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Abstract 

This dissertation examined the integration of biotechnology within Georgia School-Based 

Agricultural Education (SBAE) through three interconnected studies addressing historical 

development, internal factors, and external factors influencing implementation. The first study 

utilized a qualitative historical research design, guided by Rogers’ (2003) Diffusion of 

Innovation Theory, to analyze state and national policy documents, curriculum frameworks, and 

archival records. Findings indicated that Georgia functioned as an early adopter of biotechnology 

in agricultural education, yet curriculum standards remained outdated and misaligned with 

current agricultural biotechnology practices. The second study, guided by Bandura’s (1986) 

Social Cognitive Theory and Self-Efficacy Theory (1997), employed a quantitative survey 

design to measure teachers’ perceived importance, knowledge, and competence regarding 

biotechnology topics. Results revealed that teachers valued biotechnology instruction but 

reported moderate levels of knowledge and competence, suggesting a need for targeted 

professional development. The third study investigated external factors affecting 

implementation, including teacher resources, student characteristics, and community support. 

Findings showed that while administrative and technological support were available, teachers 

lacked adequate instructional materials, laboratory space, and time. Students preferred hands-on 

learning but lacked home and community support to reinforce biotechnology concepts. 

Collectively, these studies underscored the need for systematic curriculum revision, ongoing 

professional development, and stronger interdisciplinary and community engagement to ensure 

that Georgia’s agricultural education remained rigorous, relevant, and aligned with modern 

biotechnology and agricultural practices. 
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Chapter 1: Foreword 

Introduction 

“Science and Agriculture are not separable. They have not been in the past; they 

are not now; and I do not expect that they ever will be in the future (Malpiedi, 

1989, p. 4).” 

In 1917, the Smith-Hughes National Vocational Education Act established vocational 

agriculture courses with funding, at the secondary level. This was recognized as what became 

known as high school, agricultural education classes. The curriculum that was initially 

established could not keep up with the ever-rapid changing technologies to incorporate into 

teachings during the last part of the 20th century. Biotechnology in Agriculture grew significantly 

in the 1970s and 1980s, and as a result such related buzz words became popular in agricultural 

education (Boone et al., 2006). The 1990 National Council on Vocational Education acted on the 

movement and made it part of the curriculum as direction was given by the National Research 

Council in 1988 (National Council on Vocational Education, 1990; Thompson, 2001). In 1994, 

the National FFA published The National Voluntary Occupational Skill Standards for an 

Agricultural Biotechnology Technician, which was created by biotechnology and industry 

experts to assist state agricultural education programs in developing related courses of study 

(National FFA Foundation, 1994; Wilson et al., 2002). As a result, the 1998 Georgia Department 

of Education’s 2020 Vision for Agricultural Education identified biotechnology as a theme, 

including goals to help educators achieve the vision. The goals included opportunities to build 

student awareness and appreciation of biotechnology; curriculum centered around biotechnology, 

and experiential learning opportunities in biotechnology (Georgia General Assembly, Senate 

Research Office, n.d.).  
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In terms of students, it was studied and proven that learning about biotechnology 

contributed to their agricultural awareness (Chen & Raffan, 1999) and helped them to become 

better informed citizens to make educated decisions (National Research Council, 2012). Not only 

was becoming an informed citizen important as part of their education, but also as consumers of 

agricultural products, as they understood that the increase in sustainable food production during 

their lifetime, the twenty-first century, resulted from the efforts and advancements in 

biotechnology (National Research Council, 2009). Research provided evidence for and supported 

the claim that the integration of science into the agriculture curriculum was more effective for 

students having higher achievement than traditionally taught students (Chiasson & Burnett, 

2001; Enderlin & Osborne, 1992; Hendrix et al., 2024; McKibben & Murphy, 2021; McKibben 

et al., 2024; Roegge & Russell, 1990; Thompson & Warnick, 2007). 

For teachers, studies showed that various challenges existed in incorporating 

biotechnology into the high school curriculum. The first noted challenge was that it represented 

one of the most strenuous topics within science. Secondly, it was highly difficult for secondary 

science teachers to allow time for the practicality of biotechnology activities during a normal 

class schedule. Lastly, agricultural education teachers were more aware of how biotechnology 

was applied but lacked the necessary equipment and understanding of the scientific principles to 

make the connections for student learning, in order to effectively incorporate into their 

curriculum (Steele & Aubuson, 2004; Mowen, et al., 2007; Pollard, 2020). Wilson et al. (2002) 

indicated that teachers’ confidence in teaching students' skill standards and biotechnology 

curriculum was higher among those who attended workshops with training in intensive hands-on 

agricultural biotechnology labs, thereby showing that teacher support, in-service training were 

crucial to integrating a curriculum that is ever-changing. Findings from neighboring Alabama 
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teachers has indicated that teachers, regardless of their path to certification, are more likely to 

adopt the teaching method or style the more they are shown or taught using that style (Hancock 

et al., 2024). This was similar to findings that students of agriculture prefer hands on teaching 

and learning methods (McKibben et al., 2023). 

In Georgia, students were required to complete one pathway in Career, Technical and 

Agricultural Education (CTAE), and/or Modern Language/Latin, and/or Fine Arts, which 

included a series of three courses and take an end of pathway assessment as part of the high 

school graduation requirements (Georgia Student Finance Commission, n.d.). This study 

specifically focused on Georgia's Agriscience Systems pathway within the Agriculture, Food, 

and Natural Resources (AFNR) career cluster. The three courses included Basic Agriculture 

Science (introductory and required for all AFNR pathways), Plant Science and Biotechnology, 

and Animal Science Technology and Biotechnology. 

Researcher’s Interest 

The researcher, who was a third-year agricultural education teacher in 2021, was tasked 

with teaching two new courses: Plant Science and Biotechnology and Animal Science 

Technology and Biotechnology. Upon reviewing the content standards, it was noted that the 

content focused heavily on biotechnology techniques, concepts that had only been mentioned in 

an agricultural education preparation program but were rarely practiced or taught in depth. Not 

wanting to settle for minimum content coverage but instead to seek professional development 

and teacher training that would enable the implementation of more hands-on learning around 

these topics, the researcher enrolled in the Georgia BioEd Rural Teacher Training Initiative in 

2021-2022 and participated in an advanced session in 2023. Although the program was not 

designed specifically for Agricultural Education teachers, the concepts and hands-on training 
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were easily transferred to Agricultural Education curriculum. The curriculum standards 

presented themselves with vague wording as a means of maintaining flexibility in what teachers 

chose to teach; however, it appeared that, collectively, many teachers were missing the broader 

goal, the actual integration of techniques and applications in accordance with modern-day 

biotechnology. With that question and reflection, the researcher formulated the idea for further 

investigation and the development of this dissertation. 

Framework 

For this study, three frameworks were implemented to provide a unique lens on 

Biotechnology in School Based Agricultural Education of Georgia.  

The first framework utilized in this study is Everett Rogers’ Diffusion of Innovations 

Theory (2003). The Diffusion of Innovation Theory was defined as a five stage process, known 

as the Innovation-Decision Process, in which an innovation was adopted, including (1) 

knowledge [recognizes and understands the innovation], (2) persuasion [forms a like or dislike 

towards the innovation], (3) decision [takes part in furthering the understand of the innovation to 

accept or reject], (4) implementation [putting the innovation to practice], and (5) confirmation 

[reinforcing the innovation-decision or reversing the decision] (Rogers, 2003).  Rogers’ DOI 

Theory (2003) also identified five adopter categories describing how individuals adopted 

innovations. The categories included, (1) innovators [2.5% of a population, gatekeepers for new 

innovations and the risk-takers], (2) early adopters [13.5% of a population, those who reduced 

the uncertainty for others to adopt serving as role models], (3) early majority [34% of a 

population, those who adopted just ahead of the average, acted cautiously, and required evidence 

of success], (4) late majority [34% of a population, those who adopted after the majority, usually 

because they were compelled to], and (5) laggards [16% of a population, those who were last to 
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adopt if at all due to being traditional and resistant to change]. This framework was applied in 

this study, particularly in Chapter 2: Historical Analysis of Biotechnology Integration in 

Agricultural Education in Georgia, as it provided the foundation for analyzing how 

biotechnology was introduced and diffused as a content area within agricultural education. 

Moreover, this theoretical framework facilitated the analysis of the adopter category applicable 

to Georgia agricultural education teachers specializing in biotechnology. 

The second framework used was Albert Bandura’s (1986) Social Cognitive Theory 

(SCT). The Social Cognitive Theory outlined four stages to the development of learning, 

including (1) attention, (2) retention, (3) reproduction, and (4) motivation (Bandura, 1986). 

Bandura (1986) also proposed a triadic relationship through the SCT between three factors: 

personal (one’s cognitions, beliefs, emotional and biological characteristics), behavior (one’s 

choices and actions), and environment (social and external experiences). In summary, individuals 

learned not only through direct experiences but also through cognitive processes and observing 

others. This framework was applied to investigate how agricultural education teachers acquired 

knowledge about and applied biotechnology topics within their classrooms.  

The third framework utilized was Bandura’s (1997) Self-Efficacy Theory (SET). 

Bandura’s Self-Efficacy Theory was developed as a direct extension of his 1986 Social 

Cognitive Theory. SET represented an individual’s belief in their capability to be succeed at a 

task through their actions. Specifically, it focused on four sources of self-efficacy: (1) mastery 

experiences [engaging in tasks until success was achieved], (2) indirect experiences [observing 

others succeed at a task and believing in one’s ability to replicate it], (3) social experiences 

[receiving positive feedback, encouragement, and/or affirmation from role models], and (4) 

internal experiences [how one’s inner voice influenced their beliefs of being capable or not] 
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(Bandura, 1997). This framework was applied in this study to better understand agricultural 

education teachers' level of confidence regarding their ability to teach biotechnology related 

topics. 

Purpose 

The purpose of this dissertation was to examine biotechnology within SBAE in Georgia. 

It specifically analyzed the history of biotechnology integration, the accuracy and relevance of 

biotechnology topics within current content standards, and teachers’ internal and external factors 

that contributed to their success when teaching biotechnology-related topics. 

Organization 

This dissertation was organized into five chapters. The first chapter included the 

introduction to the study and established the foundation for the subsequent four chapters. The 

second, third, and fourth chapters were presented as separate articles but remained connected to 

the primary focus, biotechnology in school-based agricultural education in Georgia. The fifth and 

final chapter provided a summary of the findings from each article and offered recommendations 

for further research and practice. 

Research Objectives 

This study was divided into three separate but interconnected articles focusing on 

biotechnology within school-based agricultural education in Georgia. It began with Article One, 

which presented a historical analysis of the integration of biotechnology into agricultural 

education in Georgia. Article Two examined the internal factors that influenced teachers’ success 

in teaching biotechnology topics, and Article Three explored the external factors that affected 

their success. The research objectives listed below were used to guide the development of this 

study. 
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Article One: 

1. What is the history of biotechnology integration of ag ed in Georgia? 

2. Are the current content standards accurate, relevant, and necessary in accordance with 

modern agriculture (present day)? 

Article Two: 

1. What are teachers' perceived importance of, personal knowledge, and competency of 

teaching biotechnology topics? 

2. What in-service needs can be determined by the teachers' perceived importance of 

personal knowledge, and competency of teaching biotechnology topics?   

Article Three: 

1. What are teachers’ barriers to teaching and information sources of biotechnology topics? 

2. What resources are needed to lessen the external factors for success of teaching 

biotechnology in ag ed, based on the above? 

Definitions 

1. School-Based Agricultural Education: “prepares students for successful careers and a 

lifetime of informed choices in the global agriculture, food, fiber, and natural resources 

systems.” This is achieved through the three-component model, including 

classroom/laboratory, supervised agricultural experiences, and FFA (National FFA 

Organization, n.d.). 

2. Agricultural Education: systematic instruction in agriculture and natural resources in 

grades 9-12 with a mission to prepare people for occupations or professions in 

agriculture, and/or job creation and entrepreneurship, and to promote agricultural literacy 

(Phipps et al., 2008). 
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3. Biotechnology: “refers to techniques used by scientists to modify deoxyribonucleic acid 

(DNA) or the genetic material of a microorganism, plant, or animal in order to achieve a 

desired trait.” (U.S. Food and Drug Administration, n.d.). 

4. Agricultural biotechnology: is a range of tools, including traditional breeding techniques, 

that alter living organisms, or parts of organisms, to make or modify products; improve 

plants or animals; or develop microorganisms for specific agricultural uses.” (U.S. 

Department of Agriculture, n.d.). 

5. Agricultural literacy “is the awareness and understanding [of] food, fiber, natural 

resources, and animal health and its relationship to the public and environment.” 

(Clemons, et al. 2018, p. 248.) 

6. Competence is defined as knowledge, skills, abilities and other characteristics to carry out 

a task (Dooley & Lindner, 2002; Harder, et al., 2013; Lindner, et al. 2001) 

7. Georgia Standards of Excellence: provide a structured and consistent framework 

designed to prepare students with the knowledge, skills, and competencies necessary for 

success in postsecondary education and the modern workforce (Georgia Public 

Broadcasting, n.d.). 

8. National FFA Organization: The student organization, intracurricular in SBAE, with its 

mission to “changes lives and prepares members for premier leadership, personal growth 

and career success through agricultural education.” (National FFA Organization, n.d.). 

Limitations 

While this study provided valuable insight into biotechnology within school-based 

agricultural education (SBAE) in Georgia, several limitations were present. 
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The generalizability of the study was limited to a selective sample of Georgia agricultural 

educators; however, the findings could have been transferable to other populations. 

The instrument was carefully designed to capture characteristics, as well as internal and 

external factors, of teachers who incorporated biotechnology topics. However, there were 

potential unknown factors among the participants that may not have been accounted for in the 

instrument, thereby potentially affecting their responses. All efforts were made to mitigate any 

errors through design and testing. The validity of the instrument, that the instrument is testing 

what the researchers intended it to test, was achieved through several methods. The first was by 

using a known and tested instrument from similar work (Boone et al, 2006). Additionally, the 

instrument was reviewed and edited by the primary researcher, who has extensive knowledge 

and a background in teaching biotechnology in agricultural education courses in Georgia as well 

as a group of long-time survey researchers who specialize in instrument-based survey research 

methods in agricultural leadership, education, and communications. Reliability of the instrument, 

the likelihood that if conducted again, the results would be similar, can be a threat to instrument 

based research (Field, 2013). To test instrument reliability, Cronbach’s Alpha was calculated for 

each construct being investigated. The results of the testing were well above the standard for 

internal consistency common in the field of Agricultural Leadership, Education, and 

Communications. The construct of importance (N = 19) was (α = 0.91), knowledge (N = 19) was 

(α = 0.97), and confidence (N = 19) was (α = 0.97). 

When using instrument-based survey methods, nonresponse bias or error has the potential 

to affect the results and could be considered a limitation if not properly addressed (Field, 2013). 

Lindner et al. (2001, 2002) outlined several common procedures for addressing nonresponse 

error, one of which was using t-testing to compare early and late respondents on variables of 
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interest. A t-test was conducted to compare the responses of the respondents who responded to 

the first email (n = 15) with those of the group who received the final email (n = 17) regarding 

their perceived knowledge and competence. No differences were found between early and late 

respondents on their reported knowledge (t(30) = 0.97, p = 0.34) or their reported competence 

(t(30) = 0.93, p = 0.36). The results of these tests indicate that nonresponse bias is not a threat to 

the validity of these studies.  
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Chapter 2: Historical Analysis of Biotechnology Integration of Ag Ed in Georgia 

Abstract 

The purpose of this study was to analyze the history of biotechnology integration in Georgia 

Agricultural Education and to evaluate the accuracy, relevance, and necessity of current content 

standards within the Georgia Standards of Excellence (GSE). A qualitative historical research 

design was guided by Rogers’ (2003) Diffusion of Innovations Theory and was used to examine 

archival documents, curriculum standards, policy publications, peer-reviewed journals, and 

communications with Georgia Agricultural Education staff. Findings indicated that Georgia fell 

within the early adopters category in implementing biotechnology into agricultural education, 

with integration occurring alongside national curriculum development in the late 1990s and 

early 2000s. Analysis of the Plant Science and Biotechnology and Animal Science Technology 

and Biotechnology courses revealed that over half of the biotechnology topics were addressed 

only at introductory levels, used outdated terminology and examples, and lacked current 

scientific depth. Major recommendations included revising the GSE to incorporate modern 

applications such as CRISPR, gene editing, and bioethics, and establishing a continuous 

curriculum review or resource update process aligned with national AFNR standards. These 

actions were recommended to ensure that Georgia Agricultural Education remained current 

with industry advancements and effectively prepared students for future agricultural and 

biotechnological careers. 

 

Key Words  

Biotechnology, History, Agricultural Education, Curriculum 
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Introduction 

From the days of Gregor Mendel’s work with pea genetics in the 1800s, biotechnology 

and its applications had been a part of agriculture. In the late 1900s, what became known as 

modern genetic engineering emerged, and DNA was discovered as the mechanism through 

which genetics were passed on. Biotechnology became a major agricultural force in the 1990s by 

introducing and commercially marketing genetically engineered crops for production. It should 

be noted that prior centuries had built the groundwork for this significant technological 

advancement, but it was this decade that brought about the “Gene Revolution,” which forever 

transformed the agricultural industry (International Service for the Acquisition of Agri-biotech 

Applications, n.d.). 

In 1917, the Smith-Hughes National Vocational Education Act formally established 

vocational agriculture courses with funding at the secondary level. Though agricultural education 

at the secondary level had been common since the beginning of public education (Bailey, 1904; 

Hummel & Hummel, 1913; Stewart & Getman, 1927; Stimson, 1942). This has often been 

recognized as the foundation of what became the modern formal high school agricultural 

education classes. The curriculum that was initially developed could not keep pace with the 

rapidly changing technologies that educators sought to incorporate into instruction during the 

latter part of the twentieth century. Biotechnology in agriculture grew significantly in the 1970s 

and 1980s, and, as a result, related terminology and concepts became popular in agricultural 

education (Boone et al., 2006). This period brought forth the realization that existing curricula 

were outdated and failed to keep up with the technological advancements necessary to sustain a 

growing world. 
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The phrase “feeding a world population of 9 billion by 2050” emerged in the late 2000s 

and early 2010s through the Food and Agriculture Organization of the United Nations (FAO, 

2009). The 1990 National Council on Vocational Education took action and incorporated 

biotechnology into the curriculum (National Council on Vocational Education, 1990). As a result 

of these combined efforts, the 1998 Georgia Department of Education’s 2020 Vision for 

Agricultural Education identified biotechnology as a central theme. It also included goals to help 

educators achieve the vision, opportunities to build student awareness and appreciation of 

biotechnology, curriculum centered around biotechnology, and experiential learning 

opportunities in biotechnology (Georgia General Assembly, Senate Research Office, n.d.). 

Georgia Agricultural Education curriculum was structured around pathways, as were all 

academic and CTAE programs in the state. These pathways consisted of three related and 

interconnected courses that built upon one another (Georgia Department of Education, n.d.). The 

agricultural education courses that comprised the Agriscience Systems Pathway included (1) 

Basic Agriculture Science, (2) Plant Science and Biotechnology, and (3) Animal Science 

Technology and Biotechnology. These courses contained the specific term biotechnology in their 

titles and integrated a greater number of science topics into the Georgia Standards of Excellence 

for each course (see Appendix D). Moreover, the accuracy, relevance, and necessity of these 

course standards were examined in this study. The researcher’s objective was to use this 

historical analysis to demonstrate that the standards were outdated, did not reflect modern 

agricultural biotechnology applications and examples, and therefore needed to be revised. 

Theoretical Framework 

The framework utilized in this study was Everett Rogers’ Diffusion of Innovations 

Theory (2003). The Diffusion of Innovations Theory was defined as a five-stage process, known 
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as the Innovation-Decision Process, through which an innovation was adopted, including (1) 

knowledge [recognizing and understanding the innovation], (2) persuasion [forming a like or 

dislike toward the innovation], (3) decision [furthering the understanding of the innovation to 

accept or reject it], (4) implementation [putting the innovation into practice], and (5) 

confirmation [reinforcing the innovation decision or reversing it] (Rogers, 2003). Rogers’ DOI 

Theory (2003) also identified five adopter categories that described how individuals adopted 

innovations. The categories included (1) innovators [2.5% of a population; gatekeepers of new 

innovations and risk-takers], (2) early adopters [13.5% of a population; those who reduced 

uncertainty for others by serving as role models], (3) early majority [34% of a population; those 

who adopted just ahead of the average group, acted cautiously, and required evidence of 

success], (4) late majority [34% of a population; those who adopted after the majority, usually 

because they were compelled to], and (5) laggards [16% of a population; those who were the last 

to adopt, if at all, due to being traditional and resistant to change]. 

This framework was applied in this study, as it provided the foundation to analyze how 

biotechnology was introduced and diffused as a content area within agricultural education in 

Georgia. Furthermore, this framework helped the study analyze the content standards in relation 

to biotechnology topics and evaluate their accuracy, necessity, and relevance to modern-day 

agriculture. 

Purpose 

The purpose of this study was to analyze the history of biotechnology integration in 

agricultural education in Georgia. This research was conducted as part of a larger study that 

examined the internal and external factors influencing Georgia agricultural educators in 

implementing biotechnology topics. The objectives that guided this study included: 
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1. What is the history of Biotechnology integration of Ag Ed in Georgia? 

2. Are the current content standards accurate, relevant, and necessary in accordance with 

modern agriculture (present day)? 

Methods 

A qualitative historical research design was used to explain both the integration of 

biotechnology within Georgia’s agricultural education curriculum and the alignment of current 

content standards with modern agriculture. Ary et al. (2014) described this research design as a 

means of gaining insight into past events. The study was directly aligned with the guidelines for 

historical research outlined by Fraenkel et al. (2019), which included (1) defining the problem, 

(2) locating relevant sources of historical information, (3) summarizing and evaluating the 

information found, and (4) interpreting and presenting the information as it related to the 

problem. Furthermore, Rogers’ Diffusion of Innovation Theory (2003) provided a coding system 

for the information collected to interpret how biotechnology was integrated into agricultural 

education in Georgia. The DOI adopter categories were used to determine how Georgia was 

classified as an adopter of biotechnology within agricultural education. 

Data Collection 

For the first objective, which focused on the history of biotechnology integration into 

agricultural education in Georgia, sources were analyzed using historical content analysis. This 

process focused on policy shifts, curriculum changes, and educational standards to construct a 

timeline of biotechnology integration within Georgia’s agricultural education system. Primary 

data sources included: 

• Archived records and curriculum documents from the Georgia Department of 

Education 
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• State (Georgia) publications and policy statements 

• Federal publications and policy statements 

• Peer-reviewed journals that addressed biotechnology in agricultural education 

• Personal communications from current and retired Georgia Agricultural Education 

state staff 

• Additional resources from national and international agricultural organizations 

For the second objective, the current course standards were examined for alignment with 

existing scientific and industry practices, their connection to real-world applications, and their 

value in preparing students for agricultural careers, using qualitative content analysis. For the 

two primary content courses (excluding the introductory course) in the Georgia Agriscience 

Systems Pathway, Plant Science and Biotechnology and Animal Science Technology and 

Biotechnology, the standards were compared against national benchmarks and curriculum 

outlines, industry practices and applications, and current and emerging needs identified by 

agricultural organizations such as the Food and Agriculture Organization (FAO) and the 

International Service for the Acquisition of Agri-biotech Applications (ISAAA). Nineteen topics 

were identified and adapted from the Boone et al., (2006) Agriculture Science Teachers’ 

Attitudes and Implementation of Biotechnology instrument and were validated through an 

analysis of modern applications and practices derived from the aforementioned sources. These 

topics represented the most common terms associated with biotechnology in contemporary 

agricultural practice and application. 

Data Analysis 
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The analysis was guided by the theoretical framework, Rogers’ Diffusion of Innovations 

Theory (2003), to identify the stages of adoption of biotechnology curriculum in Georgia Ag Ed. 

The theory’s five stages of the Innovation-Decision process were used to code milestones and 

trends into categories for accurate interpretation. To draw accurate conclusions, the findings 

were listed chronologically for Objective 1 and by theme for Objective 2.  Research in adoption 

and diffusion is a hallmark of research in agricultural education (Lindner et al., 2016). 

Findings 

Objective 1: What is the history of Biotechnology integration of Ag Ed in Georgia?  

Innovation-Decision Stage: Knowledge 

Prior to the 1900s, formal agricultural education, as it was known in later years, did not 

exist. However, the Hatch Act of 1887 provided the foundation for the first agriscience programs 

in the United States by funding experimentation and scientific research (Hillison, 1996; Hatch 

Act, 1887). In the same historical analysis, Hillison (1996) discovered in a 1913 publication 

titled Agricultural Instruction that there was a connection between the experiment stations 

(created by the Hatch Act) and the development of secondary agriculture curricula, thereby 

giving rise to the first agriscience programs in the United States. 

In 1917, the Smith-Hughes Vocational Education Act established federal funding for 

agricultural education at the secondary level. During this period, biotechnology was emerging in 

agriculture, gaining prominence as an innovative approach to advancing global agricultural 

practices. The Smith-Hughes Act ensured that this growing body of scientific knowledge was 

disseminated throughout secondary education (Boone et al., 2006). 

In 1928, Hearst completed a study in an unpublished master’s thesis and concluded that, 

for vocational education, (a) knowledge of the sciences was necessary, (b) basic principles and 
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fundamentals should be taught, (c) science content should be taught by the vocational teacher, 

(d) science should be taught in connection with vocational subjects, and (e) certain instructional 

methods were agreed upon by the teachers (Hillison, 1996). 

By 1981, the term biotechnology had still not been adopted in Georgia Agricultural 

Education or at the land-grant university level (F. Flanders, personal communication, September 

18, 2025). 

Innovation-Decision Stage: Persuasion 

Nationally, in 1988, the Future Farmers of America changed its name to the National 

FFA Organization. This change was made to reflect the increasing diversity and growing 

importance of science, business, and technology within agriculture (National FFA Organization, 

2025). As a direct result of the rise of biotechnology in agriculture during this period, this shift 

indicated that by the late 1980s, biotechnology had been recognized broadly enough within the 

agricultural field that a national organization found it necessary to adjust its identity. 

During the late 1980s and into the 1990s, Dr. Frank Flanders and Dr. Ray Herren, 

professors at the University of Georgia, conducted teacher workshops on agriscience throughout 

the state. These workshops were developed to help agricultural education teachers gain the 

knowledge and skills needed to implement emerging agriscience and biotechnology topics into 

their curriculum. 

Innovation-Decision Stage: Decision 

By 1994, the National Occupational Skill Standards for Agricultural Education had 

formed a committee to develop standards that would better prepare students for the workforce. 

Agricultural biotechnology was included as part of the terminology within the national 

standards-writing process (F. Flanders, personal communication, September 18, 2025). 
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Two years later, in 1996, Dr. Frank Flanders became the Georgia State Agricultural 

Education Curriculum Coordinator under the State Director of Georgia Agricultural Education, 

Melvin B. Johnson. During this time, the Curriculum Renewal Project was initiated. Using the 

National Occupational Skill Standards for Agricultural Education as a foundation, detailed lesson 

plans were developed for every course in Georgia Agricultural Education and were distributed to 

teachers for implementation by the summer of 1997. 

During the 1997–1998 school year, agriscience courses were presented before the 

Georgia State Board of Education for consideration as options that could qualify for science 

credit. 

Innovation-Decision Stage: Implementation 

In 1998, the Georgia Department of Education’s 2020 Vision for Agricultural Education 

identified biotechnology as a central theme. Biotechnology was recognized as a key factor in 

how agriculture would advance to support a growing population, and it began to be 

acknowledged as an essential component to incorporate into agricultural education at the 

secondary level (Georgia General Assembly, Senate Research Office, n.d.). 

Subsequently, a research study was conducted comparing the test scores of students 

enrolled in agriscience courses with those of students enrolled in traditional science courses, and 

the findings were presented to the Georgia State Board of Education in October 1999 (F. 

Flanders, personal communication, September 18, 2025). This study was intended to evaluate the 

effectiveness of implementing science-based instruction within agricultural education programs. 

Innovation-Decision Stage: Confirmation 
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In October 1999, the Georgia State Board of Education approved agriscience courses for 

science credit as a direct result of the student test score study that had been presented earlier that 

month. 

By 2003, the University of Georgia introduced a new Applied Biotechnology major for 

the Fall 2003 term within the College of Agricultural and Environmental Sciences. This 

postsecondary recognition of biotechnology's importance in agricultural education highlighted a 

growing disparity at the K–12 level, where similar emphasis on biotechnology was lacking 

(UGA CAES Newswire, field report; Holmes, 2003). 

From 2003 to 2006, the USDA’s National Institute of Food and Agriculture funded a 

grant at Fort Valley State University titled Educating the Educators: “The Future is Now” 

through Agbiotechnology Education Enrichment for K–12 School Teachers. This grant, the first 

of its kind in Georgia, provided extensive professional development for selected K–12 schools. It 

aimed to support teacher knowledge and readiness to implement biotechnology through facility 

development, curriculum design, and biotechnology training workshops. The overarching 

purpose was to establish and strengthen biotechnology programs for students, while also 

promoting USDA research and biotechnology initiatives (Fort Valley State University, 2006). 

This program preceded the Georgia Department of Education’s formal recognition of 

biotechnology in its curriculum. 

Also in 2006, a study conducted by Boone et al. revealed that agricultural education 

teachers in West Virginia were not adequately prepared to teach biotechnology-related topics, 

echoing similar concerns raised nationally. 

In 2009, the Georgia State Board of Education approved a new course list that included 

biotechnology standards, a pathway framework, and recognition of these courses as satisfying 
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the fourth science credit requirement for high school graduation. These changes were scheduled 

for implementation beginning in the 2011–2012 school year (Georgia Administrative Code, Rule 

160-4-2-.03, 1990/2011). At that point, biotechnology was formally recognized in the titles of 

Georgia agricultural education courses, and the content was acknowledged as sufficiently 

rigorous to meet science graduation and college entrance requirements for the University System 

of Georgia. 

During the 2013–2014 school year, the Georgia Department of Education officially 

adopted the National Career Clusters model for Agriculture, Food, and Natural Resources 

(AFNR) and released updated course standards (Georgia FFA Association, n.d.-a). This marked 

the foundational integration of biotechnology topics into Georgia’s Plant Science and 

Biotechnology and Animal Science Technology and Biotechnology courses. 

In 2020, the Rural Teacher Training Initiative (RTTI) was signed into law and received 

funding through the state budget. This initiative was designed to provide a select population of 

Georgia teachers with biotechnology-focused professional development, along with classroom 

materials, equipment, and curriculum support. It also facilitated partnerships between educators 

and industry professionals to create student career opportunities in biotechnology. As of the 

2025–2026 school year, the initiative continued under the name Biotech Teacher Training 

Initiative, having expanded beyond rural areas to include all Georgia teachers (ERC Association, 

n.d.). 

In 2023, the Georgia Department of Audits and Accounts conducted a Special 

Examination on educational standards, which outlined the history of standards development in 

Georgia, beginning with the Quality Basic Education (QBE) Act of 1985. The QBE Act 

established the Quality Core Curriculum (QCC), now known as the Georgia Standards of 
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Excellence (GSE). The act outlined a four-year revision cycle, although the report found that 

review, approval, and implementation often took four to six years. The Special Examination also 

found that some non-core content standards, such as those in Career, Technical, and Agricultural 

Education (CTAE), were written broadly to reduce the frequency of revisions. These standards 

allowed for incorporation of emerging content, such as biotechnology, based on input from 

industry professionals rather than a fixed timeline (Griffin & Kieffer, 2023). 

Also in 2023, the National Council for Agricultural Education (NCAE) released updated 

AFNR Career Cluster Content Standards. These standards served as the foundational structure 

for school-based agricultural education (SBAE) nationwide and guided state and local course 

development. The skills and competencies outlined were developed through the combined efforts 

of industry leaders, educational standards committees, and national organizations such as the 

NCAE, National FFA Organization, and Advance CTE. Major revisions were noted to occur 

approximately every five to seven years (Advance CTE, 2020; The NCAE, 2023; Scott et al., 

2025). With demand for SBAE teachers it is critical to assess and evaluate the programs 

(Williams, et al., 2025).  

In 2025, the last official revision to Georgia’s high school agricultural education 

standards for grades 9–12 was determined to have been the initial creation in 2013, which was 

adopted in 2014. In Spring 2025, the Plant Science and Biotechnology GSE underwent revision 

following the formation of a committee comprised of current agricultural education teachers, 

state staff, and industry professionals. However, the Animal Science Technology and 

Biotechnology GSE had not been revised, and, as of 2025, no committee had been formed to 

initiate the revision process (Dr. C. Steinkamp, B. Schwing, M. Riley, & J. Allen, personal 

communication, 2025). 
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Objective 2: Are the current content standards accurate, relevant, and necessary in 

accordance with modern agriculture (present day)?  

The Georgia Standards of Excellence (GSE) for Plant Science and Biotechnology and 

Animal Science Technology and Biotechnology courses were cross-referenced with the 19 

identified biotechnology topics to determine their level of inclusion within the standards, as well 

as their accuracy, necessity, and relevance to modern agricultural practice (Table 2.1). 

Ten topics (52.63%) were included at an introductory level, recombinant DNA, gene 

splicing, genetic engineering, cloning, classification, resistant plant species, animal reproduction, 

growth hormones, biotechnology ethics, and diseases. Introductory-level topics were found to be 

foundational in nature; however, several required more in-depth coverage due to their high 

importance and relevance to the contemporary agricultural industry. These topics contained 

outdated terminology, examples, and protocols, along with an unclear instructional focus 

regarding their significance for inclusion. 

Four topics (21.05%) were included at an intermediate level, transgenic species, 

genetically modified foods, and biotechnology lab techniques. Intermediate-level topics were 

found to be largely outdated in terms of regulations, practices, influences, and terminology used 

within the standards. 

Two topics (10.53%) were included at an advanced level, plant tissue culture and plant 

reproduction. Advanced-level inclusion remained highly relevant to modern agricultural 

practices and applications but required updated terminology and the specification of current 

techniques. 
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Three topics (15.79%) were either not included or were only indirectly addressed, 

environmental biotechnology, food biotechnology, and microbial biotechnology. These topics 

lacked a clear instructional focus and demonstrated limited recognition of their importance 

within the broader context of biotechnology education. 

Table 2.1 

Biotechnology topics and their inclusion and relation to the GSE 

Biotechnology Topic Level of 
inclusion of 
topics in 
current 
standards 
in relation 
to topic 

Updates needed to match modern 
practices/applications 

Link to 
Standards 

Recombinant DNA Introductory Only foundations covered, needs 
modern lab applications added in 

ASB- 11 
PSB- 6, 9, 10 

Gene Splicing Introductory Outdated terminology and not using 
current tools (i.e. CRISPR-Cas) 

ASB-11 
PSB- 6, 9 

Genetic Engineering Introductory Update examples (i.e. regulatory 
pathways, synthetic biology, etc.) 

ASB- 8 
PSB- 5, 6, 10 

Cloning Introductory Concepts are outdated compared to 
current protocols 

ASB- 8 
PSB-5, 6, 9, 
10, 13 

Transgenic Species Intermediate Update with current regulations and 
public perception content 

ASB- 8  
PSB- 5, 6 

Genetically Modified 
Food 

Intermediate Update with labeling, data-driven 
consumer debates and their influence 

ASB- 8, 10 
PSB- 5, 6 

Biotechnology 
Laboratory Techniques 

Intermediate Update with modern, advanced lab 
techniques (i.e. technologies, PCR, 
CRISPR, etc.) 

ASB- 1, 2, 3, 
9 
PSB- 1, 2, 3 

Environmental 
Biotechnology 

Not 
included/ 
indirect 

Add in to standards to include topics 
such as bioremediation, GM trees, 
etc. 

ASB- 8 
PSB- 5, 9, 
11, 19 

Food Biotechnology Not 
included/ 
indirect 

Add in to standards to include topics 
such as enzymes, fermentation, GM 
traits, etc. 

ASB- 8 
PSB- 5 

Microbial 
Biotechnology 

Not 
included/ 
indirect 

Add in to standards to include topics 
such as soil microbiomes, 
biofertilizers, fermentation, etc. 

ASB- 18 
PSB- 5 
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Hybridization Intermediate Update to include molecular 
hybridization  

ASB- 11 
PSB- 9, 10 

Plant Tissue Culture Advanced None needed, still relevant PSB- 5, 6 
Resistant Plant Species Introductory Update to include modern resistance 

breeding 
PSB- 5, 9 

Animal Reproduction Introductory  Update to include modern 
terminology (precision breeding, 
gene selection, embryo transfer, 
Artificial Insemination, etc.) 

ASB- 13, 15, 
17 

Growth Hormones (bST, 
pST, GAs, CKs, etc.) 

Introductory Update to bring a clearer focus on the 
topic to include ethics, regulation, 
cases of using GH 

ASB- 14, 16 
PSB-5, 6 

Biotechnology Ethics Introductory Update to bring a clearer focus on the 
topic as it is a major policy factor 
today (CRISPR offspring, food 
ethics, gene patenting, etc.) 

ASB- 11, 12 

Diseases Introductory Update to make it intermediate 
content in the sense of GM disease 
resistance, vaccines, RNA 
interference 

ASB- 2, 8, 
19, 20 
PSB- 16 

Plant Reproduction Advanced All included is still very relevant, but 
could be updated to include 
biotechnology advancements such as 
gene-edited seeds, etc. 

PSB- 6, 8, 9, 
13 

Classification Introductory Update to include modern 
classification methods outside of 
taxonomy (i.e. genome data) 

ASB- 7 
PSB- 2, 4 

Sources: Zaidi et al., 2020; Zhang & Liu, 2024; Khan et al., 2021; Harmon & Paul, 2020; 
Georgia FFA Association, n.d. b & c; Georgia Department of Education, n.d.; Georgia BioEd 
Institute, n.d.; Biotechnology Innovation Organization, 2020 
 

Conclusions and Recommendations 

Conclusions 

It was concluded that Georgia Agricultural Education fell within the early adopters 

category according to Rogers’ (2003) Diffusion of Innovation Theory. The Innovation-Decision 

process to implement biotechnology into agricultural education appeared to have occurred in 

conjunction with the creation of national standards and during the rise of biotechnology 

innovations within agricultural applications. Findings also indicated that in Georgia, educational 
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standards were revised or updated more frequently outside of the normal four-year revision cycle 

only when a national education update occurred or when the state superintendent initiated a 

revision. Updating and implementing new standards was found to be both costly and time-

consuming. 

For non-core content areas such as Agricultural Education, it was discovered that these 

programs did not follow the typical four-year revision schedule because their standards were 

written broadly to prevent frequent revisions or updates. The four-year revision process itself 

posed challenges, as it could take up to six years before new standards were implemented, 

effectively restarting the revision cycle. Conversely, national leadership organizations such as 

the National Council for Agricultural Education, National FFA Organization, Advance CTE, 

industry professionals, and educational standards committees met regularly to review the 

national Agriculture, Food, and Natural Resources (AFNR) standards, with major revisions 

occurring approximately every five to seven years. 

The two courses featured in this study, Plant Science and Biotechnology and Animal 

Science Technology and Biotechnology, were last revised during their initial creation in 2013–

2014 (Table 2.2). If core content standards, including science, were among the most frequently 

updated in Georgia, agriculture-based sciences should have been considered for revision or 

updating as well, given that they were recognized as a fourth science credit option for 

graduation. Because these courses held a comparable level of rigor and importance to core 

science subjects, they should not have been left outdated or overlooked. Scott et al. (2025) 

demonstrated that, as science continued to be one of the most tested subject areas across states, 

agricultural curricula that included rigorous, standards-based laboratory experiences helped 

strengthen science literacy and improved student performance on assessments. It was also found 



   
 

27 

that the plant-related course standards were currently undergoing revision; however, the process 

was in its early stages and was projected to take an additional four to six years before the updated 

standards would be implemented, pending approval. 

Future research on this topic could have explored how Georgia agricultural education 

teachers developed or sourced their own instructional materials to integrate modern practices, 

techniques, applications, and examples related to biotechnology, given the broad wording of the 

standards. Further investigation could have examined whether clarifying standards with explicit 

examples and applications aligned to modern biotechnology would have encouraged teachers to 

implement biotechnology topics more meaningfully and effectively, thereby enhancing student 

learning and preparing future consumers of agricultural products. 

Recommendations 

Recommendation 1 It is recommended that action be taken to revise the standards, as they 

had not been updated since 2013–2014. During the revision process, it was advised that the 

broadly defined verbiage be refined to adopt a more narrowly focused approach that included 

modern terminology and applications, thereby helping teachers clearly identify the specific 

concepts and skills they needed to implement. Considering that the national Agriculture, Food, 

and Natural Resources (AFNR) standards are reviewed regularly and underwent major revisions 

every five to seven years, it is further recommended that state-level standards follow the same 

revision schedule. 

Recommendation 2 Furthermore, it is recommended that if the standards revision process 

could not be modified, the broadly defined standards remain unchanged, but a study be 

conducted to examine the relevance, accuracy, and necessity of the curriculum resources 

provided alongside the standards on the Georgia Agricultural Education website. The successful 
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integration of biotechnology depended not only on curriculum design but also on teachers’ 

confidence, professional development, and access to high-quality instructional materials 

(Lambert et al., 2014; Ufnar & Shepherd, 2018; Scott et al., 2025). It was suggested that a task 

force or committee be established in collaboration with the Georgia Agricultural Education 

Curriculum Director to develop and maintain a cycle of frequently updated curriculum materials 

and resources for educators. Such an effort would ensure alignment with modern biotechnology 

applications and techniques, while also accelerating the process of equipping teachers with the 

tools needed to implement standards effectively. 

These recommendations were intended to update the existing Georgia Standards of 

Excellence so that they align with the goals set forth by the National Council for Agricultural 

Education (2023) to provide rigorous, contemporary standards and resources across agricultural 

education pathways. 

Table 2.2  

Biotechnology topics and their inclusion and relation to the GSE 

Biotechnology 
Topic 

Level of inclusion of 
topics in Current 
Standards in 
relation to Topic 

Updates needed to 
match modern 
practices/applications  

Link to Standards 

Recombinant DNA Introductory Only foundations 
covered, needs modern 
lab applications added 
in 

ASB- 11 
PSB- 6, 9, 10 

Gene Splicing Introductory Outdated terminology 
and not using current 
tools (i.e. CRISPR-
Cas) 

ASB-11 
PSB- 6, 9 
 

Genetic Engineering Introductory Update examples (i.e. 
regulatory pathways, 
synthetic biology, etc.) 

ASB- 8 
PSB- 5, 6, 10 

Cloning Introductory Concepts are outdated 
compared to current 
protocols 

ASB- 8 
PSB-5, 6, 9, 10, 13 
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Transgenic Species Intermediate Update with current 
regulations and public 
perception content 

ASB- 8  
PSB- 5, 6 
 

Genetically Modified 
Food 

Intermediate Update with labeling, 
data-driven consumer 
debates and their 
influence 

ASB- 8, 10 
PSB- 5, 6 
 

Biotechnology 
Laboratory 
Techniques 

Intermediate Update with modern, 
advanced lab 
techniques (i.e. 
technologies, PCR, 
CRISPR, etc.) 

ASB- 1, 2, 3, 9 
PSB- 1, 2, 3 

Environmental 
Biotechnology 

Not included/indirect Add in to standards to 
include topics such as 
bioremediation, GM 
trees, etc. 

ASB- 8 
PSB- 5, 9, 11, 19 
 

Food Biotechnology Not included/indirect Add in to standards to 
include topics such as 
enzymes, 
fermentation, GM 
traits, etc. 

ASB- 8 
PSB- 5 
 

Microbial 
Biotechnology 

Not included/indirect Add in to standards to 
include topics such as 
soil microbiomes, 
biofertilizers, 
fermentation, etc. 

ASB- 18 
PSB- 5 

Hybridization Intermediate Update to include 
molecular 
hybridization  

ASB- 11 
PSB- 9, 10 
 

Plant Tissue Culture Advanced None needed, still 
relevant 

PSB- 5, 6 

Resistant Plant 
Species 

Introductory Update to include 
modern resistance 
breeding 

PSB- 5, 9 

Animal 
Reproduction 

Introductory  Update to include 
modern terminology 
(precision breeding, 
gene selection, embryo 
transfer, Artificial 
Insemination, etc.) 

ASB- 13, 15, 17 

Growth Hormones 
(bST, pST, GAs, 
CKs, etc.) 

Introductory Update to bring a 
clearer focus on the 
topic to include ethics, 
regulation, cases of 
using GH 

ASB- 14, 16 
PSB-5, 6 
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Biotechnology 
Ethics 

Introductory Update to bring a 
clearer focus on the 
topic as it is a major 
policy factor today 
(CRISPR offspring, 
food ethics, gene 
patenting, etc.) 

ASB- 11, 12 

Diseases Introductory Update to make it 
intermediate content in 
the sense of GM 
disease resistance, 
vaccines, RNA 
interference 

ASB- 2, 8, 19, 20 
PSB- 16 

Plant Reproduction Advanced All included is still 
very relevant, but 
could be updated to 
include biotechnology 
advancements such as 
gene-edited seeds, etc. 

PSB- 6, 8, 9, 13 

Classification Introductory Update to include 
modern classification 
methods outside of 
taxonomy (i.e. genome 
data) 

ASB- 7 
PSB- 2, 4 

Sources: Zaidi et al., 2020; Zhang & Liu, 2024; Khan et al., 2021; Harmon & Paul, 2020; 
Georgia FFA Association, n.d. b & c; Georgia Department of Education, n.d.; Georgia BioEd 
Institute, n.d.; Biotechnology Innovation Organization, 2020 
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Chapter 3: Internal Factors for Success of Biotechnology Topics in Ag Ed 

Abstract 

The purpose of this study was to analyze the internal factors that influenced Georgia 

Agricultural Education teachers’ implementation of biotechnology topics within the Plant 

Science and Biotechnology and Animal Science Technology and Biotechnology courses. Guided 

by Bandura’s (1986) Social Cognitive Theory and Self-Efficacy Theory (1997), the study 

employed a quantitative survey design using an instrument adapted from Boone et al. (2006). 

The survey, distributed via Qualtrics to 64 Georgia agricultural educators during the 2024–2025 

school year, measured teachers perceived importance, knowledge, and competence across 19 

biotechnology topics. Data were analyzed using descriptive statistics and correlations. Findings 

revealed that while teachers viewed biotechnology topics as important (M = 3.85), they reported 

moderate knowledge (M = 3.09) and competence (M = 3.29) levels. A strong positive correlation 

was found between knowledge and competence (r = .882, p < .001). Major recommendations 

included providing targeted professional development in high-need areas, such as recombinant 

DNA, gene splicing, and transgenic species, and enhancing teacher preparation programs to 

improve confidence and instructional capacity. Strengthening biotechnology education through 

these measures was expected to ensure that Georgia’s agricultural education remained rigorous, 

relevant, and aligned with modern scientific practices. 
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Introduction 

Agricultural education in the United States continually evolved alongside advancements 

in science and technology following its formal establishment in the early twentieth century. The 

Smith-Hughes National Vocational Education Act of 1917 institutionalized vocational 

agriculture courses at the secondary level, forming the foundation for what was recognized as 

high school agricultural education. As agricultural technologies advanced rapidly during the 

latter half of the twentieth century, particularly with the emergence of biotechnology in the 

1970s and 1980s, the inadequacies of existing curricula in keeping pace with these innovations 

became increasingly apparent (Boone et al., 2006). Although science had been a component of 

agricultural education since the passage of the Hatch Act of 1887 (Budke, 1991; Vaughn, 1993; 

Christian & Key, 1994; Hillison, 1996), it was not until the National Research Council’s 1988 

report that educators were explicitly charged with strengthening the scientific rigor of 

agricultural curricula (Thompson, 2001). 

In Georgia, agricultural education was structured around career pathways, consistent with 

the framework applied across all Career, Technical, and Agricultural Education (CTAE) 

programs. Each pathway consisted of three sequential, interrelated courses that built upon one 

another to provide progressive skill development (Georgia Department of Education, n.d.). 

Within the Agriscience Systems Pathway, courses such as Basic Agriculture Science, Plant 

Science and Biotechnology, and Animal Science Technology and Biotechnology explicitly 

incorporated biotechnology concepts and scientific principles into the Georgia Standards of 

Excellence, reflecting the state’s efforts to align agricultural education with contemporary 

advancements in the agricultural sciences. 
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Nationally, the Agriculture, Food, and Natural Resources (AFNR) Career Cluster Content 

Standards served as the foundational framework for School-Based Agricultural Education 

(SBAE) programs. These standards, developed through collaboration among educational 

organizations, industry representatives, and national leadership entities such as the National 

Council for Agricultural Education (NCAE), National FFA, and Advance CTE, were 

systematically revised every five to seven years to maintain alignment with industry expectations 

and workforce demands (Advance CTE, 2020; The NCAE, 2023; Scott et al., 2025). 

Despite these ongoing curricular revisions, the effective integration of biotechnology 

within agricultural education ultimately depended on the knowledge, confidence, and 

instructional capacity of educators. Previous research identified persistent challenges associated 

with teaching biotechnology at the secondary level, including the complexity of the content, 

insufficient instructional time, limited access to laboratory resources, and gaps in teachers’ 

understanding of scientific principles (Steele & Aubusson, 2004; Mowen et al, 2007; Pollard, 

2020). However, empirical evidence suggested that targeted professional development, 

particularly through intensive, hands-on biotechnology workshops, significantly enhanced 

teacher confidence and instructional competence (Wilson et al., 2002) and that if teachers are 

shown a method more often that they are more likely to use it (Hancock et al., 2024). Therefore, 

the sustained success of biotechnology integration in agricultural education required continued 

investment in educator professional development, access to quality instructional materials, and 

systematic curriculum updates that reflected ongoing scientific and technological advancements 

(Lambert et al., 2014; Ufnar & Shepherd, 2018; Scott et al., 2025). 

Theoretical Framework 
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Two frameworks were used in this study. The first was Albert Bandura’s (1986) Social 

Cognitive Theory (SCT). The Social Cognitive Theory outlined four stages in the development 

of learning: (1) attention, (2) retention, (3) reproduction, and (4) motivation (Bandura, 1986). 

Bandura (1986) also identified a triadic reciprocal relationship within SCT among three factors: 

personal (one’s cognitions, beliefs, emotional, and biological characteristics), behavioral (one’s 

choices and actions), and environmental (social and external experiences). In summary, 

individuals learned not only through direct experiences but also through cognitive processes and 

by observing others. This framework was applied to examine how agricultural education teachers 

acquired knowledge of biotechnology and applied those topics within their classrooms. 

The second framework utilized in this study was Bandura’s (1997) Self-Efficacy Theory 

(SET). Bandura’s Self-Efficacy Theory was developed as a direct extension of his 1986 Social 

Cognitive Theory. SET referred to an individual’s belief in their own capability to succeed at a 

task through their actions. Specifically, it focused on four sources: (1) mastery experiences 

[engaging in tasks until success was achieved], (2) indirect experiences [observing others 

succeed at a task and developing the belief that one possessed similar ability], (3) social 

experiences [receiving positive feedback, encouragement, and affirmation from role models], 

and (4) internal experiences [interpreting one’s inner dialogue to influence beliefs about personal 

capability] (Bandura, 1997). This framework was applied to understand agricultural education 

teachers’ levels of confidence in their ability to teach biotechnology-related topics effectively. 

Purpose 

The purpose of this study was to analyze the internal factors that influenced Georgia 

Agricultural Educators in implementing biotechnology topics. This research was conducted as 

part of a larger study that examined the history of biotechnology integration in agricultural 
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education and the external factors that affected Georgia Agricultural Educators’ implementation 

of biotechnology topics. The objectives that guided this study were as follows: 

1. What are teachers' perceived importance of, personal knowledge, and competency of 

teaching biotechnology topics? 

2. What in-service needs can be determined by the teachers' perceived importance of 

personal knowledge, and competency of teaching biotechnology topics? 

Methods 

This study implemented a quantitative survey instrument that was adapted from the 

Boone et al., (2006) Agriculture Science Teachers’ Attitudes and Implementation of 

Biotechnology study. It served as the foundation, with adjustments made to the topics, order of 

questions, and overall formatting. A group of teacher education specialists at West Virginia 

University had previously reviewed the instrument to confirm both content validity and face 

validity (Mowen et al., 2007). The survey was designed in Qualtrics and distributed via email to 

participants. An initial email, along with three follow-up reminders, was sent to participants over 

a two-month period, beginning in July 2025 and concluding in September 2025 (Dillman et al., 

2014). To encourage participation, participants were informed that they had been invited 

specifically to take part in the study rather than through a general listserv email to the broader 

population (McKibben et al., 2025). Overall, the methods for this study were guided by Dillman 

et al.’s (2014) tailored design method, as the emails were personalized to establish a sense of 

connection, promote social exchange, and reduce nonresponse. Additionally, McKibben et al.’s 

(2025) call to emphasize the need for rebuilding community trust by using targeted sampling 

methods rather than relying on mass emails or listservs was taken into account when designing 

the data collection.  
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Participants 

The population for this study consisted of Georgia Agricultural Education teachers during 

the 2024–2025 school year who taught Plant Science and Biotechnology and/or Animal Science 

Technology and Biotechnology courses (N = 173). The list of teachers was obtained by the 

researcher from the state’s program manager, who provided the information via email in a 

private spreadsheet. The list included each teacher’s name, school name, and the course(s) 

taught. Teachers’ email addresses were then obtained from the Georgia Agricultural Education 

website’s public directory. 

During the 2024–2025 school year, 173 course sections were offered in Georgia 

Agricultural Education classrooms, 145 sections of Animal Science Technology and 

Biotechnology and 28 sections of Plant Science and Biotechnology. Additionally, 145 schools 

offered at least one of the two courses; 25 schools offered both courses, and 3 schools offered 

only Plant Science and Biotechnology. Seventeen teachers (N = 173) taught both courses, 

leaving a total of 156 unique individuals to be sampled. 

Yamane's formula was used to determine the sample for survey instrument distribution 

(Yamane, 1967). Based on the formula: 𝑁𝑁
1+𝑁𝑁(𝑒𝑒2)

, where (e2) is the level of precision expected, in 

this case (0.05), the sample needed for coverage was 64 individuals. Therefore, 64 invitations 

were sent to potential participants, and 32 individuals (n = 32) completed the instrument with 

usable responses, resulting in a 50% response rate (Table 3.1).   

Table 3.1 

Participant Characteristics (n=32). 

Characteristics f % 

Age   
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22 1 3.1 

23 1 3.1 

25 2 6.3 

26 1 3.1 

27 3 9.4 

29 4 12.5 

30 2 6.3 

31 3 9.4 

32 3 9.4 

33 1 3.1 

39 1 3.1 

40 2 6.3 

43 1 3.1 

45 1 3.1 

46 1 3.1 

47 1 3.1 

50 1 3.1 

54 1 3.1 

58 1 3.1 

62 1 3.1 

Gender   

Male 9 28.1 

Female 23 71.9 

Path to Certification   

Undergraduate Student Teaching 22 68.8 

Graduate Student Teaching 3 9.4 

Industry Credential/Certification 3 9.4 

Other 4 12.5 

Ethnicity   

Black or African American 3 9.4 

White 28 87.5 
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Not Listed 1 3.1 

Highest Level of Education   

Bachelors 8 25.0 

Masters 11 34.4 

Specialist 10 31.3 

Doctorate 3 9.4 

Years Teaching   

1-5 9 28.1 

6-10 12 37.5 

11-15 4 12.5 

16-20 3 9.4 

21-25 3 9.4 

26-30 1 3.1 

Years Teaching Agriculture   

1-5 9 28.1 

6-10 13 40.6 

11-15 2 6.3 

16-20 4 12.5 

21-25 3 9.4 

26-30 1 3.1 

Area of Specialty   

Agricultural Mechanics 1 3.1 

Animal Science 19 59.4 

Biotechnology 1 3.1 

FFA 4 12.5 

Forestry 1 3.1 

Horticulture 4 12.5 

Other 2 6.3 

Certification Area   

Agricultural Education 24 75.0 

Agricultural Education and Additional Areas 8 25.0 
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Science Certification   

No Science Certification 27 84.4 

Science Certification 5 15.6 

 

Instrumentation and Data Analysis 

The survey instrument was designed using the Borich Model (1980) to measure the 

competencies of teachers who taught biotechnology topics (Caillouet & Harder, 2022). This is a 

common procedure to evaluate agricultural education concepts (Faulk et al, 2024; Ray et al, 

2022). This portion of the instrument was structured into three major sections: importance, 

knowledge, and competency. The list of 19 biotechnology topics served as the competencies 

measured as internal factors influencing teacher success. These items were paired with a five-

point summated scale in which 1 = not important, no knowledge, or not competent; 2 = 

somewhat not important, some knowledge, or mostly not competent; 3 = neither/nor important, 

am knowledgeable, or neither/nor competent; 4 = somewhat important, fairly knowledgeable, or 

mostly competent; and 5 = very important, extensive knowledge, or competent. 

Lindner et al. (2001, 2002) outlined procedures for addressing nonresponse error through 

comparisons of early and late respondents, while Lindner and Lindner (2024) provided the 

framework for interpreting summated-scale scores (Figure 3.1). A t-test was conducted to 

compare the responses of the respondents who responded to the first email (n = 15) with those of 

the group who received the final email (n = 17) regarding their perceived knowledge and 

competence. No differences were found between early and late respondents on their reported 

knowledge (t(30) = 0.97, p = 0.34) or their reported competence (t(30) = 0.93, p = 0.36). The 

results of these tests indicate that nonresponse bias is not a threat to the validity of these studies. 

The data were collected through Qualtrics and analyzed using IBM SPSS statistical software. 
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Figure 3.1 

Intervals and Interpretation of a Five-Point Summated Scale 

 

 

 

 

 

 

 

Note. Adapted from “Interpreting Likert-type Scales, Summated Scales, Unidimensional Scales, 

and Attitudinal Scales: I neither Agree nor Disagree, Likert or Not” article (Lindner & Lindner, 

2024). 

Findings 

Objective 1: What are teachers' perceived importance of, personal knowledge, and competency 

of teaching biotechnology topics? 

Participants neither agreed nor disagreed on the overall importance of biotechnology 

topics for a student in their courses to learn by the end of the course (M= 3.85, SD= 0.58). 

Participants also neither agreed or disagreed on their overall level of knowledge (M= 3.09, SD= 

0.91) or competence (M= 3.29, SD= 0.95) to teach biotechnology topics in their courses (Table 

3.2). 
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Table 3.2 

Descriptive Statistics of Participants’ Overall Knowledge, Competence, and Importance of 

Teaching Biotechnology Topics in Agriculture.   

 M SD 

Knowledge 3.09 .905 

Competence 3.29 .945 

Importance 3.85 .577 

Note. Knowledge, Competence, and Importance is ranked on a 5-point summated scale. 

1 = not important, no knowledge, or not competent, and 5 = very important, lot of knowledge, or 

competent 

A statistically significant correlation existed between participants’ Knowledge and 

Competence (r = .882, p < .001). A statistically significant correlation did not exist between 

Knowledge and Importance (r = .203, p = .264) nor between Competence and Importance (r = 

.215, p = .237) (Table 3.3). 

Table 3.3 

Correlations of Participants Knowledge, Competence, and Importance 

 Knowledge Competence Importance 

 r p-value r p-value r p-value 

Knowledge -- -- .882** <.001 .203 .264 

Competence -- -- -- -- .215 .237 

Note. ** Correlation is significant at the 0.01 level (2-tailed). 

 

Objective 2: What in-service needs can be determined by the teachers' perceived importance of 

personal knowledge, and competency of teaching biotechnology topics? 
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Participants strongly agreed that two of the nineteen topics were important for their 

students to know by the end of the course (M = 4.51–5.00). Moreover, participants agreed on the 

importance of seven topics for their students to know by the end of the course (M = 3.51–4.50). 

Lastly, for ten topics, participants neither agreed nor disagreed regarding their importance for 

students to know by the end of the course (M = 2.51–3.50) (see Table 3.4). 

Table 3.4 

Means and standard deviations for Importance of Biotechnology Topics for Students 

Biotechnology Topic M SD 

Animal Reproduction 4.81 0.39 

Diseases 4.56 0.50 

Genetically Modified Food 4.47 0.76 

Plant Reproduction 4.41 0.95 

Classification 4.34 0.83 

Food Biotechnology 4.06 0.80 

Growth Hormones (bST, pST, GAs, CKs, etc.) 4.06 0.72 

Environmental Biotechnology 4.03 0.78 

Biotechnology Ethics 4.03 0.82 

Cloning 3.88 0.94 

Genetic Engineering 3.84 1.14 

Biotechnology Laboratory Techniques 3.84 1.05 

Resistant Plant Species 3.78 1.04 

Hybridization 3.72 1.02 

Plant Tissue Culture 3.34 1.07 

Microbial Biotechnology 3.28 1.05 

Transgenic Species 3.03 1.18 

Gene Splicing 2.84 1.22 

Recombinant DNA 2.81 1.20 
Note. Level of Importance is ranked on a 5-point summated scale. 1 = not important, and 5 = 
very important 
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Participants strongly agreed that one of the nineteen topics was an area in which they 

were most knowledgeable (M = 4.51–5.00). Three topics were identified where participants 

agreed they were knowledgeable (M = 3.51–4.50). Participants neither agreed nor disagreed 

regarding their level of knowledge for twelve topics (M = 2.51–3.50). Lastly, participants 

disagreed on their level of knowledge for three topics (M = 1.51–2.50) (see Table 3.5). 

Table 3.5 

Descriptive Statistics for Participants Knowledge of Biotechnology Topics 

Topic M SD 

Animal Reproduction 4.22 0.91 

Diseases 3.81 1.03 

Plant Reproduction 3.78 1.10 

Classification 3.75 1.21 

Genetically Modified Food 3.50 0.95 

Growth Hormones (bST, pST, GAs, CKs, etc.) 3.41 1.07 

Biotechnology Ethics 3.19 1.26 

Biotechnology Laboratory Techniques 3.16 1.17 

Food Biotechnology 3.09 1.17 

Cloning 3.06 1.11 

Resistant Plant Species 2.97 1.06 

Environmental Biotechnology 2.94 1.16 

Hybridization 2.81 1.18 

Genetic Engineering 2.72 1.17 

Plant Tissue Culture 2.69 1.28 

Transgenic Species 2.56 1.34 

Microbial Biotechnology 2.44 1.19 

Gene Splicing 2.41 1.07 

Recombinant DNA 2.22 1.10 
Note. Level of Knowledge is ranked on a 5-point summated scale. 1 = no knowledge, and 5 = lot 
of knowledge 
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Participants agreed that they were competent to teach five of the nineteen biotechnology 

topics (M = 3.51–4.50). For eleven biotechnology topics, participants neither agreed nor 

disagreed regarding their competence to teach them (M = 2.51–3.50). Lastly, participants 

disagreed on their competence to teach three of the biotechnology topics (M = 1.51–2.50) (see 

Table 3.6). 

Table 3.6 

Descriptive Statistics for Participants Competence of Biotechnology Topics 

Topic M SD 

Animal Reproduction 4.34 1.01 

Plant Reproduction 4.16 0.99 

Classification 4.09 1.09 

Diseases 3.94 1.08 

Genetically Modified Food 3.66 1.15 

Biotechnology Ethics 3.50 1.16 

Food Biotechnology 3.47 0.98 

Growth Hormones (bST, pST, GAs, CKs, etc.) 3.47 1.27 

Resistant Plant Species 3.44 1.29 

Biotechnology Laboratory Techniques 3.31 1.20 

Cloning 3.28 1.28 

Environmental Biotechnology 3.22 1.24 

Hybridization 3.13 1.19 

Plant Tissue Culture 3.00 1.14 

Microbial Biotechnology 2.78 1.13 

Genetic Engineering 2.75 1.41 

Transgenic Species 2.47 1.32 

Gene Splicing 2.34 1.41 

Recombinant DNA 2.31 1.40 
Note. Level of Competence is ranked on a 5-point summated scale. 1 = not competent, and 5 = 
competent 

Conclusions, Discussion, and Recommendations 
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This study found that teachers agreed that biotechnology topics were important for their 

students to learn by the end of the Plant Science and Biotechnology and Animal Science and 

Biotechnology courses; however, they did not demonstrate a strong sense of knowledge or 

competence to teach those topics. A similar study conducted by Newman and Johnson (1994) 

revealed that, in Mississippi, teachers perceived the importance of biotechnology in their 

agriscience courses to be very high, yet they reported the lowest levels of competence in this 

area. Therefore, it is recommended that in Georgia, in-service professional development for 13 

(68%) of the biotechnology topics was greatly needed to raise the mean responses toward the 

“agree” level (M = 3.51–4.50) for both knowledge and competence, thereby enhancing teachers’ 

ability to teach effectively. Topics such as Recombinant DNA, Gene Splicing, Transgenic 

Species, Microbial Biotechnology, and Genetic Engineering should be prioritized for training. 

The Plant Science and Biotechnology and Animal Science and Biotechnology courses need to 

include sufficiently rigorous content to continue qualifying as a fourth science credit option for 

Georgia high school graduation. Agricultural educators are expected to provide robust, 

standards-aligned instruction that connect agriculture to interdisciplinary topics such as science 

(Scott et al., 2025). Teachers who were more knowledgeable and competent in these areas were 

better able to fulfill that expectation. 

This study also suggested that teacher preparation programs should consider the 

enrichment of biotechnology content within their curriculum. Teacher education programs have 

the potential to influence teachers’ development of pedagogical and technical skills necessary to 

increase the scientific content embedded within agricultural education (Thompson & Warnick, 

2007). Although teachers generally possess substantial agricultural content knowledge, their 

comfort with integrating advanced scientific concepts vary. Prior research demonstrated that 
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confidence in teaching advanced science topics was closely tied to teacher preparation and 

access to relevant professional development (DiBenedetto, 2015; Lambert et al., 2014; Scott et 

al., 2025). 

Future research could focus on the external factors, such as resources, students, and 

community influences, that impact the success of biotechnology integration into agricultural 

education. As the push for interdisciplinary teaching continues to evolve, the success of scientific 

integration within agricultural education depends not only on teachers’ confidence but also on 

curriculum design, professional development opportunities, and access to high-quality 

instructional materials (Lambert et al., 2014; Ufnar & Shepherd, 2018; Scott et al., 2025). 

Another recommendation for future research is to investigate specific professional development 

needs related to biotechnology topics within the existing course standards of the two 

biotechnology-focused courses, to better prepare educators to maximize student learning 

opportunities. Replicating this study in other states to gain a broader perspective on 

biotechnology integration within agricultural education could lead to new directions in 

curriculum reform, professional development, or teacher preparation programs that enhance 

educators’ skills and confidence in biotechnology instruction. 

  



   
 

52 

References 

Advance CTE. (2020). Without limits: A shared vision for the future of career technical 

education. www.careertech.org/without-limits  

Bandura, A. (1986). Social foundations of thought and action: A social cognitive theory. 

Prentice-Hall.  

Bandura, A. (1997). Self-efficacy: The exercise of control. W. H. Freeman.  

Boone, H. N., Gartin, S. A., Boone, D. A., & Hughes, J. E. (2006). Modernizing the agricultural 

education curriculum: an analysis of agricultural education teachers’ attitudes, 

knowledge, and understanding of biotechnology. Journal of Agricultural Education, 

47(1), 78–89. https://doi.org/10.5032/jae.2006.01078   

Borich, G. D. (1980). A needs assessment model for conducting follow-up studies. Journal of 

Teacher Education, 31(3), 39–42. https://doi.org/10.1177/002248718003100310  

Budke, W. E. (1991). Agriculture science- Striving for excellence. The Agricultural Education 

Magazine, 63(7), 4, 11. https://www.naae.org/naae/document-

server/?cfp=/naae/assets/file/public/magazine/volume63/v63i7.pdf  

Caillouet, O., & Harder, A. (2022). Conducting the needs assessment #8: The Borich model 

(Publication WC415). University of Florida IFAS Extension. 

https://edis.ifas.ufl.edu/publication/WC415  

Christian, T., & Key, J. P. (1994). Agriscience equal to science. (Eric Document Reproduction 

Service No. ED 334421) https://files.eric.ed.gov/fulltext/ED334421.pdf  

DiBenedetto, C. A. (2015). Teachers’ perceptions of their proficiency and responsibility to teach 

the knowledge, skill, and dispositions required of high school students to be career ready 

http://www.careertech.org/without-limits
https://doi.org/10.5032/jae.2006.01078
https://doi.org/10.1177/002248718003100310
https://www.naae.org/naae/document-server/?cfp=/naae/assets/file/public/magazine/volume63/v63i7.pdf
https://www.naae.org/naae/document-server/?cfp=/naae/assets/file/public/magazine/volume63/v63i7.pdf
https://edis.ifas.ufl.edu/publication/WC415
https://files.eric.ed.gov/fulltext/ED334421.pdf


   
 

53 

in the 21st century [Doctoral dissertation, University of Florida]. University of Florida 

Institutional Repository. https://files.eric.ed.gov/fulltext/EJ1249819.pdf  

Dillman, D. A., Smyth, J. D., & Christian, L. M. (2014). Internet, phone, mail, and mixed mode 

surveys: The tailored design method (4th ed.). John Wiley & Sons, Inc.  

Faulk, B., McKibben, J. D., Clemons, C. A. & Lindner, J. R. (2024). Instructor Levels of 

Importance and Competence With Alabama Agricultural Mechanics Standards. Journal 

of Southern Agricultural Education Research, 74(1). 

http://jsaer.org/wpcontent/uploads/2024/12/74-Faulk-McKibben-Clemons-Lindner.pdf  

Georgia Department of Education. (n.d.). Career Clusters/Pathways. 

https://www.gadoe.org/Curriculum-Instruction-and-Assessment/CTAE/Pages/CTAE-

Georgia-Career-Clusters.aspx   

Hancock, G. T., Hancock, C. E., & McKibben, J. D. (2024). The Teaching Techniques of 

Alabama’s Traditionally and Alternatively Certified School-Based Agricultural 

Education Instructors. Journal of Agricultural Education, 65(3), 18–34. 

https://doi.org/10.5032/jae.v65i3.166  

Hillison, J. (1996). The origins of agriscience: or where did all that scientific agriculture come 

from. Journal of Agricultural Education, 37(4), 8–13. 

https://doi.org/10.5032/jae.1996.04008  

Lambert, M. D., Velez, J. J., & Elliott, K. M. (2014). What are the teachers’ experiences when 

implementing the Curriculum for Agricultural Science Education? Journal of 

Agricultural Education, 55(4), 100–115. https://doi.org/10.5032/jae.2014.04100  

https://files.eric.ed.gov/fulltext/EJ1249819.pdf
http://jsaer.org/wpcontent/uploads/2024/12/74-Faulk-McKibben-Clemons-Lindner.pdf
https://www.gadoe.org/Curriculum-Instruction-and-Assessment/CTAE/Pages/CTAE-Georgia-Career-Clusters.aspx
https://www.gadoe.org/Curriculum-Instruction-and-Assessment/CTAE/Pages/CTAE-Georgia-Career-Clusters.aspx
https://doi.org/10.5032/jae.v65i3.166
https://doi.org/10.5032/jae.1996.04008
https://doi.org/10.5032/jae.2014.04100


   
 

54 

Lindner, J. R., & Lindner, N. (2024). Interpreting Likert type, summated, unidimensional, and 

attitudinal scales: I neither agree nor disagree, Likert or not. Advancements in 

Agricultural Development, 5(2), 152–163. https://doi.org/10.37433/aad.v5i2.351   

Lindner, J. R., Murphy, T. H., & Briers, G. E. (2001). Handling Nonresponse In Social Research. 

Journal of Agricultural Education, 42(4), 43–53. https://doi.org/10.5032/jae.2001.04043   

Lindner, J. R. (2002). Handling of non-response in the Journal of International Agricultural and 

Extension Education. Journal of International Agricultural and Extension Education, 

9(3), 55-60. https://doi.10.5191/jiaee.2002.09307   

McKibben, J. D., Clemons, C. A., & Blythe, J. M. (2025). Survey response rates by requestor’s 

characteristics. Advancements in Agricultural Development, 6(1), 43–54. 

https://doi.org/10.37433/aad.v6i1.525    

Mowen, D. L., Roberts, T. G., Wingenbach, G. J., & Harlin, J. F. (2007). Biotechnology: An 

Assessment Of Agricultural Science Teachers’ Knowledge and Attitudes. Journal of 

Agricultural Education, 48(1), 42–51. https://doi.org/10.5032/jae.2007.01042   

Newman, M. E., & Johnson, D. M. (1994). Inservice Education Needs of Teachers of Pilot 

Agriscience Courses in Mississippi. Journal of Agricultural Education, 35(1), 54–60. 

https://doi.org/10.5032/jae.1994.01054   

Pollard, M. (2020) A historical analysis of the 2020 agricultural education vision plan and the 

reformation of agricultural education in Georgia as it intended. (Publication No. 181) 

[Doctoral dissertation, Murray State University]. Murray State’s Digital Commons. 

https://digitalcommons.murraystate.edu/etd/181  

 

https://doi.org/10.37433/aad.v5i2.351
https://doi.org/10.5032/jae.2001.04043
https://doi.10.5191/jiaee.2002.09307
https://doi.org/10.37433/aad.v6i1.525
https://doi.org/10.5032/jae.2007.01042
https://doi.org/10.5032/jae.1994.01054
https://digitalcommons.murraystate.edu/etd/181


   
 

55 

Ray, B. L., Clemons, C. A., McKibben, J. D., Lindner, J. R., Fuhrman, N. E., & Barlow, R. J. 

(2022). Implementing Forestry and Natural Resource Curricula in Georgia. A 

Quantitative Analysis of Perceived Barriers Towards Implementation. Journal of 

Agricultural Education, 63(3), 149–165. https://doi.org/10.5032/jae.2022.03149  

Scott, J. D., Bird, T. D., Rubenstein, E. D., & Kvitko, B. H. (2025). Examining the 

Implementation of Plant Pathology Curricula in School-Based Agricultural Education: A 

Pilot Study. Journal of Agricultural Education, 66(3), Article 25. 

https://doi.org/10.5032/jae.v66i3.3035  

Steele, F., & Aubusson, P. (2004). The challenge in teaching biotechnology. Research in Science 

Education, 34, 365-387. https://doi.org/10.1007/s11165-004-0842-1  

The National Council for Agricultural Education. (2023). AFNR standards. 

https://thecouncil.ffa.org/afnr/    

Thompson, G. W. (2001). Perceptions Of Oregon Secondary Principals Regarding Integrating 

Science Into Agricultural Science And Technology Programs. Journal of Agricultural 

Education, 42(1), 50–60. https://doi.org/10.5032/jae.2001.01050   

Thompson, G. W., & Warnick, B. K. (2007). Integrating Science Into The Agricultural 

Education Curriculum: Do Science And Agriculture Teachers Agree?. Journal of 

Agricultural Education, 48(3), 1–12. https://doi.org/10.5032/jae.2007.03001   

Ufnar, J. A., & Shepherd, V. L. (2018). The scientist in the classroom partnership program: an 

innovative teacher professional development model. Professional Development in 

Education, 45(1), 642–658. https://doi.org/10.1080/19415257.2018.1474487  

https://doi.org/10.5032/jae.2022.03149
https://doi.org/10.5032/jae.v66i3.3035
https://doi.org/10.1007/s11165-004-0842-1
https://thecouncil.ffa.org/afnr/
https://doi.org/10.5032/jae.2001.01050
https://doi.org/10.5032/jae.2007.03001
https://doi.org/10.1080/19415257.2018.1474487


   
 

56 

Vaughn, P. R. (1993). Teaching agriscience: A few cautions. The Agricultural Education 

Magazine, 66 (4), 4. https://www.naae.org/naae/document-

server/?cfp=/naae/assets/file/public/magazine/volume66/v66i7.pdf  

Wilson, E., Kirby, B., & Flowers, J. (2002). Factors Influencing The Intent Of North Carolina 

Agricultural Educators To Adopt Agricultural Biotechnology Curriculum. Journal of 

Agricultural Education, 43(1), 69–81. https://doi.org/10.5032/jae.2002.01069  

Yamane, T. (1967), Statistics: An Introductory Analysis (2nd Edition). Harper & Row. 

https://archive.org/details/statisticsanintr0000taro/page/n7/mode/2up  

  

https://www.naae.org/naae/document-server/?cfp=/naae/assets/file/public/magazine/volume66/v66i7.pdf
https://www.naae.org/naae/document-server/?cfp=/naae/assets/file/public/magazine/volume66/v66i7.pdf
https://doi.org/10.5032/jae.2002.01069
https://archive.org/details/statisticsanintr0000taro/page/n7/mode/2up


   
 

57 

Chapter 4: External Factors for Success of Biotechnology Topics in Ag Ed 

Abstract 

This study examined the external factors that influenced Georgia agricultural educators’ ability 

to implement biotechnology topics within the Agriscience Systems Pathway. Guided by 

Bandura’s (1986) Social Cognitive Theory and Self-Efficacy Theory (1997), the research 

analyzed teachers’ resources, student characteristics, and community support related to 

biotechnology instruction. A quantitative survey was adapted from Boone et al. (2006) and 

distributed to 64 agricultural educators who taught Plant Science and Biotechnology and/or 

Animal Science Technology and Biotechnology, yielding 32 usable responses (50% response 

rate). Results indicated that teachers had sufficient internet access, technology, and 

administrative support but lacked instructional materials, laboratory equipment, and adequate 

time to teach biotechnology concepts. Respondents strongly agreed that students preferred 

hands-on learning but identified limited home support and uneven science readiness as barriers. 

Communities were found to support agricultural education broadly but demonstrated minimal 

awareness of biotechnology. The study concluded that these external factors impeded effective 

biotechnology integration and recommended ongoing professional development, curriculum 

resource updates, and stronger interdisciplinary collaboration to enhance instructional capacity. 

Future research was recommended to explore teacher preparation, community perceptions, and 

replication of this study across other states to strengthen national efforts toward modernized 

agricultural education. 
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Biotechnology, Agricultural Education, Animal Science, Plant Science, Barriers  
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Introduction 

Agricultural education in the United States continually evolved alongside advancements 

in science and technology following its formal establishment in the early twentieth century. The 

Smith-Hughes National Vocational Education Act of 1917 institutionalized vocational 

agriculture courses at the secondary level, forming the foundation for what was recognized as 

high school agricultural education. As agricultural technologies advanced rapidly during the 

latter half of the twentieth century, particularly with the emergence of biotechnology in the 

1970s and 1980s, the inadequacies of existing curricula in keeping pace with these innovations 

became increasingly apparent (Boone et al., 2006). Although science had been a component of 

agricultural education since the passage of the Hatch Act of 1887 (Budke, 1991; Vaughn, 1993; 

Christian & Key, 1994; Hillison, 1996), it was not until the National Research Council’s 1988 

report that educators were explicitly charged with strengthening the scientific rigor of 

agricultural curricula (Thompson, 2001). 

Agricultural education in its most modern form is best described as being represented by 

a three circle model (Croom, 2008). Those circles are class based instruction, FFA, and 

Supervised Agricultural Experiences (SAE). Georgia's administrative circles are class-based 

instruction, FFA, and Supervised Agricultural Experiences the students they serve should have a 

balanced and representative experience that contains equal parts of these three areas. SAE have 

been shown to have positive economic impacts in the community in which they are carried out 

(Hanagriff, et al., 2010).  

Georgia agricultural education focuses are structured around career pathways, consistent 

with the framework applied across all Career, Technical, and Agricultural Education (CTAE) 

programs. Each pathway consisted of three sequential, interrelated courses that built upon one 
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another to provide progressive skill development (Georgia Department of Education, n.d.). 

Within the Agriscience Systems Pathway, courses such as Basic Agriculture Science, Plant 

Science and Biotechnology, and Animal Science Technology and Biotechnology explicitly 

incorporated biotechnology concepts and scientific principles into the Georgia Standards of 

Excellence, reflecting the state’s efforts to align agricultural education with contemporary 

advancements in the agricultural sciences. 

Nationally, the Agriculture, Food, and Natural Resources (AFNR) Career Cluster Content 

Standards served as the foundational framework for School-Based Agricultural Education 

(SBAE) programs. These standards, developed through collaboration among educational 

organizations, industry representatives, and national leadership entities such as the National 

Council for Agricultural Education (NCAE), National FFA, and Advance CTE, were 

systematically revised every five to seven years to maintain alignment with industry expectations 

and workforce demands (Advance CTE, 2020; The NCAE, 2023; Scott et al., 2025). 

Despite these ongoing curricular revisions, the effective integration of biotechnology 

within agricultural education ultimately depended on the knowledge, confidence, and 

instructional capacity of educators. Previous research identified persistent challenges associated 

with teaching biotechnology at the secondary level, including the complexity of the content, 

insufficient instructional time, limited access to laboratory resources, and gaps in teachers’ 

understanding of scientific principles (Steele & Aubusson, 2004; Mowen et al., 2007; Pollard, 

2020). However, empirical evidence suggested that targeted professional development, 

particularly through intensive, hands-on biotechnology workshops, significantly enhanced 

teacher confidence and instructional competence (Wilson et al., 2002). Therefore, the sustained 

success of biotechnology integration in agricultural education required continued investment in 



   
 

60 

educator professional development, access to quality instructional materials, and systematic 

curriculum updates that reflected ongoing scientific and technological advancements (Lambert et 

al., 2014; Ufnar & Shepherd, 2018; Scott et al., 2025). 

Theoretical Framework 

Two frameworks were used in this study. The first was Albert Bandura’s (1986) Social 

Cognitive Theory (SCT). The Social Cognitive Theory outlined four stages in the development 

of learning: (1) attention, (2) retention, (3) reproduction, and (4) motivation (Bandura, 1986). 

Bandura (1986) also identified a triadic reciprocal relationship within SCT among three factors: 

personal (one’s cognitions, beliefs, emotional, and biological characteristics), behavioral (one’s 

choices and actions), and environmental (social and external experiences). In summary, 

individuals learned not only through direct experiences but also through cognitive processes and 

by observing others. This framework was applied to examine how agricultural education teachers 

acquired knowledge and what barriers existed to the adoption of biotechnology and applied those 

topics within their classrooms. Research has shown that adoption of innovations cannot be 

achieved until barriers are overcome (Chang, et al., 2015; Harder, et al., 2008; & Li, et al., 2007) 

The second framework utilized in this study was Bandura’s (1997) Self-Efficacy Theory 

(SET). Bandura’s Self-Efficacy Theory was developed as a direct extension of his 1986 Social 

Cognitive Theory. SET referred to an individual’s belief in their own capability to succeed at a 

task through their actions. Specifically, it focused on four sources: (1) mastery experiences 

[engaging in experiences until success was achieved], (2) indirect experiences [observing others 

succeed at a task and developing the belief that one possessed similar ability], (3) social 

experiences [receiving positive feedback, encouragement, and affirmation from role models], 

and (4) internal experiences [interpreting one’s inner dialogue to influence beliefs about personal 
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capability] (Bandura, 1997). This framework was applied to understand agricultural education 

teachers’ levels of confidence in their ability to teach biotechnology-related topics effectively.  

Purpose 

The purpose of this study was to analyze the external factors that influenced Georgia 

Agricultural Educators in implementing biotechnology topics. This research was conducted as 

part of a larger study that examined the history of biotechnology integration in agricultural 

education and the internal factors that affected Georgia Agricultural Educators’ implementation 

of biotechnology topics. The objectives that guided this study were as follows: 

1. What are teachers’ barriers to teaching and information sources of biotechnology topics? 

2. What resources are needed to lessen the external factors for success of teaching 

biotechnology in ag ed, based on the above? 

Methods 

This study implemented a quantitative survey instrument that was adapted from the 

Boone et al. (2006) Agriculture Science Teachers’ Attitudes and Implementation of 

Biotechnology study. It served as the foundation, with adjustments made to the topics, order of 

questions, and overall formatting. A group of teacher education specialists at West Virginia 

University had previously reviewed the instrument to confirm both content validity and face 

validity (Mowen et al., 2007). The survey was designed in Qualtrics and distributed via email to 

participants. An initial email, along with three follow-up reminders, was sent to participants over 

a two-month period, beginning in July 2025 and concluding in September 2025 (Dillman et al., 

2014). To encourage participation, participants were informed that they had been specifically 

invited to take part in the study, rather than through a general listserv email sent to the broader 

population (McKibben et al., 2025). Overall, the methods for this study were guided by Dillman 
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et al.’s (2014) tailored design method, as the emails were personalized to establish a sense of 

connection, promote social exchange, and reduce nonresponse. Additionally, McKibben et al’s  

(2025) call to emphasize the need for rebuilding community trust by using targeted sampling 

methods rather than relying on mass emails or listservs was taken into account when designing 

the data collection.   

Participants 

The population for this study consisted of Georgia Agricultural Education teachers during 

the 2024–2025 school year who taught Plant Science and Biotechnology and/or Animal Science 

Technology and Biotechnology courses (N = 173). The list of teachers was obtained by the 

researcher from the state’s program manager, who provided the information via email in a 

private spreadsheet. The list included each teacher’s name, school name, and the course(s) 

taught. Teachers’ email addresses were then obtained from the Georgia Agricultural Education 

website’s public directory. 

During the 2024–2025 school year, 173 course sections were offered in Georgia 

Agricultural Education classrooms, 145 sections of Animal Science Technology and 

Biotechnology and 28 sections of Plant Science and Biotechnology. Additionally, 145 schools 

offered at least one of the two courses; 25 schools offered both courses, and 3 schools offered 

only Plant Science and Biotechnology. Seventeen teachers (N = 173) taught both courses, 

leaving a total of 156 unique individuals to be sampled. 

 Yamane's formula was used to determine the sample for survey instrument distribution 

(Yamane, 1967). Based on the formula: 𝑁𝑁
1+𝑁𝑁(𝑒𝑒2)

 where (e2) is the level of precision expected, in 

this case (0.05), the sample needed for coverage was 64 individuals. Therefore, 64 invitations 
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were sent to potential participants, and 32 individuals (n = 32) completed the instrument with 

usable responses, resulting in a 50% response rate (see Table 4.1).  

Table 4.1 

Participant Characteristics (n=32). 

Characteristics f % 

Age   

22 1 3.1 

23 1 3.1 

25 2 6.3 

26 1 3.1 

27 3 9.4 

29 4 12.5 

30 2 6.3 

31 3 9.4 

32 3 9.4 

33 1 3.1 

39 1 3.1 

40 2 6.3 

43 1 3.1 

45 1 3.1 

46 1 3.1 

47 1 3.1 

50 1 3.1 

54 1 3.1 

58 1 3.1 

62 1 3.1 

Gender   

Male 9 28.1 

Female 23 71.9 
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Path to Certification   

Undergraduate Student Teaching 22 68.8 

Graduate Student Teaching 3 9.4 

Industry Credential/Certification 3 9.4 

Other 4 12.5 

Ethnicity   

Black or African American 3 9.4 

White 28 87.5 

Not Listed 1 3.1 

Highest Level of Education   

Bachelors 8 25.0 

Masters 11 34.4 

Specialist 10 31.3 

Doctorate 3 9.4 

Years Teaching   

1-5 9 28.1 

6-10 12 37.5 

11-15 4 12.5 

16-20 3 9.4 

21-25 3 9.4 

26-30 1 3.1 

Years Teaching Agriculture   

1-5 9 28.1 

6-10 13 40.6 

11-15 2 6.3 

16-20 4 12.5 

21-25 3 9.4 

26-30 1 3.1 

Area of Specialty   

Agricultural Mechanics 1 3.1 

Animal Science 19 59.4 



   
 

65 

Biotechnology 1 3.1 

FFA 4 12.5 

Forestry 1 3.1 

Horticulture 4 12.5 

Other 2 6.3 

Certification Area   

Agricultural Education 24 75.0 

Agricultural Education and Additional Areas 8 25.0 

Science Certification   

No Science Certification 27 84.4 

Science Certification 5 15.6 

 

Instrumentation and Data Analysis 

The survey instrument was designed using the Borich Model (1980) to measure the 

competencies of teachers who taught biotechnology topics (Caillouet & Harder, 2022). This is a 

common procedure to evaluate agricultural education concepts (Faulk et al., 2024; Ray et al., 

2022). Three major sections structured this portion of the instrument: teacher resources provided 

and used, students, and community. 

The resource-based questions were paired with a five-point summated scale in which 1 = 

I did not have any, 2 = I had some but not enough, 3 = I could have used a little more but it was 

not hindering, 4 = I had enough, and 5 = I had more than enough. The questions regarding 

students and community were presented on a five-point summated scale of agreement where 1 = 

Strongly Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree, and 5 = Strongly 

Agree. 

Lindner et al. (2001, 2002) outlined procedures for addressing nonresponse error through 

a comparison of early and late respondents, while Lindner and Lindner (2024) provided the basis 
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for interpreting summated-scale scores (Figure 4.1). A t-test was conducted to compare the 

responses of the respondents who responded to the first email (n = 15) with those of the group 

who received the final email (n = 17) regarding their perceived knowledge and competence. No 

differences were found between early and late respondents on their reported knowledge (t(30) = 

0.97, p = 0.34) or their reported competence (t(30) = 0.93, p = 0.36). The results of these tests 

indicate that nonresponse bias is not a threat to the validity of these studies. The data were 

collected through Qualtrics and analyzed using IBM SPSS statistical software. 

Figure 4.1 

Intervals and Interpretation of a Five-Point Summated Scale 

 

Note. Adapted from “Interpreting Likert-type Scales, Summated Scales, Unidimensional Scales, 
and Attitudinal Scales: I neither Agree nor Disagree, Likert or Not” article (Lindner & Lindner, 
2024) 
 

Findings 

This research was guided by two objectives: What are teachers’ barriers to teaching and 

information sources of biotechnology topics, and what resources are needed to lessen the 

external factors for success of teaching biotechnology in ag ed, based on the above? 

Respondents collectively agreed (M = 3.51–4.50) that they had enough resources in three 

categories for teaching biotechnology topics: internet/connectivity, information technology, and 
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administrative support. However, for the remaining eight types of teaching resources (e.g., 

classroom/laboratory space, time to teach, instructional materials, etc.), respondents neither 

agreed nor disagreed (M = 2.51–3.50) that they had sufficient resources for teaching 

biotechnology topics (see Table 4.2). 

Table 4.2 

Descriptive Statistics of Teaching Resources 

Resource Type M SD 

Internet/Connectivity 4.17 0.89 

Information Technology (computers, tablets, etc.)  4.07 1.09 

Administration Support 3.52 0.99 

Classroom/Lab space 3.45 1.02 

Time to teach 3.38 0.94 

Personal (teacher) Knowledge 3.24 0.83 

Textbooks/Physical Curriculum 2.97 1.02 

Time to plan 2.89 0.94 

Student Academic Ability 2.83 0.93 

Scientific/Lab Equipment 2.79 1.26 

Instructional Materials 2.76 1.02 

 

Respondents indicated that they never used (mode = 6) lesson or curriculum resources 

from workshops (PLUs/education-based or industry-led), university courses, or artificial 

intelligence for biotechnology topic information. Each semester (mode=4), respondents 

collectively reported that premade lesson plans were their primary source of biotechnology topic 

information for lessons or curriculum. One source, social media teacher groups, was selected 

equally as both used monthly (mode = 3) and never used (mode = 6) as a source of information 
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by respondents. Lastly, other agriculture teachers were selected as a source used monthly (mode 

=3) for biotechnology information for lessons and curriculum (see Table 4.3).  

Table 4.3 

Descriptive Statistics of Use of Lesson/Curriculum Resources for Biotechnology Information 

Resource  Mode SD 

Workshops (PLUs/education based) 6 1.13 

Workshops (Industry-led) 6 0.92 

University Courses 6 1.57 

Pre-made lesson plans 4 1.52 

Social Media Teacher Groups 3* 1.65 

Other Ag Teachers 3 1.43 

Artificial Intelligence 6 1.87 

Note. *Multiple modes exist, least value is shown. 1= used daily, and 6= never used 

 

Respondents strongly agreed (M = 4.51–5.00) that a primary student characteristic was a 

preference for the hands-on learning aspect of agriculture compared to traditional methods of 

learning. Respondents agreed (M = 3.51–4.50) that their students had active Supervised 

Agricultural Experiences (SAEs) and understood the basics of the scientific method. It was noted 

that for twelve of the sixteen identified student characteristics, respondents neither agreed nor 

disagreed. Collectively, respondents disagreed (M = 1.51–2.50) that their students had the home 

support they needed to learn effectively (see Table 4.4).  

Table 4.4 

Descriptive Statistics of Teacher’s Interpretations of their Student Characteristics 

My students... M SD 

… prefer the hands-on learning aspect of agriculture compared to 

traditional methods of learning. 

4.60 0.72 
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… have active SAEs. 3.83 0.79 

… understand the basics of the scientific method. 3.73 0.83 

… have good access to the internet at home. 3.33 1.42 

… have enough time at home to study. 3.20 1.47 

… can read well enough to do well in my class. 3.20 1.16 

… understand science well enough to do well in my class. 3.20 1.22 

… have a passion for agriculture. 3.13 1.04 

… have the study skills they need to be successful in my class. 3.13 1.17 

… have SAEs that relate to the class they are taking currently. 3.13 1.01 

… understand math well enough to do well in my class. 3.00 1.23 

… want to learn the science of agriculture. 2.90 1.03 

… have critical thinking skills to figure out solutions to problems. 2.87 0.94 

… have a strong desire to learn. 2.73 1.14 

… prioritize school. 2.53 1.07 

… have the support at home they need to learn. 2.47 1.20 

 

When describing the characteristics of their communities, respondents agreed (M = 3.51–

4.50) with four statements. This included agreement that the community supported the 

agricultural education program, agriculture in general, teaching efforts, and individual student 

Supervised Agricultural Experience (SAE) projects. The remaining nine statements were neither 

agreed nor disagreed upon (M = 2.51–3.50) (see Table 4.5). 

Table 4.5  

Descriptive Statistics of Teacher’s Interpretations of their Community Characteristics 

My community... M SD 

… supports the ag program. 3.90 1.02 

… supports agriculture 3.83 0.98 

… supports teaching.  3.80 0.96 

… supports individual students SAE projects. 3.53 1.17 
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… is academically progressive. 3.33 1.09 

… understands that agricultural education enriches the learning of core 

subjects. 

3.33 1.21 

… engages in adult and community education and other programs hosted by 

the ag program. 

3.33 1.09 

… sees a future in agriculture for the community. 3.27 1.26 

… sees a future in agriculture for the students. 3.27 1.26 

… has an accurate view of agriculture. 3.20 1.24 

… wants me to teach biotechnology. 2.83 1.05 

… has an accurate view of biotechnology.  2.67 1.03 

… is quick to adopt new things. 2.60 1.13 

 

Conclusions, Discussion, and Recommendations 

The findings of this study indicated that Georgia agricultural education teachers faced 

multiple challenges in implementing biotechnology instruction. Although adequate 

administrative support, technology, and internet access were available, factors such as limited 

instructional materials, insufficient instructional time, and constrained classroom or laboratory 

space presented notable external barriers to implementation. Teachers primarily relied on 

premade lesson plans and peer support from other agriculture teachers for biotechnology 

instruction, while resources from workshops, university courses, and artificial intelligence were 

largely unused. This suggests a need for more accessible, classroom-ready biotechnology 

materials and professional development formats that effectively support teacher confidence and 

instructional integration. 

Agricultural education was recognized for its emphasis on experiential, hands-on learning 

experiences. The study revealed that students overwhelmingly preferred this hands-on approach 

compared to traditional instructional methods. Additionally, Supervised Agricultural Experiences 
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(SAEs) and students’ foundational understanding of the scientific method both served to mitigate 

some of the barriers associated with teaching biotechnology. However, the remaining twelve 

student characteristics examined varied considerably in levels of agreement among respondents. 

This suggested a significant need for stronger interdisciplinary collaboration and cross-curricular 

integration. Moreover, the findings indicated that many students lacked the necessary home 

support to reinforce biotechnology learning outside the classroom. 

Community engagement was identified as a cornerstone of successful agricultural 

education programs, shaping curriculum decisions that aligned with workforce development 

needs. While this study found that Georgia communities continued to demonstrate traditional 

support for agricultural education, agriculture itself, and student SAE projects, respondents 

expressed neutral perspectives regarding most biotechnology-related statements. This neutrality 

raised concerns about the general community’s awareness and understanding of biotechnology in 

agricultural education. 

Future research should further investigate the student-related barriers identified in this 

study, particularly those with neutral response patterns, such as proficiency in science and 

mathematics or critical thinking skills. Additionally, research examining community perceptions 

could identify targeted strategies to help agricultural educators strengthen public understanding 

and support for biotechnology. Replicating this study across other states would provide a broader 

perspective on the resources and barriers encountered by teachers integrating biotechnology into 

agricultural education. Furthermore, analyzing relationships between teacher characteristics and 

survey responses could yield insights into specific factors influencing successful implementation, 

thereby narrowing the focus to the most significant barriers to biotechnology integration. 
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Chapter 5: Conclusions and Discussion 

This dissertation examined the integration of biotechnology in school-based agricultural 

education in Georgia. 

 

Summary of Findings by Study 

Article 1: 

Objective 1: History of Biotechnology Integration in Georgia Agricultural 

Education 

Innovation-Decision Stage: Knowledge. 

The foundation of agriscience education began with the Hatch Act of 1887, which funded 

agricultural research and established early connections between experiment stations and 

secondary agriculture curricula (Hillison, 1996; Hatch Act, 1887). The Smith-Hughes Act of 

1917 further advanced scientific agricultural instruction through federal support (Boone et al., 

2006), and early leaders emphasized integrating scientific principles into vocational training 

(Hillison, 1996). However, biotechnology had not yet been introduced into Georgia agricultural 

education by 1981 (F. Flanders, personal communication, September 18, 2025). 

Innovation-Decision Stage: Persuasion. 

During the Persuasion stage, agriculture education began shifting toward a science- and 

technology-focused identity, demonstrated by the National FFA Organization’s 1988 name 

change (National FFA Organization, 2025). In support of this transition, agriscience workshops 

led by Drs. Frank Flanders and Ray Herren during the late 1980s and 1990s encouraged Georgia 

agriculture teachers to adopt biotechnology instruction through targeted professional 

development. 
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Innovation-Decision Stage: Decision. 

During the Decision stage, formal steps were taken to adopt biotechnology within 

agricultural education. The 1994 National Occupational Skill Standards incorporated 

Agricultural Biotechnology, signaling national endorsement of its instructional value (F. 

Flanders, personal communication, September 18, 2025). In response, Dr. Flanders (1996) 

initiated Georgia’s Curriculum Renewal Project, aligning state curriculum with these standards 

and introducing agriscience courses positioned for potential science credit approval. 

Innovation-Decision Stage: Implementation. 

During the Implementation stage, biotechnology became actively integrated into Georgia 

agricultural education. The Georgia Department of Education’s 1998 “2020 Vision” identified 

biotechnology as a critical theme for advancing agricultural instruction (Georgia General 

Assembly, Senate Research Office, n.d.). Supporting this direction, a 1999 study demonstrated 

that agriscience students performed comparably to traditional science students, reinforcing the 

academic credibility of agriscience coursework (F. Flanders, personal communication, 

September 18, 2025). 

Innovation-Decision Stage: Confirmation. 

During the Confirmation stage, biotechnology integration in Georgia agricultural 

education became firmly established and continually strengthened. Agriscience courses received 

approval for science credit in 1999, solidifying biotechnology’s academic legitimacy at the 

secondary level, followed by the University of Georgia’s 2003 development of an Applied 

Biotechnology major, demonstrating postsecondary demand (Holmes, 2003).  

Institutional support expanded through Fort Valley State University’s USDA-NIFA grant 

(2003–2006), which funded teacher training and biotechnology facilities (Fort Valley State 
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University, 2006). National and state findings continued to reinforce the need for teacher 

preparation, as Boone et al. (2006) reported widespread educator unpreparedness.  

Major policy milestones included biotechnology being added as a fourth science credit 

course in 2009 (Georgia Administrative Code, Rule 160-4-2-.03, 1990/2011) and its integration 

into AFNR Career Cluster standards in 2013–2014. Continued commitment to professional 

development emerged through the Rural Teacher Training Initiative in 2020, renamed the 

Biotech Teacher Training Initiative in 2025 (ERC Association, n.d.).  

Ongoing standards review, including the 2023 DOAA confirmation of flexible CTAE 

revision cycles (Griffin & Kieffer, 2023) and national AFNR standards updates (Advance CTE, 

2020; The NCAE, 2023; Scott et al., 2025), reflects sustained validation of biotechnology 

education. Most recently, Georgia revised the Plant Science and Biotechnology GSE in 2025, 

with Animal Science revisions have not yet begun (Dr. C. Steinkamp, B. Schwing, M. Riley, & 

J. Allen, personal communication, 2025). 

Objective 2: Accuracy, Relevance, and Necessity of Current Content Standards 

Analysis of the Georgia Standards of Excellence (GSE) for Plant and Animal Science 

Biotechnology revealed uneven coverage of essential biotechnology concepts when cross-

referenced with 19 identified topics (see Table 2.1). Over half of the topics (52.63%) were 

included only at an introductory level, such as recombinant DNA, gene splicing, cloning, and 

biotechnology ethics, though much of the content was outdated. An additional 21.05% were 

represented at an intermediate level, including transgenic species, GM foods, and laboratory 

techniques, but required updated terminology and instructional practices. Advanced topics 

accounted for only 10.53% of alignment, as seen in plant tissue culture and reproduction, which 

remain relevant but need modernization. The remaining 15.79%—including environmental, 
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food, and microbial biotechnology—were either absent or only indirectly referenced, 

demonstrating notable curriculum gaps and signaling a need for comprehensive revision. 

 

Article 2: 

Objective 1: Teachers’ Importance of, Personal Knowledge, and Competence in 

Teaching Biotechnology Topics 

Findings indicated that teachers held neutral perceptions regarding the importance of 

biotechnology topics for students (M = 3.85, SD = 0.58), as well as their own knowledge (M = 

3.09, SD = 0.91) and competence (M = 3.29, SD = 0.95) to teach them. A strong positive 

correlation emerged between teachers’ perceived knowledge and competence (r = .882, p < 

.001), suggesting that increased knowledge is closely associated with greater instructional 

confidence. However, no significant relationship was found between perceived importance and 

either knowledge (r = .203, p > .001) or competence (r = .215, p > .001), indicating that valuing 

biotechnology as important does not necessarily translate to teacher preparedness or instructional 

ability. 

Objective 2: In-Service Needs Based on Teachers’ Knowledge, Competence, and 

Importance Ratings 

Teachers’ Importance of Biotechnology Topics 

Teachers expressed the highest perceived importance for Animal Reproduction (M = 

4.81) and Diseases (M = 4.56), with additional agreement on seven biotechnology topics, 

including Genetically Modified Food (M = 4.47), Plant Reproduction (M = 4.41), Classification 

(M = 4.34), Food Biotechnology (M = 4.06), and Growth Hormones, Environmental 

Biotechnology, and Biotechnology Ethics (M = 4.03 each). Ten topics—including Cloning, 
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Genetic Engineering, Resistant Plant Species, and Hybridization—received neutral importance 

ratings, indicating uncertainty or limited familiarity. The lowest levels of perceived importance 

were reported for Recombinant DNA (M = 2.81) and Gene Splicing (M = 2.84), suggesting areas 

where teacher professional development is most needed. 

Teachers’ Knowledge of Biotechnology Topics 

Teachers reported the highest perceived knowledge in Animal Reproduction (M = 4.22), 

with moderate knowledge in topics such as Diseases (M = 3.81), Plant Reproduction (M = 3.78), 

and Classification (M = 3.75). Most biotechnology topics received neutral knowledge ratings, 

indicating limited confidence across a wide range of content areas. The lowest knowledge levels 

were reported in Gene Splicing (M = 2.41), Recombinant DNA (M = 2.22), and Microbial 

Biotechnology (M = 2.44), suggesting critical deficiencies in foundational molecular 

biotechnology concepts.  

Teachers’ Competence in Teaching Biotechnology Topics 

Teachers reported the highest levels of instructional competence in Animal Reproduction 

(M = 4.34), Plant Reproduction (M = 4.16), Classification (M = 4.09), Diseases (M = 3.94), and 

Genetically Modified Food (M = 3.66). Competence ratings across eleven topics were neutral, 

including Biotechnology Ethics (M = 3.50) and Food Biotechnology (M = 3.47), indicating 

uncertainty or inconsistent instructional practice. The lowest competence ratings were found in 

advanced molecular biotechnology topics such as Transgenic Species (M = 2.47), Gene Splicing 

(M = 2.34), and Recombinant DNA (M = 2.31), identifying major areas where targeted 

professional development is needed. 

Overall Knowledge, Competence, & Importance 
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Overall, teachers acknowledged the general importance of biotechnology but reported 

limited confidence in their knowledge and competence to teach related content. Their strongest 

proficiency remained within traditional agricultural science areas such as animal and plant 

reproduction, while advanced molecular biotechnology topics—such as recombinant DNA, gene 

splicing, and transgenic species—represented the greatest instructional weaknesses and 

professional development needs. The strong positive relationship between perceived knowledge 

and competence suggests that increased training and exposure would likely enhance teachers’ 

ability to effectively deliver biotechnology instruction. 

 

Article 3: 

Objective 1: What are teachers’ barriers to teaching and information sources of 

biotechnology topics?  

Objective 2: What resources are needed to lessen the external factors for success of 

teaching biotechnology in ag ed, based on the above? 

Teaching Resources 

Teachers reported having adequate access to foundational infrastructure resources such as 

internet connectivity (M = 4.17), information technology (M = 4.07), and administrative support 

(M = 3.52), suggesting that basic systems were in place to support biotechnology instruction. 

However, they expressed uncertainty regarding the availability of critical instructional 

supports—including classroom or laboratory space, sufficient time to teach, personal knowledge, 

textbooks, planning time, student academic ability, scientific equipment, and instructional 

materials—indicating neutral or inconsistent access (M = 2.51–3.50). These findings highlight 

that while general resources are available, the most essential hands-on, time-based, and content-
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specific supports required for effective biotechnology instruction remain inadequate, revealing 

significant barriers and underscoring the need for targeted resource investments and professional 

development. 

Lesson & Curriculum Information Resources 

Teachers reported minimal use of formal instructional support sources, indicating that 

workshops (PLUs or industry-based), university courses, and artificial intelligence tools were 

never used for biotechnology curriculum development. Instead, premade lesson plans served as 

the most frequently used resource each semester, demonstrating reliance on readily accessible, 

ready-to-implement materials rather than structured professional training. This pattern suggests 

that while teachers participate in professional development, they perceive its primary benefit as 

receiving premade lessons rather than gaining broader instructional improvement—implying that 

professional development must be more practical, directly applicable, and agriculture-specific to 

be effective. The current disconnect between general science-based professional development 

offerings and agricultural classroom realities appears to require teachers to make significant 

instructional leaps on their own, limiting the overall usefulness and impact of professional 

development experiences. Use of social media teacher groups was inconsistent, with responses 

split between monthly use and never use, suggesting uneven access or trust in these platforms. 

Peer collaboration remained a primary source of support, as other agriculture teachers were used 

monthly for biotechnology information, emphasizing the critical role of teacher-to-teacher 

networks in addressing curriculum needs. 

Student Characteristics 

Teachers strongly agreed that students prefer hands-on learning experiences over 

traditional instruction (M = 4.60), and they perceived students as having active supervised 
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agricultural experiences (SAEs) and a functional understanding of the scientific method (M ≈ 

3.7–3.8). However, teachers were neutral across twelve of the sixteen student characteristics 

measured, indicating uncertainty about students’ readiness, interest, or ability to succeed in 

biotechnology-related coursework. The lowest agreement was that students receive adequate 

support for learning at home (M = 2.47), and teachers also expressed concerns about students’ 

critical thinking skills, motivation, and prioritization of school responsibilities, reflecting 

additional barriers to biotechnology instruction. 

Community Characteristics 

Teachers agreed that their communities provide general support for agricultural education 

programs, agriculture, teaching, and student SAE projects (M = 3.53–3.90), indicating a positive 

baseline environment for program success. However, neutrality across nine additional items 

suggested inconsistent or limited engagement with agricultural education beyond traditional 

program elements. Communities were perceived as lacking awareness about biotechnology (M = 

2.67) and slow to adopt new innovations (M = 2.60), reflecting a potential barrier to expanding 

biotechnology instruction and workforce development alignment. 

Recommendations for Future Research 

Future research should examine how Georgia agricultural education teachers currently 

develop or obtain biotechnology instructional materials, especially given the broad and 

ambiguous nature of state standards, and investigate whether more explicit, modernized 

biotechnology standards would promote meaningful classroom implementation.  

Additional studies are needed to explore external factors—including resource availability, 

student characteristics, and community influences—that impact biotechnology integration, as 
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well as to identify targeted professional development needs within Plant Science & 

Biotechnology and Animal Science & Biotechnology courses.  

Research should also evaluate the accuracy and relevance of existing curriculum 

resources on the Georgia Agricultural Education website and assess student-based barriers such 

as proficiency in science and mathematics and critical thinking skills.  

Expanding this study to other states would help determine nationwide trends in 

biotechnology adoption within agricultural education, while examining community perceptions 

may inform outreach strategies to build public understanding and support.  

Finally, future research should investigate the relationship between teacher characteristics 

and implementation of success to explore ways in which teacher education programs can better 

prepare pre-service educators to teach advanced biotechnology concepts. 

Recommendations for Practice 

To strengthen biotechnology instruction in Georgia agricultural education, state content 

standards should be revised to incorporate modern biotechnology terminology and applications, 

replacing the broad language established in 2013–2014 with clearer and more focused 

expectations aligned to national AFNR standards. If immediate revision is not feasible, existing 

resources on the Georgia Agricultural Education website should be evaluated for accuracy and 

relevance, supported by the creation of a state-level taskforce to continually update 

biotechnology teaching materials.  

Enhanced professional development is essential, particularly in advanced molecular 

content areas such as recombinant DNA, gene splicing, transgenic species, microbial 

biotechnology, and genetic engineering. Maintaining rigorous biotechnology coursework is 
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critical to justify continued approval as a fourth science credit, requiring stronger teacher 

preparation programs that emphasize technical knowledge and instructional confidence.  

Increased interdisciplinary collaboration between agricultural and science educators, 

along with intentional community engagement initiatives, will support improved student 

scientific literacy and broader public understanding of biotechnology in agricultural education. 
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