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Abstract

Agricultural teacher education programs are designed to prepare competent teachers who are ready to
teach students in public schools. One aspect of agricultural teacher education is ensuring teachers are
ready to lead instruction in various aspects of school-based agricultural education (SBAE), such as
teaching students various technical agriculture skills. As part of a larger study, we used a three-round
Delphi study to identify the technical agriculture skills SBAE teachers in Illinois and lowa need to
effectively teach courses in the Plant Systems pathway within the broader Agriculture, Food, and Natural
Resources (AFNR) Career Cluster. A panel of 27 experienced SBAE teachers nominated by their
colleagues contributed data for our study. Eighteen teachers participated in all three rounds. At the
conclusion of our Delphi study, we identified 82 technical agriculture skills. To help ensure teachers are
competent and prepared to teach courses in the Plant Systems pathway, we suggest several approaches
agricultural teacher educators should consider: (1) facilitating opportunities to implement technical
agriculture skill development opportunities within agricultural teacher education programs, (2) engaging
with agricultural faculty who teach technical agriculture courses to pre-service teachers, and (3) using
our list of 82 skills as a springboard to facilitate future scholarly inquiry on the topic. While our results
are not generalizable beyond the SBAE teachers in Illinois and lowa, we do believe our findings are
valuable to SBAE stakeholders. To enhance generalizability and provide a more thorough exploration of
teachers’ technical agriculture skill needs, replication of our study should occur in other states.
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Introduction

School-based agricultural education (SBAE) programs are found within schools of differing sizes,
community types, and demographics. Philosophically, SBAE programs are intended to reflect the needs of
their respective local communities and serve various functions, such as facilitating opportunities for student
growth via leadership activities (Phipps et al., 2008), addressing workforce development needs (Wells &
Hainline, 2021; Wells et al., 2021), and preparing students for future opportunities in the agricultural
industry (Stripling & Ricketts, 2016). To maximize potential for positive student and community impacts,
SBAE programs must be led by effective SBAE teachers (Eck et al., 2019). Effective SBAE teachers
possess a range of characteristics, such as knowledge about teaching and learning processes and agricultural
subject matter knowledge (Eck et al., 2019). Agricultural subject matter knowledge has consistently been
identified as characteristic of effective SBAE teachers (Eck et al., 2019; Roberts & Dyer, 2004).

Agricultural subject matter is broad and encompasses a wide range of topic areas commonly taught
in SBAE programs, including agribusiness, agricultural mechanics, environmental and natural resources,
animal science, and plant science (Phipps et al., 2008). Within the context of agricultural teacher education
programs, technical agriculture coursework addressing the different segments of agriculture is typically a
significant portion of an undergraduate degree program (Whittington, 2005). The agricultural industry
perpetually alters course to meet the needs and desires of modern society (Doerfert, 2011). Likewise, the
agricultural subject matter knowledge needs of SBAE teachers change as well. Viewed holistically, the
scope of agricultural subject matter knowledge needed by SBAE teachers alongside the progressive nature
of the agricultural industry can present challenges for SBAE and its stakeholders, particularly from the
perspective of ensuring teachers are competent and prepared to adequately address the purposes of SBAE
programs.

To better serve the needs of SBAE stakeholders, there has been a concerted effort to refine SBAE
coursework and content standards at the national level. In 2015, The National Council for Agricultural
Education presented a revised list of the Agriculture, Food, and Natural Resources (AFNR) Career Cluster
Content Standards. These revised standards were detailed across eight career pathways: (1) Agribusiness
Systems, (2) Animal Systems, (3) Biotechnology Systems, (4) Environmental Service Systems, (5) Food
Products and Processing, (6) Natural Resource Systems, (7) Plant Systems, and (8) Power, Structural, and
Technical Systems. Designed to build upon efforts initiated by the United States Department of Education
in the early 2000s, the content standards addressed within each pathway were intended to promote student
success and align with the agricultural workforce development needs of the 21% century. The pathways and
their aligned content standards were intended to be used by SBAE teachers and leaders throughout the
United States to inform the progression of SBAE programs (The Council, 2015). These efforts have
consequences for agricultural teacher education programs and other SBAE stakeholders, particularly in the
context of ensuring teachers are competent, prepared, and effective.

Teacher competence is vital to facilitating and supporting the intended outcomes of SBAE
programs (Wells & Hainline, 2021). Ensuring SBAE teachers are both competent in their agricultural
subject matter knowledge and prepared to lead instruction in technical agriculture skills has implications
beyond impacts on students, the SBAE program, the school, and the community at-large. Teacher
competence (or the lack thereof) can not only hinder the learning experience for students but can also create
other issues, such as teacher liability concerns (Hainline et al., 2019). Liability concerns relevant to SBAE
teachers consist of a spectrum of topics, including student supervision, student safety, and classroom
management (Hainline et al., 2019), all of which can be present when providing technical agriculture skill
instruction commonly found in SBAE curricula. Moreover, as much of SBAE instruction is laboratory-
based (Phipps et al., 2008) and SBAE laboratories are frequently used to support the purposes of SBAE
programs (Shoulders & Myers, 2012), SBAE teachers are tasked with creating and managing safe learning
environments (Saucier et al., 2014). Doing so requires SBAE teachers be competent in their technical
agriculture knowledge and skills (Wells & Hainline, 2021).
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By the nature of their profession, teachers must make good judgments and ensure their students are
safe (McDaniel, 2020). Zirkle (2017) indicated teachers must perform their duties competently and they
must proactively ensure the spaces in which they teach are suitable for instruction to occur. Moreover, Love
(2013) noted that the potential for teachers to encounter liability issues can be heightened if teachers are
not appropriately prepared for their subject matter area. Love (2013) further indicated many issues related
to teacher liability can be addressed through proactive means, such as ensuring teachers are competent and
well-prepared to work in their teaching and learning environments.

Beyond addressing teacher liability concerns through adequate teacher preparation, research
indicates that sufficient teacher preparation and training, purposeful professional development, possessing
adequate self-efficacy, and increased experiences in the classroom can all contribute to increased teacher
retention (Solomonson et al., 2018). When specifically examining SBAE, Solomonson et al. (2018)
identified a teacher’s Lack of Confidence to Teach the Curriculum as the top affective factor impacting a
SBAE teacher’s decision to leave the teaching profession. Findings in similar studies suggest teachers are
less likely to leave the profession when they are adequately prepared for their career (Darling-Hammond,
2003; Darling-Hammond et al., 2002). Further, sufficient training and professional development programs
have also shown to have a positive impact on retaining teachers (Haynes, 2014; Ingersoll & Smith, 2003).
Perhaps if teachers perceived that they were more prepared to teach agricultural subject matter and believed
themselves to be competent and prepared to teach their curricula, they might be less likely to exit the
profession (Solomonson et al., 2018). In conjunction with teacher liability concerns, this might be useful
when also considering teacher attrition issues, which has been identified as a top priority of agricultural
teacher education (Foster et al., 2020).

In the context of preparing competent SBAE teachers, recent literature (i.e., Hainline & Wells,
2019; Swafford & Hagler, 2018; Wells & Hainline, 2021; Wells et al., 2021) has focused more extensively
and deeply on agricultural mechanics versus other agricultural subject matter areas, such as agribusiness,
animal science, and plant science. Albritton and Roberts (2020) explored the technical agriculture skill
needs of beginning teachers and addressed a broad swath of agricultural subject matter areas. However,
their study was intended primarily to serve the interests of preparing early-career teachers and thus serves
as a limitation when considering the technical agriculture skills needed by teachers of all experience levels.

While other scholars such as Clemons et al. (2018), Figland et al. (2019), and Smalley et al. (2019)
have recently explored SBAE teachers’ professional development needs related to their teaching
responsibilities (including agricultural subject matter), limited deeper knowledge about detailed agricultural
subject matter items (i.e., specific, identifiable technical agriculture skills within broader agricultural
subject matter areas) serves as a limitation to such efforts, thus creating a gap in the literature. As part of a
larger effort to address teachers’ technical agriculture skills needs, our study focused specifically on the
Plant Systems pathway. Our intention was to help fill the existing gap in the literature by providing a list
of specific technical agriculture skills that could be used to better inform SBAE stakeholders who have a
role in developing competent, prepared teachers, such as agricultural teacher educators and other
agricultural faculty at-large, regarding expectations for teacher competence in SBAE programs.

Theoretical Framework

We used human capital theory (HCT) as modeled by Swanson and Holton (2001) to underpin our
study (see Figure 1).
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Figure 1
A Model of Human Capital Theory
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From Foundations of Human Resource Development (p. 110), by R. A. Swanson and E. F. Holton, III,
2001, Berrett-Koehler Publishers, Inc. Copyright 2001 by Berrett-Koehler Publishers, Inc. Reprinted with
permission.

Human capital encompasses the health and education of people, the stock of educated people and
is measured by assessing the quantity and quality of formal education received by individuals (Lutz & KC,
2011). Education consistently emerges as the prime human capital investment for empirical analysis
(Sweetland, 1996) and has served as the foundational human capital component of many studies which
have evaluated the skills, needs, and education required of individuals as they relate to workforce
preparedness (Easterly & Myers, 2017; Hendrix & Morrison, 2018; Robinson & Baker, 2013; Robinson &
Garton, 2008; Wells & Hainline, 2021). In the HCT model, Swanson and Holton (2001) describe three key
relationships that occur through the process of human capital development. Our study used the first two
relationships of their model as a foundation. The first relationship within the HCT model relates to the
outcomes of the resources, inputs, education, and training of individuals. These outcomes are then utilized
as inputs as the individual progresses to employment and applies the education and training to their work.
As noted by Swanson and Holton (2001), as individuals apply their educational outcomes as inputs in the
workplace, productivity for the firm which they are employed will be bolstered.

Baye and Prince (2014) add to the conversation related to the application of an individual’s
education outputs transferring to become inputs to their area of employment by describing human capital
as a specialized investment firms are required to make. This definition implies that firms or companies are
willing to invest in their employees to help them attain specific knowledge or skills related to their job, thus
improving human capital as a resource. When looking at the connection between relationships one and two
in the HCT model, knowledge and skills learned from an employee’s education should directly transfer as
inputs for a firm (production process) as a benefit. Employees are able to contribute relevant knowledge,
education, and skills to the firm in which they are employed. In turn, firms can reduce the amount of direct
investment they make into human capital through reliance on employees bringing prior knowledge,
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education, and skills with them to their current employer. This subsequently creates an economic benefit
for both employee and employer through an exchange of benefits and cost savings.

An employee’s ability to provide knowledge, skills, and education to their employment stems from
the education received in relationship one of the HCT model (i.e., resources, inputs, education, and training
of individuals). SBAE teachers who are competent and proficient in relevant agricultural subject matter
will not only have a positive impact on increasing the knowledge and skillsets of their students but will
contribute to crafting a connection between relationships one and two as employers invest in their
employees, as outlined by Swanson and Holton (2001).

Conceptual Framework

We conceptually framed our study using the Agricultural Teacher Education and Agricultural
Industry Partnership Model (see Figure 2) presented by Wells et al. (2021).

Figure 2
The Agricultural Teacher Education and Agricultural Industry Partnership Model
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From “A Regional Study of the Agricultural Mechanics Knowledge and Skills Needed by School-based
Agricultural Education Teachers,” by T. Wells, M. S. Hainline, B. D. Rank, K. W. Sanders, and S. B.
Chumbley, 2021, Journal of Agricultural Education, 62(2), p- 162
(https://doi.org/10.5032/jae.2021.02148). Copyright 2021 by the Journal of Agricultural Education.
Reprinted with permission.

In particular, we focused on the Experienced Teachers’ Perceptions of What is Important
component of their model. Building upon Roberts and Ball’s (2009) Content-based Model for Teaching
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Agriculture, Wells et al.’s (2021) model included additional factors contributing toward both the technical
agriculture expertise of SBAE teachers and instructional practices and skill learning within SBAE programs
(e.g., Teacher Professional Development, Teacher Education Programs, etc.). Wells et al. (2021) indicated
experienced teachers can serve as thought-leaders within their respective programs, communities, and states
and can thereby help influence the development of competent, prepared SBAE teachers. Thus, soliciting
experienced teachers’ perceptions is a fundamental component of facilitating positive changes in SBAE.

Purpose

The purpose of our study was to describe the technical agriculture skills teachers in Illinois and
Iowa need to effectively teach courses in the Plant Systems pathway within the broader AFNR Career
Cluster. We used the perceptions of knowledgeable, experienced SBAE teachers to accomplish our purpose.
It should be noted our study was part of a larger study focused on identifying the technical agriculture skills
SBAE teachers in Illinois and Iowa need. Our study specifically addressed the American Association for
Agricultural Education (AAAE) National Research Agenda (NRA) Research Priority 3: Sufficient
Scientific and Professional Workforce That Addresses the Challenges of the 21% Century (Stripling &
Ricketts, 2016).

Methods

We conducted a three-round Delphi study to obtain a general consensus among Illinois and lowa
SBAE teachers regarding their perceptions of the most important technical agricultural skills teachers
should have to effectively teach courses in the Plant Systems pathway. Delphi methods have been used in
a myriad of recent Agricultural Education studies (Hainline et al., 2019; Rinker et al., 2021; Wells et al.,
2021) and serve as an effective tool for building consensus among a panel by using a series of questionnaires
(Linstone & Turoff, 1975).

Nomination Process

The careful selection of experts to serve on the panel has been described as the “keystone to a
successful Delphi study” (Stitt-Gohdes & Crews, 2004, p. 60). The panelists we used to inform our Delphi
study were nominated using a snowball sampling process. We conducted the initial nomination process by
reaching out to agricultural teacher educators and state-level SBAE leaders in the two states included in our
study. Specifically, we asked these individuals to identify SBAE teachers in their respective state who they
perceived to be effective teachers of courses in the Plant Systems pathway. At the conclusion of the initial
nomination process, 58 SBAE teachers were nominated to participate in our study. Following the snowball
sampling technique, we asked the SBAE teachers who were initially nominated to nominate other teachers
who they perceived to be effective teachers of courses in the Plant Systems pathway. At the conclusion of
the nomination process, 85 SBAE teachers were nominated to participate in our study as panelists.

Instrumentation / Data Collection

We conducted a three-round Delphi study and used a separate Qualtrics survey instrument to collect
data during each round. For each round, we sent an initial survey instrument to the panelists via e-mail. We
subsequently sent two reminder e-mails to non-respondents in seven-day increments to increase our
response rate. As a reward for their participation in our study, we sent a small refrigerator magnet with the
Teach Ag logo printed on it to each panelist who responded to our first-round instrument. As we sought to
follow the concepts expressed by Dillman et al. (2014), our intention was to motivate panelists to continue
responding to our second- and third-round instruments by providing them with a small token of appreciation
for their assistance with our scholarly efforts.

Our first-round recruitment e-mail included a description of the study, information regarding the
three rounds of the Delphi process, an Institutional Review Board (IRB) -approved informed consent form,
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and a link to access the first-round instrument. Our first-round instrument was comprised of four items. The
first item was an open-ended item that asked the panelists to specify the most important technical agriculture
skills teachers need to teach concepts in the Plant Systems pathway. The second item was a multiple-answer
question that asked the panelists to specify which previous experiences served as an influence regarding
the technical skills they deemed to be important in question one. The multiple-answer item included 19
experiences (e.g., teacher education program coursework or attendance at professional development
workshop sessions) for the panelists to select from along with an item that allowed teachers to specify other
experiences which were not listed. The third question inquired about the panelists' years of teaching
experience. The final item prompted them to nominate other knowledgeable teachers who teach courses in
the Plant Systems pathway.

After round one concluded, the panelists identified 129 unique Plant Systems skill items. Our
second-round instrument included the 129 skill items compiled in the first round of our study. We asked
the panelists to review the 129 skill items and indicate their level of agreement, on a six-point scale (1 =
Strongly disagree; 2 = Disagree; 3 = Slightly disagree; 4 = Slightly agree; 5 = Agree; 6 = Strongly agree),
regarding the importance for SBAE teachers to have competency with each skill item. We grouped the 129
technical skills and presented them within 10 different categories on the second-round instrument to
enhance readability and response efficiency (Dillman et al., 2014). Our 10 skill categories included: (1)
Plant Science skills, (2) Business and Communication skills, (3) Equipment, Tool, and Technology skills,
(4) General Plant Production skills, (5) Floriculture skills, (6) Plant Propagation skills, (7) Greenhouse and
Nursery Management skills, (8) Landscape and Forestry skills, (9) Plant Problem skills, and (10) Soil
Science and Agronomy skills.

We sent our second-round instrument only to the 27 panelists who participated in the first round of
our study. Twenty-four panelists (response rate = 88.9%) participated in the second round of our study. We
set the consensus criteria outlined in Table 1 a priori and used these criteria as a metric to determine if each
skill item had met consensus amongst the panelists.

Table 1

Consensus Criteria Based on Percentage of Panelists who Indicated a 5 (Agree) or 6 (Strongly agree)
on a Given Item

Criteria Decision %
Met consensus >75
Included on the third-round instrument for reevaluation 51to 74
Omitted from further consideration <51

Seventy-three of the 129 skill items met consensus in the second round. Fifty-one to 74% of the
panelists rated 42 skill items as a 5 (Agree) or 6 (Strongly agree). These 42 skill items were included on the
third-round instrument. Fourteen items fell below the bottom threshold of the consensus criteria and were
thus excluded from further consideration.

Our third-round instrument was comprised of 42 skill items. We sent our third-round instrument to
the 24 panelists who responded to both our first- and second-round instruments. Eighteen panelists
responded to our third-round instrument, yielding a response rate of 75%. Similar to the second round, we
asked the panelists to specify their level of agreement with the importance of each skill item using same
six-point scale (1 = Strongly disagree to 6 = Strongly agree). The panelists reached a consensus on nine
skill items in the third round; we omitted the remaining 33 skill items from further consideration. At the
end of our three-round Delphi study, 82 skill items were considered to have met consensus among the
panelists.
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Validity and Reliability

We used a panel of experts to review and assess the content validity of our instruments. Our panel
of expert members were three agricultural teacher educators at three different land-grant universities across
the United States. We asked each panel of expert member to review our instruments, determine the
appropriateness of each item, and provide suggestions for the improvement of the instruments. We made
augmentations to the instruments (i.e., wording of multiple-answer selections and wording of instrument
directions) based on the feedback they each provided. Aside from the establishment of content validity, our
implementation of three successive rounds in our Delphi study contributed to concurrent validity of our
study as the panelists identified and agreed on the topics over several rounds (Hasson & Keeney, 2011;
Sharkey & Sharples, 2001).

In regard to reliability, Dalkey et al. (1972) noted that a 0.70 reliability coefficient could be
expected from a Delphi study with a panel of 11 or more members and a Delphi study with 13 or more
members would yield a coefficient of 0.90. Based on Dalkey et al.’s (1972) reliability recommendations,
the panel size for all three rounds in this study (Round 1, n =27; Round 2, n = 24; Round 3, n = 18) would
be expected to yield reliable findings. While our study meets the threshold of reliability set forth by Dalkey
et al. (1972), the establishment of reliability in Delphi studies has been widely disputed (Hasson & Keeney,
2011; Williams & Webb, 1994; Woudenberg, 1991; Yousuf, 2007). Specifically, Woudenberg (1991)
contended the Delphi approach yields judgements, not measurements. Judgments are inherently influenced
by person-specific and situation specific biases (i.e., factors). We standardized the recruitment procedure,
background information, instrument administration techniques, design of the instruments, and the number
of rounds to mitigate situation-specific biases. However, we recognize that person-specific biases were
present in our study—serving as a key limitation associated with the establishment of reliability.

Data Analysis

We used IBM® SPSS® Statistics Version 26 software to analyze the data we collected in all three
rounds of our study. We analyzed the open-ended items on the first-round instrument by organizing the
responses into categories and removing any duplicate responses. We calculated measures of central
tendency and dispersion, along with frequencies and percentages for the multiple answer and short-answer
items in our first-round instrument. We calculated frequencies and percentages to assess if the scale items
in the second and third rounds of our Delphi study had met consensus.

Results
Participants

Of'the 85 SBAE teachers nominated to participate in our study, 27 agreed to participate as panelists.
These panelists had taught an average of 16.63 (SD = 9.68) years. We asked each panelist to identify any
source of experience that they believed influenced their perceptions of the technical agriculture skills
teachers need to teach courses in the Plant Systems pathway. The three influences they most frequently
indicated were: “Experiences teaching agricultural education coursework” (f = 22; 81.5%), “My
experiences with FFA activities (e.g., CDE teams, etc.)” (f= 18; 66.7%), and “Attendance at professional
development workshop sessions” (f'=15; 55.6%; see Table 2).
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Table 2

Experiences Influencing Panel Members’ Perceptions of the Plant Systems Skills Needed by SBAE
Teachers (n = 27)

Experience (%)
Experiences teaching agricultural education coursework 22 (81.5)
My experiences with FFA activities (e.g., CDE teams, etc.) 18 (66.7)
Attendance at professional development workshop sessions 15 (55.6)
Experiences working in the agricultural industry 14 (51.9)
High school coursework as a student 14 (51.9)
Meetings with industry representatives 12 (44.4)
Early field experiences / observations before student teaching 10 (37.0)
My experiences with student Supervised Agricultural Experiences (SAE) 9 (33.3)
Compliance with mandated course standards 8 (29.6)
Meetings with other agricultural education teachers 8(29.6)
Teacher education program coursework 7(25.9)
Meetings with community members 7(25.9)
Meetings with my current / former students 7 (25.9)
Meetings with my program advisory committee members 4(14.8)
Meetings with parents / guardians 3(11.1)
Meetings with my FFA Alumni and supporters 2(7.4)
Compliance with workforce development data 1(33.7)
Meetings with other (non-agricultural education) teachers 1(3.7)
Meetings with my school administrators 1(3.7)

Conversely, “Compliance with workforce development data” (f = 1; 3.7%), “Meetings with other
(non-agricultural education) teachers” (f= 1; 3.7%), and “Meetings with my school administrators” (/= 1;
3.7%; see Table 1) were the experiences the fewest numbers of panelists perceived to influence their
perceptions of the technical agriculture skills teachers need to teach courses in the Plant Systems pathway.

Round One

In round one of our study, the panelists provided us with 361 skill items. We disregarded any
duplicate responses we received from the panelists, giving us 129 unique skill items for consideration by
the panelists in round two. Prior to distributing our second-round instrument, we grouped these items into
10 categories, based upon the nature of the skill item, to improve the readability of our instrument.

Round Two

Using our second-round instrument, we sent the 129 skill items back to the panelists for review.
Upon completion of the second round, 73 of the 129 skill items met consensus in round two. At the
conclusion of round two, 51 to 74% of the panelists rated 42 skill items as a 5 (Agree) or 6 (Strongly agree).
We subsequently presented these 42 skill items back to the panelists via our third-round instrument.
Fourteen items fell below the 51% threshold of the consensus criteria and we thus eliminated them from
further consideration prior to round three.

Round Three

Our third-round instrument included 42 skill items. The panelists reached consensus on nine skill
items in the third round. Thirty-three items did not meet consensus and were thus removed from our list.
At the conclusion of our three-round Delphi study, 82 skill items met consensus among the panelists. All
items meeting consensus in rounds two and three are detailed in Table 3 below.
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Table 3

Round Two and Three Findings: Plant Systems Skills Needed by SBAE Teachers

Skill Item n Category % Agreement
Recordkeeping® 24 BCC 95.9
Identifying plant anatomy? 24 PS 95.8
Broadcasting landscape inputs (ex. fertilizer, etc.)° 18 LF 94.5
Selecting crops® 18 GNM 94.4
Transplanting greenhouse crops® 18 GNM 94 .4
Transplanting plants® 24 GPP 91.7
Identifying floral plants® 24 FL 91.7
Germinating seeds® 24 PP 91.7
Operating greenhouse climate systems® 24 GNM 91.7
Using the soil textural triangle® 24 SSA 91.7
Identifying plants® 24 PS 91.6
Maintaining plants during production (ex. proper watering, etc.) 24 GPP 91.6
Ribbon-testing soil texture® 24 SSA 91.6
Conducting soil tests® 18 SSA 88.9
Demonstrating plant science principles in a lab setting (ex. photosynthesis, etc.)? 24 PS 87.5
Managing a plant production enterprise (ex. greenhouse, etc.)? 24 BCC 87.5
Marketing a commodity (ex. corn, etc.) 24 BCC 87.5
Marketing a product (ex. corsages, etc.) 24 BCC 87.5
Organizing plant sales® 24 BCC 87.5
Conducting sales (contractual, wholesale, or retail)* 24 BCC 87.5
Demonstrating equipment safety procedures® 24 ETT 87.5
Calculating fertilizer rates based on formulation available (NPK)? 24 GPP 87.5
Selecting plant and seed varieties® 24 GPP 87.5
Dividing plants® 24 PP 87.5
Purchasing items for greenhouses® 24 GNM 87.5
Applying landscape design principles ex. scale, etc.) 24 LF 87.5
Identifying nutrient deficiency” 24 PPR 87.5
Skillfully using hand tools® 24 ETT 83.4
Tool maintenance® 24 ETT 83.4
Harvesting crops® 24 GPP 83.4
Using rooting hormones® 24 PP 83.4
Collecting soil samples® 24 SSA 83.4
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Skill Item n Category % Agreement
Determining soil organic matter content® 24 SSA 83.4
Determining soil nutrient use and loss® 24 SSA 83.4
Determining soil structure® 24 SSA 83.4
Classifying soils® 24 SSA 83.4
Using introductory-level precision agriculture technology (ex. GPS, etc.)>® 18 ETT 83.4
Equipment maintenance® © 18 ETT 83.4
Making bows® © 18 FL 83.3
Making bouquets® 18 FL 83.3
Maintaining a safe plant laboratory® 24 PS 83.3
Conducting customer service procedures® 24 BCC 83.3
Calculating profit and loss statements® 24 BCC 83.3
Maintaining water supply and irrigation systems® 24 GNM 83.3
Creating landscape designs® 24 LF 83.3
Calculating area-based estimates for the landscape (ex. mulch, etc.)? 24 LF 83.3
Safely using pesticides® 24 PPR 83.3
Interpreting a soil test report* 24 SSA 83.3
Identifying plant development cycles® 24 PS 79.2
Calculating plant genetic probability (ex. Using Punnett Squares, etc.)? 24 PS 79.2
Identifying seeds® 24 PS 79.2
Using a microscope® 24 PS 79.2
Presenting a plant enterprise proposal, design, or plan® 24 BCC 79.2
Propagating using cuttings (ex. stem cutting, etc.)* 24 PP 79.2
Grafting / budding plants® 24 PP 79.2
Stratifying seeds (cold/warm)? 24 PP 79.2
Testing seed viability® 24 PP 79.2
Growing greenhouse vegetables? 24 GNM 79.2
Scheduling crops® 24 GNM 79.2
Installing plant materials in the landscape® 24 LF 79.2
Installing landscape materials (ex. landscape fabric, etc.)? 24 LF 79.2
Interpreting a pesticide label® 24 PPR 79.2
Calculating pesticide application rates® 24 PPR 79.2
Using a soil probe? 24 SSA 79.2
Determining land use® 24 SSA 79.2
Determining land slope® 24 SSA 79.2
Identifying parts of a plant cell® 24 PS 79.1
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Skill Item n Category % Agreement
Skillfully operating power tools? 24 ETT 79.1
Planting crops® 24 GPP 79.1
Layering plants® 24 PP 79.1
Identifying insects® 24 PPR 79.1
Identifying weeds® 24 PPR 79.1
Scouting for pests® 24 PPR 79.1
Determining soil permeability® 24 SSA 79.1
Interpreting data® ° 18 PS 77.4
Operating equipment (ex. a tractor, etc.)* 24 ETT 75.0
Managing postharvest storage of crops® 24 GPP 75.0
Producing floriculture crops® 24 GNM 75.0
Developing fertilization regimens (ex. fertilizer timing, etc.)* 24 GNM 75.0
Pruning plants® 24 LF 75.0
Identifying plant diseases® 24 PPR 75.0
Developing an integrated pest management plan® 24 PPR 75.0

Note. *Item reached consensus in round two; "Item reached consensus in round three; ‘Item was not answered by all panelists. 1 = Strongly
disagree, 2 = Disagree, 3 = Slightly disagree, 4 = Slightly agree, 5 = Agree, 6 = Strongly agree.

Key for Skill Categories. (1) Plant Science skills = PS, (2) Business and Communication skills = BCS, (3) Equipment, Tool, and
Technology skills = ETT, (4) General Plant Production skills = GPP, (5) Floriculture skills = FL, (6) Plant Propagation skills = PP, (7)
Greenhouse and Nursery Management skills = GNM, (8) Landscape and Forestry skills = LF, (9) Plant Problem skills = PPS, and (10) Soil
Science and Agronomy skills = SSA.
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Conclusions, Discussion, and Recommendations

We identified 82 technical agriculture skills teachers in Illinois and lowa need to effectively teach
courses in the Plant Systems pathway within the broader AFNR Career Cluster as described by The Council
(2015). In the context of identifying technical agriculture skills needed by SBAE teachers to successfully
provide instruction in agricultural subject matter, our findings add to the body of knowledge recently
presented by other scholars (e.g., Albritton & Roberts, 2020; Hainline & Wells, 2019; Swafford & Hagler,
2018; Wells et al., 2021).

SBAE stakeholders in Illinois and lowa should employ the list of 82 technical agriculture skills we
identified to help inform the teacher competence development process for their teachers. This could be
accomplished by using our defined list of technical agriculture skills as a springboard for discussions and
opportunities regarding the preparation of SBAE teachers to engage in Plant Systems pathway-related
subject matter. Consideration should be given to the following ideas: (1) the application of professional
development workshops targeted toward in-service teachers to provide outlets for continued professional
growth and technical agriculture skill development, (2) the exploration and as-needed revision of current
agricultural teacher education programs for pre-service teachers to better prepare them to teach technical
agriculture skills relevant to courses in the Plant Systems pathway, (3) engagement and partnership with
agricultural faculty (e.g., soil scientists, agronomists, plant scientists, etc.) who teach technical agriculture
coursework relevant to the Plant Systems pathway within undergraduate degree programs, and (4) the use
of our list of technical agriculture skills to further explore professional development needs through follow-
up studies specifically designed to do so, similar to the approach used by Wells and Hainline (2021). These
efforts could be impactful for ensuring SBAE teachers in Illinois and Iowa are better-able to serve their
students through improved preparation to teach technical agriculture skills.

Because we only collected data from teachers in Illinois and lowa, we do wish to caution that our
results are not generalizable beyond these states. Because this is a limitation of our study, we recommend
efforts be undertaken to replicate our inquiry in other areas of the United States to better inform the SBAE
stakeholders’ knowledge regarding the technical agriculture skills needed by teachers to teach courses in
the Plant Systems pathway. Concurrent with Wells et al.’s (2021) recommendation, regular replication
would help to expand the knowledge base regarding the topic and would help to monitor for changes in
teachers’ agricultural subject matter-related needs. Moreover, it is worth noting that perhaps a national-
level study examining our topic would be useful and practical as well. Doing so would serve a broader
number of SBAE stakeholders.

The development of human capital is a lengthy, involved process with many inputs (Swanson &
Holton, 2001). Education and training are fundamental components of human capital development
(Swanson & Holton, 2001) and the knowledge and experiences of others can be leveraged to help inform
how it should occur. As indicated by Wells et al. (2021) and their Agricultural Teacher Education and
Agricultural Industry Partnership Model as presented in Figure 2, experienced teachers can serve as
wellsprings of knowledge to help inform the teacher competence development process. To learn more about
the backgrounds of the experienced teachers who served as panelists in our study, we asked each of them
to identify any source of influence which have influenced their perceptions of the technical agriculture skills
teachers need to teach courses in the Plant Systems pathway. We found that our panelists most frequently
identified sources outside their teacher education programs (e.g., “Experiences teaching agricultural
education coursework”, “My experiences with FFA activities [e.g., CDE teams, etc.]”, “Attendance at
professional development workshop sessions”, etc.) as more influential than those components within their
teacher education programs, such as early field experiences and coursework.

Based upon this finding, we wish to echo the sentiments expressed by Wells et al. (2021), who
noted that agricultural teacher education programs may not be fully preparing pre-service teachers with the
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technical agriculture skills needed to successfully provide instruction in agricultural subject matter.
Agricultural subject matter knowledge is a characteristic of effective SBAE teachers (Eck et al, 2019;
Roberts & Dyer, 2004), indicating attention to the technical agriculture skill development of SBAE teachers
should be a great priority for the profession. Teachers who served as panelists in our study report their
perceptions of the technical agriculture skills actually needed to successfully teach courses in the Plant
Systems pathways come about through the experiences they had after they started their teaching careers.
This indicates teachers are becoming much more informed about the realities of teaching (i.e., the technical
agriculture skills they actually need) during the actual practice of teaching in their own programs and
engaging in professional development as opposed to during their pre-service teacher education programs.
While this observation is probably obvious, we believe it to be important nonetheless.

As we acknowledge that realities about agricultural teacher education programs (e.g., degree
program credit hour limitations, requisite state-level approvals of changes to degree programs, etc.) do exist,
creativity is needed to ensure pre-service teachers are prepared to step into their own SBAE programs in
the near future and teach the technical agriculture skills associated with courses in the Plant Systems
pathway. The incorporation of technical agriculture skill development-oriented activities into existing
teaching methods courses could be a suitable and cost-effective approach. Moreover, leveraging the
practicality of existing early field experiences and student teaching experiences by purposefully placing
pre-service teachers alongside in-service teachers who are competent in teaching technical agriculture skills
associated with teaching courses in the Plant Systems pathway would be valuable as well.

Bearing in mind the scope of developing human capital, perhaps the most significant of the requisite
inputs is education (Sweetland, 1996), which can occur through various formal and non-formal means for
teachers (e.g., completing undergraduate-level plant science courses as part of an agricultural teacher
education program, informally working with a more experienced teacher in a neighboring school district to
learn additional technical agriculture skills, etc.). Considering the need to continue developing the
agricultural workforce of the 21* century (Stripling & Ricketts, 2016) and the roles SBAE teachers play in
their students’ own personal and professional growth (Phipps et al., 2008), it is imperative teachers be as
prepared and competent as possible to engage in their agricultural subject matter. Moreover, evidence
suggests both teacher liability concerns (Love, 2013) and teacher retention issues (Solomonson et al., 2018)
can perhaps be mitigated by ensuring teachers are appropriately trained and prepared in their subject matter.
Doing so could also positively impact the very significant issue of SBAE teacher retention, which is of
great concern for the long-term sustainability, growth, and impact of SBAE programs (Foster et al., 2020).
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