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Meaningful Skills for the Agricultural Workforce: Assessing the Confidence Levels of Male 
and Female Agricultural Educators to Integrate STEM into their Curriculum 

 
Abstract 

 
Science, technology, engineering, and mathematics (STEM) has become an integral piece of 
agricultural education. Unfortunately, employers claim that students existing secondary and 
post-secondary education do not possess the necessary STEM-based skills to be successful in the 
workforce. Additionally, research shows inconsistent results regarding the STEM achievement of 
agricultural education students. These inconsistent student achievement results are coupled with 
gender-based disparities regarding STEM. Many female agricultural educators claim to be 
unconfident in their abilities to integrate some STEM concepts into the agricultural education 
curriculum. These issues concern the agricultural education profession, considering STEM’s 
importance in today’s educational environment. This study assessed the confidence of male and 
female agricultural educators to integrate STEM-based AFNR standards into their curriculum. A 
total of 399 agricultural educators were contacted in three states- Alabama, Georgia, and 
Florida. The response rate was 17.04% and resulted in 68 responses. The results found that 
female agricultural educators ranked their confidence in integrating STEM statistically lower 
than male agricultural educators within the Environmental Services (p = .01), Food Products 
and Processing (p = .02), Natural Resources (p = .03), Plant Systems (p = .05), and Power, 
Structural, and Technical Systems pathways (p < .001). Additionally, male agricultural 
educators ranked the Plant Systems, Animal Science, and Power, Structural, and Technical 
Systems pathways as the areas they felt the most confident integrating STEM and ranked the 
Biotechnology, Agribusiness, and Environmental Services pathways the lowest. The female 
agricultural educators ranked the Animal Science, Plant Systems, and the Natural Resources 
pathways as the areas they had the most confidence in integrating STEM, and they ranked the 
Power, Structural, and Technical Systems, Environmental Services, and Biotechnology pathways 
the lowest. The researchers recommend targeted professional development for educators and 
additional research on agricultural educators’ STEM integration confidence levels.  
 

Introduction 
 

For more than 100 years, the agricultural industry has become more technologically advanced 
and has relied heavily on science, technology, engineering, and mathematics (STEM) to propel 
the industry forward (Swafford, 2018). As the world population grows, the agricultural industry 
must increase the use of technology to produce more food with fewer resources (Frióna et al., 
2019). Since agricultural education’s inception, one of its main goals has been to provide a 
prepared workforce for the agricultural industry (Fristoe, 2017; Martinez, 2007). According to 
Scherer et al. (2019), “[p]rogress and prosperity within the United States, as well as its global 
competitiveness, cannot remain strong if young people are not STEM-literate and well prepared 
to enter the workforce of STEM professionals” (p. 29). To achieve this longstanding goal of a 
prepared and competent workforce, agricultural education must prioritize integrating STEM 
skills into the curriculum to remain relevant for the 21st century (Chumbley et al., 2015; Kelly & 
Knowles, 2016; Smith et al., 2015; Stubbs & Meyers, 2016; Swafford, 2018; Wang & Knoblock, 
2020).  
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While the need for STEM skills in industry is well documented in the published literature 
(Chumbley et al., 2015; Kelly & Knowles, 2016; Swafford, 2018; Wang & Knoblock, 2020), 
industry reports that students exiting secondary and post-secondary education are deficient in 
STEM skills (McGunagle & Zizka, 2020). According to McGunagle and Zizka (2020), 
“employability skills... are often under-estimated and under-trained in educational institutions, 
and, more specifically, in Science, Technology, Engineering, and Math (STEM) education” (p. 
2). This gap between employees' STEM skills and employers’ expectations is concerning for the 
agricultural education profession. 

 
While the importance of STEM integration is apparent, agricultural education has not been 
adequately successful in integrating STEM (Clark et al., 2013; McKim et al., 2018; Plank, 2001). 
There have also been mixed results in the STEM achievement of students enrolled in agricultural 
education (Chiasson & Burnett, 2001; Clark et al., 2013; McKim et al., 2018; Nolin & Parr, 
2013; Plank, 2001; Theriot & Kotrlik, 2009). Some researchers found that student achievement 
in science is significantly higher in students enrolled in agricultural education (Chiasson & 
Burnett, 2001; Theriot & Kotrlik, 2009), while other studies show there is no statistical 
difference or achievement in science is lower in students enrolled in agricultural education 
(Clark et al., 2013; McKim et al., 2018). In addition, some studies have concluded that 
achievement in mathematics is higher in students enrolled in agricultural education (Nolin & 
Parr, 2013), but some researchers suggest that differences in math achievement are not 
statistically significant or lower in agricultural education students (Plank, 2001). These 
conclusions are troubling for agricultural educators, considering the importance placed on STEM 
in today’s educational environment. 

 
In addition to inconsistencies in the STEM achievement of agricultural education students, 
female agricultural educators are less confident in integrating certain STEM concepts into the 
agriculture, food, and natural resources (AFNR) curriculum (Smith et al., 2015). Furthermore, 
women are less likely to major in STEM at the post-secondary level (Beede et al., 2011; 
Bloodhart et al., 2020; Koch et al., 2022) and are less likely to enter STEM professions (Beede et 
al., 2011). These gender-based disparities could cause female agricultural educators to integrate 
less STEM into their agricultural education courses, reducing their students’ exposure to STEM 
in the context of AFNR.  
 
The inconsistencies in STEM achievement of agricultural education students (Chiasson & 
Burnett, 2001; Clark et al., 2013; McKim et al., 2018; Nolin & Parr, 2013; Plank, 2001; Theriot 
& Kotrlik, 2009) combined with gender-based aversions towards STEM (Beede et al., 2011; 
Bloodhart et al., 2020; Koch et al., 2022) will require school-based agricultural education 
(SBAE) to identify successful methods of integration that allow for the differentiation of 
instruction and are effective for a diverse audience. Scherer et al. (2019) stated, “[o]nce again, 
the education community has embraced a slogan without really taking the time to clarify what 
the term might mean when applied beyond a general label” (p. 28). To increase the clarity behind 
STEM integration into agricultural education, it is vital to understand the differences in 
confidence levels of male and female agricultural educators to integrate specific STEM-based 
AFNR standards into curriculum. 
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Purpose and Objectives 
 

The purpose of this study was to assess the confidence levels of male and female agricultural 
educators in Alabama, Georgia, and Florida to integrate STEM into their curriculum. The 
following research objectives were assessed:  
 

1. Evaluate statistical differences in the confidence levels of male and female agricultural 
educators to integrate STEM standards into the pathways of AFNR curriculum.  
 

2. Determine the confidence levels of male and female agricultural educators to integrate 
specific STEM-based standards into the pathways of AFNR curriculum. 

 
Theoretical Framework 

 
This study was guided by Becker’s (1993) human capital theory (HCT). The HCT is based on 
the acquisition of skills, knowledge, experiences, and education (Becker, 1964; Smith, 2010; 
Smylie, 1996). In education, human capital is most often increased through professional 
development, experience, and specialized training (Becker, 1993). As individuals increase their 
skills and abilities, their effectiveness within their profession should subsequently increase 
(Becker, 1964). An effective educator has been noted as the largest predictor of student 
achievement (Eck et al., 2019, 2020, 2021). In the context of this study, agricultural educators’ 
confidence in integrating STEM concepts into the AFNR curriculum is directly related to their 
human capital inputs within STEM. As agricultural educators are provided with relevant 
professional development, experience, and training within STEM integration, their abilities 
should increase; therefore, their confidence and effectiveness should also increase. While STEM 
integration into the AFNR curriculum has been prioritized for decades, the mixed results of 
agricultural education students’ achievement in STEM raises concerns about the human capital 
inputs offered to educators in this area. The interaction between agricultural educators and the 
HCT is depicted in Figure 1. 
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Figure 1 
 
Framework for Human Capital’s Effect on Agricultural Educator’s Ability to Integrate STEM 
 

 
Note. Developed From Becker (1993). 
 
 

Methods 
Participants 
 
This study utilized a descriptive correlational research design to assess the confidence levels of 
male and female agricultural educators in Alabama, Georgia, and Florida to integrate STEM into 
their curriculum. The demographics of the participants are detailed in Table 1.  
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 

 

 

 

 

Agricultural Educators’ 
Skills and Abilities to 
Effectively Integrate 

STEM 

Experience 

• Experience as an Agricultural Educator is Critical 
to Developing Pedagogical Skills, Content 
Knowledge, and Skills in Integrating STEM. 
Some of the Skills Learned Through Teaching 
Experience Are Listed Below: 

o Classroom Management 
o Content Knowledge 
o Pedagogical Strategies 
o Assessment Approaches 
o Grading 
o Knowledge of STEM 

 
 

Professional Development 

• Pertinent Professional Development that Targets 
the Needs of Agricultural Educators Can Increase 
their Confidence to Integrate STEM into AFNR 
Pathways. The Most Common Types of 
Professional Development Include:  

o Educator Inservice 
o Workshops 
o Conferences 
o Seminars 
o Professional Readings 

 
 

Specialized Training 

• The Teacher Preparation Program is the Most 
Fruitful Source of Qualified Agricultural 
Educators. This Specialized Training is Designed 
to Provide the Experiences Necessary for 
Preservice Educators to Become Effective 
Educators. Some of These Areas Include: 

§ Teaching Methods 
§ FFA/SAE Management 
§ Content Knowledge (e.g. STEM Concepts) 
§ Classroom Management 
§ Educational Law 
§ Special Education (IEPs & 504 Plans) 
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Table 1 
 
Demographics of Participating Agricultural Educators in Alabama, Georgia, and Florida. 
 
  Demographic Area   Sub-Area ƒ   % 

Gender Male  
Female 

38 
30 

55.9 
44.1 

Race White 
African American 
Other 

60 
7 
1 

 
 

88.2 
10.3 
  1.5 

00.9 Highest Degree Earned Bachelors 21 30.9 
  Masters  

 
28 41.2 

   Specialist  
Doctoral 

12 
7 

17.6 
10.3 

Teacher Certification Traditional Certification 
Alternative Certification 
Other 

56 
12 
0 

82.4 
17.6 
  0.0 

Agriculture Department Size   1 Teacher 
  2 Teachers 
  3 Teachers 
  4+ Teachers 

35 
18 
5 
10 

51.5 
26.4 
  7.4 
14.7 

Note. n = 68 
 
Of the most notable demographic information collected, 56.2% of participating agricultural 
educators were male, and 43.8% were female. Approximately 87.5% were white, and 10.9% 
were African American. Additionally, 59.4% of participants had a master’s degree or higher, and 
81.3% were traditionally certified. Furthermore, 53.1% of participants taught in a one-teacher 
program. 
 
Instrumentation 
 
The instrument used in the study was delivered by Qualtrics to male and female agricultural 
educators, and it evaluated educators’ level of confidence to integrate specific STEM-based 
AFNR standards into agricultural education curriculum. The instrument was modified from 
Norris (2021). The statements regarding STEM were developed from the agriculture, food, and 
natural resources (AFNR) standards crosswalk produced by the National Council for 
Agricultural Education (2015). These AFNR standards were cross-walked with the Common 
Core Mathematics standards, Next Generation Science Standards, and the STEM sections of the 
Green/Sustainability Knowledge and Skill Statements to identify the STEM-based AFNR 
standards. The standards included in the instrument are listed in Table 3 by pathway. The 
statements were abbreviated from their original form for reporting purposes, but an effort was 
made to maintain the original intent. The confidence levels of agricultural educators were 
assessed using a Likert-type scale that ranged from 1 = Not Confident at All, 2 = Somewhat 
Confident, 3 = Moderately Confident, 4 = Very Confident, and 5 = Extremely Confident. 
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The researchers chose not to conduct a pilot study because the reliability and validity of the 
instrument were assessed by Norris (2021) in a previous pilot study. To further assess the 
instrument for this specific population, the researchers formed a panel of two faculty at New 
Mexico State University to assess the instrument for content, construct, and face validity. In 
addition, instrument reliability was assessed post hoc utilizing a Cronbach’s alpha reliability test 
on each pathway. The reliability coefficients for each pathway in the instrument ranged from .90 
to .99. According to Ary et al. (2010), a reliability coefficient greater than .9 is considered an 
acceptable level of reliability. These results suggest there are no issues with the reliability or 
validity of the instrument. 
 
Data Collection 
 
A list of agricultural educators and their email addresses was collected using resources from 
online agricultural educator directories. This produced a list of 99 viable emails in Alabama, 185 
viable emails in Georgia, and 115 viable emails in Florida (N = 399). These states were 
purposively selected due to their close geographical proximity to each other and their similarities 
in SBAE programming. According to Ramsey and Schafer (2012), a total of 30 responses are 
needed for quality descriptive research. In this study, a response rate of 17.04% (n = 68) was 
achieved. 

 
To evaluate non-response bias, the researchers employed independent samples t-tests to compare 
the differences between early responders and late responders (Lindner, et al., 2001). Following 
the approach suggested by Dillman et al. (2014) to elicit responses, participants were sent an 
introductory email, followed by three reminder emails. Those who responded after the initial 
introductory email (n = 28) were classified as early respondents, while those who responded after 
the three reminder emails (n = 40) were categorized as late respondents. No statistical differences 
were found, suggesting there are no non-response bias issues. 
 
Data Analysis 
 
To appropriately apply parametric statistics for the analysis of Likert scale data, it is necessary to 
group five or more items together to create constructs (Johnson & Creech, 1983; Norman, 2010; 
Sullivan & Artino, 2013; Zumbo & Zimmerman, 1993). This grouping is essential as Likert scale 
data is considered ordinal in nature. In this study, the STEM-based AFNR standards were 
combined to form constructs between each pathway. To evaluate research objective one, 
independent samples t-tests were utilized to assess statistical differences between the confidence 
levels of male and female agricultural educators to integrate STEM into the AFNR curriculum. 
In research objective two, central tendencies were utilized to further delineate the data and 
evaluate each individual STEM-based standard by the male and female agricultural educators’ 
confidence level to integrate each specific standard.  
 
Limitations 

 
Due to the limited response rate (17.04%), the researchers caution against generalizing these 
results beyond the participating agricultural educators. Moreover, despite the instrument’s 
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robustness, it is improbable that it comprehensively assessed every STEM-based AFNR concept 
integrated into agricultural education. 
 

Results 
Research Objective One 
 
Research objective one was assessed using independent samples t-tests on each AFNR pathway. 
The results of the independent samples t-test found statistically significant differences in the 
confidence levels of male and female agricultural educators to integrate STEM-based AFNR 
standards into the Environmental Services Pathway t(66) = 2.57, p = .01, Food Products and 
Processing Pathway t(66) = 2.38, p = .02, Natural Resources Pathway t(66) = 2.23, p = .03, Plant 
Systems Pathway t(66) = 1.95, p =.05, and the Power, Structural, and Technical Systems 
Pathway t(66) = 7.13, p < .001. The Agribusiness Pathway t(66) = 1.89, p = .06, Animal Science 
Pathway t(66) = .24, p = .82, and the Biotechnology Pathway t(66) = .33, p = .74 all had 
statistically insignificant effects. According to Cohen (1988), Cohen’s d is interpreted as a small 
effect = .20, medium effect = 0.50, and a large effect = .80. The analysis suggested that the 
Environmental Services Pathway (Cohen’s d = .63), Food Products and Processing Pathway 
(Cohen’s d = .58), Natural Resources Pathway (Cohen’s d = .56), and the Plant Systems Pathway 
(Cohen’s d = .48) all had moderate effect sizes (Cohen, 1988). In addition, the Power, Structural, 
and Technical Systems Pathway (Cohen’s d = 1.74) had a large effect size (Cohen, 1988). The 
complete results of the t-tests are reported in Table 2. 
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Table 2 

Results for the t-test Assessing STEM Integration Confidence of Male and Female Educators  

Note. Α = .05. Cohen’s d is interpreted as a small effect = .20, medium effect = 0.50, and a large 
effect = .80. The Likert scale ranges from 1 = Not Confident at All, 2 = Somewhat Confident, 3 = 
Moderately Confident, 4 = Very Confident, and 5 = Extremely Confident. 
 
Research Objective Two 
 
Research objective two aimed to further delineate the data by evaluating differences in male and 
female agricultural educators’ confidence to implement each individual STEM-based AFNR 
standard. The results from research objective two are reported in Table 3. 

Constructs n M SD t df p Cohen’s d 
      Male 38 3.21 1.16     
Agribusiness Pathway    1.89 66 .06 .46 
      Female 30 2.73 .85     
              Male 38 3.56 1.08     
Animal Science Pathway    .24 66 .82 .06 
      Female 30 3.51 .91     
              Male 38 2.74 1.08     
Biotechnology Pathway    .33 66 .74 .08  

Female 30 2.66 1.00     
         Male 38 3.22 .94     
Environmental Services Pathway    2.57 66 .01 .63 
       Female 30 2.62 .97     
               Male 38 3.39 1.22     
Food Products and Processing Pathway    2.38 66 .02 .58 
      Female 30 2.71 1.11     
               Male 38 3.46 1.06     
Natural Resources Pathway    2.23 66 .03 .56 
 Female 30 2.89 1.04     
               Male 38 3.82 .90     
Plant Systems Pathway    1.95 66 .05 .48 
       Female 30 3.37 .99     
               Male 38 3.53 .99     
Power, Structural, & Technical Pathway    7.13 66 <.001 1.74 
 Female 30 1.91 .83     
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    Table 3 
 
    Descriptive Statistics Describing the Individual STEM-based AFNR Standards by Sex  
 

 

 

STEM-Based AFNR Standards 
Male Female Total 

M SD M SD M SD 
Agribusiness Pathway 3.21 1.24 2.73   .99 2.97 1.12 
 Apply micro- and macroeconomic principles…manage inputs and outputs… 3.13 1.30 2.50   .97 2.82 1.14 
 Apply accounting principles…track and audit AFNR business transactions. 3.08 1.34 2.67   .88 2.88 1.11 
 Assemble, interpret, and analyze financial information… 3.11 1.25 2.77 1.10 2.94 1.18 
 Develop, assess, and manage cash budgets to achieve AFNR business goals. 3.42 1.13 3.03   .96 3.23 1.05 
 Analyze credit and manage credit budgets to achieve AFNR business goals. 3.29 1.18 2.67 1.03 2.98 1.11 
Animal Science Pathway 3.56 1.19 3.51 1.06 3.54 1.12 
 Assess and select animal production methods for use in animal systems. 3.50 1.23 3.53 1.07 3.52 1.15 
 Analyze and apply laws and sustainable practices to animal agriculture. 3.50 1.35 3.20 1.03 3.35 1.19 
 Demonstrate management techniques that ensure animal welfare. 3.89 1.18 3.87   .97 3.88 1.08 
 Analyze procedures to ensure that animal products are safe for consumption. 3.71 1.16 3.70 1.05 3.71 1.11 
 Apply scientific principles to select and care for breeding animals. 3.61 1.18 3.77 1.07 3.69 1.13 
 Design animal housing, equipment, and handling facilities… 3.84 1.05 3.57 1.07 3.71 1.06 
 Apply principles of comparative anatomy and physiology… 3.63 1.10 3.57 1.19 3.60 1.15 
 Select and train animals for specific purposes… 3.42 1.08 3.37 1.10 3.40 1.09 
 Design programs to prevent animal diseases, parasites, and other disorders… 3.39 1.22 3.40 1.07 3.40 1.15 
 Design and implement methods to reduce the effects of animal production… 3.29 1.31 3.30   .95 3.30 1.13 
 Evaluate the effects of environmental conditions on animals… 3.42 1.20 3.30 1.06 3.36 1.13 
Biotechnology Pathway 2.74 1.25 2.66 1.15 2.70 1.45 
 Apply operating procedures for the safe handling…materials in a laboratory. 3.13 1.23 3.20 1.19 3.17 2.21 
 Examine and perform scientific procedures using… in a laboratory. 2.58 1.20 2.53 1.14 2.56 1.17 
 Apply biotechnology… to create… species through genetic engineering. 2.50 1.30 2.30 1.12 2.40 1.21 
 Apply biotechnology… to enhance plant and animal care and production. 2.76 1.28 2.60 1.13 2.68 1.21 
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STEM-Based AFNR Standards 
Male Female Total 

M SD M SD M SD 
Environmental Services Pathway 3.22 1.11 2.62 1.12 2.92 1.12 
 Analyze laboratory and field samples… 3.29 1.11 2.73 1.11 3.01 1.11 
 Interpret the impact of laws, agencies, policies, and practices… 3.29 1.06 2.73 1.11 3.01 1.09 
 Apply meteorology principles to environmental service systems. 3.05 1.27 2.40 .93 2.73 1.10 
 Apply soil science and hydrology principles… 3.45 1.01 2.80 1.10 3.13 1.06 
 Apply chemistry principles to environmental service systems. 2.95 1.04 2.43 1.04 2.69 1.04 
 Apply microbiology principles… 2.84 1.08 2.40 1.13 2.62 1.11 
 Apply ecology principles to environmental service systems. 3.24 1.15 2.90 1.24 3.07 1.20 
 Use pollution control measures to maintain a safe facility… 3.39 1.13 2.77 1.14 3.08 1.14 
 Manage safe disposal of all categories of solid waste… 3.32 1.09 2.80 1.27 3.06 1.18 
 …ensure a safe supply of drinking water and… wastewater… 3.16 1.29 2.70 1.29 2.93 1.29 
 Compare and contrast the impact of… energy sources…. 3.24 1.13 2.60 1.13 2.92 1.13 
 Use… tools to map land, facilities, and infrastructure…. 3.34   .99 2.47 1.04 2.91 1.02 
 Perform assessments of environmental conditions… 3.29 1.11 2.37 1.00 2.83 1.06 
Food Products and Processing Pathway 3.40 1.26 2.71 1.20 3.06 1.23 
 Implement…techniques to ensure safe and quality food products. 3.46 1.20 3.07 1.26 3.26 1.23 
 Create food distribution plans to ensure safe delivery of food… 3.32 1.25 2.67 1.16 3.00 1.21 
 Examine the scope of the food industry… 3.32 1.23 2.60 1.22 2.96 1.23 
 Evaluate…changes and trends in the… industry… 3.45 1.33 2.53 1.20 2.99 1.27 
 Identify… industry organizations and regulatory agencies… 3.45 1.31 2.70 1.15 3.08 1.23 
Natural Resources Systems Pathway 3.46 1.15 2.89 1.15 3.18 1.15 
 Apply methods of classification to examine… function in a particular region. 3.58 1.15 3.10 1.21 3.34 1.18 
 Classify…natural resources…to enable protection, conservation… 3.61 1.08 3.10 1.21 3.36 1.15 
 Apply…concepts and principles to atmospheric natural resource… 3.34 1.30 2.67 1.21 3.01 1.26 
 Apply… concepts and principles to aquatic natural resource… 3.47 1.18 2.83 1.18 3.15 1.18 
 Apply… concepts and principles to terrestrial natural resource... 3.37 1.20 2.93 1.17 3.15 1.19 
 Apply… concepts and principles to living organisms in natural... 3.55 1.11 3.00 1.20 3.28 1.16 
 Examine…laws and agencies related to natural resource… 3.42 1.11 2.93 1.14 3.18 1.13 
 Assess the impact of human activities on… natural resources. 3.53 1.06 3.13 1.14 3.33 1.10 
 Examine…how economics affects the use of natural resources. 3.50 1.18 2.87 1.11 3.19 1.15 
 Communicate information…related to…natural resources. 3.42 1.13 3.10 1.19 3.26 1.16 
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  Note. 1 = Not Confident at All, 2 = Somewhat Confident, 3 = Moderately Confident, 4 = Very Confident, and 5 = Extremely Confident 
 

 

 

 

 

 

 

 

STEM-Based AFNR Standards 
Male Female Total 

M SD M SD M SD 
Natural Resources Systems Pathway (Continued) 3.46 1.15 2.89 1.15 3.18 1.15 
 Sustainably produce, harvest, process, and use natural resource products. 3.55 1.20 2.73 1.08 3.14 1.14 
 Demonstrate natural resource…techniques. 3.47 1.22 2.87 1.14 3.17 1.18 
 Diagnose plant and wildlife diseases… 3.34 1.12 2.57 1.07 2.96 1.10 
 Diagnose plant and wildlife diseases… and prevent their spread. 3.29 1.09 2.60 1.07 2.95 1.08 
Plant Systems Pathway 3.82   .99 3.37 1.10 3.59 1.04 
 Develop and implement a fertilization plan for specific plants or crops. 3.79 1.07 3.17   .99 3.48 1.03 
 Apply knowledge of plant anatomy…to activities associated with plant systems. 3.88   .94 3.67   .99 3.77   .97 
 Apply knowledge of plant physiology and energy conversion to plant systems. 3.84   .95 3.27 1.11 3.56 1.03 
 Apply principles and practices of sustainable agriculture to plant production. 3.87   .91 3.40 1.19 3.64 1.05 
 Create designs using plants. 3.71 1.06 3.33 1.21 3.52 1.14 
Power Structural and Technical Systems Pathway 3.52 1.14 1.92   .92 2.72 1.03 
 Apply…engineering principles to…energy sources… 3.68 1.07 2.10   .96 2.89 1.02 
 Apply… engineering principles to…mechanical systems… 3.68   .96 2.03   .96 2.86   .96 
 Apply electrical wiring principles in AFNR structures. 3.76 1.13 1.90 1.03 2.83 1.08 
 Apply computer and other technologies to solve problems… 3.29 1.25 1.83   .83 2.56 1.04 
 Apply geospatial technologies to solve problems… 3.21 1.30 1.70   .84 2.46 1.07 
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Within the Agribusiness Pathway, both male and female agricultural educators rated “Develop, 
assess and manage cash budgets to achieve AFNR business goals” (Male, M = 3.42, SD = 1.13; 
Female, M = 3.03, SD = .96) as the standard they were the most confident in implementing. Male 
and female agricultural educators both ranked “Demonstrate management techniques that ensure 
animal welfare” (Male, M = 3.89, SD = 1.18; Female, M = 3.87, SD = .97) the highest within the 
Animal Science Pathway. Within the Biotechnology Pathway, male and female participating 
agricultural educators both selected “Demonstrate management techniques that ensure animal 
welfare” (Male, M = 3.13, SD = 1.23; Female, M = 3.20, SD = 1.19) as the standard they were 
most confident in implementing. Within the Environmental Science Pathway, male agricultural 
educators ranked “Demonstrate management techniques that ensure animal welfare” (M = 3.45, 
SD = 1.01) as the standard they had the most confidence in implementing, but female agricultural 
educators ranked “Apply ecology principles to environmental service systems” as the highest 
standard (M = 3.24, SD = 1.15). The male and female agricultural educators both ranked 
“Implement selection, evaluation and inspection techniques to ensure safe and quality food 
products” (Male, M = 3.46, SD = 1.20; Female, M = 3.07, SD = 1.26) as the Food Products and 
Processing Pathway standard they had the most confidence in implementing. Within the Natural 
Resources Pathway, the male agricultural educators ranked “Classify different types of natural 
resources in order to enable protection, conservation, enhancement, and management in a 
particular geographical region” (M = 3.61, SD = 1.08) as the standard they felt the most 
confident in implementing, while female agricultural educators selected “Assess the impact of 
human activities on the availability of natural resources” (M = 3.13, SD = 1.14) as the standard 
they felt the most confidence in implementing. Male and female agricultural educators both 
selected “Apply knowledge of plant anatomy and the functions of plant structures to activities 
associated with plant systems” as the STEM-based standard in the Plant Systems Pathway they 
were the most confident in implementing. Within the Power, Structural, and Technical Systems 
Pathway, the male agricultural educators selected “Apply electrical wiring principles in AFNR 
structures” (M = 3.76, SD = 1.13) as the STEM-based standard they felt the most confident in 
integrating, while the female agricultural educators selected “Apply physical science and 
engineering principles to assess and select energy sources for AFNR power, structural and 
technical systems” (M = 2.10, SD = .96) as the standard they were the most confident in 
implementing.  

Discussions, Conclusions, and Recommendations 

Throughout agricultural education’s history, ensuring a prepared and competent workforce has 
been a major objective (Fristoe, 2017; Martinez, 2007). It is noted throughout the published 
literature that STEM skills are a critical component of a workplace (Scherer et al., 2019; 
Swafford, 2018). While STEM skills are vital to success, the industry currently claims that 
students exiting secondary education are not adequately prepared in the areas of STEM 
(McGunagle & Zizka, 2020). In addition, many studies suggest that women are choosing not to 
major in STEM (Beede et al., 2011; Bloodhart et al., 2020; Koch et al., 2022) and are not 
entering STEM-based career fields (Beede et al., 2011).  

 
The first research objective assessed statistical differences between the confidence levels of male 
and female agricultural educators to integrate STEM into the AFNR curriculum. Overall, 
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statistical differences were found in five of the eight pathways including the Environmental 
Services, Food Products and Processing, Natural Resources, Plant Systems, and the Power, 
Structural, and Technical Systems pathways. This result was consistent with Smith et al. (2015), 
who found that female agricultural educators have less confidence in integrating engineering into 
agricultural education. This is particularly concerning for the agricultural education profession 
since the number of female agricultural educators has increased exponentially over the last 50+ 
years (Enns & Martin, 2015).  

 
The second research objective further delineated the data by evaluating each STEM-based AFNR 
standard for differences in the confidence levels of male and female agricultural educators to 
integrate STEM. Overall, male participants selected the Plant Science, Animal Science, and 
Power, Structural, and Technical Systems pathways as the areas they were the most confident in 
integrating STEM. Inversely, the areas that male agricultural educators had the least amount of 
confidence in integrating STEM were the Biotechnology, Agribusiness, and Environmental 
Services pathways. Female agricultural educators reported being the most confident in 
integrating STEM into the Animal Science, Plant Systems, and Natural Resources pathways. 
Furthermore, female agricultural educators ranked the Power, Structural, and Technical Systems, 
Environmental Science, and Biotechnology pathways as the areas they felt least confident in 
implementing STEM. Overall, male and female agricultural educators ranked two of the same 
pathways as the highest and two of the same pathways the lowest. The most significant 
difference in this objective was the large variations in confidence within the Power, Structural, 
and Technical Systems pathway. This result is consistent with Yopp et al. (2020) who found 
statistically significant differences in the professional development needs of female and male 
agricultural educators within the Power, Structural, and Technical Systems pathway. 

  
Based on the results of this study, the researchers recommend providing agricultural educators 
with targeted professional development on STEM integration. For example, professional 
development for female agricultural educators within the Power, Structural, and Technical 
pathway may be beneficial to increase their confidence in integrating STEM into the AFNR 
curriculum. This targeted and pertinent professional development will help increase the human 
capital input for agricultural educators (Becker, 1993).  

 
Recommendations for future research include evaluating teacher preparation programs’ STEM 
integration training and assessing the current professional development options for agricultural 
educators. Additionally, Fernandez et al. (2020) found that there will be a continued demand for 
employees in AFNR jobs, but there is a lack of students trained specifically in STEM and AFNR 
fields at the postsecondary level. Furthermore, the pool of available college graduates trained in 
STEM and AFNR lacks diverse representation (Fernandez et al., 2020). To counter these 
findings, the researchers recommend assessing the confidence levels of agricultural educators 
who teach STEM in traditionally underserved populations. To improve the pipeline of future 
AFNR employees, it is important to measure these agricultural educators’ abilities and 
confidence levels to integrate STEM into agricultural education curriculum. By improving the 
exposure to and training of STEM and AFNR careers in secondary education, interest and 
involvement from underserved populations could increase at the postsecondary level for a 
diverse AFNR workforce (Burt & Johnson, 2018; Maltese et al., 2014; Maltese & Tai, 2010; 
Williams et al., 2016).  
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