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leadership, mathematics, and science within their curriculum. In order to accomplish this
research aim, relevant data were collected from a simple random sample of secondary
agriculture teachers in the United States during the 2015-2016 school year.
The potential predictors to the intentions of secondary agriculture teachers to
integrate leadership, mathematics, and science were identified from the theory of planned
behavior. Within the theory of planned behavior, an individual’s attitude, subjective
norms, and perceived behavioral control are posited as predicting the intentions of an
individual to perform an identified behavior. In addition to these predictors, I included

teachers’ self-reported leadership, mathematics, and science knowledge as a potential
predictor of their intention to integrate each of the three respective content areas. Each of
the three predictive models (i.e. predictive model of leadership integration, predictive
model of mathematics integration, and predictive model of science integration) were
analyzed using structural equation modeling.
In total, secondary agriculture teachers indicated intentions to integrate leadership
content into 28.49% of their agriculture curriculum, mathematics content into 24.51% of
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integration, attitudes toward leadership integration and subjective norms regarding
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knowledge of science and the level of science integration intended among secondary

agriculture teachers. The need and nature of these potential explorations, along with
specific recommendations for practice, are also discussed.

©Copyright by Aaron J. McKim
April 5, 2016
All Rights Reserved

Leadership, Mathematics, and Science Integration in Secondary Agricultural Education

by
Aaron J. McKim

A DISSERTATION
submitted to
Oregon State University

in partial fulfillment of
the requirements for the
degree of
Doctor of Philosophy

Presented April 5, 2016
Commencement June 2016

Doctor of Philosophy dissertation of Aaron J. McKim presented on April 5, 2016

APPROVED:
________________________________________________________________________
Major Professor, representing Science Education

________________________________________________________________________
Dean of the College of Education

________________________________________________________________________
Dean of the Graduate School

I understand that my dissertation will become part of the permanent collection of Oregon
State University libraries. My signature below authorizes release of my dissertation to
any reader upon request.

________________________________________________________________________
Aaron J. McKim, Author

ACKNOWLEDGEMENTS
I have had incredible support from a number of tremendous people throughout my
life. To my family, friends, teachers, mentors, and peers, I want to say thank you for
being the amazing people you are.
I am unendingly appreciative for the support, guidance, and friendship of my
major professor and dissertation chair, Dr. Jonathan Velez. From the time I arrived at
Oregon State, Dr. Velez has been an extraordinary role model for my professional and
personal life; thank you for everything. I would also like to thank the members of my
committee who supported and encouraged my growth and development throughout this
process, Dr. Misty Lambert, Dr. Greg Thompson, Dr. Jana Bouwma-Gearhart, and Dr.
Gene Eakin.
I am blessed to have the tremendous support of my wife, Lauren. Whether it was
supporting our transition from Indiana to Oregon, encouraging me through my courses, or
sitting by my side as I finished my dissertation, Lauren has been there, encouraging me
toward my goals. I am truly lucky to have such a kind, compassionate, and caring person
to share my life with. Thank you, Lauren.
Finally, I want to thank the collection of tremendous people that make up my
family. To my siblings, your guidance and support has been instrumental in my journey; I
truly appreciate each and every one of you. To my parents, thank you for absolutely
everything. From providing a foundation of agriculture and education to offering advice
and a listening ear each week, you have been eager to help. For that, I am forever
grateful.

TABLE OF CONTENTS
Page
Chapter 1: Introduction ....................................................................................................... 1
Statement of the Problem.................................................................................................5
Introduction to the Theoretical Framework .....................................................................6
Purpose and Objectives of the Study ...............................................................................8
Assumptions ....................................................................................................................9
Limitations .....................................................................................................................10
Delimitations..................................................................................................................11
Definition of Terms .......................................................................................................12
Chapter 2: Literature Review ............................................................................................ 15
The History of Leadership, Mathematics, and Science Content Integration within
Secondary Agricultural Education .................................................................................16
The Efficacy of Leadership, Mathematics, and Science Integration within Secondary
Agricultural Education...................................................................................................20
Theoretical Foundation: Agriculture Teacher as Gatekeeper ........................................29
Summary of the Literature Review ................................................................................47
Chapter 3: Methods ........................................................................................................... 49
Overview........................................................................................................................49
Description of the Population and Sample ....................................................................49

TABLE OF CONTENTS (Continued)
Page
Instrumentation ..............................................................................................................51
Validity and Reliability..................................................................................................58
Human Subject Approval ..............................................................................................61
Data Collection ..............................................................................................................61
Response Rate ................................................................................................................62
Data Analysis .................................................................................................................63
Chapter 4: Findings ........................................................................................................... 78
Purpose and Objectives Review ....................................................................................78
Research Objective One ................................................................................................80
Research Objective Two ................................................................................................83
Research Objective Three ..............................................................................................86
Research Objective Four ................................................................................................91
Research Objective Five ................................................................................................95
Research Objective Six ..................................................................................................98
Research Objective Seven ...........................................................................................103
Research Objective Eight ............................................................................................107
Research Objective Nine .............................................................................................110
Chapter 5: Conclusions, Implications, and Recommendations ...................................... 115

TABLE OF CONTENTS (Continued)
Page
Purpose and Objectives Review ..................................................................................115
Intentions to Integrate Leadership ...............................................................................117
Intentions to Integrate Mathematics ............................................................................124
Intentions to Integrate Science .....................................................................................129
Implications on the Intention to Integrate Model and Theory of Planned Behavior ...136
Recommendations for Practice and Future Research ..................................................139
Works Cited .................................................................................................................... 143

LIST OF FIGURES
Figure

Page

Figure 1. Model of the theory of planned behavior (Ajzen, 1985, 1987, 1991). .............. 31
Figure 2. Model of the theory of planned behavior with the addition of knowledge. ...... 43
Figure 3. Structural model of leadership, mathematics, and science integration. ............ 74
Figure 4. Final structural model of leadership integration. ............................................. 104
Figure 5. Final structural model of mathematics integration. ......................................... 108
Figure 6. Final structural model of science integration. ................................................. 112

LIST OF TABLES
Table

Page

Table 1: Pilot Test and Post Hoc Reliability Estimates of Established Constructs .......... 59
Table 2: Age and Sex of Respondents .............................................................................. 80
Table 3: Years of Teaching Experience and Sex of Respondents .................................... 81
Table 4: Attitudes toward Leadership Integration ............................................................ 84
Table 5: Attitudes toward Mathematics Integration ......................................................... 85
Table 6: Attitudes toward Science Integration.................................................................. 86
Table 7: Subjective Norms toward Leadership Integration .............................................. 88
Table 8: Subjective Norms toward Mathematics Integration ........................................... 89
Table 9: Subjective Norms toward Science Integration ................................................... 90
Table 10: Perceived Behavior Control toward Leadership Integration ............................ 92
Table 11: Perceived Behavior Control toward Mathematics Integration ......................... 93
Table 12: Perceived Behavior Control toward Science Integration.................................. 94
Table 13: Self-Reported Knowledge of Leadership ......................................................... 96
Table 14: Self-Reported Knowledge of Mathematics ...................................................... 96
Table 15: Self-Reported Knowledge of Science ............................................................... 97
Table 16: Intentions to Integrate Leadership .................................................................. 100
Table 17: Intentions to Integrate Mathematics ............................................................... 101
Table 18: Intentions to Integrate Science........................................................................ 102
Table 19: Structural Equation Modeling Results for Intentions to Integrate Leadership 106
Table 20: Structural Equation Modeling Results for Intentions to Integrate Mathematics
......................................................................................................................................... 110

LIST OF TABLES (Continued)
Table

Page

Table 21: Structural Equation Modeling Results for Intentions to Integrate Science .... 114

1

Leadership, Mathematics, and Science Integration in Secondary Agricultural
Education
Chapter 1: Introduction
The purpose of this research was to explore a model of secondary agriculture
teachers’ intentions to integrate leadership, mathematics, and science content within their
curriculum. The impetus for this investigation begins with the importance of leadership
(APLU, 2009; Kagay, Marx, & Simonsen, 2015; NACE, 2014), mathematics (Gonzalez
& Kuenzi, 2012; Mullis, Martin, Foy, & Arora, 2012), and science (Gonzalez & Kuenzi,
2012) knowledge and ways of knowing within twenty-first century society. Both the
knowledge of, and ability to do, mathematics and science are needed for individuals to
make sense of the world around them, solve problems, and contribute to the social push
within the United States for an economic and technological advantage over global
economic and militaristic competitors (Augustine, 2005; Sanders, 2009; Stubbs & Myers,
2015). In addition to mathematics and science, a growing body of research suggests
leadership skills (e.g. communication, teamwork, and ethics) must be paired with
technical knowledge in order to contribute to, and coordinate, problem solving efforts
within society (Bennis & Nanus, 1985; Hora, Benbow, & Oleson, 2015; Kagay et al.,
2015; Komives, Lucas, & McMahon, 2007; Kouzes & Posner, 2007; NACE 2014; NRC,
2002).
The need for leadership, mathematics, and science knowledge (i.e. conceptual
understanding) and ways of knowing (i.e. the ability to do) among current and future
members of American society is foundational to this research; however, the need for
investigating integration of this content emerges from research chronicling secondary
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students in the United States underachievement in leadership, mathematics, and science
(Gonzalez & Kuenzi, 2012; NACE, 2014; OECD, 2012; Schmidt, 2011; Stone, 2011;
Stone & Lewis, 2012).
The 2012 Program for International Assessment (PISA) identified 15 year-old
students from 29 countries scored higher than students from the United States in an
assessment of mathematics ability (OECD, 2012). In addition to the underperformance of
United States students on international mathematics exams, Schmidt suggested “roughly
three quarters of American high school students graduate with a relatively poor grasp of
mathematics” (2011, p. 2). The average score for United States students in mathematics,
which fell below the international average, and their poor grasp of mathematics after
completing high school is a concern given the social push among United States citizens
for a technological advantage over global competitors (Stone, 2011; Stone & Lewis,
2012).
Transitioning to secondary student performance in science, results from the PISA
indicate 15 year-old students from 22 countries had higher average scores in science
when compared to United States students (OECD, 2012). Similar to the results within
mathematics, the average score for students within the United States fell below the
international average. Unfortunately, the alarming results from the PISA are only one of
many indicators suggesting students in the United States are underperforming in science
when compared to their international peers (Kena et al., 2015).
In addition to evidence suggesting limited proficiency in science and
mathematics, another body of literature details a “skills gap,” in which new employees
within the United States lack post-industrial leadership skills (Hora et al., 2015; Kagay et
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al., 2015; Morgan, Fuhrman, King, Flanders, & Rudd, 2013). Contrary to the commonly
held perspective of leadership as a one-way process in which a leader directs his or her
followers to a specific action, post-industrial leadership posits all individuals have the
capacity to enact influence and leadership (Keating, Rosch, & Burgoon, 2014; Morgan &
Rudd, 2006). Under the post-industrial perspective, leadership education entails
developing a wide range of leadership skills (e.g. relationship building, communication
skills, organizing teams, and emotional intelligence) among all students (Rosch,
Simonsen, & Velez, 2015).
Post-industrial leadership skills have been rated as the most desired characteristics
of new employees, rated higher than technical skills needed for the job (NACE, 2014).
Additionally, leadership skills are necessary for working within collaborative teams to
solve the social, ecological, and technological problems facing the United States (Bennis
& Nanus, 1985; Connors & Swan, 2006; Morgan et al., 2013). However, the secondary
education system within the United States does not appear to be adequately addressing
the need for student development of leadership competencies (Komives et al., 2007;
Kouzes & Posner, 2007).
Taken in combination, the evidence regarding the development of students’
knowledge and abilities in leadership, mathematics, and science provide a clear call for
research exploring ways to improve student learning in these critical areas within
secondary education. The question then becomes, what are the ways in which student
learning in leadership, mathematics, and science can be facilitated at the secondary level?
One potential for increasing secondary student learning in leadership,
mathematics, and science is by teaching these sometimes abstract concepts within a
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specific context, like agriculture (APLU, 2009; NRC, 2009; Stone, 2011; Stubbs &
Meyers, 2015). This practice, referred to as contextual teaching and learning (i.e. CTL),
has been identified as a powerful tool for increasing student learning (Johnson, 2002;
NRC, 2011). The most commonly used definition of CTL states that it is a “diverse
family of instructional strategies designed to more seamlessly link the learning of
foundational skills and academic or occupational content by focusing teaching and
learning squarely on concrete applications in specific context that is of interest to the
student” (Mazzeo, Rab, & Alssid, 2003, pp. 3-4). In agricultural education this seamless
link is attempted between academic content (e.g. leadership, mathematics, and science)
and the concrete applications (e.g. plant science, renewable technologies, agricultural
mechanics, biotechnology, food science, animal science) agricultural context offers
(NRC, 2011).
Research in agricultural education exploring the efficacy of academic learning
within the context of agriculture, which will be explored in more depth within the
literature review, supports the notion that student learning of leadership, mathematics,
and science content can be enhanced through secondary agricultural education
(Balschweid, 2002; Conroy & Walker, 2000; Enderlin & Osborne, 1992; Enderlin,
Petrea, & Osborne, 1993; Flowers, 2000; Parr, Edwards, & Leising, 2006; Young,
Edwards, & Leising, 2009). However, the potential for academic learning depends on the
secondary agriculture teacher’s integration of core academic material within their
curriculum (McKim, Sorensen, & Velez, 2015). Therefore, we must recognize the
agriculture teacher, and their intentions to integrate leadership, mathematics, and science,
as a critical gatekeeper to contextualized learning.
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Statement of the Problem
American students are consistently being outperformed in the areas of
mathematics and science (Kena et al., 2015) and lack critical leadership skills necessary
for success after high school (Hora et al., 2013; NACE, 2014). Agricultural education
provides a potentially viable context for teaching this content; however, the integration of
leadership, mathematics, and science is reliant on teachers who purposefully integrate
leadership, mathematics, and science content within their practice. Unfortunately, the
literature fails to provide a rigorously tested model of the intentions of secondary
agriculture teachers to integrate academic concepts like leadership, mathematics, and
science. In this study, I analyzed secondary agriculture teachers’ intentions to integrate
leadership, mathematics, and science content within the agriculture courses they have
taught, are currently teaching, or plan to teach. Identifying the factors influencing the
integration of core academic content will inform preservice and inservice teacher
educators (e.g. practicing teachers, postsecondary teacher educators, state supervisors)
regarding the variables to address in efforts to enhance the integration of leadership,
mathematics, and science within secondary agricultural education.
In addition to potentially impacting student achievement within leadership,
mathematics, and science, understanding and supporting teachers’ integration of
leadership, mathematics, and science provides value to the agricultural education
discipline. The current ideology within secondary education supports student learning of
mathematics and science (CCSS Initiative, 2010; NGSS Lead Sates, 2013). Therefore,
increasing the role of secondary agricultural education as a method for engaging students
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in mathematics and science learning may help align agricultural education with current
initiatives in education (Bozick & Dalton, 2013); further legitimizing current agriculture
programs and supporting the addition of new agriculture education programs throughout
the United States.

Introduction to the Theoretical Framework
In order to explore the intentions of secondary agriculture teachers to integrate
leadership, mathematics, and science, I utilized the theory of planned behavior (Ajzen,
1991). The theory of planned behavior is one of the most commonly used theories to
analyze individuals’ intentions to enact a certain behavior and the determinants of that
intention (Ajzen, 2011; Montano & Kasprzyk, 2006). My research focused on the
determinants to secondary agriculture teachers’ intentions to integrate leadership,
mathematics, and science within their agriculture curriculum; therefore, the theory of
planned behavior provided a valuable foundation for this investigation.
The theory of planned behavior includes three determinants to an individual’s
intention to behave in a certain manner: (a) attitude toward behavior, (b) subjective
norms, and (c) perceived behavior control. Ajzen defined attitude toward the behavior as
“the degree to which a person has a favorable evaluation or appraisal of the behavior in
question” (1991, p. 188). As an example, an agriculture teacher with a positive perception
of leadership would be more likely to integrate leadership within their curriculum.
Subjective norms, the second predictor of behavioral intentions refers to the pressure an
individual feels from others to enact certain behaviors. For example, an agriculture
teacher may feel their school administrator/administration expects every teacher to
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contribute to the mathematics learning of students. In this example, the agriculture
teacher’s subjective norms regarding the mathematics integration expectations of their
administration would likely influence their integration of mathematics content. The final
predictor of behavioral intentions provided within the theory of planned behavior is
perceived behavioral control, an individual’s perception of their ability to control their
own behavior, including their ability to overcome, avoid, and/or mitigate potential
barriers to an identified action (Ajzen, 1991). An example of a perceived behavior control
within agricultural education may be a teacher who feels they have no control over the
level of science they integrate because they are using an established curriculum.
In addition to the original predictors of behavior intention identified by Ajzen
(1991), this analysis included agriculture teachers’ self-reported knowledge of leadership,
mathematics, and science as a potential predictor within each of the respective models of
integration intention.
Recent research (i.e. Stripling & Roberts, 2012a, 2012b; Stripling, Roberts, &
Stephens, 2014) has identified teachers’ content knowledge of core academic material
(e.g. mathematics) as a potential barrier to integration of academic content. Therefore, in
this analysis, I included a measure of teachers’ knowledge to account for this potential
barrier. While I recognize exploring an additional predictor to an established theoretical
framework within this context may be ambitious, I feel recent evidence regarding the
importance of teachers’ knowledge demands inclusion of this variable in my analysis of
secondary agriculture teachers’ integration of leadership, mathematics, and science.
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Purpose and Objectives of the Study
This study explored secondary agriculture teachers’ behavioral intentions
regarding the integration of leadership, mathematics, and science content within their
agricultural education curriculum. In accomplishing this purpose, my research addressed
the Agricultural Education National Research Agenda priority number five, efficient and
effective agriculture programs (Doerfert, 2011). The priority suggests efficient and
effective agricultural education programs are those meeting the needs of learners. Given
the importance of leadership, mathematics, and science knowledge to success after high
school and understanding of our world, research exploring antecedents to agriculture
teachers’ intentions to integrate leadership, mathematics, and science is timely and
relevant.
The following research objectives were established to guide the development and
execution of this study:
1. Describe the sample of secondary agriculture teachers.
2. Describe secondary agriculture teachers’ attitudes toward the integration of
leadership, mathematics, and science content within their curriculum.
3. Describe the subjective norms of secondary agriculture teachers regarding
leadership, mathematics, and science integration.
4. Describe respondents’ perceived behavioral control integrating leadership,
mathematics, and science.
5. Describe the self-reported knowledge of leadership, mathematics, and science
among secondary agriculture teachers.
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6. Describe the behavioral intentions of agriculture teachers related to leadership,
mathematics, and science integration.
7. Determine the relationship between secondary agriculture teachers’ attitudes
toward leadership integration, subjective norms regarding leadership integration,
perceived behavioral control related to integrating leadership, self-reported
knowledge of leadership, and intention to integrate leadership.
8. Determine the relationship between attitudes toward mathematics integration,
subjective norms regarding mathematics integration, perceived behavioral control
related to integrating mathematics, self-reported knowledge of mathematics, and
secondary agriculture teacher intention to integrate mathematics.
9. Determine the relationship between attitudes toward science integration,
subjective norms regarding science integration, perceived behavioral control
related to integrating science, and self-reported knowledge of science, and
secondary agriculture teacher intention to integrate science.

Assumptions
In order to accomplish the established purpose and objectives of this study, the
following assumptions were made.
1. The population frame used to pull a random sample included all members of
the target population (i.e. all secondary agriculture teachers in the United States
during the 2015-2016 school year).
2. The random sample of agriculture teachers was representative of the target
population of secondary agriculture teachers.
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3. Attitudes, subjective norms, perceived behavioral control, knowledge, and
behavioral intentions were measured by the survey instrument adapted for this
study.
4. Respondents had the ability to access and complete the online survey.
5. Respondents interpreted the questions as they were intended.
6. Respondents completed the questionnaire truthfully.

Limitations
As is the case with all research, in accomplishing the established research
objectives, certain limitations existed. The following is a list of the identified limitations
of this research.
1. I am a former agriculture teacher and current teacher educator and leadership
educator. Although every attempt was made to remain unbiased, I recognize that
my past experiences and the values I hold toward curriculum integration may
have influenced this research.
2. This study is not generalizable beyond the population of interest.
Generalizations are not intended to be made to teachers of other disciplines or any
other group of professionals other than secondary agricultural educators during
the 2015-2016 school year.
3. The mood and attitudes of respondents may have been influenced by recent
events, conversations, or initiatives; since surveys only capture data from one
point in time, the variation in moods and attitudes of respondents is a potential
limitation.
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4. Survey research is also limited in the lack of depth obtained from respondents.
The inability of the researcher to explore, in more depth, the phenomena of
interest via survey methodology is an additional limitation of this study.
5. The questionnaire was reviewed for face and content validity; however, it is
possible that some of the constructs did not include all possible variables and/or
did not accurately measure the perceptions of participants.
6. This study explored the behavioral intentions of secondary agriculture teachers
and did not evaluate teachers’ actual integration of leadership, mathematics, and
science content. While behavioral intentions are a strong predictor of actual
behavior, it is not an actual evaluation of behavior.
7. This study had respondents self-report their knowledge of leadership,
mathematics, and science using a construct comprised of specific discipline topics
from the Next Generation Science Standards, Common Core Standards, and an
established leadership textbook (Northouse, 2012). While I feel these constructs
provide valuable insight into teachers’ knowledge, I recognize self-reported
knowledge is not as rigorous an evaluation of knowledge as a standardized
assessment within these disciplines.

Delimitations
The following list includes the delimitations that help define how, and why, this
research was conducted.
1. I focused exclusively on secondary agriculture teachers’ integration of
leadership, mathematics, and science content. I recognize other core disciplines

12

(e.g. English language arts, history, technology, engineering) are important;
however, given the limitations of time and respondent fatigue as well as the
identified importance of leadership, mathematics, and science, the integration of
content from other disciplines was not included in this analysis.
2. Recent research using the theory of planned behavior has utilized a more
comprehensive model of behavioral intentions that includes antecedents to
attitudes (i.e. behavioral beliefs and outcome expectations), subjective norms (i.e.
normative beliefs and motivation to comply), and perceived behavioral control
(i.e. control beliefs and influence of control beliefs). While I feel this would have
been valuable information, I was unable to include these constructs in my analysis
as they would have tripled my instrument length and greatly increased respondent
fatigue and the potential for response sets.

Definition of Terms

Secondary agriculture teacher. A middle school or high school teacher who
teaches agriculture courses. This term was used interchangeably with agricultural
educator and agriculture teacher.

Attitude. An individuals’ perception, either positive or negative, regarding a
specific event or action.
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Subjective norm. An individual’s perception of the pressure from others to enact
a certain behavior.

Perceived behavioral control. An individual’s evaluation of their control over a
certain behavior. This control includes the ability to recognize and overcome potential
barriers to the identified behavior.

Knowledge. The amount of cognitive information an individual possesses related
to a specific discipline.

Behavioral intention. An individual’s aim to behave in a particular way. In this
study, I evaluated secondary agriculture teacher’s intentions to integrate leadership,
mathematics, and science content within their curriculum.

Leadership integration. The purposeful inclusion of grade appropriate
leadership (e.g. conflict management, citizenship, and team leadership) concepts and/or
practices in agriculture curriculum.

Mathematics integration. The purposeful inclusion of grade appropriate
mathematics (e.g. algebra, functions, modeling, geometry, and statistics) concepts and/or
practices in agriculture curriculum.
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Science integration. The purposeful inclusion of grade appropriate science (e.g.
physical science, life sciences, and earth/space sciences) concepts and/or practices in
agriculture curriculum.
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Leadership, Mathematics, and Science Integration in Secondary Agricultural
Education
Chapter 2: Literature Review
The integration of leadership, mathematics, and science content within secondary
agricultural education has the potential to support student learning of leadership,
mathematics, and science. The foundation of career and technical education, of which
agricultural education is integral, is “the idea of making learning relevant and connecting
the content with its application” (NRC, 2011, p. 19). The context of the content taught
within secondary agricultural education provides a powerful learning platform in which
to engage students in leadership, mathematics, and science (Stone, 2011). The following
literature review details how past research has established agricultural education as a
premier method for engaging secondary students in leadership, mathematics, and science.
Additionally, this literature review uncovers important gaps in the literature on
leadership, mathematics, and science integration within secondary agricultural education
and identifies how the current study attempts to address these missing pieces.
In an effort to improve clarity, this literature review is organized into three major
sections related to leadership, mathematics, and science integration within agricultural
education. First, I explore research within agricultural education relevant to the history of
academic integration; specifically, the integration of leadership, mathematics, and science
concepts. This research builds a foundation for how academic integration has emerged as
an area of emphasis within secondary agricultural education. Second, I explore research
on the efficacy of leadership, mathematics, and science integration. This analysis
transitions the discussion from a historical perspective to more recent, empirical literature
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exploring the potential for leadership, mathematics, and science integration within
agricultural education to support student learning. The third component of this literature
review is an exploration of agriculture teachers as gatekeepers to leadership,
mathematics, and science integration within their classrooms. This discussion includes an
in-depth analysis of the theory of planned behavior and how it informed the development
and execution of the current research.

The History of Leadership, Mathematics, and Science Content Integration within
Secondary Agricultural Education
Before attending to the research on the efficacy of leadership, mathematics, and
science content integration within school-based agricultural education (SBAE), I will
situate leadership, mathematics, and science integration within SBAE in a historical
context. The genesis of SBAE can be traced to the late 1700s, when orphan’s schools and
church mission compounds taught less fortunate populations of children how to grow
crops and raise livestock, a role commonly assumed by a child’s father (Wheeler, 1948).
During the late 1700s and early 1800s, a majority of the United States population
was involved in production agriculture; therefore, SBAE served as a method to prepare
students for an agricultural vocation, with little attention given to the purposeful
integration of leadership, mathematics, and science concepts. This is not to say
leadership, mathematics, and science knowledge were not developed through this early
system of agricultural education. Educating individuals for a career in production
agriculture can certainly be linked to science (e.g. fertilizer utilization), mathematics (e.g.
crop yields), and leadership (e.g. management skills) competencies (APLU, 2009;
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Committee on Prospering in the Global Economy of the 21st Century, 2007; NRC, 2009;
Rose, 2014). However, given the definition I am using for academic integration, in which
there is a “purposeful inclusion” of this academic content, these examples fall outside the
definition of academic integration.
The first period of SBAE to suggest “purposeful inclusion” of external content
occurred between the early 1800s and 1862. During this time period, SBAE flourished in
private schools, where affluent families would send their sons to learn improved farming
practices (True, 1929). The purpose statement for one such school, the Gardiner Lyceum
in Maine, alludes to this focus: “a school for teaching mathematics, mechanics,
navigation, and those branches of natural philosophy and chemistry which are calculated
to make scientific farmers and skillful mechanics” (True, 1929, p. 36). Private agriculture
schools provided students with a competitive advantage by teaching science and
mathematics integrated agricultural practices (True, 1929). However, with the passage of
the Morrill Act in 1862, the growth of SBAE within private schools declined as parents
viewed the newly established schools for postsecondary agriculture as a superior
alternative (Moore, 1987).
After the decline in SBAE enrollment, agriculture education returned to a period
of growth with the passage of the Hatch Act in 1887 (Hillison, 1996; True, 1929). The
Hatch Act established experiment stations designed to provide farmers with information
useful for increasing yields. The agricultural science revolution, following the Hatch Act,
gave SBAE teachers a clear mission to integrate science content into their teaching to
provide students with cutting edge, science-based agriculture knowledge (Moore, 1987).
While science integration became the focus of SBAE, there is little evidence of
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leadership and mathematics being purposefully integrated in the agricultural education
curriculum of the time.
In 1917, the Smith-Hughes Vocational Education Act was passed and the focus of
SBAE changed from a system for combining science and agriculture to an avenue for
vocational preparation (Moore, 1987). SBAE teachers were tasked with the “purpose of
fitting individuals for useful employment” (Malpiedi, 1987, p. 11). As I previously
established, vocational preparation can include building knowledge of mathematics and
science (Rose, 2014); however, the purposeful inclusion of these subjects within the
agriculture content was not the focus for secondary agriculture teachers under the early
years of the Smith-Hughes Act (Malpiedi, 1987). However, one topic area within
leadership (i.e. parliamentary procedure) emerged as a curricular topic within SBAE as
early as 1906 (Connors, 2004). Additionally, with the founding of the National Future
Farmers of America (i.e. FFA) Association in 1928, leadership development within
SBAE broadened to include developing communication, problem solving, and teamwork
skills through chapter, state, and national leadership opportunities and career
development competitions (Byram, 1960; Connors, 2013; Phipps, Osborne, Dyer, & Ball,
2008; Stimson & Lathrop, 1942).
The vocational emphasis of SBAE remained, largely absent of purposeful
integration of mathematics and science until the 1980s and the publication of A Nation at
Risk (NCEE, 1983) and Understanding Agriculture: New Directions for Education
(NRC, 1988). A Nation at Risk was designed as a national wake-up call highlighting the
downward trend of test scores among secondary students in the United States in core
academic areas like mathematics and science (NCEE, 1983; Ravitch, 2010).
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Understanding Agriculture: New Directions for Education focused this education-wide
spotlight on the role agricultural education could play in reversing student
underperformance in core academic areas like mathematics and science (NRC, 1988).
More specifically, Understanding Agriculture: New Directions for Education provided
the following recommendations for the agricultural education profession: (a) transition
the focus from vocational preparation to science integration, (b) agriculture courses
should be offered for science credit at the secondary level, and (c) the National Future
Farmers of America Organizational should be renamed the National FFA Organization
(Balschweid, 1998).
Publication of Understanding Agriculture: New Directions for Education shaped
agricultural education into the discipline of today, one in which the majority of
agriculture teachers and supporters of agricultural education laud the integration of
science content within agriculture curriculum (Thompson, Marshall, Myers, Warnick, &
Wilson, 2013). In addition to science integration, leadership development through the
National FFA Organization remains a cornerstone of SBAE (Connors, 2013; Phipps et
al., 2008). Research also suggests agricultural educators are engaging students in
mathematics (Morgan & Rudd, 2006; Parr et al., 2006; Young et al., 2009).
The preceding discussion has traced the history of leadership, mathematics, and
science integration from orphan’s schools and church mission compounds to the current
system of secondary agricultural education. Existing research does a good job
illuminating the trends within leadership, mathematics, and science integration within
SBAE; however, research has not addressed why and at what level secondary agriculture
teachers have, and are currently, integrating leadership, mathematics, and science content
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within their curriculum. The goal of the current study is to address that gap in the
literature by identifying the level of leadership, mathematics, and science integration
within SBAE, as well as the factors influencing agriculture teachers’ intentions to
integrate leadership, mathematics, and science within their curriculum.

The Efficacy of Leadership, Mathematics, and Science Integration within Secondary
Agricultural Education
The history of agricultural education showcases the ebb and flow of leadership,
mathematics, and science integration within SBAE. The current state of agricultural
education is one in which the integration of core academic content (e.g. leadership,
mathematics, and science) is supported (Phipps et al., 2008). Within this section, I
transition to reviewing the efficacy of this integration within SBAE by exploring research
on student learning of leadership, mathematics, and science within integrated classrooms.

Efficacy of leadership integration within agricultural education. Students in
SBAE have the opportunity to engage in post-industrial leadership skill development
through classroom instruction, supervised agricultural education experiences, and
participation in FFA organizational activities (Hillison & Bryant, 2001; Hoover, Scholl,
Dunigan, & Mamontova, 2007; Morgan et al., 213; Phipps et al., 2008). However, the
majority of research exploring leadership development within SBAE has focused on FFA
activities (Morgan & Rudd, 2006).
The National FFA, a student organization with over 500,000 members, has
branded itself as a premier method for secondary students to develop and practice their
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leadership skills (e.g. relationship building, communication skills, organizing teams, and
emotional intelligence; Morgan et al., 2013; National FFA Organization, 2015). Included
in the wide range of leadership development opportunities offered through FFA
participation are public speaking events, international exchange programs, judging
contests, chapter banquets, committee work, leadership camps, parliamentary procedure
content and contests, state and national conventions, proficiency awards, program of
activities planning, and holding a FFA office (Connors, 2013; Connors, Falk, & Epps,
2010; Connors & Velez, 2008; Hughes & Barrick, 1993; Morgan & Rudd, 2006).
The seminal method of leadership development with SBAE was teaching
parliamentary procedure (Connors, 2004). Parliamentary procedure is a structured
method for organizing and running a meeting, utilized by local, state, and national FFA
organizations. Connors proposed leadership development occurs through parliamentary
procedure by “[helping] FFA members to become better citizens who [are] actively
involved in their communities” (2004, p. 58). Similar links between experiences within
agricultural education and leadership skill development have been proposed between
FFA camps, leadership skill development, and conservation awareness (Connors et al.,
2010); international exchange programs and students’ cultural awareness (Connors,
2013); and reciting the FFA creed, student development of public speaking skills,
communication skills, and self-confidence (Connors & Velez, 2008).
While the previously described research provides potential links between
experiences and leadership skill development, it lacks empirical evidence into the
effectiveness of FFA participation toward leadership skill development. However, a
substantial body of empirical research within agricultural education has evaluated this
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relationship (Anderson & Kim, 2009; Dormody & Seevers, 1995; Latham, Rayfield, &
Moore, 2014; Ricketts & Newcomb, 1984; Rutherford, Townsend, Briers, Cummins, &
Conrad, 2002; Rosch et al., 2015; Simonsen et al., 2014; Stedman, Rutherford, Rosser, &
Elbert, 2009; Townsend & Carter, 1983; Wingenbach, 1995; Wingenbach & Kahler,
1997). The results of these studies indicate additional involvement in FFA is linked to
increased leadership life skill development (Dormody & Seevers, 1995; Wingenbach,
1995; Wingenbach & Kahler, 1997), self-perceived leadership competencies (Ricketts &
Newcomb, 1984; Rutherford et al., 2002; Townsend & Carter, 1983); and
transformational leadership skills (Rosch et al., 2015). Specific elements of FFA
participation have also been linked to positive growth in leadership; specifically, state
leadership development contests were positively linked to critical thinking skills (Latham
et al., 2014) and involvement in the Washington D.C. Leadership Conference was
positively linked to an enhanced leadership skillset (Stedman et al., 2009).
While the majority of the research exploring the links between involvement in
FFA activities and leadership development has identified a positive relationship, a few
studies present information to the contrary. Rosch et al. (2015) found students
significantly decreased in their social-normative leadership (i.e. an individual’s
perception of a shared responsibility to lead their peers) during one year engaged in FFA
activities. While exploring the critical thinking skills of students within three-star FFA
chapters in Texas, Latham et al. found 12th grade members scored “considerably lower”
(2014, p. 130) than a 12th grade norm group. Additionally, in a multi-institutional study
of college students, measuring the relationship between high school involvement and
self-reported leadership skills, Simonsen et al. (2014) found no significant relationships
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between involvement in FFA and charisma, confidence, determination, integrity,
leadership efficacy, sociability, decision-making efficacy, and intelligence. These studies
point out that while involvement in FFA activities supports the development of general
leadership abilities, there are some specific areas of leadership development (e.g. socialnormative leadership and decision-making efficacy) that are not supported through
engagement in FFA.
The bulk of literature exploring leadership skill development through SBAE has
explored the role of FFA involvement in secondary students’ leadership skill
development; however, it is important to note leadership development through SBAE is
not limited to FFA (Hillison & Bryant, 2001; Hoover et al., 2007; Morgan et al., 213).
Research has identified agriculture teachers utilize specific leadership textbooks, state
curriculum, popular press texts, and teacher-developed materials to engage students in
leadership learning within the classroom (Morgan et al., 2013). In addition to these
materials, the National FFA Organization released the LifeKnowledge curriculum,
designed to “provide instructors with additional practical learning strategies and
corresponding instructional materials to empower youth to live the FFA mission every
day” (Morgan & Rudd, 2006, p. 34). However, research falls silent on the efficacy of
LifeKnowledge curriculum, and other approaches to leadership content integration within
the classroom and supervised agricultural experiences. In this study, I sought to extend
the literature within agricultural education by considering leadership content integration
across the three components of agricultural education: the FFA organization, supervised
agricultural experiences, and within the classroom.
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Efficacy of mathematics integration within agricultural education. Career and
technical education, of which agricultural education is included, provides students with
an opportunity to develop and apply mathematics understanding to real-world problems
(Stone, 2011). Integrating mathematics content into career and technical education offers
students a different approach from the traditionally isolated nature of mathematics
education found within secondary mathematics classrooms (Grubb, 1995; Stern &
Stearns, 2006; Stone, 2011). The contextual learning of mathematics within career,
technical, and agricultural education makes “learning relevant [by] connecting the
content with its application” (NRC, 2011, p. 18).
Research exploring the contextualized learning of mathematics within career and
technical education has identified enhanced learning of mathematics (Agodini, 2001;
Stone, 2011; Stone, Alfeld, & Pearson, 2008), increased graduation rates (Plank, 2001),
and increased college access (Stern & Stearns, 2006) as positive outcomes of integrating
mathematics content within secondary career and technical education. One specific study,
math-in-career and technical education (i.e. math-in-CTE), found one year of mathenhanced lessons, encompassing 11% of the instructional time in auto technology, health,
business and marketing, agriculture, and information technology courses, yielded
statistically significant test scores on two standardized measures of mathematics ability
without any negative consequences on students occupational or technical knowledge
(Stone et al., 2008). These findings support the potential for contextualized mathematics
learning within career, technical, and agricultural education (Conroy, Trumbull, &
Johnson, 1999; Shinn et al., 2003).
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Research specific to the agricultural education discipline has also evaluated the
relationship between agricultural education enrollment and students’ achievement in
mathematics (Loadman, 1986; Nolin & Parr, 2013; Parr et al., 2006; Parr, Edwards, &
Leising, 2008, 2009; Stubbs & Myers, 2015; Young, Edwards, & Leising, 2008; Young
et al., 2009). This research has identified a positive relationship between taking
agriculture courses and student achievement in mathematics (Nolin & Parr, 2013; Stubbs
& Myers, 2015). Furthermore, research has found the intentional integration of
mathematics content within agricultural education enhances student learning of
mathematics (Parr et al., 2006; Young et al., 2008) without compromising students’
knowledge of agricultural content (Parr et al., 2008) or acquisition of technical skills
(Young et al., 2009). Research supports mathematics integration within career and
technical education as well as agricultural education as an endeavor that supports
students’ learning of mathematics. In this study, I sought to extend this foundational
understanding by exploring the role of the teacher as a gatekeeper to the purposeful
integration of mathematics content within their secondary agricultural education
curriculum.

Efficacy of science integration within agricultural education. Research into the
efficacy of mathematics and leadership integration within secondary agricultural
education is robust; however, the emphasis of curriculum integration research within
agricultural education has been on science integration (Wilson & Curry Jr., 2011). The
emphasis of science integration emerges from the historical foundation of agriculture as
one of the oldest applied sciences (Phipps et al., 2008). In order to make the expansive
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research into the efficacy of science integration within agricultural education more
palatable, I concatenated existing research into three phases. The first phase of research
(1990-1995) was characterized by experimental methodology. The second phase of
research (2000 – 2005) focused on students’ perceptions of science integration within
agriculture. The most recent phase of research (2006 – present) has investigated the
effectiveness of science-integrated agriculture classrooms with a return to experimental
methodology.
Roegge and Russel (1990) completed the seminal work in agricultural education
comparing students’ achievement in a science-integrated agriculture classroom compared
to a non-integrated agriculture classroom. The results of their study illustrated the
potential benefits of integrating science within an agricultural education classroom. More
specifically, this experimental study found overall achievement, science achievement,
and student attitudes toward science were statistically higher in a science-integrated
agriculture classroom compared to a vocationally focused agriculture classroom (Roegge
& Russell, 1990). Continued research into the effectiveness of science integration in
agricultural education (Enderlin & Osborne 1992; Enderlin et al., 1993) took a similar
approach as Roegge and Russel (1990). These studies compared student populations
taught through science integrated agriculture classes to students taught through
vocationally focused classrooms. Like Roegge and Russell, these studies found science
integration within agricultural education yielded higher science understanding among
students (Enderlin & Osborne 1992; Enderlin et al., 1993).
The next phase of research into the outcomes associated with a science integrated
agricultural education approach utilized observational methodology to analyze the value
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of science integration. Flowers (2000) compared the achievement scores of agriculture
students compared to other vocational students without the use of an experimental
treatment, like science integrated curriculum. The research completed by Flowers found
agriculture students faired significantly better on the science portion of a standardized
exam when compared to their non-agriculture counterparts. In the same phase of
research, a pair of studies (Balschweid, 2002; Conroy & Walker, 2000) analyzed the
perceptions of students enrolled in science-integrated agriculture courses. This research
identified students perceived a stronger sense of science understanding when science
concepts were taught in the context of agriculture (Balschweid, 2002; Conroy & Walker,
2000). These studies identified the potential value of teaching science concepts through
the context of agriculture, but are limited in their generalizability due to research
methodology.
The overwhelmingly positive stream of findings associated with scienceintegrated agricultural education shifted during the third phase of research into the
efficacy of science integration within agriculture. In a 2006 study, Ricketts, Duncan, and
Peake analyzed the testable science achievement of students in agriculture programs in
Georgia. This study identified students who completed an agriculture program scored
slightly lower than students who focused on college preparation courses throughout high
school. However, the Ricketts et al. (2006) research also identified agricultural education
completers exceeded the average score (i.e. for all students, not just college preparation
focused students) on the science portion of the standardized graduation exam.
A 2012 study, comparing the science achievement of students enrolled in scienceintegrated agriculture classrooms to those enrolled in a non-integrated classroom, found
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no statistically significant differences on testable achievement in science; however,
students in the science-enhanced classes did score slightly higher on the TerraNova
science proficiency exam (Haynes, Robinson, Edwards, & Key, 2012). Similar to the
findings of Ricketts et al. (2006) and Haynes et al. (2012), Theriot and Kotrlik (2009)
found, after accounting for age, grade level, gender, ethnicity and socioeconomic factors,
students enrolled in an agriculture program were statistically similar in their testable
science achievement to students not enrolled in an agriculture program.
The three phases of research into the efficacy of science integration within
agricultural education present a generally encouraging perspective on the value of science
integration within secondary agricultural education (Balschweid, 2002; Conroy &
Walker, 2000, Enderlin & Osborne 1992; Enderlin et al., 1993; Flowers, 2000; Roegge &
Russell, 1990). Even those studies with statistically insignificant conclusions (Haynes et
al., 2012; Ricketts et al., 2006; Theriot & Kotrlik, 2009) found science-enhanced
agriculture classes yielded slightly higher scores on standardized tests of science
achievement. The encouraging conclusions regarding the efficacy of science integration
within agricultural education mirror the positive inferences from mathematics (Loadman,
1986; Nolin & Parr, 2013; Parr et al., 2006, 2008, 2009; Stubbs & Myers, 2015; Young et
al., 2008, 2009) and leadership integration (Dormody & Seevers, 1995; Latham et al.,
2014; Ricketts & Newcomb, 1984; Rosch et al., 2015; Rutherford et al., 2002; Stedman
et al., 2009; Townsend & Carter, 1983; Wingenbach, 1995; Wingenbach & Kahler, 1997)
discussed within previous sections of this literature review.
The literature exploring the efficacy of leadership, mathematics, and science
integration within agricultural education paints an optimistic picture regarding the value
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of teaching core academic areas within the context of agriculture. However, this research
also identified that the positive benefits of academic integration within agricultural
education require the purposeful inclusion of core academic content (i.e. leadership,
mathematics, and science) by the secondary agriculture teacher (Kagay et al., 2015;
McKim et al., 2015; Miller & Gliem, 1994, 1996; Morgan & Rudd, 2006; Schmidt, 2011;
Stripling & Roberts, 2012a; Stripling et al., 2014; Stubbs & Myers, 2015). Agriculture
teachers can be seen as gatekeepers to the powerful potential of academic learning within
the context of agriculture content. Within the following section of the literature review, I
will consider factors influencing secondary agriculture teachers’ integration of leadership,
mathematics, and science content within their curriculum.

Theoretical Foundation: Agriculture Teacher as Gatekeeper
In an effort to understand the factors influencing agriculture teachers’ integration
of leadership, mathematics, and science, I will explore the behavioral determinants
identified within the theory of planned behavior, the theoretical foundation of this
research. Within this more in-depth discussion of the theoretical framework, I will use
existing research within leadership, mathematics, and science integration to address the
current body of knowledge related to the behavioral determinants (i.e. attitudes,
subjective norms, perceived behavioral control, and knowledge) posited to influence the
integration of leadership, mathematics, and science content within agricultural education.

Introduction to the theory of reasoned action and theory of planned behavior.
Research attempting to predict and/or understand human behavior prior to the theory of
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reasoned action (i.e. precursor to the theory of planned behavior) analyzed the
relationship between general personality traits and specific behaviors (Ajzen, 1985,
1987). For example, research may have explored the charisma of an individual and their
behavior during a meeting. Growing evidence, using this methodology, identified a lack
of predictive value using general personality traits and many scholars became
increasingly pessimistic regarding the prediction of specific behaviors (Ajzen, 1985). The
theory of reasoned action (Fishbein & Ajzen, 1975) expanded research on the prediction
of specific behaviors from using general traits as predictors to using personal attitudes
and socials norms to predict behavior. This shift in approach revolutionized the
understanding of behavior and was the impetus for the theory of reasoned action.
The theory of reasoned action (Fishbein & Ajzen, 1975) posited two predictors to
an individual’s intention to perform a specified behavior, personal attitudes toward the
identified behavior as well the subjective norms regarding performance of the identified
behavior (Fishbein & Ajzen, 1975). While the theory of reasoned action was praised for
the new perspective to behavioral prediction, it failed to address instances in which an
individual lacked volitional control over the behavior of interest (Ajzen, 1985). A
growing body of evidence suggested using attitudes and subjective norms to predict
behavioral intentions needed revision to account for conditions when external
circumstances (e.g. directives from authority figures, addiction, mechanical failure)
reduced volitional control (Ajzen, 1985, 1987).
In 1985, Ajzen sought to address the need for a more complete model to explain
behavioral intentions by addressing the role of external circumstances. This model,
deemed the theory of planned behavior, included perceived behavioral control regarding
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the specified behavior (Ajzen 1985). Perceived behavioral control “refers to the perceived
ease or difficulty of performing the behavior and it is assumed to reflect past experience
as well as anticipated impediments and obstacles” (Ajzen, 1987, p. 44). See figure one for
a complete model of the theory of planned behavior, the theoretical foundation for this
study.

Attitude toward the
behavior
Subjective norms

Intention

Behavior

Perceived
behavioral control
Figure 1. Model of the theory of planned behavior (Ajzen, 1985, 1987, 1991).

The goal of the theory of planned behavior (i.e. explanation/prediction of human
behavior) is one of the most challenging areas of science (Ajzen, 1991). Within this
challenging endeavor, the theory of planned behavior has risen to the top as the “most
frequently cited and influential models for the prediction of human social behavior”
(Ajzen, 2011, p. 1113). Researchers exploring a wide range of human behavior (e.g.
playing video games, losing weight, cheating, shoplifting, and lying) have utilized the
theory of planned behavior (Ajzen, 1991). The predictive power of the theory of planned
behavior has been established by a number of meta-analyses; specifically, attitudes,
subjective norms, and perceived behavioral control predict behavioral intentions with
mean multiple correlations ranging from 0.59 to 0.67 (Armitage & Conner, 2001;
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McEachan, Conner, Taylor, & Lawton, 2011). The sections that follow this introduction
to the theory of planned behavior explore the application of this theory to my
investigation of leadership, mathematics, and science integration within secondary
agricultural education. More specifically, I review the following themes: (a) the
relationship between behavioral intentions and behavior, (b) attitudes toward behavior,
(c) subjective norms, (d) perceived behavioral control, and (e) the potential for additional
predictors to behavioral intentions. Within each of these themes, I address the theoretical
relationships as well as existing literature within agricultural education exploring these
important variables.

Examining the theory of planned behavior: Relationship between behavioral
intentions and behavior. The theory of planned behavior can be used to predict both
behavioral intentions and actual behavior. However, the theory also posits a connection
between intention and behavior (refer to Figure 1; Ajzen, 1985). While this relationship is
largely intuitive (i.e. an individual intending to perform a behavior is more likely to
perform that behavior), there are specific aspects of the relationship that should be
addressed. Specifically, the connection between intention and behavior is influenced by
changing circumstances, time span between intention and behavior, and volitional control
(Ajzen, 1985; Montano & Kasprzyk, 2006). Speaking specifically of changing
circumstances, let’s consider the relationship between a secondary agriculture teacher’s
intentions to integrate leadership content into their curriculum and their actual integration
of leadership content. The agriculture teacher may have no intention to integrate
leadership content within an animal science course; but once the course gets started,
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realizes students have no ability to work within teams. In this example, the teacher may
decide to purposefully focus on successful team dynamics (i.e. a leadership concept)
during a unit within the animal science course. This example is evidence of how
changing dynamics can influence the relationship between behavioral intentions and
behavior.
Likewise, extended time between the proclamation of behavioral intention and
opportunities to enact the specified behavior will weaken the relationship between
intention and behavior, as circumstances are more likely to change with additional time.
Finally, it is important to note the relationship between intention and behavior is
influenced by volitional control. Once again, consider an agriculture teacher with no
intention to integrate leadership content within their curriculum. If the teacher works
within a school system where the administration mandates teachers integrate a daily
leadership lesson, the reduced volitional control will greatly influence the relationship
between intention and behavior.
The purpose of my research is to explore secondary agriculture teachers’
intentions to integrate leadership, mathematics, and science content within their
curriculum. In other words, I am not evaluating the actual integration of leadership,
mathematics, and science. However, the value of this investigation is increasing the
understanding of the actual integration of leadership, mathematics, and science. While the
relationship between intention and behavior is strong, typically a correlation between
0.80 and 0.95, we should not assume a perfect relationship (Ajzen, 1985, 2011). As Ajzen
states, “every intended behavior is a goal whose attainment is subject to some degree of
uncertainty” (Ajzen, 1985, p. 24). Therefore, a direct relationship between behavioral
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intention and behavior will not be assumed and I will recognize the potential for external
variables (i.e. changing circumstances, time span, and volitional control) to influence the
relationship between behavioral intention and actual behavior.

Attitude toward behavior. The first predictor of behavioral intention identified
within the theory of planned behavior is the attitude of an individual toward the specified
action. Ajzen defines attitude toward a behavior as, “the individual’s positive or negative
evaluation of performing the behavior” (1985, p. 12). Attitude toward a behavior is the
personal element within the theory of planned behavior as it is the only predictor which
does not rely on perceptions of the attitudes, beliefs, and/or actions of others. Within the
theory of planned behavior, attitude toward a defined behavior is positively correlated to
their intention to enact the specified action (Ajzen, 1985; Montano & Kasprzyk, 2006).
Additional investigation of the literature regarding the relationship between
attitude toward a behavior and behavioral intentions yields specific considerations in our
understanding of behavioral intentions. Specifically, the relationship between attitude
toward a behavior and an individual’s intention to behave necessitates measuring specific
attitudes as opposed to general impressions (Ajzen, 2011). For example, when analyzing
the relationship between secondary agriculture teachers’ attitudes toward mathematics
integration and their intention to integrate mathematics, it is essential to specify their
attitude toward mathematics integration within secondary agricultural education
curriculum. In this example, measurement of agriculture teachers’ attitudes toward
mathematics and/or general attitude toward content integration would be unacceptable. In
this study, effort was made to be specific regarding the attitudes of secondary agriculture
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teachers in the areas of leadership, mathematics, and science integration within
agricultural education curriculum.
Now that I have established the relationship between attitude and behavioral
intention, as well as identified the importance of specific attitudes in relation to
behavioral intention, it is important to consider existing literature on the attitudes of
secondary agriculture teachers regarding the variables of interest within this study.
Research has overwhelmingly identified agriculture teachers support the integration of
science concepts within agricultural education (Balschweid & Thompson, 2002; Connors
& Elliot, 1994; Johnson, 1996; Myers & Washburn, 2008; Newman & Johnson, 1993;
Peasly & Henderson, 1992; Thompson & Balschweid, 1999; Thompson & Warnick,
2007; Thoron & Myers, 2010). The research into agriculture teachers’ attitudes toward
leadership integration is less robust, with only one identified study (Morgan & Rudd,
2006) analyzing this variable. Within this study, secondary agriculture teachers averaged
65 out of 72 on their attitudinal assessment of leadership integration, indicating positive
perceptions of leadership integration within secondary agricultural education. Similar to
research exploring the attitudes of secondary agriculture teachers toward leadership
integration, a dearth of identified research has explored the attitudes of secondary
agriculture teachers toward mathematics integration (McKim et al., 2015). However, the
existing research does indicate a positive perception of secondary agriculture teachers
toward the integration of mathematics (McKim et al., 2015). It is important to note,
however, that this research was limited to teachers within one state.
The limited research regarding the attitudes of secondary agriculture teachers
toward core academic integration, specifically within leadership and mathematics,
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illustrates the need for a more complete understanding of teachers’ attitudes and the
relationship between these attitudes and intentions to integrate leadership, mathematics,
and science. Within this research, I sought to address this gap in the literature by
conducting a nationwide analysis of secondary agriculture teachers’ attitudes toward
leadership, mathematics, and science content integration and how these attitudes
influence teachers’ intention to integrate these important topics within their agriculture
curriculum.

Subjective norms. While an individual’s attitude toward a specific behavior
serves as the personal element within the theory of planned behavior, their subject norms
serves as a measure of social influence toward intentions to enact a specified behavior
(Ajzen, 1985; Montano & Kasprzyk, 2006). Ajzen defined subjective norms as an
individual’s “perception of the social pressures put on [him or her] to perform or not
perform the behavior in question” (1985, p. 12). As one might expect, individuals who
feel social pressure to enact a certain behavior will be more likely to enact the identified
behavior (Ajzen, 1985; Ajzen & Sheikh, 2013). Three important considerations emerge
within the literature on subjective norms, (a) the stakeholders from whom social pressure
will be perceived, (b) the positive or negative social pressure perceived from those
stakeholders, and (c) the individual’s motivation to comply with the identified
stakeholders (Ajzen, 1985, 1987, 2011). Due to research limitations, the current research
will focus on the positive or negative social pressure experienced from stakeholders and
will not address considerations “a” and “c.” However, I identify these areas of research as
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an imperative next step in understanding the subjective norms and intentions of
secondary agriculture teachers to integrate leadership, mathematics, and science.
The subjective norms an individual experiences regarding a specified behavior is
an important predictor of their behavioral intentions (Ajzen, 1985, 1987; Ajzen & Sheikh,
2013). Therefore, in my analysis of agriculture teachers’ intentions to integrate
leadership, mathematics, and science, we should consider the subjective norms regarding
the integration of these content areas. As was the case with attitudes, the focus of existing
research has been on science integration with little to no attention given to the subjective
norms related to leadership and mathematics integration. Therefore, my focus as I explore
existing literature will be on the subjective norms related to science integration.
Research within science integration has explored the subjective norms from a
variety of stakeholders (i.e. guidance counselors, science teachers, school administrators,
parents, and community members). Regarding the subjective norms from guidance
counselors, research has identified secondary agriculture teachers believe their guidance
counselors support the integration of science within their agricultural education
curriculum (Balschweid & Thompson, 2002; Osborne & Dyer, 1994; Warnick &
Thompson, 2007). Research using the guidance counselor as the unit of analysis suggests
this perceived social norm is correct, as guidance counselors indicate a positive
perception regarding science integration within secondary agricultural education
classrooms (Balschweid & Thompson, 2002; Dyer & Osborne, 1999; Johnson, 1996;
Johnson & Newman, 1993; Osborne & Dyer, 1994; Woodard & Herren, 1995).
In addition to guidance counselors, research has identified secondary agriculture
teachers perceive administrators (Balschweid & Thompson, 2002; Thompson &
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Balschweid, 1999; Warnick & Thompson, 2007), science teachers (Balschweid &
Thompson, 2002; Myers & Washburn, 2008), parents (Balschweid & Thompson, 2002;
Thompson & Balschweid, 1999; Warnick & Thompson, 2007), community members
(Balschweid & Thompson, 2002; Warnick & Thompson, 2007), and members of the
agriculture industry (Warnick & Thompson, 2007) support the integration of science
within their curriculum. As was the case with research exploring the perceptions of
guidance counselors, the positive subjective norms perceived by secondary agriculture
teachers are an adequate representation of key stakeholders’ beliefs (Balschweid, 1998;
Balschweid & Thompson, 2002; Johnson & Newman, 1993; Myers & Washburn, 2008;
Osborne & Dyer, 1998; Thompson, 2001; Thompson & Warnick, 2007).
The overwhelming evidence within the literature on the subjective norms of
secondary agriculture teachers regarding science integration indicates social pressure to
integrate science content. However, as was mentioned earlier in this section, the
subjective norms regarding leadership and mathematics integration have been largely
ignored throughout the agricultural education literature. The current study sought to
address this limitation by identifying agriculture teachers’ subjective norms regarding
leadership, mathematics, and science content integration within secondary agricultural
education.

Perceived behavioral control. An individual’s perceived behavioral control is the
distinguishing characteristic between the theory of reasoned action (Fishbein & Ajzen,
1975) and the theory of planned behavior (Ajzen, 1985, 1987, 2011; Montano &
Kasprzyk, 2006). Perceived behavioral control was added to the predictive model of
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human behavior to account for the “degree of control a person has over internal and
external factors that may interfere with the execution of an intended action” (Ajzen,
1985, p. 35). Similar to attitudes and subjective norms, there is a positive relationship
between perceived behavioral control and behavioral intentions. For example, if a
secondary agriculture teacher perceives more control (i.e. better able to control the
internal or external factors than may interfere with content integration) over their
integration of science content within a food science course, they would be more likely to
intend to integrate science within that course.
An important point within the literature on perceived behavioral control is the role
of providing additional resources to individuals. Past research has recommended
increasing academic integration within secondary agricultural education by providing
additional resources (e.g. money, curriculum, professional development) to teachers to
encourage their integration of external content (Wilson & Curry Jr., 2011). Ajzen
clarifies that additional resources increase behavioral intention when those resources lead
to “fewer obstacles or impediments they anticipate” (1987, p. 47).
Additionally, perceived behavioral control is postulated to influence not only
behavioral intention but behavior as well (refer to Figure 1). However, it is important to
note the relationship between perceived behavioral control and behavior is contingent on
the accuracy of the individual’s perception of their behavioral control. For example, if an
individual perceives they have the ability to procure science equipment to integrate
science within their classroom, this should increase their behavioral intentions. However,
the relationship between their perceived behavioral control and actual behavior is
dependent on if they can actually secure the science resources, a feat contingent on
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potentially changing circumstances (e.g. availability of science equipment, working
condition of equipment, mood of the individual with control of the science equipment).
An important distinction should be made with regards to perceived behavioral
control in how it is similar and different from alternative theoretical models of control.
Perceived behavioral control differs from more trait-based models of control (e.g. locus
of control), which are not malleable based on the specific experiences (Ajzen, 1991).
Perceived behavioral control is a construct which is experience dependent; whereas, traitbased models of control should not differ with changes from experience to experience.
When looking for comparable models, Ajzen points to the concept of self-efficacy,
defined as “judgments of how well one can execute courses of action required to deal
with prospective situations” (Bandura, 1982, p. 122), as the best representation of
perceived behavioral control. This is because self-efficacy is, in part, an individual’s
perceptions of their abilities to overcome identified obstacles within a specified behavior
(Bandura, 1977), a construct similar to the definition of perceived behavioral control
previously described in this manuscript.
As I transition the discussion from the theoretical elements of perceived
behavioral control to existing literature within secondary agricultural education on the
perceived control integrating leadership, mathematics, and science, I will explore two
areas of research. Specifically, I will explore self-efficacy research related to leadership,
mathematics, and science integration as well as the identified obstacles agriculture
teachers experience in the integration of leadership, mathematics, and science.
Research within agricultural education has identified secondary agriculture
teachers are efficacious when it comes to teaching leadership (McKim & Velez, 2015),
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mathematics (McKim et al., 2015; McKim & Velez, 2015; Stripling & Roberts, 2012a;
Stripling et al., 2014), and science (Hamilton & Swortzel, 2007; McKim & Velez, 2015).
These findings suggest agriculture teachers perceive a moderate to high level of control
over the obstacles facing the integration of leadership, mathematics, and science content
within their curriculum. The question then becomes, what are the specific obstacles
secondary agriculture teachers could experience when considering the integration of
leadership, mathematics, and science? Once again, the focus of research has been science
integration with little focus on the integration of leadership and mathematics concepts
(Balschweid & Thompson, 2002; Layfield, Minor, & Waldvogel, 2001; Myers &
Washburn, 2008; Roberson, Flowers, & Moore, 2000; Thompson, 1996; Wilson, Kirby,
& Flowers, 2001). Specific to science integration, research has identified lack of
equipment (Balschweid & Thompson, 2002; Layfield et al., 2001; Myers & Washburn,
2008; Thompson, 1996; Wilson, Kirby, & Flowers, 2001), curriculum planning time
(Myers & Washburn, 2008); funding, (Balschweid & Thompson, 2002; Layfield et al.,
2001; Myers & Washburn, 2008; Roberson et al., 2000; Thompson, 1996; Wilson et al.,
2001), and the limited availability of in-service workshops (Layfield et al., 2001;
Thompson, 1996) as barriers to curriculum integration.
Literature exploring barriers to academic integration highlight the presence of
multiple challenges potentially influencing the perceived behavioral control of secondary
agriculture teachers regarding leadership, mathematics, and science integration. However,
research into the leadership, mathematics, and science teaching self-efficacy of secondary
agriculture teachers suggests teachers perceive themselves able to overcome the
identified obstacles to academic integration. However, these two areas of research (i.e.
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self-efficacy and obstacles) are simply related to perceived behavioral control, and no
known research within agricultural education has addressed the specific construct of
perceived behavioral control. The current study sought to address this missing element
within existing research by exploring the perceived behavioral control of secondary
agriculture teachers regarding leadership, mathematics, and science content integration
and the relationship between their perceived behavioral control and behavioral intentions.

Potential for additional predictors of behavioral intentions. The theory of
planned behavior has long been established as a powerful method for predicting and
explaining human behavior (Ajzen, 2011; Ajzen & Sheikh, 2013). However, due to the
variance in behaviors predicted, there are instances when additional constructs should be
considered within the theory of planned behavior (Ajzen, 1991). As Ajzen points out,
“the theory of planned behavior is, in principle, open to the inclusion of additional
predictors…the theory of planned behavior in fact expanded the original theory of
reasoned action by adding the concept of perceived behavioral control” (Ajzen, 1991, p.
199). This perspective opens the door for considering additional predictors, like
knowledge of leadership, mathematics, and science, within the prediction of secondary
agriculture teachers’ intention to integrate leadership, mathematics, and science within
their curriculum.
While Ajzen opens the door for additional variables, he encourages parsimony,
deliberation, and empirical exploration (Ajzen, 2011). More specifically, Fishbein and
Ajzen (2010) outlined five criteria for adding a potential predictive construct to the
theory of planned behavior: (a) it should be possible to define and measure the proposed
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addition in terms to target, action, context, and time, (b) it should be possible to link the
proposed addition to the investigated behavior, (c) the proposed variable should be
conceptually independent from attitudes, subjective norms, and perceived behavioral
control, (d) the proposed variable should be potentially applicable to a wide range of
behaviors, and (e) the proposed variable should consistently improve prediction of the
investigated behavior.
Within this research, I considered the potential addition of secondary agriculture
teachers’ knowledge of leadership, mathematics, and science within the predictive model
of intention to integrate leadership, mathematics, and science (see Figure 2); therefore,
this potential addition should be vetted against the five criteria proposed by Fishbein and
Ajzen (2010).

Attitude toward the
behavior
Subjective norms
Intention

Behavior

Knowledge related
to behavior
Perceived
behavioral Control
Figure 2. Model of the theory of planned behavior with the addition of knowledge.

Leadership, mathematics, and science knowledge will be measured in a specific
target, action, and context (i.e. academic integration within secondary agricultural
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education) and will be measured at a specific time; thus, meeting the expectations of the
first criteria established by Fishbein and Ajzen (2010). Additionally, past research has
linked the importance of content knowledge within academic integration (Gattie &
Wicklein, 2007; Gonzalez & Kuenzi, 2012; Johnson, 2013; Scales, Terry, & Torres,
2009; Wang, Moore, Roehrig, & Sun Park, 2011), indicating a potential link between
knowledge and intentions to integrate leadership, mathematics, and science.
Furthermore, knowledge of leadership, mathematics, and science is conceptually
different from attitudes and subjective norms. Additionally, while it may be related to
perceived behavioral control (i.e. ability to overcome internal and external obstacles to a
specific behavior), it does not overlap an individual’s self-efficacy and perceived
boundaries to academic integration; therefore, it can be considered conceptually
independent from the three established predictors of behavioral intentions. It can also be
reasoned that knowledge could predict a wide range of behavioral intentions (e.g. job
selection, food choices, and social activities); thus, meeting the fourth criteria established
by Fishbein and Ajzen (2010).
Finally, while knowledge of leadership, mathematics, and science have not been
consistently used in the prediction of secondary agriculture teachers’ intentions to
integrate leadership, mathematics, and science, past research within education has taken
the initial steps to link knowledge and academic integration (Darling-Hammond &
Bransford, 2005; Scales et al., 2009; Stripling & Roberts, 2012a) as will be explored in
more depth later in this literature review. Therefore, as the preceding review of existing
research in relation to the five criteria proposed by Fishbein and Ajzen (2010) suggests,
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including agriculture teachers’ knowledge of leadership, mathematics, and science is
appropriate within the context of academic integration.
Having established knowledge of leadership, mathematics, and science as an
appropriate addition within this investigation, I now focus on existing research on
secondary agriculture teachers’ knowledge of leadership, mathematics, and science.
Research exploring agriculture teachers’ knowledge of academic content can be broken
into two strands of research. The first strand is characterized by perceptions-based studies
exploring stakeholders’ view of agriculture teachers’ knowledge. The second strand of
research is characterized by empirical assessments of agriculture teachers’ knowledge of
leadership, mathematics, and science.
Research has assessed the perceptions of a variety of agricultural education
stakeholders regarding teachers’ knowledge of science, with a dearth of research on
perceptions of leadership and mathematics knowledge. The perceptions-based research
specific to secondary agriculture teachers’ knowledge of science has identified agreement
among secondary administrators (Johnson & Newman, 1993), guidance counselors
(Johnson & Newman, 1993), science teachers (Warnick & Thompson, 2007; Warnick,
Thompson, & Gummer, 2004), and state supervisors of agricultural education (Thompson
et al., 2013) that agriculture teachers possess the competence required to integrate
science. While this research offers promising evidence regarding science competence, the
perceptions-based methodology should be criticized. While the view of external
stakeholders regarding agriculture teachers’ competence is important when considering
support for secondary agriculture programs, their perceptions provide minimal
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information regarding actual capacity to integrate science concepts within agricultural
education.
The second strand of research, characterized by assessments of agriculture
teachers’ leadership, mathematics, and science knowledge, has identified mixed results
regarding competence and its potential impact on integrating leadership, mathematics,
and science. Within the area of leadership, only one study has assessed teachers’
knowledge of leadership with results indicating agriculture teachers possess a strong
foundation of leadership knowledge, answering an average of 90% of leadership
questions correctly (Morgan & Rudd, 2006). Within the area of mathematics, five studies
have evaluated teachers’ knowledge. Each of these studies concluded secondary
agriculture teachers lack the knowledge of mathematics necessary (i.e. average scores for
assessments of mathematics ranging from 35.6% to 38.5%) for integration of
mathematics within their curriculum (Miller & Gliem, 1994, 1996; Stripling & Roberts,
2012a, 2012b; Stripling et al., 2014).
Four studies have explored the level of science knowledge among secondary
agriculture teachers. Only one of these studies revealed encouraging findings regarding
measurable science knowledge (Myers, Washburn, & Dyer, 2004). However, this
research was conducted with a purposive sample of agriculture teachers who opted into a
science-focused workshop; this potential sampling bias may have influenced the results.
The three remaining studies offer substantial evidence that, when the population of study
is not purposively selected, an alarming proportion of agriculture teachers (i.e. average of
65%) perform below established levels of proficiency on assessments of science
knowledge (Hamilton & Swortzel, 2007; Scales et al., 2009; Wilson et al., 2001).
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Research exploring the leadership, mathematics, and science knowledge of
secondary agriculture teachers presents either limited evidence of proficiency (i.e.
leadership) or robust evidence indicating a lack of competence (i.e. mathematics and
science). While these are certainly a cause for concern, the literature falls silent on the
relationship between this knowledge, or lack thereof, and the intentions of secondary
agriculture teachers to integrate leadership, mathematics, and science. Understanding this
relationship is imperative in identifying potential methods for increasing leadership,
mathematics, and science integration within secondary agricultural education as well as
understanding the potential quality of the content being integrated. In this study, I will
take the first step toward a more comprehensive understanding of the relationship
between leadership, mathematics, and science knowledge and intentions to integrate this
content within agricultural education curriculum.

Summary of the Literature Review
Existing research within agricultural education has illuminated the historical
trends of leadership, mathematics, and science integration within secondary agricultural
education with limited evidence of why and at what level these concepts were being
integrated. Additionally, research has identified the potential for secondary agricultural
education to be a powerful context to learn leadership, mathematics, and science when
agriculture teachers purposefully integrate this content. While research into the efficacy
of academic integration provides a useful foundation for the value of agricultural
education in engaging students in leadership, mathematics, and science learning, it has
failed to consider what factors influence the teachers’ purposeful intention to integrate
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leadership, mathematics, and science within their curriculum. Finally, in regards to the
predictors of behavioral intention (i.e. attitudes, subjective norms, and perceived
behavioral control), existing literature illustrates a need for a comprehensive investigation
of the behavioral predictors regarding leadership and mathematics integration within
secondary agricultural education. A dearth of research has explored the relationship
between behavioral predictors and behavioral intentions regarding leadership,
mathematics, and science integration.
The current study sought to address these gaps in the literature through a
comprehensive, national analysis of secondary agriculture teachers’ intentions to
integrate leadership, mathematics, and science. More specifically, this research will
address predictors of agriculture teachers’ intentions to integrate leadership, mathematics,
and science; the level at which agriculture teachers intend to integrate leadership,
mathematics, and science; and the relationship between identified predictors and reported
intentions to integrate leadership, mathematics, and science.
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Leadership, Mathematics, and Science Integration in Secondary Agricultural
Education
Chapter 3: Methods
Overview
The objectives of this research were accomplished through the use of surveys and
structural modeling analyses. Survey methodology is defined as “a systematic method for
gathering information from [a sample of] entities for the purpose of constructing
quantitative descriptors of the attributes of the larger population of which the entities are
members” (Groves et al., 2011, p. 2). Survey research was selected because it permitted
the collection of information from a large sample of individuals, which was required for
data analysis, in a timely and inexpensive fashion (Ary, Jacobs, Razavieh, & Sorensen,
2006). In this study, data collected via surveys were used to understand the behavioral
intentions of secondary agriculture teachers regarding the integration of leadership,
mathematics, and science content into their curriculum.

Description of the Population and Sample
The target population for this investigation included all secondary agriculture
teachers in the United States during the 2015-2016 school year. This population
encompassed any individual who taught an agriculture class at the secondary (i.e. middle
school or high school) level. Although an exact population frame, which included all
individuals teaching an agriculture class at the middle school or high school level during
the 2015-2016 school year, did not exist, the National FFA Organization list of
agriculture teachers served as the most appropriate frame. All chartered agricultural
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education programs must include an FFA program and all FFA programs must be
registered with the National FFA; therefore, the National FFA list of agriculture teachers
was considered the most viable frame of secondary agriculture teachers available.
Sample size was determined by identifying the requirements of structural equation
modeling, the statistical process used to accomplish research objectives six through eight.
Unfortunately, there is no exact science to determining sample size within structural
equation modeling, as Bowen and Guo state, “the number of cases needed varies
substantially based on the strength of the measurement and structural relationships being
modeled, and the complexity of the model being tested” (2012, p. 8). However, one of the
most commonly referenced works related to sample size within structural equation
modeling suggests less than 100 cases is “small,” 100 to 200 is “medium,” and more than
200 cases is a “large” sample size (Kline, 2005). While this provides a good foundation
for necessary sample size, these descriptors fail to account for the “complexity of the
model being tested” (Bowen & Guo, 2012, p. 8).
Kline (2005) suggests sample sizes for structural equation modeling should
exceed a 5:1 case to parameter ratio. A parameter is defined as a statistic that needs to be
estimated within the model (Bowen & Guo, 2012; Ullman, 2013). Within each of the
structural models estimated within this study, there are a total of 32 parameters to be
estimated (i.e. 10 factor loadings, four latent variance estimates, four interfactor
covariances, and 14 error variances). Therefore, the sample size for this study should
exceed 160 (Kline, 2005). This calculation is similar to the work of MacCallum, Browne,
and Sugawara (1996) who suggested the necessary sample size for a structural model
with 32 parameters is 178. Given the unpredictable nature of response rate among
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secondary teachers, I requested a sample frame of 950 secondary agriculture teachers
from the National FFA Organization. This sample frame ensured that a 20% response rate
would exceed the minimum sample size requirements of structural equation modeling
(Kline, 2005; MacCallum et al., 1996).

Instrumentation
The instrument used in this study measured five latent variables (i.e. unobserved
constructs) within each of the three potential integration content areas (i.e. leadership,
mathematics, and science) for a total of 15 latent variables. The five variables measured
within each of the three content areas included: (a) attitude, (b) subjective norms, (c)
perceived behavioral control, (d) content knowledge, and (e) intention to integrate. These
variables encompass the latent constructs posited within the theory of planned behavior
(see Figure 1 for reference) with the addition of knowledge. The five latent variables,
including how they were measured, are described in detail below.

Attitude toward leadership, mathematics, and science integration. The attitudes
of respondents regarding leadership, mathematics, and science integration were measured
on a six-point scale, which included the following response options: 1 “Strongly
Disagree,” 2 “Disagree,” 3 “Slightly Disagree,” 4 “Slightly Agree,” 5 “Agree,” and 6
“Strongly Agree,” with higher scores indicating a more positive attitude toward the
integration of leadership, mathematics, or science content. Each construct was comprised
of four questions, adapted from Davis, Ajzen, Saunders, and Williams (2002) who
utilized a similar instrument to evaluate the intentions of secondary students to remain in
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high school. The selection of the Davis et al. (2002) construct was based on the research
team including Icek Ajzen, the major theorist behind the theory of planned behavior.
Additionally, the instrument utilized by Davis et al. (2002) has been found to be a reliable
measure of attitudes toward a wide range of behaviors (e.g. Ajzen 2001; Hrubes, Ajzen,
& Daigle, 2001), including teachers’ integration of external content within their practice
(Kreigns, Van Acker, Vermeulen, & van Buuren, 2013).
The initial construct (Davis et al., 2002; Hrubes et al., 2001; Kreigns et al., 2013)
was modified to fit the context of this research (i.e. leadership, mathematics, and science
integration within secondary agricultural education) and the scaling was changed to a
Likert scale. Additionally, the number of items was reduced from eight to four in an
effort to reduce respondent burden. While eight questions may not initially seem to be
burdensome, it is important to recognize each construct was measured for leadership,
mathematics, and science integration; therefore, the decision to eliminate four questions
from the attitude construct reduced the overall instrument by twelve questions. Example
questions within the modified attitude constructs included, “As an agriculture teacher, I
enjoy integrating [leadership, mathematics, science] content in the curriculum I teach”
and “I find it rewarding to integrate [leadership, mathematics, science] content in the
agriculture curriculum I teach” where leadership, mathematics, or science was inserted
within three separate questions.

Subjective norms regarding leadership, mathematics, and science integration.
The second latent variable measured by this instrument was subjective norms. Subjective
norms are the pressure an individual feels from others to enact a certain behavior (Ajzen,
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1985, 1991). In this study, the subjective norms of respondents were measured on a sixpoint scale ranging from 1 “Strongly Disagree” to 6 “Strongly Agree” with higher scores
indicating stronger subjective norms toward the integration of leadership, mathematics,
and science, respectively. Each construct was measured using three questions, adapted
from an instrument used by Cheon, Lee, Crooks, and Song (2012), who analyzed the
subjective norms of college students regarding an innovative learning strategy. The
instrument developed by Cheon et al. (2012) was selected because it provided a
parsimonious measure of subjective norms. Parsimony was especially important given
my attempt to measure the subjective norms of leadership, mathematics, and science
integration within one study as opposed to the traditional approach of studying one
behavioral intention with one instrument. In addition to parsimony, the instrument
utilized by Cheon et al., (2012) was selected because it adhered to the guidelines
proposed by Ajzen (2001) regarding the development of subjective norms constructs.
The construct utilized by Cheon et al. (2012) was adapted to fit the context of this
study and each item was measured using a Likert scale. Example questions within the
modified constructs included, “Stakeholders to my agriculture program (e.g. school
administrators, community supporters) support the integration of [leadership,
mathematics, and science] content in my agriculture curriculum” and “Stakeholders to
my agricultural education program would be disappointed if I did not integrate
[leadership, mathematics, and science] content in my agriculture curriculum” where
leadership, mathematics, or science was inserted within three separate questions.
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Perceived behavior control regarding leadership, mathematics, and science
integration. In addition to attitudes and subjective norms, the instrument used in this
study was designed to measure the perceived behavior control (i.e. the level of control an
individual feels over a specific behavior) of secondary agriculture teachers. Respondents’
perceived behavior control was measured on a six point scale ranging from 1 “Strongly
Disagree” to 6 “Strongly Agree” with higher scores indicating more perceived control
over the integration of leadership, mathematics, and science content. The constructs
measuring perceived behavior control included four questions adapted from Cheon et al.
(2012). As was the case with subjective norms, the construct utilized by Cheon et al.
(2012) was selected because it provided a reliable, parsimonious analysis of perceived
behavioral control. Additionally, the construct developed by Cheon et al. (2012) met the
criteria established by Ajzen (2001) concerning the development of perceived behavioral
control constructs.
The construct utilized by Cheon et al. (2012) was adapted to fit the context of
leadership, mathematics, and science integration within secondary agricultural education.
Example questions within the modified constructs included, “I have complete control
over the level at which I integrate [leadership, mathematics, or science] content in my
agriculture curriculum” and “I can overcome any obstacles or problems that could
prevent me from integrating [leadership, mathematics, or science] content in my
agriculture curriculum” where leadership, mathematics, or science was inserted within
three separate questions.
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Self-reported knowledge. The final predictor of integration intentions within this
research was knowledge. Knowledge was measured on a four point scale, which included
the following response options: 1 “Not Knowledgeable,” 2 “Somewhat Knowledgeable,”
3 “Knowledgeable” and 4 “Very Knowledgeable,” with higher scores indicating a higher
perceived knowledge. This method of measuring self-reported knowledge was modeled
after research from Diamond, Maerten-Rivera, Rohrer, and Lee (2013) who measured the
self-reported science knowledge of elementary teachers.

Self-reported knowledge of leadership. Self-reported knowledge of leadership
was measured using sub-topics within leadership. Respondents were asked to rate their
knowledge within a series of identified sub-topics. The initial list of leadership subtopics
included theories of leadership (e.g. path-goal, leader-member exchange), leadership
styles (e.g. authentic, servant, transformational), creating a vision, conflict management,
team leadership, and communication. These six sub-topics were identified from
Northouse (2012) as being hallmarks of leadership education.
During the sample size determination process for structural equation modeling
(i.e. the analysis method for research objectives seven, eight, and nine), I identified that
having respondents rate their self-reported knowledge for all six sub-topics of leadership
would increase the necessary sample size to an unobtainable level. This is because more
measured items increases the number of free parameters estimated within the model.
Specifically, this would have required pulling an initial sample exceeding 1,500
secondary agriculture teachers to ensure an adequate number of respondents, an
untenable request from the National FFA. Therefore, after obtaining data from the pilot
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study, the instrument was trimmed from six topics to three topics using the “scale if item
deleted” estimates (Vaske, 2008). The final construct of leadership knowledge included
leadership styles, creating a vision, and conflict management items.

Self-reported knowledge of mathematics. Knowledge of mathematics also began
with six sub-topics in which respondents rated their knowledge using a four point scale
ranging from 1 “Not Knowledgeable” to 4 “Very Knowledgeable”. The six initial
mathematics sub-topics included number and quantity, algebra, functions, modeling,
geometry, and statistics and probability. These six sub-topics were identified from the
major areas of the Common Core State Standards in Mathematics (CCSS Initiative, 2010,
p. 6).
As was the case with knowledge of leadership, the number of items within the
mathematics knowledge construct needed to be reduced to three items. Using data from
the pilot test, the self-reported knowledge of mathematics construct was systematically
reduced from six to three items using the “scale if item deleted” estimates (Vaske, 2008).
The final three question construct for self-reported knowledge of mathematics retained
number and quantity, algebra, and functions items.

Self-reported knowledge of science. The self-reported knowledge of science scale
began with 11 items. Similar to leadership and mathematics, each question contained a
sub-topic within science in which respondents rated their knowledge. The 11 sub-topics
included matter and its interactions; motion and stability: forces and interactions; energy;
waves and their applications in technologies for information transfer; from molecules to

57

organisms: structures and processes; ecosystems: interactions, energy, and dynamics;
heredity: inheritance and variation of traits; biological evolution: unity and diversity;
earth’s place in the universe; earth’s systems; and earth and human activity. These 11
sub-topics were identified from the thematic topics of the Next Generation Science
Standards, the guiding standards for secondary science education in the United States
(NGSS Lead States, 2013).
Once again, the initial construct was systematically reduced to three items to
ensure an appropriate sample size request; this process was completed by using the “scale
if item deleted” estimates from the pilot study (Vaske, 2008). The three question
knowledge of science construct retained motion and stability: forces and interactions;
energy; and earth’s place in the universe items.

Intention to integrate leadership, mathematics, and science. The final latent
variables measured in this instrument were the intentions of agriculture teachers to
integrate leadership, mathematics, and science. Respondents were first asked, from the
list of Agriculture, Food, and Natural Resources (AFNR) career pathways, if they had
taught, were currently teaching, or planned to teach courses within the eight pathways
(i.e. agribusiness systems; animal systems; biotechnology systems; environmental service
systems; food products and processing systems; natural resource systems; plant systems;
and power, structural, and technical systems). For each individual respondent, those
pathways in which they had not taught, were not teaching, and did not plan to teach were
omitted from further analysis due to lack of familiarity regarding teaching those courses.
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For courses teachers had taught, were currently teaching, or planned to teach,
respondents were asked to indicate the percentage of curriculum in which they would
integrate leadership, mathematics, and science content. Additionally, all respondents
were asked to report the percentage of FFA and supervised agricultural education (SAE)
curriculum in which they would integrate leadership, mathematics, and science content.
This method allowed respondents to document the percentage of leadership, mathematics,
and science content integrated across a range of curricular experiences, an approach
employed to increase the variance among respondents. Summated percentages of
leadership, mathematics, and science content were determined by averaging responses
across curricular offerings.

Demographic variables. In addition to the latent variables described above,
demographic variables were included in this analysis to help describe the sample of
respondents. The following demographics were included: sex, age, highest level of
education obtained, teacher certification type, years of teaching experience, state
currently teaching within, and community type (i.e., rural, suburban, urban).

Validity and Reliability
Face and content validity for the established constructs were evaluated by a panel
of experts at Oregon State University. This panel included four faculty members and two
graduate students with experience teaching and researching within agricultural education.
Feedback from the panel was utilized to improve the validity and overall quality of the
instrument.
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In addition to considering validity, the constructs in this instrument were analyzed
for reliability through a pilot study of preservice agricultural education teachers at
Oregon State University and Utah State University. Reliability is a measure of the
internal consistency of items within a construct (Warmbrod, 2014). Identifying an
acceptable level for reliability is a highly debated topic (Warmbrod, 2014). When
considering what level to use as a cutoff for acceptable reliability, I first looked into
research that had utilized the theory of planned behavior. This research noted “welldesigned measures of attitude towards a behavior of interest, subjective norm, perceived
behavioral control, intention, and behavior rarely exhibit reliabilities in excess of 0.75 or
0.80” (Ajzen, 2011, p. 1114). Given the propensity for theory of planned behavior
constructs to yield lower reliabilities, I opted to utilize a more conservative reliability
threshold of 0.60 (Creswell, 2008; Robinson, Shaver, & Wrightsman, 1991). Pilot test
and post-hoc reliability coefficients (i.e. Cronbach’s alphas) are reported in Table 1.

Table 1
Pilot Test and Post Hoc Reliability Estimates of Established Constructs
Subjective
Behavioral
Attitude
Norms
Control
Pilot PostPilot PostPilot
PostConstructs
Test
Hoc
Test
Hoc
Test
Hoc
Leadership
.89
.92
.87
.81
.46
.77
Mathematics

.92

.85

.89

.78

.51

.69

Knowledge
Pilot PostTest
Hoc
.93
.88
.91

.79

Science
.78
.88
.66
.78
.49
.69
.77
.72
Note. Pilot test data included 31 respondents; post-hoc analysis included 212 respondents

The pilot test reliability estimates for attitude, subjective norms, and knowledge
all exceeded the 0.60 established cutoff. However, the reliability estimate for perceived
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behavioral control fell below the established target for internal consistency. A number of
potential limitations for considering the perceived behavioral control of preservice
teachers regarding their integration of leadership, mathematics, and science were
identified. The pilot test was administered when some of the responding preservice
teachers had yet to begin their student teaching, while others had three to four weeks of
student teaching experience, potentially weakening the internal consistency of the
perceived behavioral control construct. Additionally, the amount of perceived behavioral
control regarding curriculum integration among preservice teachers is highly variable
based on expectations of cooperating teachers, also potentially weakening the internal
consistency of the perceived behavioral control construct.
In addition to these potential limitations, the literature on assessing perceived
behavioral control points out “in many situations perceived behavioral control may not be
particularly realistic. This is likely to be the case when the individual has relatively little
information about the behavior, when requirements or available resources have changed,
or when new and unfamiliar elements have entered into the situation” (Ajzen, 1987, p.
45). Based on this information, it was assumed the perceived behavioral control measure,
using preservice teachers, was not a valid estimate of reliability. Therefore, I opted to
retain the original items within the perceived behavioral control constructs for the final
study. As presented within table one, each of the constructs utilized within the final study
exceeded the established reliability cutoff of 0.60 (Creswell, 2008; Robinson et al.,
1991).
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Human Subject Approval
To ensure this research met the protocols established by Oregon State University,
human subject approval paperwork was submitted to the Institutional Review Board
(IRB) office prior to data collection. Paperwork included an initial application for the
research study, a detailed outline of the data collection protocols, the data collection
instrument, and letters to be sent to potential respondents. On November 4, 2015 approval
from the IRB board was received (OSU IRB Study ID # 7123). Research was conducted
within the guidelines outlined in the IRB paperwork to ensure no physical, emotional, or
psychological harm among participants.

Data Collection
Data were collected in November and December of 2015 using an online
questionnaire developed and administered through Qualtrics. Data collection procedures
were based on Dillman’s (2007) tailored design method. Due to unexpected errors within
the population frame (i.e. incorrectly entered email addresses); the list of potential
respondents was reduced from the initial 950 to 938. All 938 potential respondents were
sent an invitation email indicating they had been selected to participate in the study along
with a detailed description of the research and an invitation to complete the questionnaire
(see Appendix A). A total of 108 emails bounced, reducing the useable sample frame
from 938 to 830. After the initial contact, respondents who had not yet responded were
emailed four reminders spaced an average of one week apart. In an effort to increase
response rate, incentives were utilized (Dillman, 2007). The incentive for completing the
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questionnaire was inclusion in a random drawing for three $100 gift certificates and four
$50 gift certificates.
Within the questionnaire, respondents were asked to identify if they were teaching
a secondary agriculture class during the 2015-2016 school year. This question was
included to ensure respondents met the parameters of the established population frame.
Two respondents indicated they were not teaching a secondary agriculture class during
the 2015-2016 school year. Those respondents were omitted from the sample frame,
reducing the number of potential respondents from 830 to 828.

Response Rate
A total of 230 questionnaires were returned; however, 18 questionnaires were
unusable given large amount of missing data (i.e. more than 50% of data missing).
Therefore, 212 out of the potential 828 respondents provided useable responses to the
survey for a 25.60% response rate (n = 212).
Given the goal to infer the findings to the national population of secondary
agriculture teachers, non-response bias was considered (Lindner, Murphy, & Briers,
2001; Miller & Smith, 1983). Lindner et al. (2001) recommended using an independent
samples t-test to compare respondents to the final reminders (i.e. late responders) to those
who completed the survey prior to the final reminders (i.e. on-time responders) within the
variables of interest. This method is a second option to contacting non-respondents via
telephone to gather data from a random sample of individuals who did not respond to the
survey (Lindner et al., 2001). However, this more desirable option was not utilized
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because telephone contact information was not released in the population frame for this
study.
Per methods described by Lindner et al. (2001), late responders (n = 44) were
compared to on-time respondents (n = 168) in their attitude toward leadership integration,
mathematics integration, and science integration; subjective norms regarding leadership
integration, mathematics integration, and science integration; perceived control
integrating leadership, mathematics, and science; self-reported knowledge of leadership,
mathematics, and science; and intentions to integration leadership, mathematics, and
science content within their curriculum. These analyses revealed no statistical differences
(i.e. p-values > .05) between on-time and late responders for the variables of interest;
therefore, there was no evidence of non-response bias within this study (Lindner et al.,
2001; Miller & Smith, 1983).

Data Analysis
Data collected via Qualtrics were transferred to the Statistical Package for the
Social Sciences (SPSS) and Analysis of Moment Structures (AMOS) version 22 for
analysis. Data were first checked to ensure coding had been completed correctly through
the Qualtrics program, only minor issues were identified and addressed. After ensuring
the data within SPSS were in the correct format, new numeric variables and constructs
were created in preparation for continued data analysis in accordance with the established
research objectives.
Addressing statistical assumptions. Data were checked to ensure they met the
assumptions of structural equation modeling, including multivariate normality, absence
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of outliers, linearity, absence of multicollinearity, and complete data. The first of these
assumptions, multivariate normality, includes consideration toward skewness and
kurtosis of the measured variables (Kline, 2005; Ullman, 2013). Both skewness and
kurtosis were measured for all variables within each of the three structural models. Two
variables (i.e. attitude toward leadership integration and attitude toward science
integration) were found to be skewed left with the attitude toward leadership construct
also being identified as leptokurtic (Kline, 2005). Due to the non-normality of attitude
toward leadership integration and attitude toward science integration, a robust structural
equation modeling procedure (i.e. asymptotically distribution free; Bentler & Yuan,
1999) was run for leadership integration and science integration.
The assumption of no statistical outliers was also examined by reviewing stem
and leaf plots of the variables of interest (Bowen & Guo, 2012). Within the three
intentions to integrate constructs, one to two outliers were identified. These outliers were
replaced by the value of the most extreme response, not identified as an outlier, to ensure
data met the assumptions of structural equation modeling (Guttman & Smith, 1969;
Moyer & Geissler, 1991).
The assumption of linearity was evaluated by exploring scatterplots of paired
variables (Bowen & Guo, 2012). For example, within intention to integrate leadership,
attitude toward leadership and intention to integrate leadership were analyzed. A total of
12 paired variables were examined with no evidence of the linearity assumption being
violated.
The assumed absence of multicollinearity was also evaluated using the LewisBeck (1980) method in which all predictor variables are regressed against each other.

65

None of the resultant r2 values were close to one, suggesting multicollinearity was not an
issue (Bowen & Guo, 2012; Lewis-Beck, 1980).
The final assumption within structural modeling, specifically within generalized
least squares and asymptotically distribution free modeling procedures (i.e. modeling
procedures used in this analysis) is complete data, absent of missing values (Blunch,
2013). In total, data were missing from less than 5% of responses; therefore data
imputation was used to address the assumption of complete data (Blunch, 2013; Bowen
& Guo, 2012). Predictive mean matching imputation procedures, in which existing data is
used to predict a missing response, were utilized (Blunch, 2013; Byrne, 2010). This
method is considered a desirable approach to imputing missing data because it does not
reduce the standard deviation, as is the case with other imputation strategies (i.e. mean
replacement; Blunch, 2013; Byrne, 2010). It is important to note that within this study,
imputation was only done for the structural equation analyses; previous objectives were
run and reported prior to data imputation.
Once the assumptions of structural equation modeling were addressed, I
transitioned to running the analyses, described below, for each of the established research
objectives.
Research objective one. Research objective one sought to describe the sample of
secondary agriculture teachers. Collected demographic data included sex, age, years of
teaching experience, state, highest level of education, teacher certification type, and
school community type. Frequencies, percentages, means, and standard deviations were
utilized to describe the sample of agriculture teachers. When appropriate, tables were
provided to present the data.
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Research objective two. Research objective two sought to describe the attitudes of
secondary agriculture teachers toward leadership, mathematics, and science content
integration. Within structural equation modeling, constructs are not condensed into a
single mean score; instead, each individual item within a construct is predicted by the
construct itself. The logic being, the construct (i.e. unmeasured latent variable) dictates
how an individual should respond to the individual items (Bowen & Guo, 2012). Given
the importance of individual items within latent variables, minimum value, maximum
value, mean, and standard deviation are provided for each individual item within the
attitude constructs. Additionally, minimum, maximum, mean, and standard deviations are
provided for the overall attitude toward leadership, mathematics, and science integration
scores.
Research objective three. Research object three sought to describe the subjective
norms of secondary agriculture teachers, the second predictor within the model of
behavioral intentions. Due to the importance of individual items within constructs in
structural equation modeling, minimum, maximum, mean, and standard deviations were
reported for individual items within the subjective norms constructs as well as for the
constructs as a whole.
Research objective four. Research objective four sought to describe the perceived
behavioral control of respondents, the third predictor in the model of intentions to
integrate leadership, mathematics, and science. Minimum, maximum, mean, and
standards deviations were reported for individual items within perceived behavioral
control constructs, in addition to the constructs as a whole.
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Research objective five. The aim of research objective five was to describe the
self-reported knowledge of leadership, mathematics, and science content among
responding agriculture teachers. Once again, minimum, maximum, mean, and standard
deviation values were reported for individual items within knowledge constructs as well
as for the knowledge constructs as a whole.
Research objective six. Research objective six transitioned the focus from
describing the predictor variables to describing the behavioral intentions of secondary
agriculture teachers, the dependent variable within the established models of leadership,
mathematics, and science integration. In order to evaluate intentions to integrate
leadership, mathematics, and science content, only those agriculture courses respondents
had taught, were currently teaching, or planned to teach were assessed regarding their
intentions to integrate leadership, mathematics, and science content. In addition to
coursework, all respondents were asked to indicate their intentions to integrate
leadership, mathematics, and science content within FFA and SAE experiences. Within
the eleven potential curricular offerings (i.e. nine courses, FFA, and SAE), respondents
indicated the percentage of curriculum in which they would integrate leadership,
mathematics, and science content. In order to accomplish research objective six, the
frequency (i.e. number of teachers who reported having taught, teaching, or planning to
teach), minimum percentage of content, maximum percentage of content, mean
percentage of content, and standard deviations are reported for leadership, mathematics,
and science respectively.
Research objectives seven through nine. Research objectives seven, eight, and
nine sought to determine the relationship between attitude, subjective norms, perceived
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behavioral control, knowledge, and behavioral intentions separately for leadership
integration (i.e. objective seven), mathematics integration (i.e. objective eight), and
science integration (i.e. objective nine). These objectives were accomplished using
structural equation modeling. Given the limited utilization of structural equation
modeling within agricultural education research, I first provide some background
information and justification for this statistical approach before explicating how I
operationalized structural equation modeling within this study. I will note, this
introduction to structural equation modeling is not designed to be a comprehensive
discussion of this statistical method and readers are encouraged to review more detailed
accounts of structural equation modeling (e.g. Bowen & Guo, 2012; Ullman, 2013) for a
complete description.
Structural equation modeling is a theory driven statistical approach (Ullman,
2013). Structural equation modeling is designed to test a specific theory within a given
context. For example, within this study, I operationalized the theory of planned behavior
to explore the intentions of secondary agriculture teachers to integrate leadership,
mathematics, and science content within their curriculum. The results of a structural
equation modeling analysis provide a complete estimate of all the relationships existing
within the model of analysis (Bowen & Guo, 2012).
Structural equation modeling provides a complete picture of the analyzed model
by combining confirmatory factor analyses and regression analyses (Ullman, 2013).
Structural equation modeling is unique from other statistical modeling procedures
because constructs, confirmed through factor analysis, are left uncondensed (i.e. they are
not distilled into an average score; Ullman, 2013). Allowing constructs to remain
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uncondensed provides a more complete picture of how responses to individual items
influence the model of interest (Bowen & Guo, 2012). In addition, individual items
within a construct are not seen as predicting the unobserved construct. Instead, the
construct is seen as predicting individual items (Ullman, 2013). For example, in the
current study, I am interested in measuring the attitudes of respondents toward leadership
using four responses. Within structural equation modeling, the four responses are not
seen as predicting an individual’s attitude toward leadership; instead, the respondent’s
latent (i.e. unmeasured) attitude toward leadership is seen as predicting their responses to
the four questions within the attitude toward leadership construct.
The latent variable predicting individual responses within a construct allows for
individual error terms to emerge within each observed variable (i.e. item within the
questionnaire). These individual error terms identify how much of the individual items
are not being accounted for by the latent variable (i.e. the level of measurement and
systematic error within the construct). Removing this error variance from each item
allows only the variance accounted for by the latent variable to influence additional
relationships within the model (Bowen & Guo, 2012; Ullman, 2013). For example, let’s
return to the prediction of teachers’ attitudes toward leadership described previously. The
view within structural equation modeling is that an individual’s attitude toward
leadership (i.e. latent, unmeasured variable) predicts their responses to the four questions
within the attitude toward leadership construct; however, that prediction is imperfect. In
other words, an individual may respond to one of the questions differently not because of
their attitude, but because of a different construct (e.g. confidence), which is considered
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individual error variance. This error variance is estimated by the structural model and is
not included in the prediction of intentions to integrate leadership.
Within structural equation modeling, once the individual error variances are
accounted for, the remaining latent variables (e.g. attitudes, subjective norms, perceived
behavioral control, knowledge, and behavioral intention within this study) are viewed as
a truer representation of the latent variables (Ullman, 2013). The relationships between
these more refined variables are then evaluated as dictated by the operationalized theory
and model evaluated. The “fit” of the model is evaluated using matrix geometry, in which
the hypothetical model (i.e. the conceptual/theoretical model the researcher provides) is
compared to the best fitting model found within the data (Bowen & Guo, 2012).
Comparing these two models is typically done through a chi-squared analysis where the
researcher hopes to accept the null hypothesis that the hypothetical model is equal to the
implied variance (i.e. seeking a chi-squared test statistic with a p-value > .05).
Structural equation modeling has been described as painful, frustrating, and
difficult (Ullman, 2013), so why use this approach within the present study? As Bowen
and Guo state, “using [structural equation modeling] will improve the quality and rigor of
research involving such measures, thereby increasing the credibility of results and
strengthening the contribution of studies to the social work literature” (2012, p. 3).
Additionally, structural equation modeling allows for one analysis to detail completely
the often complex models found within social science research (Ullman, 2013). In fact,
structural equation modeling is one of the only statistical models to allow variables to
simultaneously act as dependent and independent within one analysis (Ullman, 2013).
Simply put, structural equation modeling is complex, challenging, and powerful.
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In order to complete a structural equation model, three steps must be completed,
(a) identification of the proposed model, (b) estimation of the model, and (c) evaluation
of the model. First, structural equation models must be identified, which means “there is
a unique solution for each of the parameters [i.e. statistical estimate] in the model”
(Ullman, 2013, p. 714). A simple formula exists for determining if a model is
overidentified, a requirement for using structural equation modeling. First, the number of
distinct elements within the model are determined (i.e. p[p + 1]/2 where p is the number
of observed/measured variables).
Within the models used for the present research there are 15 observed variables
(i.e. four items measuring attitudes, three items measuring subjective norms, four items
measuring perceived behavioral control, three items measuring knowledge, and one item
measuring intentions to integrate); therefore, the number of distinct elements within the
model is 120. Once the number of distinct elements is identified, the number of
parameters within the model is determined. As I identified within the discussion of
sample size, there are 32 parameters within each of the models (Note. the number of
parameters within a model are best identified when reviewing a visual of the model;
therefore, review Figure 3 for additional insight into the number of parameters within
each model). The number of distinct elements within the model exceeds the number of
parameters estimated (i.e. 120 > 32); therefore, the models meet the requirements for
overestimation.
After the model has been identified, the model can be estimated and evaluated
using statistical software. Within structural equation modeling, the researcher tells the
statistical package what the hypothesized relationships among variables are by setting up
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the model within the program (Byrne, 2010). Within AMOS, the statistical package used
to run the current analyses, this involved creating a visual model of the structure. The
model the researcher provides yields a set of implied variance covariance matrixes that
are analyzed against the population covariance matrix, which is estimated using data
from the sample (Bowen & Guo, 2012). An acceptable model is one in which the
population covariance matrix is statistically similar to the implied variance covariance
matrix (Bowen & Guo, 2012; Byrne, 2010; Ullman, 2013).
Within the current study, a Generalized Least Squares estimation technique, and
the subsequent chi-squared test statistic, was utilized to compare the two models within
mathematics integration. For leadership and science integration, the Asymptotically Free
Distribution estimation technique was used because of the non-normal distribution of
attitudes toward leadership integration and science integration (Bentler & Yuan, 1999).
Once the model has been estimated, the adequacy of the model fit must be
examined (Tabachnick & Fidell, 2007). In other words, models should be analyzed for
how consistent the model is at predicting all the data within the sample (Ullman, 2013).
Within the current study, two common measures of model fit were utilized, the
confirmatory fit index (CFI; Bentler & Yuan, 1999) and root mean square error of
approximation (RMSEA; Ullman, 2013). Cut-off values of acceptable fit using CFI and
RMSEA are a highly negotiated topic (Hooper, Coughlan, & Mullen, 2008). Within this
study, the cut-off for CFI was established a priori at .90; with values exceeding .90
indicating good fit (Blunch, 2013; Hu & Bentler, 1999). For RMSEA, values below .08
are identified as representing a good fitting model (Blunch, 2013; Hooper et al., 2008)
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Provided on the following page is a representative model of the three structural
models used within this analysis (see Figure 3). Each of the three models (i.e. leadership,
mathematics, and science) maintains the same number of observed and latent variables
and the same parameters are estimated within each of the models; therefore, one model
suffices for consideration. Within the model, variables found within squares are measured
(i.e. observed) and variables found within circles are latent (i.e. unobserved). A
description of the information found within the model follows.
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Figure 3. Structural model of leadership, mathematics, and science integration.
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The structural model provided is not specific to leadership, mathematics, or
science; instead, the structural model is a general representation of the models for
leadership, mathematics, and science respectively. The representative model contains
four latent constructs (i.e. attitude, subjective norms, perceived behavioral control, and
knowledge) predicting the observed variable, intentions to integrate. This structural
model corresponds to the theory of planned behavior with the additional knowledge
predictor variable. As the directional arrows indicate (i.e. γ11, γ21, γ31, γ41; γ = gamma),
attitude, subjective norms, perceived behavioral control, and knowledge are predicting
intention to integrate.
The latent construct attitude (i.e. ξ1; ξ = xi), the first predictor of intentions to
integrate, is predicting observed responses to the four items (i.e. X1 through X4) that
comprise the attitude construct. The relationship between the latent attitude variable and
the observed responses on the questionnaire, known as factor loadings, are represented by
lambdas (i.e. λ21 through λ41) with the first number in the subscript indicating the
endogenous (i.e. predicted) variable and the second number in the subscript indicating the
exogenous (i.e. predictor) variable. The first factor loading within each of the constructs
is set to 1 to reduce the number of free parameters estimated within the model (Bowen &
Guo, 2012; Ullman, 2013). The prediction of observed variables using the latent
construct attitude is not assumed to be perfect due to a combination of measurement and
systematic error; therefore, each observed response includes an error variance term (i.e.
δ1 through δ4). These error variance terms remove measurement and systematic error
from the model, making the structural model a truer representation of reality (Ullman,
2013). The remaining latent predictors (i.e. subjective norms [ξ2], perceived behavioral
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control [ξ3], and knowledge [ξ4]) are constructed and presented in a similar manner and
therefore are not described any further within this discussion.
Linking the four later predictor variables are lines with arrows at both ends. The
lines represent presumed correlations between latent variables (Bowen & Guo, 2012;
Ullman, 2012) as identified within the theory of planned behavior (see Figure 2; Ajzen,
1985). It is important to note the addition of the correlations within the model does not
presume directionality (i.e. one latent variable predicting another); instead, the
correlations are an important addition to ensure a good fitting structural model (Bowen &
Guo, 2012). In addition to the a priori correlations, the process of fitting a structural
model typically includes adding correlations between observed variables within the
model (Blunch, 2013; Bowen & Guo, 2012). These correlations are not seen as predictive
and do not change the direction of relationships between latent variables proposed within
the model (Blunch, 2013); however, these correlations are often a necessary component
of the structural equation modeling process.
Transitioning to the dependent variable within the structural model (i.e. intentions
to integrate); we see a change in Greek nomenclature. The endogenous (i.e. dependent)
variable within a structural model is represented with an eta (i.e. η1). Within the model,
intention to integrate is predicted by attitudes, subjective norms, perceived behavioral
control, and knowledge; however, this prediction is not assumed to be perfect. Therefore,
the predicted variable (i.e. intention to integrate) includes an error term, zeta (ζ1), which
is referred to as structural error (Bowen & Guo, 2012; Ullman, 2013).
Like regression analyses, structural equation modeling is comprised of a variety
of formulas that make up the model. Within structural equation modeling, measured
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variables are predicted using both latent and error terms. For example, the second
question within the attitudinal construct is predicted using the formula: X2 = λ21ξ1 + δ2.
With a total of 15 measured variables and three models (i.e. leadership, mathematics, and
science), this study had 45 total factor loading formulas, similar to the one presented, to
measure the relationships within constructs. In addition to the construct level equations,
the structural model of interest (i.e. prediction of integration intentions) was predicted
using the following formula: η1 = γ11ξ1 + γ12ξ2 + γ13ξ3 + γ14ξ4 + ζ1. Using matrix algebra,
AMOS software identified the best fitting models for the leadership, mathematics, and
science integration formulas. Within the findings, I present the information from these
analyses, which includes a visual representation of the final model, the amount of
variance predicted within the structural model, the strength of each latent predictor within
the model, the factor loadings within each construct, and the overall fit of the model.
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Leadership, Mathematics, and Science Integration in Secondary Agricultural
Education
Chapter 4: Findings
Purpose and Objectives Review
The purpose of this study was to explore the intentions of secondary agriculture
teachers to integrate leadership, mathematics, and science content within the agricultural
education curriculum they teach. In an effort to understand intentions to integrate this
content, I tested the behavioral intention model proposed within the theory of planned
behavior. The theory of planned behavior includes three predictors of behavioral
intentions, attitude toward behavior, subjective norms, and perceived behavioral control
(Ajzen, 1985). Additionally, research within agricultural education indicates knowledge
of the content teachers are seeking to integrate influences their integration of that content
(Scales et al., 2009; Stripling & Roberts, 2012); therefore, knowledge of leadership,
mathematics, and science were included as fourth potential predictors of intention to
integrate leadership, mathematics, and science.
Within this chapter, I illuminate the findings of this research using the processes
described within chapter three. These findings range from demographic information
regarding the national sample of secondary agriculture teachers to the results of the
structural equation models for intentions to integrate leadership, mathematics, and
science. Listed below are the research objectives established to guide the development
and execution of this study. The findings will be presented in the order of the research
objectives.
1. Describe the sample of secondary agriculture teachers.
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2. Describe secondary agriculture teachers’ attitudes toward the integration of
leadership, mathematics, and science content within their curriculum.
3. Describe the subjective norms of secondary agriculture teachers regarding
leadership, mathematics, and science integration.
4. Describe respondents’ perceived behavioral control integrating leadership,
mathematics, and science.
5. Describe the self-reported knowledge of leadership, mathematics, and science
among secondary agriculture teachers.
6. Describe the behavioral intentions of agriculture teachers related to leadership,
mathematics, and science integration.
7. Determine the relationship between secondary agriculture teachers’ attitudes
toward leadership integration, subjective norms regarding leadership integration,
perceived behavioral control related to integrating leadership, self-reported
knowledge of leadership, and intention to integrate leadership.
8. Determine the relationship between attitudes toward mathematics integration,
subjective norms regarding mathematics integration, perceived behavioral control
related to integrating mathematics, self-reported knowledge of mathematics, and
secondary agriculture teacher intention to integrate mathematics.
9. Determine the relationship between attitudes toward science integration,
subjective norms regarding science integration, perceived behavioral control
related to integrating science, and self-reported knowledge of science, and
secondary agriculture teacher intention to integrate science.
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Research Objective One: Describe the Sample of Agriculture Teachers
Potential respondents for this study were identified from a simple random sample
of secondary agriculture teachers provided by the National FFA Organization. The aim of
using a simple random sample was to allow inference back to the population of secondary
agriculture teachers. However, it is still imperative to describe the respondents to provide
clarity and context. Included in this description of respondents is sex, age, years of
teaching experience, state, highest level of education, teacher certification type, and
school community type.
Respondents to this study included 52.70% (f = 106) male and 47.30% (f = 95)
female secondary agriculture teachers. Additionally, 11 agriculture teachers did not
indicate their sex on the questionnaire. Within the variable of age, respondents ranged
from 22 years of age to 70 years old with an average of 39.21 years of age. Age was
initially collected as a continuous variable; however, for the ease of reporting, the age
variable was categorized within table two. Additionally, sex of respondents was included
to illustrate changing demographics among secondary agriculture teachers (see Table 2).

Table 2
Age and Sex of Respondents
Female
Age
f
%
24 and Under
15
16.00

f
3

%
2.90

f
18

%
9.00

25 to 34

41

43.60

21

20.00

62

31.20

35 to 44

25

26.60

30

28.60

55

27.60

45 to 54

8

8.50

28

26.70

36

18.10

55 and Older

5

5.30

23

22.00

28

14.10

199

100.00

Male

Total
94
47.24
105
52.76
Note. 13 respondents declined to answer the age and/or sex question.

Total
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Within the comparison of self-reported age and sex, we can see a definite trend
emerge. Specifically, female agriculture teachers account for the majority of younger
agriculture teachers (i.e. age 34 and under) while male agriculture teachers account for
the majority of older agriculture teachers (i.e. 35 and older). In addition to age, years of
teaching experience was also identified. Respondents ranged from first year agriculture
teachers to an agriculture teacher with 42 years of teaching experience. On average,
respondents to this questionnaire had 12.92 years of teaching experience. Similar to age,
years of teaching experience and sex are reported in conjunction to evaluate trends
among respondents (see Table 3).

Table 3
Years of Teaching Experience and Sex of Respondents
Years of
Female
Male
Experience
f
%
f
%
5 or Less
42
44.20
20
19.00

f
62

%
31.00

6 to 15

39

41.10

34

32.40

73

36.50

16 to 25

11

11.60

23

21.90

34

17.00

26 to 35

2

2.10

23

21.90

25

12.50

36 or More

1

1.10

5

4.80

6

3.00

Total

Total
95
47.50
105
52.50
200
100.00
Note. 12 respondents declined to answer the years of teaching experience and/or sex
question.

Similar to age, years of teaching experience illustrates a shift within the
profession toward more female agriculture teachers. Female agriculture teachers were
identified as the majority of less experienced respondents (i.e. less than 16 years of
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experience) while male agriculture teachers were identified as the majority of more
experienced teachers (i.e. 16 or more years of experience).
Given the nationwide scope of this study, the state in which responding
agriculture teachers worked was identified. Agriculture teachers from 40 states and
Puerto Rico responded to this questionnaire. The states with the highest proportion of
respondents included Texas (f = 24), Missouri (f = 12), Florida (f = 10), California (f = 8),
Illinois (f = 8), Oklahoma (f = 8), and Wisconsin (f = 8). Only ten states (i.e. Alaska,
Delaware, Hawaii, Maine, Maryland, Massachusetts, New Hampshire, New Jersey,
Rhode Island, and Vermont) did not have a respondent included.
The highest level of education among respondents was also measured. Responses
ranged from some undergraduate work (f = 2; 1.00%) to individuals indicating they held
a Ph.D. (f = 5; 2.50%). The largest proportion of respondents indicated they held a
Master’s Degree (f = 102; 50.70%) with the remaining respondents indicating a
Bachelor’s Degree (f = 55; 27.40%) and some graduate work (f = 37; 18.40%) as their
highest level of education at the time of data collection. A total of 11 teachers declined to
provide their highest level of education.
In addition to previously identified demographics, respondents were asked if they
received their teaching certification from a traditional agriculture teacher education
program (i.e. undergraduate or graduate degree in agricultural education). The majority of
responding teachers indicated they had received their certification through traditional
means (f = 172; 86.00%) while a minority of teachers received their teaching certification
through alternative measures (f = 28; 14.00%). A total of 12 teachers declined to provide
their certification type.
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The final demographic analyzed was type of community in which respondents
taught at the time of data collection. Respondents were given three potential community
types, rural, suburban, and urban, and were asked to self-identify which community type
best described the community of their school. The majority of respondents indicated
teaching in a rural community (f = 148; 73.60%), followed by suburban (f = 38; 18.90%)
and urban (f = 15; 7.50%) community types. A total of 11 responding teachers declined to
provide the community type of the school in which they taught.

Research Objective Two: Describe Secondary Agriculture Teachers’ Attitudes
toward the Integration of Leadership, Mathematics, and Science Content within
their Curriculum
The first predictor of behavioral intentions within the theory of planned behavior
is the attitude of an individual toward the behavior of interest. Within this study, our
focus was on the attitudes of secondary agriculture teachers toward leadership,
mathematics, and science integration within their agriculture curriculum. As I have
identified, one of the principles of structural equation modeling (i.e. the statistical
processed used to analyze intentions to integrate leadership, mathematics, and science) is
keeping individual items within a construct distinct rather than combining them within a
mean score. Therefore, as I discuss the attitudes of responding teachers toward
leadership, mathematics, and science integration, I report responses to individual
questions as well as the statistics for the overall constructs.
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Attitudes toward leadership integration. Overall, respondents indicated positive
attitudes toward the integration of leadership content within their agricultural education
curriculum (see Table 4; M = 5.60; SD = 0.65). For the identified prompts, respondents
had the most positive attitude toward, “It benefits my students when I integrate leadership
content in the curriculum I teach” (M = 5.71; SD = 0.66) and the lowest reported attitude
toward “I enjoy integrating leadership content into the curriculum I teach” (M = 5.48; SD
= 0.82).

Table 4
Attitudes toward Leadership Integration
I enjoy integrating leadership content into
the curriculum I teach.
I find it rewarding to integrate leadership
content in the agriculture curriculum I teach.
I am doing something positive when I
integrate leadership content in the
agriculture curriculum I teach.
It benefits my students when I integrate
leadership content in the curriculum I teach.

Minimum Maximum
1.00
6.00

M
5.48

SD
0.82

1.00

6.00

5.55

0.74

1.00

6.00

5.65

0.68

1.00

6.00

5.71

0.66

Total
1.00
6.00
5.60
0.65
Note. Items measuring respondents’ attitudes toward leadership integration were scaled
from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Attitudes toward mathematics integration. As was the case with leadership
integration, respondents indicated a positive attitude toward the integration of
mathematics content within their agriculture curriculum (see Table 5; M = 5.15; SD =
0.75). Respondents were most positive toward the prompt, “It benefits my students when
I integrate mathematics content in the curriculum I teach” (M = 5.58; SD = 0.80) and
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least positive toward the prompt, “I enjoy integrating mathematics content into the
curriculum I teach” (M = 4.71; SD = 1.02).

Table 5
Attitudes toward Mathematics Integration
I enjoy integrating mathematics content into
the curriculum I teach.
I find it rewarding to integrate mathematics
content in the agriculture curriculum I teach.

Minimum Maximum
1.00
6.00

M
4.71

SD
1.02

1.00

6.00

4.95

0.95

I am doing something positive when I
integrate mathematics content in the
agriculture curriculum I teach.

1.00

6.00

5.37

0.84

It benefits my students when I integrate
mathematics content in the curriculum I
teach.

1.00

6.00

5.58

0.80

Total
1.00
6.00
5.15
0.75
Note. Items measuring respondents’ attitudes toward mathematics integration were scaled
from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Attitudes toward science integration. On average, respondents indicated a
positive attitude toward the integration of science content within their agriculture
curriculum (see Table 6; M = 5.46; SD = 0.67). Respondents had the most positive
attitude to the prompt, “It benefits my students when I integrate science content in the
curriculum I teach” (M = 5.64; SD = 0.75) and the least positive attitude toward the
prompt “I find it rewarding to integrate science content in the agriculture curriculum I
teach” (M = 5.33; SD = 0.79).
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Table 6
Attitudes toward Science Integration
I enjoy integrating science content into the
curriculum I teach.
I find it rewarding to integrate science
content in the agriculture curriculum I teach.
I am doing something positive when I
integrate science content in the agriculture
curriculum I teach.
It benefits my students when I integrate
science content in the curriculum I teach.

Minimum Maximum
1.00
6.00

M
5.41

SD
0.81

1.00

6.00

5.33

0.79

1.00

6.00

5.47

0.79

1.00

6.00

5.64

0.75

Total
1.00
6.00
5.46
0.67
Note. Items measuring respondents’ attitudes toward science integration were scaled from
1 “Strongly Disagree” to 6 “Strongly Agree.”

Looking across content areas within the attitude constructs, secondary agriculture
teachers reported the most positive attitudes toward the integration of leadership content
(M = 5.60; SD = 0.65) with the lowest overall attitude toward the integration of
mathematics content (M = 5.15; SD = 0.75). Additionally, respondents consistently had
the most favorable attitude toward the prompt, “It benefits my students when I integrate
[leadership, mathematics, and science] content in the curriculum I teach.”

Research Objective Three: Describe the Subjective Norms of Secondary Agriculture
Teachers regarding Leadership, Mathematics, and Science Integration
The second predictor of behavioral intentions, as identified within the theory of
planned behavior, is the subjective norms an individual perceives regarding the identified
behavior (Ajzen, 1985). Within this study, subjective norms were defined as the social
pressures a secondary agriculture teacher perceives toward the integration of leadership,
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mathematics, and science within their curriculum. Similarly to attitudes, I report the
subjective norms of secondary agriculture teachers using the individual construct items as
well as the complete construct.

Subjective norms toward leadership integration. Subjective norms regarding
leadership integration highlight teachers felt stakeholders to their agricultural education
program support the integration of leadership content (see Table 7; M = 5.19; SD = 0.82).
Looking at the individual items, respondents perceived the most favorable subjective
norms toward leadership integration on the prompt, “Stakeholders to my agricultural
education program support the integration of leadership content in my agriculture
curriculum” (M = 5.37; SD = 0.86) and the least favorable subjective norms toward
leadership integration on the prompt, “Stakeholders to my agricultural education program
would be pleased if I integrated more leadership content in my agriculture curriculum”
(M = 5.03; SD = 1.07).
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Table 7
Subjective Norms toward Leadership Integration
Minimum Maximum
Stakeholders to my agricultural education
program support the integration of
1.00
6.00
leadership content in my agriculture
curriculum.
Stakeholders to my agricultural education
program would be pleased if I integrated
more leadership content in my agriculture
curriculum.
Stakeholders to my agricultural education
program expect me to integrate leadership
content in my agriculture curriculum.

M

SD

5.37

0.86

1.00

6.00

5.03

1.07

1.00

6.00

5.15

0.96

Total
1.00
6.00
5.19
0.82
Note. Items measuring respondents’ subjective norms toward leadership integration were
scaled from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Subjective norms toward mathematics integration. Overall, secondary
agriculture teachers in this study identified subjective norms supporting the integration of
mathematics content within their curriculum (see Table 8; M = 5.26; SD = 0.72). As was
the case with leadership integration, respondents indicated the most supportive subjective
norms within the prompt, “Stakeholders to my agricultural education program support the
integration of mathematics content in my agriculture curriculum” (M = 5.48; SD = 0.75);
however, the least positive social norms within mathematics integration were related to
the prompt “Stakeholders to my agricultural education program expect me to integrate
mathematics content in my agriculture curriculum” (M = 5.07; SD = 0.90).
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Table 8
Subjective Norms toward Mathematics Integration
Minimum Maximum
Stakeholders to my agricultural education
program support the integration of
1.00
6.00
mathematics content in my agriculture
curriculum.
Stakeholders to my agricultural education
program would be pleased if I integrated
more mathematics content in my agriculture
curriculum.
Stakeholders to my agricultural education
program expect me to integrate mathematics
content in my agriculture curriculum.

M

SD

5.48

0.75

1.00

6.00

5.24

0.95

1.00

6.00

5.07

0.90

Total
1.00
6.00
5.26
0.72
Note. Items measuring respondents’ subjective norms toward mathematics integration
were scaled from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Subjective norms toward science integration. Respondents continued their
positive subjective norms within the area of science, indicating teachers perceived
stakeholders support the integration of science content within agricultural education
curriculum (see Table 9; M = 5.34; SD = 0.70). Within the science subjective norms
construct, teachers scored the statement, “Stakeholders to my agricultural education
program support the integration of science content in my agriculture curriculum” as the
more favorable prompt toward science integration (M = 5.53; SD = 0.72). Alternatively,
respondents rated the prompt, “Stakeholders to my agricultural education program expect
me to integrate science content in my agriculture curriculum” as the lowest perceived
item within the subjective norms toward science integration construct (M = 5.23; SD =
0.86).
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Table 9
Subjective Norms toward Science Integration
Minimum Maximum
Stakeholders to my agricultural education
program support the integration of science
content in my agriculture curriculum.
Stakeholders to my agricultural education
program would be pleased if I integrated
more science content in my agriculture
curriculum.
Stakeholders to my agricultural education
program expect me to integrate science
content in my agriculture curriculum.

M

SD

1.00

6.00

5.53

0.72

1.00

6.00

5.26

0.94

1.00

6.00

5.23

0.86

Total
1.00
6.00
5.34
0.70
Note. Items measuring respondents’ subjective norms toward science integration were
scaled from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Looking at the subjective norms perceived across integration topics, responding
agriculture teachers perceived stakeholders held the most favorable perceptions toward
integrating science content (M = 5.34; SD = 0.70) followed by mathematics (M = 5.26;
SD = 0.72) and leadership (M = 5.19; SD = 0.82). Additionally, responding secondary
agriculture teachers consistently rated the statement, “Stakeholders to my agricultural
education program support the integration of [leadership, mathematics, science] content
in my agriculture curriculum” as the highest item regarding their subjective norms for
academic integration.
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Research Objective Four: Describe Respondents’ Perceived Behavioral Control
Integrating Leadership, Mathematics, and Science
The third and final predictor of behavioral intentions identified within the theory
of planned behavior is perceived behavioral control. Perceived behavioral control is
defined as an individual’s evaluation of their control over a certain behavior (Ajzen,
1987). Perceived behavioral control was added to the theory of planned behavior to
address behaviors in which individuals may not have complete volitional control (Ajzen,
1987, 1991). As was the case with attitudes and subjective norms, I report scores from
both individual items as well as the construct scores for the perceived behavioral control
of secondary agriculture teachers regarding the integration of leadership, mathematics,
and science content within their agriculture curriculum.

Perceived behavioral control toward leadership integration. Overall, responding
secondary agriculture teachers agreed they had control over the integration of leadership
content within their curriculum (see Table 10; M = 5.03; SD = 0.77). Looking at the
individual items within the perceived behavioral control construct for leadership
integration, agriculture teachers indicated the strongest level of agreement with the
statement, “It is easy for me to integrate leadership content in my agriculture curriculum”
(M = 5.20; SD = 0.87) and the lowest level of agreement for the statement, “It is up to me
whether or not I integrate leadership content in my agriculture curriculum” (M = 4.81; SD
= 1.17).
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Table 10
Perceived Behavior Control toward Leadership Integration
Minimum Maximum
I have complete control over the level at
which I integrate leadership content in my
1.00
6.00
agriculture curriculum.

M

SD

5.17

1.02

I can overcome common obstacles that
might prevent the integration of leadership
content in my agriculture curriculum.

1.00

6.00

4.95

0.91

It is up to me whether or not I integrate
leadership content in my agriculture
curriculum.

1.00

6.00

4.81

1.17

1.00

6.00

5.20

0.87

It is easy for me to integrate leadership
content in my agriculture curriculum.

Total
1.00
6.00
5.03
0.77
Note. Items measuring respondents’ perceived behavioral control toward leadership
integration were scaled from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Perceived behavioral control toward mathematics integration. Overall,
secondary agriculture teachers in this study indicated control over mathematics
integration within their curriculum (see Table 11; M = 4.75; SD = 0.77). Within the
mathematics construct, respondents indicated the highest level of agreement with the
statement, “I have complete control over the level at which I integrate mathematics
content in my agriculture curriculum” (M = 4.96; SD = 1.06) and lowest level of
agreement with the statement, “It is up to me whether or not I integrate mathematics
content in my agriculture curriculum” (M = 4.59; SD = 1.26).
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Table 11
Perceived Behavior Control toward Mathematics Integration
Minimum Maximum
I have complete control over the level at
which I integrate mathematics content in my
1.00
6.00
agriculture curriculum.
I can overcome common obstacles that
might prevent the integration of
mathematics content in my agriculture
curriculum.
It is up to me whether or not I integrate
mathematics content in my agriculture
curriculum.
It is easy for me to integrate mathematics
content in my agriculture curriculum.

M

SD

4.96

1.06

1.00

6.00

4.78

0.94

1.00

6.00

4.59

1.26

1.00

6.00

4.68

1.01

Total
1.00
6.00
4.75
0.77
Note. Items measuring respondents’ perceived behavioral control toward mathematics
integration were scaled from 1 “Strongly Disagree” to 6 “Strongly Agree.”

Perceived behavioral control toward science integration. In total, responding
secondary agriculture teachers perceived they had control over the integration of science
content within their curriculum (see Table 12; M = 4.87; SD = 0.75). Exploring the
individual items within the behavioral control construct related to science integration,
responding agriculture teachers identified the strongest level of agreement with the
statement, “It is easy for me to integrate science content in my agriculture curriculum”
(M = 5.14; SD = 0.84) and the lowest level of agreement with the statement, “It is up to
me whether or not I integrate science content in my agriculture curriculum” (M = 4.47;
SD = 1.34).
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Table 12
Perceived Behavior Control toward Science Integration
Minimum Maximum
I have complete control over the level at
which I integrate science content in my
1.00
6.00
agriculture curriculum.

M

SD

5.04

1.02

I can overcome common obstacles that
might prevent the integration of science
content in my agriculture curriculum.

1.00

6.00

4.84

0.91

It is up to me whether or not I integrate
science content in my agriculture
curriculum.

1.00

6.00

4.47

1.34

1.00

6.00

5.14

0.84

It is easy for me to integrate science content
in my agriculture curriculum.

Total
1.00
6.00
4.87
0.75
Note. Items measuring respondents’ perceived behavioral control toward science
integration were scaled from 1 “Strongly Disagree” to 6 “Strongly Agree.”

With respect to perceived behavioral control across the three areas of curriculum
integration, responding agriculture teachers identified the highest level of behavioral
control within the area of leadership (M = 5.03; SD = 0.77) followed by science (M =
4.87; SD = 0.75) and mathematics (M = 4.75; SD = 0.77). Additionally, within each of
the three areas of integration, respondents indicated the lowest level of agreement for the
statement, “It is up to me whether or not I integrate [leadership, mathematics, science]
content in my agriculture curriculum.”
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Research Objective Five: Describe the Self-Reported Knowledge of Leadership,
Mathematics, and Science among Secondary Agriculture Teachers
In addition to the three determinants of behavioral intention identified within the
theory of planned behavior, I added the construct of knowledge. This addition was based
on previous literature within agricultural education identifying the importance of
knowledge in the integration of external subjects (Scales et al., 2009; Stripling & Roberts,
2012). Furthermore, the addition of knowledge was vetted against criteria established by
Fishbein and Ajzen (2010) for the inclusion of additional determinants to behavioral
intention. Both the individual items within each of three knowledge constructs as well as
the constructs as a whole are discussed.

Self-reported knowledge of leadership. Respondents identified their level of
knowledge, using a four point scale, for three leadership related topics (see Table 13;
Northouse, 2012). On average, respondents indicated they were between
“knowledgeable” and “very knowledgeable” about leadership (M = 3.23; SD = 0.65).
Considering the individual items within the knowledge of leadership construct,
individuals perceived themselves to be most knowledgeable in creating a vision (M =
3.28; SD = 0.69) and least knowledgeable in leadership styles (M = 3.16; SD = 0.76).
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Table 13
Self-Reported Knowledge of Leadership
Leadership Styles

Minimum Maximum
1.00
4.00

M
3.16

SD
0.76

Creating a Vision

1.00

4.00

3.28

0.69

Conflict Management

1.00

4.00

3.26

0.73

Total
1.00
4.00
3.23
0.65
Note. Items measuring respondents’ self-reported knowledge of leadership were scaled
from 1 “Not Knowledgeable” to 4 “Very Knowledgeable”

Self-reported knowledge of mathematics. Respondents identified their level of
mathematics knowledge within three areas of mathematics identified by the Common
Core State Standards for Mathematics (see Table 14; CCSS Initiative, 2010). On average,
respondents identified themselves between “somewhat knowledgeable” and
“knowledgeable” in the identified areas of mathematics (M = 2.89; SD = 0.66). Within
the mathematics knowledge construct, respondents self-identified as being most
knowledgeable about number and quantity (M = 3.24; SD = 0.73) and least
knowledgeable with regard to functions (M = 2.60; SD = 0.79).

Table 14
Self-Reported Knowledge of Mathematics
Number and Quantity

Minimum Maximum
1.00
4.00

M
3.24

SD
0.73

Algebra

1.00

4.00

2.86

0.82

Functions

1.00

4.00

2.60

0.79

Total
1.00
4.00
2.89
0.66
Note. Items measuring respondents’ self-reported knowledge of mathematics were scaled
from 1 “Not Knowledgeable” to 4 “Very Knowledgeable”
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Self-reported knowledge of science. In addition to self-reported knowledge of
leadership and mathematics, respondents were asked to rate their knowledge of science.
A list of three science topics were developed from the disciplines identified within the
Next Generation Science Standards (see Table 15; NGSS Lead Sates, 2013). Once again,
respondents ranked themselves between “somewhat knowledgeable” and
“knowledgeable” in their understanding of the identified science topics (M = 2.60; SD =
0.60). Responding agriculture teachers ranked their knowledge of Energy as the highest
(M = 2.72; SD = 0.72) and their knowledge of Motion and Stability: Forces and
Interactions as the lowest (M = 2.50; SD = 0.71) items within the self-reported construct
of science knowledge.

Table 15
Self-Reported Knowledge of Science
Motion and Stability: Forces and
Interactions

Minimum Maximum
1.00
4.00

M
2.50

SD
0.71

Energy

1.00

4.00

2.72

0.72

Earth’s Place in the Universe

1.00

4.00

2.57

0.75

Total
1.00
4.00
2.60
0.60
Note. Items measuring respondents’ self-reported knowledge of science were scaled from
1 “Not Knowledgeable” to 4 “Very Knowledgeable”

Looking across the constructs of self-reported knowledge of leadership,
mathematics, and science, teachers self-identified as being generally knowledgeable
within each of these subjects. The highest confidence among teachers was within their
knowledge of leadership (M = 3.23; SD = 0.65) trailed by their self-reported knowledge
of mathematics (M = 2.89; SD = 0.66) and science (M = 2.60; SD = 0.60).
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Research Objective Six: Describe the Behavioral Intentions of Agriculture Teachers
Related to Leadership, Mathematics, and Science Integration
The preceding constructs (i.e. attitudes, subjective norms, perceived behavioral
control, and knowledge) are the predictive variables within the described models of
behavioral intentions. The construct of focus within this section (i.e. intentions to
integrate leadership, mathematics, and science) served as the predicted variables.
Intentions to integrate leadership, mathematics, and science were measured across
multiple potential curricular offerings within agricultural education.
Respondents were first asked, “What courses have you taught, do you currently
teach, or do you plan to teach in the near future?” Based on the answers of each
respondent, they were asked to provide the percentage of leadership, mathematics, and
science content they would integrate for a curricular experience they had offered,
currently offered, or planned to offer students. Additionally, all respondents were asked
to provide the percentage of leadership, mathematics, and science content they would
integrate in their facilitation of FFA and SAE experiences. This method of measuring
behavioral intentions was utilized to gain a deeper understanding of leadership,
mathematics, and science content integration within secondary agricultural education. As
was the case with the predictive variables, both individual item responses as well as total
integration percentages are reported.

Intentions to integrate leadership. Across all eleven potential curricular
offerings, respondents indicated intentions to integrate leadership concepts into just over
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one quarter of their curriculum (see Table 16; M = 28.49%; SD = 14.03%). The two
curricular opportunities that occur outside of the classroom (i.e. SAE and FFA) were
identified as those in which the most leadership content would be integrated (FFA: M =
65.40%, SD = 27.60%; SAE: M = 37.54%, SD = 23.68%). Within the traditional
classroom subjects, General Agriculture courses (M = 27.25%; SD = 16.62%) and
Agribusiness Systems courses (M = 26.78%; SD = 18.51%) were identified as the courses
having the highest level of leadership integration. Alternatively, Food Products and
Processing Systems (M = 15.25%; SD = 9.86%) and Biotechnology Systems (M =
15.72%; SD = 11.32%) courses were identified as those in which the least amount of
leadership content would be integrated among responding agriculture teachers.
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Table 16
Intentions to Integrate Leadership
Agribusiness Systems

f
139

Minimum Maximum
M
0.00
100.00
26.78

SD
18.51

Animal Systems

178

0.00

100.00

16.70

12.20

Biotechnology Systems

83

0.00

75.00

15.72

11.32

Environmental Service Systems

97

0.00

75.00

17.35

15.58

Food Products and Processing
Systems

92

0.00

50.00

15.25

9.86

General Agriculture

191

0.00

100.00

27.25

16.62

Natural Resource Systems

137

0.00

75.00

16.52

11.31

Plant Systems

165

0.00

100.00

16.78

13.79

Power, Structure, and Technology
Systems

143

0.00

100.00

16.00

13.55

SAE: Supervised Agricultural
Experience

197

0.00

100.00

37.54

23.68

FFA

198

0.00

100.00

65.40

27.60

Total
212
4.00
81.25
28.49 14.03
Note. Respondents were only asked to report the percentage of leadership content they
would integrate for courses they had taught, were teaching at the point of data collection,
and/or planned to teach in the near future.

Intentions to integrate mathematics. Responding agriculture teachers indicated
intentions to integrate mathematics content in just under one quarter of their agricultural
education curriculum (see Table 17; M = 24.51%; SD = 10.79%). Two course offerings
were identified as being home to the largest proportion of mathematics integrated
concepts within agricultural education, specifically Agribusiness Systems (M = 43.96%;
SD = 23.21%) and Power, Structure, and Technology Systems (M = 38.28%; SD =
18.21%). On the other end of the mathematics integration spectrum, FFA (M = 14.34%;
SD = 15.77%) and Natural Resource Systems (M = 19.75%; SD = 12.69%) were
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identified as the two curricular experiences in which teachers intended to integrate the
least amount of mathematics concepts.

Table 17
Intentions to Integrate Mathematics
Agribusiness Systems

f
139

Minimum Maximum
M
0.00
100.00
43.96

SD
23.21

Animal Systems

177

5.00

100.00

22.43

12.62

Biotechnology Systems

84

0.00

100.00

26.01

15.46

Environmental Service Systems

97

0.00

100.00

21.01

13.29

Food Products and Processing
Systems

97

5.00

50.00

23.85

11.94

General Agriculture

190

0.00

100.00

20.99

14.31

Natural Resource Systems

134

0.00

100.00

19.75

12.69

Plant Systems

171

0.00

100.00

22.04

14.20

Power, Structure, and Technology
Systems

144

0.00

100.00

38.28

18.21

SAE: Supervised Agricultural
Experience

195

0.00

100.00

29.97

19.25

FFA

168

0.00

100.00

14.34

15.77

Total
212
2.50
57.50
24.51 10.79
Note. Respondents were only asked to report the percentage of mathematics content they
would integrate for courses they had taught, were teaching at the point of data collection,
and/or planned to teach in the near future.

Intentions to integrate science. Within the agricultural education curriculum
offerings, responding agriculture teachers purported intentions to integrate science
concepts in just under 40% of curriculum (see Table 18; M = 39.91%; SD = 14.93%).
Responding agriculture teachers identified intentions to integrate science concepts within
over half of the curriculum for five curricular offerings within agricultural education;
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specifically, Plant Systems (M = 57.18%; SD = 20.14%), Animal Systems (M = 55.65%;
SD = 18.96%), Biotechnology Systems (M = 55.12%; SD = 20.92%), Environmental
Service Systems (M = 52.26%; SD = 19.38%), and Natural Resource Systems (M =
51.89%; SD = 20.90%). The two areas in which responding agriculture teachers reported
the lowest intentions to integrate science concepts were FFA (M = 17.00%; SD =
18.25%) and Agribusiness Systems (M = 18.03%; SD = 17.55%).

Table 18
Intentions to Integrate Science
Agribusiness Systems

f
128

Minimum Maximum
M
0.00
100.00
18.03

SD
17.55

Animal Systems

182

10.00

100.00

55.65

18.96

Biotechnology Systems

86

15.00

100.00

55.12

20.92

Environmental Service Systems
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10.00

100.00

52.26

19.38

Food Products and Processing
Systems

95

10.00

100.00

48.35

19.15

General Agriculture

192

0.00

100.00

42.46

18.39

Natural Resource Systems

139

5.00

100.00

51.89

20.90

Plant Systems

176

0.00

100.00

57.18

20.14

Power, Structure, and Technology
Systems

143

0.00

100.00

29.01

17.72

SAE: Supervised Agricultural
Experience

188

0.00

100.00

25.34

18.39

FFA

167

0.00

100.00

17.00

18.25

Total
212
4.00
81.67
39.91 14.93
Note. Respondents were only asked to report the percentage of science content they
would integrate for courses they had taught, were teaching at the point of data collection,
and/or planned to teach in the near future.
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Looking across the reported intentions to integrate leadership, mathematics, and
science content within secondary agricultural education, respondents were more apt to
integrate science concepts (M = 39.91%; SD = 14.93%) than leadership (M = 28.49%; SD
= 14.03%) or mathematics concepts (M = 24.51%; SD = 10.79%). However, the
curricular experience containing the highest percentage of external content integration
was not within science, but leadership (i.e. FFA: M = 65.40%, SD = 27.60%).
Interestingly, the FFA experience was also identified as the curricular experience in
which the lowest percentage of external content (i.e. intentions to integrate mathematics:
M = 14.34%; SD = 15.77%) would be integrated.

Research Objective Seven: Determine the Relationship between Secondary
Agriculture Teachers’ Attitudes toward Leadership Integration, Subjective Norms
Regarding Leadership Integration, Perceived Behavioral Control related to
Integrating Leadership, Self-Reported Knowledge of Leadership, and Intention to
Integrate Leadership
Using structural equation modeling, the relationships between attitudes, subjective
norms, perceived behavioral control, knowledge, and intentions to integrate leadership
among secondary agriculture teachers were identified. The measurement component of
the model (i.e. factor analysis) demonstrated an acceptable fit within each multi-item,
latent variable (see Figure 4). Factor loadings ranged from .73 to .96 for attitude toward
leadership integration, .74 to .83 for subjective norms, .47 to .76 for perceived behavioral
control, and .73 to .95 for knowledge of leadership. All factor loadings were statistically
significant (i.e. p-values < .05).
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Figure 4. Final structural model of leadership integration.
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The structural model for intentions to integrate leadership is shown in Figure 4.
The best fitting model included identified correlations between four pairs of observed
variables, X1 X11 (r = .24), X3 X4 (r = .65), X6 X9 (r = .21), and X8 X10 (r = .28). Adding
correlations between observed variables is common practice within structural equation
modeling to establish the best fitting model (Blunch, 2013; Bowen & Guo, 2012;
Tabachnick & Fidell, 2007; Ullman, 2013) as long as the correlations do not contradict
the theoretical framework. The theory of planned behavior includes established
correlations between predictors (i.e. attitudes, subjective norms, and perceived behavioral
control); therefore, the identified correlations found within the model of intentions to
integrate leadership, even inter-variable correlations, are justified.
In addition to the correlations between observed variables, the final model
included correlations between latent constructs, as prescribed within the theory of
planned behavior (Ajzen, 1985). The relationships between these latent variables were
also estimated within the final model, but are not reported in Figure 4 due to their
inclusion obfuscating the visual model. The correlational estimates included attitude
toward leadership and subjective norms (r = .45), attitude toward leadership and
perceived behavioral control (r = .42), attitude toward leadership and knowledge of
leadership (r = .41), subjective norms and perceived behavioral control (r = .48),
perceived behavioral control and knowledge of leadership (r = .59), and subjective norms
and knowledge of leadership (r = .30).
The observed model (i.e. Figure 4) was statistically similar to the hypothetical
model proposed in the analysis (see Table 19; χ2 = 91.26, df = 72, p-value = .062), a
requirement for an acceptable model within structural equation modeling. Additionally,
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CFI (.96) exceeded the established minimum of .90 and RMSEA (.04) fell below the
established maximum of .08, indicating the final model was a good fit for the data.

Table 19
Structural Equation Modeling Results for Intentions to Integrate Leadership
Dependent variable: Intention to Integrate Leadership
Zero-order
correlation (r) p-value
B
SEB
γ
p-value
Attitude
.114
.098
4.10 1.56 .16
.009
Subjective Norms

.114

.102

3.09

1.17

.14

.009

Perceived Behavioral Control

.115

.102

4.71

2.81

.17

.094

Knowledge
.153
.031
-2.13 2.50 -.08
.395
Note. Based on Asymptotically Distribution-Free Estimates; χ2 = 91.26 (df = 72) p-value
= .062; R2 = .11; CFI = .96; RMSEA = .04; γ = standardized path coefficients; B =
unstandardized path coefficients.

In combination, the four predictors within the final model accounted for 11% of
the variance in the intentions of secondary agriculture teachers to integrate leadership (R2
= .11). Three of the four predictors within the model (i.e. attitude, subjective norms, and
perceived behavioral control) were positive in their prediction of intentions to integrate
leadership; however, knowledge of leadership was a negative predictor of intentions to
integrate leadership. Two of the predictors, attitude toward leadership integration (γ =
.16, p-value = .009) and subjective norms (γ = .14, p-value = .009), were identified as
statistically significant predicators of intentions to integrate leadership.
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Research Objective Eight: Determine the Relationship between Secondary
Agriculture Teachers’ Attitudes toward Mathematics Integration, Subjective Norms
Regarding Mathematics Integration, Perceived Behavioral Control related to
Integrating Mathematics, Self-Reported Knowledge of Mathematics, and Intention to
Integrate Mathematics
Structural equation modeling was also used to determine the relationship between
the attitudes, subjective norms, perceived behavioral control, knowledge, and intentions
to integrate mathematics among secondary agriculture teachers. The measurement
component of the model suggests acceptable fit within each multi-item, latent variable
(see Figure 5). Factor loadings within the attitude toward mathematics integration
variable ranged from .71 to .89, subjective norms ranged from .61 to .82, perceived
behavioral control ranged from .26 to .96, and knowledge ranged from .67 to .84. All
factor loadings were statistically significant (i.e. p-values < .05).
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Figure 5. Final structural model of mathematics integration.
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The structural model for intentions to integrate mathematics is shown in Figure 5.
The final model of intentions to integrate mathematics included correlations between nine
pairs of observed variables, X3 X4 (r = .54), X3 X5 (r = .17), X3 X8 (r = .56), X7 X8 (r = .40), X7 X9 (r = .18), X7 X11 (r = .22), X7 X12 (r = -.20), X9 X11 (r = .17), and X11 X14 (r =
.29). Inclusion of these observed variables correlations is a necessary component of
developing the best fitting structural equation modeling (Blunch, 2013; Bowen & Guo,
2012; Tabachnick & Fidell, 2007; Ullman, 2013) and does not contradict the theoretical
foundation of this study.
Established correlations between latent constructs within the theory of planned
behavior (Ajzen, 1985) were also estimated within the final model of intentions to
integrate mathematics. While these estimates are not shown in Figure 5, they are
described here. The correlational estimates included attitude toward mathematics
integration and subjective norms (r = .40), attitude toward mathematics integration and
perceived behavioral control (r = .31), attitude toward mathematics integration and
knowledge of mathematics (r = .31), subjective norms and perceived behavioral control
(r = .27), perceived behavioral control and knowledge of mathematics (r = .18), and
subjective norms and knowledge of mathematics (r = .21).
The observed model of intentions to integrate mathematics (i.e. Figure 5) was
statistically similar to the hypothesized model (i.e. Figure 3), a requirement for structural
equation modeling (see Table 20; χ2 = 91.26, df = 72, p-value = .062). Furthermore, the
fit indices (i.e. CFI of .94 exceeding the established minimum of .90 and RMSEA of .04
below the established maximum of .08) indicate the fit of the final model was acceptable.
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Table 20
Structural Equation Modeling Results for Intentions to Integrate Mathematics
Dependent variable: Intention to Integrate Mathematics
Zero-order
correlation (r) p-value
B
SEB
γ
p-value
Attitude
.25
<.001
2.44 1.25 .17
.051
Subjective Norms

.07

.288

0.97

1.67

.05

.562

Perceived Behavioral Control

.20

.004

1.59

0.78

.16

.040

Knowledge
.18
.010
0.00 1.61 .00
.998
2
Note. Based on Generalized Least Squares Estimates; χ = 91.26 (df = 72) p-value = .062;
R2 = .09, CFI = .94, RMSEA = .04; γ = standardized path coefficients; B =
unstandardized path coefficients.

In combination, the four predictor variables accounted for 9% of the variance in
the intentions of secondary agriculture teachers to integrate mathematics (R2 = .09). Three
of the four exogenous variables within the structural model (i.e. attitude, subjective
norms, and perceived behavioral control) were positive in their prediction of intentions to
integrate mathematics. However, only one of the predictors, perceived behavioral control
(γ = .16, p-value = .040), was a statistically significant predictor of intentions to integrate
mathematics within secondary agricultural education.

Research Objective Nine: Determine the Relationship between Secondary
Agriculture Teachers’ Attitudes toward Science Integration, Subjective Norms
Regarding Science Integration, Perceived Behavioral Control related to Integrating
Science, Self-Reported Knowledge of Science, and Intention to Integrate Science
The final research objective in this analysis was also accomplished using
structural equation modeling. The structural model was designed to determine the
relationship between attitudes, subjective norms, perceived behavioral control,
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knowledge, and intentions to integrate science among secondary agriculture teachers.
Regarding the measurement component of the model, the factor loadings for attitudes
toward science integration ranged from .58 to .69, subjective norms ranged from .64 to
.78, perceived behavioral control ranged from .33 to .64, and knowledge ranged from .42
to .89 (see Figure 6), with all factor loadings being statistically significant (p-values <
.05), indicating an acceptable measurement model.
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Figure 6. Final structural model of science integration.
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The final model of intentions to integrate science included seven correlations
between observed variables, X1 X2 (r = .33), X1 X11 (r = .18), X2 X14 (r = -.15), X3 X4 (r =
.46), X7 X12 (r = -.32), X7 X13 (r = .11), and X8 X10 (r = .35). Including these correlations
within the final model was a necessary step to obtaining the best fitting model (Blunch,
2013; Bowen & Guo, 2012; Tabachnick & Fidell, 2007; Ullman, 2013) and does not
contradict the relationships identified within the theory of planned behavior.
In addition to the correlations between observed variables, the final model
included correlations between latent constructs, as prescribed within the theory of
planned behavior (Ajzen, 1985). The relationships between these latent variables were
estimated within the final model, but are not reported in Figure 6 due to their inclusion
obfuscating the visual model. The correlational estimates included attitude toward
science integration and subjective norms (r = .57), attitude toward science integration and
perceived behavioral control (r = .49), attitude toward science integration and knowledge
of science (r = .04), subjective norms and perceived behavioral control (r = .28),
perceived behavioral control and knowledge of science (r = .25), and subjective norms
and knowledge of science (r = .05).
The observed model of intentions to integrate science (Figure 6) was compared to
the hypothetical model (Figure 3) developed for this study. This comparison, using chisquared analyses, found the two models were statistically similar (see Table 21; χ2 =
90.47, df = 74, p-value = .094), a requirement for structural equation modeling.
Additionally, the fit indices (CFI of .96 exceeding the minimum of .90 and the RMSEA
of .03 falling below the maximum of .08) indicated the final model was a good fitting
model for the data within the study.
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Table 21
Structural Equation Modeling Results for Intentions to Integrate Science
Dependent variable: Intention to Integrate Science
Zero-order
correlation (r) p-value
B
SEB
γ
p-value
Attitude
.27
<.001
13.32 7.13 .31
.062
Subjective Norms

.18

.008

0.58

3.45

.02

.867

Perceived Behavioral Control

.13

.058

-1.42

2.63

-.05

.589

Knowledge
.02
.807
-2.70 1.34 -.12
.044
2
Note. Based on Asymptotically Distribution-Free Estimates; χ = 90.47 (df = 74) p-value
= .094; R2 = .10, CFI = .96, RMSEA = .03; γ = standardized path coefficients; B =
unstandardized path coefficients.

The four exogenous variables within the final structural model predicted 10% of
the variance in the intentions of secondary agriculture teachers to integrate science. Two
of the exogenous variables (i.e. attitudes and subjective norms) were positive predictors
of intentions to integrate science and two of the exogenous variables (i.e. perceived
behavioral control and knowledge) were negative predictors of intentions to integrate
science. However, only one of the variables, knowledge (γ = -.12, p-value = .044), was a
statistically significant predictor of secondary agriculture teachers intentions to integrate
science.

115

Leadership, Mathematics, and Science Integration in Secondary Agricultural
Education
Chapter 5: Conclusions, Implications, and Recommendations

Purpose and Objectives Review
The purpose of this research was to explore the intentions of secondary
agriculture teachers to integrate leadership, mathematics, and science content within their
curriculum. The impetus for this analysis was based on the identified underperformance
of secondary students in the United States within leadership, mathematics, and science
(Gonzalez & Kuenzi, 2012; NACE, 2014; OECD, 2012; Schmidt, 2011; Stone, 2011) and
research within agricultural education identifying agricultural educators have the
potential to enhance student understanding of leadership, mathematics, and science
content (Balschweid, 2002; Conroy & Walker, 2000; Dormody & Seevers, 1995;
Enderlin & Osborne 1992; Enderlin et al., 1993; Flowers, 2000; Latham et al., 2014;
Loadman, 1986; Nolin & Parr, 2013; Parr et al., 2006, 2008, 2009; Ricketts & Newcomb,
1984; Roegge & Russell, 1990; Rosch et al., 2015; Rutherford et al., 2002; Stedman et
al., 2009; Stubbs & Myers, 2015; Townsend & Carter, 1983; Wingenbach, 1995;
Wingenbach & Kahler, 1997; Young et al., 2008, 2009).
The leadership, mathematics, and science learning potential through agricultural
education is dependent on the secondary agriculture teacher purposefully integrating this
content within their curriculum (Kagay et al., 2015; McKim et al., 2015; Miller & Gliem,
1994, 1996; Morgan & Rudd, 2006; Schmidt, 2011; Stripling & Roberts, 2012a; Stripling
et al., 2014; Stubbs & Myers, 2015). However, research within agricultural education
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falls silent on what influences the decision of the teacher to integrate leadership,
mathematics, and science. Therefore, a more thorough understanding of intentions to
integrate these content areas is needed. This study sought to provide this understanding
by operationalizing the theory of planned behavior (Ajzen, 1985) to analyze the
intentions of secondary agriculture teachers to integrate leadership, mathematics, and
science. More specifically, the following research objectives were established to guide
the development and execution of this study.
1. Describe the sample of secondary agriculture teachers.
2. Describe secondary agriculture teachers’ attitudes toward the integration of
leadership, mathematics, and science content within their curriculum.
3. Describe the subjective norms of secondary agriculture teachers regarding
leadership, mathematics, and science integration.
4. Describe respondents’ perceived behavioral control integrating leadership,
mathematics, and science.
5. Describe the self-reported knowledge of leadership, mathematics, and science
among secondary agriculture teachers.
6. Describe the behavioral intentions of agriculture teachers related to leadership,
mathematics, and science integration.
7. Determine the relationship between secondary agriculture teachers’ attitudes
toward leadership integration, subjective norms regarding leadership integration,
perceived behavioral control related to integrating leadership, self-reported
knowledge of leadership, and intention to integrate leadership.
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8. Determine the relationship between attitudes toward mathematics integration,
subjective norms regarding mathematics integration, perceived behavioral control
related to integrating mathematics, self-reported knowledge of mathematics, and
secondary agriculture teacher intention to integrate mathematics.
9. Determine the relationship between attitudes toward science integration,
subjective norms regarding science integration, perceived behavioral control
related to integrating science, and self-reported knowledge of science, and
secondary agriculture teacher intention to integrate science.

Within this final chapter, I organized my discussion by topic area (i.e. leadership,
mathematics, and science) rather than research objectives. This organizational structure
allowed for deeper exploration and discussion of secondary agriculture teachers’
intentions to integrate leadership, mathematics, and science respectively, and the
implications of these intentions. Within the three topics, I provide a brief summary of the
findings, connections between my findings and past research, the implications of my
findings, and any recommendations for practice and/or future research. The conclusion of
this chapter is a summary of recommendations emerging from this research.

Intentions to Integrate Leadership
Leadership education has long been a part of secondary agricultural education
(Connors, 2004; Phipps et al., 2008). Past research has identified leadership integration
within secondary agricultural education supports the development of leadership
knowledge and skills among secondary students (Dormody & Seevers, 1995; Latham et
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al., 2014; Ricketts & Newcomb, 1984; Rosch et al., 2015; Rutherford et al., 2002;
Stedman et al., 2009; Townsend & Carter, 1983; Wingenbach, 1995; Wingenbach &
Kahler, 1997). However, a significant gap in the literature is in the identification of
factors influencing the intentions of secondary agriculture teachers to integrate leadership
content. Within this study, I sought to address this gap by analyzing a random sample of
secondary agriculture teachers’ attitudes toward leadership integration, subjective norms,
perceived control, self-perceived knowledge of leadership content, and intentions to
integrate leadership within their agricultural education curriculum.
Respondents to this study identified favorable attitudes toward the integration of
leadership content within their curriculum. In fact, respondents identified the most
favorable attitudes toward leadership integration compared to the integration of
mathematics and science content. Within agricultural education, limited research explores
the attitudes of secondary agriculture teachers toward leadership integration; however,
the one identified study corroborates my findings (Morgan & Rudd, 2006). The positive
attitudes of secondary agriculture teachers regarding leadership integration is beneficial
considering the identified positive association between attitudes and behavioral intentions
found within the theory of planned behavior (Ajzen, 1985, 2011).
Subjective norms, the second predictor operationalized within the analysis, refer
to the perceptions of teachers regarding stakeholder support or opposition to leadership
integration. Within this study, secondary agriculture felt stakeholders to their programs
were in favor of leadership integration. However, it is important to note the scores for
subjective norms were lower than those related to mathematics and science integration. I
found this juxtaposition interesting; secondary agriculture teachers have the most
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favorable attitudes toward leadership integration, yet they feel stakeholders have the least
favorable attitudes toward leadership integration, when compared to science and
mathematics.
This intriguing comparison may be due to the increased educational emphasis on
mathematics and science test scores among secondary students (Gonzalez & Kuenzi,
2012) and the subsequent pressure among stakeholders, like school administrators, to
enhance student understanding of science and mathematics. I recommend additional
research analyzing the subjective norms for specific subsets of stakeholders (e.g. school
administrators, program advisory committee members, parents) as well as agriculture
teachers’ willingness to comply with these subsets of stakeholders (method described in
more depth by Ajzen, 1991). Research of this nature will provide in-depth analysis of the
subjective norms secondary agriculture teachers experience related to leadership
integration.
The third predictor within the model of intentions to integrate leadership was
perceived behavior control, the level of control an individual believes they have over an
identified behavior. The findings from this research suggest secondary agriculture
teachers perceived they control the integration of leadership content within their
curriculum. In fact, secondary agriculture teachers identified the highest level of
perceived behavioral control toward leadership integration when compared to science and
mathematics. Ajzen (1991) connected perceived behavioral control and self-efficacy by
identifying both evaluate an individual’s beliefs in their ability to overcome obstacles to
accomplish a specific behavior. While existing research within agricultural education
falls silent on the construct of perceived control of leadership integration, one study has

120

explored the leadership teaching self-efficacy of secondary agriculture teachers (McKim
& Velez, 2015). The research conducted by McKim and Velez (2015) supports the
conclusion that secondary agriculture teachers perceive control toward the integration of
leadership content within their curriculum.
The final predicting variable within the model of leadership integration was
leadership content knowledge. Existing research supports the consideration of external
content knowledge when analyzing integration of that external content (DarlingHammond & Bransford, 2005; Scales et al., 2009; Stripling & Roberts, 2012). The
current study found secondary agriculture teachers consider themselves to be
knowledgeable about leadership. In fact, self-perceived knowledge of leadership
exceeded the self-reported knowledge of science and mathematics among respondents.
The identified level of leadership knowledge perceived by secondary agriculture
teachers supports past research using standardized assessments of secondary agriculture
teachers’ leadership knowledge. This past research has identified secondary agriculture
teachers perform higher on assessments of leadership (Morgan & Rudd, 2006) than
assessments of mathematics knowledge (Miller & Gliem, 1994, 1996; Stripling &
Roberts, 2012a, 2012b; Stripling et al., 2014) or science knowledge (Hamilton &
Swortzel, 2007; Scales et al., 2009; Wilson et al., 2001). These findings are encouraging,
as they suggest leadership integration would be be enacted by teachers who perceived
themselves competent within the topic they are integrating, a necessary element to
successful academic integration (Darling-Hammond & Bransford, 2005).
In addition to considering the predictors within the model of intentions to
integrate leadership, I considered reported intentions to integrate leadership. This was
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accomplished by having teachers identify the percentage of curriculum they would
integrate leadership content within for 11 different curricular experiences (i.e. nine course
domains within agricultural education, FFA, and SAE). An important element of this
analysis was that only those curricular experiences teachers had previously taught, were
teaching at the point of data collection, or planned to teach in the near future were
considered in their intentions to integrate leadership (i.e. teachers were not asked to
provide integration percentages for courses they were unfamiliar with). I utilized average
integration intention percentages as the predicted variable within the final model;
however, reported intentions to integrate leadership are also identified across all 11
curricular experiences.
The findings from this analysis identified the foci of leadership integration within
secondary agricultural education is through FFA opportunities, in which responding
agriculture teachers reported over 65% of their curriculum would include leadership
content. The emphasis on leadership integration within FFA found within this study is
congruent with existing literature in the agricultural education discipline highlighting
FFA as the primary context for leadership development among secondary agriculture
students (Connors, 2013; Connors et al., 2010; Connors & Velez, 2008; Hughes &
Barrick, 1993; Morgan & Rudd, 2006; Morgan et al., 2013).
While the hallmark of leadership development through agricultural education
appears to be FFA experiences, responding teachers also identified intentions to integrate
leadership within agricultural education coursework. This integration ranged from just
over 15% of Food Products and Processing Systems curriculum to just over 27% of
General Agriculture curriculum. These findings suggest leadership content appears more
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often in foundational (i.e. General Agriculture) courses than specialized agriculture
subjects (i.e. Food Products and Processing Systems; Biotechnology Systems; Power,
Structure, and Technology Systems). While the current study investigated the level of
leadership content integrated, I did not address how this content was being presented. I
recommend research exploring methods teachers are using to integrate leadership content
across curricular experiences within agricultural education, as this research would inform
the agricultural education profession regarding how leadership content can be integrated
at a higher level throughout the scope of curriculum offered, including within specialized
agriculture courses.
The final objective within this study related to leadership integration was to
determine the relationship between attitudes toward leadership integration, subjective
norms, perceived behavioral control, self-reported knowledge of leadership content, and
intentions to integrate leadership among agriculture teachers. Using structural equation
modeling, the final model was fit and deemed a good representation of intentions to
integrate leadership. A total of 11% of the variance in intentions to integrate leadership
was explained by the combination of attitudes, subjective norms, perceived behavioral
control, and knowledge.
The findings from the model of intentions to integrate leadership support the
theory of planned behavior; specifically, the positive relationships between attitudes,
subjective norms, perceived behavioral control, and behavioral intentions (Ajzen, 1985).
However, the additional predictor (i.e. knowledge) was identified as a negative predictor
of intentions to integrate leadership. While the lack of statistical significance limits the
generalizability of the negative relationship, it is nonetheless disconcerting that reducing
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the self-reported knowledge of leadership was related to an increase in the percentage of
leadership content teachers purported to integrate. As the negative relationship between
self-perceived knowledge and intentions to integrate was not unique to leadership (i.e.
this negative relationship was also found within science), my discussion for potential
explanations and areas for future research will be centered within the intentions to
integrate science section.
Looking at the statistically significant predictors within the model of intentions to
integrate leadership, both attitude toward leadership integration and subjective norms
were identified as positive predictors. More specifically, my findings suggest a one unit
increase in attitudes (i.e. measured on a six-point scale) was related to an increase in
intentions to integrate leadership by just over 4%. Additionally, the findings from this
study suggest and a one unit increase in subjective norms (i.e. also measured on a sixpoint scale) would increase intentions to integrate leadership by just over 3%. The
importance of leadership learning among future members of society (APLU, 2009; Kagay
et al., 2015; NACE, 2014) suggests that even an addition of 3-4% more leadership
content taught through agricultural education is worth pursuing; therefore, I recommend
consideration be given to improving the attitudes and subjective norms toward leadership
integration among secondary agriculture teachers.
As I identified in this study, the attitudes of secondary agriculture teachers toward
leadership integration were high, with average ratings ranging from 5.48 to 5.71 on a six
point scale. These high scores indicate very little margin for attitudinal growth related to
leadership integration. Therefore, I recommend attention be given to the subjective norms
of secondary agriculture teachers related to leadership integration. However, additional
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research is needed in order to make substantive recommendations regarding subjective
norms. As I noted within the discussion of the theory of planned behavior and alluded to
earlier within this section, subjective norms are a product of two normative beliefs, (a)
the beliefs of specific individuals and (b) an individual’s willingness to allow those
beliefs to influence their behavior (Ajzen, 2011). The significant relationship between
subjective norms and intentions to integrate leadership compel further analysis into the
subjective norms of secondary agriculture teachers.

Intentions to Integrate Mathematics
The history of mathematics integration within secondary agricultural education is
not as well documented as science or leadership. However, evidence suggests the need
for student learning of mathematics is on par with the need for secondary student
knowledge of science and leadership (Gonzalez & Kuenzi, 2012; Mullis et al., 2012).
Research within agricultural education has identified mathematics learning can occur
through the purposeful inclusion of mathematics content within the context of agriculture
(Loadman, 1986; Nolin & Parr, 2013; Parr et al., 2006, 2008, 2009; Stubbs & Myers,
2015; Young et al., 2008, 2009). However, research falls silent on the decisions of
secondary agriculture teachers to purposefully integrate mathematics content within their
practice. The current study sought to address those limitations by exploring the attitudes,
subjective norms, perceived behavioral control, self-reported knowledge, and behavioral
intentions of secondary agriculture teachers regarding mathematics content integration
within their curriculum.
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Secondary agriculture teachers held a generally positive attitude toward the
integration of mathematics content within their curriculum. The generally positive
attitude toward mathematics integration is consistent with the one identified study within
agricultural education analyzing attitudes toward mathematics integration (McKim et al.,
2015). However, within the current study it should be noted that attitudes toward
mathematics integration, compared to leadership and science, were the lowest.
Looking more closely at attitudes toward mathematics integration, an interesting
trend emerges. Respondents rated the external benefits of mathematics integration (i.e. “I
am doing something positive when I integrate mathematics…” and “It benefits my
students when I integrate mathematics…”) higher than the internal benefits of
mathematics integration (i.e. “I enjoy integrating mathematics…” and “I find it rewarding
to integrate mathematics…”). This trend may indicate teachers see the benefits of
additional mathematics content within their curriculum, but they do not personally enjoy
integrating mathematics at the same level. I recommend consideration be given toward
identifying methods for making mathematics integration within secondary agricultural
education more personally rewarding for secondary agriculture teachers in an effort to
boost their attitudes toward integrating mathematics.
The subjective norms regarding mathematics integration among secondary
agriculture teachers suggests teachers perceive stakeholders support the integration of
mathematics content. Given the established, positive link between subjective norms and
behavioral intentions (Ajzen, 2011), the optimistic subjective norms of secondary
agriculture teachers regarding mathematics integration is encouraging.
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The third predictor within the model of intentions to integrate mathematics was
perceived behavioral control. Overall, respondents indicated control over their integration
of mathematics. As I noted earlier, Ajzen (1991) linked self-efficacy and perceived
behavioral control; therefore, comparing these findings to self-efficacy research is
justified. Overall, existing research within agricultural education is in agreement with the
findings of this study; specifically, secondary agriculture teachers perceive they are in
control (i.e. efficacious) of mathematics content integration (McKim et al., 2015; McKim
& Velez, 2015; Stripling & Roberts, 2012; Stripling et al., 2014).
While the findings of this study paint an optimistic picture regarding the control
over mathematics integration perceived by teachers, it should be noted that perceived
behavioral control of mathematics was the lowest in comparison to science and
leadership integration. Considering the perceived behavioral control responses in more
depth, the lowest response was the statement, “It is up to me whether or not I integrate
mathematics content in my agriculture curriculum.” A comparatively low response to this
statement may indicate, for some teachers, the integration of mathematics content may
not be under complete volitional control. One potential cause of this limited volitional
control may be education-wide initiatives like the Common Core State Standards for
Mathematics (CCSS Initiative, 2010), which encourage teaching mathematics across
disciplines, including agriculture. I recommend additional research on the role of
initiatives like the Common Core State Standards, and their adoption, implementation,
and regulation and how these initiatives influence the perceived behavioral control of
secondary agriculture teachers regarding mathematics integration.
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The final predictor variable within the intentions to integrate mathematics model
was knowledge of mathematics. Overall, respondents rated their mathematics knowledge
between “somewhat knowledgeable” and “knowledgeable.” The comparatively low selfreported knowledge of mathematics found within this study mirrors existing research in
agricultural education, which has identified limited mathematics proficiency among
secondary agriculture teachers (Miller & Gliem, 1994, 1996; Stripling & Roberts, 2012a,
2012b; Stripling et al., 2014). Given the established importance of content knowledge to
teaching effectiveness (Darling-Hammond & Bransford, 2005; Scales et al., 2009;
Stripling & Roberts, 2012), I recommend research explore methods for increasing the
mathematics knowledge of secondary agriculture teachers, especially within the lowest
rated areas of algebra and functions.
Intentions to integrate mathematics, the predicted variable within the model, were
measured by analyzing the proportion of agriculture curriculum in which secondary
agriculture teachers intended to integrate mathematics content. An important note about
this method of analyzing intentions to integrate mathematics is that only those curricular
experiences in which teachers had previously taught, were teaching at the point of data
collection, or planned to teach in the near future were included.
Overall, teachers intended to integrate mathematics content in just under onequarter of their agricultural education curriculum. However, more in-depth analysis of
their mathematics integration revealed intentions ranged from 14.34% to 43.96%. Two
specific curricular experiences (i.e. Agribusiness Systems and Power, Structure, and
Technology Systems) were identified as being courses in which a larger proportion (i.e.
more than 38%) of content would include mathematics principles. This is not surprising,

128

as the curriculum within these courses include concepts such as budgeting, market
analyses, and sales figures for Agribusiness Systems and power calculations,
measurement, and material estimations for Power, Structure, and Technology Systems.
While the proportion of mathematics content being integrated within these two courses is
encouraging given the importance of mathematics knowledge to secondary students
(Gonzalez & Kuenzi, 2012; OECD, 2012; Schmidt, 2011; Stone, 2011), I recommend
additional research be conducted on those curricular experiences in which lower
proportions of mathematics were integrated (e.g. FFA, Natural Resource Systems, and
Environmental Service Systems). This research should seek to identify methods teachers
can utilize to increase student understanding of mathematics through a broader range of
curricular experiences within agricultural education.
The final mathematics integration objective was to determine the relationship
between attitude toward mathematics integration, subjective norms, perceived behavioral
control, knowledge of mathematics, and intentions to integrate mathematics among
secondary agriculture teachers. Structural equation modeling was utilized in order to
accomplish this research objective. The final model was identified as a good fitting
estimation of intentions to integrate mathematics content. In total, 9% of the variance in
intentions to integrate mathematics was explained by the combination of attitudes,
subjective norms, perceived behavioral control, and knowledge. The final model was
found to support the relationships posited within the theory of planned behavior (i.e.
attitudes, subjective norms, and perceived behavioral control being positive predictors of
behavioral intentions; Ajzen, 1985). However, the added knowledge variable appeared to
have no bearing on intentions to integrate mathematics.
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Of the four potential predictors, only perceived behavioral control was found to
be statistically significant in the prediction of intentions to integrate mathematics. These
findings suggest a one unit increase in perceived behavioral control (i.e. measured on a
six point scale) was related to between 1% and 2% increase in intentions to integrate
mathematics. The limited increase in intentions to integrate mathematics severely limits
the practical significance of the perceived behavioral control predictor and precludes
recommendations for aggressive enhancement of perceived behavioral control among
secondary agriculture teachers. However, the significant relationship between perceived
behavioral control and intentions to integrate provides additional motivation to explore
the perceived behavioral control construct in more depth. Specifically, I recommend
research into the volitional control of all secondary agriculture teachers regarding
mathematics integration as influenced by the adoption, implementation, and regulation of
recent educational initiatives calling for increased focus on mathematics integration
(CCSS Initiative, 2010).

Intentions to Integrate Science
Of the three content areas of integration explored in this analysis, science
integration is the best documented within existing agricultural education literature
(Wilson & Curry Jr., 2011). The purposeful integration of science content within
agricultural education can be traced to the early 1800s when private schools sought to
provide young men with science knowledge useful for increasing crop yields (True,
1929). Evidence suggests the education system of today is in need of improved methods
for engaging students in science learning (Kena et al., 2015; OECD, 2012).
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As a potential support for student science learning, some have proposed
contextual learning (Johnson, 2002; NRC, 2011), in which science concepts are taught
within a relevant context, like agriculture. Research within agricultural education
suggests learning science within the context of agriculture is a viable method for
contextual science learning (Balschweid, 2002; Conroy & Walker, 2000, Enderlin &
Osborne 1992; Enderlin et al., 1993; Flowers, 2000; Roegge & Russell, 1990). However,
the value of learning science through the context of agriculture is dependent on the
decision of the agriculture teacher to purposefully integrate science content within their
curriculum (Stubbs & Myers, 2015). Although the literature base on science integration
within secondary agriculture education is robust, it fails to provide a comprehensive
model for considering the intentions of secondary agriculture teachers to integrate
science. Within this study, I sought to evaluate such a model by exploring the role of
attitudes toward science integration, subjective norms, perceived behavioral control, and
knowledge on intentions to integrate science.
Responding agriculture teachers indicated favorable attitudes toward the
integration of science content within their curriculum. These findings support existing
research within agricultural education identifying positive attitudes toward science
integration (Balschweid & Thompson, 2002; Connors & Elliot, 1994; Johnson, 1996;
Newman & Johnson, 1993; Myers & Washburn, 2008; Peasly & Henderson, 1992;
Thompson & Balschweid, 2000; Thompson & Warnick, 2007; Thoron & Myers, 2010;
Welton et al., 2000). The positive perceptions of secondary agriculture teachers regarding
science integration is a good sign for proponents of science learning within secondary
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agricultural education given the established, positive link between attitude and behavioral
intentions (Ajzen, 2011).
In addition to the positive attitudes of teachers regarding science integration,
respondents to this study had positive subjective norms regarding the integration of
science content. In fact, the subjective norms related to science integration were higher
than the subjective norms for leadership and mathematics. Once again, these findings are
corroborated by a myriad of existing research studies within agricultural education
suggesting a broad range of stakeholders support science integration within agricultural
education (Balschweid, 1998; Balschweid & Thompson, 2002; Johnson & Newman,
1993; Myers & Washburn, 2008; Osborne & Dyer, 1998; Thompson, 2001; Thompson &
Warnick, 2007). Additionally, the positive subjective norms of secondary agriculture
teachers regrading science integration are encouraging considering the established,
positive link between increased subjective norms and increased behavioral intentions
(Ajzen, 2011).
The third predictor within the model of intentions to integrate science was
perceived behavioral control. Within this study, responding agriculture teachers indicated
control over the level at which they integrate science. Given the commonalities between
perceived behavioral control and self-efficacy (i.e. ability to overcome obstacles
associated with a behavior), the findings from this study are in agreement with existing
research which has identified secondary agriculture teachers are efficacious in their
teaching of science concepts (Hamilton & Swortzel, 2007; McKim & Velez, 2015).
While the positive evidence regarding perceptions of control is encouraging, it is
not without some limitations. Within the perceived behavioral control construct, the item
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“It is up to me whether or not I integrate science content in my agriculture curriculum”
was the lowest item scored by respondents. As was the case with mathematics, lower
scores on this item may signify a lack of volitional control among some secondary
teachers regarding the amount of science they integrate. I recommend additional research
to explore determinants to perceived behavioral control related to science integration in
an effort to determine the potential impact of state academic standards, standardized
testing, and administrators on perceptions of science integration control.
The final predictor within the model of intentions to integrate science was
knowledge of science content. Results suggest secondary agriculture teachers perceive
themselves between “somewhat knowledgeable” and “knowledgeable” regarding science
content. In comparing the self-reported knowledge of science to leadership and
mathematics, responding teachers felt the least knowledgeable in science. These findings
are not new; three existing studies within agricultural education have concluded
secondary agriculture teachers are limited in their science knowledge (Hamilton &
Swortzel, 2007; Scales et al., 2009; Wilson et al., 2001). The importance of science
knowledge to a teacher’s ability to teach or integrate science concepts (DarlingHammond & Bransford, 2005; Scales et al., 2009), magnifies the importance of these
findings. I recommend future research consider experiences (e.g. college coursework,
professional development, resources) which increase the science knowledge of secondary
agriculture teachers. Additionally, I recommend this research explore specific
experiences which enhance knowledge of forces, interactions, and Earth’s place in the
universe; areas in which respondents to this study rated themselves least knowledgeable.
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The final variable within the model was the intentions of secondary agriculture
teachers to integrate science. Respondents indicated the percentage of their agricultural
education curriculum they would integrate science content across 11 curricular
experiences. While the dependent variable within the model was reduced to a mean score,
I explored the intentions to integrate percentages across the 11 curricular experiences
within objective six. On average, teachers indicated intentions to integrate 10% more
science content than leadership or mathematics content. These findings support the strong
connection between agricultural education and science content (Wilson & Curry Jr.,
2011).
While the overall intentions to integrate science were high (i.e. just under 40%),
some curricular experience (e.g. Agribusiness Systems and FFA fell below 19%) did not
contain the same level of integration intentions. These findings may indicate the potential
for additional inclusion of science content within experiences like the FFA. Student
motivation for FFA activities is high and the FFA experience can be a powerful way to
extend content learned within agriculture courses (Phipps et al., 2008); therefore, I
recommend consideration toward how to increase science integration within the FFA
experience.
As the focus of this research was on the level of science integration within
secondary agricultural education, I did not explore the methods teachers were utilizing to
integrate science within their coursework. However, given the high proportion of
reported intentions to integrate science, I recommend future research explore how science
concepts are being included in agricultural education curriculum. This research would
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provide valuable insight into how science integration has been, and could be,
conceptualized throughout agricultural education to support student learning of science.
The final objective related to intentions to integrate science was to determine the
relationship between attitudes toward science integration, subjective norms, perceived
behavioral control, knowledge of science, and intentions to integrate science. Using
structural equation modeling, the final model was identified as a good fitting
representation of intentions to integrate science. In total, the combination of attitudes,
subjective norms, perceived behavioral control, and knowledge of science predicted 10%
of the variance in the intentions of secondary agriculture teachers to integrate science.
Comparing the findings of this research to the theory of planned behavior, two of
the positive relationships purported within the theory (i.e. attitude positively associated
within behavioral intentions and subjective norms positively associated within behavioral
intentions) were supported. However, the negative relationship identified between
perceived behavioral control and intentions to integrate science contradicts the
theoretically established, positive relationship between behavioral control and behavioral
intentions. The explanation for why this relationship was negative falls outside the
inference available from my findings, and given the lack of statistical significance does
not warrant lengthy discussion. However, I recommend future investigations exploring
science integration within agricultural education are encouraged to include the
relationship between perceived behavioral control and intentions to integrate science to
establish confirming or contradicting evidence of this unique relationship.
In addition to the negative relationship between perceived behavioral control and
intentions to integrate science was the statistically significant, negative prediction of
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intentions to integrate science based on the self-reported science knowledge of
respondents. This finding suggests that as the self-reported science knowledge of teachers
increases by one unit (i.e. measured on a four point scale), their intention to integrate
science decreases 2.70%. This unexpected relationship is concerning given the
importance of content knowledge to your teaching (Darling-Hammond & Bransford,
2005).
As I introduced when the negative relationship between knowledge of leadership
content and intentions to integrate leadership was discussed, these findings require some
additional consideration. Potentially, these findings bring to light that as an individual
comes to know more about a subject, like leadership or science, they become more aware
of what they do not know regarding that subject. Therefore, those teachers with higher
reported leadership and science knowledge understand the complexity of science learning
and acknowledge that what they had previously deemed integrating leadership and
science was not actually integrating leadership and science. I recommend additional
research explore the potential for additional knowledge to yield a more rigorous
evaluation of curriculum integration. As a potential study, investigators could compare
the knowledge of science, for example, with respondent-provided definitions for
integrating science. This analysis would illuminate the potential relationship between
knowledge of science and conceptualization of science integration.
The lack of clarity regarding the relationship between knowledge and reported
integration levels precludes recommendations. However, the final model does provide a
practically significant finding that should be considered. Within the model, the attitudes
of secondary agriculture teachers toward science integration was not found to be
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statistically significant; however, the unstandardized path coefficient (B = 13.32)
indicates a one unit increase in respondents attitudes toward science integration (i.e.
measured on a six point scale) is related to an increase in intentions to integrate over 13%
more science content. While I fully acknowledge this relationship varied widely among
respondents (i.e. SEB = 7.13), I feel the weight of this relationship in comparison to other
path coefficients found in this study warrants consideration for methods to improve the
science integration attitudes of secondary agriculture teachers. From a practical
standpoint, this suggests the foci of preservice teacher education program should include
illustrating the value of science learning to students, programs, and the secondary
agricultural education profession.

Implications on the Intention to Integrate Model and Theory of Planned Behavior
This study evaluated three identical models and their explanation of secondary
agriculture teachers’ intentions to integrate leadership, mathematics, and science content.
The adequacy of the established models can certainly be considered within the findings
for each of the disciplines; however, additional insight emerges from considering the
three models in combination. Across the three analyses, final representations produced
consistently good fitting models as detailed by the indices of fit. It is important to note
these good fitting models included the additional predictor of knowledge. I recommend
future studies, analyzing the intentions of secondary agriculture teachers to integrate
external content, consider the addition of knowledge as a predictor variable. This
recommendation is particularly strong within the construct of science integration, where
knowledge was identified as a statistically significant, negative predictor.
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While the results of this study indicated good fitting models, the range of R2
values fell below what was expected for theory of planned behavior models, which
typically range from .34 to .45 (Armitage & Conner, 2001; McEachan et al., 2011). The
R2 values for this study ranged from 9% to 11%, indicating 89% to 91% of the variance
in intentions to integrate leadership, mathematics, and science was not explained by the
combination of attitudes, subjective norms, perceived behavioral control, and knowledge.
The obvious question emerges, what else is predicting intentions to integrate these
subjects among secondary agriculture teachers?
Past research within agricultural education has identified a number of potential
barriers that may be accounting for the limited prediction of intentions to integrate
leadership, mathematics, and science found within this study. Specifically, research has
identified lack of equipment (Balschweid & Thompson, 2002; Layfield et al., 2001;
Myers & Washburn, 2008; Thompson, 1996; Wilson et al., 2001), limited curriculum
planning time (Myers & Washburn, 2008); lack of funding, (Balschweid & Thompson,
2002; Layfield et al., 2001; Myers & Washburn, 2008; Roberson et al., 2000; Thompson,
1996; Wilson et al., 2001), and the limited availability of in-service workshops (Layfield
et al., 2001; Thompson, 1996) as barriers to science integration. While research on the
barriers to academic integration has only attended to science integration, we can
reasonably assume some of the same barriers exist within leadership and mathematics
integration.
Within the model developed for this analysis, the perceived behavioral control of
secondary agriculture teachers was designed to account for their ability to overcome
barriers to curriculum integration; however, I was not specific about existing barriers to

138

curriculum integration. I recommend future studies evaluate specific control beliefs and
the influence of those control beliefs (Ajzen, 2011). As an example, research should list
potential barriers to academic integration (e.g. lack of equipment, funding, curriculum
planning time, and availability of in-service workshops) and have respondents rate the
level at which that potential barrier would inhibit performance of the identified behavior
(Ajzen, 1991). Evaluating these normative beliefs regarding the perceived behavioral
control among respondents may yield a more complete understanding of secondary
agriculture teachers’ ability to overcome common obstacles to leadership, mathematics,
and science integration and improve the prediction of intentions to integrate these
important concepts within agricultural education.
In addition to accounting for specific barriers to academic integration, I
recommend future analyses focus on one academic integration topic as opposed to three.
The decision to evaluate three academic areas was an ambitious attempt to explain
intentions to integrate three important subjects within secondary agricultural education.
However, the comprehensive scope of this study dictated limiting the number of items
used to predict complex latent variables, like attitudes, subjective norms, perceived
behavioral control, and knowledge in an effort to reduce the length of my questionnaire.
While I defend my decisions to reduce the number of items within constructs with the
adequacy of fit found throughout the three models of analysis, I recognize more
comprehensive constructs may have improved the fit and subsequent prediction of
intentions to integrate leadership, mathematics, and science.
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Recommendations for Practice and Future Research
As the findings for this study were discussed, I identified a number of
recommendations for practice and future research that have the potential to increase the
integration of leadership, mathematics, and science and/or increase the understanding of
secondary agriculture teachers’ intentions to integrate these subjects. Listed below is a
summary of these recommendations organized by content area.

Recommendation 1 (leadership, mathematics, and science). The focus of this
research was on the level at which secondary agriculture teachers would integrate
leadership, mathematics, and science. While this is valuable information, it does not
provide the profession with evidence of how these subjects can be integrated throughout
the wide range of curricular experiences found within agricultural education. I
recommend future research explore how secondary agriculture teachers are integrating
leadership, mathematics, and science.

Recommendation 2 (leadership, mathematics, and science). The method utilized
to measure secondary agriculture teachers intentions to integrate leadership, mathematics,
and science was found to be successful. The results of this method yielded rich data
which easily met the assumptions of normally distributed data. I recommend future
research evaluating the integration of leadership, mathematics, and science content
replicate this method.
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Recommendation 3 (leadership, mathematics, and science). The method utilized
within this study to measure self-reported knowledge of leadership, mathematics, and
science was also successful. The results of my knowledge analyses mirrored previous
research using standardized assessments of leadership, mathematics, and science
knowledge. Therefore, I recommend future studies exploring academic integration within
agricultural education consider this method to measure leadership, mathematics, and
science knowledge.

Recommendation 4 (leadership, mathematics, and science). This research did
not address the normative beliefs (i.e. predictors of attitudes, subjective norms, and
perceived behavioral control); however, given the significance of attitudes, subjective
norms, and perceived behavioral control within intentions to integrate leadership,
mathematics, and science content, I recommend future studies address these normative
beliefs (see Ajzen, 1991 for a complete description of how to measure these normative
beliefs).

Recommendation 5 (leadership and science). This research identified a negative
predictive relationship between knowledge of leadership and intentions to integrate
leadership as well as knowledge of science and intentions to integrate science. I
recommend additional research seek to understand these unexpected relationships;
specifically, research identifying how additional knowledge of leadership and science
influence an individual’s awareness of, and conceptualization of, leadership and science
integration within secondary agricultural education.
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Recommendation 6 (mathematics and science). Evidence emerged that
secondary agriculture teachers may not perceive full control over the level at which they
integrate mathematics and science. I recommend future research consider the potential for
the adoption, implementation, and regulation of education-wide curricular reforms (e.g.
Common Core State Standards and Next Generation Science Standards) on secondary
agriculture teachers’ volitional control of mathematics and science integration.

Recommendation 7 (mathematics and science). This study identified secondary
agriculture teachers perceive a lack of science and mathematics knowledge. I recommend
research explore experiences (e.g. postsecondary coursework, professional development,
additional resources) that could potentially enhance the perceived, and actual,
mathematics and science knowledge of secondary agriculture teachers.

Recommendation 8 (mathematics and science). Secondary agriculture teachers
intend to integrate mathematics and science content within FFA at a disproportionately
low rate when compared to other curricular experiences. Acknowledging the motivation
of students to engage in FFA activities and the role of FFA as a context to extend
classroom learning, I recommend examining ways to integrate more mathematics and
science learning within FFA.

Recommendation 9 (mathematics). Research into attitudes toward mathematics
integration identified secondary agriculture teachers may not have a strong, positive
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perception regarding the internal rewards associated within integrating mathematics. I
recommend research identifying strategies for increasing the enjoyment and benefit
teachers experience from integrating mathematics in an effort to increase mathematics
learning within secondary agricultural education.

Recommendation 10 (science). The strength of the observed relationship between
attitudes toward science integration and intentions to integrate science provides
justification for teacher educators to consider educational experiences (e.g. lessons in a
preservice context and professional development for inservice teachers) identifying the
benefit of science integration to students, programs, and the secondary agricultural
education experience. These educational experiences hold the potential to increase the
positive attitudes secondary agriculture teachers have regarding science integration and
the level at which they integrate science.

Recommendation 11 (structural equation modeling). Within this research, I
undertook structural equation modeling. This method of analysis was rigorous but
rewarding, as the final models provided a valuable look into intentions to integrate
leadership, mathematics, and science content within agricultural education. I recommend
continued research throughout agricultural education using structural equation modeling
to ensure the level of statistical analyses are on par with the importance of the agricultural
education discipline.
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Appendix A
Intentions to Integrate Leadership, Mathematics, and Science Survey
Q1. Thank you for taking the time to complete this important survey! Your answers are
extremely valuable to your profession and your fellow agriculture teachers across the
country. Please complete each question as accurately as possible. When you have
completed the survey, a message screen will appear indicating successful completion.
Do not click the back button/arrow on your internet browser. Please use the "Back" and
"Next" buttons within the survey to navigate.
Click the "Next" button to begin the survey.
-- Page Break
Q2 This study will explore your integration of leadership, math, and science content
within the agriculture curriculum you teach. As leadership, math, and science integration
will be critical to this survey, we have provided a definition of these concepts.
Leadership Integration – the purposeful inclusion of grade appropriate leadership (e.g.
conflict management, citizenship, and team leadership) concepts and/or practices in the
agriculture curriculum you teach.
Math Integration – the purposeful inclusion of grade appropriate math (e.g. algebra,
functions, modeling, geometry, and statistics) concepts and/or practices in the agriculture
curriculum you teach.
Science Integration – the purposeful inclusion of grade appropriate science (e.g.
physical science, life sciences, and earth/space sciences) concepts and/or practices in the
agriculture curriculum you teach.
-- Page Break
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Q3 Indicate if you have taught, are currently teaching, or plan to teach an agriculture
course within the following Agriculture, Food, and Natural Resource (AFNR) career
pathway areas.
Please select all that apply.
Have Taught

Currently
Teaching

Plan to Teach

Have not
taught, am not
currently
teaching, and
do not plan to
teach

General
Agriculture









Agribusiness
Systems









Animal Systems









Biotechnology
Systems









Environmental
Service Systems









Food Products and
Processing Systems









Natural Resource
Systems









Plant Systems









Power, Structure,
and Technical
Systems









-- Page Break
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Q4 Complete the following table by typing in the percentage of curriculum you would
integrate leadership, math, and science content for each of the career pathway and/or
program components listed.
Example. If you would integrate leadership into 10% of the content within a general
agriculture class, math into 45% of the content, and science into 0% of the content, the
general agriculture row would be completed in the following manner.

Note.
 Only those career pathways you selected having taught, teaching, or planning to
teach are included in this list.
 Rows do not have to equal 100 percent.
Percentage of
Curriculum in
which I would
Integrate
Leadership
General Agriculture
Agribusiness Systems
Animal Systems
Biotechnology Systems
Environmental Service
Systems
Food Products and Processing
Systems
Natural Resource Systems
Plant Systems
Power, Structure, and
Technical Systems
SAE: Supervise Agricultural
Experience
FFA

-- Page Break

Percentage of
Curriculum in
which I would
Integrate
Math

Percentage of
Curriculum in
which I would
Integrate
Science
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Q5 Indicate your level of agreement with the following statements.
As an agriculture teacher, I enjoy integrating...
Strongly Disagree Slightly Slightly Agree
Disagree
Disagree Agree

Strongly
Agree

...leadership content in the
curriculum I teach.













...math content in the
curriculum I teach.













...science content in the
curriculum I teach.













Q6 I find it rewarding to integrate....
Strongly Disagree
Disagree

Slightly
Disagree

Slightly Agree Strongly
Agree
Agree

...leadership content in the
agriculture curriculum I teach.













...math content in the
agriculture curriculum I teach.













...science content in the
agriculture curriculum I teach.













Q7 I am doing something positive for students when I integrate...
Strongly Disagree Slightly Slightly Agree Strongly
Disagree
Disagree Agree
Agree
...leadership content in the
agriculture curriculum I teach.













...math content in the
agriculture curriculum I teach.













...science content in the
agriculture curriculum I teach.
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Q8 As an agriculture teacher, I find it beneficial to integrate...
Strongly Disagree Slightly Slightly Agree Strongly
Disagree
Disagree Agree
Agree
...leadership content in the
curriculum I teach.













...math content in the
curriculum I teach.













...science content in the
curriculum I teach.













-- Page Break
Q9 Indicate your level of agreement with the following statements.
Stakeholders to my agricultural education program (e.g. school administrators,
community supporters) support the integration of...
Strongly
Disagree

Disagree

Slightly
Disagree

Slightly
Agree

Agree

Strongly
Agree

...leadership content in my agriculture
curriculum.













...math content in my agriculture
curriculum.













...science content in my agriculture
curriculum.













Q10 Stakeholders to my agricultural education program would be disappointed if I did
not integrate...
Strongly Disagree Slightly Slightly Agree Strongly
Disagree
Disagree Agree
Agree
...leadership content in my
agriculture curriculum.













...math content in my
agriculture curriculum.













...science content in my
agriculture curriculum.
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Q11 Stakeholders to my agricultural education program expect me to integrate...
Strongly Disagree Slightly Slightly Agree Strongly
Disagree
Disagree Agree
Agree
...leadership content in my
agriculture curriculum.













...math content in my
agriculture curriculum.













...science content in my
agriculture curriculum.













--Page Break
Leadership Integration – the purposeful inclusion of grade appropriate leadership (e.g.
conflict management, citizenship, and team leadership) concepts and/or practices in the
agriculture curriculum you teach.
Math Integration – the purposeful inclusion of grade appropriate math (e.g. algebra,
functions, modeling, geometry, and statistics) concepts and/or practices in the agriculture
curriculum you teach.
Science Integration – the purposeful inclusion of grade appropriate science (e.g.
physical science, life sciences, and earth/space sciences) concepts and/or practices in the
agriculture curriculum you teach.
Q12 Indicate your level of agreement with the following statements.
I have complete control over the level at which I integrate...
Strongly Disagree Slightly
Disagree
Disagree

Slightly Agree Strongly
Agree
Agree

...leadership content in my
agriculture curriculum.













...math content in my
agriculture curriculum.













...science content in my
agriculture curriculum.
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Q13 I can overcome common obstacles that might prevent the integration of...
Strongly Disagree Slightly Slightly Agree Strongly
Disagree
Disagree Agree
Agree
...leadership content in my
agriculture curriculum.













...math content in my
agriculture curriculum.













...science content in my
agriculture curriculum.













Q14 It is mostly up to me whether or not I integrate...
Strongly Disagree Slightly
Disagree
Disagree

Slightly Agree Strongly
Agree
Agree

...leadership content in my
agriculture curriculum.













...math content in my
agriculture curriculum.













...science content in my
agriculture curriculum.













Q15 It is easy for me to integrate...
Strongly Disagree
Disagree

Slightly
Disagree

Slightly Agree Strongly
Agree
Agree

...leadership content in my
agriculture curriculum.













...math content in my
agriculture curriculum.













...science content in my
agriculture curriculum.













-- Page Break
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Q16 For each of the following items related to science, indicate your current level of
knowledge.
Not
Somewhat
Knowledgeable
Very
Knowledgeable Knowledgeable
Knowledgeable
Matter and its
Interactions









Motion and
Stability: Forces and
Interactions









Energy









Waves and their
Application in
Technologies for
Information
Transfer









From Molecules to
Organisms:
Structures and
Processes









Ecosystems:
Interactions,
Energy, and
Processes









Heredity:
Inheritance and
Variation of Traits









Biological
Evolution: Unity
and Diversity









Earth's Place in the
Universe









Earth's Systems









Earth and Human
Activity
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Q17 For each of the following items related to math, indicate your current level of
knowledge.
Not
Somewhat
Knowledgeable
Very
Knowledgeable Knowledgeable
Knowledgeable
Number and
Quantity









Algebra









Functions









Modeling









Geometry









Statistics &
Probability









Q18 For each of the following items related to leadership, indicate your current level of
knowledge.
Not
Somewhat
Knowledgeable
Very
Knowledgeable Knowledgeable
Knowledgeable
Theories of
Leadership (e.g.
Path-Goal,
Leader-Member
Exchange)









Leadership Styles
(e.g. Authentic,
Servant,
Transformational)









Creating a Vision









Conflict
Management









Team Leadership









Communication









--Page Break
There a just a few more important questions remaining about yourself and your program.
Q19 Indicate if you currently hold teaching endorsements in the following areas.
Yes
No
Leadership





Math





Science
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Q20 Indicate the approximate hours per year you spend in professional development
related to the following areas.
If you have not attended any leadership, math, or science professional development,
please indicate this with a "0" rather than leaving the space blank.
Approximate Hours per Year
Leadership and/or Teaching Leadership
Math and/or Teaching Math
Science and/or Teaching Science

Q21 Indicate the average hours per week you spend talking with leadership, math, or
science teachers (i.e. middle school, high school, or post-secondary) about their
discipline's content.
If you do not spend any time talking with middle school, high school, or post-secondary
leadership, math, or science educators about their discipline's content, please indicate this
with a "0" rather than leaving the space blank.
Approximate Hours per Week
Time discussing leadership content with middle
school, high school, or post-secondary leadership
educators.
Time discussing math content with middle school,
high school, or post-secondary math educators.
Time discussing science content with middle
school, high school, or post-secondary science
educators.

-- Page Break
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Q22 If you are certified to teach a Curriculum for Agricultural Science Education
(CASE) course, please indicate by clicking the box next to the course title.
Please check all that apply.
 I am not certified to teach any CASE courses.
 Introduction to Agriculture, Food, and Natural Resources
 Principles of Agricultural Science - Animal
 Principles of Agricultural Science - Plant
 Natural Resources and Ecology
 Animal and Plant Biotechnology
 Food Science and Safety
 Agricultural Power and Technology
 Agricultural Research and Development
Q23 What is your sex?
 Male
 Female
Q24 What is your age?
Q29 What is the highest level of education you have obtained?
 Bachelor's Degree
 Some Graduate Coursework
 Master's Degree
 Ph.D.
Q30 Did you go through a traditional agriculture teacher education program (i.e.
undergraduate or graduate degree in agricultural education)?
 No
 Yes
Q26 How many years, including the current year, have you been teaching agriculture?
Q25 In what state do you currently teach agriculture?
Q27 In what type of community do you teach?
 Rural
 Suburban
 Urban
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Appendix B
Explanation of Research Study for Participants
Greetings Agriculture Teacher,
You have been invited to voluntarily participate in a research study. This study is
intended to assess your motivations for integrating, or choosing not to integrate,
leadership, math, and science content within your agriculture curriculum. Your response
to this questionnaire will greatly assist in understanding how pre-service and in-service
agriculture teacher education can support leadership, math, and science learning through
secondary agricultural education.
The title of the study is Exploring Secondary Agriculture Teachers' Integration of
Leadership, Math, and Science. The purpose of this study is to identify why agriculture
teachers integrate, or do not integrate, leadership, math, and science. There are no direct
benefits for participating; however, you will provide valuable information that will
directly benefit the profession and provide more relevant professional development
regarding leadership, math, and science integration. Additionally, this study will benefit
you by providing valuable information regarding the level at which secondary agriculture
teachers are supporting the leadership, math, and science learning of secondary students.
There are no other direct benefits to your participation in this study.
The security and confidentiality of information collected for you online cannot be
guaranteed. However, confidentiality will be kept to the extent permitted by the
technology being used. Please note, information collected online can be intercepted,
corrupted, lost, destroyed, arrive late or incomplete, or contain viruses. There is still a
risk that we could accidently disclose information that identifies you.
The survey will take you approximately 10 to 15 minutes to complete. There are no
known risks, other than the unlikely breach of security and/or confidentiality outlined
above, to your participation in completing this survey. Your participation is completely
voluntary and you may choose not to participate at any time. You may answer some or
none of the questions. Findings from this study will be used in the completion of a PhD
program.
The email address for everyone enrolled in this study will be entered into a random
drawing for $500 in total prizes with 3 ($100) and 4 ($50) prizes. The chance of winning
will be about 7 in 500. There will be no guarantee that participants will win a prize. The
random drawing is being funded by the Department of Agricultural Education and
Agricultural Sciences at Oregon State University.
If you have any questions or concerns before, during, or after taking this survey, feel free
to email the student investigator of this study, Aaron McKim at
Aaron.McKim@oregonstate.edu. In addition, if you have questions about your rights or
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welfare as a participant, please contact the Oregon State University Review Board (IRB)
office at (541) 737-8008 or by email at IRB@oregonstae.edu.
Thank you for your time,
Student Investigator – Aaron McKim
Principle Investigator – Dr. Jonathan Velez
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Appendix C
IRB: Notification of Exemption

