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ABSTRACT 

 

 

The researcher conducted a study focusing on the components of Science, Technology, 

Engineering, and Mathematics (STEM) and how they related to the 4-H shooting education 

program. Elicited response from former 4-H members suggested that shooting education 

promotes the learning of STEM principles through a curriculum of activities that correspond to 

the specific disciplines of the shooting education program. The researcher developed a STEM 

and shooting education evaluation instrument that can be implemented on the local, national, and 

state level, to further assist connecting STEM to shooting education. 
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Abstract 

  

The Science, Technology, Engineering, and Math (STEM) movement has become 

increasingly popular in the United States within the last 15-20 years. Hands-on educational 

programs are being created or remodeled with STEM principles in mind. STEM is designed to 

show youth participants how these variables are present in everyday programs, with the hopes 

that more of them will pursue careers in STEM-related fields. 

 The researcher created a pilot evaluation instrument to correspond with the current 

shooting education STEM-specific curriculum and recruited former 4-H members to serve as the 

sample group. Feedback received from the pilot evaluation instrument and focus group 

discussions yielded correlations between the STEM curriculum and the 4-H Shooting Education 

Program. The researcher recommends that this STEM curriculum is further utilized with current 

and future participants in the program to allow for exploration into STEM concepts that relate to 

shooting education. 
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Chapter 1 – Introduction 

 In today’s society, there is an increased focus on STEM education in elementary, middle, 

high school, and throughout higher education. The acronym stands for education that places a 

greater emphasis on Science, Technology, Engineering, and Math. Jonathan Gerlach (2012) 

quotes Nancy Tsupros stating, “STEM education is an interdisciplinary approach to learning 

where rigorous academic concepts are coupled with real-world lessons as students apply science, 

technology, engineering, and mathematics in contexts that make connections between school, 

community, work, and the global enterprise enabling the development of STEM literacy and 

with it the ability to compete in the new economy.” Youth organizations outside of the traditional 

classroom setting are quickly adapting current educational programs or creating new programs 

that correspond with this trend.  

 The United States Department of Education (2015) has identified the need for increased 

education in STEM-related fields stating, “in a world that’s becoming increasingly complex, 

where success is driven not only by what you know, but by what you can do with what you 

know, it’s more important than ever for our youth to be equipped with the knowledge and skills 

to solve tough problems, gather and evaluate evidence, and make sense of information. These are 

the types of skills that students learn by studying science, technology, engineering, and math—

subjects collectively known as STEM”. In the same publication, The U.S. Department of 

Education estimates the projected percentage increases in STEM jobs from 2010 – 2020. With 

the expected growth of STEM jobs dramatically increasing, it is important that today’s youth are 

educated in STEM so that they are aware of job opportunities as they transition from students to 

adults. 
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The 4-H Shooting Education Program has implemented programs since the 1980s that 

present youth with numerous opportunities to learn and apply STEM principles in their everyday 

interactions with firearms. Extension Educators at Colorado State University (CSU) have 

developed a STEM and shooting education manual that provides youth with activities that 

correlate directly with their shooting sports disciplines. While this manual is filled with 

applicable activities, 4-H programming currently lacks a sufficient pilot evaluation instrument to 

allow educators and coaches the ability to measure effectiveness and youth understanding of 

principles being learned. 

The shooting education component of the 4-H program is present in 48 of the 50 states 

across the United States and provides youth development and hands-on education through seven 

shooting sports disciplines, six of which are currently utilized in Virginia. According to the 

National 4-H Shooting Education Council’s ‘Kids ‘n’ Guns Position Statements’, these are the 

reasons why 4-H has a shooting sports program: “1) 4-H uses shooting sports to teach youth 

development. Programs are valuable for helping young people develop self-confidence, personal 

discipline, responsibility, teamwork, self-esteem and sportsmanship, 2) 4-H programs provide a 

positive experience for youth and promote the safe and ethical use of firearms, 3) It is our belief 

that firearms education reduces gun accidents, 4) Hunting and shooting are rich American 

traditions” (Council, 2017). 

Statement of the Problem 

 There is currently no evaluation instrument that extrapolates the necessary data from 

youth participants to determine improvement and understanding of certain STEM concepts 

through designated activities specific to 4-H. Jeff Goodwin (2014) of the National 4-H Shooting 

Education Council stated, “Why not create an evaluation instrument for STEM and Shooting 



STEM and 4-H Shooting Education 6 

 

Sports? It’s not something that we currently have and it would be incredibly beneficial to the 

National [4-H Shooting Sports] Council and programs nationwide.” Piloting an evaluation 

instrument with 4-H alumni (alumni being current students over the age of 18 and former 4-

Her’s) who have participated in the shooting sports program will provide the researcher with the 

necessary information to adapt the pilot evaluation instrument into a standardized evaluation 

instrument that can be used by state and national programs in the future. 

Study Objectives 

 Understanding and utilizing STEM education is an important piece of the puzzle, “STEM 

education creates critical thinkers, increases science literacy, and enables the next generation of 

innovators. Innovation leads to new products and processes that sustain our economy. This 

innovation and science literacy depends on a solid knowledge base in the STEM areas. It is clear 

that most jobs of the future will require a basic understanding of math and science. Ten-year 

employment projections by the U.S. Department of Labor show that of the twenty fastest 

growing occupations projected for 2014, fifteen of them require significant mathematics or 

science preparation” (Eberle, 2010). 

 This study includes three separate objectives and will enable researchers to determine its 

overall success. The objectives are:  

1. Create a pilot evaluation instrument.  

2. Engage 4-H Alumni to serve as the test group.  

3. Develop and finalize an evaluation instrument that may be published and used by 

the local, state, and National 4-H Shooting Education Program for youth 

participants.   
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The pilot evaluation instrument will receive feedback on how easy it is to understand, the value 

of information that it collects, and its ability to serve larger audiences.  

These shooting education STEM activities have been implemented with the focus group 

through the use of monthly club meetings, shooting education trainings, shooting education 

camps, and other activities.  This pilot evaluation instrument will be the first tool that requires 

participants to reflect on how the STEM activities have changed or affected their perspective or 

if their understanding of shooting education has been changed or enhanced. The sample group 

that was used in this study are 4-H Alumni that participated in a focus-group setting.  

Research Questions 

The research questions that this study was designed to answer throughout the 

implementation process include:  

1. What are the participant perceptions of conducting experiments relating to Science, 

Technology, Engineering, and Math (STEM) outside of the classroom? 

2. How does youth participation in these specific shooting sports STEM activities provide a 

better understanding of what STEM is and its relationship with shooting sports?  

Additional research will assist in determining proper methods of addressing improvements to the 

STEM and shooting sports evaluation process. 

 The development of this pilot evaluation instrument was created with the 4-H Common 

Measures goals in mind: “identify a common core of youth outcomes and indicators which can 

be used to improve programs, provide a process for assessment, report from a national database, 

and provide state 4 H programs with resources to assist them in the planning of local, state-wide 

and regional evaluations” (4-H.org, 2012). The Common Measures Evaluation Instruments are 
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designed with the purpose of gaining valuable feedback and data based on the questions that are 

asked. They are easy to read for youth ages 9-19 and the  researcher will follow those guidelines 

as the participants in this study are young adults that have just aged out of the program or have 

within recent years. 

 As it is mentioned in this document, the researcher is hopeful that the pilot evaluation 

instrument that this study was based upon may become a state or national evaluation instrument 

in the future. The benefits that a national shooting education STEM evaluation instrument would 

have corresponds with those of the Common Measure Instruments: “1) improved ability to write 

impact statements for federal, state, and county reports, 2) ability to describe the impact of 4-H 

consistently and simply, 3) user-friendly, readily accessible tools, and 4) ability to measure a 

broad range of programs” (4-H.org, 2012). Current Common Measures instruments have been 

developed for 4-H experience, citizenship, college and career readiness, healthy living, and 

science, as well as a universal survey. 

 The researcher incorporated components of both the science and universal surveys to 

develop the shooting education STEM activities pilot evaluation instrument. The science survey  

incorporated the Technology, Engineering, and Mathematics components of the STEM logic 

model. One section of the universal survey that was important to include is personal mindset, 

which the participant focus group will identify (explained in depth in the methods section).  

Definition of Terms 

4-H – 4-H is the youth component of Virginia Cooperative Extension, a non-profit organization 

that utilizes hands-on experiential education to teach life skills to youth participants. 4-H's 

program reach and depth is unmatched. Through our community of over 100 public universities, 

4-H reaches kids in every corner of America - from urban neighborhoods to suburban 

schoolyards to rural farming communities. Our network of 500,000 volunteers and 3,500 4-H 

professionals provides caring and supportive mentoring to all 6 million 4-H'ers, helping them 

grow into true leaders today and in life (Council, 2017). 
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Shooting Sports (Education) – Virginia 4-H allows youth participants between the ages of 9-19 

to enroll in a shooting education club that promotes safety and life skills. The 4-H members are 

able to participate in the following disciplines; archery, rifle, shotgun, hunting, pistol, and 

muzzle loading. 

 

STEM - On its surface, “STEM” is the acronym for science, technology, engineering, and 

mathematics (Gerlach, 2012). 

Virginia 4-H STEM Checklist - A “STEM Ready” 4‐H experience is a program that is framed 

in STEM concepts, based on STEM standards and intentionally targets the development of 

STEM abilities and the outcome articulated by the 4‐H STEM Logic Model. To meet the needs 

of children, youth and the nation with high-quality science, engineering and technology 

programs, these are several of the questions that are asked: Are you providing science, 

engineering and technology programs based on National Science Education Standards? Are you 

providing children and youth opportunities to improve their STEM Abilities? Are you providing 

opportunities for youth to experience and improve in the Essential Elements of Positive Youth 

Development? (Virginia 4-H, 2014) 

Limitations of the Study 

 Limitations included the small size of the sample and the willingness of the sample 

participants to participate in the study. With a small sample size, it was important to the 

researcher to have enough participation to justify completing the focus group discussion 

sessions. Another limitation was the amount of time that had passed since their participation in 

the specific activities. A question that arose within this limitation included whether or not 

participants would recall enough of their experiences to thoroughly answer questions on the pilot 

evaluation instrument and during the focus group discussions. 

 The pilot evaluation instrument for this study allowed 4-H alumni to reflect on their 

experiences using a “self-report” method (Hoskin, 2012). Self-reporting bias is one component to 

the limitations of the study of which the researcher was aware. This is described as, “Data from 

the questionnaire can be used to identify relationships between scores on the variable(s) that the 

questionnaire assumes to measure. These could include, performance on behavioral tasks, 
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physiological measures taken during an experiment, or even scores obtained from other 

questionnaires” (Hoskin, 2012).  

 The presence of self-reporting bias could appear in this study’s sampling group due to 

several variables. Questions may be worded in a manner that not all participants read, 

understood, or interpreted in the same way, which could produce inaccurate data. Participants 

may not answer questions accurately based on attitudes or assumptions they already have on the 

subject matter. The 4-H alumni may lack interest in the subject matter or feel that they already 

know more about the information being relayed, and their responses may not be accurate or 

reflect the STEM principles that were offered.  

Basic Assumptions 

 The STEM principles that will be referred to in this document as supported by the 

definitions identified by the State of New South Wales, Department of Education, are: prior 

knowledge, organize information, motivation, fluency to apply what is learned, goal-directed 

practice, and component skills (NSW, 2017). A basic assumption associated with this study is 

that teaching students how STEM relates to shooting sports will allow them to apply these 

principles to everyday life and safe shooting sports activities.  

 An additional assumption worth noting is the participants’ perceived self-efficacy. This is 

defined as, “people’s beliefs about their capabilities to produce designated levels of performance 

that exercise influence over events that effect their lives. Self-efficacy beliefs determine how 

people feel, think, motivate themselves and behave. Such beliefs produce these diverse effects 

through four major processes. They include cognitive, motivational, affective and selection 

processes” (Bandura, 1994). A final assumption associated with perceived self-efficacy is that 
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the focus group utilized in this study are young adults that have recently aged out of the 4-H 

program. 

 Bandura (1994) states that a person’s beliefs about their efficacy can be developed by 

four main sources of influence that include; mastery experiences, vicarious experiences provided 

by social models, social persuasion, and reduction of people’s stress reactions and alter their 

negative emotional proclivities and misinterpretations of their physical states. Each of these 

sources can be enhanced through the implementation and participation of the CSU STEM 

activities. 

 Through continued activities that are specific to the participant’s shooting education 

disciplines, the element of mastery is expanded and solidified. Developing a better understanding 

of certain STEM principles associated with a specific activity (prior knowledge, organize 

information, motivation, fluency to apply what is learned, goal-directed practice, and component 

skills) can contribute to mastery of the STEM activities and that of their shooting disciplines. 

The second element of self-efficacy that can be positively enhanced is strengthening self-beliefs 

through the vicarious experiences provided by social models or seeing people succeed in similar 

situations (Bandura, 1994). The 4-H program model utilizes hands-on experiential education in 

various settings, especially shooting education. Participants in the shooting education program 

and those that take part in the STEM activities have likely seen their fellow club members 

experience increased successes through the implementation of the activities.  

 The third element of strengthening self-efficacy is social persuasion or the participant’s 

belief that they can succeed in a given situation (Bandura, 1994). Shooting education is similar to 

other special interest or extracurricular activities that youth can participate in, being in that 

practice and attention to detail allows youth to experience increased successes as they remain 
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involved for an extended period of time. Youth participants can experience a greater 

understanding of shooting education principles by completing discipline specific shooting 

education STEM activities that can improve their shot successes on the shooting range.  

 The final element of strengthening self-efficacy is reducing stress reactions and altering 

negative emotion (Bandura, 1994). A principle that is frequently stressed and relayed to 4-H 

shooting education instructors is that 4-H develops champion youth, not champion shooters. The 

logic behind this statement is that it is important for youth to know and understand that they are 

learning important life skills (respect, responsibility, etc.) that they will carry throughout their 

lives. While participants are presented with opportunities to compete in local and state 

competitions this is not the sole purpose of the shooting education program. By providing youth 

with opportunities to enhance their skill sets and understanding of shooting education disciplines 

through STEM activities, the reduction of their stress levels may occur. As long as participants 

are learning and applying what is learned to improve their shooting education abilities, they are 

better enabled to develop into successful youth and adults. 

 An important assumption is that participants in this process benefited from the national 

shooting sports program through the development of an effective evaluation instrument. 

Understanding how effective certain teaching principles can be enhanced will provide much-

needed feedback. Knowing what is currently working and what could be expanded on has the 

potential to assist curriculum developers to understand which areas need to be a primary focus to 

develop a strong curriculum and club focus. 
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National 4-H STEM Checklist 

 Virginia 4-H uses the National 4-H STEM Checklist (4-H.org, 2012) and identified items 

that should be present to self-asses the program that is being delivered. Questions that are present 

include: Are you providing science, engineering, and technology programs based on National 

Science Education Standards? Are you providing children and youth opportunities to improve 

their STEM Abilities? Are you providing opportunities for youth to experience and improve 

Essential Elements of Positive Youth Development? Are learning experiences led by trained, 

caring adults? Are activities led with an experiential approach to learning? Are activities using 

inquiry to foster the natural creativity and curiosity of youth? Does your program target one or 

more outcomes of the STEM Logic Model?  

 The first requirement of the STEM Checklist (Virginia 4-H, 2014) is in regard to 

activities being based on the National Science Education Standards, which include: planning an 

inquiry-based science program for their students, guiding and facilitating learning, engaging in 

ongoing assessment of their teaching and of student learning, designing and managing learning 

environments that provide students with the time, space, and resources needed for learning 

science, develop communities of science learnings that reflect intellectual rigor of scientific 

inquiry and the attitudes and social values conducive to science learning, and actively 

participating in the ongoing planning and development of the school science program (National 

Academy of Science, 1996). The shooting education STEM activities do fulfill these required 

standards as many of the activities involve scientific reactions and terms. Below, are 

explanations of how the shooting education program and its STEM activities meet the 

requirements of the STEM Checklist and the full checklist can be found in Appendix A. 
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 One of the key questions that these activities answers is regarding providing youth 

opportunities to improve their STEM Abilities. For example, in the marshmallow catapult, “A 

Catapult Fling,” (Kwang & Brewer, 2011) group activity allows participants to either build a 

structure on their own or to use a specific set of instructions. These concepts are subcomponents 

of a greater idea referred to as scientific inquiry, specifically guided or open scientific theory. 

These concepts originate from a document titled, “Experiential & Inquiry-based Learning with 

Youth in Non-formal Settings”, authored by Pamela Nippolt and Hui-Hui Wang (2010), which 

National 4-H abides by. Non-formal settings refer to experiences that youth are provided in a 

non-traditional setting as opposed to a school’s classroom environment. Guided inquiry is 

defined as the, “facilitator provides one or more questions, youth design investigations in order 

to answer questions, results maybe different” (Nippolt & Wang, 2010). The definition for open 

inquiry suggests that, “youth form their own questions, design investigations to answer their 

questions, reach their own outcomes or results” (Nippolt & Wang, 2010). The manner in which 

this activity and others can be facilitated is at the discretion of the group leader and is largely 

dependent on the age and skill level of the participants they are working with.  

Whichever method of inquiry the facilitator chooses to employ does not affect the 

supplies allowed for the activity, as each group receives the same amount of identical materials. 

Personal experience has found that youth enjoy the activity when they have to engineer the 

structure on their own (open inquiry). Through the experimental process, youth learn how to 

make an object travel farther, by taking the principles of trajectory and energy into account. 

Through the debriefing process, the application can be made specifically to the discipline of 

archery that requires enough pressure on the bowstring to make the object reach the target, as 

well adjusting trajectory to ensure that the arrow lands on the desired target. 
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 Another example of an activity that meets STEM checklist (Virginia 4-H, 2014)   

requirements is the Twizzlers Bridge Experiment, “Know Them Bones” (Kwang & Brewer, 

2011). In shooting education, it is stressed to participants in disciplines such as rifle that bone on 

bone contact is important. When youth utilize more parts of their body to become stationary, 

their shot success can improve. This concept teaches youth to rely on their body to increase 

support of the firearm by dispersing the weight of the firearm throughout their body. The 

Twizzlers activity shows how easy a bridge can collapse under the weight of quarters with no 

additional support. When the participants add wooden skewers to the experiment by running 

them through the candy, they quickly find out that the Twizzlers can suddenly hold more weight 

than they had previously. 

 The third item on the checklist (Virginia 4-H, 2014) includes providing opportunities for 

youth to experience and improve positive youth development, including mastery, independence, 

belonging, and generosity. All of these key elements correspond with explanation previously 

provided along with the definitions and applications of self-efficacy.  

 The fourth STEM checklist (Virginia 4-H, 2014) standard involves learning experiences 

led by trained, caring adult staff and volunteers acting as mentors, coaches, facilitators, and co-

learners. All 4-H programs are led by trained extension staff or volunteers that have met 

requirements within their unit to deliver 4-H programs. These adult leaders are enrolled in the 

program as 4-H volunteers, have completed extensive background information (background and 

reference checks and volunteer training) and fulfilled additional requirements. In addition to the 

requirements to become a 4-H volunteer, to serve as a volunteer instructor within the 4-H 

shooting education program, volunteers must attend a specialized weekend training in their 

desired discipline and participate in the shooting education STEM activities as part of the general 
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session to become fully certified. One of the major components of these shooting education 

trainings is teaching volunteer instructors techniques that are conducive to positive youth 

development while providing youth with opportunities to enhance their shooting education 

abilities. 

 Are activities led with an experiential approach to learning? The 4-H program utilizes the 

slogan “Learn by Doing”, which promotes hands-on learning through experiential education. The 

shooting education program as a whole and the STEM activities that have been adopted are 

designed and implemented to correspond with this slogan. All STEM activities and shooting 

disciplines can be tailored to adapt to youth ages 9-19, regardless of skill level or physical 

abilities. Many of the STEM activities are focused towards group-settings but can allow for 

individual specific growth as well. The STEM activities require youth to design and build 

structures or complete scientific reactions on their own, with proper supervision. 

 The sixth question on the checklist (Virginia 4-H, 2014) asks: Are activities using inquiry 

to foster the natural creativity and curiosity of youth? As mentioned above, the youth are 

provided the necessary tools and equipment to build structures or complete tasks associated with 

each activity. Modifications can be made to the directions of several of the activities where youth 

are allowed to build and explore each task on their own or using the directions required.  

The researcher has utilized both approaches with youth in club settings and with adults at 

instructor trainings, finding that both groups are more likely to enjoy the activities more if they 

are permitted to use their creativity. If groups are not given the written directions at the start of 

the activity, it is a good practice to have a completed model constructed to show the group after 

they have completed the activity to compare and contrast. Similarities and differences can then 

be discussed with the group but providing all of the materials needed and allowing adequate time 



STEM and 4-H Shooting Education 17 

 

to complete the task creates an environment that requires youth to explore their creativity and 

curiosity. 

 The final question on the checklist (Virginia 4-H, 2014) inquires if the program targets 

one or more of the outcomes of the 4-H STEM Logic Model (Jamison et al., 2014). The full 

Virginia 4-H STEM Logic Model and the explanation of its design and application can be found 

in Appendix B. To summarize the logic model there are a variety of items to consider when 

planning and implementing appropriate STEM activities. The three rings of the logic model 

contain Virginia 4-H Science, Technology, Engineering and Mathematics Programming Logic 

Model, Experiential Learning Process & Inquiry-based Learning, and Context and Content.  

 The first circle of the logic model, Virginia 4-H Science, Technology, Engineering, and 

Mathematics Programming Logic Model (Appendix C), reminds us to: “begin with the end in 

mind, develop intentional, outcome-based programming…and maintain focus and stick-to-

itiveness” (Jamison, 2014). These 4-H shooting education STEM activities encourage youth to 

stay focused throughout their participation to fully understand how the concepts of the activities 

relate to their experiences and successes on the range. 

 The second circle relates to the experiential learning process and inquiry-based learning 

(Jamison, 2014). As previously mentioned, 4-H is driven to deliver programs that take the hands-

on-learning approach and allows youth to experience activities where they learn by doing. In this 

circle, there exist the five steps to experiential education that includes; do, share, process, 

generalize, and apply. To summarize these five steps, one must first do the activity, share what 

they have learned and/or experienced, process the information and what occurred during the 

activity, generalize and make connections to the bigger picture (in this case shooting education 
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and life), and apply what has been learned in a separate situation, which in this scenario would 

be the shooting ranges. 

 The final circle of the Logic Model contains context and content. As previously explained 

in the National Science Education Standards, the content of all of these activities corresponds to 

positively integrate STEM principles, standards, and application of the activities within the 

shooting education program. The context of the logic model refers to the context in which 

programs are delivered and as explained earlier, all of the STEM activities are delivered by 

trained 4-H staff and volunteers (Jamison, 2014).  

Significance of the Problem  

There is a need for an evaluation tool/instrument that will measure the success and 

effectiveness of Science, Technology, Engineering, and Math (STEM) teaching within the 4-H 

Shooting Education Program. According to the U.S. Department of Education (2015), the 

following job growth percentages are anticipated in the next ten years; the estimated growth all 

occupations will increase 14-percent, mathematics by 16-percent, computer systems analytics by 

22-percent, systems software developers by 32-percent, medical scientists by 36-percent, and 

biomedical engineering jobs are expected to grow by 62-percent. 

While there has been an increased emphasis on STEM education and the principles that 

are learned through STEM activities, shooting education disciplines allow youth to learn these 

principles through weekly, monthly, and annual activities. Positive youth development programs 

such as 4-H have identified these needs and have developed programs to be used accordingly. As 

evidenced by the State of Virginia’s Hunter Education Program through the Department of Game 

and Inland Fisheries and policies adopted as far back as 1988, “there has been a 25% reduction in 
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the rate of hunting-related shooting incidents…A dedicated cadre of over 600 trained volunteer 

instructors works with 170 Conservation Police Officers to train over 14,000 students each year” 

(VA Dept. of Game and Inland Fisheries, 2017). Through the proper implementation of STEM 

principles through safe and supervised programs, youth are enabled to improve their knowledge 

of both STEM and shooting education. 

In 2014, the researcher spoke with members of the National 4-H Shooting Education 

Council at a national shooting education instructor training, and they indicated the need for an 

evaluation instrument that would determine the effectiveness of the STEM curriculum for 

shooting education. There is a number of shooting education disciplines that are recognized in 

the 4-H program; archery, muzzle loading, pistol, rifle, and various levels of the shotgun. 

According to the 2015 state demographics report from the 4-H online program, in Virginia, there 

were nine hundred and fifteen youth participants from fifty-six counties/cities participating in 

shooting education programs (Personnel, 2016) as compared to 425,806, across forty-five 

different states nationally.  

There are opportunities within each of these disciplines for youth members to incorporate 

STEM concepts into their normal shooting activities. In the archery discipline, much of the 

success that youth members can experience is a direct result of understanding trajectory. For 

youth who do not fully understand the concept of trajectory, there is an activity, “Gravity…It’s a 

Drag” (Kwang & Brewer, 2011) that aligns with archery instruction which provides them a 

hands-on example of how arching a shot can improve accuracy and overall success. 

Curriculum specialists at Colorado State University (CSU) developed and implemented a 

manual of activities and curriculum specific to 4-H Shooting Education that is the current 

foundation of STEM and shooting education. This manual contains an evaluation instrument (see 
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Appendix D) that invites participants to rate general questions about STEM and shooting 

education but does not reveal how certain aspects affect their viewpoints or understanding. 

Evaluations are an integral part of determining the success of a planned program as one can see 

stated here, “Program evaluation is a valuable tool for program managers who are seeking to 

strengthen the quality of their programs and improve outcomes for the children and youth they 

serve. Program evaluation answers basic questions about a program’s effectiveness, and 

evaluation data can be used to improve program services” (Metz, 2007). A more effective 

evaluation instrument would pinpoint areas of success and invite participants to reflect on their 

experience through the activities they have participated in within the shooting sports curriculum. 

Allowing youth opportunities to relate and apply their experiences to the various shooting 

education disciplines can lead to furthering their understanding of key STEM concepts that are 

being learned in traditional school settings. As a result, youth participants may develop a desire 

to pursue STEM-based careers as they progress through their adult years. In 2007, the United 

States House of Representatives introduced a bill known as the “STEM Promotion Act of 2007,” 

which was developed to “expand the public awareness of science, technology, engineering, and 

math and encourage Americans to study and enter those fields as a matter of strategic importance 

for the United States” (Representatives, 2007). 

According to facts listed through the Congressional Research Service, below are several 

of the top reasons why raising awareness to STEM education in the United States is important. 

“It is estimated that in the United States innovations generated by the Science, Technology, 

Engineering, and Mathematics (STEM) fields account for nearly half of the growth in gross 

domestic product” (Congress, 2010). There is a deficit of college graduates in the United States 

compared to other countries; “In 2006, only 4.5% of college graduates in the United States 
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received a diploma in engineering, compared with 25.4 percent in South Korea, 33.3 percent in 

China, and 39.1 percent in Singapore” (Congress, 2010). 

“The Bureau of Labor Statistics reported that science and engineering occupations were 

projected to grow by 21.4 percent from 2004 to 2014, compared to a growth of 13 percent in all 

occupations during the same time period” (Congress, 2010). While the projected growth in the 

previously mentioned ten-year span shows improvement, the United States would continue to 

trail in these categories, assuming growth would also continue in countries such as South Korea, 

China, and Singapore. The need for increased STEM education is important for all students no 

matter their desired career paths and is explained here, “An understanding of science and 

mathematics is necessary, not only for those who will enter STEM fields as majors but for all 

citizens to understand scientific and technical issues that affect their lives” (Congress, 2010). 

Providing youth with opportunities to enhance and increase their knowledge of basic STEM 

principles and concepts may assist in bridging the gap between the United States and other 

countries in STEM-related fields. 

Through personal involvement with 4-H and shooting education as an instructor and 

previous coordinator of the Virginia 4-H Shooting Education Program, this researcher was aware 

of the need for an evaluation instrument that will gauge participants’ understanding of STEM 

concepts and how they relate to shooting education. If there is no method of documenting 

success or changes in participants involved with the program, one has to wonder why there is an 

emphasis on it in the first place. Continued effort to increase awareness for STEM as a 

worldwide initiative has encouraged the National 4-H Shooting Education Council to develop 

new methods of incorporating STEM into shooting education programs. By implementing a pilot 

evaluation instrument which can be used by state and national programs, the collected data can 
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be used to assist in identifying areas of improvement and potential growth in relation to STEM-

related activities. 

The survey, developed by CSU corresponds with their STEM curriculum manual and 

serves as a template for this study to build upon in an effort to incite thought to provoke feedback 

from participants. Many of the questions used currently in the CSU survey appear to be generic, 

closed-ended questions that do not extract the necessary information for improvements to be 

made in activities, and/or how they are implemented.  

Purpose of Study 

The purpose of this study was to develop a pilot evaluation instrument that would be used 

initially in Virginia, with the intentions to eventually circulate it nationwide. Currently, there are 

no STEM and shooting education specific surveys being used, therefore the effectiveness of the 

activities is unknown. With the assistance of Dr. Tom Archibald, Assistant Professor of 

Agriculture, Leadership and Community Education at Virginia Tech, a youth-appropriate 

evaluation instrument was created and piloted. The target audience for this study was a small 

focus group of five to six 4-H alumni who have participated in a shooting education program and 

have completed shooting education STEM activities. This pilot evaluation instrument was built 

to correspond with the CSU STEM activities that participants completed as 4-H members 

(Kwang & Brewer, 2011). Only 4-H alumni that have participated in the activities developed by 

Colorado State University, were asked to participate.  

This curriculum was chosen as a focal point of this study because it was distributed to 

each state’s shooting education coordinators from the National 4-H Shooting Education Council. 

The National Council recommended that each state use the curriculum to tie in STEM to 
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shooting education. The pilot evaluation instrument requested feedback relating to their 

experiences with the STEM activities, shooting education, as well as request feedback on how 

those activities influenced their understanding of STEM and shooting education concepts.  

The focus group of 4-H alumni were requested to complete the newly created pilot 

evaluation instrument, containing a series of questions that will allow them to reflect on their 

experience undergoing the activities. The pilot evaluation instrument was designed to be 

recognized and used nationally to determine the effectiveness of the activities, as well as lead to 

the development and implementation of future STEM activities specific to shooting sports 

education. The pilot evaluation instrument the researcher developed for implementation provided 

participants with more in-depth questions than the original and offers opportunities for the youth 

to share their personal experiences other than yes/no questions or statements. Following the 

completion of the pilot evaluation instrument, these 4-H alumni were requested to participate in a 

conference call with the researcher, where they could provide additional feedback about the pilot 

evaluation instrument. The researcher and Dr. Tiffany Drape, (Assistant Professor in the 

Department of Agricultural, Leadership, and Community Education) collaborated to prepare an 

interview guide that was used by the researcher to guide the feedback session. The feedback 

session was recorded with consent from the focus group participants and will be transcribed to 

evaluate and analyze the feedback that was given. 

Chapter 2 – Review of Literature  

Promoting positive youth development is an integral piece of the 4-H mission. Working 

with a substantially larger group of youth than adults, “research has found that quality youth 

development programs are effective in promoting positive behaviors while reducing negative 

outcomes, for young people” (Tepper & Roebuck, 2006). Shooting sports education promotes 
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safe techniques and enhances life skills. Through the awareness of STEM programming, many of 

these elements are already present in 4-H. In order to continue this positive development, there is 

a need to have an evaluation instrument that will determine if youth are learning more than how 

to be successful shooters.  

The research conducted for this study yielded a publication, recorded meeting minutes 

from the National 4-H Shooting Sports Council Annual Meeting conducted in January of 2014, 

which provides a clear justification for the study. Business items discussed included, “increased 

emphasis on STEM – Incorporation of STEM concepts and activities enhances the 4-H Shooting 

program by expanding the educational opportunities of the program and strengthening the 

acceptance of the program by state-level administrators who do not have a background or interest 

in the shooting sports” (Council N. 4.-H., 2014) . It is also worth noting that the committee made 

mention of an increased emphasis on evaluation processes. 

Research revealed that “program evaluation is a systematic method for collecting, 

analyzing, and using the information to answer basic questions about a program. While there are 

many different types of program evaluations, and many terms used to describe them, evaluations 

are typically divided into two major categories: process evaluations and outcome evaluations” 

(Metz, 2007). According to a publication regarding evaluations by Child Trends (2007), outcome 

evaluations will, “determine whether, and to what extent, the expected changes in child or youth 

outcomes occur and whether these changes can be attributed to the program or program 

activities.” 

 The theory that is steering this study is Icek Ajzen’s Theory of Planned Behavior. Ajzen 

describes this theory, stating, “According to the theory, human behavior is guided by three kinds 

of considerations: beliefs about the likely outcomes of the behavior and the evaluations of these 
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outcomes (behavioral beliefs), beliefs about the normative expectations of others and motivation 

to comply with these expectations (normative beliefs), and beliefs about the presence of factors 

that may facilitate or impede performance of the behavior and the perceived power of these 

factors (control beliefs)” (Ajzen, 2006).  This theory has been chosen as the concept behind this 

study to take into account behaviors that participants will exhibit throughout the process. Further 

explanation of this theory and its application to this study can be found in the succeeding 

sections.  

The Theory of Planned Behavior 

The Theory of Planned Behavior (TPB) is used as the theoretical framework for this 

study. The selected theory provides a correlation between the study and outcomes that the 

researcher hopes to attain during the experiment. Please see Figure 1.1 below, for the Theory of 

Planned Behavior (Ajzen, 2006). 

Figure 1.1 

 The TPB is based upon consideration of three kinds of beliefs; behavioral, normative, and 

control, and within each category of beliefs an existing behavior that correlates with that specific 

belief.  

 This theory best relates to the researcher’s study, as it provides in detail someone’s 

beliefs towards a situation and suggests methods to consider in regard to the participants’ 
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behavior. The behavior in question for this study is that of the participant's overall behavior and 

attitude towards the STEM concepts, activities, and the pilot evaluation instrument. The 

following questions arise. Were the participants interested and personally invested in performing 

the activities? How well do they respond to the various concepts? Are they likely to actively use 

and apply these concepts as they grow older?  

 The first level of TPB (Ajzen, 2006) includes behavioral beliefs and attitude toward the 

behavior, which in this case, has been defined as their overall attitude towards STEM. This 

variable is represented in this study by perceived behaviors of participants who knowingly and 

willingly participate in the aforementioned activities and complete the pilot evaluation 

instrument. As previously mentioned, the participants in the pilot evaluation instrument and 

focus group are former youth members of the 4-H shooting education program. These 

participants have participated in the shooting education STEM activities at some point in their 

time as a member of the 4-H shooting education program.  

 A key factor in the implementation of these activities is providing the participants with an 

understanding of the importance of the STEM process and how it relates to shooting education, 

as well as introducing them to STEM concepts that could foster an interest in pursuing a STEM 

career. It was stressed to the focus group participants that their role in this process can assist 

youth in the better understanding STEM and its relation to shooting sports but can also generate 

thought-provoking ideas that could potentially lead their youth to pursue careers in STEM-

related fields. 

 Much of the TPB is directly connected to Bandura’s Self-Efficacy Theory (SET), as 

previously discussed in the Literature Review. Ajzen (2002) states, “Efficacy expectation is also 

defined ‘the conviction that one can successfully execute the behavior required to produce 
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(certain outcomes)”. This statement is a reflection of the first tier of the TPB as one’s perceived 

self-efficacy relates to their behavior beliefs and attitudes towards the behavior. In the context of 

this study, an was assumption that participants would have a positive perspective on both, as it is 

their choice to accept or decline the invitation to participate and attitudes towards the behavior 

could possibly affect their participation in the process. 

 The second tier of the TPB (Ajzen, 2006) contains normative beliefs and subjective 

norm. What would the participants normally do in a different setting? Would they be willing to 

participate in the pilot evaluation instrument and focus group processes if this were a mandatory 

process and not voluntary? Would they participate if the researcher did not already have prior 

interaction with them through the shooting education program or would they decline if they were 

not familiar with the person asking them to participate? Would participants openly share their 

perspectives on the STEM activities, as well as their thoughts regarding the pilot evaluation 

instrument? In this case, normative beliefs of the participant could include pressure to participate 

and their perception of their ability to perform the desired tasks. The subjective norm could 

involve the believed perception of other people that have a close relationship with the 

participant.  

 Many of the potential participants for this study have grown up in the same county 

program or have interacted at other events. There could exist the pressure for a person to 

participate in the process because of the influence of another person. The desired outcome of 

observers in this situation is that each person would complete the pilot evaluation instrument and 

focus group follow-up meeting with little resistance. 

 The third tier of the TPB (Ajzen, 2006) contains control beliefs and perceived behavioral 

control. “To the extent that people are realistic in their judgements of a behavior’s difficulty, a 
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measure of perceived behavior control can serve as a proxy of actual control and contribute to 

the prediction of the behavior in question” (Ajzen, 2002). Factors thought to impede the 

performance of the behavior include but are not limited to: willingness to complete the pilot 

evaluation instrument, but uncomfortable in participating in the focus group, the feeling that they 

are unable to provide the requested feedback with the amount of time that has elapsed since their 

participation in the program. When prospective participants in the process were approached they 

were assured that any feedback they gave to their experiences in the activities and the pilot 

evaluation instrument will be valuable to observers. 

 Other factors that are included in the TPB are the intention and actual behavior control 

(Ajzen, 2006). Quite simply, the participants were made aware that their participation, 

understanding, and implementation of these activities could potentially lead to the 

implementation of new activities impacting youth members pursuing careers in STEM-related 

fields.  

Summary 

 The current state of properly evaluating the STEM program with shooting sports can be 

improved by creating a greater emphasis on the program outcomes experienced by the 

participant. Appendix D is the current evaluation instrument as found in the STEM Shooting 

Sports manual developed by Colorado State University. This evaluation instrument produced a 

baseline of information about STEM activities in shooting education. 

The pilot evaluation instrument created for this study, found in Appendix E, allowed 

study participants to express and reflect on their experiences with the STEM activities and assist 

in providing input to strengthen the pilot evaluation instrument. Additional improvements can be 
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made by catering the pilot evaluation instrument to better fit the youth regarding the verbiage 

used and making it easier to understand. This concept is better described as, “Think of the 

desired outcomes as what you ultimately want the program to accomplish, the activities as what 

you will do to get there, and the indicators as the gauge of whether, and to what degree, you are 

making progress. Outcomes should be consistent with what could reasonably be accomplished 

and not overly idealistic. Reasonable and realistic doesn’t mean you won’t strive for more, but in 

terms of carrying out an evaluation the more clearly defined and measurable the outcome, the 

better” (Gajda & Jewiss, 2004). The desired outcomes of this study were to extract information 

from the participants that would allow for improvements to the overall effectiveness of STEM 

and shooting education.  

Chapter 3 - Methods 

 The subjects that participated in this study are 4-H alumni (over the age of 18) of that 

have participated in the aforementioned STEM activities, while members of the 4-H shooting 

education program. The sample size or focus group for this study was relatively small in size 

with no more than five or six former 4-H members participating. These 4-H alumni were 

contacted by the researcher to solicit their involvement in the pilot evaluation instrument. After 

their initial responses to the pilot evaluation instrument were received, they were then requested 

to take part in a focus group and verbally reflect on their past experiences. 

 The reasons for utilizing a focus group for this study were: 1) gathering people that have 

experienced the same STEM activities, 2) providing an opportunity for them to reflect on their 

experiences together, and 3) providing the researcher with valuable information pertaining to the 

pilot evaluation instrument. “The purpose of conducting a focus group is to listen and gather 

information. They help to better understand how people feel or think about an issue, product or 
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service…Participants are selected because they have certain characteristics in common that relate 

to the topic of the focus group” (Krueger & Casey, 2009).  

 One of the driving factors in utilizing the focus group method, along with the pilot 

evaluation instrument was the pilot testing for readability and comprehension. This design 

presented an additional limitation (not previously mentioned) as the instrument will eventually 

be used for younger audiences than the pilot testing group (who will all be over 18). Although 

the focus group provided valuable feedback, the researcher was uncertain that the pilot 

evaluation instrument will be entirely effective for younger audiences, until it is implemented 

with the aforementioned group. Further testing may be required in the future to ensure 

effectiveness and appropriateness for the actual targeted age group (9-18), but this study provides 

a strong foundation to build upon prior to further implementation. 

Focus Group 

 The purpose of the follow-up meeting with the focus group was to provide the 

participants with an opportunity to provide further details of their experience with the shooting 

education STEM activities and the pilot evaluation instrument. The “think-aloud” approach 

(Fonteyn, Kuipers, & Grobe, 1993) was implemented in this meeting for participants to verbally 

reflect on their experiences. 

 “Think Aloud (TA) studies provide rich verbal data about reasoning during a problem-

solving task. Using TA and protocol analysis, investigators can identify the information that is 

concentrated on during problem-solving and how that information is used to facilitate problem 

resolution. From this, inferences can be made about the reasoning processes that were used 

during the problem-solving task” (Fonteyn, Kuipers, & Grobe, 1993).  With this process being 

completed after they had taken the electronic version of the pilot evaluation instrument, 
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participants were able to recall additional details or feedback that they wanted to share with the 

research team. 

 The feedback that the participants provided in the focus group using the think-aloud 

protocols is conducive to their reflection process. Donald Schon describes the importance of this 

process by stating, “when a practitioner reflects in and on his practice, the possible objects of his 

reflection are as varied as the kinds of phenomena before him and the systems of knowing-in-

practice which he brings to them. He may reflect on the feeling for a situation which has led him 

to adopt a particular course of action, on the way in which he has framed the problem he is trying 

to solve, or the role he has constructed for himself within a larger institutional context” (Schon, 

1983). The process in which the participants were asked to reflect on their experiences could 

have assisted in their understanding of the STEM concepts and how they related to their shooting 

education experiences and their lives, which Schons says, “then the practitioner may surface and 

criticize his initial understanding of the phenomenon, construct, a new description of it, and test 

the new description…” (Schon, 1983).  

 Once the desired number of participants was achieved, the focus group was asked to take 

part in a WebEx session, where follow-up questions to the pilot evaluation instrument were 

asked. “A focus group study is a carefully planned series of discussions designed to obtain 

perceptions on a defined area of interest in a permissive, non-threatening environment. Each 

group is conducted with five to 10 people led by a skilled interviewer” (Krueger & Casey, 2009). 

It was important to the researcher and the study to receive feedback on the pilot evaluation 

instrument and determine how to make it easier to read/navigate and extrapolate the desired 

information from respondents. 

Survey Methodology 
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 In compliance with the research methodology design of this study, evaluation instrument 

respondents were solicited three times through e-mail notifications to complete the pilot 

evaluation instrument (Dillman, Smyth, & Christian, 2014). The first solicitation occurred 

following participant agreement to participate and the focus-group being established, with the 

second occurring one week after the initial request, followed by the third and final solicitation, 

requested one week after the second. To summarize the process, three e-mail solicitations 

occurred within three weeks of each other.  

 “Tailored design refers to customizing survey procedures for each survey situation based 

upon knowledge about the topic and sponsor of the survey, the types of people who will be asked 

to complete the survey, the resources available, and the time frame for reporting results. Tailored 

design is a strategy that can be applied in the development of all aspects of a survey to reduce 

total survey error to acceptable levels and motivate all types sample members to respond with 

resource and time restraints” (Dillman, Smyth, & Christian, Internet, Phone, Mail, and Mixed 

Mode Surveys, The Tailored Design Method, 2014). 

 This design method was utilized due to current technological trends and advancements in 

the years since Dillman’s original “Total Design Method”. When the original method was 

created, paper surveys and telephone surveys were the primary means of communication. 

Dillman suggests that telephone and paper surveys, while still being utilized to an extent, are 

being replaced by internet communications and online surveys (Dillman & Bowker, 2000). The 

pilot evaluation instrument for this study was primarily solicited through e-mail communications 

and was available to participants with a link provided to the survey through the online Qualtrics 

program. 
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 The pilot evaluation instrument for this study was designed with the assistance of 

suggestions provided by Dillman and fellow researchers (Dillman, Tortora, & Bowker, 1998). 

There are a variety question formats used in evaluation instruments which include: multiple 

choice, yes/no, and questions that require a written response to open-ended statements. The 

electronic version of the evaluation instrument through Qualtrics was created utilizing the 

prompt to answer feature for the questions that request additional feedback. 

Subject Selection & Sampling  

 As previously mentioned, the pilot evaluation instrument was distributed to a select 

number of 4-H alumni who participated in a Virginia 4-H Shooting Education Program. As 

former members of the 4-H program, these participants had taken part in the CSU STEM 

activities through their 4-H club meetings, camps, or statewide instructor trainings. Several 

members of the focus group completed the requirements to become a 4-H instructor, which 

includes completing the general policies session where these STEM activities are facilitated to 

become first-time instructors. 

 The STEM portion of this general session is traditionally reserved for the final two hours 

of the allotted time period, to allow participants to have fun while problem-solving together. 

Groups are designated by their shooting disciplines and given 15-20 minutes to complete each 

provided STEM activity. The groups rotate through the four stations and participate in activities 

specific to their own discipline. Groups are able to participate in activities that are not directly 

affiliated disciplines to those that they are being certified in. 

 The researcher approached potential participants in the study that had completed the 4-H 

shooting education program and the STEM activities. All of the potential members of the study 

group had been involved with shooting education while the researcher served as the shooting 
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education coordinator of Virginia. These participants attended camps, workshops, and state 

events and have interacted personally with the researcher. With the focus group accommodating 

5-6 participants, the researcher used contacts from the aforementioned events to request 

participation from these 4-H alumni.  

Instrumentation 

 An initial e-mail solicitation or phone call to former 4-H members over the age of 18 

occurred prior to the implementation stage. The language used in the initial recruitment assured 

potential participants that they were not required to participate but were encouraged to do so. 

Once the desired number of participants agreed to participate, an e-mail solicitation containing 

the pilot evaluation instrument was sent to the group. A general letter was e-mailed to 

participants that explained the study and outlined their desired participation (complete the pilot 

evaluation instrument) and the link to the pilot evaluation instrument in Qualtrics. Consent from 

participants was implied by their actions to complete the pilot evaluation instrument. Please see 

Appendix F for the implied consent document that participants received. 

 Participants were encouraged to complete the pilot evaluation instrument online through 

Qualtrics. The pilot evaluation instrument was completed by participants at their convenience 

and they were contacted after responses were received to schedule the follow-up WebEx 

discussion session. Information that was requested in the pilot evaluation instrument includes 

shooting education experience, knowledge of STEM principles, and “aha” moments related to 

their experiences with the activities. Below is a list of activities that participants may have 

completed as 4-H members. 
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The following CSU STEM activities participants potentially engaged in, are located in 

Appendices (G-J):  

 Building bridges out of Twizzlers (relating to the use of bone in shooting stances). 

 Rolling a marble down a ramp and watching it hit several other marbles (potential 

and kinetic energy), building marshmallow catapults (trajectory and direction). 

 Using a ping pong paddle to hit a ball through holes in a board for points (angle 

and force).  

 All of the activities require participants to build the required structure in order to 

complete each specific task. The pilot evaluation instrument has been developed based on the 

STEM content with the consideration that once the pilot stage is completed, the evaluation 

instrument may eventually be used with current 4-H shooting education members. Evaluation 

statements are designed to ask open-ended questions requiring participants to go in depth with 

their answers, as opposed to one or two-word responses. The final product of the pilot evaluation 

instrument will be reviewed and built by the researcher and the study advisory panel.  

The purpose of this style of design (asking open-ended questions) is to create an 

evaluation instrument that will first be used within the state of Virginia, to gauge the success of 

the shooting education activities, as well as for former 4-H members to test the survey for the 

effectiveness of the questions. The success of this study will depend on the willingness of these 

participants to complete the pilot evaluation instrument, now that they have aged out of the 

program. Institutional Review Board (IRB) consent was obtained and participants were notified 

of the study and it was explained how their involvement could potentially improve STEM 

education and shooting sports on local, state, and national levels.  
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Data Collection & Analysis 

 The follow-up WebEx meeting utilized an interview guide that was adapted from Richard 

Krueger’s, “Designing and Conducting Focus Group Interviews” (Krueger, 2002). Krueger 

provides a variety of characteristics to be considered for effective facilitation of focus group 

interviews that include; participants (5 to 10, 6-8 preferred), environment, moderator, and 

analysis and reporting. 

 While the preferred group size is 6-8, the focus group for this study was limited to 5-6. 

This group was carefully recruited based on their previous participation the 4-H shooting 

education program and the STEM activities. This portion of the study was conducted through the 

WebEx program, recorded, and then transcribed by the researcher after the WebEx session. The 

interview guide (see Appendix K) that was used used for this focus group session has been 

created by the researcher and approved by the advisory committee.  

The first phase of the data collection process took place using the pilot evaluation 

instrument in Qualtrics. Data from the surveys was compiled by the researcher to evaluate the 

feedback from the participants regarding their experiences with the shooting education STEM 

activities. The researcher was hopeful that the feedback provided would give a better 

understanding as to how effective the activities are on a 4-H member. This information assisted 

to better educate the researcher on the effectiveness of the pilot evaluation instrument as a whole. 

The second phase of this study occurred within three weeks of the participant’s 

completion of the pilot evaluation instrument. The researcher prepared an interview guide that 

was utilized to facilitate the focus group discussions. The participants were made aware at the 

beginning of the session that their responses were being recorded and would be transcribed to 
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allow the researcher to further analyze and understand their feedback. The participants’ verbal 

responses are included in this study, along with that of the pilot evaluations instrument. 

 The focus group was partially transcribed and coded using an open coding scheme which 

is described as, “the stage during which the reviewer reads an interview while recording 

comments and questions; these will be reviewed after all the interviews in the study have been 

read and the review has become initially acquainted with the new and vast inner worlds of the 

interviewees” (Creswell & Plano-Clark, 2017). All findings from this exercise and the pilot 

evaluation instrument are reported in this study, with assured anonymity to the participants 

involved. The open coding technique was utilized in conjunction with the In Vivo Coding 

method, which has also been labeled as “Literal Coding and Verbatim Coding” (Saldana, 2009).   

  Responses from participants were transcribed to analyze commonalities, memorable 

moments, and other statements that stood out to the researcher. To ensure that no valuable 

feedback was overlooked, each statement was segmented using quotations and listed in 

numerical order to reflect the correct sequence of the participants’ responses. For example, the 

question of how did the STEM activities provide you with an increased knowledge of Science, 

Technology, Engineering, and Mathematics, could be answered as, “the Twizzlers activity 

showed me that if I use more points of contact with my body in each rifle shooting position 

(standing, kneeling, sitting, prone), I will be more steady and stable, which will result in better 

shot accuracy”. 

 The previous statement would then be coded as;  

1. “The Twizzlers activity showed me” 

2. “More points of contact with my body” 

3. “Each rifle shooting position” 
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4. “I will be more steady and stable” 

5. “Resulting in better shot accuracy”. 

 This method of coding allowed the researcher to identify any key points of emphasis 

expressed by participants and will also indicate STEM concepts that were most impactful. It is 

suggested that “as you read interview transcripts or other documents that feature participant's 

voice, attune yourself to works and phrases that seem to call for bolding, underlining, italicizing, 

highlighting, or vocal emphasis if spoken aloud” (Saldana, 2009). The researcher will utilize the 

‘bolding’ technique in the transcription process to show a change in expression or key points. 

Participant feedback, either positive or negative, was needed to ensure completion of this 

pilot evaluation instrument. With current technological advances, the researcher believed that 

more participants would respond to email requests than traditional physical mailing methods. As 

previously mentioned, participants received three email requests to complete the pilot evaluation 

instrument, with the evaluation instrument link included, within a three-week span.  

Results  

 Participants in this study were recruited three times over the course of three weeks. Four 

participants completed the evaluation instrument, ranging from 19-21 years of age. There was an 

equal representation of males (2) and females (2), and all respondents self-identified as ‘white' 

on their demographic information. Participants were prompted to identify the number of hours 

they spent per month participating in shooting education activities as a 4-H member. There was a 

minimum of three hours and a maximum of thirty hours being identified. Of the four 

participants, three indicated that they would be interested in participating in the focus group 

follow-up discussion. Two separate discussions were held, with the first involving two 

participants and the second, involving the final participant.  
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 The required qualifications to participate in this study were defined as an individual had 

to have aged out of the 4-H Program (at least 19 years old) within the last 2-3 years and had to 

complete at least 2-4 of the STEM activities within the CSU curriculum. It was revealed through 

the focus group discussions that only one participant (Participant A) had completed the 

requirement, while Participant’s B and C had not fully fulfilled that requirement. The researcher 

continued the discussions in an effort to gain feedback regarding the activities that Participant’s 

B & C had completed and the evaluation instrument. All feedback received through the 

evaluation instrument and the follow-up discussions provided the researcher with the necessary 

information to improve the evaluation instrument and to make recommendations for future 

STEM activities and experiences. 

 The evaluation instrument utilized fifteen data collection questions with the final question 

soliciting participation in the focus group follow-up by providing the consent information 

necessary to participate. These questions included both open-ended and closed questions, with 

additional explanation requested upon prompt in several cases. An option was given to allow 

participants to indicate if they would participate in the focus group [they were prompted to list 

their name and preferred form of contact for further communication.] The focus group 

discussions included eleven general questions and two of these questions had additional sub-

questions that were specific to certain disciplines and their corresponding STEM activities. 

Participant responses were then partially transcribed using an open coding format, which the 

researcher used to identify commonalities or themes in responses.  

Research Questions 

The two questions that guided this work were:  
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1. What are the participant perceptions of conducting experiments relating to Science, 

Technology, Engineering, and Math outside of the classroom? 

2. How does youth participation in these specific shooting sports STEM activities provide a 

better understanding of what STEM is and its relationship with shooting sports? 

Response to Research Question #1 

Perceptions of STEM and shooting education 

Overall, participant feedback was positive in regards to completing STEM activities as a 

part of their shooting education programs. Participants provided thoughtful and insightful 

feedback based on their experiences as 4-H members. When asked about how they viewed the 

activities, participants described the activities as, “fun, intuitive, and interactive,” “different and 

exciting,” and “interesting to say the least, a lot of times they weren’t fun at all.”  

The researcher discovered that the participant’s perception of activities varied between 

that of actual CSU STEM activities and developmental activities specific to the shooting sports 

disciplines in which they had participated. For example, one participant explained an activity to 

the researcher that they thought to be a STEM activity and it was actually a standard technique 

used to teach sight alignment in the rifle discipline. This may, in fact, have played a role in the 

participant's misunderstandings of what the shooting education STEM-specific activities were 

and if they had completed them.  

 Participant feedback provided the researcher with information on what aspects of the 

program and activities made the STEM experience memorable their shooting education careers. 

“Seeing participants’ reaction to all the sciency-engineering things that they might not normally 

see and seeing that discovery in them was my favorite part.” One participant added that the 
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STEM activities, “help younger kids and even older kids understand and shooters understand 

what’s happening when they’re shooting.” 

Participants felt that the STEM activities were interactive and educational, while also 

producing moments of clarity throughout their experiences. One participant stated, "Instructors 

would take a moment during practice and explain the science of what's going on, why does this 

do what it does", while another participant added, "people would ask, why does this do this? One 

of the times we had was when someone saw the arrow in midflight was wiggling around and the 

instructor explained what that was.” 

Suggestions to Improve the Climate of STEM activities and Shooting Education 

While participants felt that the activities were interactive and educational, the group's 

opinions varied when the question of, “In what ways would you suggest changing your 

experiences with the STEM activities?” The three focus group participants had varying opinions 

on this topic.  

Participant A mentioned that they saw the activities as being more of "camp or training 

activities." This participant added that "if we tried to tell my coach that we needed to do STEM 

activities at every practice, I don’t think it would have happened. This should be targeted more at 

younger people or newer shooters. It would help them have that better understanding earlier on”. 

It was suggested that the idea that younger youth do not have the same understanding and 

concept of certain advanced skills (trajectory, motion, angles), could be enhanced using the 

STEM activities. This participant added that implementing these activities with 9-13-year-olds 

was more beneficial than re-teaching these concepts to older members. 

 Participant B stated that they felt that “STEM activities could be enforced a little bit 

more than usual, we didn’t do much of it. We really didn’t experience much of the STEM 
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activities, a lot of what we learned from the adults when we were practicing.” This participant 

mentioned that they would like to see the activities enforced more within the 4-H clubs so that it 

would draw more participants in to participate. This participant suggested that shooting 

education was more than shooting and club members should have to complete mandated 

activities such as STEM in order to participate in competitions. 

Participant C suggested that "we could implement it more so in the older groups, not just 

the younger ones and not just do it a little bit here and there, have it more for everyone.” This 

feedback is important in understanding the frequency and time spent by club instructors to relay 

STEM concepts to their club members. Additional thoughts and suggestions can be found in the 

recommendations section. 

Response to Research Question #2 

 The second research question asked, "How does youth participation in these specific 

shooting education STEM activities provide a better understanding of what STEM is and its 

relationship with shooting sports?” 

Perception of STEM Concepts Relating to Shooting Education 

 Participants described their thoughts about how certain STEM concepts related to 

shooting education, including learning stability, chemical reactions, and equipment. Specific 

feedback targeted at stability while shooting was prevalent in relation to the ‘Know Them Bones' 

activity, which can be applied to the rifle and pistol disciplines. Participants said, "triangles make 

your body more stable. I would hold my arm close to my side so that I could kind of support the 

pistol and still have that triangle shape." They also added, "You have to make you have a strong 

base, you don’t want to hold your feet close together, have a triangle in your legs with the 

ground.” Participants were asked to describe their experiences related to certain each STEM 
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concept through the utilization of sub-questions during the interview. The participants spoke of 

their overall perceptions of the relationship between STEM and shooting question with generally 

positive comments and feedback. 

Science Components 

 For the science component of STEM, the common message from participants was about 

chemical reactions and how that affects your shot success. Two participants expressed how their 

knowledge of chemical reactions was enhanced through the shooting education program. “The 

striker hits the primer, the primer causes the spark, the spark causes the powder to ignite which 

expels the bullet or pellets out of the gun.” Another participant added their input specifically 

relating to the shotgun discipline, stating, “when you hit the primer, the gas formed in the larger 

chamber, and then in that chamber, it explodes and causes the pellets to go out at the front in a 

great force.” 

Participants were not only able to apply these concepts to the fire burning firearms, as 

one participant explained. "If you fired a BB gun in rapid succession, the mechanisms inside will 

heat up and will cause the gun to not be accurate." The comment was made that you learn the 

order of actions necessary for the chemical reactions to occur. The researcher found these 

responses to be very valuable as all participants in the focus group had participated in the rifle 

discipline, a similarity that they all had in common.  

Technology Components 

On the topic of technology, there were similar responses that the use of timers in shooting 

education was a main source of technology. In shooting education competitions, youth must 

register a certain number of shots on their target(s) in a required amount of time. This is 

something that the participants explained was present not only in competitions, but in practices 
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as well. One participant noted that they learned about different tools in practices while 

assembling and breaking down target stands. An interesting comment arose from a participant 

who stated, "Firearms in themselves are technology, and it doesn't necessarily have to be 

computers." This comment suggests that to some, more emphasis is put on new advances in 

equipment, such as computers, and not as much on how far firearms have come since their 

creation.  

Engineering Components 

 A majority of the comments made by participants on the topic of engineering were 

applied to their experiences building an object or structure within a specific STEM activity. 

These activities ranged from building catapults and launching marshmallows to engineering a 

bridge and testing its breaking strength when weighted objects were applied. One response added 

to a previously mentioned comment about stability and what shape was the strongest. The 

respondent noted that they knew triangles to be strong and sturdy and incorporated that into their 

bridge design. 

One participant expressed that, "the catapult one did involve the learning of 

aerodynamics." This activity incorporates multiple engineering concepts as participants must 

discover how to make their catapult launch an object the furthest while determining factors that 

will also make it lightweight and provide adequate motion. It was also explained that 4-H 

members use engineering basics in practices while assembling their own target stands to use 

while shooting.  

Mathematics Components 

 The area of mathematics provided some of the more in-depth feedback throughout the 

course of the study. Participants provided their analysis on two main reoccurring themes, angles 
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and the use of math to score targets. As it has been previously mentioned, two participants 

provided great detail on how learning and knowing angles can assist in being successful at 

shooting education. For example, "proving that triangles are the strongest shape. In rifle, they 

taught us to put our elbow on our hip and make that triangle. If you make stable shapes with your 

body, you're going to be steadier when you're shooting." Another participant added, "if you 

throw or launch something at a 45-degree angle, it's going to go the furthest instead of launching 

it a 30-degree angle.” 

 All participants indicated in one manner or another that their mathematics skills were 

enhanced or tested. "It (scoring targets) tested my ability to do math in my head and was a good 

refresher for basic math." Additional feedback elicited that as a 4-H member you… "have to be 

able to do quick hand math, addition and subtraction, not have to break out a calculator just to try 

and find something out.” 

Other STEM Connections 

 Participants expressed their thoughts on additional connections they made during their 

shooting education experiences, with the help of STEM. The topic of discussion was directed 

more at the concepts of trajectory and recoil. Both principles can be tied to previously mentioned 

concepts, specifically science and mathematics, and how they are related to the STEM activities. 

Two of the participants possessed an impressive knowledge of the archery and shotgun 

disciplines, having been active in both. The common factor in both of these disciplines was the 

catapult activity. For archery, a participant described, "As more power was put into an object to 

launch it, the further it would go. With a bow, if you do a full draw on the bow, you will get the 

maximum amount of power you need in order to send it (arrow) to your desired destination." It 

was also stated that "being able to plan how I was going to shoot around the brush and trees, 
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every time I moved, I needed to adapt to that distance in order for me to make the right shot. 

Being able to visualize what was actually going to happen when my arrow left my bow." 

 In relation to the shotgun discipline, participants explained the importance of "leading" 

(identifying how far to aim and shoot in front of a target as it moves further away). "With your 

targets, you have to lead it more than anything in order to hit your desired target. With the 

catapults, it also has travel time. Aim ahead of it with the right amount of power and the right 

amount of angle in order for it to reach its destination and ensure that it hits." The catapult 

activity is one that can be modified from its original directions, to fulfill a group's needs and 

expectations, as explained previously with the varying types of scientific inquiry.   

 In 4-H shooting education, there are different levels of recoil a participant can expect 

from various types of powder-burning firearms. Small-bore rifle and pistol (.22’s) experience 

less recoil from that of a shotgun. This is largely due to the small amounts of gunpowder used in 

a .22 caliber shell than that of a shotgun shell (.12 gauge or .20 gauge, .20 being less). A 

participant who only has rifle experience described their understanding of recoil, stating, 

"Learning that the higher up in guns that you go, the more recoil it tends to have." While this 

participant's experience is limited to the rifle discipline, the same factors exist when someone 

advances through the various components of the rifle discipline. When a beginner participant 

starts shooting a rifle, they must learn to master a BB gun (no recoil to very low recoil), before 

they move to an air rifle. BB guns function with a spring-loaded firing mechanism, where an air 

rifle uses compressed air or CO2 to propel its projectile. As a result, shooting education 

participants can expect a low recoil on an air rifle. The progression from an air rifle to a .22 

provides a more noticeable recoil, due to it being a powder burning firearm, compared to 

compressed air or CO2 from an air rifle. 



STEM and 4-H Shooting Education 47 

 

Suggestions to Improve the Climate of Incorporating STEM Concepts 

 The participant group as a whole had very few suggestions regarding the improvement of 

the incorporation of STEM Concepts in Shooting Education. One comment that arose was, 

“Having to incorporate a little bit more on the scientific method process and a little bit more on 

the math side”. This participant included that mathematics in shooting sports can be expanded 

upon more than basic addition and subtraction.  

Pilot Evaluation Instrument Implementation and Feedback 

This study was designed around three objectives that include;  

1. Create a pilot evaluation instrument.  

2. Engage 4-H Alumni to serve as the test group.  

3. Develop and finalize an evaluation instrument that may be published and used by 

local, state, and national 4-H Shooting Education Program for youth participants.  

The first objective of this study was completed prior to the initial communication with the 

researcher’s colleagues, volunteers, and 4-H alumni. With the assistance of the advisory 

committee for this study, the pilot evaluation instrument was designed to be easy to understand 

and navigate, elicit applicable participant responses, and provide a foundation for an evaluation 

instrument to be implemented in the future. The completion of this objective allowed the 

researcher to engage 4-H alumni as the test group. 

 Participant feedback will allow the researcher to progress forward with finalizing an 

evaluation instrument specific to STEM and 4-H Shooting Education. Focus group participants 

were presented with the opportunity to provide their overall feedback on the pilot evaluation 

instrument. The overall feedback was positive, with all participants stating that they had minimal 

or no issues with the instrument and their ability to complete it. One participant explained, "I 
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found that the assessment, in general, was just an easy straightforward assessment. Just from my 

personal experience, I have taken many different surveys for people and that was probably the 

most straightforward, easily answered ones.” 

 There were multiple notable suggestions brought up in the follow-up discussions that will 

be considered moving forward. The first suggestion included adding a brief description of each 

activity to correspond with the name already given. Participants explained that although they 

recalled completing certain activities, they were unsure which names corresponded with the 

specific activities. This was explained by one participant that suggested, “Adding a brief 

description of the activity with the name because once I thought about it, I could kind of 

determine which ones I had done but I wasn't always 100% sure." A second participant agreed 

that that was the only suggestion they had as well. 

 An additional suggestion included adding a selection box for participants to express their 

interest level in completing further activities. Currently, there only exists an option to select the 

activities that they have completed. Participants explained that if youth participants were taking 

the survey and had an option to select activities that they would be interested in, this could help 

instructors and club leaders gauge areas of interest moving forward. Another participant stated 

that they would like to see "more upper-level stuff" added to the survey. This participant clarified 

that they would like to see more scientific methods process, specifically hypothesizing and 

upper-level math included with the survey, adding that there is more to math than simple 

addition and subtraction. 

  The researcher invited participants to provide additional feedback and it was mentioned 

that, "I think that the survey you created works very well for reading that interest and evaluating 

their effectiveness.” Two separate comments arose that this survey could prove difficult for a 
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younger (9-13) participant to complete on their own, potentially requiring an adult to assist them 

through the process.  

Researcher Recommendations  

 The researcher has several recommendations that include; study sample size, recruitment 

of participants, and curriculum implementation. These recommendations are influenced by the 

interactions the researcher had with several of the evaluation instrument respondents and focus 

group participants through his two-year term as the Virginia 4-H Shooting Education 

Coordinator. Many of the recommendations that will be presented are in large part due to the 

researcher’s experience in this role.   

The first recommendation that the researcher has is to gain a larger sample size to 

validate the results of original research. With a larger sample size additional perceptions and 

feedback would be gained in order to implement the research findings. In order to gain a larger 

sample size, the researcher suggests implementation of various recruitment strategies to boost 

club participation within shooting education. Suggested recruitment strategies include: 

circulation of local programmatic newsletters, utilization of advertisements methods such as 

local newspaper, social media, and unit extension websites, as well as a club open house to give 

prospective youth an introduction to club activities. 

An additional recommendation the researcher has, is to recruit and involve more 4-H 

members with these activities. The original data-collection plan involved targeting 6-10 former 

4-H members to participate in this study. It appears that there are simply not enough youth being 

introduced to STEM, in an otherwise very popular program. The researcher personally sent e-

mail recruitment solicitations that reached over 300 people, with other’s forwarding it to club 

volunteers and was able to assemble a list with only five possible names on it. Of those five, four 
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of them participated in the initial stage of taking the pilot evaluation instrument. The researcher 

understands the variety of extracurricular options presented to youth that could potentially be 

hindering their participation in shooting education. Through recruitment, the researcher is 

hopeful that there would be additional youth involvement, therefore bolstering participation in 

these STEM-related shooting education activities. 

Another recommendation for consideration comes from the researcher’s personal 

experience and knowledge of the researcher’s appointment as the Virginia 4-H Shooting 

Education Coordinator—within the Virginia 4-H Shooting Education Program and the National 

4-H Shooting Education Program, an increased emphasis is being placed on STEM and 4-H 

Shooting Education. It is suggested by the National 4-H Shooting Education Council, that 

nationally certified instructors (must be certified by National 4-H to instruct on the state level) 

and state level coordinators facilitate these activities during their state-level workshops. This is 

done in an effort to introduce new instructors to the STEM manual, as well as to urge them to use 

and implement this curriculum within their local clubs. While it is a suggested resource, it is in 

not mandatory. The researcher’s recommendation is that it becomes a mandatory practice to use 

the STEM manual outlying the appropriate curriculum activities in relation to shooting 

education. 

 In the results section, valuable participant feedback was given on this exact topic. 

Multiple responses indicated that this curriculum should be implemented more regularly, 

whereas one participant felt that coaches would not follow the procedure if it was mandatory. 

The researcher feels that there should be a discussion with state and national program leaders 

about how instructors can facilitate these activities on a regular basis, as well as using the 

available nationwide curriculum. There are so many valuable concepts within the activities that 
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can assist youth in the better understanding STEM and how it relates to shooting education. This 

also depends on the instructor’s comfort level with certain aspects of the curriculum and what 

they have to learn to apply others. 

Regular implementation can also assist in bridging the gap that the United States’ is 

experiencing with other countries involving the topic of STEM-related careers. In this study, two 

out of four (50%) of survey respondents indicated that they were interested in pursuing STEM-

related careers. One participant indicated that they were currently studying engineering, while 

the other participant is pursuing an animal science degree. Again, with the sample size being as 

small as it was, one cannot read too much into that statistic, but it would be beneficial to examine 

this on a larger scale. The researcher is hopeful that with a larger sample size as suggested, 

similar results would enhance the necessity of allowing youth opportunities to participate in 

STEM-related activities that would assist them in their future careers. 

The National 4-H Shooting Education Council could provide assistance in conducting 

this study within other states or on a national level to better determine the STEM curriculum's 

effectiveness. Positive feedback from focus group participants has indicated that this pilot 

evaluation instrument is one that is easy to read and understand. The researcher is encouraged 

that this could be an effective evaluation instrument, with the minor alterations that participants 

suggested. 

A further recommendation of the researcher is to update and modernize the existing 

curriculum. While it is a great resource to utilize currently, there may exist additional activities 

that have been created as a result but are not publicized as of yet. If resources are available, this 

curriculum should be revisited and updated every 2-4 years. The shooting education program is 
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an avenue of 4-H that constantly promotes life skills and youth development, and the curriculum 

should be updated to reflect that. 

Finally, the researcher suggests that this study is updated to include areas of improvement 

based on feedback from the focus group. This study should then be revisited in the next 3-5 years 

in Virginia to examine any changes in the amount of youth participating in STEM through the 4-

H Shooting Education Program. Several of the researcher’s colleagues indicated during the 

recruitment process that they currently have youth participating in the program. They were 

hopeful that they would have members that fit the requirements to participate in the study in the 

future.  

Summary 

 This study was designed to contribute to area youth having the ability to develop a better 

understanding of STEM concepts and their relation to 4-H Shooting Sports. The 4-H Shooting 

Education Program utilizes a curriculum that was developed by Colorado State University, 

which contains STEM activities specific to shooting education. While these activities are great 

resources, the researcher felt it necessary to develop and evaluation instrument that would 

extrapolate participant feedback and allow for overall improvements in STEM connections made 

through shooting education. 

The sample group that was selected for this study consisted of former 4-H members 

(alumni) that had aged out of the program within the last 2-3 years. Having a piloted version of 

this evaluation instrument completed by 4-H alumni, provided the researcher with necessary 

feedback and understanding of methods to improve the evaluation processes to be used with 

youth participants in the future. Further feedback was received, although focus group discussions 

indicated that 75% of participants participated in the survey  
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The researcher’s goal for the pilot evaluation instrument is to one day be adopted by the 

National 4-H Shooting Sports Council and used across the nation. With proposed suggestions 

from this study’s sample group, the researcher is confident that this evaluation instrument 

provides a solid foundation for a youth-friendly evaluation tool. Further implementation amongst 

youth participants can provide researchers with additional feedback for additional improvement.  
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DRAFT: STEM and Shooting Education Pilot Evaluation Instrument - Copy 

 

 

This is an anonymous survey in regards to your participation in the 4-H Shooting Education STEM Program. 

 

 

 

Age 

________________________________________________________________ 

 

 

 

Gender 

________________________________________________________________ 

 

 

 

Ethnicity  

o Non-Hispanic of Latino    

o Hispanic or Latino   

 

 

 

Race (select one or more) 

▢ American Indian or Alaskan Native   

▢ Asian   

▢ Black or African American   

▢ Native Hawaiian or other Pacific Islander   

▢ White   

 

 

 

How many years have you been participating in STEM activities through the 4-H Shooting Education Program? 

________________________________________________________________ 

 

 

 

How many hours do/did you typically spend participating in 4-H Shooting Education programs each month? 

________________________________________________________________ 

 

 

1. Due to participating in Science Technology Engineering Math (STEM) activities through the 4-H Shooting 

Education Program 

 Disagree (1) Neutral (2) Agree (3) I'm Not Sure (4) 
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I learned something 

in relation to 

shooting education 

that I did not know 

before.  

  

▢  ▢  ▢  ▢  

I enjoyed the STEM 

lessons.  ▢  ▢  ▢  ▢  
I think that the 

STEM lessons are 

fun and interactive.  

 

▢  ▢  ▢  ▢  
I would like to 

pursue a career in a 

STEM-related field 

(If yes, what career 

would you pursue)  

 

▢  ▢  ▢  ▢  

I believe STEM 

should have a 

stronger presence in 

shooting education.  

 

▢  ▢  ▢  ▢  

I better understand 

the principle of 

trajectory.  

 

▢  ▢  ▢  ▢  
I better understand 

the principle of 

motion.  

 

▢  ▢  ▢  ▢  
I better understand 

the principles of 

kinetic and potential 

energy.  

 

▢  ▢  ▢  ▢  

I would like to do 

more STEM 

activities within 

shooting education.  

  

▢  ▢  ▢  ▢  

I look forward to 

learning how STEM 

corresponds with 

shooting education.  

 

▢  ▢  ▢  ▢  

I believe that 

science is an 

important principle 

of shooting 

education.  

▢  ▢  ▢  ▢  

 

I believe that 

technology is an 

important principle 

▢  ▢  ▢  ▢  



STEM and 4-H Shooting Education 71 

 

of shooting 

education.  

 

I believe that 

engineering is an 

important principle 

of shooting 

education.  

 

▢  ▢  ▢  ▢  

I believe that 

mathematics is an 

important principle 

of shooting 

education.  

 

▢  ▢  ▢  ▢  

I would like to make 

additional 

discoveries in how 

STEM relates to 

shooting education.  

  

▢  ▢  ▢  ▢  

I believe STEM 

should not be 

included in shooting 

education.  

  

▢  ▢  ▢  ▢  

I believe teaching 

STEM helps new 

shooters learn basic 

principles of 

shooting education.  

▢  ▢  ▢  ▢  

 

 

Display This Question: 

1. Due to participating in Science Technology Engineering Math (STEM) activities through the 4-H... = I would like 

to pursue a career in a STEM-related field (If yes, what career would you pursue)  

 

Since you answered yes to "I would like to pursue a career in a STEM-related field", please share what STEM-

related career you are interested in.  

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

 

2. Please click the appropriate button for each of the activities below. 

 This activity helped 

me better 

understand shooting 

education concepts  

This activity helped 

me become more 

interested in STEM 

projects  

This activity 

improved my 

critical thinking 

skills  

I have not 

participated in this 

activity 

 

Energy...I Need 

Energy  ▢  ▢  ▢  ▢  
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Gravity...It's A Drag 

(Ping Pong Board)  ▢  ▢  ▢  ▢  
 

Reactions...Hot 

Times!  ▢  ▢  ▢  ▢  
 

Know Them Bones 

(Twizzlers)   ▢  ▢  ▢  ▢  
 

A Catapult Fling   ▢  ▢  ▢  ▢  
 

Building an Ear 

Plug "Shooter"   ▢  ▢  ▢  ▢  
 

Physics and 

Shooting  ▢  ▢  ▢  ▢  
 

Gun Recoil   ▢  ▢  ▢  ▢  
 

Building and Atlatl  ▢  ▢  ▢  ▢  
 

 

 

 

3A. What is the most exciting activity and/or concept that you have learned while doing these activities? Examples; 

Know Them Bones (Twizzlers) I Need Energy (Kinetic and Potential), A Catapult Fling, etc. 
________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

 

 

3B. In response to the previous question, what made this activity exciting for you? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

 

 

4. What other STEM activities and concepts related to shooting education would you like to see created in the 

future? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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5. What are some suggestions you have for promoting STEM within 4-H shooting education? For example, what 

could you do to get your friends more interested in doing these activities? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

 

 

 

6. What would you tell your friends about this program? For example, if a friend asked you about activities 

associated with shooting education, what would you say? 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 

________________________________________________________________ 
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Appendix F  
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Dear [insert potential participant name], 

 

You are invited to participate in a pilot evaluation instrument in Science, Technology, Engineering, and 

Mathematics (STEM) in 4-H Shooting Education. 

 

The purpose of this study is to generate new knowledge about the effects and outcomes of STEM and 

shooting education. This knowledge will be used to assist the research team in building an evaluation 

instrument that can be used in the future with youth 4-H members. We expect to find specific information 

about the current knowledge, perceptions, and attitudes regarding STEM in shooting education among 

individuals who have completed the shooting education program in Virginia. Results will be shared via a 

project and report document being completed by Tyler Painter, publications and programs, and white 

papers. 

 

Should you agree to participate, you will be asked to complete a survey that will take about 15-20 minutes 

to do. If you agree to participate, you can simply click the link below to complete the pilot evaluation 

instrument online in Qualtrics. If you agree to participate but would rather complete a paper version of the 

pilot evaluation instrument, there is information on how to do so below, as well. 

 

Should you agree to participate, you will be requested to participate in a WebEx follow-up session at a 

future date. This session will provide additional feedback and input as a former shooting education 

participant and will gauge your perceptions of the overall program and the pilot evaluation instrument as a 

whole. 

 

There are no significant risks or benefits associated with participation in this pilot evaluation instrument. 

Your participation is completely voluntary and your responses will be confidential. 

 

This study is being conducted as part of a Graduate School Research Project, by Tyler Painter. 

 

If you have any questions about this pilot evaluation instrument, please contact researcher: Tyler Painter, 

tpaint85@vt.edu.  

 

Should you have any questions or concerns about the study’s conduct or your rights as a research subject, 

you may contact the VT IRB Chair, Dr. David M. Moore at moored@vt.edu. 

 

 

External Link to Qualtrics survey 

 

 

External Link to STEM in Shooting Education pilot evaluation instrument 
 

 

 

 

 

 

 

 

mailto:tpaint85@vt.edu
mailto:moored@vt.edu
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STEM and 4-H Shooting Education: Evaluating Outcomes 
Focus Group Interview Guide (Adapted from Richard Krueger) 

 

Welcome: 

 Introductions of Tyler Painter and Tiffany Drape 

 

The Topic of Discussion: 

 Explain that the topic of discussion is their involvement with the shooting education program and 

participation in the STEM activities associated with the various disciplines. Also, as a follow-up 

to taking the evaluation instrument participants are being asked to provide feedback on their 

overall participation in the program, more especially on the evaluation instrument. 

 Explain to participants that the purpose of this study is to eventually provide an evaluation that 

can be used in Virginia to assess youth participants’ experiences with the hopes of implementing 

an evaluation that can determine strengths and weaknesses of the curriculum. Results of their 

feedback can be used to target areas of improvement regarding the STEM activities and how to 

connect shooting education to STEM and generate interest in pursuing STEM-related careers. 

 Explain that they were selected because of their involvement in the shooting education program 

and participation in the Colorado State University STEM activities. Through interactions with 

Tyler Painter as the Virginia Shooting Sports Coordinator, they have been identified as 

participants. 

 

Guidelines: 

 There are no right or wrong answers, only differing points of view based on individual 

experiences and interpretations. 

 We’re recording this conversation and ask that only one person speaks at a time. Your feedback 

will be transcribed and used as results in the report of the study.  

 We’re on a first name basis and encourage you to refer to the moderators and each other as such. 

 You don’t need to agree with others, but we ask that you listen respectfully to others in this group 

share their views. 

 Rules for cell phones, computers, etc. (most participants will be using their cell phones to call in). 

We ask that you not respond to phone calls, text messages, e-mails, or other communications 

during this phone call. If you must respond to a correspondence, please do so quietly and rejoin 

us as quickly as possible. 

 Roles as moderators: Guide the discussion and ask applicable questions. 

 We encourage you to talk to each other and provide applicable feedback. 

 

Introduction statement of study and opening question: 

 

Good evening and welcome to our focus group session. I appreciate each of you for taking the time to 

complete our evaluation instrument and joining us to talk about STEM in 4-H shooting education. My 

name is Tyler Painter and assisting me is Tiffany is assisting in this process as an advisor to the project 

study and is an experienced moderator in such discussions. We want to know about your experience in the 

shooting education program, experiences that you had in the STEM activities, and feedback on the 

evaluation instrument that you recently completed. All feedback provided, either positive or negative is 

greatly appreciated. 

 

You were invited because you have participated in the 4-H shooting education program, have completed 

various STEM activities associated with shooting education, and participated in our pilot evaluation of the 

shooting education STEM activities. 



STEM and 4-H Shooting Education 95 

 

As mentioned in the guidelines of our conversation, there are no right or wrong answers but differing 

points of view. Please feel to share your point of view even if it differs from what others have said. Please 

keep in mind that we’re just as interested in negative comments as positive comments, and at time 

negative comments are the most helpful. 

 

We are recording this session because we do not want to miss any of your comments. We want to assure 

that we do not miss any of your comments and will transcribe our discussion once we have completed. 

We will be on a first name basis tonight, but will not use any of your names in the report of tonight’s 

session, so you can be assured of complete confidentiality. The reports will be shared as needed with 

professionals as we develop this pilot evaluation instrument into a youth-friendly survey. 

 

Well, let’s begin. As this discussion is occurring, each of you will have the opportunity to share your 

thoughts and reflections. We would like to find out some more about each of you joining us today. To 

start, please tell us your first name, and how long you were involved shooting education program. If 

someone would like to volunteer to go first and then we will continue in a round-robin fashion. 

 

Question #1: 

What disciplines did you participate in as a 4-H shooting education member and what STEM activities 

did you complete as a result of your involvement with this/these specific disciplines? 

 

Question #2: 

What are some of the memorable moments or things that stuck out that you remember most from the 

shooting education program and participating in the STEM activities? 

 

Question #3:  

Think back to your when you were a 4-H member, what concepts specific to your shooting disciplines did 

you learn or understand better because of the shooting education STEM activities? 

Questions specific to disciplines: 

 For rifle:  

How did the “know them bones” activity, related to stability assist your understanding of 

this concept and did you notice a difference in your shooting scores as a result? 

 For archery: 

There are several activities that directly relate to archery that include, “a catapult fling”, 

“gravity…it’s a drag “(ping pong and foam boards), and “energy…I need energy” 

(marble ramp activity”. Which of these provided a better understanding of energy, 

trajectory, and force, and what specifically about the activities helped you? 

 For muzzleloading: 

How did activities such as “Building an Ear Plug Shooter” and/or “Reactions…Hot 

Times”, provide you with a better understanding of how muzzleloaders work based on 

reactions and muzzleloader designs?  

 For pistol: 

How did activities such as “Know them Bones” or “Reactions…Hot Times” assist you in 

better understanding pistol discipline concepts? 

 For shotgun: 

How did the simple machine's activity of “A Catapult Fling” help you to better 

understand how manual and electric traps work for the shotgun discipline?  

 

Question #4: 

How did the STEM activities provide you with an increased knowledge of Science, Technology, 

Engineering, and Mathematics? 
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  (Additional clarification questions are listed below): 

 Did you develop an understanding of how chemical reactions cause a bullet/projectile to 

be propelled from the firearm? 

 Were your mathematics skills enhanced by having to use quick addition/subtraction to 

tally your scores in your disciplines? 

 In what ways did you use technology throughout your shooting education experiences? 

 How did learning about trajectory improve your successes on the archery range by 

shooting from various differences? 

 

Summary leading up to question #5 

Our hope is to one day implement an evaluation that will gauge the success of these activities and identify 

any areas that need to be considered for improvement or built upon in future activities. Let’s talk about 

the survey you took so I can get some feedback. 

 

Question #5: 

What aspects of the evaluation instrument did you find easy to read? 

(If participants are unsure of the question it can be followed up with, did the feedback statements elicit 

you to be able to respond?) 

 

Question #6:  

In what ways would you suggest changing your experiences with the STEM activities and  

Separate question: were you able to express that on the evaluation instrument? 

 

Question #7: 

What are some specific components or characteristics of the evaluation instrument that you liked or didn’t 

like (readability, appropriateness, ability to provide feedback and reflection, etc.)? 

 

Question #8: 

From the standpoint of a former participant and the shooting education program, is there anything that 

you feel should be added or considered moving forward? 

 

Question #9: 

Did you view the STEM experiments and activities as fun, educational, and applicable towards shooting 

education or did it feel more like an extension of school? 

 

Question #10: 

Put yourself in the shoes of a current 4-H member, is this evaluation instrument one that you would 

understand and be able to provide adequate feedback on? 

 

Question #11: 

Is there anything else that we have missed or that would like to add? 

 

Conclusion: 

That concludes our scheduled discussion and we would like to thank you all for participating and 

providing us with the necessary feedback to evaluate our progress moving forward. 

 

 

 

 

 


