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Chapter 1: Literature Review  

Section 1: Uses of greenhouses in education 

Use of Agricultural Laboratories in Secondary Agricultural Education  

In the article, teachers’ use of agricultural laboratories in secondary agricultural education, it was 

stated that the agricultural industry requires students to have the ability to solve real problems 

associated with scientific content. One way to prepare students for these needed skills are the 

implementation of agricultural laboratories (Shoulders & Myers, 2012). This study looks at the 

current availability and use of agricultural laboratories in secondary agricultural educations and 

their relationship to teacher receptions and student learning.  

This study shows that while many facilities are available and frequently used during instruction, 

student learning, preparation requirements and barriers vary greatly based on individual 

facilities. The study had the purpose of determining factors that influence secondary agriculture 

teachers’ use of agricultural laboratories, and developed four main objectives to do so. First, to 

describe the agricultural laboratories available to the secondary agricultural teachers, second, to 

determine how often these facilities were utilized in secondary agricultural education. Third, the 

researchers determined the relationship between demographic factors and the frequency with 

which agricultural teachers used the laboratories during instruction. Finally, they determined the 

association between the frequency of laboratory use and teacher’s perceptions regarding 

laboratory usage. They gathered their results with the use of a nonexperimental survey. The first 

objective showed that the majority of respondents (72%) have access to a greenhouse and a 

mechanics/carpentry/welding (76.8%) facility. The two least available laboratories are the apiary 

(1%) and a vineyard (.5%). The second objective, to identify the frequency of use of the 
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agricultural laboratories, showed that half of the teachers reported using the laboratory at least 

once per week. The most frequently used agricultural laboratory was a small animal/veterinary 

laboratory. Objective three, which examined the relationship between teachers use of the 

laboratory and their demographics i.e. gender, years of teaching experience, school setting, and 

number of years as a secondary agricultural student, showed that there was a very strong 

correlation when looking at meat’s laboratory and turf grass management areas and gender. The 

rest of the frequency of use of the laboratories showed low correlation to gender. The same 

results were seen when looking at the correlation between frequency of use of laboratories and 

length of agricultural teaching experience. The last objective, sought to determine the 

relationship between teachers’ frequent of use of specific agricultural laboratories and perception 

regarding the use of agricultural laboratories impact on student learning. Frequency of use of the 

laboratories was associated with between 1.2% (field crops) and 25.7% (meats laboratory) of the 

variance in perceptions of student learning.  

The Use of Greenhouse Facilities by Secondary Agricultural Education Instructors  

In the article, description of the use of greenhouse facilities by secondary agricultural education 

instructors in Arizona, this study was to determine the use of greenhouse laboratory facilities by 

secondary agricultural education instructors in Arizona (Franklin, 2008). The study wanted to 

determine the number of programs with operating greenhouses, the type of operating systems, 

how the facilities are used in their local program, the level of preparation the instructors have to 

opportune the greenhouse, how the greenhouse is used to meet science standards, and any 

obstacles educators have when using the greenhouses.  
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This study can be broken down into four objectives. The first of which was to determine the 

status of the greenhouse facilities in Arizona. Of the 75 teachers who responded to the survey, 

76% replied that their school in-fact did have a greenhouse; all of which ranged in size from 240 

square feet to 3,600 square feet the average being 1300 sq. feet. 35% of the teachers reported that 

their greenhouse was used all year long. The second objective looked at how the teachers use 

their greenhouse facilities to teach plant science standards. The three most common responses 

were to demonstrate laboratory procedures and safety practices, to describe basic principles of 

nutrition, and to analyze the relationships within living systems. Some teachers also replied that 

they used their greenhouses to examine the interaction of biological systems within the 

environment and to apply fundamentals of production and harvesting to produce plants. The third 

objective was to determine the horticulture background and level or preparation of the teachers in 

agricultural education. Nearly 30% of the teachers that replied had no experience, and 28% 

stated that had fewer than six years of experience. The fourth objective asked teachers to state 

any barriers they experience when talking about the operation of their school’s greenhouse. The 

most common issues reported were (42.1%) the costs to purchase a greenhouse and (26.7%) 

commented on the cost to maintain the greenhouse.  

Section 2: Growing plants changes attitudes  

Growing Plants and Scientists: Fostering Positive Attitudes Toward Science  

This study done in the article, growing plants and scientists: fostering positive attitudes toward 

science among all participants in an afterschool hydroponics program,  examines an elementary-

aged out-of-school program targeted at underrepresented populations in science fields (African-

American, Hispanics, and/or English Language Learners (ELL)) (Patchen, Zhang, & Barnett, 

2016). This program’s aim was to foster positive attitudes towards science by engaging them in 
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growing plants hydroponically (in water without soil). All participants attitude about science 

were examined; Including anxiety, desire, and self-concept. The study had two major research 

questions: (1) In what ways did the participants attitudes towards science change over the course 

of the program, and (2) Did participants attitudes change differently at different sites, for 

different genders, or for participants who spoke different first languages, and were there any 

interactions between these factors? 

The study is broken down into three categories: Anxiety toward science, desire to do science, 

and self-concept of science. In the first category, anxiety toward science, the researchers 

determined that gender, first language and all interactions were non-significant; Meaning that the 

participants anxiety toward science decreased over the course of the program. This indicated that 

at all three site locations, ((1) pilot location in a large community center located in a low-income 

area of a large urban center, (2) a community organization in a low-income city, and (3) a 

summer school program for immigrant children in a large urban school district) the hydroponics 

program reduced the anxiety the 234 participants felt toward science. The second category, 

desire to do science, measured participants’ desire to engage in and learn more about science. 

The results show that the participants’ desire to do science increased over the course of the 

program in all three site locations. This indicates that the use of hydroponics in all three locations 

motivated students to do science activities. The third, category, self-concept of science, 

examined the participants beliefs about whether they are someone who could succeed in science. 

Again, the results show that the participants self-concept of science increased over the course of 

the program, but unlike the previous two categories, there were significant interactions between 

the other variables. In this category, the girl’s self-concepts of science increased while the boys 

did not change significantly change over time. Overall, the data shows that the participants’ 
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attitudes improved over the course of the program at all three location, regardless of their first 

language, and also that female students had a greater improvement for self0concept than male 

participants.  

Section 3: Technology and innovation associated with greenhouses 

Internet of Things in Education 

According to the article, internet of things in education: a case study for learning agriculture, the 

investment of innovation and technology is imperative in agricultural industries. This study 

examines how a miniature greenhouse controlled with the use of a web application can help 

people learn about agriculture in a practical manner or in a science classroom (Birsan, 

Stavarache, Dascalu, Pavaloiu, & Neagu Trocmaer, 2017). The researchers suggest that a smart 

greenhouse can be used by any person willing to learn agriculture in a more cost-effective 

manner.  

A smart greenhouse consumes less water than traditional ones because the plants would only be 

watered when they needed. Specific plants all require a different way of growing and people may 

not be able to provide the resources the plant needs at exactly the right time; Which would 

ultimately lead to failure. The smart greenhouse teaches someone how to do agriculture in a 

proper way because it gives you information about the environment of the plant. The research 

shows that the greenhouse accurately alerts the student when the resources are needed for each 

plant. Additionally, the greenhouse can take care of the plants automatically. The smart 

greenhouse optimizes the gardening while allowing the garden to be manned remotely and send 

all data regarding temperature, humidity, soil moisture, luminosity and how open or closed the 

roof is to a database for the students to monitor. The research suggests that the implementation of 
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the program would be costly, but that the money would be earned back in less than one year. The 

smart green house is able to take care of any gardening while simultaneously teach students how 

to garden. It will provide data and information about how to care for each individual plant and 

students are able to learn from the greenhouse. The application allows people to learn how to 

grow plant in any season and weather conditions. Additionally, the greenhouse allows nay plant 

to grow under perfect conditions and anyone could take care of them even with little to no 

agricultural experience.  

Overview of the Use of Sustainable Energies in Agricultural Greenhouses 

According to the article,  overview of the use of sustainable energies in agricultural 

greenhouses,  international concern for environmental issues such as climate change has 

endorsed non-polluting renewable energy usage in place of fossil fuels. Agricultural 

greenhouses, for example, utilizes energy for their heating, cooling and operation of various 

electric devices (Vourdoubas, 2016). This article discusses how the increased uses of 

sustainable energy technologies can be applied to greenhouses.  

This study shows various ways in which greenhouses can implement emerging technologies of 

renewable resources; Such as solar thermal energy, solar photovoltaic energy, wind energy, 

solid biomass, biogas, direct geothermal energy heating, geothermal cooling, geothermal heat 

pumps, co-generation of heat and power, waste heat recovery and fuel cells (Vourdoubas, 

2016). The findings show that the use of sustainable energies in agriculture greenhouses result 

in many eco-friendly, social and economic benefits including (1) the reduction of CO2 emissions 

into the atmosphere (2) the reduction of imported fossil fuels (3) the cost effectiveness of 

sustainable energies on farmers which decreases the production cost of each crop (4) the 
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possibility of the farmer to receive additional income by selling additional energy to the grid 

and (5) local income can be increased with the utilization of local resources like biomass  as well 

as using local companies to install and maintain sustainable energy systems. Each of these 

benefits cope with global environmental challenges and climate change, while demonstrating 

that the improvement and innovations in these energy technologies have increased their 

trustworthiness and cost effectiveness.  

Section 4: Effective science integration into agricultural education 

Effective Science Integration in a Traditional Agricultural Education Program 

This case study found in the article, An instrumental case study of effective science integration in 

a traditional agricultural education program, sought to understand how Mr. Lee, a high school 

agricultural educator at Franklin High School and the National FFA AgroSciences teacher of the 

year in 2015, effectively integrated science into a traditional program while maintaining the 

benefits and purpose of agricultural education. Six issues, found from literature, were identified: 

first agricultural educators science content knowledge must be strengthened, second, the 

pedagogy of scientific inquiry lacked component necessary for a rigorous curriculum, third, 

agricultural educators who desire to integrate science should dig into their curriculum for 

existing science content, fourth, collaboration among agriculture and science teachers can be 

fostered through involvement in the science department, fifth, the agricultural educator plays a 

fundamental role in curriculum planning to increase secondary science achievement, and finally, 

actual integration occurred in a more segmented way (Baker, Bunch, & Kelsey, 2015).  
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This article shows five key issues and resolutions according to Mr. Lee’s agricultural education. 

Issue one, asked whether science was integrated effectively. The study found that there was a 

strong presence of science integration, but only occurred in one of two tracks offered and was 

purposefully extracted from the skill-based track. Issue two, examined how the agriculture 

content was maintained. The study found that Mr. Lee focused on digging into agricultural 

curriculum for the embedded science that already exists. The agricultural content drove the 

context for core areas, not the opposite. Issue three, looked at if inquiry was effectively 

demonstrated. The study found that Mr. Lee exhibited a strong desire to present inquiry-based 

lessons, but that many of the inquiry processes were weak or missing; Student interest did not 

drive the experiments and they were mostly teacher-directed. Issue four, examined how science 

knowledge was strengthened. The study found that Mr. Lee admitted his science knowledge was 

a weakness, and that he was committed to learning with the students. Issue five, the study looked 

at the role of collaboration. The researchers found that collaboration was valued and desired but 

rarely occurred. Many barriers included a lack of time, territorial sentiments over resources, 

proximity to the main campus, and the demands of an FFA Advisor.  

Teacher’s Confidence to Integrate Biology in AgroSciences Courses 

In the article, teacher’s confidence to integrate biology in agriscience courses, this study tried to 

determine the confidence levels of school-based agricultural education (SBAE) teachers to 

integrate biology concepts in plant and animal science courses. The researchers wanted to 

describe the demographic characterizes of New Mexico SBAR teachers (Chumbley, Hainline, 

Russell, & Ruppert, 2019). Their objectives were to describe the characterizes of the SBAE 

programs, to describe the confidence levels of SBAE teachers with teaching biology, to describe 
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relationships between SBAE teachers’ confidence levels and demographic characteristics and to 

describe relationships between SABE teacher’s confidence levels and program characteristics.  

The first major finding of the study showed that 38% of the schools represented in this study 

offered science credit for animal science, horticulture, agricultural mechanics, environmental 

science, general agriculture and botany. The second major finding show that SBAE teachers 

were poorly to moderately confident in their ability to integrate biology concepts into plant 

science and animal science course objectives, with no significant distinction between the two. 

Their greatest confidence involved the identifying of nutrients required by plants and explaining 

how they obtain and transport those nutrients. They felt the least confident to teach the processes 

of cell division; Including binary fission, mitosis, and meiosis within plant science. The third 

major finding showed that correlation between teacher demographics and confidence were 

insignificant and that correlations were very low. The fourth and final finding was to describe 

relationships between SBAE teacher’ confidence levels and program characteristics. Teachers 

from schools with larger student populations has more confidence integrating concepts of the 

basic functions of the light-dependent and light-independent reactions of photosynthesis. Low to 

moderate negative correlations were discovered regarding the relationship between the teachers’ 

confidence levels and affiliation with schools who award science for plant science courses.  

Evaluating Interdisciplinary Teaching 

Interdisciplinary learning experiences are essential to building a meaningful understanding of the 

interconnections between different content areas (Pauley, McKim, Curry, McKendree, & 

Sorensen, 2019). The purpose of this study found in the article, evaluating interdisciplinary 

teaching: curriculum for agricultural science education, was to provide a first step in exploring 

the relationship between the curriculum for agricultural science education (CASE) certification, 
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perceived science knowledge, and science teaching intentions. The researchers did this by 

building on existing research in AFNR education.  

Two conclusions can be made from this article: first, that CASE certified AFNR educators 

perceive slightly higher science knowledge than non-CASE certified educators. According to the 

data, AFNR educators perceived their science knowledge between “somewhat knowledgably” 

and “knowledgeable”, while teachers certified in the CASE Animal and Plant Biotechnology 

course perceived the lowest knowledge of science. Second, the science teaching intentions of 

CASE certified educators are lower than non-CASE certified teachers. According to the data, 

within a general agricultural course, educators who are certified in CASE Introduction to AFNR 

indented to teach more science than their peers. Educators certified in a CASE area other than 

Introduction to AFNR intended to teach the least amount of science out of the three groups. 

Additionally, AFNR educators lacking CASE certification intended to teach the most science 

within the Plant Systems pathway reporting almost 60% of Plant Systems curriculum.  

School Agricultural Learning Center for Sustainable Agricultural Learning  

As stated in the article, School agricultural learning center for sustainable agricultural learning, 

this study compared the learning achievements and skills in agricultural practices between 

students who learned through the school agricultural learning center (SALC) and those who 

learned in a normal classroom setting. Participants included 150 Thai high school students in 

twelfth grade (Saduak, Poungsuk, Phonpakdee, & Deeying, 2019). The study had three steps (1) 

investigation of basic data for developing the SALC (2) establishment and development of the 

SALC, and (3) the use of the SALC for learning.  
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There were three major findings within this study. The first, that agricultural education must 

cling on learning by doing or learning in the actual situation. By doing so, the place and 

environment would help the learners to actively learn from diverse agricultural activities.  

Schools and agricultural education schools are the sources of agricultural knowledge for local 

people. The continuation of this education must always be up-to date and modern. The second, 

that the concepts and principals used for the construction of the school agricultural learning 

center include teaching/learning activities as the highest needs. The third major finding within 

this research was that the construction of the Agricultural Learning Center should have: concept 

of the teaching/learning facilitations, principles and objective for successful operation. The 

experiments concluded that the students learning achievement was 32.29 out of the total score of 

40 and their skills in agriculture practice were 64.57 out of the total score of 75. The study found 

that there was a high level of need for developing the school agricultural learning center for the 

students, guardians and the agricultural teachers. The learning achievement before and after 

attending the agricultural class by using the school agricultural learning center found that 

students learning through the SALC had a higher learning achievement than before, which means 

that the school improved knowledge and understanding of the students.  

Flipped Programs: Traditional Agricultural Education in Non-traditional Programs 

In the article, Flipped programs: traditional agricultural education in non-traditional programs, is 

a collective case study that examined three agricultural education programs that challenge 

stereotypes of agricultural education in urban settings. Teachers were both observed and 

interviewed in different environments and while working with students (Yopp, McKim, & 

Homeyer, 2018). All observations were made in either classroom, laboratories, in livestock 

barns, greenhouses, vineyards or on school farms.    
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This case study shows that the first school, San Gabriel High School, was located in a 

metropolitan area with three teachers. Within the confines of the school grounds were a large, 

green pasture with a livestock bark referred to as the “farm area”. The school had over 500 

students. The second school, Northside High School, had two teachers and has over 200 students. 

The teachers provide instruction in two classrooms, two livestock barns, a poultry barn, a 

veterinary medicine lab, and an agricultural mechanics lab. The third school, Calico Springs 

High School, also had more than 500 students with four teachers. This school spent between 25-

30% of their time in the classroom and the rest was hands-on. The study found that all three 

schools considered their agricultural programs to be traditional, but all three were thriving in 

heavily urban areas. Each program successfully combined activities and curriculum that would 

be deemed traditional. Based on this study, some urban agricultural education programs can and 

are still successful, relevant and engaging. All three programs looked at in this study developed 

individualized says to overcome barriers by focusing on solutions instead of problems. This case 

study also showed similarities between rural and urban programs and how both have had to 

evolve in changing communities. In San Gabriel, the community was no longer a rural 

agricultural community, and neither were the students. Implementing a program in their 

community was difficult because the students enrolled in the agricultural program were different 

that students who previously attended the school thirty years prior.  

Implementations of Aquaponics in Education 

Aquaponics is the combination of aquaculture and hydroponic technology to grow fish and 

plants together (Hart, Webb, & Danylchuk, 2013). Aquaponics can serve as an educational tool 

because of the natural interdisciplinary tendencies it has, and also because it requires 

technological skills. It allows students to conduct activities in varying content areas such as 
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chemistry, physics, biology and sustainability; Which will strengthen their scientific skills. 

Aquaponics, however, can be challenging to implement and manage. This research compared the 

advantages and challenges of implantation into a science classroom.  

This reached aimed to answer three questions: (1) Why are educators choosing to use aquaponics 

systems, (2) in educational settings where aquaponics is implements and maintain, what 

challenges do educators face and how have they overcome these challenges, and (3) based on 

their experiences, what advice do educators have for others who want to begin using educational 

aquaponics systems. The first question was answered through an interview, and stimulated 

answers for why they thought hydroponics was a desirable system that can be categorized into 

five main groups: flexibility (17%, food concepts (24%), fun (7%), hands-on learning (26%) and 

STEM concepts (26%).  

The second question, which asked about the challenges they (as educators) have faced while 

using and maintaining their hydroponic systems, was broken down into eight groupings: 

Bureaucracy (8%), funding (7%), Information gap (7%), other (7%), space and location (17%), 

summer and holiday care (8%), technical difficulties (34%) and time (8%). These groups can be 

separated into challenges that are intrinsic to the aquaponics and those intrinsic to an educational 

setting. Technical difficulties accounted for the majority of the issues seen by the participants, 

and stemmed mostly from the nitrogen cycling, developing a well-functioning system set-up and 

the long-term maintenance associated with the system.  

The third and final question answered with this research looked at advice educators have for 

others interested in starting an educational aquaponics system. All participants in the study 

replied that they would recommend aquaponics in education. But, advisement for keeping the 

system as simple as possible, to develop a support system of other teachers for help, to 
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understand there is a learning curve, to plan ahead when you want to implement the aquaponics 

system into your lesson plans, and to make sure the teacher’s educational setting is equipped 

with a drainage system and structural support. 

Learning About Agriculture within the Framework of Education for Sustainability  

In Israel, there have been increased threat to agriculture landscapes due to population growth, 

strong pressure from construction entrepreneurs and possible profit to land owners who benefit 

from a legal construction of farmland into lands for construction. Israeli elementary students use 

to particulate in agricultural classes, most student no longer to and the exposure to farming in 

schools is limited (Tal, 2008). This study explores the ways farming is presenting and addressed 

in the national curriculum and in learning materials. It also examined the status of teaching about 

agriculture and how teachers were prepared for it.  

After screening all the national curriculum and standards documents published by the Ministry of 

Education and the 40 most popular textbooks taught in all grade levels it was found that the 

incorporation of science and technology should be through understanding the application of 

scientific principles in technological developments and by defining human and social needs and 

solving problems that address those needs. The standards state that students are expected to 

explain the differences between natural and domestic organisms, give examples of agricultural 

activities, be aware of artificial controlled habitats, be able to plan how to turn plants and 

products and have some knowledge about how farming affects the environment. The study also 

found, when examining the six national curriculum documents, that agricultural aspects were 

added to the curriculum due to political pressure as a result of the closure of the “Rural 

Education Department” of the Ministry of Education, and that few schools would address these 

topics. The third finding was that in the curriculum, agriculture is presented to emphasize ideas 
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of sustainable development. They also found that there is no separate teacher training in 

agriculture in Israel. The majority of the teachers at the educational farms are trained from one 

college of education.  

Narrowing the Gap Between Academia and Practice through Agroecology 

According to the article, narrowing the gap between academia and practice through agroecology: 

designing education and planning for action, the Swedish project Agroecology in Practice 

(AGROECOPRAC) has a mission of alleviating poverty in households that depends on small-

scale farming systems. This research aims to establish agroecology education in farming and 

food systems that are aligned with challenges related to small-scale farming; Such as low 

productivity, inadequate inputs, poor equity of food distribution and limitation of market 

infrastructure (Eksvard, 2014). The authors believe that all of these issues can be overcome by 

thoughtful applications of appropriate technology, by informing and training agricultural 

stakeholders; Which includes educators. This research examines how their designed courses 

integrated into a MSc degree program in several universities.  

Their approach used in the development of their agroecology in practice resulted in effective 

educational programs. The authors felt that they were designed to be action-oriented, 

interdisciplinary and focused on experimental learning. They also found that they had 

sufficiently high-quality content and appropriate activities that helped students who graduate 

narrow the gap between academia and practice. The study showed that the Agroecologist must 

approach farmers with humility and willingness to learn in the field. The instructors, therefore, 

need the same qualities when working with the students. The approach and process used in 

planning the agroecology educational programs and courses developed a common based and 

allows each university to build programs that are appropriate to their local context and agro-eco-
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region. The study concluded that most barriers between institutional wariness and their new 

approach can be overcome to that agroecology and integrated system approach can be relevant.  

Science in the Garden 

Socio-scientific issues-based instruction (SSI) has shown an increase in scientific literacy, most 

of which are related to agriculture. This case study investigates how National Future Farmers of 

America (FFA) teachers utilize school gardens to teach science. The data was collected through 

semi-structured interviews with two Ohio school-based agricultural educators.  

The major findings of this study include three themes: (1) difficulty meeting standards (2) 

importance of integrating applied science and (3) hot topics in the classroom. The first theme, 

difficulty meeting standards was indicated because both participants struggled to meet learning 

standards, which meant their ability to teach applied science was diminished. Both participants 

commented that the standards are getting in the way of teaching practical science skills. The 

second theme, the importance of integrating applied science, shows that both teachers focused on 

applied science related to gardening as a direct result of both feeling ass though their students 

needed to learn how to apply science. The results of the study showed that students were using 

the knowledge gained during their applied science lesson at home. The third, and final, theme 

discovered during the study were hot topics in the classroom. The study showed that both 

participating teachers discussed the use of GMOs during their class time, which is an SSI topic. 

However, neither organized their student discussions well nor did they promote scientific 

reasoning. The authors explained that there needed to be an organized classroom activity that 

included informal reasoning, or evidence-based argumentation; That students were not 

encouraged to make decisions on the controversial topic or to critically evaluate the impacts on 

their decision on society or the environment.  
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Interdisciplinary Learning Opportunities in Agriculture, Food, Natural Resources and Science 

School-based agricultural education offers a valuable platform to connect agriculture, food, and 

natural resources (ANFR) and science in a classroom (McKim, Pauley, Velez, & Sorensen, 

2018). Learning how to sustainably produce food, shelter, and clothing while incorporating 

natural phenomena studied in science education is required for a successful education system. 

This article argues that the understanding of ANFR and science are essential for the 

establishment, sustainability and progress of any society. This study looks at how the 

interdisciplinary learning experiences between AFNR and science include opportunities for 

students to develop knowledge and skills.  

Learning opportunities which combine AFNR and science are critical to social progress, 

contextualized science learning, and ecological problem solving. The findings suggest that 

school-based agricultural education serves as a valuable platform for the intertwining of AFNR 

and science knowledge learned in a traditional classroom. The findings can be further broken 

down into three objectives. First, the four identified predictors of intentions to teach science 

within AFNR were explored. School-based agricultural teachers had a positive attitude, 

supportive subjective norms, and perceived a high amount of behavioral control when teaching 

science. The second research objective looked at how the school-based agricultural teachers were 

intending to teach science within AFNR. The findings show that a majority of teachers intended 

to teach life science topics, such as plant science systems and animal science systems. 

Interestingly, there was a substantially low focus on FFA and agribusiness. The third objective 

within this study looked at the relationship between attitude toward the behaviors of teachers and 

the intentions to teach science within the AFNR curriculum. This part of the study showed that 
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teachers with high science knowledge had decreased in the intended amount of science content 

within AFNR.                                                                                                              

Section 5: Learning opportunities in agriculture  

Community As Context and Content 

According to the article, community as context and content: a land-based learning primer for 

agriculture, food, and natural resources education, this study looks at the urgency to address 

socio-ecological problems like pollution, climate change, and environmental degradation in order 

to sustain life on Earth. The authors feel that enhancing educational experiences offered at the 

local level requires participations from the Agriculture, Food and Natural Resources (AFNR). 

This research review explores the foundation of land-based learning, a four-step process to 

implement land-based learning, and the outcomes of land-based learning (McKim, Raven, 

Palmer, & McFarland, 2019).  

Land-based education in rural communities’ experience benefits as a product of the educational 

approached. Rural schools and communities benefit because they have more autonomy in 

curricular decisions and resist standards-based decontextualized education; Therefore, 

community members are important stakeholders in the educational experience of learners. Rural 

communities can also leverage place-based and land-based education approaches as 

opportunities to build among young people and appreciation for rural livelihoods and 

commitments to solving the critical problems found within their community. Additionally, in 

these rural communities, young people are needed to manage agricultural operation who current 

managers are nearing retirement. Another major discovery within this research is that the 

adoption of land-based learning required a shift: educators need to forge community 
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partnerships. The collective efforts needed by both the community and education members are 

required because every person plays their role within land-based learning.  

Schoolyard Gardens 

Schoolyard gardens have been sprouting up around the country in an effort to teach children 

better eating habits by helping them understand where food comes from (Salter, 2010). The 

importance of encouraging our children in outdoor work with living plants is now recognized. It 

benefits the health, broadens education, and gives a valuable training in industry. The National 

Geographic Society’s Geography Education Program combined with the National Geography 

Standards have advocated the teaching of “geography for life”. This study looks at students who 

participate in schoolyard garden programs and how they learn about the connection between 

their everyday choice and the health of the community, the environment, and themselves.  

The study first examined Alice waters’ edible schoolyard. She was one of the first educators to 

implement the idea that children can be engaged in the planting, tending, harvesting and cooking 

of what they eat. She began her work in 1995 with Martin Luther King, Jr. Middle School; 

Which was identified as a rundown school Berkeley California neighborhood. There, she 

converted the school’s one acre of blacktop into a one-acre garden and kitchen classroom. Each 

student participates in twelve to thirty session in the edible schoolyard each year, reaching each 

of the over 1000 students. She hosts an additional 1,000 victors each year to help them leave 

with the tools for developing programs in their own communities. The study goes on to show 

how the ideas learned in schoolhouse gardens are implemented in geography lessons. First, the 

students research and presents ways to make agriculture more sustainable on a local, national, or 

intermittent level. Then, they explore local farmers markers and grocery stores to learn where the 

food they get comes from. Students then prepare a survey for chefs from local restaurants to 
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learn the source of the produce, meat, seafood etc. that they serve on their daily menus. Finally, 

the students analyze their school’s weekly cafeteria menu and determine whether the food is 

locally grown, fresh or frozen, organic, processed. The study showed that as part of their 

experimental education, the primary and elementary students learn about the value of healthy 

food, where it comes from, the importance of biodiversity, and the necessity for wise 

stewardship of the land and the natural resources in order to have a sustainable world. Finally, 

the study showed how geography, science, mathematics, writing and vocabulary, and art were all 

implemented in the learning garden. The study concluded that lessons learned from the learning 

garden foster sound nutritional practice, responsible food choices, environmental stewardship 

and care for human communities.  

Student-Designed Greenhouse for Sustainability Competencies 

This case study in the article, student-designed greenhouse for sustainability competencies, 

describes a student-led campus sustainability initiative to design and implement a power-

generating greenhouse at Allegheny College. The design of the greenhouse was solely dependent 

by student collaboration with professions in a variety of learning settings including research 

seminars, independent studies, paid internships, and senior thesis projects (Carbone, Boulton, 

Nathan, & Gould, 2020). This paper identified challenges and opportunities for utilizing living 

labs for sustainability education by providing a detailed account of the student-driven design 

process and structuring the analysis around a framework of documental sustainability 

competencies.  

The major findings of this study show that while the student-led research process was less 

effective than design work carried out by professions, it supported deep levels of student 

commitment that allowed the project to sustain over a two-year planning process. The 
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greenhouse design benefitted from the unique strengths and background of student researchers. 

The Carden greenhouse supported many different learning opportunities for students that were 

able to contribute to the project in leadership roles. The research seminars encouraged the 

development of systems-thinking, anticipatory and interpersonal sustainability competencies. 

The research suggested that this scaffolded structure allowed students to explore more 

sustainability competencies in more varied contexts than they could in just researching alone. 

The study found that several logical barriers to student involvement in a multi-year sustainability 

exist including only being able to support a handful of student experiences, and that living labs 

are often time and resource intensive. The study recommended that these experiences need to be 

embed into sustainability departments and programs to increase access to hands-on sustainability 

education. Finally, the study demonstrated that some intuitions are now developing models that 

successful bring living labs into undergraduate curriculum such as Arizona State University’s 

School of Sustainability which developed a real-world teaching philosophy and has structured all 

courses at all level around applied campus and community projects. Another example shown by 

the study is the Worcester Polytechnic Institute (WPI) which asks all students to carry out a 

junior level project and a senior-level project solving a problem typical of those encountered in 

their professional discipline.  
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Chapter One: Finding a Grant 

There are five major aspects to finding a grant: your network, your region, previous grantors, 

peer organizations, and grant databases. 

A. Your Network – a network consists of people you interact with, people you exchange 

information with and anyone you have developed a professional or social contact with.  

 

For me specifically, I found that many people within my own district were contemplating 

writing a grant for a greenhouse. We have a special education program that aims to teach 

kids purely through hands-on experiences. They completed an entire science unit having 

to do with plant growth and stated that they were in the process of attaining materials to 

move their project outside.  

 

B. Your region – a region is an area that shares some definable characteristics, but not 

necessarily confined with fixed boundaries.  

 

I found that by sending questions out on science listservs through SUNY Oneonta 

(website below) that many people within our community have gone through the grant 

process. They gave great advice on technology and materials that I should add to my 

proposal, as well as gave insight as to what the process would look like. One connection I 

made through this listserv was with a teacher at SUNY Delhi. He was able to guide me to 

websites that had information I needed, and also provided me with a blueprint of what his 

greenhouse set up was. 
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https://suny.oneonta.edu/oneonta-mentor-network-initiative/listservs  

 

C. Previous Grantors – people who have either been on a grant committee to give grants, or 

people who have received grant money. 

 

For this process I sought the assistance of professionals who had experience in writing 

grants like this one. I read advice and spoke to a previous grant writer for SUNY 

Cortland. She gave me resources that helped guide me through the grant writing process, 

as well as pointed me in the direction of some websites I could use to look up grants. She 

even went as far as to finding some basic grants I might qualify for. 

 

D. Peer Organizations – these are any nonprofit organizations that people within your 

network or region belong to. 

 

My district is very small and I found that although people within my network were 

interested in writing a grant, no one had actually done one. However, some organizations 

were able to give me input as to some things they would like to see within a greenhouse 

so their organization could use it as well. For example, our art teacher suggested of 

adding a bee hive to the greenhouse. She stated that she could use it for art club.  

 

E. Grant Databases – online places you can go to search for a grant. 

 

I chose the database called “GRANTS.GOV”. https://www.grants.gov  

https://suny.oneonta.edu/oneonta-mentor-network-initiative/listservs
https://www.grants.gov/
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Others include: Foundation Directory Online, The Catholic Funding Guide, GrantScape, 

GrantStation, Grant Forward, Grant Select, Grant Watch, NAVSO, Pivot and Instrumentl. 

 

 

 

Figure 1 Search screen. When searching for a grant on Grants.gov, using a keyword often facilitates results that 
your project qualifies for. The keywords used in my search process generated around twenty grants. 
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Figure 2 Synopsis of grant. This screen shows an overview of the basic grant information. Two things to look for are the 
estimated total program funding (orange arrow) and the eligibility (yellow arrow). These two aspects determine the amount of 
money the grant has, and if your organization qualifies to receive it.  
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Figure 3 Additional Information #1. This screen describes the grant. The agency who posted the grant used was the National 
Science Foundation. Their goal is to promote sustainable engineered systems that support human well-bring and that are also 
compatible with sustaining natural environmental systems.  
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Figure 4 Additional Information #2.A continuation of Figure 3, this screen goes into detail about contact and deadline 
information for specific program types.  
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Chapter Two: Viewing Application Package 

When a grant is located that has the “best fit” for the needs of the project or fulfills the 

parameters needed for success, an application process should begin. Grant applications may have 

very different properties. For example, the screens may look similar to the one shown in fig. 2.  

An important first step is to download the instructions (red arrow) for the entire grant. This 

package will explain everything needed to write and complete the sections required to qualify for 

the grant.  

General instructions for submitting a grant through GRANTS.GOV: 

1. Registration Process – each organization must register and create an institutional profile 

then an organization within the institution can apply for government grants. 

2. Software Requirements – in order to open, complete and submit an application package, 

you need to download and install Adobe Reader. This is available on their website. 

 

NSF-Specific instructions for submission via GRANTS.GOV 

1. All documents identified as required in Table 1 must be submitted to NSF as part of the 

application (Green Arrow).  

2. All attachments must comply with NSF font, spacing and margin requirements. 

Applications that do not comply with the requirements will be inserted into NSF’s 

Fastlane system, and will not be reviewed. All documents must be submitted in Portable 

Document Format (PDF).  

3. Submission of the same application to multiple agencies will not prejudice the review by 

NSF. The only exception is the Biological Sciences Directorate.  
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4. The same work/application cannot be funded twice.  

5. The application can be checked on until it has been received and validated by NSF.  

 

This section contains both the SF 424 (R&R) instructions, as well as any applicable NSF-specific 

instructions. All applications must conform to these SF 424 (R&R) General instruction and the 

NSF-specific instruction when applicable. 
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Figure 5 Manage Workspace Screen. Essentially a “home screen”, this is where each form is found. You can access this screen 
throughout the application process. It will keep track of what you have done, when you have accessed each section, and enables 
you to retrieve work you have already submitted. 

 

 

 

 

 

 



 37 

SF424 (R & R) [V2.0] 

 

This section encompasses the basic information about you and your location. As seen in Figures 

7 and 8, the application asks you information such as applicant information, person to be 

contacted on matters involving the application, employer identification, type of application, 

description title of application project, and a proposed project start and end date. Although much 

of this information is readily available, some need further research. For example, on figure 7, the 

application asks for the zip postal code for the project location (green arrow). I used the 

following website to look this information up: 

https://m.usps.com/m/ZipLookupAction?search=address  

A second question that needs additional research is also located on figure 7, which asks for 

employer identification (EIN) or (TIN) (purple arrow). You can look up this number several 

different ways, including: 

1. Ask the Company. Someone in the payroll or accounting department should know 

the company's tax ID. 

2. Search SEC Filings. Source: SEC.gov. ...  

3. Get the Company's Business Credit Report. ...  

4. Use a Paid EIN Database. ...  

5. Use Melissa Database for Nonprofits. 

 

 

 

https://m.usps.com/m/ZipLookupAction?search=address
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Figure 6 Workspace Form. The workspace form has to be completed prior to submitting your application package.  
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Figure 7 SF 424 (R&R) #1 Application for Federal Assistance. Federal assistance is the term used for a federal grant application 
process. This form is used in all grant applications to collect information about the type of submission, proposed project ideas  
and applicant information. 
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Figure 8 SF 424 (R&R) #2 Application for Federal Assistance. This section asks for projected project funding. 
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Project/Performance Site Location(s) [V2.0] 

Franklin Central School District is located in upstate NY in a town called Franklin.  
 
Franklin has a declining population of -0.59% annually with a total population of 374  
 
adults in 2010. Franklin has an average household income of $64,282 and a poverty rate  
 
of 15.08%. Franklin’s average education encompasses an associate’s degree or lower  
 
(66.91%) with the remainder having a Bachelor’s degree or Graduate Degree (33.09%).  
 
Out of 15% poverty rate, 58.33% are black.  Franklin CSD is located in a community that  
 
would benefit greatly from increased education within a K-12 setting. The majority of  
 
the community have family run farms that would benefit astronomically with the  
 
introduction of sustainable farming through the use of a greenhouse. This project will  
 
give students from every grade the opportunity to learn about farming, gardening, and  
 
the environment through hands-on activities.  
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Figure 9 Project/Performance Site Location(s) Some grant proposal projects may require money to be allocated to several 
locations. This form asks that you indicate where the location of the project will be.  
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Research And Related Other Project Information [V1.4] 

If activities involving human subjects are planned at any time during the proposed project, this is 

the form you would use to indicate that. If activities involving humans are not planned at any 

time during the project, you would select “no” and move on to the rest of the form. As shown in 

figure 10, the greenhouse grant proposal discussed does not require human subjects. 

Additionally, this is the section that includes the project summary, figure 11, the abstract 

(Figures 12-14), project narrative (Figures 12-14), and references. 

 

 

Figure 10  RESEARCH & RELATED Other Project Information. this form is also required for all grant application. It includes 

questions on the use of human subjects, animals and environmental impacts. You would also use this form to upload an abstract, 

project narrative, references, information on facilities and equipment lists. 
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Figure 11 Project Summary. The project summary consists of three main parts: An overview, a statement on the intellectual 
merit, and the broader impacts of your proposed activity. This is to be condensed into a 1-page document.  
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Figure 12 Project Narrative #1. This is the section of the grant application where the applicant should talk about how the 
proposed projects is relevant, and how it will directly align with the grant’s purpose.  
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Figure 13 Project Narrative #2. This is the section of the grant application where the applicant should talk about how the 
proposed projects is relevant, and how it will directly align with the grant’s purpose. 
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Figure 14 Project Narrative #3. This is the section of the grant application where the applicant should talk about how the 
proposed projects is relevant, and how it will directly align with the grant’s purpose. 
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Figure 15 Resources. These are the resources used within the grant application process.  
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Figure 16 Project Site Location. This is an image of the district and where the project site location is expected to be (red arrow) 
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NSP Senior Key Person Profile (Expanded) [V1.2} 

This section asks you to identify and create a profile for each key person proposed. Senior/Key 

Personnel are defined as all individuals who contribute in a substantive, measure way to the 

scientific development or execution of the project, whether or not salaries are requested.  

 

Figure 17. NSF Senior/Key Person Profile (Expanded). A profile should be created for each individual involved in the project.  
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Figure 18 Biography Sketch. An account of an individual’s qualifications and experiences. 
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Figure 19 Support. A letter written by the superintendent of Franklin C.S.D. stating the support and excitement over the grant 
proposal. A letter of support is important to show the proposal is accepted and anticipated by the organization. This can be done 
though a list of contacts or a letter.  
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Research & Related Budget [V1.4] 

NSF regards research as any of the normal functions of faculty members at institutions of higher 

education. If salaries are being requested, NSF limits their compensation to no more than two 

months of their regular salary in any one year. Equipment is defined as any item of property that 

costs greater than $5,000 and is expected to be used for more than one year. Funds requested 

asks that you list the estimated cost of each item of equipment, including shipping and any 

maintenance costs. Each item of equipment has to be listed separately and justified in the budget 

justification section of the application.  

 

Figure 20 Research & Related Budget – Budget Period 1. This section of the form shows that no personal salary is being asked 
for. 
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Figure 21 Equipment Description. This section asks to identify equipment, see definition above, travel expenses, and training 
costs. 
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Figure 22 Other Direct Costs. This part of the form shows that the amount of materials and supplies requested added to $45, 
914.28, with an additional $10,000 for construction. A total of $60,000 is being asked for because the grant only allowed for 
whole numbers rounded to the nearest ten thousand.  
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Figure 23 Research & Related Budget – Cumulative Budget. This section asks for a breakdown of the budget into sub categories. 
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Figure 24 Greenhouse Budget Proposal #1. Specific material is listed with quantity and price.  
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Figure 25 Greenhouse Budget Proposal #2. Specific material is listed with quantity and price. 
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Figure 26 Greenhouse Budget Proposal #3. Specific material is listed with quantity and price.  
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Figure 27 3D rendering of greenhouse design and layout. 

 

Figure 28 Floor plan of greenhouse design and layout. 
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Figure 29 Description of numbers associated with Figure 28. 
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Research & Related Personal Data [V1.2} 

 

 

Figure 30 Project Director/Principal Investigator. In order to gather information about inequalities based on gender, race, 
ethnicity or disability, the federal government asks you to fill out this form. 
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NSF Cover Page [V2.0] 

 

In this section, you are asked to complete the National Science Foundation (NSF) Grant 

Application Cover Page. Additionally, you are to submit the relevant research and related forms. 

This form asks you for information about:  

1. Verifying funding opportunity number 

2. Indicate which NSF unit should consider your application 

3. Information about the principal investigator  
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Figure 31 National Science Foundation Grant Application Cover Page. A website is provided to go to and retrieve the Division and 
Program information for the funding opportunity.  
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Figure 32 Lesson Plan Part A. This is an example of a lesson plan that could be used that incorporates the greenhouse.  
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Figure 33 Lesson Plan Part B. This is an example of a lesson plan that could be used that incorporates the greenhouse. 
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Chapter Three: Conclusions and Recommendations 

Grant writing can be challenging. The competition that exists for nonprofit organizations to 

receive grant money shows how much time and effort need to be put into the process to make it 

successful. Throughout this process, five recommendations arose:  

1. Be Prepared 

Before searching for a grant, a need for a particular “thing” needs to arise. In this grant 

proposal, it was explained that Franklin Central School is located in an agricultural 

community rich with generational farms. While this is a wholesome community, it is 

blatant that many of the local agriculturalists have not been introduced to many modern-

day farming techniques. These practices can improve their crop yields as well as improve 

environmental issues. For example, many local farmers plant corn on the same fields 

every year. Modern practices show that farmers should alternate crops in an attempt to 

add more nitrogen to the soil, which will in turn result in more corn growth. The 

greenhouse can operate to teach future agriculturalists about modern practices. This, 

therefore, show a need for a “thing” and reasoning behind wanting to write a grant for it.  

2. Write with the Reviewer in Mind 

When writing a grant, one is asking for money to complete a project. If you fill out the 

application with the grant reviewers in mind, you make more personal connections to the 

projects. In this grant proposal, NSF was offering several million dollars for projects 

having to do with environmental sustainability. As previously mentioned, the Franklin 

community is filled with family run farms that take little stake in protecting the 

environment. Therefore, the grant should be written to demonstrate how increasing the 
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knowledge behind sustainable farming will decease environmental concerns associated 

with farming practices. This shows the reviewer that the time was taken to read what the 

grant’s purpose was, while also providing immediate positive outcomes within the 

community.  

3. Follow the Directions 

The directions that grant reviewers expect you to follow are overwhelming and thorough. 

Each form is expected to be filled out in a very particular style. Many items the 

application asks you to complete are difficult to locate, hard to understand, and can easily 

be filled out incorrectly. Take the time to read the directions several times before 

attempting to fill out the application. Little things such as using the wrong font can 

disqualify you from receiving the award. Arguably the easiest way to make sure you fill 

out the application appropriately is to follow the directions.  

4. Don’t Underestimate the Time it Takes 

One of the first things learned through this process is that each and every step requires an 

enormous amount of time. For example, several times in the application it was asked that 

you identify your zip code. While most of us are able to readily find and reiterate what 

the five-digit zip code is, the nine-digit code is what the application is looking for. This 

requires you to go on a google hunt to find a website that will clarify which specific zip 

code applies to your location. It is incredibly important that you allow yourself enough 

time to properly complete the application.  

5. Read as Much as Possible 

Grants are something that most people are familiar with, but few have never completed. 

Reviewing as much research as possible prior to starting an application is critical to 
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successfully completing one. Many grant writers share their experiences and advice, 

which can be very helpful when the application process is so daunting. One of the most 

effective pieces of advice obtained during this process was about how to locate a grant. 

Many websites exist that talk about how to apply to a grant, but few actually show you 

where to look for them. Making connections with people who have previously written 

grants opens countless opportunities to do things the right way.  
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