation, member checking, rich thick description, and clarified my research bias through disclosing my positionality (Tracy, 2010). 
 
Findings

Loss of Total SBAE Teaching Experience 

Student teachers received primarily a classroom teaching experience rather than a complete SBAE experience encompassing aspects of SAE and FFA during student teaching. Due to COVID-19 restrictions throughout the professional planning stage, student teachers were unable to join their cooperating school at the state leadership conference and visit their cooperating sites prior to the start of student teaching. Restrictions continued into the professional practice stage where student teachers missed out on all typical national, state, and local FFA/CDE events. This resulted in student teachers not having the opportunity to build relationships with supervising practitioners, students they would be teaching, and opportunities to be an advisor and supervisor for events outside of the classroom. While student teachers themselves did not mention missing out on these aspects of their experience, both UA instructors and supervising practitioners commented on this phenomenon. They expressed concern for how “steep the climb” will be when these student teachers take on a position of their own that requires all three components of SBAE, given most of their experiences during student teaching only focused on the classroom. 

Student Teachers Were Prepared Well in Curriculum Development 

All participants collectively agreed the student teachers were well prepared in curriculum development, lesson planning, and technology use. Student teachers did not feel like they missed anything from a content standpoint in their teacher preparation courses. UA instructors confirmed the content of each course had remained the same despite COVID-19 restrictions. Student teachers all expressed that the area where they felt most prepared was their curriculum development and having their lesson plans ready for student teaching. When analyzing the student teachers’ lessons plans, it was also apparent they had every crucial component included for all lessons was at a high caliber. Supervising practitioners and UA instructors in all interviews highlight lesson plans and curriculum development as a strength of the student teachers. UA instructors pointed out this cohort's lesson plans have been one of the better sets they have received compared to previous cohorts. While curriculum development was an area all student teachers excelled in, participants also felt that a silver lining of COVID-19 was gaining technology skills that aided them within their curriculum development. 

There Was a Lack of Experimentation and Problem Solving in Teaching

While the student teachers had exceptional lesson plans, there was a lack of problem solving and experimentation during the act of teaching. During the preparation stage, student teachers were unable to microteach, leading to a lack of practice prior to student teaching. Whether the student teacher was teaching in-person, hybrid, or online, there were restrictions in place due to COVID-19 that impacted the professional practice stage. This limited the student teachers’ opportunities to facilitate a fully functioning high school classroom including classroom management and experimentation of methods when disseminating lessons, labs, and activities. Due to COVID-19 restrictions, students had to be in the same group each class period, students could not share lab equipment, and in certain sites, student teachers could not take students to mechanic shops or greenhouses. If the student teacher was teaching hybrid, they were tied to a computer to teach online students while simultaneously teaching in-person students. This limited freedom across classrooms ultimately did not give student teachers as much room to experiment and make mistakes, inhibiting their ability to engage and relate to students.

There Was a Lack of Relationship Building with Students and Professionals

There was a lack of relationship building with students and professionals for the student teachers. While the student teachers were able to have positive relationships with the students that came in-person and virtually, COVID-19 restrictions still impacted the number of organic interactions they could have with students during instruction. Mr. Martin commented on this change in interactions for his student teacher Vanessa, “Normally, I don't think there is ever a day students aren’t here after school. We're always doing something, studying for contests, building something, breaking something. Now we don't have that. That's why we do what we do, to be with students.” Ms. Wilson, Kimberly’s supervising practitioner, elaborated on what she felt Kimberly missed out on. She said, “Interacting with kids all year long. It was really hard for her to get involved and get to know kids and kind of figure out the type of kid they were.” 

Student Teachers Were More Protected from Failure Due to COVID Environment 

When comparing this cohort's experience to previous cohorts, the data revealed this cohort was more protected from failure overall, stemming from COVID-19 restrictions. Within the preparation stage, mental health checks were put in place throughout the semesters in each teacher preparation course. While student teaching, it was also apparent supervising practitioners were less critical of their student teachers than previous years. When asked where student teachers could improve, or were least prepared, all supervising practitioners were hesitant to answer. Overall, every participant pointed out this year was difficult, and they were just trying to keep their head above water. Analysis also revealed most supervising practitioners stayed in closer proximity to the student teacher on a daily basis than they would in a typical year, inhibiting the student teachers’ ability to achieve full autonomy in the classroom.

Overall Student Teachers are Prepared to Teach    
All participants collectively agreed the events of this past year made the teacher preparation coursework, student teaching process, and life itself, more challenging. With the inconsistencies and unknowns the pandemic presented, all were concerned about what the student teaching experience would look like in practice. Despite the modifications made in the spring and fall semesters, the online delivery of teacher preparation courses, and the lack of microteaching experiences, all student teachers felt prepared to student teach. Throughout the experience, circumstances eased up, and student teachers reflected they were able to get a positive teaching experience at their cooperating site. Each student teacher, along with their supervising practitioners, and University instructors stated in their final interview that they’re prepared to be teachers in agricultural programs in Arizona. 

Discussion/Implications/Recommendations

Overall, the student teachers had a largely positive student teaching experience where they were able to gain knowledge, skills, and dispositions as future agricultural educators. However, the findings reveal they did not receive a full SBAE student teaching experience, missing out on the areas of SAE and FFA. While the classroom teaching component is arguably the most important part of student teaching, SAE and FFA are an integral part of what makes agricultural education unique, and experience in these areas are vital for preservice teacher development. The COVID-19 restrictions each student teacher experienced ultimately impeded the preparation and practice stages of SBAE teacher development (Whittington, 2005), with the greatest impact occurring within the professional practice stage during student teaching. Their individual PCK development (Berry et al., 2015) was also stifled in areas of TPKB’s including knowledge of content and teaching, knowledge of content and students, and knowledge of content and assessment. Ultimately this affected their TSPK, classroom practice, their beliefs and orientations, and overall PCK. 

This cohort’s development of knowledge of content and curriculum PCK flourished during professional preparation and practice, which demonstrates a hybrid teacher preparation program could potentially be successful, at least for curriculum development. However, further research is needed as the findings reveal a fully online teacher preparation program is not ideal for other areas of PCK growth including knowledge of content and teaching, knowledge of content and students, and knowledge of content and assessments. Additionally, within the preparation stage, early field experiences (EFE)’s are shown to be a vital portion of this process that influences classroom practice (Retallick & Miller, 2010) and serves as the foundation for their knowledge of content and students, teaching, and assessments. It is recommended teacher preparation programs implement multiple EFE’s during preparation. A longitudinal study of this cohort during their first-year teaching could provide further information on the development and application of their PCK outside of the context of COVID-19. It is also recommended all parties to hold the same standards for student teachers each year, regardless of extenuating circumstances. While the intentions behind the grace and compassion from all parties came from a nurturing place, the lack of experience led to stifled PCK and a lack of experimentation and problem solving, which is important for teacher development. ​​​​While this cohort is prepared to teach, it is in the supervising practitioners and university instructor’s hands to maintain a balance of constructive criticism in all situations to ensure qualified teachers are produced.
  
References

Ball, D. L., Thames, M. H., & Phelps, G. (2008). Content knowledge for teaching: What makes 
it special? Journal of Teacher Education, 59(5), 389-407. https://doi:10.1177/0022487108324554  

Beek, M. V. (2011, January 27). What is "virtual learning"? Retrieved from 	https://www.mackinac.org/14475

Berry, A., Friedrichsen, P., & Loughran, J. (Eds.). (2015). Re-examining pedagogical content 
knowledge in science education. Retrieved from https://ebookcentral.proquest.com.ezproxy4.library.arizona.edu 

Boghossian, P. (2006). Behaviorism, Constructivism, and Socratic Pedagogy. Educational 	Philosophy and Theory, 38(6), 713-722. https://doi.org/10.1111/j.1469-	5812.2006.00226.x 

Creswell, J. W. (2013). Qualitative inquiry and research design: Choosing among five approaches. Sage publications. 

Darling-Hammond, L. (1997). Doing what matters most: Investing in quality teaching. Retrieved 	from https://www.researchgate.net/publication/245970917

Finol, M. O. (2020, March 26). Asynchronous vs. synchronous learning: A quick overview. Retrieved from https://www.brynmawr.edu/blendedlearning/asynchronous-vs-synchronous-learning-quick-overview

Gardner, L. (2020). Covid-19 has forced higher ed to pivot to online learning: Here are 7 takeaways so far. The Chronicle of Higher Education. Retrieved from https://www.chronicle.com/article/covid-19-has-forced-higher-ed-to-pivot-to-online-learning-here-are-7-takeaways-so-far/?cid=gen_sign_in

Grossman, P. L. (1990). The making of a teacher: Teacher knowledge and teacher education.
	Teachers College Press.

Hancock, D. R., & Algozzine, B. (2011). Doing case study research: A practical guide for 	beginning researchers (2nd ed.). Teacher’s College Press.

Hess, A. J. (2020, March 26). How coronavirus dramatically changed college for over 14 million students. Retrieved from https://www.cnbc.com/2020/03/26/how-coronavirus-changed-college-for-over-14-million-students.html

Hume, A., & Berry, A. (2010). Constructing CoRes—a strategy for building PCK in pre-service science teacher education. Research in Science Education, 41(3), 341-355. https://doi:10.1007/s11165-010-9168-3 

Kind, V. (2009). Pedagogical content knowledge in science education: Potential and 	perspectives for progress. Studies in Science Education, 45(2), 169-204.

National Council for Accreditation of Teacher Education (NCATE). (2002). Professional 	standards for the accreditation of schools, colleges, and departments of 	education.  Washington, D.C.: Author. 

Newsome, J. G. (2015). A model of teacher professional knowledge and skill including PCK: Results of the thinking from the PCK summit. In Re-examining pedagogical content knowledge in science education (pp. 31-33). https://web-b-ebscohost-com.ezproxy3.library.arizona.edu/ehost/ebookviewer/ebook?sid=a5ac0a41-a631-4f64-ad78-b18e71c1d60f%40pdc-v-sessmgr06&vid=0&format=EB

Retallick, M. S., & Miller, G. (2010). Teacher preparation in Career and Technical Education: A model for developing and researching early field experiences. Journal of Career and Technical Education, 25(1), 62-75. https://doi:10.21061/jcte.v25i1.469 

Rice, A. H., & Kitchel, T. (2017). Teachers’ beliefs about the purpose of agricultural education 
and its influence on their pedagogical content knowledge. Journal of Agricultural Education, 58(2), 198-213. https://doi.org/10.5032/jae.2017.02198 

[bookmark: _Hlk104999362]Smalley, A. (2020, July 27). Higher education responses to Coronavirus (COVID-19). NCSL	
https://www.ncsl.org/research/education/higher-education-responses-to-coronavirus-covid-19.aspx 

Tracy, S. J. (2010). Qualitative quality: Eight “big-tent” criteria for excellent qualitative research. Qualitative inquiry, 16(10), 837-851. https://doi.org/10.1177%2F1077800410383121 

Whittington, S. (2005). The presidential address to the Association for Career and Technical 
Education Research using standards to reform teacher preparation in Career and Technical Education: A successful reformation. Career and Technical Education Research, 30(2), 88-89. https://www.scholar.lib.vt.edu/ejournals/CTER/v30n2/pdf/whittington.pdf  

26

