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Exploring the Educational Landscape of Precision Agriculture Workforce Development

Introduction/ Literature Review/ Need for Study

Technological innovation is reshaping industries worldwide, and precision agriculture (PA) has been a central component of this transformation (Rose & Chilvers, 2018). PA is an integrated system of drones, variable rate application, sensors, and other technologies that enable farmers to optimize inputs, reduce waste, increase profitability, and steward resources more sustainably (McBratney, Whelan, & Ancev, 2005; Gebbers & Adamchuk, 2010). It is not a single tool but a collection of technologies and decision support systems that depend on skilled human operators to translate data into action (Laveglia et al., 2024). Beyond productivity, PA offers solutions to economic and environmental challenges in a rapidly advancing technological society (Finger et al., 2019; Say et al., 2018).

Despite this potential, awareness of PA among educators and students remains low, and its adoption varies across regions and farm types (McFadden et al., 2023). Erickson (2018) found that employers struggle to find graduates with PA skills such as geospatial data analysis, sensor management, and digital equipment troubleshooting. Agricultural educators recognize PA’s importance but face barriers, including limited professional development, insufficient curriculum support, and restricted access to equipment (Stwalley & Tormoehlen, 2024). This mismatch between workforce demand and uneven student preparation highlights an urgent need.

The future of agriculture begins with high school students learning PA technologies and practices to prepare them for emerging careers. This aligns with Human Capital Theory, which emphasizes the investment in knowledge and skills to meet the increasing needs of the workforce (DiBenedetto et al., 2018; Smalley et al., 2019; Reynolds et al., 2023). Without early exposure, young farmers may lack the ability to adopt and implement PA effectively, limiting its potential impact (Nickeson, 2013).

Purpose/Objectives

The purpose of this study was to synthesize existing peer-reviewed publications and publicly available curricula on PA workforce development in relation to educator and student readiness, providing a foundation for future practice and research. By analyzing these materials, this study aimed to achieve the following objectives: 
1. RO1: Explore the current state of research on K-12 PA education in classroom settings.
2. RO2: Examine how publicly available PA lesson plans contribute to building students’ knowledge, skill, and career awareness as a form of human workforce development.

Theoretical Framework

Human Capital Theory frames education and skills development as investments that enhance both individual productivity and economic performance. Schultz (1961) introduced the idea of education and training as investments in human capital while Becker (1964; 1993) refined the idea by distinguishing between general human capital (transferable skills such as communication, problem solving) and specific human capital (technical expertise tied to a particular field). This logic applies to PA, where technologies such as sensors, drones, and geospatial analytics require both broad transferable skills and specialized technical skills (King et al., 2019). However, the persistent shortages of employees with these competencies in PA (Erickson, 2018) signal underinvestment in human capital, underscoring the need for intentional workforce development through training, curriculum design, and education. 

Workforce development in PA requires investment in specific capital (e.g., tool competencies, system integration, data interpretation) and general capital (e.g., pedagogy) to maximize adoption. Professional development, although beneficial, often yields short-term gains that fail to translate into lasting classroom practices (Lawver et al., 2024; Crayton & Norris, 2025). From an HCT perspective, this reflects underinvestment and depreciation in human capital, as knowledge without reinforcement and support quickly loses value. Likewise, students’ exposure to PA often comes through fragmented pilot projects that raise awareness but do not build the durable competencies needed for workforce readiness (Manning et al., 2022). Without structured investment, both teacher and student human capital risk remaining underdeveloped and underutilized.

Methods

This study employed a content analysis approach to systematically review existing literature and curriculum on implementing PA lessons in the high school classroom (Gough et al., 2017; Krippendorff, 2004). This unobtrusive approach enabled us to gain an understanding of both the scholarly and practical resources available in this space (Willes, 2017). First, we conducted a systematic scoping review of peer-reviewed literature using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) approach (Page et al., 2021). Studies were included if they met the following inclusion criteria: set in an American context, had a sample of high school students, utilized PA technology in a classroom setting, reported implementation of a curriculum, lesson plan, or class activity, and took place in the past 10 years. The databases searched included Education Research Complete, CAB Abstracts, ProQuest’s Agricultural and Environmental Science Collection, Web of Science, and ERIC. The search took place in March 2025, and articles were selected by the first two authors with the assistance of AS Review, a machine learning tool designed to aid researchers in the title and abstract screening of systematic reviews. The search yielded 2,501 articles, and after removing duplicates and screening for inclusion criteria, nine articles were retained and reviewed in depth.
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The first two authors created an Excel database of included articles and conducted a deductive content analysis (Krippendorff, 2004), independently coding each study for sample composition, technology used, method, location, intervention type, framework, objectives, findings, and future directions before reconciling results to ensure reliability. They also searched publicly available curricula through Google to mirror how teachers might access PA materials, independently compiling lists that were merged into a master set. Using the same coding scheme (e.g., host, location, description, standards alignment, technology, and hands-on components), the curricula were reviewed with satisfactory coder agreement, and all data were processed in Excel to calculate frequencies.
	
	
	



Findings

Tables 1 and 2 represent the data extracted from both the academic articles and publicly available lesson plans. 

Table 1
Description of the Academic Articles’ Constructs of Interest
	Citation
	Sample
	Technology
	Method
	Location
	Intervention & Objectives
	Summary & Findings

	1)  Akwah et al. (2024)
	44 Agricultural Teachers
	Soil sensing, UAVs, VRT, GIS, and Mapping
	Survey Instrument
	Arkansas
	2-hr PA workshop (SBAE conf.) on perceptions, needs, barriers
	Valued PA with varied confidence level, high need in technology advanced areas, and barriers were curriculum alignment and interest

	2) Hanley et al. (2012)
	125 Science Teachers
	GIS
	Mixed methods (end of PD survey, pre/post interviews)
	Central Eastern and Kentucky
	NSF ITEST program to build geospatial skills
	Teachers with limited GPS knowledge gained GIS/RS skills, hands-on GIS boosted student readiness to integrate tools

	3) King et al. (2019)
	47 Agriculture Teachers
	Farm management apps/sensors/satellite imaging, UAVs
	Census survey

	Michigan
	N/A
	Teachers valued emerging technologies but lacked teaching confidence, limited usage, high student interest, and instructions remain traditional.

	4) Mathanker (2021)
	16 Students
	Auto-guided Tractor (One tractor demo)
	Pre & Post Survey
	Puerto Rico
	New PA courses (through lectures, presentations, tractor demo), measured knowledge gains
	Students had lowest prior knowledge in RS, VRT showed the greatest, suggested improved understanding of advanced topics

	5) Paulsen et al. (2017)
	7 Teachers; 52 Students
	Soil/water PA (Drones)
	Pre/post survey around on curriculum 
	Iowa
	Precision soil conservation curriculum developed through a democratic team approach.
	Significant positive attitude, valued the importance of soil erosion control

	6) Ryu et al. (2020)
	87 Students
	Drones
	Pre/post survey
	Iowa
	The iDrone program (4 sessions/2 days workshop) to build STEM identity, and student readiness
	Gains in STEM confidence (70%), readiness (65%), career interest (6.94–7.37); coding/flying drove engagement

	7) Sami et al. (2020)
	25 Students
	Data-related competencies (Excel, Tableau, GIS)
	Pre & post survey
	DC (Maryland, DC, Virginia, Delaware)
	2 weeks GWU camp on data analytics and exposure to STEM/agriculture careers
	92% student competence level increase, showing effective K-12 technology integration

	8) Slater (2024)
	5 Students
	Drones
	Exploratory case study, 40 minute interview
	Western United States
	N/A
	Drones captured student attention, supported diverse learning, and boosted engagement with K-12 instruction

	9) Stwalley & Tormoehlen (2024)
	N/A
	Aerial drones, vehicle balance, and robotics with agriculture.
	Reflexive case study
	Lafayette, Indiana
	Three secondary-level programs provide a five-week, one-hour daily introduction to drones, vehicle balance, and robotics.
	Barriers included lack of qualified instructors, benefits were instructor/visual guides, time-intensive, consistency lesson plan











Table 2
Description of Publicly Available Curriculum’s Constructs of Interest
	Name
	Host
	Location
	Program Overview
	Standards-based
	Technology
	Experiential/Hands-On

	Precision Agriculture Specialist
	Heartland Career Center
	Wabash, IN
	Precision Agriculture
	N
	Sensors, GPS, GIS
	Y

	Advancing PA in Urban Environment
	Northeast Comm. College
	Norfolk, NE
	Classroom Lesson + Trainer Support
	N
	Drones, Field Microscope
	Y

	An Introduction to PA: An Edu. Guide to Agricultural Earth Observation
	Virginia (Tech/ State Uni./Virginia Coop. Extension
	Blacksburg, VA
	“Educational Buffet” of Resources
	N
	Drone
	Y

	Diversified Agriculture: PA
	Mississippi DOE
	Starkville, MS
	Classroom Lessons
	Y
	GIS, GPS
	N

	PA Curriculum Project
	Agricultural Education Web Organization
	N/A
	Teaching Outline and Online Resources
	N
	GIS, GPS, Yield Monitoring
	N

	Precision Agriculture
	Precision Planting
	Pontiac, IL
	Four-Lesson Curriculum
	N
	
	N
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Note: Y = yes, N = no. 
	
	
	



Discussion, Conclusions, Implications, and Recommendations

The scoping review revealed that few studies have investigated PA education in high school classrooms, reflecting a fragmented yet emerging field of inquiry (Manning et al., 2022). Across the nine identified studies, agricultural educators valued PA’s relevance to modern agriculture but reported barriers such as limited professional development, scarce curricular guidance, and restricted access to technology (Smalley et al., 2019; DiBenedetto et al., 2018; Stwalley & Tormoehlen, 2024). Teachers demonstrated a strong interest in integrating tools such as drones, GIS, and variable rate technologies, but lacked the confidence and instructional resources to teach them effectively (King et al., 2019). Student-focused interventions, including workshops and pilot courses, consistently demonstrated gains in knowledge, confidence, and STEM career interest, particularly when instruction emphasized experiential learning (Ryu et al., 2020; Sami et al., 2020). However, most studies relied on short-term interventions and assessments, leaving questions about sustained learning outcomes and workforce readiness (Lawver et al., 2024).

The analysis of publicly available curricula reflected similar patterns. Of the six identified, only two were explicitly standards-based, and most lacked alignment with workforce competencies or agricultural education frameworks (McFadden et al., 2023). The limited presence of standards-based curricula and the dominance of regional or proprietary programs (e.g., Precision Planting, 2024) hinder consistency and scalability. Most were designed for localized contexts rather than national use, emphasizing exposure over technical mastery. While nearly all curricula included hands-on components—most commonly drones, GIS, or sensors—resources varied widely in depth, accessibility, and structure, thereby reinforcing disparities in access to PA content. From an HCT perspective (Schultz, 1961; Becker, 1993; Mincer, 1974), this unevenness reflects systemic underinvestment in the human capital of educators and students. Teachers are a critical conduit for skill transfer, yet many lack sustained training or adaptable curriculum materials (DiBenedetto et al., 2018; Osamwonyi, 2016). Consequently, instruction often occurs in isolated workshops or project-based lessons that raise awareness but fail to build durable competencies (Lawver et al., 2024). Collectively, these trends suggest that PA workforce development at the secondary level remains in its formative phase, lacking the structural investment needed to translate interest into sustained human capital growth (Becker, 1993; Finger et al., 2019).

These findings suggest that professional development alone is not sufficient to support long-term integration of PA in secondary agricultural education. Rather than serving as the primary intervention, professional development should complement broader structural efforts, including the development of standards-based, SBAE-aligned curriculum frameworks, sustained instructional supports such as communities of practice and shared teaching resources, and partnerships that improve access to equipment, data, and experiential learning opportunities. From the standpoint of human capital, these investments prioritize durable skill development over short-term exposure, strengthening the likelihood that students leave high school with workforce-relevant PA competencies. 
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