

AGRICULTURAL EDUCATION
Hydroponics as a Tool for Science Integration in School-Based Agricultural Education
Introduction/Literature Review
The United States Department of Agriculture (USDA) has outlined three projected food calorie trajectories required to sustain the growing global population by 2050 (Sands et al., 2023). According to Sands (2023) under the most intensive scenario, an estimated 15,410 crop calories will be necessary to adequately feed a projected 10.8 billion people reflecting a 61% increase in global calorie demand compared to 2011 levels, underscoring the urgent need for innovative strategies in agricultural productivity and food system sustainability. Hydroponics, a method of growing plants without soil, offers a resource-efficient alternative to traditional farming systems that are threatened by climate change, soil degradation, and water scarcity (Rajendran et al., 2024). Addressing these challenges also requires preparing the next generation of agricultural leaders and educators. The push to integrate scientific and inquiry-based learning in school-based agricultural education (SBAE) has been ongoing since the 1988 National Research Council report Understanding Agriculture: New Directions for Education called for programs to move beyond traditional production agriculture (Parr et al., 2006; Wells et al., 2015; Young et al., 2009).
SBAE’s inherently interdisciplinary nature offers an ideal platform for authentic STEM integration, preparing students for a workforce increasingly rooted in STEM (Stubbs & Myers, 2015). However, many SBAE teachers report challenges implementing science concepts due to insufficient preparation in these areas, despite recognizing their value (Smith et al., 2015; Warnick & Thompson, 2007; Washburn & Myers, 2010). In Georgia’s agricultural education classrooms, hydroponics aligns with Common Core State Standards, Next Generation Science Standards, and Agriculture, Food, and Natural Resources Standards (Freight Farms, 2025; Georgia Department of Education, n.d.; Next Generation Science Standards, n.d.; The National Council for Agricultural Education, n.d.).
Despite national calls for greater STEM alignment, limited research exists on how SBAE teachers interpret and implement scientific content in practice, particularly with emerging agricultural technologies such as hydroponics. Charoenmuang et al. (2024) implemented a localized partnership to integrate STEM concepts by utilizing hydroponics as a regional agricultural resource. Their findings highlight important implications for teacher preparation, emphasizing the value of providing educators with opportunities to practice, develop, and refine instructional strategies for incorporating hydroponics-based STEM lessons. These experiences helped teachers design meaningful, hands-on learning opportunities that enhanced student engagement and understanding (Charoenmuang et al., 2024). Building on these findings, incorporating hydroponic grow towers into SBAE teacher preparation programs provides a practical, interdisciplinary approach to teaching science integration, bridging the gap between agricultural content and STEM application while preparing educators to address the demands of modern food and agriculture systems.
Purpose/Questions
This study aimed to examine the use of hydroponic grow towers as a hands-on instructional tool within pre-service agricultural education courses to enhance future teachers’ ability to design and implement curriculum related to sustainable agriculture. Funded through the University of Georgia’s Campus Sustainability grant, this project aimed to enhance pre-service teachers’ content knowledge, pedagogical skills, and confidence in integrating science-based practices from SBAE programs. This study represents one component of a larger multi-phase initiative supported by the grant, aimed at promoting sustainable agricultural education across local communities. The following research question guided our study: How does integrating hydroponic grow towers into pre-service agricultural education courses influence future SBAE teachers’ knowledge, skills, and confidence in developing a curriculum that integrates science concepts? 
Conceptual Framework
This study was grounded in Kolb’s (1984) Experiential Learning teaching method, which conceptualizes learning as a cyclical process involving concrete experience, reflective observation, abstract conceptualization, and active experimentation (Baker et al., 2012). Experiential learning emphasizes that knowledge is constructed through active engagement with the environment, thoughtful reflection, and the application of new ideas to practice (Kolb, 1984). In the context of this study, pre-service agricultural educators engaged directly with hydroponic systems as a concrete experience that connected agricultural content with scientific concepts. Through guided reflection activities, participants considered how these systems could be integrated into SBAE curricula to enhance science instruction. This reflection informed their conceptual understanding of science integration, which they then applied in developing lesson ideas and instructional strategies. By progressing through Kolb’s stages, participants transformed hands-on work with hydroponics into a deeper comprehension of pedagogical knowledge and confidence, positioning experiential learning as an effective framework for preparing SBAE teachers to integrate science in authentic, applied contexts.
Methods
This study employed a qualitative research design, following a constructivist paradigm, which recognizes that knowledge is built through active engagement on both social and personal levels (Schunk, 2020). Using this frame allowed the researchers and participants to co-construct the meaning of a phenomenon shaped by language and social process (Schwandt, 1994). Participants were recruited from the pre-service course, Agriscience for Teachers, at the University of Georgia during the Spring 2025 semester. This course included coursework and group collaboration to build and implement the hydroponic towers obtained from the Sustainability Grant. The twelve students enrolled in the course were participants, including 10 females and two males. All participants are majoring in Agricultural Education, with 11 planning to become secondary SBAE teachers and one planning to work in Extension. 
Data were collected through participation in one focus group session lasting 120 minutes and a document analysis of an in-class mind-map activity regarding the topic areas of interest for this study: science integration in SBAE, sustainable agriculture, and food security. The focus group was conducted on Zoom, recorded, and transcribed for analysis purposes. Utilizing a focus group as data collection was chosen to promote dynamic discussion, led by a researcher unaffiliated with the course. Some participants, however, may have known the facilitator through university connections. The focus group moderator’s guide employed a structured approach with 12 open-ended questions (Baker, 2022) to explore participants’ perceptions of the role of hydroponics in sustainability, food security, and science integration within SBAE, which was the primary focus of this study. Additionally, participants were prompted during an in-class activity to create a visual mind-map that explored what came to mind when they thought of the concept of “Science Integration in SBAE”. Participants were encouraged to identify definitions, related concepts, or sub-terms they associate with the main concept and organize those ideas in a way that visually represented the connections. A document analysis was conducted to examine the mind maps for general thoughts and perceptions regarding the integration of science in SBAE. 
Data were analyzed thematically (Braun & Clarke, 2022) utilizing an inductive approach of open, axial, and selective coding. The trustworthiness and rigor of the research were upheld by engaging in peer review and following reflexive practices to minimize the risk of researcher bias (Marshall et al., 2022). Direct quotes were utilized in the findings with filler words removed for better readability. A subjectivity statement (Merriam & Tisdell, 2015) was also developed to ensure credibility and transparency within the research.
Findings
64 open codes emerged from the data, grouped into five categories. These categories were condensed into three overarching themes, which served as the results for this study. 
Hydroponics as a Gateway to Science-Rich Instruction 	
Participants described the hydroponic systems incorporated within their teacher preparation classes as powerful tools for fostering science integration within their future classrooms. Monica shared, “agriculture is a science, and the two things are not disconnected. Science proves agriculture and agriculture helps us understand science.” The grow towers were viewed as a potential bridge between agriculture and core scientific concepts, allowing students to see firsthand how scientific principles underpin agriculture practices. During the reflection mind-mapping activity, participants identified agricultural concepts with potential science connections and linked hydroponics to topics such as plant anatomy, nutrition, and reproduction.
Hydroponics and Plant Agriculture as the Vehicle for Science Integration
Many participants emphasized that hydroponic grow towers serve as an accessible, space-efficient platform for teaching science in the agriculture classroom. Monica highlighted the interdisciplinary potential, noting, “Interdisciplinary studies … I hold the belief that STEM integration in the classroom is vital to student success and I think that hydroponics [towers] are like the perfect tool to really connect students’ interest in agriculture with science foundations that they can utilize in other classes.” 
Participants also highlighted the speed and efficiency of hydroponic systems as a distinct advantage. Camille explained, “I did grow up in a middle school with a greenhouse but that was normally ran with the 8th grade class just because they were there all year long. But 6th and 7th grade are usually only there 9 weeks and so the hydroponics is quicker, so you could show how a plant grows without having to be in the greenhouse.” Jessica added, “You can plant whenever the students can see a full growth cycle and then the growth is also faster. You can measure the growth and students can see what the finished product looks like a little faster.”
Jessica also described specific examples of how hydroponics could reinforce concepts from other disciplines. She said, 
Something that I really like to think about when I'm doing things in this class is how [in agriculture] we can tie it back into other curriculums so like science or biology, I know, like, specifically, I would talk about like photosynthesis and get some of that like biology and like chemistry in there. That's kind of like base level to help out those students, whether that's like giving them a preview of what's gonna what they're going to talk about in those classes, or just like a little bit of a review while they're in the class.
Numerous participants also discussed the accessibility and ease of teaching science when incorporating hydroponics within the classroom. Ana said, “I also just think like hydroponics are such an easy like in the classroom. You don't have to go anywhere way to teach about like the cycle of the earth, and how water cycles, and how nutrients cycle, and how like sunlight affects growing…” She continued by discussing the opportunity of visual representation of plant science, saying, “Being able to show students by being able to pull out the plant and say, like, here are the roots. This is where the transfers happen.”
Meeting the Needs of Non-Traditional Agriculture Communities
Participants also discussed how hydroponic systems can expand agricultural education to reach communities that may not have access to traditional agricultural production. McKenzie said, “I think it could be really great, especially if you’re in an urban area or a school without a greenhouse.” Monica elaborated on the broader impacts of utilizing hydroponics systems as a tool in teaching to meet community needs, saying, 
I also see it from the perspective of teaching communities that don’t have access to traditional agriculture which is the majority of communities that exist today as unfortunate as it sounds. More and more communities don’t have avenues for traditional agriculture, whether that be because of space or because of the culture of that community, or like simply the community’s needs. And so with that being said, I think hydroponics allows you to give those experiences in communities that don’t have those experiences.
For some, learning about sustainable agriculture through hydroponic towers represented a way to provide earlier exposure to agricultural production in more urban areas. Ana said, 
I grew up very much so in the suburbs. It took way too long for me to realize that the food that I saw in the grocery store came from the fields that I saw like on the way to class. I learned that way too late…And I feel like you can integrate hydroponics into almost any grade level… But if we had hydroponics in our classrooms, especially in like elementary school, or even middle school to be able to witness, like the growth of not just plants, not just flowers, but food.
Secondary benefits of classroom hydroponics 
While participants discussed the role of hydroponics in supporting science integration, they also identified a range of secondary benefits that extend beyond direct content instruction. Several noted that the ease of managing a hydroponic system once it is established can help both teachers and students build confidence in their abilities. Emily explained, “Once you get the system going, you just have to keep water in. It’s super easy. So I feel like it’s a great way it’s a great way to not only build confidence in yourself and your abilities, but also in your students.”
Hydroponics can also create opportunities for developing problem-solving skills through real-time challenges. James said, “I do know that with the little bit I have, you’re going to have to know how to troubleshoot things.” He later expanded on this point emphasizing the value of resilience in the learning process, saying, “you [and your students] can learn a lot from trial and error…Don’t be scared to fail.” Participants viewed the integration of hydroponics as a way to encourage critical thinking, troubleshooting, and problem-solving skills in teachers and students.  
Another recurring benefit was the potential for cross-curricular collaboration. Monica discussed ways hydroponics could connect with other Career and Technical Education (CTE) programs, noting, “the ag students might grow the things…the culinary students might cook it to make something…the marketing business students might come up with a marketing scheme for it.” Similarly, Harper highlighted collaboration with core subject teachers to ensure content accuracy and strengthen real-world connections “being the Ag teacher and going and talking with the biology teacher or the math teacher to make sure that you make those connections on how it is a real world application” These perspectives suggest that, even though they are directly related to science integration, they also highlight a variety of secondary benefits to incorporating hydroponic systems in the classroom, including building confidence, fostering resilience, and promoting interdisciplinary collaboration.
Conditions for effective hydroponics integration 
Participants emphasized that several conditions must be in place for hydroponic systems to be effectively integrated into SBAE classrooms. Administrative support emerged as a key factor in facilitating successful implementation. As Emily noted, 
So maybe having that in a classroom where you maybe not have as much administrative support to grow your program outside of a classroom. That probably would be a great way to be more hands on, because that ultimately is the goal of an Ag teacher is to give hands-on experiences to help your students find their passions. 
 Additionally, teacher content knowledge, particularly in plant science, was another important consideration. Elizabeth stressed the need for both technical and scientific understanding, stating, “a full understanding of how the hydroponic systems, not only how the hydroponic systems work but also just plants in general.” James agreed, emphasizing that teachers must understand the fundamental needs of plants in order to use hydroponics effectively. “You’re going to have to have a little bit of knowledge on how plants grow. What they need other than water. They have to have nutrients to be productive.” 
Participants also discussed the role of teacher preparation programs in building this knowledge base. Cameron reflected on the value of specialized coursework, explaining the felt need of having a course designed specifically for hydroponics, because it is so important and useful growing tool because he feel like a lot of people don’t necessarily know how to use them but want to incorporate them into their classroom. Intentionality in instruction was identified as critical for maximizing the educational value of hydroponics. Monica noted that teachers set the tone for how deeply students engage with the system “a lot of teachers [with hydroponics] … go surface level. They don’t dive as deep as they could, and really like exploring how many things they can teach from one [teaching tool].” These insights underscore that administrative support, strong content knowledge, targeted training, and purposeful instructional design are crucial for integrating hydroponic systems as an effective science teaching tool in SBAE programs.
Conclusions and Discussion
This study supports that hydroponic grow towers can serve as a highly effective vehicle for integrating science concepts into SBAE instruction, aligning with calls for greater STEM integration in agricultural education (Parr et al., 2006; Stubbs & Myers, 2015). Participants’ experiences confirmed that hydroponics provides a tangible, hands-on platform for exploring plant science, environmental systems, and related disciplines, supporting both the Common Core State Standards and the Next Generation Science Standards. Consistent with Kolb’s (1984) Experiential Learning Theory, participants progressed from direct engagement with the systems to reflective consideration and application of science-rich instructional strategies, resulting in increased confidence and skill in connecting agriculture to core scientific principles.
Beyond direct science integration, participants identified several important secondary benefits of hydroponics in the classroom, including opportunities for problem-solving, building resilience, and interdisciplinary collaboration. These outcomes suggest that hydroponics can foster broader skill development essential for student success in the AFNR career cluster. However, participants also emphasized that effective implementation requires specific conditions, including administrative support, targeted teacher preparation, and intentional instructional design. Without these supports, hydroponics risks being used superficially, limiting its potential to enhance science learning. The findings highlight the critical role of pre-service agricultural education programs in equipping future teachers with both the technical knowledge and pedagogical strategies necessary to utilize hydroponics effectively. 
	The findings from this study offer several recommendations for both practice and future research. From a practical standpoint, teacher preparation programs should consider incorporating hydroponics-specific coursework or modules into their agricultural education curriculum. Such training should cover not only the technical operation of hydroponic systems but also foundational plant science concepts and strategies for integrating science content into SBAE instruction. Additionally, intentionality in instruction is critical. Teacher educators should emphasize the development of lesson plans that leverage hydroponics as a vehicle for deeper exploration of scientific processes, inquiry-based learning, and cross-curricular connections. Linking hydroponics to disciplines such as biology, chemistry, environmental science, and mathematics would help pre-service teachers design lessons that meet academic standards while fostering interdisciplinary collaboration. In terms of future research, further quantitative and qualitative investigation is warranted to examine the long-term impacts of hydroponics integration on both teacher practice and student learning. Studies should explore how pre-service teachers trained in hydroponics apply these systems in their professional careers, as well as the effects on secondary students’ science achievement, engagement, and perceptions of agriculture. 
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