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Introduction

School-based agricultural education (SBAE) programming is designed to ensure that a pipeline of skilled and knowledgeable employees is available to adequately meet the demands of the agricultural industry and its stakeholders (Phipps et al., 2008; Stripling & Ricketts, 2016). SBAE programs are oriented to provide students with variety of learning opportunities across multiple career pathways within agriculture, such as Agribusiness Systems, Animal Systems, Biotechnology Systems, Environmental Service Systems, Food Products and Processing Systems, Natural Resources Systems, Plant Systems, and Power, Structural, and Technical Systems (Copeland et al., 2020). Consequently, numerous teaching and learning opportunities lie within the confines of SBAE programming (Phipps et al., 2008).

SBAE programs are intended to be led by qualified, effective agriculture teachers (Eck et al., 2019; Phipps et al., 2008). Agriculture teachers must demonstrate a wide range of knowledge and skills to effectively facilitate teaching and learning (Chumbley et al., 2018). One such skill is the ability to facilitate student learning in laboratory settings (Granberry et al., 2022). While different SBAE laboratories are available and used to meet a variety of instructional purposes, agricultural mechanics laboratories are among the most prevalent (Shoulders & Myers, 2012). Agricultural mechanics instruction is an important component of many SBAE programs (Granberry et al., 2023). Agricultural mechanics courses are often popular with students enrolled in SBAE programs (Valdez & Johnson, 2020). Consequently, numerous agriculture teachers across the United States often teach at least one agricultural mechanics course during the academic year (Trickett et al., 2023; Wells & Hainline, 2021). 

Teaching agricultural mechanics often involves hands-on teaching and learning approaches to help students develop a deeper knowledge of technical subject matter (Hainline & Wells, 2024; Phipps et al., 2008; Wells & Hainline, 2021). Because of the technical nature of agricultural mechanics subject matter, the content area is often extensive and varied, including subjects such as applied mathematics, engineering and physics principles, alternative energy sources, biofuels, building construction, electricity, emerging agricultural technologies, metalworking and welding, power mechanics, and woodworking (Burris et al., 2005; Granberry et al., 2023; Hainline & Wells, 2019). Given the vast breadth of subject matter that is to be delivered in agricultural mechanics curricula, agriculture teachers must possess a substantial variety of knowledge and skills to deliver the appropriate learning experiences related to agricultural mechanics (Crump & Wells, 2025; Hainline & Wells, 2019; Wells et al., 2021). As such, regularly defining and reevaluating such a list of knowledge and skill needs are paramount for effective agricultural teacher education (Wells et al., 2021).


Conceptual Framework

We used the agricultural teacher education and agricultural industry partnership model as presented by Wells et al. (2021) to conceptually frame our study. Building upon the content-based model for teaching agriculture as presented by Roberts and Ball (2009), Wells et al.’s (2021) model outlines a broad, scoping framework for developing competent, prepared agriculture teachers. Their model accounts for appropriate teacher preparation across a range of topics, including pedagogical methods, appropriate laboratory management, and technical subject matter knowledge. Further, collaboration with industry partners to help ensure that curricula and teacher professional development align with the evolving technical needs of the agricultural sector is a significant, appropriate component of agriculture teacher preparation as well (Wells et al., 2021). This model details the various elements (e.g., industry-validated curricula, input from experienced agriculture teachers, and so forth) intended to ensure adequate agriculture teacher competence, which further supports the agricultural industry via a steady supply of knowledgeable, skilled employees trained via SBAE programs (Wells et al., 2021). In the context of Wells et al.’s (2021) model and the current study, experienced agriculture teachers are vital to helping guide the growth and development of competent, prepared agriculture teachers. Hence, agriculture teachers who have substantial success, experience, knowledge, and skills teaching agricultural mechanics provided the data for the current study.

Purpose of the Study

The purpose of the current study was to determine the technical agricultural mechanics knowledge and skills that Kentucky agriculture teachers need to successfully teach agricultural mechanics in SBAE programs across the state. Similar studies have recently been conducted in Iowa (i.e., Hainline & Wells, 2019) and Arkansas, Louisiana, Oklahoma, and Texas (i.e., Wells et al., 2021). However, there is a gap in the literature regarding Kentucky. The current study was part of a larger study that focused on identifying a comprehensive list of agricultural mechanics knowledge and skills that Kentucky agriculture teachers need.

Methods

The current study was a replication of Wells et al.’s (2021) research. Hence, we used Wells et al.’s (2021) original Round One data collection instrument and approach to guide our study. Similar to Wells et al. (2021), we incorporated a snowball sampling method within the current three-round Delphi study, beginning with the Kentucky Agricultural Education state staff and agricultural teacher educators across the state (n = 13), who identified the initial group of agriculture teachers (n = 46) to serve as panel members. These nominators selected teachers based on their perceived expertise and experience in teaching agricultural mechanics. We asked these 46 individuals to nominate other individuals who they perceived to be appropriate for the scope of the study. They nominated seven additional agriculture teachers. In total, 53 agriculture teachers were recommended for participation as panel members.

We received Murray State University Institutional Review Board (IRB) approval prior to collecting data for the current study. Before collecting data, we sent a pre-notification email to the initial group of 46 teachers, informing them of their nomination to participate in the study and providing details about the study. We distributed this message via the Qualtrics platform on Tuesday, October 8, 2024. To begin data collection, we sent an electronic link to the 12-item Round One instrument, which contained respondent characteristics items and open-response items, to the same 46 agriculture teachers on Tuesday, October 15, 2024. We distributed reminder emails for the Round One instrument via Qualtrics on Monday, October 21, 2024, and Monday, October 28, 2024. As we proceeded with our data collection, we used IBM® SPSS® Software (Version 29.0) to analyze all data. Specifically, we used descriptive statistics (i.e., frequencies and percentages) to conduct our data analysis procedures.

As participants completed the instrument, they had the opportunity to nominate additional agriculture teachers who they believed also met the qualifications for participation. Through this snowball sampling process, seven additional agriculture teachers were nominated and invited to participate as panel members on Thursday, October 17, 2024. These additional participants received reminder emails on Monday, October 28, 2024, and Monday, November 4, 2024. Of the 53 agriculture teachers who were nominated to participate in Round One, 30 panel members responded to the Round One instrument, yielding a response rate of 56.6%.

Based on the data collected on the Round One instrument, the panel members identified a total of 128 unduplicated technical agricultural mechanics knowledge and skill items. Prior to distributing the Round Two instrument, we reviewed all responses and removed duplicates. Further, we also categorized each technical agricultural mechanics knowledge and skill item into distinct groups (e.g., General Agricultural Mechanics, Engines and Machinery, and so forth) to improve the organization and readability of the Round Two instrument. 

We presented the 128 technical agricultural mechanics knowledge and skill items to the 30 panel members who participated in Round One. We used a six-point, Likert-type scale (1 = Strongly Disagree, 2 = Disagree, 3 = Slightly disagree, 4 = Slightly agree, 5 = Agree, 6 = Strongly agree) to enable panel members to assess the perceived importance of each item. This six-point scale was employed in prior agricultural education research that used the Delphi technique (i.e., Hainline & Wells, 2019; Solomonson et al., 2022; Wells et al., 2021; Wells et al., 2023).

Using the Qualtrics platform, we distributed the Round Two instrument to the 30 panel members on Tuesday, December 3, 2024. We sent these 30 panel members two reminder messages via the Qualtrics platform on Tuesday, December 10, 2024, and Tuesday, December 17, 2024, respectively. Of the 30 teachers invited to complete the Round Two instrument, 22 responded, resulting in a response rate of 73.3%. Following the consensus criteria established in prior literature (i.e., Hainline & Wells, 2019; Solomonson et al., 2022; Wells et al., 2021; Wells et al., 2023), we deemed an item to have achieved consensus if at least 75% of panel members either Agreed or Strongly agreed on the importance of that item. We included the items rated as a five (Agree) or six (Strongly agree) by 51% to 74% of the panel members for re-evaluation in the Round Three instrument. However, we excluded any items that failed to receive a rating of five (Agree) or six (Strongly agree) from at least 51% of the panel members from any further consideration beyond Round Two.

Following the collection of Round Two responses, 74 technical agricultural mechanics knowledge and skill items met the consensus threshold requirements. Additionally, 36 technical agricultural mechanics knowledge and skill items received ratings of five (Agree) or six (Strongly agree) from 51% to 74% of panelists. We included these 36 items for re-evaluation via the Round Three instrument. Eighteen technical agricultural mechanics knowledge and skill items failed to achieve a rating of five (Agree) or six (Strongly Agree) from at least 51% of the panel members and were consequently not re-assessed during Round Three.

Using the Qualtrics platform, we distributed the Round Three instrument to the 22 panelists on Tuesday, January 14, 2025. We used the Qualtrics platform to send reminder emails on Tuesday, January 21, 2025, and Tuesday, January 28, 2025, respectively. Of the 22 panel members invited to participate, 18 responded, yielding a response rate of 81.8% for Round Three. Similar to the approach we used in Round Two, we considered an item to have achieved consensus if at least 75% of panel members rated it as five (Agree) or six (Strongly agree). After we collected the Round Three responses, six additional technical agricultural mechanics knowledge and skill items achieved consensus. Upon completion of all three rounds, 80 technical agricultural mechanics knowledge and skill items achieved consensus.

Results

	We used the Round One instrument to collect respondent characteristics data from each panel member. These data addressed panel members’ years of experience teaching Agricultural Education, their initial Agricultural Education teacher certification route, and their involvement in selected Kentucky FFA Career Development Events (CDEs) pertaining to agricultural mechanics subject matter. We wish to note that not all of the panel members who participated in Round One provided responses to the respondent characteristics items on the Round One instrument. Of the 24 panel members who reported their years of experience teaching Agricultural Education, panel members had an average of 14.8 years of experience teaching Agricultural Education (SD = 9.3). Moreover, these 24 panel members reported that they had, on average, taught Agricultural Education in Kentucky for 14.6 years (SD = 9.2).

Regarding Agricultural Education teacher certification, 22 panel members reported initially obtaining their teacher certification through an undergraduate-level teacher preparation program while two indicated they had initially received their teacher certification via a graduate-level program. Additionally, 23 panel members reported training their students for at least one agricultural mechanics-focused FFA CDE while one panel member indicated they had not. Of the three agricultural mechanics-focused FFA CDEs offered in Kentucky, 23 panel members had previously trained students to participate in the FFA Welding CDE, 19 panel members had previously trained students to participate in the FFA Small Power Equipment CDE, and 18 panel members had previously trained students to participate in the FFA Agricultural Mechanics CDE. A majority of panel members (n = 19; 63.3%) reported that their students had previously exhibited agricultural mechanics projects at project shows. 

We also asked each panel member to identify experiences that influenced their perceptions of the agricultural mechanics knowledge and skills needed by Kentucky agriculture teachers. This list of experiences, adapted from Wells et al. (2021) to suit the context of the current study, provided us with deeper insight into panel members' perspectives. Among the 26 experiences listed for selection by the panel members, the top three experiences that were most frequently reported as influential were: (1) My experiences teaching agricultural mechanics coursework (f = 21; 70.0%), My experiences working in the agricultural industry (f = 17; 56.7%), and Meetings with industry representatives (f = 13; 43.3%).

Due to conference abstract length limitations, we presented only the 16 technical agricultural mechanics knowledge and skill items that met 100% consensus in Rounds Two and Three in Table 1 (below). We wish to note that the sequencing of the 16 knowledge and skill items listed does not denote their order of importance.

	Table 1


	Selected Round Two and Three Findings: Technical Agricultural Mechanics Knowledge and Skill Items That Reached 100% Consensus

	Item
	n
	Category
	% Agreement

	Properly employing safe practices in the 
  agricultural mechanics laboratorya
	22
	General 
Agricultural Mechanics
	100.0

	Properly using personal protective 
  equipment (PPE)a
	22
	General 
Agricultural Mechanics
	100.0

	Properly identifying power tools 
  (ex. cordless drills, circular saws, etc.)a
	22
	General 
Agricultural Mechanics
	100.0

	Properly using power toolsa
	22
	General 
Agricultural Mechanics
	100.0

	Properly using power equipmenta
	22
	General 
Agricultural Mechanics
	100.0

	Properly using tape measuresa
	22
	Measurement and Layout
	100.0

	Properly using the different units of  
  measurement (ex. inches, millimeters, 
  etc.)b
	18
	Measurement and Layout
	100.0

	Properly distinguishing between two-
  stroke and four-stroke enginesa, c
	21
	Engines and Machinery
	100.0

	Properly distinguishing between gasoline 
  and diesel enginesa, c
	21
	Engines and Machinery
	100.0

	Properly identifying engine parts and 
  componentsa, c
	21
	Engines and Machinery
	100.0

	Properly operating and servicing gasoline-
  driven power unitsa, c
	21
	Engines and Machinery
	100.0

	Properly applying welding principles 
  (ex. arc length, travel speed, etc.)a
	22
	Metal Fabrication
	100.0

	Properly using welding consumables 
  (ex. electrodes, contact tips, etc.)a
	22
	Metal Fabrication
	100.0

	Properly inspecting welds for conformity 
  and quality (ex. porosity, undercut, etc.)a
	22
	Metal Fabrication
	100.0

	Properly using the shielded metal arc 
  welding (SMAW) processa
	22
	Metal Fabrication
	100.0

	Properly using the gas metal arc welding 
  (GMAW) processa
	22
	Metal Fabrication
	100.0

	Note. aItem reached consensus during the second round; bItem reached consensus during the third round; cItem was not answered by all panel members. 1 = Strongly disagree, 2 = Disagree, 3 = Slightly disagree, 4 = Slightly agree, 5 = Agree, 6 = Strongly agree.



Conclusions, Discussion, Recommendations, and Limitations

	We identified 80 technical agricultural mechanics knowledge and skill items that that Kentucky agriculture teachers need to successfully teach agricultural mechanics in SBAE programs across the state. As could be expected, our findings align well with the lists of technical agricultural mechanics knowledge and skills items that agriculture teachers in Iowa (Hainline & Wells, 2019) and Arkansas, Louisiana, Oklahoma, and Texas (Wells et al., 2021) need to successfully teach agricultural mechanics in their respective states.

Regarding the 16 knowledge and skill items outlined in Table 1 (above), we found it interesting that the majority of technical agricultural mechanics knowledge and skill items that achieved 100% consensus related to power mechanics and metal fabrication. Based on our panel members’ input, it is evident that these two agricultural mechanics content areas are of considerable importance within Kentucky. Consequently, we advise that SBAE stakeholders within the state (e.g., agricultural teacher education programs, Agricultural Education state staff, and so forth) who play roles in facilitating training for agriculture teachers, such as via undergraduate-level coursework or professional development workshops, ensure that these specific knowledge and skill items are addressed in the appropriate venues. Concomitantly, said stakeholders should also take care to ensure that they address the broader set of 80 technical agricultural mechanics knowledge and skill items highlighted in our findings.

In the context of Wells et al.’s (2021) agricultural teacher education and agricultural industry partnership model, we wish to also highlight the experiences that influenced our panel members’ perceptions of the agricultural mechanics knowledge and skills needed by Kentucky agriculture teachers. The typical panel member had taught Agricultural Education courses for an average of 14.8 years (SD = 9.3) and was nominated to participate based on their perceived expertise in teaching agricultural mechanics, thus indicating that our panel was comprised of experienced, qualified agriculture teachers. As also noted by Wells et al.’s (2021) panel members, our panel members indicated that their actual experiences: (1) teaching agricultural mechanics, (2) working in the agricultural industry, and (3) engaging with industry representatives were more influential than the experiences they underwent within their respective agricultural teacher education programs’ coursework. This is concerning to us as agricultural teacher educators. As also noted by Wells et al. (2021), we must be diligent and deliberate about how we prepare agriculture teachers to teach agricultural mechanics, particularly in light of declining credit hour availability within agricultural teacher education programs (Granberry et al., 2023). Per other scholars (e.g., Hainline & Wells, 2019; Wells et al., 2021) and the current study, agriculture teachers needs a battery of technical agricultural mechanics knowledge and skills to successfully facilitate teaching and learning opportunities for students. Hence, SBAE stakeholders must carefully choose how best to prepare agriculture teachers to be successful when working with their students.
	Regarding limitations, we note that our findings are not generalizable beyond Kentucky. Hence, our findings are not necessarily directly applicable to other states. Regarding recommendations, to deepen knowledge regarding agriculture teachers’ technical agricultural mechanics knowledge and skill needs, we recommend that: (1) agricultural teacher educators in other states replicate our study to ascertain useful data for their respective SBAE stakeholders and (2) that our study be replicated in Kentucky at regular intervals to provide insight into the evolution of agriculture teachers’ agricultural subject matter knowledge needs.
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