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Abstract
Technical skill development has been foundational to school-based agricultural education. However, there is limited guidance on the specific technical skills expected of middle school students. To address this gap, we conducted a modified three-round Delphi approach to identify essential technical skill outcomes for middle school agricultural education. Our expert panel consisted of 19 traditionally certified middle school agricultural education teachers from across the U.S., each with experience teaching students in grades five through eight. Through this process, the panelists reached consensus on 19 agricultural technical skill outcomes, organized into seven of the agriculture, food, and natural resources (AFNR) pathways. Examples of these skills included developing a budget, completing plant propagation, operating power tools, and utilizing proper protective equipment. These findings suggest that middle school teachers prioritized mastery of fundamental agricultural skills, particularly in the Power, Structural, and Technical Systems Pathway. Future research should describe the scope of agricultural mechanics at the middle school level and evaluate how teacher preparation programs should equip educators to effectively teach technical skill development. We also recommend developing a framework that integrates technical skill development to encourage agricultural interest and career exploration among middle school students.
Introduction
Middle schools are designed to provide learning experiences that meet the developmental and instructional needs of students aged 10 to 15 (Manning & Bucher, 2012). During these years, learners undergo significant physical, psychosocial, and cognitive changes (Bishop & Harrison, 2021; Manning & Bucher, 2012). Consequently, instruction should emphasize metacognitive strategies rather than passive consumption of content (Manning & Bucher, 2012). Learning experiences at this level should also be exploratory in nature (National Middle School Association, 2010). Beyond academic exploration, students begin to consider future career paths, plan high school coursework, and envision life after graduation (Advance CTE, 2020). Agricultural education offers one avenue to support students through these critical developmental career exploration stages.
Historically, the agricultural education curriculum has been grounded in the agriculture, food, and natural resources (AFNR) career cluster (Advance CTE, 2024; National Council for Agricultural Education, 2024). This cluster has been divided into nine agricultural pathways, including (a) agribusiness systems, (b) animal systems, (c) biotechnology systems, (d) education, communication, and leadership, (e) environmental services systems, (f) food products and processing systems, (g) natural resources systems, (h) plant systems, and (i) power, structural, and technical systems (National Council for Agricultural Education, 2024). To support this, the National Council for Agricultural Education (2024) provided foundational pathway skills to help support students in grades seven through nine. In 2024, however, this guiding framework for career and technical education (CTE), including AFNR, was modified. Advance CTE “released a modernized framework designed to serve as a bridge between education and work and a central building block for consistently designed high quality CTE programs” (Advance CTE, 2024, para. 1). This change proposed the divide of AFNR into two separate career clusters: (1) agriculture and (2) energy and natural resources (Advance CTE, 2024). Even so, the career cluster framework has continued to inform curriculum development for middle and high school agricultural education programs. 
 Middle school agricultural education programs have continued to increase across the U.S. (Englin et al., 2025; Jones et al., 2020; Rossetti & McCaslin, 1994). Jones et al. (2020) reported that an estimated 422 middle school agricultural education teachers provided instruction across diverse agricultural topics, with the most common being career exploration, environmental/natural resources, international agriculture, and FFA leadership (Englin et al., 2025). Beyond acquiring agricultural content knowledge, students in SBAE courses participate in hands-on learning experiences to develop their technical skills and enhance their employability.
Technical skill outcomes have been influential in the development of modern school-based agricultural education (SBAE). In fact, when Charles Prosser, a prominent vocational education theorist, emphasized this in his third theorem: “vocational education should provide students with thinking habits – technical knowledge and scientific problem-solving skills – and the manipulative skills required in the occupation itself” (Prosser & Allen, 1925, as cited in Gordon & Schultz, 2020, p. 37), illustrating the importance of technical skill development. In addition to acquiring agricultural knowledge, students gain technical skills that enhance their employability within the agricultural industry. For example, Ramsey and Edwards (2011, 2012) sought to identify entry-level technical skills that teachers and agricultural industry representatives expected students to learn through participation in supervised agricultural experience (SAE) programs. Relatedly, Slusher et al. (2011) noted that math proficiency, farm safety, and understanding animal needs were among the most critical skills for success in careers in animal systems. Students have widely accepted technical skill attainment as a measure of teaching effectiveness. In SBAE, teachers must have skills in the plant systems (Solomonson et al., 2022) and power, structural, and technical systems (Wells et al., 2021; Albritton & Roberts, 2020; Hainline & Wells, 2019; Swafford & Hagler, 2018). However, little emphasis has been placed on identifying age-appropriate technical skills for middle school agricultural education, highlighting the need for this investigation. 
Conceptual Framework
Because technical skill development has been critical in the development of agricultural education, we used Roberts’ and Ball’s (2009) model for Agricultural Subject Matter as a Content and Context for Teaching as a framework for this research, which provides a comprehensive lens for understanding the aims and purpose of SBAE. The philosophical perspectives of this model are built on two theories: behaviorism and constructivism. Under behaviorism, the model (Roberts & Ball, 2009) posits that when students engage in agriculture, content-centered instruction is developed from modern industry concepts and facts.
Complementing this, the model’s constructivist dimension positions agriculture as a context for learning, fostering engagement that helps students become “lifelong learners and agriculturally literate citizens” (Roberts & Ball, 2009, p. 86). It also emphasizes the role of social interaction, both teacher-to-student and peer-to-peer, in shaping learning experiences. Although this framework provides valuable insights, it does not fully account for the unique developmental needs of middle school learners; therefore, its applications to the current study could yield new insights. 
Purpose
This study aimed to determine the key agricultural technical skill outcomes expected for middle school students participating in agricultural education programs. To achieve this, the investigation focused on a single objective: to identify the technical skills most valued for middle school learners from the perspective of an expert panel of middle school agricultural education teachers. 
Methodology
This study was part of a larger investigation (see Englin, 2025) that aimed at identifying learning outcomes for middle school agricultural education, including agricultural content knowledge, technical skills, and career readiness. The focus of this study was to report findings related to agricultural technical skill outcomes for middle school students enrolled in agricultural education programs across the United States. Data were collected using a modified Delphi method, which gathers expert feedback through multiple rounds of questionnaires (Niederberger et al., 2021). Following recommendations by Hsu and Sanford (2007), three rounds were conducted to achieve consensus. Establishing consensus is critical for reporting quality data in Delphi studies (Barrios et al., 2021). A 75% agreement threshold, commonly accepted in Delphi research (Diamond et al., 2014; Foth et al., 2016; Schifano & Niederberger, 2025), was used in this study.
Expert panelists were required to be highly qualified in the target area (Hsu & Sanford, 2007). Therefore, participants included U.S. middle school agricultural education teachers who (a) were certified through a university teacher-preparation program and (b) had at least three years of experience teaching grades five through eight. Purposeful snowball sampling was used to recruit participants (Creswell & Poth, 2018). State agricultural education leaders (N = 52) were contacted on October 28, 2024, and asked to provide contact information for 10 teachers meeting the criteria. Responses were received from 20 states (38.46%), yielding 91 names; after verification, 87 were deemed eligible. Nineteen teachers (21.84%) participated in Round One, 15 (78.94%) in Round Two, and 14 (73.68%) in Round Three.
Round One began November 13, 2024. The 87 participants received a Qualtrics link and study details via email, following Dillman et al. (2014) tailored design method. Demographic data were collected to confirm eligibility. The questionnaire included descriptions of the nine AFNR pathways and definitions for agricultural literacy (Frick et al., 1991; Spielmaker & Leising, 2014), technical skills (Coursera, 2024), and career readiness (National Council for Agricultural Education, 2024). Although the overall investigation included three open-ended questions, this study focused on responses to the following prompt: Based on the definition and examples provided, consider all nine AFNR career pathways and list the specific AFNR technical skills that students should be competent in after completing a middle school agricultural education program. Responses were coded using structural methods (Saldaña, 2021) and categorized into 10 themes aligned with AFNR pathways and foundational skills.
Round Two began January 8, 2025. Nineteen panelists received an email (Dillman et al., 2014) with a Qualtrics link to the Round Two questionnaire. Panelists rated each outcome on a four-point Likert scale (1 = Strongly Disagree, 2 = Disagree, 3 = Agree, 4 = Strongly Agree) with no midpoint option to encourage definitive responses (Croasmum & Ostrum, 2011). Outcomes with ≥75% agreement were accepted; those with 51.00%–74.99% were carried forward; and those below 51.00% were removed. Panelists also suggested additional outcomes that may have been overlooked in Round One, yielding 20 new responses that were not included in future rounds.
Round Three commenced February 3, 2025. After receiving a personalized e-mail with a Qualtrics link to the Round Three questionnaire, the 15 panelists reevaluated outcomes, with 51.00%–74.99% agreement using the same scale and provided additional comments. Outcomes meeting the 75% threshold were included in the final list; those that did not were excluded. Fourteen panelists completed this round.
Data was analyzed using Microsoft Excel and SPSS. Demographic data were summarized as frequencies and percentages; consensus data were analyzed for means, percentages, and standard deviations (Hasson et al., 2000). Dalkey et al. (1972) noted that a reliability of .90 can be achieved with responses from 13 or more panelists. By maintaining 14 participants across three rounds, reliability was achieved.
Findings
Delphi Panel Characteristics
Nineteen middle school agricultural education teachers from 11 different states comprised the panel of experts. Ranging in age from 25 to 55 years of age (M = 35.47 years), these experts brought three to 31 years of teaching experience (M = 10.21 years) providing instruction to students in sixth grade (f = 8; 42.11%), seventh grade (f = 15; 78.94%), and eighth grade (f = 17; 89.47%). Panelists reported that the length of instruction at their schools varied from nine to 36 weeks. Eighteen (94.74%) of the panelists were employed in school districts with an enrollment of fewer than 1,001 students, and eight (42.11%) worked in communities with a population of fewer than 5,000. SAE was a graded component for 52.63% (f = 10) of the participants, and 68.42% (f = 13) reported that 75% of their students maintained active FFA membership. 
Round One
The expert panelists identified 37 agricultural technical skill outcomes, which were categorized across eight AFNR and Foundational pathways. After removing duplicates, 28 outcomes were used to develop the questionnaire for the second round. The AFNR pathways with the most significant number of technical skill outcomes identified were the Power, Structural, and Technical Systems Pathway (f = 11; 29.73%), the Animal Systems Pathway (f = 7; 18.92%), and the Agribusiness Systems Pathway (f = 6; 16.22%). The remaining outcomes were sorted into the following pathways: Plant Systems (f = 5; 13.51%), Food Products and Processing Systems (f = 3; 8.11%), Foundational (f = 3; 8.11%), Environmental Sustainability Systems (f = 1; 2.70%), and Education, Communication, and Leadership (f = 1; 2.70%).
Across the eight AFNR pathways, the most reported agricultural technical skills included: read a tape measure (Power, Structural, and Technical Systems; f = 6; 16.22%), develop a budget (Agribusiness Systems; f  = 3; 8.11%), animal handling techniques (Animal Systems; f = 2; 5.41%), prepare seeds for germination (Plant Systems; f = 2; 5.41%), and operate hand tools (Power, Structural, and Technical Systems; f = 2; 5.41%). Table 1 further describes the technical skill outcomes identified in Round One.
Table 1
Agricultural Technical Skill Outcomes Identified by Expert Panelists (N = 19)
	Technical Skill
	Panelist 
Responses

	
	f
	%

	Agribusiness Systems
	
	

	
	Develop a budget
	3
	8.11

	
	Manage a financial plan
	1
	2.70

	
	Complete data entry
	1
	2.70

	
	Complete data analysis
	1
	2.70

	Animal Systems
	
	

	
	Demonstrate animal handling techniques
	2
	5.41

	
	Demonstrate veterinary technician skills
	1
	2.70

	
	Evaluate animals based on standards
	1
	2.70

	
	Evaluate animals based on production needs
	1
	2.70

	
	Develop disease management plans
	1
	2.70

	
	Create sanitary living conditions for animals
	1
	2.70

	Education, Communication, and Leadership
	
	

	
	Demonstrate effective communication
	1
	2.70

	Environmental Sustainability
	
	

	
	Complete water quality tests
	1
	2.70

	Food Products and Processing
	
	

	
	Translate food labels
	1
	2.70

	
	Read a recipe
	1
	2.70

	
	Complete the steps in following a recipe
	1
	2.70

	Plant Systems
	
	

	
	Complete plant propagation
	1
	2.70

	
	Prepare seeds for germination
	2
	5.41

	
	Utilize garden tools
	1
	2.70

	
	Transplant plants from pots to garden beds
	1
	2.70

	Power, Structural, and Technical Systems
	
	

	
	Read a tape measure
	6
	16.22

	
	Utilize a welding machine to strike an arc
	1
	2.70

	
	Operate hand tools
	2
	5.41

	
	Utilize proper protective equipment in a laboratory setting
	1
	2.70

	
	Complete steps in following safety procedures in a laboratory setting
	1
	2.70

	Foundational
	
	

	
	Use a microscope
	1
	2.70

	
	Use laboratory equipment
	1
	2.70

	
	Design an experiment
	1
	2.70



Round Two
In the second round, the expert panelists indicated their level of agreement on 28 agricultural content topics across eight AFNR pathways. Consensus levels of agreement (75% or greater) were met on 14 items (50.00%). The rates of consensus for each pathway included: Agribusiness Systems (f = 1; 25.00%), Animal Systems (f = 0; 00.00%), Education, Communication, and Leadership (f = 1; 100.00%), Environmental Sustainability Systems (f = 0; 00.00%), Food Products and Processing Systems (f = 3; 100.00%), Plant Systems (f = 4; 100.00%), Power, Structural, and Technical Systems (f = 4; 66.67%), and Foundational (f = 1; 33.34%).
[bookmark: _Hlk216860203]The agricultural technical skills that met the expert panelists’ consensus levels of agreement (75% or greater) are displayed in Table 2, which includes the mean (M), standard deviation (SD), and agreement levels (%) for each topic. Four (14.28%) of the 28 skills achieved an agreement level of 100%. These included: demonstrate effective communication (Education, Communication, and Leadership; M = 3.80, SD = 0.41), prepare seeds for germination (Plant Systems; M = 3.53, SD = 0.52), utilize garden tools (Plant Systems; M = 3.53, SD = 0.52), and utilize proper protective equipment in a laboratory setting (Power, Structural, and Technical Systems, M = 3.73, SD = 0.46). In addition, panelists provided eight additional agricultural technical skills for five AFNR pathways. Participants were also asked to provide additional technical skills outcomes that were not reported in Round One. Although these outcomes were not reported in the final data set, examples included: developing a portfolio, writing a speech, delivering a speech, building a carpentry project, and creating a resume.
Table 2
Round Two Consensus Levels of Agreement for Agricultural Technical Skills (N = 15)
	Technical Skill
	M
	SD
	% Agreement Level1

	Agribusiness Systems
	
	
	

	
	Develop a budget
	3.00
	0.85
	80.00

	
	Complete data entry
	2.67
	1.11
	60.00

	
	Manage a financial plan
	2.53
	0.99
	33.33

	
	Complete data analysis
	2.33
	1.05
	33.33

	Animal Systems
	
	
	

	
	Create sanitary living conditions for animals
	3.00
	0.93
	73.33

	
	Demonstrate animal handling techniques
	2.73
	0.70
	60.00

	
	Evaluate animals based on standards
	2.60
	0.63
	53.33

	
	Evaluate animals based on production needs
	2.33
	0.82
	40.00

	
	Demonstrate veterinary technician skills
	2.00
	0.66
	20.00

	
	Develop disease management plans
	1.87
	0.64
	13.33

	Education, Communication, and Leadership
	
	
	

	
	Demonstrate effective communication
	3.80
	0.41
	100.00

	Environmental Sustainability Systems
	
	
	

	
	Complete water quality tests
	2.73
	0.96
	66.67

	Food Products and Processing Systems
	
	
	

	
	Translate food labels
	3.40
	0.63
	93.33

	
	Read a recipe
	3.47
	0.64
	93.33

	
	Complete the steps in following a recipe
	3.33
	0.82
	80.00

	Plant Systems
	
	
	

	
	Prepare seeds for germination
	3.53
	0.52
	100.00

	
	Utilize garden tools
	3.53
	0.52
	100.00

	
	Complete plant propagation
	3.33
	0.72
	86.67

	
	Transplant plants from pots to garden beds
	3.47
	0.74
	86.67

	Power, Structural, and Technical Systems
	
	
	

	
	Utilize proper protective equipment in a laboratory setting
	3.73
	0.46
	100.00

	
	Read a tape measure
	3.53
	0.64
	93.33

	
	Complete steps in following safety procedures in a laboratory setting
	3.67
	0.62
	93.33

	
	Operate hand tools
	3.27
	0.96
	80.00

	
	Operate power tools
	2.93
	1.16
	73.33

	
	Utilize a welding machine to strike an arc
	2.07
	1.03
	26.67

	Foundational
	
	
	

	
	Use laboratory equipment
	3.27
	0.70
	86.67

	
	Use a microscope
	3.00
	0.76
	73.33

	
	Design an experiment
	3.00
	0.85
	66.67


Note. 1Content topics receiving at least 51% and less than 74.99% agreement were included in round three of this investigation. Items receiving less than 51% agreement were removed. 
Round Three
In the third round, expert panelists indicated their level of agreement on eight agricultural technical skills across five AFNR pathways. Consensus levels of agreement (75% or greater) were met on five items (62.50%). The rates of consensus for each pathway in Round Three included: Agribusiness Systems (f = 0; 0.00%), Animal Systems (f = 3; 100.00%), Environmental Sustainability Systems (f = 0; 0.00%), Power, Structural, and Technical Systems (f = 1; 100.00%), and Foundational (f = 1; 50.00%).
[bookmark: _Hlk190346864]The agricultural technical skills that met the consensus levels of agreement (75% or greater) by the expert panelists have been displayed in Table 3, which includes the mean (M), standard deviation (SD), and agreement levels (%) for each topic. Five (62.50%) of the eight skills met the consensus level of agreement, including: demonstrate animal handling techniques (Animal Systems; M = 3.07, SD = 0.61), create sanitary living conditions for animals (Plant Systems; M = 3.21, SD = 0.80), evaluate animals based on standards (Plant Systems; M = 2.79, SD = 0.43), operate power tools (Power, Structural, and Technical Systems, M = 3.00, SD = 0.88), and use a microscope (Plant Systems; M = 3.00, SD = 0.68).
Table 3
Round Three Consensus Levels of Agreement for Agricultural Technical Skills (N = 14)
	Technical Skill
	M
	SD
	% Agreement Level1

	Agribusiness Systems
	
	
	

	
	Complete data entry
	2.43
	0.94
	42.85

	Animal Systems
	
	
	

	
	Demonstrate animal handling techniques
	3.07
	0.62
	85.71

	
	Create sanitary living conditions for animals
	3.21
	0.80
	78.57

	
	Evaluate animals based on standards
	2.79
	0.43
	78.57

	Environmental Sustainability Systems
	
	
	

	
	Complete water quality tests
	2.93
	0.92
	71.42

	Power, Structural, and Technical Systems
	
	
	

	
	Operate power tools
	3.00
	0.88
	78.57

	Foundational
	
	
	

	
	Use a microscope
	3.00
	0.68
	78.57

	
	Design an experiment
	2.86
	0.86
	57.14



Final Review
The expert panelists reviewed 28 agricultural technical skills considered essential for middle school agricultural education students. Of the items considered, 19 (67.86%) met a consensus level agreement of 75% or greater. The pathways with the highest consensus rates included Plant Systems (f = 4; 100.0%) and Food Products and Processing (f = 3; 100.00%). Meanwhile, Agribusiness Systems (f = 1; 25.00%) and Environmental Sustainability Systems (f = 0; 00.00%) had the lowest level of consensus (see Table 4).
Table 4
Total Rates of Consensus for Agricultural Technical Skills According to the Expert Panelists
	
	Total Items (f)
	Consensus Items (f)
	Consensus Rate (%)

	Agribusiness Systems
	4
	1
	25.00

	Animal Systems
	6
	3
	50.00

	Education, Communication, and Leadership 
	1
	1
	100.00

	Environmental Sustainability Systems
	1
	0
	00.00

	Food Products and Processing Systems
	3
	3
	100.00

	Plant Systems
	4
	4
	100.00

	Power, Structural, and Technical Systems
	6
	5
	83.34

	Foundational
	3
	2
	66.67

	Total
	28
	19
	67.86



The 19 agricultural technical skills that achieved consensus from Round Two (N = 14) and Round Three (N = 5) have been compiled and displayed in Table 5.
Table 5
Final List of Agricultural Technical Skills for Middle School Agricultural Education as Identified by Expert Panelists
	Technical Skill
	% Agreement Level

	Agribusiness Systems
	

	
	Develop a budget
	100.00

	Animal Systems
	

	
	Create sanitary living conditions for animals
	78.57

	
	Demonstrate animal handling techniques
	85.71

	
	Evaluate animals based on standards
	78.57

	Education, Communication, and Leadership
	

	
	Demonstrate effective communication
	100.00

	Food Products and Processing Systems
	

	
	Translate food labels
	93.33

	
	Read a recipe
	93.33

	
	Complete the steps in following a recipe	
	80.00

	Plant Systems
	

	
	Prepare seeds for germination
	100.00

	
	Utilize garden tools
	100.00

	
	Complete plant propagation
	86.67

	
	Transplant plants from pots to garden beds
	86.67

	Power, Structural, and Technical Systems
	

	
	Utilize proper protective equipment in a laboratory setting
	100.00

	
	Read a tape measure
	93.33

	
	Complete steps in following safety procedures in a laboratory setting
	93.33

	
	Operate hand tools
	80.00

	
	Operate power tools
	78.57

	Foundational
	

	
	Use a microscope
	78.57



Conclusions and Recommendations
Roberts’ and Ball’s (2009) model supported the findings of this investigation and continues to reaffirm that technical skill attainment has played a vital role in shaping agricultural education. Consistent with findings on technical skill attainment in secondary education (Slusher et al., 2011; Ramsey & Edwards, 2011, 2012), this study revealed that middle school teachers identified 19 essential technical skills distributed across seven AFNR pathways. Supported by previous research indicating that middle school agricultural education should be foundational and exploratory (National Middle School Association, 2010) as well as career-focused (Association for Career and Technical Education, 2018). The teachers in this investigation also emphasized that technical skill outcomes at this level should be basic and relevant to students’ lives. The findings of this study further suggested that middle school agricultural education teachers valued technical skill outcomes in the Power, Structural, and Technical (PST) Systems Pathway (f = 5; 26.34%). Foundational skills in this pathway included using proper protective equipment in a laboratory setting, reading a tape measure, following safety procedures in a laboratory setting, operating hand tools, and operating power tools, which demonstrated the importance of foundational skill development. These findings reinforced the notion that PST skills have been critical to SBAE (Ramsey & Edwards, 2012). Because so much emphasis has been placed on PST technical skill development, research should examine the laboratory space and equipment used to facilitate middle school students’ learning in agricultural mechanics. 
Roberts’ and Ball’s (2009) model positions agriculture as both content and context for teaching, aiming to develop agriculturally literate citizens and a skilled agricultural workforce. Although this approach is well-suited for high school students preparing for graduation and careers, it does not fully address the developmental needs of younger learners. Therefore, we propose an alternative framework in which middle school agriculture emphasizes cultivating career curiosity rather than a skilled agricultural workforce. This aligns with the growing emphasis on career exploration at the middle school level (Englin et al., 2025; Advance CTE, 2020; Jones et al., 2020; Association for Career and Technical Education, 2018; Rossetti & McCaslin, 1995). 
The findings of this study reflect the perspectives of 19 teachers from 11 states, which limits geographic generalizability. For example, one technical skill outcome, evaluating animals based on standards, achieved a consensus level of 78.57%. However, one participant noted that while they found value in exposing their students to skills related to livestock evaluation, it was not prioritized because many of the students were from an urban area. Instead, this participant opted to advance skills related to meat selection because it was more relevant to the students’ lives. Therefore, future research should examine technical skill outcomes by region and identify the most appropriate technical skill outcomes for each grade level. To support curriculum development in middle school agricultural education, we recommend pairing the findings from this investigation with guidance from the AFNR Foundational Pathway Skills (Advance CTE, 2023) and the current agricultural education framework (Advance CTE, 2024). We further recommend that teacher education programs evaluate preservice teachers’ efficacy in effectively teaching the technical skill outcomes identified in this investigation. 
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