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Quialitative Study of Factors Influencing K-12 Students’ Interest in STEM Careers
(Fundamental)

INTRODUCTION
Background

For the U.S. to remain globally competitive, maintain its world power, and sustain its robust
economy, there is a need for K-12 schools to prepare students to continue their post-secondary
education and persist until completion [1]. Bybee warned that the STEM workforce would
continue to decline unless a more deliberate effort is invested in recruiting and retaining STEM
majors in our higher institutions [2]. A declining workforce may adversely affect global
productivity [2]. Therefore, there is a need to broaden the participation of K-12 in STEM fields
in college. One of the ways this can be achieved is to investigate what factors influence K-12
interest in STEM careers. Moreover, knowing what factors influence their interest provides
foundational knowledge of how those factors can be managed to improve K-12 interest in
pursuing STEM careers in the future.

Evidence shows that students' interest in STEM courses can be improved by teaching non-
traditional applied STEM courses in schools rather than a more traditional curriculum [3].
Implementing such courses helps provide a strong background in STEM for K-12 students,
which further prepares them for the STEM workforce in the future [4]. However, it is worthy of
note that students' attitudes play a more significant role than instructional and non-instructional
interventions in influencing students” motivation to pursue STEM fields [5]. Other studies have
found that students are motivated to pursue STEM careers through parents' and teachers'
continuous and consistent support [6]. Reider, Knestis, and Malyn-Smith [7] commented that
when schools provide K-12 students with the opportunity to explore STEM content and develop
an interest in STEM, their desire to pursue STEM discipline in their later life is positively
influenced. However, studies have suggested that professional development techniques used in
many school districts may fail to fully equip instructors to teach STEM courses effectively [7].
When teachers are not well equipped with state-of-the-art pedagogy and assessment skills in
facilitating learning experiences in the STEM classroom, students’ interest in the STEM field
may be negatively affected [8].

One of the nation’s ongoing efforts in broadening K-12 participation in STEM is the Gaining
Early Awareness and Readiness for Undergraduate (GEAR UP) STAR program with the primary
purpose of broadening K-12 participation in STEM. Over the past five years, the GEAR UP
program at Mountain West University organized experiential, hands-on learning for K-12
students during summer camps. The camp’s primary purpose is to increase K-12 students’
interest in pursuing STEM careers in the future. This study was carried out during one of those



camps. The study aims to explore what factors affect K-12 students' interest during the GEARUP
camp.

GEARUP Program Description

During the summer of 2022, high school students and teachers attended a two-day GEAR UP
camp at Mountain West University. The camp was set up to prepare K-12 students for a STEM
career and serve as an intervention program to improve K-12 students’ interest in pursuing a
STEM discipline. The Summer 2022 camp was a project-based experiential rocket-building
camp. Project-based learning is becoming an accepted learning strategy in engineering education
[9]. During the camp, students were introduced to the principles of rocket propulsion and
stability and the mathematics and physics behind the design and assembly of rockets. In addition,
the camp provided practical experience in testing these principles applied in assembling and
testing water-propelled and solid-fuel rockets.

The basic principle of rocket design learned during the camp was applied in building water-
propelled rockets. The primary lesson learned from the water-propelled rocket was the optimum
ratio of air and fuel (water as fuel) for an optimal rocket flight. Also, by experimenting with fins,
nose cones, and ballast, the participant learned stability and aerodynamics. The lesson learned
doing the design, assembling, and launching of the water-propelled rocket was applied to the
second phase of the rocket project. The project’s second phase was to design, build and launch a
chemically powered (solid fuel) rocket. Each participant assembled their chemically powered
rockets under the supervision of a tutor, engineering student mentors, and expert professors in
the field. The participants had access to Estes “Designer’s Special” flying model rocket parts
kits. These kits include cardboard body tubes, plastic nose cones, parachutes, engine mounts,
and balsa wood sheets for cutting fins. Students could customize the length of the body tube,
design their shape and size of fins, and determine the best location for the engine mount.
Colored duct tape was used for decorating and personalizing each rocket. Each rocket had to
pass a safety test, in which the rocket was attached to the end of a 2-meter string and twirled
above the head to verify the correct relationship between the center of gravity and the center of
pressure. Modeling clay was provided as ballast for rockets that needed more weight in the nose.

Each rocket designed, assembled, and safety tested was eligible for launching in an open field.
The performance criteria for evaluating each propelled rocket were the height the rocket reached
in space and the proximity of the rocket’s landing spot to a set target. Altitude finders and
trigonometry were used to measure rocket height. The camp was a collaborative and
independent learning experience for all high school students.

The role of the university professors in the camp was two-fold. First, the professors recruited
and trained the engineering student mentors. The mentors had two preparation days during



which they learned rocket theory and gained experience building and testing water and solid-fuel
rockets. The mentors’ primary role was instructing the participants and assistants during rocket
construction. The faculty members supported the mentors and gave the participants feedback
during the camp's design, build, and launch portions.

METHODS

The explorative qualitative research design was the method that guided the study [10], [11]. The
research question, data collection, and data analysis are discussed below.

Research Question

The research question that guided this qualitative study is as follows.
RQ 1: What factors influence K-12 students’ interest in STEM careers?

Data Collection

Six participants who attended the GEARUP STARS camp were interviewed at the end of the
camp. The students were high school students in the mountain west city in the United States.
Five to fifty participants have been suggested as enough samples for qualitative research [12],
[13]. In addition, the authors recruited 6 participants in a qualitative study in the past [11]-[14].
Small sampling for qualitative research helps to explore in-depth the lived experience of the
participants[11], [15], [16].

At the end of the engineering camp, the students were interviewed and asked questions. The
questions were semi-structured, open-ended questions. They were carefully worded to explore
the factors influencing K-12 students’ interest in STEM. The interview questions were pilot-
tested, feedback was received, and the researcher kept a journal while pilot-testing the

question [17]. Sample questions include “How have STEM-related courses at school influenced
your interest in STEM careers,” and “How have your parents or other family members
influenced your interest in STEM careers?”

Data Analysis

The qualitative data were analyzed using the MAXQDA 2022 software. The interviews were
recorded and transcribed. The transcribed data were checked for accuracy, formatted, and
organized. The data were explored, memos were jotted, and a codebook was developed during
the data exploration phase [12]. The researchers’ positionality was that of an insider since they
worked together with the participants in exploring and making meaning of the lived experiences
of the participants [18]. To ensure the trustworthiness of the data analysis, two independent
coders coded and analyzed the data. After each cycle of coding, the coders met and discussed



their codes. As a result, interrater reliability of over 80% for both coding processes was achieved.
Thematic analysis was the qualitative analytical method utilized in the data analysis. Sixteen
subthemes emerged, which were re-categorized into four main themes [19].

Results

Four major themes emerged from the thematic analysis of the data. They are motivation, social
influence/relationships, experiential learning, and engineering camps. The findings from the
coding are summarized in Table 1. Figure 2 shows the graphical representation of Table 1. A
discussion of those findings follows.

Theme 1: Motivation

The most frequently re-occurring theme that influenced students’ interest in STEM careers was
intrinsic and extrinsic Motivation in STEM-related activities. One subtheme under that main
theme was self-satisfaction. Most of the participants interviewed commented that they enjoy
STEM-related activities and therefore are interested in STEM. For example, participant 1

said, “Building the rockets was fun. We put a pen on the top for the water rocket to make it more
aerodynamic.”

Another subtheme under motivation for the STEM field was good career prospects. Participant 4
commented, “STEM is a good career option. | feel like more people should be looking to STEM
as a career option because it will always be needed. It's a solid career option. Exploring the
experiences of high school showed that those who have predetermined to take on STEM careers
in the future do well in their STEM courses. Participant 2 noted, “I can do well on those courses.
I got a five on my BC calculus test. And | just finished AP physics.... All those courses are
relevant to aerospace, which I want to do.”

Also, participants with a positive attitude towards a STEM-related activity seem interested in the
field.

“I'll just take, like, a whole day and just, like, dedicate myself to learning about, like, that
subject. I did that a few times in a computer programming class | took. It was, like, I'd go home,
spend the rest of the night, build something just for fun, not actually turning it in but just seeing
what I can do with it.” (Participant 1)

Furthermore, K-12 students are motivated for STEM when they have a positive, challenging
class experience that motivates them to learn. For example, participant 6 commented, “AP
chemistry challenged me for the first time and gave me a close experience to the college. It
helped me learn and face challenges.”

In addition to this, academic performance was a subtheme that emerged. Those students who
have good academic performance in STEM-related courses in high school are motivated to take



up STEM careers in the future. For example, participant 3 commented, “I've noticed I'm good at
math, I'm good at science, I'm good at making things, and half the time, I'm creative. I'm not too
bad at being smart. So those are kind of all the qualifications of an engineer.”

However, those struggling with STEM courses are contemplating whether they want to pursue a
STEM career. Participant 5 said, “I want to go into the STEM field, but what if none of the
STEM courses, like, what if none of the categories fit me? What do | do?”

Theme 2: Social Influence/Relationship

The second theme was relationships or social influence. The social influence affecting K-12
students in STEM are peers, teachers, accomplished scientists and engineers, parents, and
extended family. One good example of how parents influence K-12 students’ interests is
encapsulated in Participant 4. “So, my dad is a mechanical engineer. So that's what he does.
And I've always just been interested in what he has done with his work. ”

The interest of students in STEM has not only been influenced by parents but also by extended
family.

“My grandpa is, like, a huge--he was an electrical engineer most of his life, but he just retired.
But, it's just, like, cool seeing how he'd go home and build a robot for fun, just like, from scratch.
And so it's just, like, cool seeing that he's done that and now knowing | can do that if I give
myself time. Like, just fun to see how everything works, you know. ” (Participant 1)

The role of instructors in influencing students’ STEM interests must be emphasized in the semi-
structured interview. For example, participant 4 noted, “I've had several excellent STEM
teachers that teach math and science in high school, and those teachers have made me think
about going into a STEM career.”

Almost all the participants commented on how peers have influenced their interest in STEM
courses and discipline. Similar interest in STEM courses is also a factor K-12 students consider
in choosing their friends. Participant 1 commented, “I guess, yeah, my friends have always just
been super supportive of, like, I don't know. We're all, like, in, like, STEM classes together.” One
other subtheme in this category was.”

Participant 4 also said, “My friend group, they're all interested in going to STEM, and that's
helpful because they're very supportive. We all support each other because we want to go into
similar careers. | have several friends who want to go into engineering. And it just that it's good
to have like-minded people around you. ”

One final subtheme in this category is accomplished scientists and engineers. Most of the
participants interviewed have been influenced to go into STEM discipline directly or indirectly
because of the accomplishment of distinguished experts in the field of STEM. Others have



studied experts in STEM careers and are patterning their learning after them. One good example
of this is a marked response by Participant 4 during the interview.

“I know that he [Thomas Edison] invented the lightbulb, and | know it took him a long time. And
he got close to giving up, but eventually, he found the right filament to use. So, it shows
perseverance is key. So, if everything is failing, you must keep going, and eventually, you'll find
something that works.”

Theme 3: Experiential Learning

Reoccurring subthemes in this category include problem-solving, assembling engineering parts,
and design process. Participants were motivated by seeing the result of the rocket they
assembled during the camp. Participant 1 commented, “The process of building and assembling
the rocket is the coolest thing.... Seeing the result--knowing that I built the entire thing myself,
was satisfying.”

Also, the problem-solving experience that the hands-on learning provided the students with
critical thinking avenues for a better design. In the words of Participant 3, “With the bottle
rocket, I was able to do the fins on ours, and | was able to get them, like, almost the same. So, |
think we could perfect the cone if we had more time. But, it is cool to see how high our rocket
went.”

It is interesting to know that the creative experience that comes with the whole design process
fascinated the interest of the research participants in STEM. In Participant 4 words:

“So we built two different types of rockets. And I think one of my favorite parts about these kits
is, like, they have so many materials in them, and it's not just, like, you build one type of rocket.
You can go creative with it. And it's been enjoyable to ask, "Okay, how do | want to build my
rocket? What do | want my rocket to do?" And it's been a nice experience to sit down and think
about what | want to do. ”

Our study revealed that contrary to the hands-on learning experience that students have during
camps, one of the challenges that high school students face with STEM courses is when they are
theoretically constructed with little or no hands-on learning incorporated into the course
instruction. Participant 5 commented, “STEM courses aren't hands-on, so. ......Like, I have a
hard time learning things when that's not hands-on”.



Theme 4: Engineering Camps

The final theme that emerged from this study is camps. Three subthemes under this theme
include learning environment, active learning, and camp duration. The camp happening in a
college environment gave a campus touch to the students. Participant 2 said, “Attending this
camp gave me a college campus feel. I don't even know if I want to go there, but it's nice to
experience college a little”.

In addition to this, sleeping over in the college environment during the camp provided ample
opportunity and time for the research participant to ruminate about lessons learned and where to
improve the next day. Participant 4 noted,

“I like this 2-day camp as | can sleep on it. As I was going to bed, I couldn’t sleep on time as I
was thinking about all the things | would do tomorrow, all the cool ideas. Because we started
designing our rockets yesterday, I couldn’t just go to bed thinking, "Okay, what do | want to
change so | can finish it tomorrow?" So, how--you just--it feels less rushed, too, that I'm not
rushing to do anything, but I have the time to do it.”

More importantly, structuring the classroom learning environment to facilitate active learning
provided a rich experience for the participants, which influenced their interest in STEM.
Participants were excited about the blending of structured and ill-structured nature of the
classroom they experienced, which got them to be actively involved in learning. Participant 4
noted the mixed feeling she had before the camp. However, her experience in the camp turned
out to be an exciting one. She noted,

“One of the things | always worried about coming here is everything would just be, like, super
laid out. Like, if you do this and do this, and like, step by step. So, it's boring because you don't
get to be creative. Because that's the whole idea with engineering, is to be creative...... However,
one of my favorite things about this camp is how they structured it. We—like, first learn
fundamental principles, then we get to apply those fundamental principles, be creative and
develop new ideas. And | think that's really what made this camp fun.”



CONCLUSION

This study shows that motivation is the most recurring theme influencing students' interest in
STEM careers. This finding aligns with the study by Matthew Linger, which found that students’
attitude is the most influential motivational factor influencing interest in STEM careers [5]. Also,
the outcome of this study indicates that project-based experiential learning positively influences
high-school student interest in STEM. Studies have shown that STEM project-based learning
benefits and bridges the achievement gap of low-achieving high school students, who are usually
predisposed to losing interest in STEM. The author recommends that STEM-based design and
assembling activities and competitions should be encouraged in high school. Also, teachers in
high schools are encouraged to increase the use of project-based learning and problem-based
learning in STEM classrooms [20].

Furthermore, this research showed that it is typical for students to be influenced by their
relationships to pursue a STEM career. This finding corroborates the result of the study done by
Jungert and colleagues [6]. Since parents play a pivotal role in influencing their children to take
on STEM careers, raising STEM awareness among parents is encouraged [21]. In addition,
outreaches and programs involving high school students, their families, friends, and community
members in a fun STEM activity should be encouraged. Such events provide a positive
relationship bonding environment and a place where high school students can make new STEM-
like-minded friends.

Other implications of this research to practice include workshops on evidence-based pedagogical
training that should be conducted for K-12 tutors by administrators. Role-model playing, project-
based learning, peer learning, real-life problem-solving, individualized learning, and ill-
structured learning experience are recommended to be implemented in the classroom. School
districts should announce and encourage students and tutors to participate in engineering camps.



Table 1: Summary of the themes and sub-themes, as well as the frequency of each

Theme/sub-them Motivation Social Influence  Experiential Learning Camps

Sub-Theme 1/Count Attitude/9 Extended Family/5 Problem Solving/11 Active Learning/5

Sub-Theme 2/Count  Academic Performance/4 Friends/Peers/12 Design Process/7 Learning Environment/7

Sub-Theme 3/Count Self-s_at|sfact|on or Parents/12 Assembly/ Building/16 Camp Duration/5
Enjoyment/16

Accomplished

Sub-Theme 4/Count Class Experience/16 Experts/5

X X

Sub-Theme 5/Count Future Career/16 Teachers/9 X X
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Figure 1: Summary of the frequency of each sub-theme
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APPENDIX

Interview Protocol for the Study.

1. How would you describe your experience with the GEAR UP Engineering Summer
Camp so far?
a.  What did you enjoy the most about the camp?

b. What did you dislike about the camp?

2. How does your experience in the previous five days of summer camps compare with your
experience at these two days of GEAR UP summer camp?
a.  Which of the camps do you prefer and why?
b. Do you prefer several different activities in a 5-day camp to a single activity in a two-
day camp?
Why did you decide to come to this camp?
4. Describe your interest in STEM (Science, Technology, Engineering, and Mathematics)
fields?
5. How has participating in GEAR UP summer camp influenced your interest in STEM?
a. Can you give examples of how some GEAR UP activities have influenced your
interest in STEM?
6. How has your experience with STEM-related courses at school influenced your interest
in STEM careers?
a. Can you describe your perceptions of your abilities in STEM-related subjects?
b. How do you consider the relevance of STEM courses to your future career?
7. What other factors influenced your interest in a STEM career?
a. Do your parents/family/relatives influence your interest? Explain How?
b. Do your peers/friends have any influence on your interest? Explain How?
c. Any role model influencing your interest? Explain How?
8. Do you have any other questions or anything else you want to share with me?

w



