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ABSTRACT 

 

The purpose of this study was to determine the attitudes of Texas Agrilife 

Extension county 4-H agents on incorporating science, technology, engineering, and 

math (STEM) into 4-H youth development.  The target population for this study was 

identified as Texas county 4-H Extension agents.  Fifty-five Texas county 4-H Extension 

agents were identified and 44 (N = 44) responded giving the researcher a 75% response 

rate.   

The study included descriptive and correlational methodologies via an electronic 

questionnaire.  Three research constructs were developed and addressed in this study: the 

attitudes of Texas county 4-H Extension agents toward STEM subjects, the attitudes of 

Texas county 4-H Extension agents toward incorporating STEM into 4-H youth 

development, and the attitudes of Texas county 4-H Extension agents on teaching and/or 

leading 4-H youth in STEM topics.  The researcher-developed instrument was a 30-item 

instrument that asked participants to indicate their level of agreement with each statement 

by using a Likert-type scale. 

Texas county 4-H Extension agents slightly agreed that STEM is important to 4-H 

youth development and slightly agreed that STEM is becoming an integral part of 4-H.  

Point-biserial correlation coefficients revealed low to negligible relationships between the 

three research constructs regarding teaching credentials. Spearman rank-order correlation 

coefficients, again, revealed low to negligible relationships regarding the three research 

constructs and the Texas county 4-H Extension agents’ level of education.  
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CHAPTER I 

INTRODUCTION 

Background and Setting 

While the total number of bachelor’s degrees awarded annually in the United 

States has nearly tripled over the past 40 years, the same cannot be said for degrees in the 

STEM (science, technology, engineering, and mathematics) fields (Maltese & Tai, 2011).  

The latest release from the Program for International Student Assessment (PISA) has 

shown American students to be in the middle of the pack, which has caused some 

concern among a nation who considers itself an international leader (Petrilli & Scull, 

2011).  The United States produces more high-achieving students than any other nation 

belonging to the Organization for Economic Cooperation and Development (OECD), but 

also produces more low-achieving students than any other nation within the OECD 

(Petrilli & Scull, 2011).  This describes the seriousness of the achievement gap that exists 

today in the United States.  

 “As the global economic crisis continues, sustaining the United States’ position 

as a leader in research and development is a top concern.  Looking to increase the number 

of students pursuing degrees in STEM calls for improved mathematics and science 

education,” (Maltese & Tai, 2011, p.1).  The success of the United States will depend on 

the skills and ideas of its population but America faces a future of intense global 

competition with a serious shortage of scientists.  As the world becomes increasingly 

technological, the value of these national assets (skills and ideas) will be determined by 
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using by the effectiveness of science, technology, engineering and mathematics (STEM) 

education within the country.  STEM education will determine whether the United States 

will remain a leader among nations and whether it will be able to solve challenges in 

many areas including, health, energy and environmental protection (President’s Council 

of Advisors on Science and Technology, 2010).    

The National 4-H Council has introduced a new initiative aimed at increasing the 

number and quality of science, engineering, and technology programs that 4-H offers 

across the country, and increasing the number of youth involved in these programs.  

(Mielke, LaFleur, Butler & Sanzone, 2011).  Many states are beginning to place more of 

an emphasis on STEM; Texas, for example, has launched the 4-H Science, Engineering 

and Technology (SET) program with the national initiative to integrate science into 4-H 

project work (Texas 4-H & Youth Development, 2012).  The 4-H Science Experience is a 

program that frames science, engineering, and technology (SET) concepts and is based on 

national science education standards and targets the development of SET knowledge, 

skills, and abilities (Texas A&M Agrilife Extension, 2012).  Currently, according to 

Texas A&M Agrilife Extension, 4-H SET programs reach more than five million youth 

with hands-on learning experiences.     

To address increased demand for science and technology professionals, the 4-H 

Youth Development program is working to reach many new young people and increase 

interest in science programs.  Established in Clark County, Ohio in 1902, the 4-H Youth 

Development program has provided learning opportunities and experiences for youth to 

plan their own learning, work, and develop life skills for over a century (National 4-H 
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Council, 2012).   4-H is a youth development program of the nation’s 106 land-grant 

universities and the Cooperative Extension System.   4-H fosters an innovative “learn by 

doing” approach.   4-H supports young people from elementary school through high 

school with programs designed to shape future leaders and innovators.  Through 

research-driven programming, 4-H’ers are actively engaged in hands-on learning 

activities in the areas of science, citizenship and healthy living, (National 4-H Council, 

2012).   4-H SET programs currently reach more than 5 million youth with hands-on 

learning experiences to encourage young minds and encourage young leaders to become 

proficient in science.    

Approximately, 6 million youth participate in 4-H annually (National 4-H 

Council, 2012).   The 4-H program was implemented by 109 Land-Grant Universities and 

Colleges (LGUs) in more than 3,000 counties as part of the Cooperative Extension 

System.  National leadership is provided by 4-H National Headquarters at the National 

Institute for Food and Agriculture, the United States Department of Agriculture (USDA), 

and National 4-H Council, which is the national nonprofit partner of 4-H and the 

Cooperative Extension System (Mielke, et al., 2011).    

The 4-H Science Initiative states that by the end of 2013, one million youth who 

have never been involved with a 4-H program will enroll in 4-H Science programs.  To 

meet this goal, 4-H has sought to increase its capacity and infrastructure for providing    

4-H Science programming (Mielke, et al., 2011).  This enrollment goal was set in 2006.     
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There is more evidence that determines where and how youth spend their time 

outside of normal school hours that has important implications for their development 

(Durlak & Weissberg, 2007).  Much of their free time is spent unsupervised; this implies 

that time spent without adult supervision puts youth at a risk for negative outcomes such 

as academic and behavioral problems, drug use or other risky behavior according to 

Durlak and Weissberg.    

As a result, there has been an increasing interest in after-school programs that can 

provide youth with a safe environment that can offer youth growth-enhancing 

opportunities that also includes activities and experiences that promote academic, 

personal, social and recreational development (Durlak & Weissberg, 2007).  Two 

important findings were reported in the study conducted by Durlak & Weissberg: youth 

who participate in after-school programs improve significantly in three major areas: 

feelings and attitudes, indicators of behavioral adjustment and school performance.  The 

second result stated that it was possible to identify effective programs.   In other words, 

programs that used evidence-based skill training approaches were consistently successful 

in producing multiple benefits for the youth involved within the programs.    

4-H is considered to be nonformal education.  Education means learning 

knowledge, skills and attitudes.  Formal education is primarily associated with schools.   

A more precise definition is supplied by Coombs (1973), “the hierarchically structured, 

chronologically graded educational system running from primary school through the 

university and including, in addition to general academic studies, a variety of specialized 

programs and institutions for full-time technical and professional training” (p.11).   
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Nonformal education, on the other hand, has been defined as any intentional and 

systematic educational enterprise (usually outside of traditional schooling) in which 

content is adapted to the unique needs of the students (or unique situations) in order to 

maximize learning and minimize other elements which often occupy formal school 

teachers (Kleis, Lang, Mietus & Tiapula, 1973. p.6).    

Nonformal learning is more learner-centered than most formal education.  A third 

type of education is “informal education.” This is even less structured than the two 

previously listed.   Informal education deals with everyday experiences which are not 

planned or organized.   Extension education is nonformal education with only a few 

exceptions.   Although extension agents may take advantage of learning opportunities 

that arise, to call extension work “informal education” would be inaccurate (Etling, 

1993).    

Interests in agriculture, career and hobby exploration are some reasons that one 

might enroll in a 4-H program.  There are also multiple social benefits from membership 

within 4-H.  4-H is rapidly becoming a program that is extended toward urban children 

and is no longer considered only for rural and farm children.   4-H was first organized in 

the early 1900’s and was primarily seen as a program for rural children to utilize research 

from various universities and to apply to their own farming practices (National 4-H 

Council, 2012).  This was an innovative idea that tied rural education to public schools.  

Clubs were separated by project and girls and boys were not in the same clubs.  Boys 

would work on the farming and mechanical projects while girls were to work on home 

economic projects (National 4-H Council, 2012).    
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Today, 4-H has an expansive reach today by serving youth in rural, urban, and 

suburban communities in every state across the nation (National 4-H Council, 2012). 

According to the National 4-H Council, youth currently in 4-H are tackling the nation’s 

top issues, from global food security, climate change and sustainable energy to childhood 

obesity and food safety. 4-H out-of-school programming, in-school enrichment programs, 

clubs and camps also offer a wide variety of science, engineering, technology and applied 

math educational opportunities.  4-H project work rages from agricultural and animal 

sciences to rocketry, robotics, environmental protection and computer science in order to 

improve the nation’s ability to compete in key scientific fields and take on today’s 

challenges (National 4-H Council, 2012).   

The National 4-H Council prepared the 4-H Science Initiative: Youth Engagement, 

Attitudes, and Knowledge Study.   The 4-H National Headquarters at the U.S. 

Department of Agriculture and National 4-H Council introduced a new initiative aimed at 

increasing the number and quality of science, engineering and technology programs that 

the 4-H program has to offer around the country and increasing the number of youth that 

are involved within the programs (Mielke et al., 2011).  4-H professionals believe that by 

engaging the youth of America in informal science educational opportunities through this 

initiative, the organization hopes to increase science interest and literacy among youth, 

the number of youth pursuing post-secondary education in scientific fields and the 

number of youth pursuing science-related careers (Mielke, et al., 2011).  Prioritizing a 

scientific professional workforce must be an area of focus to attain the goals of the 

profession and reflect the National Research Agenda (Doerfert, 2011).  
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The global economic crisis continues across the country.  Sustaining the United 

States position as a leader in research and development is a huge concern of policy 

makers (Maltese & Tai, 2011).   Policy makers are now looking into strategies to increase 

the number of students pursuing degrees in STEM and in order to accomplish this; the 

United States is calling for improved mathematics and science education (Bybee, 2010).    

The majority of students who concentrate in STEM make the decision to do so 

while in high school and while the total number of bachelor’s degrees awarded annually 

in the United States has nearly tripled over the past 40 years, the same cannot be said for 

degrees in the STEM fields.  Graduation statistics revealed that in 2006, the relative 

percentages of students earning degrees in nearly all STEM fields were at, or below, 

previous levels according to the National Science Foundation [NSF], 2010 (as cited in 

Maltese & Tai, 2011).  STEM education should increase students’ understanding of how 

things work and improve their use of technologies, (Bybee, 2010).  STEM education 

should also introduce more engineering during precollege education.  Some areas, such as 

National 4-H, SET is the term used.  SET has the same meaning as STEM.  Mathematics 

is simply left out but implied as it goes hand-in-hand with engineering.    

STEM will provide the technical skills and literacy needed for individuals to earn 

livable wages and make better decisions for themselves, their families, and their 

communities (President’s Council of Advisors on Science and Technology, 2010).   

STEM will also strengthen our democracy by preparing all citizens to make informed 

choices in an increasingly technological world (President’s Council of Advisors on 

Science and Technology, 2010).    
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  While in today’s economy, the country’s need for a world-leading STEM 

workforce and a population that is literate in science, math and technology has become 

greater and will continue to grow particularly as many other nations continue to make 

rapid advancements within the STEM fields (President’s Council of Advisors on Science 

and Technology, 2010).    

In 1983, a report from the National Commission on Excellence in Education titled A 

Nation at Risk revealed that Americans performed poorly in basic science (National 

Commission on Excellence in Education, 1983).  The Elementary and Secondary 

Education Act, also known as No Child Left Behind, has also added increasing pressure 

on schools to increase their academic achievement and has focused attention on school 

accountability and has demonstrated how Federal policy can drive changes in schools 

(President’s Council of Advisers on Science and Technology, 2010).  To accomplish this, 

schools must eliminate courses that do not have effect on achievement and adding others 

that will.  According to A Nation at Risk (1983), America’s society and educational 

institutions seem to have lost sight of the basic purposes of schooling, and of the high 

expectations and disciplined effort needed to obtain them.  STEM education is critical to 

the Nation’s roles and responsibilities including the ability to play a role in international 

development (President’s Council of Advisors on Science and Technology, 2010).   

Statement of the Problem 

Research is needed to determine the attitudes of Texas Agrilife Extension county 

4-H agents on incorporating STEM topics into 4-H Youth Development.  As more state 

4-H programs are integrating STEM topics into their programs, it is important to study 
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how the agents who are leading the county 4-H programs feel about these changes.  It is 

important to investigate at the county 4-H agents’ attitudes not only on incorporating 

STEM itself into 4-H youth development but their competence towards teaching and 

leading STEM and their attitudes toward the STEM topics alone.    

Purpose and Objectives 

The purpose of this study was to determine the attitudes of Texas county Agrilife 

4-H Extension agents on incorporating Science, Technology, Engineering and 

Mathematics (STEM) into 4-H youth development.   The study focused on 4-H Extension 

agents who currently work in Texas.  This study explored gaps in the knowledge and 

instruction of Texas 4-H Extension agents.   

The following research constructs will be addressed in this study: 

1. Attitudes of 4-H agents toward STEM subjects. 

2. Attitudes of 4-H agents toward including STEM in 4-H youth development 

3. Attitudes of 4-H agents on teaching and leading youth in STEM activities.    

Definition of Terms 

The following terms were used in the study: 

4-H- The National 4-H Organization, a youth organization administered by the National 

Institute of Food and Agriculture of the United States Department of Agriculture (USDA) 

(National 4-H, 2012).  

4-H Agents – Refers to extension professionals who work specifically with 4-H youth 

development.   
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Agents- Refers to the Texas county Extension 4-H personnel. 

Agriscience- The application of science to agriculture.  

Agricultural Education – the systematic instruction in agriculture at elementary, 

secondary, post-secondary levels.    

Cooperative Extension System- Informal adult education and development organization.   

organized by the 1914 Smith-Lever Act.   It is one of the largest adult education 

programs in the world and consists of three levels – federal, state and county.  The overall 

objective is to plan, execute and evaluate learning experiences that will assist people in 

gaining knowledge and solving problems within the areas of farming, home, and 

community (National 4-H, 2012).  

Land-Grant Universities – (LGUs) An institution that has been designated by its state 

legislature or Congress to receive benefits of the Morrill Acts of 1862 and 1890.   The 

original mission of these institutions was to teach agriculture, military tactics, and the 

mechanical arts along with classical studies so all members of society could obtain a 

practical education.  (Washington State University Extension, 2009)  

SET- Science, Engineering, and Technology.    

STEM- Science, Technology, Engineering, and Mathematics.     

Youth Development – A set of principles underlying youth programs that encourage 

thriving among youth (Heck & Subramaniam, 2009, p.1).     

Limitations of the Study 

The limitations of this study should be taken into consideration when generalizing 

the results to other populations.  Participants in the study were 4-H county Extension 
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agents from Texas Agrilife Extension.  The study examined the attitudes of Texas county 

4-H agents and should not be a representative of other state 4-H programs.  The 

instrumentation was 100% anonymous.  The researcher-designed instrument requires 

some tweaks to get a more accurate read on 4-H Extension Agents attitudes.  

Basic Assumptions 

The researcher included the following assumptions in the study: 

1. The study only included Texas Agrilife Extension 4-H agents. 

2. The 4-H agents agreed to be involved in obtaining data. 

Significance of the Problem 

There has been concern for the falling interest in STEM subjects by America’s 

youth.  With a society that is growing increasingly technological, there is a growing 

demand for young people to possess more knowledge within STEM subjects (President’s 

Council of Advisors on Science and Technology, 2010).  As a result, many youth 

organizations, 4-H included, are attempting to better prepare youth for the future and the 

future of America.     
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CHAPTER II 

REVIEW OF LITERATURE 

Overview 

This chapter serves as a review of related literature pertaining to 4-H and STEM 

while also examining attitudes of 4-H professionals on incorporating STEM into 4-H 

youth development.  Asunda (2011) states that widespread change has taken place over 

the last several decades in world economies.  In order for the United States to succeed in 

these changing economies, STEM literacy and education must be viewed as a top priority 

(Asunda, 2011). 

 By defining the audience, the researcher was best able to design methodology.    

Theories studied include theory of Planned Behavior (Ajzen, 1991), Diffusion of 

Innovations (Rogers, 2003) and the Concerns-Based Adoption Model (Hall & Hord, 

1987).  The items discussed in the literature will include 4-H leadership and career 

development, STEM and 4-H as an after-school program.  The investigation into attitudes 

of Texas Agrilife 4-H Extension agents look at their attitudes of STEM subjects, agents’ 

attitudes toward incorporating STEM into 4-H youth development and finally, agents’ 

attitudes toward teaching and leading in STEM topics.  The findings of this research will 

identify gaps in agents’ knowledge of STEM and opinions toward STEM needs in 4-H.  

Likewise, these findings may serve as an aid for practitioners to use in 4-H program 

development.    
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Theoretical Framework 

Theory of Planned Behavior 

The theoretical framework in the area of deducing individuals’ attitudes involves 

the theory of planned behavior, a widely accepted way to study human behavior.  Ajzen 

(1991) developed the theory of planned behavior (TPB) as a means to comprehend and 

predict individuals’ behaviors in which the individuals do not have complete control.  

Attitude is a direct measure of the theory of planned behavior (Francis, et al., 2004).  

Attitude toward a behavior pertains to an individual’s favorable or unfavorable judgment 

of completing a behavior.       

 

Figure 2.1: Theory of Planned Behavior (Ajzen, 1991) 

According to the theory, human behavior is guided by three kinds of 

considerations: beliefs about the likely consequences of the behavior (behavioral beliefs), 

beliefs about the normative expectations of others (normative beliefs), and beliefs about 
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the presence of factors that may facilitate or impede performance of the behavior (control 

beliefs).  Behavioral beliefs produce a favorable or unfavorable attitude toward the 

behavior; normative beliefs result in perceived social pressure, and control beliefs give 

rise to perceived behavioral control (Ajzen, 2006).           

Behavioral beliefs, another component of TPB, are the likely probability that a 

behavior would lead to the expected outcome (Hrubes, Ajzen & Daigle, 2001).   An 

individual who believes that acting out a certain behavior would result in a positive 

outcome would have a favorable attitude toward acting out the behavior.  Thus, an 

individual who believes that acting out in a certain behavior would result in a negative 

outcome, this individual would retain a negative attitude toward acting out in that 

behavior (Hrubes, Ajzen & Daigle, 2001).   

Attitude, defined by Eagly and Chaiken (1993) is a tendency revealed through 

varying degrees of favorable or non-favorable judgments.  Attitudes are expressed in 

three categories: cognitive, affective, and behavioral (Eagly & Chaiken, 1993).    

According to Eagly and Chaiken an attitude develops on the basis of evaluative 

responding, meaning that an individual does not have an attitude until he or she responds 

to an entity on an affective, cognitive, or behavioral basis.  The cognitive category 

contains thoughts that individuals will have about the attitude object (Eagly & Chaiken, 

1993).  The affective category consists of feelings or emotions that people have in 

relation to the attitude object and the behavioral category surrounds the actions of 

individual’s actions with respect to the attitude object (Eagly & Chaiken, 1993).  The 

concept of attitude in the behavioral category relates to the theory of planned behavior as 



                                                                 Texas Tech University, Kiersten Heckel, December 2012 
 

15 
 

Ajzen and Fishbein (1980) noted that individuals have favorable attitudes toward 

behaviors when they think that the behavior leads to a positive outcome.     

Diffusion of Innovations   

Diffusion is the process that occurs when an innovation is communicated through 

various channels, over a period of time, to a body of people (Rogers, 2003).  It can also 

be defined as a type of social change, where alteration occurs within a social structure.     

Rogers defined communication as the process in which people share information to reach 

a mutual understanding.  Diffusion is where the communication process is a special type 

of communication, and has the specific purpose to create new ideas (Rogers, 2003).      

The innovation-decision process is a process in which someone, a decision-

making individual, gains initial knowledge of an innovation, develops an opinion of the 

innovation, makes a decision to adopt or reject the innovation, implements the innovation 

and seeks final confirmation of the decision (Rogers, 2003).   Through this process, a 4-H 

agent may decide to adopt or reject the idea of incorporating STEM into 4-H youth 

development.       
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Rogers (2003) process of innovation-decision making employs five sequential 

states. 

1. Knowledge occurs when an individual (or other decision-making unit) is 

exposed to an innovation’s existence and gains an understanding of how it 

functions. 

2. Persuasion occurs when an individual (or other decision-making unit) forms a 

favorable or an unfavorable attitude toward the innovation.      

3. Decision takes place when an individual (or other decision-making unit) 

engages in activities that lead to a choice to adopt or reject the innovation. 

4. Implementation occurs when an individual (or other decision-making unit) 

puts a new idea into use. 

5. Confirmation takes place when an individual (or other decision-making unit) 

seeks reinforcement of an innovation decision already made, but he or she 

may reverse this previous decision if exposed to conflicting messages about 

the innovation.      
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Figure 2.2: model of stages in the Innovation-Decision Process (Rogers, 2003) 
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Concerns-Based Adoption Model (CBAM) 

The concerns-based adoption model (CBAM) is a widely applied theoretical 

model for studying the process of implementing educational change (Anderson, 1997).  

The concerns based adoption model was developed in 1973.  “The model is concerned 

with measuring, describing, and explaining the process of change experienced by 

teachers involved in attempts to implement new curriculum materials and instructional 

practices, and with how that process is affected by interventions from persons acting in 

change-facilitating roles” (Anderson, 1997, p. 331).  Anderson states the five 

assumptions about classroom change in curriculum and instruction that correspond with 

the influence of the tools previously mentioned: (1) change is a process, not an event; (2) 

change is accomplished by individuals; (3) change is a highly personal experience; (4) 

change involves developmental growth in feelings and skills; and (5) change can be 

facilitated by interventions directed toward the individuals, innovations, and contexts 

involved.     

Change facilitators, described by Hall and Hord (1987), are teachers, 

administrators, and other district personnel who influence the outcome of the educational 

innovation.  Change facilitators are responsible for using informal and systematic ways to 

probe individuals and groups to understand them (Hall & Hord, 1987).  This person’s job 

is to “assist others in ways relevant to their concerns so that they become more effective 

and skilled in using new programs and procedures” (Hall & Hord, 1987).     
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               Figure 2.3:  Concerns-Based Adoption Model (Hall & Hord, 1987). 

The Concerns-Based Adoption Model (Figure 2.2) treats change as a process.  

The facilitator is viewed effective when using the three dimensions for the concerns-

based adoption model to understand groups and individuals and guide their experiences 

during the adoption process (Bellah & Dyer, 2009).  Bellah and Dyer also point out that 

the change facilitator might be a developer or trainer involved in introducing a particular 

educational innovation.     

An individual’s perception of an innovation and how they feel about it are 

addressed within the stages of concerns dimension.  CBAM’s seven stages include 

awareness, informational, personal, management, consequence, collaboration, and 

refocusing (Figure 2.3).  These stages extend over the areas of the teacher’s involvement, 
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based on little concern, knowledge, and understanding, of the benefits of the innovation 

(Hall & Hord, 1987).   

Science, Technology, Engineering, & Mathematics (STEM) 

  The past several decades have been times of widespread change in world 

economies.  Asunda (2011) reviewed STEM initiatives and curriculums that support the 

integration of STEM into school curriculum.  Asunda (2011) states that the 21st century 

has witnessed scientific technological innovations that have had an impact on nearly 

every sector of our social institutions and the way we do things.  In order to succeed in 

this vastly changing world and secure meaningful employment, STEM literacy and 

education is viewed as a top priority (Asunda, 2011).  

Despite our historical advancement and achievement, the United States now lags 

behind other nations in STEM education at the elementary and secondary levels 

(President’s Council of Advisors on Science and Technology, 2010). It is also important 

to point out that students not only lack proficiency in STEM subjects but there is also a 

lack of interest among many students in STEM fields (President’s Council of Advisors on 

Science and Technology, 2010). According to the President’s Council on Science and 

Technology (2010) part of the problem is due to some schools that are failing 

systematically yet some schools that are generally successful often fall short in STEM 

fields. The report also points out that the nation lacks clear and concise standards for 

science and math and as a result, many American students report that in their education 

their STEM subjects are boring, difficult and often overwhelming which leaves them 

unprepared to meet the challenges that they will face in their generation.  
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The new global integrated knowledge economy is a boom for developing nations 

as high technology jobs are being shifted from the United States to countries like China 

and India. The outsourcing of these jobs has been a wake-up call to the educational 

system in the United States (Barker, 2007).  The fields of science, technology, 

engineering and mathematics are viewed by many as critical for the future of any nation 

and the world as a whole (Lawrenz, Huffman & Thompson, 2006 as cited by Asunda, 

2011).   

Educational experiences may have a large influence over students choosing to 

enroll in a STEM major.  Maltese and Tai (2011) examined educational experiences with 

earned degrees in STEM within the United States.  They completed a two-part analysis to 

assess the school-based factors related to students choosing to complete a major in 

STEM.  The analysis found that in order to increase the number of students pursuing 

degrees in STEM, the goal calls for improved math and science education in all schools 

(Maltese & Tai, 2011).  Students who indicated an early interest in science and worked to 

earn a degree in STEM accounted for fewer than one in five of the STEM majors 

(Maltese & Tai, 2011).     

STEM education is becoming more widely recognized but the United States needs 

a broader, more coordinated strategy for those entering college to study the subjects of 

science, technology, engineering, and mathematics (Bybee, 2010. p. 996).  A true STEM 

education should increase students’ understanding of how things work and improve their 

use of technologies according to Bybee (2010) and the strategy for STEM should include 

all of the STEM disciplines and address the need for greater diversity in the STEM 

professions, for a workforce with deep technical and personal skills, and for a “STEM-
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literate citizenry prepared to address the grand challenges of the 21st century” (Bybee, 

2010, p. 996).   

In order to compete in today’s economy as well as in the future, it is important for 

all students to become STEM literate, including those who have not traditionally been 

able to participate in STEM fields in order to have the opportunities to learn the 

knowledge and skills they will need in a technological future (Asunda, 2011). The 

success of the United States most important assets, wealth and welfare, will depend on 

the ideas and skills of the population (President’s Council of Advisors on Science and 

Technology, 2010). The report states that STEM education will determine whether the 

United States will remain a leader among nations and whether the U.S. will be able to 

solve huge challenges in the areas of health, energy, environmental protection, and 

national security.   

Leadership tomorrow is dependent on how America’s students are educated 

today.  This statement was made November 23, 2009 as President Barack Obama 

introduced a nationwide program to boost student performance in STEM subjects.  

Obama identified three priorities for STEM education: increasing STEM literacy so that 

all students can think critically in those subject areas; improving the quality of math and 

science teaching so American students are no longer outperformed by those in other 

nations; and expanding STEM education and career opportunities for underrepresented 

groups, including women and minorities (Prabhu, 2009). In order to meet these goals, 

Obama announced a series of high-powered relationships involving leading companies, 

foundations, nonprofit organizations, science and engineering societies, all of whom are 



                                                                Texas Tech University, Kiersten Heckel, December 2012 
 

23 
 

dedicated to moving American students to the top in science and math achievement over 

the next 10 years (Prabhu, 2009).   

To describe the seriousness of the achievement gap that exists in the United States 

today, the latest release from the Program for International Student Assessment (PISA) 

has shown American students to be in the middle of the pack, which has caused concern 

among a nation who considers itself an international leader (Petrilli & Scull, 2011).  The 

United States produces more high-achieving students than any other nation belonging to 

the Organization for Economic Cooperation and Development (OECD); but also 

produces more low-achieving students than any other nation within the OECD as 

reported by Petrilli & Scull (2011).   

STEM initiatives started as a way to promote collaborative practices in STEM 

education and related curricular areas so that students would be prepared to study STEM 

fields in college and pursue STEM related careers.  More than 50 years ago, President 

John F. Kennedy gave the “Decision to go to the Moon”’ speech in 1961, things were 

beginning to turn for the science, technology, engineering and math initiatives in school 

curriculum.  At this point, President Kennedy launched the Apollo program for the space 

race, challenging NASA’s scientists to accomplish the difficult task of landing on the 

moon within 10 years.  This led to an era of great scientific research and development 

that incorporated STEM education in schools and colleges across the country.  In turn, 

this produced a generation of scientists and engineers and made history as Neil 

Armstrong walked on the moon in 1969 (Asunda, 2011).     
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Once again, the need for public understanding and preparation of future 

innovators is critical.  Due to the Elementary and Secondary Education Act (2001), also 

known as No Child Left Behind, the United States is undergoing education reforms once 

again.  In order to succeed during this new round of reforms, the United States will need 

equal treatment for science according to Bybee (2010).  No Child Left Behind (2001) has 

resulted in “reducing or eliminating science from programs unintentionally, by not 

including science test scores as a significant part of the calculation for measuring 

Adequate Yearly Progress” (Bybee, 2010. p. 996).  

Improving science education in kindergarten through eighth grade will require 

some large changes in how science is taught as well as changes in views held by young 

children on what they know and how they learn (Moon, 2006). According to Moon 

(2006) all children are capable of learning science and even though historically, there is a 

general agreement that all children will and must learn to read, there has been far less 

agreement that all children will and must learn science regardless of gender, race or 

socioeconomic circumstances.  

Regular educational courses are not the only ones that need to focus on 

incorporating more of the STEM topics.  Agricultural science courses are also looking at 

incorporating more science into their curriculum.  A study conducted by Thompson and 

Balschweid (1999) examined the attitudes of Oregon agricultural science and technology 

teachers toward integrating science into their classrooms.  Results indicated that the 

teachers felt prepared to teach more science and that support from parents and 

administration had increased once more science was included in the curriculum.  

Increased science also increased the ability of the students to solve programs.  
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Balschweid and Thompson (2002) examined Indiana agricultural science and business 

teachers and the impact of integrating science in agricultural education programs.  From 

the data collected, many of the teachers responded positively to the call for the 

integration of science into agricultural education curriculum (Balschweid & Thompson, 

2002).  

Studies of the confident levels of agriscience teachers have also been conducted to 

examine if agriscience teachers are prepared to integrate science into their agricultural 

education curriculum.  A study by Chumbley (2011) examined the confidence levels of 

agriscience teachers offering science credit in advanced animal science classes.  Findings 

suggested that there are relationships between teachers’ years of experience, school size 

and participate age to their confidence levels in integrating science (Chumbley, 2011).  

Chumbley and Russell (2012) examined the confidence levels of agriscience teachers in 

New Mexico to teach Biology in plant and animal science courses.  The findings 

suggested that there are some relationships between the years of teaching experience, 

school size, and teachers receiving the science certification (Chumbley & Russell, 2012).  

Deeds (2012) also examined the same but with agriscience teachers in Mississippi.  The 

findings reported were similar to Chumbley and Russell (2012). 

Though much of the attention is focused on dwindling science scores, math 

requires attention as well. Less than half of 12th graders meet the math proficiency 

benchmark that indicates college readiness according to the Business-Higher Education 

Forum (BHEF) in 2011. In a report by BHEF, it was stated that many students are 

interested in STEM subjects but are not math proficient.  Those interested in STEM but 

not math proficient are within reach of the benchmark and systematically improving math 
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proficiently would significantly improve diversity in STEM education and the workforce. 

These analyses are derived from a 2008 longitudinal data set provided to BHEF by ACT 

in 2011.  

The notion that technology education boosts technological STEM literacy may 

encourage students to pursue more studies in science, math, and engineering (Asunda, 

2011). Recently, as according to Asunda (2011) academies, online curricular activities, 

and organizations that engage in STEM education have been established to encourage the 

infusion of STEM not only in technology education but in all subjects that are related to 

engineering education.  

Engineering needs to be focused on as well. Brophy, Klein, Portsmore, and 

Rogers (2008) reported that engineering education has the potential to increase 

conceptual understanding of STEM disciplines for youth in kindergarten through 12th 

grade while also increasing awareness of and interest in the role that engineers play in 

supporting and advancing humanity (Brophy, et al., 2008). Outreach efforts are extremely 

important in increasing the potential pool of youngsters who are interested in pursuing a 

technical career such as engineering (Brophy, et al., 2008).  

STEM education offers students one of the best opportunities to make sense of the 

world completely rather than in small pieces as they prepare for jobs in the new economy 

(Asunda, 2011).  STEM education removes the usual barriers that are erected between the 

four disciplines by integrating them into one cohesive teaching and learning paradigm 

helping students make connections between school, community, work, and the global 

world (Lantz, Jr., 2009).  Therefore, STEM education is a top priority not only because 
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we need today’s students to become tomorrow’s leaders in innovation and help the 

United States economy, but also to increase STEM interest and skill (Asunda, 2011).  

Student engagement is also believed to be an important component of education and 

student achievement. 

Teachers may face the expectation of having to implement innovations with 

limited instruction and without a clear understanding of the innovation’s purpose or their 

role (Bellah, & Dyer, 2009).  Each teacher has his or her own way to implement an 

innovation within their learning environment, whether it be how the innovation is 

incorporated or the level of confidence the teacher has in relation to the innovation.  

Skelton, Seevers, Dormody, and Hodnett (2012) state that one challenge is to link 

inquiry-based learning and experiential education with curriculum designed to improve 

understanding, skill development, and reasoning abilities to achieve the broader impacts 

of improved science comprehension.   

Even agricultural science and technology teachers are attempting to incorporate 

more science into their programs.  A study done by Thompson and Balschweid (1999) 

determined the attitudes of Oregon agricultural science and technology teachers toward 

integrating science.  As a group, the teachers felt prepared to integrate science into their 

curriculum and have increased their ability to teach students to solve problems 

(Thompson & Balschweid, 1999).  Layfield, Minor, and Waldvogel (2001) studied the 

integration of science into agricultural education in South Carolina.  The majority of 

these teachers agreed that they can teach integrated science concepts into their 

agricultural education courses and that science had become a priority. 
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When it comes to preparation of the integration of science, 4-H Extension agents 

may be faced with similar problems as the agriscience teachers.  Many 4-H Extension 

agents hold agriculturally-based undergraduate majors but some may not, therefore, 

possibly leaving them feeling unprepared.  Wyble and Kotrlik (1999) examined the status 

of community service-learning within 4-H Youth Development.  Some agents may have 

undergraduate majors in natural science, such as animal science, but others are in social 

science which could result in some agents not having as much experience with STEM 

subjects.   
An assessment of Extension education curriculum at Land-Grant universities 

(LGUs) was conducted by Harder, Mashburn and Benge (2009).  They found that the 

frequency of courses in the competency areas of applied research; theories of human 

development and learning; extension knowledge, leadership, and management; and 

program planning, implementation and evaluation all at the graduate level exceeded the 

number of LGUs with a graduate specialization.  They also found that the frequency of 

graduate courses in the competency areas of technology, diversity and pluralism, 

community development process and diffusion, communications, marketing and public 

relations, and risk management was fewer than the number of LGUs with a graduate 

specialization (Harder, Mashburn, and Benage, 2009).        

Youth, according to McLaughlin (2000), generally feel that they want to give 

back to their communities; some feel that it is even their responsibility.  Many 

community-based organizations allow youth to do just that, and youth active in these 

organizations feel that it is important to do community volunteer work (McLaughlin, 

2000).   Not only do organizations such as 4-H stress the importance of community 
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service but also motivate youth and contribute to their development by being knowledge-

centered (McLaughlin, 2000).  These organizations point to learning as a reason why 

youth should get involved, and take steps to provide the relevant knowledge 

(McLaughlin, 2000).    

  Students will now need to acquire skills such as communication, social skills, 

problem solving, and self-management among others in order to compete in the modern 

economy.  Spurred by the launchings of Sputnik, the 1960’s saw other education reforms 

for the United States.  Armario (2011) reported that scores from the 2009 National 

Assessment of Education Progress released on January 25, 2011 indicated that American 

students were still struggling in science with less than half considered proficient and just 

a small percent showing the advanced skills that may lead to careers in science and 

technology.  Once again, the country needs a bold new strategy for improving education 

and STEM now needs to become a reality for all students (Bybee, 2010).   

4-H Leadership & Career Development 

The 4-H Youth Development Program was designed for elementary through high 

school youth to learn leadership, knowledge and life skills that will shape future leaders 

and innovators.  Established in Clark County, Ohio in 1902, the 4-H Youth Development 

program has provided learning opportunities and experiences for youth to plan their own 

learning, work, and develop life skills for over a century (National 4-H Council, 2012).  

4-H is a youth development program of the nation’s 106 land-grant universities (LGUs) 

and the Cooperative Extension System.  4-H fosters an innovative “learn by doing” 

approach (National 4-H Council, 2012). 
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Approximately 6 million youth participate in 4-H annually (National 4-H Council, 

2012).    The 4-H program was implemented by 106 Land-Grant Universities and 

Colleges in more than 3,000 counties as part of the Cooperative Extension System.  

National leadership is provided by 4-H National Headquarters at the National Institute for 

Food and Agriculture, the United States Department of Agriculture (USDA), and 

National 4-H Council, which is the national nonprofit partner of 4-H and the Cooperative 

Extension System (Mielke, et al., 2011).     

Leadership within 4-H is usually in the personal skill development areas such as 

speaking events, local club programs, project and skills demonstrations and 4-H 

meetings.  The mission of 4-H is to empower youth to reach their full potential, working 

and learning, in partnership with caring adults (National 4-H Council, 2012).  4-H 

programs may vary from state to state.  However, each state follows the mission of the 

National 4-H Council.  Youth gain knowledge and skills from project work and other 

activities organized by local and state 4-H programs.  Leadership skills are essential for 

youngsters to feel satisfaction and contribute to society (Scheer, 1997).    

National 4-H Council introduced a new initiative in 2006, aimed at increasing the 

number and quality of science, engineering, and technology programs that 4-H offers 

across the country as well as the number of youth involved in these programs (Mielke, et 

al., 2011).   According to Mielke, et al., (2011), 4-H hopes to increase not only interest in 

science but science literacy, the number of youth pursuing post-secondary education in 

scientific fields and the number of youth pursuing careers that are science-related.    
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Many projects that youth are involved in may shape their career development.    

4-H offers a vast array of projects ranging from science-based activities to livestock 

projects.  The 4-H Motto stating: “To Make the Best Better,” defines the work that 4-H 

faculty and volunteers set out to do.  To prepare youth through knowledge and skills 

gained from participation with 4-H activities, youth are able to demonstrate these skills 

obtained by making a positive impact in communities and around the world (National    

4-H Council, 2012).    

Youth development organizations have a common commitment to the physical, 

emotional and educational growth and development of young people (Nicholson, Collins 

& Holmer, 2004).  In the 1990s, there was a nationwide investment in programs and 

services that are offered beyond the school day (Nicholson, Collins & Holmer, 2004).   

The national youth development organizations formed fifty or more years ago and 

cooperating through the National Collaboration for Youth, Girl Scouts of the U.S.A., Boy 

Scouts of America, Boys and Girls Clubs of America, Girls Incorporated, Big 

Brothers/Big Sisters, YWCA, YMCA, 4-H, American Red Cross, as well as others, these 

groups work with young people during the after-school hours, on the weekends and 

during the summer (Nicholson, Collins & Holmer, 2004).      

According to Hamilton, Hamilton, and Pittman (2004) the term “youth 

development” can be described in three different approaches, “1) a natural process 

through which youth grow into adults; 2) a set of principles underlying youth programs 

that encourage thriving among youth; or 3) a set of practices that foster the development 

of young people,” (Hamilton, et al., 2004).  Positive youth development (PYD) refers to 
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the developmental characteristics that lead to positive outcomes and behaviors among 

young people (Heck & Subramaniam, 2009).     

Early PYD programs focused on prevention or the effort of supporting youth 

before risky behaviors occur.  Today’s youth are faced with many choices, they may 

choose to participate or not participate in risky behavior.  After-school activities and out-

of-school programs that emphasize youth development, such as 4-H, are ways of 

involving young people while giving them somewhere to be in the hours following 

school.  Keeping youth active and involved in positive and meaningful activities can help 

decrease negative behaviors (Seevers, Hodnett & Leeuwen, 2011).  4-H Youth for 

Community Action (4-HYCA) is an after-school leadership development program 

targeting teenagers in inner-city middle schools.  The purpose of this program is to 

provide opportunities for inner-city youth to learn and practice leadership skills in a 

service-learning environment (Boyd, 2001).   4-HYCA participants are actively engaged 

in problem-solving activities and are taught decision-making, communication, and 

cooperation skills (Boyd, 2001).      

After-school programs provide wide-ranging benefits to children, their families, 

and the whole community.  According to Pederson, de Kanter, Bobo, Weinig, and Noeth 

(1998) some benefits that children receive include increased safety, reduced risk-taking, 

and improved learning.  Odds are seemingly stacked against many hopeful futures when 

communities offer few resources to them (McLaughlin, 2000).  Many communities lack 

supervised educational programs that children may attend once school is out 

(McLaughlin, 2000).    
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Good community organizations, according to McLaughin (2000), engage young 

people in challenging yet fun activities, offer a safe place to go, and provide ways to 

spend free time in ways that significantly contribute to their learning and their social 

development.  Community supports are critical to the positive development of children 

and youth.  While families and schools have the greatest influence on youth development, 

no single individual or institution can be handed the task of holding sole responsibility 

(Hobbs, 1999).    

It is estimated that 25% of our nation’s youth engage in “high-risk” activities 

including heavy alcohol, tobacco, or drug use, delinquency, and poor school performance 

or non-attendance as stated by Boyd, Herring & Briers (1992) and an additional 25% are 

considered to be at moderate risk.  Due to high risk activities, youth become a burden to 

society instead of contributors (Boyd et al., 1992).  These youth tend to lack necessary 

skills that are needed for adulthood, skills that enable youth to work with others, 

communicating, making decisions, and leadership.  These are normally called leadership 

life skills.   

America is becoming an increasingly diverse society.  As an informal educational 

program for youth development, 4-H must help youth learn about cultures that are 

different than their own, especially now as 4-H itself begins to diversify.  Ingram (1999) 

examined the attitudes of Extension professionals toward diversity education in 4-H 

programs.  Though Extension professionals were generally supportive of diversity in 4-H 

youth development programs, there is a need to strengthen diversity efforts and provide 

more diversity focused opportunities for Extension professionals and volunteers (Ingram, 

1999).      
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According to Boyd, Herring, & Briers, (1992) research indicates that participation 

in a 4-H program is positively related to perceived leadership skill development and the 

more activities within 4-H that a youngster participates in, the more skills are developed.   

Other benefits that are often overlooked, according to Durlak and Weissberg (2007), 

include the personal and social benefits that are gained from participating in youth 

programs.     
According to Boyd et al. (1992), the development of life skills allows youth to 

cope with their environment by making responsible decisions, having a better 

understanding of their values, and being better able to communicate and get along with 

others.  The development of such skills through experiential learning is the cornerstone of 

4-H youth programming (Boyd et al., 1992).  Active students are more likely to lead 

healthier and happier lives than non-active youth.  4-H participants are less likely to 

shoplift or steal, smoke cigarettes, ride in a car with someone who has been drinking, or 

damage property for fun. (Astroth & Haynes, 2002).  These participants are also more 

likely to develop self-confidence, social competence, and practical skills; to take on 

leadership roles and to feel more accepted and listened to by adults (Astroth & Haynes, 

2002).   
According to Pederson, et al., (1998) there is a chronic shortage of quality after-

school programs.  After-school programs provide a vast array of benefits to children, 

their families, schools and communities as a whole.  First off, after-school programs 

make sure that children of all ages keep out of trouble, and quality after-school programs 

can protect children.  After-school programs can also help children’s academic success.   

Many children see their math and reading scores improve, in large part from participating 
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in after-school programs because these programs keep their focus in areas that they have 

difficulties (Pederson et al., 1998).  After-school programs also boost self-confidence in 

youth.  Youth development organizations have a common commitment, to young people 

physical, emotional, and educational growth and development (Nicholson, Collins, & 

Holmer, 2004).  Extension programs can play a vital role in improving science 

achievement in the United States (Skelton, et al., 2012).  However, these programs must 

use promising teaching and learning methodologies, like inquiry-based learning and 

experiential education that must go beyond simply delivering content or developing skills 

to affect science literacy (Skelton, et al., 2012).       

STEM in 4-H 

 4-H National Headquarters introduced a new initiative in 2006 aimed at 

increasing the number and quality of science, engineering, and technology programs that 

4-H offers across the country as well as the number of youth involved in these programs 

(Mielke, et al., 2011).  4-H has established a new enrollment goal.  By the end of 2013, 

one million youth who have never before been in 4-H will enroll in 4-H science 

programs.  To reach this lofty goal, 4-H has sought, since 2006, to increase its capacity 

and infrastructure for providing 4-H science programming (Mielke et al., 2011).  While 

many 4-H clubs, camps, after-school programs, and school enrichment programs address 

content areas that are related to science, not all science-related 4-H programming is 

considered to be a part of the 4-H Science Initiative (Mielke, et al., 2011).   

In the study by Mielke et al., (2011) youth were given a survey in which one 

component was their attitudes toward science.  Youth responses suggest that youth who 
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participate in 4-H science programs are highly engaged in science-related activities, and 

are eager to participate in science activities, especially in informal settings (Mielke, et al., 

2011).  Youth also reported that they enjoy visiting science museums and zoos; they 

enjoy seeing how things are made and like to participate in science projects.  Youth were 

less likely to report that they enjoyed reading print materials about science (Mielke, et al., 

2011).   

The 4-H Science Initiative seeks to expose youth of America to career 

opportunities in science fields. Mielke et al., (2011) reports that 4-H science programs are 

well-positioned to influence the career aspirations of America’s youth. Research has 

shown that young people’s interest in science careers may solidify at an early age 

(Mielke, et al., 2011). Mielke et al. (2011) reported that participating in a 4-H science 

program at a young age could lay the groundwork for pursuing a science career later in 

life. 4-H science programming are also expected to provide learning opportunities that 

support the development of life skills such as decision making, critical thinking, and 

problem solving (Mielke, et al., 2011).  

Findings from the study by Mielke, et al. (2011) found that 4-H science 

programming represents a wide range of 4-H and reaches youth ranging from five to 18 

years old.  Although newer programming areas such as robotics and wind power are 

usually associated with the 4-H Science Initiative, large or small animal science make up 

the largest single content-area block of 4-H science programs at 36%. Environmental 

science programs make up 23%. A large majority of programs also use a curriculum 

developed by 4-H (77%) to guide their science programs (Mielke, et al., 2011).    
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Some educators have claimed that through hands-on experimentation, robots help 

youth transform abstract science, engineering, and technology concepts into concrete 

understanding (Barker & Ansorge, 2007).  Nebraska 4-H has begun investigating the 

potential that a robotics program would have in order to improve SET education and have 

implemented and evaluated a new robotics curriculum in an after-school program. 

(Barker & Ansorge, 2007). 4-H’s robotics program was designed around the experiential 

learning model, which is built on Kolb’s (1984) experiential learning theory. The model 

has five phases: 1) experience, 2) share, 3) process, 4) generalize and 5) apply. 

Experiential learning distinguishes 4-H youth development education from many formal 

education methods (Barker & Ansorge, 2007). Barker and Ansorge (2007) state that 

youth are first provided an opportunity to learn before being told or shown how and then 

share what they did, consider what was important about the task they performed, 

generalize the experience to their own lives and then finally apply what they learned to a 

new situation.    

Recently, Texas launched 4-H Science, Engineering and Technology (Texas 4-H 

SET) with the national initiative to bring the science back into 4-H project work (Texas 

A&M Agrilife Extension, 2012).   According to Texas 4-H, “SET combines non-formal 

education process, hands-on, and inquiry-based learning in a youth development context 

that will enable youth to increase literacy and engage youth in improving their 

knowledge, skills and abilities in science, engineering, and technology.” 4-H SET 

combines the strengths of 4-H programming, non-formal experiential-based delivery 

modes with strong youth/adult partnerships to address content as defined by the National 

Education Science Standards and practice SET abilities in order to prepare youth to 
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compete in today’s workforce (Texas A&M Agrilife Extension, 2012).   The 4-H Science 

Experience frames science, engineering, and technology (SET) concepts and is based on 

national science education standards and targets the development of SET knowledge, 

skills, and abilities (Texas A&M Agrilife Extension, 2012).  Currently, according to 

Texas Agrilife Extension, 4-H SET programs reach more than five million youth with 

hands-on learning experiences.     

Studies have been conducted in order to investigate the impacts of participation in 

4-H on young people’s interest and participation in science. One such study was 

conducted in California with elementary and high school-aged students.  Heck, Carlos, 

Barnett & Smith (2012) stated that the findings indicated that although elementary-grade 

4-H members are not more interested in science than other youth, by high school, 

participation in 4-H is associated with a greater number of science classes and higher-

level science coursework.  Heck, et al. (2012) stated that the results of the study suggest 

that the 4-H program may have the ability to influence science interest and participation 

in the long term among its members.  Bourdeau (2004) states that science education can 

be improved by immersing learners in the process of using scientific knowledge to “do” 

science with their 4-H groups.  Clarke (2010) revealed that youth participants not only 

increased both knowledge and skills, but specifically enjoyed learning through 

technology.    

4-H Extension agents may need training in order to successfully integrate more 

science into 4-H youth development.  A study by Radhakrishna and Martin (1999) 

examined the training needs of Extension agents.  Findings from this study included that 
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agents expressed a greater need for inservice training in specific areas of program 

evaluation and research.  

A nationwide needs assessment was conducted in 2009 in order for plans to 

improve and expand the program that will meet the needs of the youth development 

profession (Diem, 2009).  The findings related to the types of degrees and coursework 

that would be most valuable for contemporary youth development professionals (Diem, 

2009).  Diem (2009) found that Extension/4-H program leaders see greater potential or 

ability to hire candidates with doctoral degrees.   

Not everyone involved in 4-H, however, is sure that STEM programming is a 

good move for the program.   A study by Barker (2007) suggests that some 4-H 

stakeholders and 4-H families are concerned about implementing science and technology 

programs within 4-H.  Some respondents within the study remarked that they could not 

provide ideas because of limited knowledge of the STEM domains (Barker, 2007).  

According to the results by Barker (2007), 4-H families need to be reassured that they 

have or will receive adequate training to lead clubs in science and technology 

programming.     

Summary 

This review of scholarly work examined three theories that guided the research 

into the incorporation of STEM into 4-H youth development. The review gave insight to 

this study and related it to similar studies.  The need to incorporate STEM into 4-H youth 

development has become evident as there is evidence mounting that suggests that 
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students in the United States are falling dangerously behind students in other countries in 

STEM subjects (Maltese & Tai, 2011). 

The need for public understanding and preparation of future innovators is critical.    

Due to the Elementary and Secondary Education Act (2001) also known as No Child Left 

Behind, the United States is undergoing education reforms.  In order to succeed during 

this new round of reforms, the United States will need equal treatment for science 

(Bybee, 2010).  NCLB has had the result of “reducing or eliminating science from 

programs, by not including science test scores as a significant part of the calculation for 

measuring Adequate Yearly Progress” (Bybee, 2010. p. 996).  In order to increase the 

number of students pursuing degrees in STEM, Maltese & Tai (2011) say that the United 

States will need to improve their mathematics and science courses. In order to succeed in 

this vastly changing world and secure meaningful employment, STEM literacy and 

education is viewed as a top priority (Asunda, 2011).   

Good community organizations, according to McLaughin (2000), engage young 

people in challenging yet fun activities, offer a safe place to go, and provide ways to 

spend free time in ways that significantly contribute to their learning and their social 

development.   It is estimated that 25% of our nation’s youth engage in “high-risk” 

activities including heavy alcohol, tobacco, or drug use, delinquency, and poor school 

performance or non-attendance with an additional 25% that are considered to be at 

moderate risk (Boyd, Herring, & Briers, 1992).  Boyd, et al. (1992) concluded that 

participation in a 4-H program is positively related to leadership skills and more skills are 

acquired the more activities the youngster participates in.  Youth development 
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organizations have a common commitment, to young people physical, emotional, and 

educational growth and development (Nicholson, et al., 2004).     
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CHAPTER III 

METHODOLOGY 

Introduction 

 The purpose of this study was to determine the attitudes of Texas county Agrilife 

4-H Extension agents on incorporating Science, Technology, Engineering and 

Mathematics (STEM) into 4-H youth development.   The study focused on county 4-H 

Extension agents who currently work in Texas.  This study explored gaps in the 

knowledge and instruction of Texas 4-H Extension agents.    

The following research objectives were used to guide this study: 

1. Describe the characteristics of Texas 4-H agents. 

2. Determine the attitudes of Texas 4-H agents toward STEM subjects. 

3. Determine the attitudes of Texas 4-H agents toward including STEM in 4-H youth 

development. 

4. Determine the attitudes of Texas 4-H agents toward leading and instructing 

STEM topics.    

5.  Determine if there is a relationship between Texas 4-H agents who hold teaching  

credentials and their attitudes toward STEM subjects, including STEM in 4-H 

youth development and leading and instructing STEM topics.   

6. Determine if there is a relationship between Texas 4-H agents level of education 

and their attitudes toward STEM subjects, including STEM in 4-H youth 

development and leading and instructing STEM topics. 
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Research Design 

To fulfill the previously mentioned research objectives, this study utilized a 

descriptive survey research methodology by means of a questionnaire emailed to Texas 

county 4-H Extension agents.  The survey method was selected to reach a larger quantity 

of people for data collection.  A survey instrument allowed for the researcher to ask a 

variety of questions to a larger amount of people.  The survey instrument was available 

electronically to all Texas 4-H Extension agents.   

Researchers who use a survey method should be aware of various types of error 

that are possible.  Dillman, Smyth, and Christian (2009) identified four different types of 

possible error: sampling error, non-coverage error, non-response error, and measurement 

error.  Efforts to decrease each type of error were exhibited in this study and are 

discussed in this chapter and summarized at the conclusion of the chapter.   

The Human Research Protection Program (HRPP) at Texas Tech University 

granted the researcher permission to complete this study.  A copy of this approval is 

located in Appendix A.    

Population & Sample 

The target population for this study was county Extension agents for 4-H in 

Texas.  An early challenge to completing this study was to identify 4-H agents from the 

pool of Texas Agrilife Extension agents. The study was limited to Texas Agrilife 

Extension 4-H agents only.  The majority of Texas counties have Extension agents who 

specialize and have responsibilities in agriculture and natural resources, family and 

consumer science, 4-H, and integrated pest management.  Texas Agrilife Extension 
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employ Extension agents who are not 4-H agents but may have 4-H responsibilities but 

they were not included in this study, only the 4-H agents were studied in order to obtain a 

more accurate reading of the 4-H Extension agents attitudes toward STEM integration 

into 4-H. The Texas 4-H and Youth Development Program is divided into 12 districts 

(See Figure 3.1). This enables youth to be served more efficiently (Texas A&M Agrilife 

Extension, 2012).   

 

 

 

Figure 3.1: Texas 4-H district map (Texas A&M Agrilife Extension 4-H, 2012) 
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A request was sent to Texas Agrilife Extension administration and the names of 

the 4-H agents were obtained from the Texas Agrilife Extension database and website.  A 

copy of this approval is located in Appendix C.  It was determined by the researcher that 

the list obtained from Texas Agrilife Extension was adequate for use in this study. At the 

time of this study, 55 of the 4-H agent positions were filled. Prior to permission from 

Texas Agrilife Extension administration, there was no contact with the 4-H agents. 

Participation was voluntary.  

Measures were completed to reduce potential sampling and coverage error. 

Sampling error refers to “the extent to which the precision of the survey estimates is 

limited because not every person in the population is sampled” (Dillman, et al., 2009. p. 

17). Dillman, et al. (2009) stated that coverage error is when not all members of the 

population have a known, nonzero chance of being included in the sample for the survey 

and when those who are excluded are different from those who are included on measures 

of interest. This type of error can occur because the choice of survey mode may not 

provide adequate coverage of the population; an example of this would be Internet 

surveys as some members of the population may not have Internet access (Dillman, et al., 

2009).  

To reduce the possibility of coverage error, efforts were made to confirm the 

correctness of the list of agents obtained from Texas Agrilife Extension. Dillman et al. 

(2009) recommends that the list should contain everyone in the survey population, have 

complete and valid addresses, not include repeat entries, and also not include names of 

people outside of the survey population. To reduce the possibility of coverage error, the 

survey was sent to all Texas Agrilife 4-H county Extension agents’ via email to the 
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county agents’ email addresses that were provided. Any incomplete or invalid email 

addresses listed in the database were removed and a new email address was obtained.  

Prior to this study, Texas Agrilife Extension had changed all email addresses.  The 

researcher acknowledged that it was possible for agents’ to not to receive the email as all 

Texas Agrilife Extension emails had been changed prior to the study. Official Texas 

Agrilife Extension emails were the only email addresses provided and some may not 

have been correct.  

Limitations of the Study 

The limitations of this study should be taken into consideration when generalizing 

the results to other populations.  Participants in the study were 4-H county Extension 

agents from Texas Agrilife Extension.  The study examined the attitudes of Texas county 

4-H agents and should not be a representative of other state 4-H programs.  The 

instrumentation was 100% anonymous. 

Instrumentation 

This instrument (See Appendix G) was developed specifically by the researcher 

for this study after an extensive review of existing literature and referenced materials 

from accepted scholarly publications in agricultural education.  This instrument consisted 

of four sections.  Each section contained a six-point Likert-type scale where the options 

included: 1= strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = slightly agree, 5 

= agree, and 6 = strongly agree.    

The opening section of the instrument was designed to collect data that describes 

agents’ attitudes toward STEM subjects. A six-point Likert-type scale (strongly disagree 
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to strongly agree) was used to determine the 4-H Extension agents’ level of agreement 

with each statement.  The section contained six questions that pertained to the STEM 

subjects alone.  The Texas county 4-H Extension agents were asked if they had enjoyed 

learning STEM subjects while in school and were asked to rate each STEM subject 

individually.  The final question asked agents’ how they agreed with the statement 

“STEM is very important to include in 4-H youth development.”   

The second section examined the agents’ attitudes toward including STEM into  

4-H youth development. To determine the county 4-H Extension agents’ agreement level 

for each statement, a six-point Likert-type scale (strongly disagree to strongly agree) was 

developed.  Section two contained eight questions that asked agents’ to rate questions 

based upon STEM in 4-H.  Agents’ were asked to rate their agreement with the statement 

that 4-H Extension professionals are doing what they should to teach youth about STEM 

subjects.  They were also asked to rate their interest in implementing STEM topics within 

4-H.  Other questions asked included STEM becoming an integral part of 4-H youth 

development, if there is support from Extension administration to incorporate STEM in 

4-H and if the agents’ feel like they are being encouraged by Extension administration to 

include STEM in 4-H.  Finally, agents’ were also asked to rate how important STEM is to 

their advisory board, volunteers and the 4-H members.       

The third section of the instrument examined agents’ attitudes toward leading and 

instructing STEM topics. Within this section, questions were asked that pertained to 

county 4-H Extension agents’ own abilities and experiences with STEM topics. Once 

again, a six-point Likert-type scale (strongly disagree to strongly agree) was used to 

examine agents’ agreement with statements made.  Section three contained eight 
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questions.  These questions asked agents’ how they would rate with the statement that 

they know how to include STEM within 4-H, that they believe STEM subjects are 

important to learn, that they are comfortable teaching STEM topics, and that they have an 

obligation to assist 4-H’ers to prepare for academic success.  Other questions asked 

included if agents’ feel that they have access to STEM supplemental materials and if their 

volunteers do as well, if they believe that their volunteers need (more) training to include 

STEM topics, what their favorite STEM subject was and if they have ever supervised or 

led 4-H members in a research poster or science fair.  

Selected personal demographic questions were asked in the fourth section of the 

instrument. Information collected included county 4-H Extension agents’ gender, age, 

marital status, ethnicity, highest level of education, undergraduate major, any teaching 

credentials and/or any teaching experience.  

The four-part researcher-developed instrument (See Appendix G) was developed 

as an electronic survey instrument on online host Zoomerang®. The instrument contained 

a cover page that coincided with the email sent to the county 4-H Extension agents 

explaining the purpose of the study and asking them to voluntarily participate as subjects 

with an assurance of confidentiality. The cover page and email explained the need for the 

study, that participation was voluntary, and how data would be used and estimated time 

the survey needed to be completed.  The final page thanked responders for their time in 

completing the questionnaire.  



                                                                Texas Tech University, Kiersten Heckel, December 2012 
 

49 
 

Validity 

To decrease possible measurement error, the instrument was reviewed by a panel 

of experts comprised of faculty and graduate researchers from the Department of 

Agricultural Education and Communications at Texas Tech University.  The experts 

examined the web-based instrument for validity prior to data collection.  These experts 

were selected based on their knowledge pertaining to the survey research methodology 

and the subject matter of the instrument. The review process also sought to determine 

ease of completing the survey. Experts were sent an electronic link to the instrument in 

early April and given appropriate time to respond.  Following the review, suggestions for 

revisions for the instrument were evaluated and changes were made.  Recommendations 

included wording of the questions, minor errors and question order within the survey.   

Reliability 

The instrument was pilot tested to determine the reliability of the instrument. 

Once IRB approval was granted, a web-based survey on online host Zoomerang® was 

administered to the population which consisted of 30 county 4-H Extension agents in 

another state. These agents were not involved in the actual study.  Of the 30 agents 

contacted, 19 (n = 19) completed the survey.  The pilot test was conducted between April 

26th and May 3rd.  After the conclusion of the pilot test, the researcher analyzed data 

using the Statistical Package for Social Sciences (SPSS®) for Windows™ version 18.0.  

Cronbach’s alpha coefficients were used to measure internal consistency in order to 

establish reliability.  
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Gall, Gall, and Borg (2007) report that a Cronbach’s alpha coefficients are 

defined as “a measure of the internal consistency of a test containing items that are not 

scored dichotomously, based on the extent to which test takers who answer a given test 

item one way respond to other items in a similar way” (p. 637).   Nunnally (1967) 

suggested that Cronbach’s alpha coefficients of .5-.6 are acceptable in the early stages of 

research.  Slight changes were made to the instrument following the pilot test.  Questions 

were listed together in the three constructs, 10 questions per page, the brief description at 

the beginning of the survey was modified slightly with a few wording changes and the 

wording of a few questions in the survey were modified that would allow easier 

understanding from the participants.  

Calculated means were used to establish reliability, and the Cronbach’s alphas are 

reported in table 3.1.  Overall, 0.79 alpha was found for the construct that measured 

attitudes toward STEM subjects.  The next construct measured attitudes toward including 

STEM in 4-H youth development and that alpha level was found to be 0.84.  The third 

and final construct measured attitudes toward leading/instructing STEM subjects and this 

alpha level was found to be 0.53.  The instrument was found to be reliable with an overall 

reliability of 0.89.  A post-hoc reliability analysis was conducted of the instrument; there 

was no improvement on the reliability of the instrument.  The first construct’s alpha was 

found at 0.78.  The second construct’s alpha was found at 0.81 while the third construct’s 

alpha was found at 0.57.  The alpha level was set a priori 0.05.    
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Table 3.1 

Reliability of Instrument Using Cronbach’s Alpha 

Constructs Pilot α Post Hoc α 

Attitudes Toward STEM 0.79 0.78 

Attitudes Toward Including STEM in 4-H 0.84 0.81 

Attitudes Toward Leading/Instructing STEM Subjects 0.61 0.57 

Data Collection 

Members of the accepting sample were contacted a total of three times throughout 

the data collection process. Data collection for this study occurred in June, 2012. After 

initial IRB approval (See Appendix A), Texas county 4-H Extension agents’ were first 

contacted on June 7th through electronic mail and were asked to participate in the study 

by completing the survey on their own time or at Texas 4-H Roundup held at Texas Tech 

University June 11th through June 15th. The survey schedule is presented in Table 3.2.  

Table 3.2 

Instrument Collection Procedures  

Procedure  Date 

IRB Approval April 26th 

First Survey June 7th 

Texas 4-H Roundup June 11th – 15th 

Second Survey June 18th 

Final Survey Invitation  June 25th 
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Following the first email, two additional emails were sent to the county 4-H 

Extension agents.  Participants were contacted via email for all correspondence during 

the course of this study. In the first email, agents were first contacted explaining the 

nature of the study, purposes and objectives (See Appendix D). The participants were 

also provided with instruction regarding the survey and procedure for participation.  

Additionally, participants were provided with contact information in the event they had 

questions regarding the nature of the study.    

The instrument in this study was delivered to the participants through online host 

Zoomerang®.  Participants in the study who chose to participate were provided with an 

electronic link (See Appendix D) that directed them to the questionnaire.  A welcome 

screen greeted the participants and thanked them for their participation while explaining 

the purpose of the study.  The participants were informed that their participation was 

optional and assured the confidentiality of their answers.  Participants were told to allow 

five to ten minutes to complete the questionnaire.     

The following week (See Table 3.2) was Texas 4-H Roundup.  County 4-H 

Extension agents’ were given the option to take the survey on laptops set up in the United 

Spirit Arena.  The following week, agents’ were contacted with a second email asking 

them for their participation in the study (See Appendix E).  Notices were sent once a 

week.  A link to the electronically delivered questionnaire was included in the emails.  A 

final notice was sent at the end of June asking agents that had not yet participated to take 

the questionnaire before it was closed (See Appendix F).  The instrument was closed 

following the final notice for participation.   
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There were possible threats to internal validity with this study, specifically non-

response and data collector error. Dillman et al. (2009) noted that non-response error is 

caused by members of the sample not completing and returning the survey.  This is 

important to the study because it is possible that non-respondents differ from those who 

responded when it comes to demographics and beliefs.  There are ways to control for 

non-response.   

 Linder, Murphy, and Briers (2001) suggested that one method used to control for 

non-response includes comparing early and late respondents.  Late respondents are 

normally classified as those who participated in the last “wave” when the final notice was 

sent.  Fifty-five county 4-H Extension agents were identified and 44 of those contacted 

responded with completed instruments. This resulted in a response rate of 75%.  Linder, 

et al. (2001) recommends that late respondents be defined as the later 50% of the 

respondents.   

Data collection error could have occurred through the implementation process of 

emailing the surveys.  To validate the previously mentioned procedures according to 

Dillman et al. (2009) about differences in respondents, the researcher completed 

independent samples t-tests to determine if there were differences between early and late 

responders for each of the three constructs.  The independent samples t-test revealed no 

significant difference between early and late responders. Mean scores for each construct 

were computed and utilized for the t-test (Table 3.3). 
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Table 3.3  

Independent Samples t-Test Comparing Early and Late Responders 

Treatment Group N M SD t p 

Attitudes Toward STEM Subjects      

      Early Responders 21 4.45 0.99 -0.196 0.846 

      Late Responders 23 4.50 0.59   

Attitudes Toward Including STEM in    
4-H  

     

      Early Responders 18 4.02 0.74 0.145 0.885 

      Late Responders 22 3.99 0.66   

Attitudes Toward Leading/Instructing 
STEM 

     

      Early Responders 19 3.70 0.50 0.065 0.949 

      Late Responders 20 3.70 0.48   
 

Data Analysis 

Data were analyzed using the Statistical Package for Social Sciences (SPSS®) 

Version 18.0.  Objectives in this study were reported with frequencies, percentages, 

means, standard deviations, and correlations to describe and examine the comparisons of 

characteristics and attitudes of Texas 4-H Extension agents on incorporating STEM into 

4-H youth development.   

Research Objective One 

To complete objective one, county 4-H Extension agents’ demographic 

characteristics were analyzed.  Additionally, level of education, undergraduate major and 



                                                                Texas Tech University, Kiersten Heckel, December 2012 
 

55 
 

any teaching credentials and/or any teaching experience were also collected.  Frequencies 

and percentages were used to analyze the categorical data.   

Research Objectives Two, Three, and Four 

Objectives two, three, and four included calculating means, medians, standard 

deviations, ranges, minimum and maximum variables were used to analyze the data 

which measured the attitudes of the 44 (N = 44) Texas county 4-H Extension agents in 

STEM subjects, STEM in 4-H and leading/instructing in STEM topics.   Agents’ were 

evaluated upon a six-point Likert-Type scale with responses of: 1 = strongly disagree, 2 

= disagree, 3 = slightly disagree, 4 = slightly agree, 5 = agree, and 6 = strongly agree.   

The data measured were summated scores from the instrument. 

Research Objective Five   

Research objective five included calculating point-biserial correlation coefficients 

to describe the relationship between 4-H agents who hold teaching credentials and their 

attitudes toward STEM subjects, STEM in 4-H youth development, and leading and/or 

instructing STEM topics.  Scores from the six-point, Likert-type scale were averaged and 

summated for each individual participant.   

Research Objective Six 

Objective six used Spearman rank order correlation coefficient coefficients were 

used to calculate the possible relationships between the county 4-H Extension agents’ 

highest level of education, and their attitudes toward STEM subjects, STEM in 4-H youth 

development, and leading and/or instructing STEM topics. Davis Conventions (1971) 

were used to describe the magnitude of the relationship between characteristics.   
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Table 3.4 

Magnitude of Relationships (Davis, 1971) 

Coefficient  Description of Relationship 

0.70 or Greater Very Strong Relationship 

0.50 to 0.69 Substantial 

0.30 to 0.49 Moderate 

0.10 to 0.29 Low 

0.01 to 0.09 Negligible 

 

According to conventions in the behavioral sciences (Davis, 1971), a positive or 

negative  correlation coefficient of 0.01 to 0.09 is negligible, 0.10 to 0.29 is low, 0.30 to 

0.49 is moderate, 0.50 to 0.69 is substantial, and greater than 0.70 is very strong.  
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CHAPTER IV 

FINDINGS 

Introduction 

The purpose of this study was to determine the attitudes of Texas county Agrilife 

4-H Extension agents on incorporating Science, Technology, Engineering and 

Mathematics (STEM) into 4-H youth development.   The study focused on county 4-H 

Extension agents who currently work in Texas.  The findings of this research explored 

gaps in the knowledge and instruction of Texas 4-H Extension agents.    

The following research objectives were used to guide this study: 

1. Describe the Texas 4-H agents. 

2. Determine the attitudes of Texas 4-H agents toward STEM subjects. 

3. Determine the attitudes of Texas 4-H agents toward including STEM in 4-H 

youth development. 

4. Determine the attitudes of Texas 4-H agents toward leading and instructing 

STEM topics.    

5.  Determine if there is a relationship between Texas 4-H agents who hold 

teaching credentials and their attitudes toward STEM subjects, including 

STEM in 4-H youth development and leading and instructing STEM topics.   

6. Determine if there is a relationship between Texas 4-H agents highest level of 

education and their attitudes toward STEM subjects, including STEM in 4-H 

youth development and leading and instructing STEM topics. 
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Sample 

The target population for this study consisted of Texas Agrilife Extension 4-H 

agents.  The study was limited to Texas 4-H agents only.  There were a total of 55 4-H 

agents identified and contacted.  The researcher included the entire group of 4-H agents 

given by Texas Agrilife Extension administration.  An accepting sample of 44 (N = 44) 

county 4-H agents voluntarily participated in the study.   

Research Objective One 

Research objective one sought to describe the county 4-H Extension agents’ 

through demographic data of gender, ethnicity, age, marital status, highest level of 

education, undergraduate major, any possible teaching credentials/certificates and any 

possible teaching experience.  

Forty-four (N = 44) Texas county 4-H Extension agents responded by completing 

the survey for this study.  This provided the researcher with a response rate of 75%.  

These data were analyzed and reported in frequencies and percentages.   

Table 4.1 illustrates basic demographics of the county 4-H Extension agents.  

More than half of the agents (56.8%, n = 25) were female and a majority of the 

population were white (75%, n = 33) while the fewest amount of agents were either Asian 

(n = 1, 0.2%) or Native American (n = 1, 0.2%).  Most of the agents were between the 

ages of 20 and 29 (n = 20, 48.4%) with the fewest of agents between the ages of 60 and 

69 years of age (n = 2, 4.9%).  The majority of the agents were married (n = 26, 61.9%).  

All of the demographic data collection results are represented in Table 4.1.  
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Table 4.1 

Basic Demographics of the County 4-H Extension Agents (N = 44)    

Characteristic f       % 

Gender    

      Female    25                      56.8 

      Male 19 43.1 

Ethnicity    

      White 33 76.7 

      African American 5                       11.6 

      Hispanic 3                        6.9 

      Asian 1                        2.3 

      Native American  1                        2.3 

Age   

      20-29 20                      48.8 

      30-39 14                      34.1 

      40-49 3                        7.3 

      50-59 2                        4.9 

      60-69 2                        4.9 

Marital Status   

      Married 26                       61.9 

      Single 14                       33.3 

      Divorced 2                        4.8 
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The agents’ highest level of education is reported in Table 4.2.  Levels of 

education ranged from a bachelor’s degree (n = 9, 20.4%) to a doctoral degree (n = 2, 

4.6%).  The largest amount of agents reported that they hold a master’s degree (n = 33, 

75.0%).  All of the county 4-H Extension agents answered with their highest level of 

education. 

Table 4.2 

Agents’ Highest Level of Education (N = 44) 

Education Level f % 

Bachelor’s degree 9 20.4 

Master’s degree 33 75.0 

Doctoral degree 2 4.6 
 

    Agents’ undergraduate majors varied; the fewest amount of agents indicated that 

they majored in avian science or avian weather (n = 1, 2.4%) and the largest amount 

indicated that they majored in animal science (n = 11, 26.2%).  Two agents did not report 

an undergraduate major. All undergraduate majors are reported in Table 4.3. 

 

 

 

 

 



                                                                Texas Tech University, Kiersten Heckel, December 2012 
 

61 
 

Table 4.3 

Agents’ Undergraduate Major (n = 42) 

Undergraduate major f % 

Avian Science 1 2.4 

Aviation Weather 1 2.4 

Agricultural Communication 2 4.7 

Agricultural Education 5 11.9 

Agricultural Economics 2 4.7 

Agricultural Leadership 3 7.4 

Agricultural Services & Development 5 11.9 

Animal Science 11 26.2 

Biology 1 2.4 

Family & Consumer Science 4 9.5 

Forestry 1 2.4 

Interdisciplinary Agriculture 6 14.3 
Note. Missing data (n = 42).   

 The county 4-H Extension agents were asked to report any teaching certificates or 

credentials they held.  There were 32 responses and 12 agents elected not to answer this 

question.  A majority (n = 23, 71.9%) of the agents indicated that they do not have 

teaching credentials while (n = 9, 28.1%) indicated that they do hold teaching credentials.  
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Table 4.4 

Agents’ Teaching Credentials (n = 32) 

Teaching Credentials Held Frequency Frequency Percentage 

      No 23 71.9 

      Yes 9 28.1 
Note. Twelve agents did not answer. 

The credentials reported by the county 4-H Extension agents that indicated they 

have teaching experience in: vocational agriculture, secondary home economics, 

secondary education, grades one through eight, six through 12, eight through 12, college 

teaching, and agricultural education. 

Research Objective Two 

 Research objective two sought to determine the attitudes of Texas 4-H agents 

toward STEM subjects.  This section was split into six questions that asked agents’ 

opinions of STEM subjects.  Agents’ were evaluated upon a six-point Likert-Type scale 

with responses of: 1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = slightly 

agree, 5 = agree, and 6 = strongly agree.  Table 4.5 represents the questions within the 

instrument that pertained to STEM subjects alone.  The table lists the mean, median, 

standard deviation, range, min and max values reported for the construct items.   

The county 4-H Extension agents were asked six questions within the first 

construct.  The first question asked agents’ if they “enjoyed STEM subjects in school” 

the mean was (M = 4.75, SD = 1.01). The county 4-H Extension agents were asked about 

each STEM subject individually.  Science (M = 5.00, SD = 1.10), Technology (M = 4.66, 

SD = 0.86), Engineering (M = 3.70, SD = 1.36), and Math (M = 3.89, SD = 1.24).  The 
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average mean for the first construct was 4.48 (SD = 0.80). There were three missing 

values for each question.  Agents were also asked if they felt that “STEM is very 

important to include in 4-H youth development” (M = 4.86, SD = 0.85).   

Table 4.5 

Agents’ Attitudes Toward STEM Subjects (n = 41)  

Concept M Md SD Range Min Max 

Enjoy Science 5.00 5.00 1.10 5 1 6 

STEM is important in 4-H 4.86 5.00 0.85 3 3 6 

Enjoyed STEM in school 4.75 5.00 1.01 5 1 6 

Enjoy Technology 4.66 5.00 0.86 4 2 6 

Enjoy Math 3.89 4.00 1.24 5 1 6 

Enjoy Engineering 3.70 4.00 1.36 5 1 6 
Note. Grand Mean = 4.48  

Research Objective Three 

Research objective three of the instrument sought to determine the attitudes of 

Texas county 4-H Extension agents toward including STEM in 4-H youth development.  

The county 4-H Extension agents were asked eight questions using the Likert-type scale.  

Response choices included:  1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 

= slightly agree, 5 = agree, and 6 = strongly agree.   

Table 4.6 displays the agents’ responses.  Agents’ were asked if they have an 

“interest in implementing STEM topics in 4-H youth programming” (M = 4.71, SD = 

1.02).  Agents slightly disagreed that “STEM is important to my advisory 

board/commissioners” (M = 3.49, SD = 1.03).  Also reported, agents slightly agreed that 
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“STEM is important to 4-H’ers” (M = 3.89, SD = 0.97) and “STEM is important to 

volunteers” (M = 3.53, SD = 1.01).  

Remaining questions asked included “4-H Extension professionals are doing what 

they should to teach youth about STEM subjects” (M = 3.88, SD = 4.00), “I believe there 

is support from Extension administration to incorporate STEM in 4-H” (M = 4.34, SD = 

1.03), and “I am being encouraged by Extension administration to include STEM in 4-H” 

(M = 4.00, SD = 1.26).   
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Note. Grand Mean = 4.00 

 

Table 4.6 

Agents’ Attitudes on Incorporating STEM into 4-H (N = 44)  

Statement M Md SD Range Min Max 

I have an interest in implementing STEM topics in my 4-H youth 
programming (n = 42) 

4.71 5.00 1.02 5 1 6 

I believe STEM is becoming an integral part of 4-H youth 
development (N = 44)   

4.50 5.00 1.131 5 1 6 

I believe there is support from Extension administration to incorporate 
STEM in 4-H (N = 44) 

4.34 5.00 1.03 5 1 6 

I am being encouraged by Extension administration to include STEM 
in 4-H (N = 44) 

4.00 4.00 1.26 4 2 6 

STEM is important to my 4-H’ers (N = 44)  3.89 4.00 0.97 4 2 6 

4-H professionals are doing what they should to teach youth about 
STEM subjects (n = 43) 

3.88 4.00 1.16 4 2 6 

STEM is important to my volunteers (n = 43) 3.53 4.00 1.01 4 1 5 

STEM is important to my advisory board/commissioners (n = 43) 3.49 4.00 1.03 4 1 5 
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Research Objective Four 

Research objective four sought to determine the attitudes of Texas 4-H agents 

toward leading and instructing STEM topics.  The county 4-H Extension agents were 

asked eight questions using the Likert-type scale.  Response choices included:  1 = 

strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = slightly agree, 5 = agree, and 6 

= strongly agree.   

Agents were asked questions such as: “I know how to include STEM within 4-H” 

(M = 3.81, SD = 1.39), “I believe STEM subjects are important to learn” (M = 5.05, SD = 

0.72).  Agents indicated that they agree that STEM subjects are important to learn. “I am 

comfortable teaching STEM topics (M = 3.93, SD = 1.33).  Agents slightly agreed that 

they are comfortable teaching STEM topics.  Agents were also asked if they felt they 

“have an obligation to assist 4-H’ers to prepare for academic success (M = 4.93, SD = 

0.86).   

When asked if the county 4-H Extension agents believe that they have access, 

along with their volunteers, to “STEM supplemental materials,” (M = 3.66, SD = 1.26) 

agents slightly agreed that they do.  “I believe that my volunteers need (more) training to 

include STEM topics” (M = 5.19, SD = 0.76).  Complete results are displayed in Table 

4.7. 
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Note. Grand Mean = 3.70 

 

 

 

 

Table 4.7 

Agents’ Attitudes Toward Leading/Instructing STEM Topics (N = 44) 

Statement M Md SD Range Min Max 

I believe my volunteers need (more) training to include STEM topics 
(n = 43) 

5.19 5.00 0.76 3 3 6 

I believe STEM subjects are important to learn (n = 43) 5.05 5.00 0.72 2 4 6 

I have an obligation to assist 4-H’ers to prepare for academic success 
(n = 43) 

4.93 5.00 0.86 3 3 6 

I am comfortable teaching STEM topics (n = 43) 3.93 4.00 1.33 5 1 6 

I know how to include STEM within 4-H (n = 43) 3.81 4.00 1.39 5 1 6 

I believe my volunteers and I have access to STEM supplemental 
materials (N = 44)  

3.66 4.00 1.26 4 1 5 
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Two other questions were also asked in this section. The county 4-H Extension 

agents were asked their favorite subject to teach.  Response choices included: 1 = science, 

2 = technology, 3 = engineering and 4 = math.  The county 4-H Extension agents 

indicated that their favorite subject is science (M = 1.48, SD = 1.00).  Complete results 

are listed in Table 4.8.   

Table 4.8 

Agents’ Favorite Subject (N = 44) 

Subject f % 

Science 34 72.3 

Math 5 10.6 

Technology 4 8.5 

Engineering 1 2.1 
 

Lastly, agents were also asked if they had ever supervised or lead 4-H’ers in a 

research poster/science fair.  Response choices included 1 = yes, 2 = no.  Twenty-nine of 

the 44 agents reported that they have not led 4-H’ers in a research poster/science fair.   

Results are listed in Table 4.9.     

Table 4.9 

Agents’ Leading 4-H’ers in Research Poster/Science Fairs (N = 44) 

Led 4-H members in a poster/science fair f % 

No 31 66.0 

Yes 13 27.7 
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Research Objective Five 

Research objective five sought to determine if there is a relationship between 

agents who hold teaching credentials and their attitudes toward STEM subjects, including 

STEM in 4-H youth development and leading and instructing STEM topics.  The 

researcher computed point-biserial correlational coefficients to determine any potential 

relationships between agents’ who indicated they hold teaching credentials and the three 

research constructs.  These correlations are displayed in Table 4.10.   

Table 4.10 

Correlations of Teaching Credentials and Construct Items (N = 44) 

Variable Teaching Credentials Held(rpb) 

Attitudes Toward Including STEM in 4-Ha  0.19 

Attitudes Toward Leading & Instructing STEM Topicsb -0.13 

Attitudes Toward STEM Topics  -0.09 
 Note. aFour variables were missing.  bFive variables were missing.  

All correlations were deemed low to negligible.  The strongest relationship was 

between teaching credentials and attitudes toward including STEM in   4-H youth 

development, rpb = 0.19.  The smallest correlation was between teaching credentials and 

attitudes toward STEM topics, rpb = -0.09.   This relationship is negligible. Therefore, 

there are no significant relationships between teaching credentials and the three 

constructs.   
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Research Objective Six 

Research objective six sought to determine the relationship between agents’ 

highest level of education and their attitudes toward STEM subjects, including STEM in 

4-H youth development and leading and instructing STEM topics.  Spearman rank-order 

coefficients were computed to determine any potential relationships between agents’ 

highest level of education and the three constructs.  These correlations are exhibited in 

Table 4.11.  

Table 4.11 

Correlations of 4-H Agents’ Undergraduate Majors and Construct Items (N = 44)  

Variable Undergraduate Majors(rs) 

Attitudes Toward STEM Subjects -0.10 

Attitudes Toward Including STEM in 4-Ha  -0.08 

Attitudes Toward Leading & Instructing STEM Topicsb   -0.01 
 Note. aFour variables were missing.  bFive variables were missing. 

All correlations were deemed low to negligible.  The strongest correlation was 

between the highest level of education and attitudes toward STEM subjects, rs = -0.10.  

The weakest correlation was between the highest level of education and attitudes toward 

leading and instructing STEM topics, rs = -0.01.  All results are listed in Table 4.11.  

Summary 

This chapter reported the findings of this study as they related to the six previous 

research objectives.  Results were reported to support the descriptions of key findings and 

relationships between variables.  These findings provided the information sought by the 

researcher to meet the objectives of this study.  These findings will identify gaps in the 
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knowledge and instruction of Texas county 4-H Extension agents.  Overall, Texas county 

4-H Extension agents appear to agree that STEM is important and should be integrated 

into 4-H youth development but there are barriers such as not enough support from 

advisory board/commissioners or not enough knowledge about STEM.  STEM does not 

seem to be as important to 4-H’ers or volunteers.   

Although this study included an accepting sample of the county 4-H agents (N = 

44) from across Texas, it was a fairly small group in comparison to the entire country.  

Caution should be taken when making any inferences beyond the scope of this study.    

Conclusions, implications, and recommendations related to the findings of this study are 

discussed in Chapter V. 
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CHAPTER V 

CONCLUSIONS, IMPLICATIONS AND RECOMMENDATIONS 

Purpose and Objectives 

 The purpose of this study was to determine the attitudes of Texas county Agrilife 

4-H Extension agents on incorporating Science, Technology, Engineering and 

Mathematics (STEM) into 4-H youth development.   The study focused on county 4-H 

Extension agents who worked in Texas.  The findings of this research explored gaps in 

the knowledge and instruction of Texas 4-H Extension agents.    

The following research objectives were used to guide this study: 

1. Describe the Texas 4-H agents. 

2. Determine the attitudes of Texas 4-H agents toward STEM subjects. 

3. Determine the attitudes of Texas 4-H agents toward including STEM in 4-H 

youth development. 

4. Determine the attitudes of Texas 4-H agents toward leading and instructing 

STEM topics.    

5.  Determine if there is a relationship between Texas 4-H agents who hold 

teaching credentials and their attitudes toward STEM subjects, including STEM 

in 4-H youth development and leading and instructing STEM topics.   

6. Determine if there is a relationship between Texas 4-H agents highest level of 

education and their attitudes toward STEM subjects, including STEM in 4-H 

youth development and leading and instructing STEM topics. 
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Summary of Methods 

To fulfill the research objectives, this study utilized a descriptive survey research 

methodology by means of a questionnaire emailed to Texas county 4-H Extension agents.  

The survey method was selected to reach a larger quantity of people for data collection.  

A survey instrument allowed for the researcher to ask a variety of questions to a larger 

amount of people.  Texas Agrilife county 4-H Extension agents’ email addresses were 

accessible for the target population.  The survey instrument was available electronically 

to all Texas county 4-H Extension agents.   

Population and Sample 

The target population was Texas Agrilife county Extension 4-H Agents. An 

early challenge to completing this study was to identify county 4-H agents from the 

pool of Texas Agrilife Extension professionals. The study was limited to Texas 

Agrilife Extension 4-H agents only. There were a total of 55 Texas 4-H Extension 

agents.  The researcher included the entire group of agents from the database 

provided by Texas Agrilife Extension administration.  A total of 44 (N = 44) agents 

voluntarily participated in the study. 

Instrumentation 

This instrument was a web-based, researcher designed survey consisting of four 

sections.  The opening section of the instrument was designed to collect data that 

describes agents’ attitudes toward STEM subjects. A six-point Likert-type scale was used 

to determine the agents’ level of agreement with each statement.  The choices included: 1 

= strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = slightly agree, 5 = agree, and 

6 = strongly agree.   
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The second section examined the agents’ attitudes toward including STEM into  

4-H youth development. To determine the county 4-H Extension agents’ agreement level 

for each statement, a six-point Likert-type scale (strongly disagree to strongly agree) was 

developed with responses of:  1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 

= slightly agree, 5 = agree, and 6 = strongly agree.   

The third section of the instrument examined agents’ attitudes toward leading and 

instructing STEM topics. Within this section, questions were asked that pertained to 

county 4-H Extension agents’ own abilities and experiences with STEM topics. Once 

again, a six-point Likert-type scale with responses of: 1 = strongly disagree, 2 = disagree, 

3 = slightly disagree, 4 = slightly agree, 5 = agree, and 6 = strongly agree.   

Selected personal demographic questions were asked in the fourth section of the 

instrument. Information collected included county 4-H Extension agents’ gender, age, 

marital status, ethnicity, highest level of education, undergraduate major, any teaching 

credentials and/or any teaching experience.  

The four-part, researcher-developed instrument (See Appendix G) was developed 

as an electronic survey instrument on online host, Zoomerang®.  The instrument 

contained a cover page that coincided with the email sent to the county 4-H Extension 

agents explaining the purpose of the study and asking them to voluntarily participate as 

subjects with an assurance of confidentiality. The cover page and email explained the 

need for the study, that participation was voluntary, and how data would be used and 

estimated time the survey needed to be completed.  The final page thanked responders for 

their time in completing the questionnaire.  



                                                                Texas Tech University, Kiersten Heckel, December 2012 
 

75 
 

Data Collection and Analysis 

Data collection for this study occurred in June.  The instrument used in this study 

was a web-based survey available electronically using the online host Zoomerang® for all 

participants.  Emails were sent to all participants with electronic links to the instrument.  

Each county 4-H Extension agent received an email asking for participation along with 

an internet link accompanied by instruments along with an explanation of confidentiality 

of their response. 

The researcher obtained a 75% response rate from the county 4-H extension 

agents.  Forty-four (N = 44) agents responded to the electronic questionnaire.  The data 

collected in this study were analyzed using the Statistical Package for the Social Sciences 

(SPSS®) version 18.0 computer program for Microsoft Windows™.  Objectives in this 

study were reported in percentages, frequencies, standard deviations, and correlation 

analyses to describe the subjects and examine comparisons of the characteristics and 

attitudes of the county 4-H agents on incorporating STEM into 4-H youth development.  

Point-biserial correlation coefficients were used to calculate the correlations between 4-H 

agents who hold teaching credentials and those that do not.   

Spearman rank order correlation coefficients were calculated to explore possible 

relationships between the county 4-H Extension agents’ highest level of education, and 

their attitudes toward STEM subjects, STEM in 4-H youth development and leading 

and/or instructing STEM topics.   
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Summary of Findings 

Research Objective One 

More than half of the Texas county 4-H Extension agents in the accepting sample 

(N = 44) were female (n = 25, 56.8%).  The majority of the county 4-H Extension agents 

in this study were white.  Most of the 4-H Extension agents were between the ages of 20 

and 29 (n = 20, 48.4%).  The majority of the agents were also married (n = 26, 61.9%).   

The additional descriptive information obtained from the county 4-H Extension 

agents consisted of their undergraduate education and any teaching credentials they have.  

The research instrument asked the county 4-H Extension agents to indicate their highest 

level of education.   The largest amount of agents reported that they hold a master’s 

degree (n = 33, 75.0%).  They were also asked to report any teaching 

certificates/credentials they held.  There were 32 responses.  A majority (n = 23, 71.9%) 

of the agents indicated that they do not hold teaching credentials.   

Research Objective Two 

The county 4-H Extension agents were evaluated upon a six-point Likert-Type 

scale with responses of: 1 = strongly disagree, 2 = disagree, 3 = slightly disagree, 4 = 

slightly agree, 5 = agree, and 6 = strongly agree.  Agents were asked six questions within 

the first construct.  This section asked questions pertaining to the Texas county 4-H 

Extension agents’ attitudes toward STEM topics.  The first question asked agents’ if they 

“enjoyed STEM subjects in school” (M = 4.75, SD = 1.01) Agents were asked about each 

STEM subject in individual questions.  Science (M = 5.00, SD = 1.10) appeared to be the 

subject that was enjoyed the most according to the results. There were three missing 
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values for each question.  Agents were also asked if they felt that “STEM is very 

important to include in 4-H youth development” (M = 4.86, SD = 0.85).       

Research Objective Three  

The county 4-H Extension agents were asked eight questions using the same 

Likert-type scale.  This section asked questions pertaining to attitudes toward STEM 

within 4-H youth development.  Agents agreed when asked if they have an “interest in 

implementing STEM topics in 4-H youth programming” (M = 4.71, SD = 5.00).  “STEM 

is important to my advisory board/commissioners (M = 3.49, SD = 4.00). Other questions 

asked included “4-H Extension professionals are doing what they should to teach youth 

about STEM subjects” (M = 3.88, SD = 4.00), “I believe there is support from Extension 

administration to incorporate STEM in 4-H” (M = 4.34, SD = 5.00), and “I am being 

encouraged by Extension administration to include STEM in 4-H” (M = 4.00, SD = 4.00).   

Research Objective Four 

The county 4-H Extension agents were asked eight questions using the same 

Likert-type scale.  This section asked questions that pertained to attitudes toward 

leading/instructing STEM topics.  Agents were asked questions such as: “I know how to 

include STEM within 4-H” (M = 3.81, SD = 1.39), “I believe STEM subjects are 

important to learn” (M = 5.05, SD = 0.72).  “I am comfortable teaching STEM topics (M 

= 3.93, SD = 1.33).  Agents were also asked if they felt they “have an obligation to assist 

4-H’ers to prepare for academic success (M = 4.93, SD = 0.86).  The county 4-H 

Extension agents were asked if they believe that they have access, along with their 

volunteers, to “STEM supplemental materials,” (M = 3.66, SD = 1.26) “I believe that my 

volunteers need (more) training to include STEM topics” (M = 5.19, SD = 0.76).”   
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Two other questions were also asked in this section. Agents were asked their 

favorite subject to teach.  Response choices included: 1 = science, 2 = technology, 3 = 

engineering and 4 = math.  Agents indicated that their favorite subject is science (M = 

1.48, SD = 1.00).  Agents were also asked if they had ever supervised or lead 4-H’ers in a 

research poster/science fair.  Response choices included 1 = yes, 2 = no.  Twenty-nine of 

the 44 agents reported that they have not led 4-H’ers in a research poster/science fair.    

Research Objective Five 

The researcher computed point-biserial correlational coefficients to determine the 

relationship between agents’ who indicated they hold teaching credentials and the three 

research constructs.  All correlations were deemed low to negligible.  Numerically, the 

highest correlation was between teaching credentials and attitudes toward including 

STEM in 4-H youth development, rpb = 0.19.  The weakest correlation was between 

teaching credentials and attitudes toward STEM topics, rpb = -0.09.   

Research Objective Six  

The researcher computed Spearman rank-order correlation coefficients to 

determine the relationship between agents’ level of education and the three research 

constructs.  All correlations were deemed low to negligible.  Numerically, the strongest 

correlation was between the highest level of education and attitudes toward STEM topics 

rs = -0.10. The weakest correlation was between the highest level of education and 

attitudes toward leading and instructing STEM subjects rs = -0.01. 
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Conclusions and Implications 

Conclusions: Research Objective One 

The Texas county 4-H Extension agents in this study consisted of 56.8% female 

agents and 43.1% male agents.  This is consistent with Bellah and Dyer (2009) where 

90% of the sample population of elementary school teachers studied in the context of 

including agriculture in their classrooms were female.  The majority of the county 4-H 

Extension agents in this study were white (n = 33, 76.7%) while the fewest amount of 

agents were either Asian (n = 1, 0.2%) or Native American (n = 1, 0.2%).   

The majority of agents were between the ages of 20 and 29 years of age (n = 20, 

48.4%) with the fewest of agents between the ages of 60 and 69 years of age (n = 2, 

4.9%).  Similarly, Chumbley (2011) studied the same issue with agriscience teachers and 

reported the majority of participants were found in the age range of 21 to 29 years old. 

The majority of the agents did not major in agricultural education, 26.2% of the agents 

hold undergraduate majors in animal science while only 11.9% majored in agricultural 

education.  These findings are similar to a study conducted over the status of community 

service-learning in 4-H programs.  Wyble and Kotrilik (1999) found that the majority of 

the 4-H Extension agents indicated that their undergraduate major was also animal 

science.  Harder, et al. (2009) found that at the graduate level, the frequency of courses in 

the competency areas of applied research exceeded the number of LGUs with a graduate 

specialization while the frequency of graduate courses in the competency areas of 

technology, diversity and pluralism, community development process and diffusion, 

communications, marketing and public relations, and risk management was fewer than 

the number of LGUs with a graduate specialization (Harder, et al., 2009).    



                                                                Texas Tech University, Kiersten Heckel, December 2012 
 

80 
 

The findings of this study are not consistent with the findings of Thompson and 

Balschweid (1999) who also studied the same issue on the attitudes of Oregon 

agricultural science and technology teachers toward integrating science.  Their average 

respondent was 41 years of age and the majority of their respondents were male.  The 

findings were also inconsistent with a study done by Layfield et al. (2001) who studied 

the integration of science into agricultural education by South Carolina teachers.  The 

average age of the teachers also fell between 41 and 50 years of age and 93% of the 

teachers were male.      

Implications: Research Objective One  

 The agents in this study were mostly young agents.  This implies there is a lack of 

experience that may change the agents’ attitudes toward STEM related subjects.  This is 

similar to the research findings of Chumbley (2011).  When Chumbley studied the same 

issue with agricultural science teachers, similar ages were found.  The majority of 

teachers in his study were young which showed a lack of more experienced teachers to 

implement advanced animal science courses in their agricultural education programs.  As 

we look to solve this problem, perhaps Extension should look at agriscience teachers’ 

studies about attitudes toward science integration.     

The ethnicity of the county 4-H agents (76.7% white, non-Hispanic) may be 

interpreted that there is a possible diversity issue in 4-H youth development.   These 

findings are consistent with Mielke et al. (2011) whose study with 4-H youth resulted in 

61% white, non-Hispanic 4-H members.   Although this study included a group of the 

county 4-H agents (N = 44) from across Texas, it was a fairly small group in comparison 
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to the entire country.  Caution should be taken when making any inferences beyond the 

scope of this study.   

As more agents majored in animal science and few majored in agricultural 

education, this implies that there is more interest with agriculture majors to take on roles 

within Extension work.  The majority of the agents’ reported social science majors and 

few reported undergraduate majors in natural science.  Natural science majors may 

perceive STEM differently compared to those who hold undergraduate majors in social 

science. Agents indicated that 71.9% did not hold teaching credentials.  This implies that 

agents’ are still at the knowledge stage, possibly the persuasion stage, of Rogers (2003) 

model of the Innovation-Decision process.  They are still at the beginning according to 

Ajzen (1991) Theory of Planned Behavior.  Now, we need to get the county 4-H 

Extension agents to the next stages according to Rogers (2003) and Ajzen (1991).  The 

Texas county 4-H Extension agents may not have as much knowledge or be comfortable 

teaching STEM topics yet.   

Conclusions: Research Objective Two  

 The Texas county 4-H Extension agents were questioned on their opinions of 

STEM.  The county 4-H Extension agents were asked about each STEM related subject.  

The general consensus was that science was a more favorable subject with all of the 

agents (M = 5.00).  This indicates that the majority of the agents agreed that they enjoyed 

Science.  Technology was favored second by the county 4-H Extension agents (M = 

4.66).  These results are consisted with Clarke (2010) that 76% of respondents enjoyed 

learning through technology.  The subject that was the least favorite with all of the agents 

as a whole was engineering (M = 3.70).  This indicates that the majority of the agents 
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slightly agreed with the statement that they enjoyed engineering.  This indicates that 

generally the agents agreed that they enjoyed learning each subject and as a whole, agents 

agreed that STEM is important in 4-H youth development.  These results are congruent 

with Barker (2007) that stated engineering received the lowest rankings in a study that 

compared science and technology priority areas.    

Implications: Research Objective Two 

 None of the agents reported a higher opinion than to agree that they enjoyed any 

of the four STEM related subjects.  Science was the only subject that agents agreed that 

they liked.  This infers that they are headed in the right direction but do not enjoy the 

subjects at a high level as learners of STEM.  Technology, math, and engineering 

followed science respectively.   

 Engineering was ranked lowest by the county 4-H Extension agents.  Agents 

slightly agreed that they enjoy engineering.  With a mean of 3.70, this indicates, once 

again, that the agents are headed in the right direction. As “neutral” was not a choice on 

the six point Likert-type scale, agents could be indifferent towards the subjects but did 

not have that as a choice to select.  The mean of 3.70 suggests that agents are more or less 

indifferent to the majority of the STEM subjects but are may not be opposed to them.  

With an indifferent attitude toward the subjects, it may be tough to implement them 

within 4-H youth development.     

Conclusions: Research Objective Three  

 The third objective sought to determine the attitudes of the Texas county 4-H 

Extension agents toward including STEM into 4-H youth development.  The Texas 
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county 4-H Extension agents agreed that they have an interest in implementing STEM 

topics in 4-H youth programming (M = 4.71).  Agents indicated that they slightly agreed 

that STEM is important to 4-H’ers (M = 3.89), volunteers (M = 3.53), and slightly 

disagreed that STEM is important to their advisory boards/commissioners (M = 3.49).  

However, they agreed that STEM is becoming an integral part of 4-H youth development 

(M = 4.71).  The agents slightly agreed that they believe that 4-H Extension professionals 

are doing what they should to include STEM in 4-H youth development (M = 3.88).  

Implications: Research Objective Three  

 The agents appeared to have some interest in implementing STEM in 4-H youth 

programming but according to the results, the agents as a whole, did not appear to feel 

that STEM is very important to their advisory boards/commissioners,  and maybe not to 

their 4-H’ers or even their volunteers.  Clientele may not understand what STEM is or 

what it stands for.  Likewise, Heck, et al. (2012) concluded that 4-H youth do not start 

out with a higher level of interest in science than other groups of young people do.  

However, they slightly agreed that there is support from Extension administration to 

incorporate STEM in 4-H.  The results of this objective are also similar to the findings of 

Balschweid & Thompson (2002) who found that teachers neither agreed nor disagreed 

that administrators, counselors, parents and community members would increase their 

support of the agricultural education program if they integrated more science into the 

curriculum.   

Conclusions: Research Objective Four  

 The county 4-H Extension agents slightly agreed that they know how to include 

STEM in 4-H youth development (M = 3.81) but the agents believe that STEM subjects 
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are important to learn (M = 5.05).  Agents also slightly agreed that they are comfortable 

teaching STEM topics (M = 3.93) though the mean may not be high enough for the 

county 4-H Extension agents to be considered “comfortable” teaching STEM topics.  

These results’ are consistent with Barker (2007) that stated that some 4-H stakeholders 

were not able to provide ideas because of their limited knowledge in the science and 

technology domains.  These results’ are not consistent with the findings of Thompson and 

Balschweid (1999) whose teachers felt prepared to teach science concepts.  Another 

study conducted by Balschweid and Thompson (2002) included conclusions where 

agriscience teachers who looked to increase science into their curriculum felt they were 

prepared to integrate physical science concepts but more preparation time would be 

required before they could integrate science concepts into their agricultural education 

curriculum.   

Implications: Research Objective Four        

 According to the results, agents believe that STEM subjects are important to learn 

but are hesitant to teach them nor do the agents appear to be confident that they know 

how to teach STEM subjects though agents reported that they agree to have an obligation 

to assist 4-H’ers to prepare for academic success (M = 4.93).  As the agents also reported 

that they slightly agreed that they, along with their volunteers, have access to STEM 

supplemental materials (M = 3.66) and agreed that their volunteers need (more) training 

to include STEM topics (M = 5.19) this implies that agents do not feel that they nor their 

volunteers are prepared to include more STEM within 4-H youth development.  These 

results coincide with Skelton, et al. (2012) who reported Extension programs can play a 

vital role in improving science achievement in the United States but the programs must 
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use promising teaching and learning methodologies and go beyond simply delivering 

content or developing skills to affect science literacy.  The results of this study imply that 

the county 4-H Extension agents have multiple barriers to overcome in order to integrate 

more STEM into 4-H.  Insufficient training, supplemental materials and lack of interest 

with volunteers and 4-H’ers in STEM are possible barriers the agents face.   Another 

investigation by Barker (2007) also supports these findings.  Barker (2007) found that    

4-H families need to be reassured that they have or will receive adequate training to lead 

4-H clubs in science and technology programming.  Layfield et al. (2001) found similar 

results.  The teachers from South Carolina were neutral when asked if they felt prepared 

to integrate science concepts. They did not agree nor disagree.   

Conclusions: Research Objective Five    

 Research objective five sought to determine if there was a relationship between 

agents who hold teaching credentials and their attitudes toward STEM subjects, including 

STEM in 4-H youth development and leading and instructing STEM topics.  Point-

biserial correlation coefficients were calculated to determine the magnitude of the 

relationships.   

All correlations were deemed low to negligible.  The strongest relationship was 

between teaching credentials and attitudes toward including STEM in 4-H youth 

development, rpb = 0.19; this relationship was low in size.  The weakest correlation was 

between teaching credentials and agents’ attitudes toward STEM topics, rpb = -0.09.  This 

relationship was found to be negligible in size.  
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Implications: Research Objective Five  

 There is no relationship of high magnitude between those Texas county 4-H 

Extension agents who hold teaching credentials with the three constructs.  Individual 

constructs from the instrument imply that there are differences based on the agents’ 

attitudes toward the STEM subjects.  Overall, the results were low to negligible; 

therefore, there are no significant relationships between those agents that hold teaching 

credentials and attitudes toward STEM related subjects, attitudes toward STEM 

integration in 4-H and attitudes toward teaching and leading in STEM topics.  It is 

important to take caution when interpreting these findings beyond the scope of this study 

and the sample population.  It is also important to note that Texas Agrilife Extension 

requires that all agents receive their master’s degree.  It is fair to assume that some of the 

county 4-H Extension agents misinterpreted “teaching credentials” for “teaching 

experience.”  A lack of knowledge about pedagogy and teaching implies that many 

county 4-H Extension agents may not make an affective connection between STEM 

needs.  Radhakrishna and Martin (1999) found that there is a great need for in-service 

training for Extension agents.  Extension agents like to receive in-service training via 

workshops, seminars, short courses and video conference.  Agents were on the fence 

about formal classes but found workshops very useful.  These results are inconsistent 

with Thompson and Balschweid (1999) who reported that agricultural science and 

technology teachers feel prepared and obligated to incorporate science into their 

curriculum.  The results are also inconsistent with findings of Chumbley and Russell 

(2012) who found that there is a relationship between teaching experience and 

confidence.  Deeds (2012) found findings that suggest there are some relationships 
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between agriscience teachers’ years of experience, school size and participant age to their 

confidence levels toward integrating science in the advanced animal science courses.        

Conclusions: Research Objective Six    

 Research objective six sought to determine the relationship between agents’ 

highest level of education and their attitudes toward STEM subjects, including STEM in 

4-H youth development and leading and instructing STEM topics.  Spearman rank-order 

correlation coefficients were calculated to determine any potential relationships.    

 All correlations were deemed low to negligible.  The strongest relationship was 

between the highest level of education and attitudes toward STEM topics, rs =--0.10, 

while the weakest correlation was between the highest level of education and attitudes 

toward leading and instructing STEM subjects, rs = -0.01. 

Implications: Research Objective Six 

 The relationships between the Texas county 4-H Extension agents’ highest level 

of education and the three constructs were deemed low to negligible.  The strongest 

relationship was between the level of education and attitudes toward STEM topics.  It is 

important to take caution when interpreting these findings beyond the scope of this study 

and the sample population.  These findings imply that agents with the higher degrees will 

support STEM more so than agents who have a lower degree.  These findings are 

consistent with the findings of Mielke et al. (2011) who found that the majority of 4-H 

staff and paid volunteers who lead science programs have a college or graduate degree 

and just fewer than half of the educators with postsecondary degrees majored in a 

science-related field.  These findings are inconsistent with Diem (2009) who found that 
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Extension/4-H is more likely able to utilize a candidate with a doctoral degree.  These 

findings are also inconsistent with Chumbley and Russell (2012) who found that the 

majority of agriscience teachers had received a master’s degree with most of their 

advanced degrees being in agricultural education or education administration.  More than 

70% of the respondents in their study had received their science endorsement.     

Recommendations for Practice 

 Further research should be conducted to continue to investigate county 4-H 

Extension agents attitudes, perceptions and interest in incorporating science, technology, 

engineering and mathematics into 4-H youth development.  Extension programs should 

make efforts to include more STEM within 4-H and better prepare county 4-H Extension 

agents along with 4-H volunteers to teach and lead in STEM.  There is a need for all 

county 4-H Extension agents to have a clear understanding of STEM needs within 4-H 

youth development.    

Findings in this research suggest that Texas county 4-H Extension agents have 

some interest in implementing STEM but may not be prepared nor comfortable handling 

it themselves.  There should be research done to identify barriers of county 4-H 

Extension agents’ decision to include or not to include STEM within 4-H.   

Recognition of STEM and STEM advancement should be a priority for 

professionals within 4-H Extension education.  County 4-H Extension agents and others 

within 4-H youth development need to hold workshops or seminars, there is a need for 

more STEM incorporation within 4-H project work.  Prioritizing a scientific professional 
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workforce must be an area of focus to attain the goals of the profession and reflect the 

National Research Agenda (Doerfert, 2011).  

Additionally, this study should be replicated and involve a larger sample size of 

county 4-H Extension agents.  A comparison of county 4-H Extension agents’ levels of 

confidence at teaching and/or leading in STEM topics should be done to see where 

county 4-H Extension agents are lacking in STEM education.  Studies should be 

conducted to determine relationships with STEM integration compared to county 4-H 

Extension agents’ undergraduate majors in order to see if there is a difference between 

agents’ who major in natural science and social science.    

The results of this research should be distributed to all 4-H and Extension 

personnel.  Those who are involved in Extension education should have a better 

understanding of where agent confidence lies, what needs to be included to assist 4-H’ers 

and what barriers county 4-H Extension agents are facing in effectively teaching and 

leading their 4-H members in STEM topics.  Further research should also look at 

community stakeholders, such as county commissioners, in order to understand their 

level of knowledge and support of STEM integration.  

The final recommendation is to encourage the efforts of county 4-H Extension 

agents and other 4-H professionals toward the incorporation of STEM into 4-H youth 

development.  Various methods of education should be available for those 4-H 

professionals working with 4-H members.  Distance education technology, workshops, 

among other technological tools will allow 4-H professionals to become more aware and 
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comfortable with STEM topics, in turn, reducing some limits set on 4-H county 

Extension agents on incorporating STEM education within 4-H youth development.  
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April 26, 2012  

Dr. Rudolph Ritz Ag Ed & Communications Mail Stop: 2131  

Regarding: 503392 Attitudes of Texas 4-H Agents on Incorporating STEM into 4-H 
Youth Development  

Dr. Rudolph Ritz:  

The Texas Tech University Protection of Human Subjects Committee approved your 
claim for an exemption for the proposal referenced above on April 26, 2012.  

Exempt research is not subject to continuing review. However, any modifications that (a) 
change the research in a substantial way, (b) might change the basis for exemption, or (c) 
might introduce any additional risk to subjects must be reported to the IRB before they 
are implemented.  

To report such changes, you must send a new claim for exemption or a proposal for 
expedited or full board review to the IRB. Extension of exempt status for exempt projects 
that have not changed is automatic.  

The IRB will send annual reminders that ask you to update the status of your research 
project. Once you have completed your research, you must inform the Coordinator of the 
Committee either by responding to the annual reminder or by notifying the Coordinator 
by memo or e-mail (donna.peters@ttu.edu) so that the file for your project can be closed.  

Sincerely,  

 

Rosemary Cogan, Ph.D., ABPP Protection of Human Subjects Committee  
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Dr. Boleman, 

My name is Kiersten Heckel. I am a graduate student at Texas Tech in the Agricultural 
Education & Communications department working with Dr. Rudy Ritz. I am beginning to 
work on my thesis and the study that I am planning on conducting is measuring the 
attitudes of Texas Agrilife Extension 4-H personnel on incorporating STEM into 4-H and 
youth development. This study will include the 4-H agents as well as the 4-H specialists. 
My plan is to pursue a career as a 4-H Extension educator so I believe this thesis will be a 
great opportunity.  

Currently, I am working on my IRB proposal so that I may gain approval for this topic. I 
am sending you this email so you have an idea of what I’m working on and so that I may 
receive your approval as well. I am requesting your permission to send Texas Agrilife 4-
H Extension agents a letter that will explain the procedure and what this survey is about. I 
will ask them to participate in my study by filling out a survey while attending Texas 4-H 
Roundup. The survey will simply ask them questions to gauge their attitudes on science, 
technology, engineering and math (STEM) being incorporated in 4-H along with a few 
demographic questions. Once we complete the questionnaire, I will send it to you so that 
you may approve it as well and add any items you prefer. I will also write up a formal 
letter that I will send out to the 4-H personnel once I have obtained the necessary 
approval.  

Thank you for your cooperation and I look forward to hearing from you soon, 

Kiersten Heckel 

 

Kiersten Heckel   Dr. Rudy Ritz       

806-742-2816              806-742-2816  
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June 4th, 2012  

  

  

  

  

  

  

To Whom It May Concern:  

  

It is my pleasure to write a letter of support of the STEM survey being conducted by 

Kiersten Heckel.  I would highly encourage Texas AgriLife Extension Agents to 

participate in this survey as the feedback will be highly valuable as it relates to 4-H 

and Youth Development.  This is a unique study and a fairly new area of research 

within agricultural education and in the development of STEM projects in Texas. 

 

  

In conclusion, I fully support the efforts of Kiersten Heckel and Texas Tech

University as it relates  to this STEM project.  If you have any questions, please 

do not hesitate to contact me. 

 

    

Sincerely,  

 

  

  

  

Darrell A. Dromgoole  

Associate Director – County Programs    

  

  

DAD/msf 
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Dear (4-H Extension agent), 

 

My name is Kiersten Heckel. I am a graduate student at Texas Tech University where I 
am working on my Master of Science in Agricultural Education under the direction of Dr. 
Rudy Ritz. I am writing to request help in completing a survey involving attitudes of 
STEM in 4-H youth development. With the cooperation of Texas Agrilife Extension, Dr. 
Darrell Dromgoole, and Texas Tech University, I am conducting this study to determine 
Extension agents’ attitudes where STEM fits in 4-H. 

This study is very important to determine STEM needs for 4-H and as a 4-H agent, your 
input will be highly valuable for future studies in this field. Results of this study will 
compliment other studies involving STEM within 4-H youth development. This is a 
unique study and this is a fairly new area of research within agricultural education.  Your 
participation will also aid in the development of STEM needs within Texas.  

Your answers to this survey will be kept completely confidential. No names will be 
included in survey responses and no individual answers can be identified. The collection 
of this data will need to be accomplished at Texas 4-H Roundup in June. A link for the 
survey will be provided for you.  

If you would prefer to take the survey on your own time, please fill it out by Wednesday, 

June 13. The link is: https://www.zoomerang.com/Survey/WEB22FXGEGQ47T 

Thank you so much for your time and assistance with this research. It is only with the 
help of generous people like you that our research can be successful. I look forward to 
meeting you at Texas 4-H Roundup. 

 

Sincerely, 

Kiersten Heckel, Graduate Research Assistant                         Dr. Rudy Ritz, PI 

                    

806-742-2616                                                                                     806-742-2616   

 

https://www.zoomerang.com/Survey/WEB22FXGEGQ47T
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Dear (4-H Agent), 

 

Thank you so much to the agents that have taken the survey on STEM (Science, 
Technology, Engineering, & Math) whether it was before or during Roundup. If you have 
not taken the survey, it would be greatly appreciated if you would by Thursday, June 

21
st. The survey only takes a few minutes to complete.  

This study is very important to determine STEM needs for 4-H and as a 4-H agent, your 
input will be highly valuable for future studies in this field. Results of this study will 
compliment other studies involving STEM within 4-H youth development. This is a 
unique study and this is a fairly new area of research within agricultural education.  Your 
participation will also aid in the development of STEM needs within Texas.  

Once again, your answers to this survey will be kept completely confidential. No names 
will be included in survey responses and no individual answers can be identified.  

If you have already taken the survey, please disregard this email and thank you for your 
participation!  

The link for the survey is: https://www.zoomerang.com/Survey/WEB22FXGEGQ47T 

 

Thank you very much, 

 

Sincerely, 

Kiersten Heckel, Graduate Research Assistant                         Dr. Rudy Ritz, PI 

                      

806-742-2616                                                                                     806-742-2616   

 

 

 

https://www.zoomerang.com/Survey/WEB22FXGEGQ47T
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Dear (4-H Agent), 

 

This is the final reminder to complete the survey instrument you received a couple of 
weeks ago. 

The following link will lead you to the questionnaire which includes questions about 
agents’ attitudes toward science, technology, engineering, and math (STEM) in 4-H 
youth development.  

 https://www.zoomerang.com/Survey/WEB22FXGEGQ47T 

It should only take a few minutes to complete. This study is very important to determine 
STEM needs for 4-H and as a 4-H agent, your input will be highly valuable for future 
studies in this field. Results of this study will compliment other studies involving STEM 
within 4-H youth development. This is a unique study and this is a fairly new area of 
research within agricultural education.  Your participation will also aid in the 
development of STEM needs within Texas.  

I will be contacting you directly for completion if there is not a response. 

Thanks in advance for your participation. 

Sincerely, 

Kiersten Heckel, Graduate Research Assistant                         Dr. Rudy Ritz, PI 

                      

806-742-2616                                                                           806-742-2616   

 

 

 

 

 

 

 

https://www.zoomerang.com/Survey/WEB22FXGEGQ47T
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Attitudes of 4-H Agents on Incorporating STEM in 4-H Youth Development. 

 

Construct 1 

 
1.  
I enjoyed learning Science, Engineering, Technology, and Math (STEM) in school.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
2.  
Science is a subject I enjoy to learn.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
3.  
Technology is a subject I enjoy to learn.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
4.  
Engineering is a subject I enjoy to learn.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
5.  
Math is a subject I enjoy to learn.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
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6.  
STEM is very important to include in 4-H youth development.  

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
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Attitudes of 4-H Agents on Incorporating STEM in 4-H Youth Development. 

Construct 2 

7.  
4-H Extension professionals are doing what they should to teach youth about STEM 
subjects.  

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree  Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
8.  
I have interest in implementing STEM topics in my 4-H youth programming.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
9.  
I believe STEM is becoming an integral part of 4-H youth development.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
10.  
I believe there is support from Extension administration to incorporate STEM in 4-H.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 
 

 
11 
I am being encouraged by Extension administration to include STEM in 4-H.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
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12 
STEM is important to my advisory board/commissioners.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree   Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
 

 

 
13.  
STEM is important to my volunteers.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree  Agree 

Strongly 
Agree 

1 2 3 4 5 6 
 

 

 

 
14.  
STEM is important to my 4-Hers.   

 

Strongly 
Disagree Disagree 

Slightly 
Disagree 

Slightly 
Agree Agree 

Strongly 
Agree 

1 2 3 4 5 6 
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Attitudes of 4-H Agents on Incorporating STEM in 4-H Youth Development. 

 

Construct 3 

15 
I know how to include STEM within 4-H.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
 
16 
I believe STEM subjects are important to learn.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
 
17 
I am comfortable teaching STEM topics.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
 
18 
I have an obligation to assist 4-H'ers to prepare for academic success.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
 
19 
I believe my volunteers and I have access to STEM supplemental materials.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6  
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20 
I believe my volunteers need (more) training to include STEM topics.  

 
Strongly 
Disagree  Disagree  

Slightly 
Disagree  

Slightly 
Agree  Agree  

Strongly 
Agree  

 1   2   3   4   5   6 
 
21 
Which subject do you enjoy the most?  

Science  

Technology  

Engineering  

Math  
 
22 
I have supervised/led 4-H members in a research poster/science fair  

Yes  

No  
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Attitudes of 4-H Agents on Incorporating STEM in 4-H Youth Development. 

 

Demographic Questions 

 

23 
What is your gender?  

Male  

Female  
 
24 
What is your age?  

 

 
25.  
Which best describes your ethnicity?   

 

 White (Non-Hispanic) 

 Hispanic 

 Asian 

 Native American 

 African American 

 Other 
 

 

 

 
26.  
What is your marital status?   

 

 Single 

 Married 

 Divorced 

 Widowed 
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27.  
What is your highest level of education?  

 

 Associate's 

 Bachelor's 

 Master's 

 Doctoral 
 

 

 

 
28.  
What was your undergraduate major?   

 

 
 
29.  
Do you hold any teaching certificates/credentials? If so, please specify.  

 

 

 
 
30.  
Do you have any teaching experience? Mark all that apply.  

 

 

 Pr-Kindergarten 

 K-5 

 6-8 

 9-12 

 Post-Secondary 
 

 

 




