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Investigating Perceptions of Inventiveness and Entrepreneurial
Mindsets in Late Elementary School Students

Abstract

Invention education promotes the development of critical thinking, creativity, and
communication skills essential for success in science, technology, engineering, and math
(STEM) fields. Cultivating an entrepreneurial mindset encourages students to explore ideas,
iterate solutions, take risks, and embrace experimentation. Research shows that students who
actively engage in hands-on invention activities are more likely to develop skills such as
collaboration, resourcefulness, and resilience. These skills empower them to tackle complex
problems with confidence and fosters a deeper connection to STEM learning. Prior studies have
explored how attitudes toward STEM influence persistence, but more research is needed to
examine how inventiveness and students' perceptions of using science and math in creative
contexts drive deeper engagement and innovative thinking.

Quantitative data has been analyzed and published in an earlier paper. Here, we will discuss the
findings from the qualitative data collected and analyzed. Focus groups were conducted to
investigate students’ perspectives regarding camp activities and content included in the program.
Participants included lower and upper elementary students from 3rd to 6th grade, with a total of
six focus groups held in Georgia and Ohio.

This paper will address two key research questions:

1. How do participants define inventiveness and entrepreneurial thinking, and how do they
apply these concepts both within Camp Invention and in real-world settings?

2. How do participants' favorite activities at Camp Invention foster inventiveness and
entrepreneurial thinking, particularly through the integration of science and math?

Qualitative data from the focus groups were analyzed using thematic analysis to identify themes
related to participants' perceptions of inventiveness and their favorite activities during Camp
Invention focusing on their engagement with science and math. The analysis revealed that
collaboration, creativity, and hands-on STEM activities helped students develop critical thinking,
resilience, and an entrepreneurial mindset, while also deepening their understanding of scientific
principles and financial literacy. By understanding how students define and experience
inventiveness and entrepreneurial thinking through engaging activities, educators can provide
students with the skills they need to thrive in STEM fields and pursue future entrepreneurial
opportunities.



Introduction

Being inventive is a quintessentially human trait that is universal and vital for societal progress.
Humans are wired to solve problems and create new technology, and with each new
advancement comes new challenges and opportunities for further invention and innovation [1].
With the complexity of today’s problems due to an expanding global economy, rapid
technological advancement, limited natural resources, healthcare challenges, and racial and
ethnic divides, employing the same thinking and methods as in the past will not be sufficient.
Increasing diversity in the STEM workforce has historically been a national priority [2];
however, there is less discourse around creating a more inventive workforce and how to teach
inventive skills and mindsets [3]. Inventiveness transcends pure STEM or engineering, and it is
not just strictly about patenting inventions, either. Inventiveness is what enables us to look at
something in a different way, to apply analogies from other disciplines to new problems,
sometimes it is simply about finding a quick solution to a challenge, with or without formal
STEM or engineering content knowledge. Focusing purely on the analytical aspects of STEM
without highlighting the inventive aspects, combined with a lack of inclusive culture, has
contributed to slow progress with respect to diversity in STEM education and workforce [4].

Inventive habits and mindsets can be taught, practiced, and nurtured when prioritized. However,
most traditional STEM courses, even engineering design-focused lessons, leave little room for
invention and inventiveness due to: ready-made projects, pre-established objectives, turn-
key/cookie cutter experiments, lack of clear applications, and a heavy focus on solving well-
constrained problems. More specifically, most STEM and engineering curriculum, including
higher education engineering degree programming, relies on problems with known solutions and
clearly-defined solution pathways [5]. Invention education pedagogy empowers children to
ideate, create, and solve challenges, including at times, defining their own challenges. It guides
students through the practices of innovation. It builds the mindset and skills that support children
in the complexities of designing tangible solutions, from concept ideation to product
development and business practice.

Invention education programs, including invention-focused curricula, competitions, and summer
programs, engage children in hands-on, experiential learning. This methodology bridges the gap
between theory and practice. These experiences support young innovators in developing creative
and practical solutions to real-world challenges, preparing children for the challenges of
tomorrow and inspiring them to contribute their ideas to the world [6]. Understanding how
children conceptualize inventiveness and entrepreneurial thinking is critical, as these early
constructs shape and define how they may engage with innovation, entrepreneurship, and STEM.

Invention education nurtures creativity and innovation by emphasizing inventiveness,
entrepreneurial thinking, and problem-solving techniques [3]. Rather than assuming that
inventiveness is innate, we support its development through pedagogy grounded in the invention
process, which includes empathy, identifying problems, ideating solutions, designing prototypes,
testing models, and effectively communicating ideas to an audience [6]. This approach
encourages children to think critically and independently and empowers them to identify and
solve problems that are relevant and meaningful to their backgrounds and experiences.



Invention education practices foster teamwork, confidence, and resourcefulness, creating a
meaningful connection to STEM learning [7], [8], [9]. Prior studies have shown that invention
education promotes collaboration, creativity, and adaptability - key attributes for thriving in
STEM disciplines [7], [9], [10]. Both STEM and invention education emphasize the importance
of incorporating children’s perspectives into the learning process. However, despite the growing
research in the fields of STEM and invention education, there is limited understanding of how
children define inventiveness and entrepreneurial thinking.

Evaluation studies have demonstrated notable improvements in children's creativity, problem-
solving abilities, and interest in STEM shortly after participating in Camp Invention, a long-
running summer program focused on inventing for grades K-6 [11], [12], [13]. Further evidence
from a 2018 study by the Institute for Learning Innovation (ILI) highlighted long-term impacts,
with effects persisting up to four years after the program [14]. Repeated STEM challenges help
develop children's problem-solving skills while enhancing their capacity for innovative thinking
and entrepreneurial problem-solving.

Many schools and educators are seeking to equip and empower the next generation of problem-
solvers to be the protagonists of their own learning and ignite the practice of innovation. This
research aims to provide insights for educators seeking to inspire students to ideate, innovate,
and take their ideas to market through entrepreneurial practice.

Background

Camp Invention is the flagship program of the National Inventors Hall of Fame. For 35 years, the
National Inventors Hall of Fame has promoted invention, entrepreneurship, intellectual property
(IP) literacy, and STEM interest while building 21st-century skills such as creativity and
problem-solving through in-school, out-of-school, and summertime educational experiences.
Camp Invention has served over 3.7 million children, educators, and college students to date.

The camp is tailored for rising K-6 students, providing them with an engaging and educational
summer experience centered on innovation and problem-solving. Camp Invention collaborates
with educators, schools, districts, and community organizations to expand the program’s reach to
different communities nationwide, ensuring all children have access to the tools of innovation,
entrepreneurship, and intellectual property. Camp Invention is offered through a mix of parent-
paid, full scholarship, and partial scholarship models. Consequently, the program has gained
widespread recognition as a leading summer enrichment experience focused on STEM. In 2023,
a total of 361,000 children, including 258,000 underserved children, and 2,500 school and
district partners were served in all 50 states. The program continually designs new curricula and
activities to align with current educational trends and advancements in innovation, STEM, and
best practices.

During 2023, children experienced all new programming. The “Wonder” program, featuring four
engaging modules designed to inspire creativity and innovation among children, included the
following modules:



Catching Air™: Participants designed and built their own mini skate parks, complete with ramps,
halfpipes, and rails. They personalized mini skateboards and practiced tricks, exploring
principles of physics, engineering, and art.

Invention Celebration™: Campers took on the role of event planners to organize a celebration of
creativity and innovation. They invented a Party Assistant, engineered light-up party hats,
explored color psychology through bubble art banners, and experimented with sound by creating
their own musical instruments.

MimicBot™: Participants investigated the inner workings of a robot that mimics sounds and
transformed it into a unique animatronic stuffie. They explored concepts from the natural world
and learned about intellectual property to protect their creations from idea theft.

Pop-Up Venture™: Campers became innovative entrepreneurs by designing their own mini pop-
up businesses. They developed business plans, managed startup funds, created marketing
strategies, and launched their businesses during a culminating pop-up event, gaining valuable
entrepreneurial experience.

By delivering authentic invention education, National Inventors Hall of Fame programs aim to
build the I Can Invent® Mindset - essential skills and traits that will empower children to invent.
With these activities in mind, an evaluation of Camp Invention was developed to explore student
outcomes related to their engagement with science, math, and inventiveness, highlighting the
role of engaging activities in developing entrepreneurial and invention-related exposure.

Methods
Research Design

A mixed-methods approach was used for this study, combining quantitative data from paper
surveys with qualitative data collected through focus groups and interviews. The quantitative
findings have been published previously, and this paper focuses on the insights drawn from the
qualitative data.

The research was guided by the following questions:

1. How do participants define inventiveness and entrepreneurial thinking, and how do they
apply these concepts both within Camp Invention and in real-world settings?

2. How do participants' favorite activities at Camp Invention foster inventiveness and
entrepreneurial thinking, particularly through the integration of science and math?

The research study received approval from the Institutional Review Board (IRB). To support data
collection, all research personnel, including camp facilitators, completed certification through the

Collaborative Institutional Training Initiative (CITI).

Participants



The study took place at 20 locations across Georgia and Ohio, with six sites - three in each state -
selected for focus group sessions which occurred toward the end of the summer camp. The
participants included 3™ — 6™ grade students, representing lower and upper elementary school
aged groups who attended the week-long invention education camp, Camp Invention, during the
summer of 2023. Parents and guardians of enrolled students received an email containing
information about the study and a link to the informed consent form.

The demographic data provided reflects the entire research study, which included a total of 940
children. Among those, 875 completed the matched post-survey. Of the matched sample, 51.3%
were male, 46.5% were female, and 2.2% chose other or preferred not to say. In terms of race,
63.7% of participants identified as White, 6.1% as Black or African American, and 8.3% were
considered underrepresented based on race or ethnicity. These numbers include the focus group
participants as part of the overall sample.

Data Sources

Focus Group Discussion Protocols

All sessions were conducted in person by a member of the research team in a quiet area of the
school, with each lasting approximately 30 minutes. Interviews were recorded with the students
consent and transcribed for analysis. All interviewers followed the same guided protocol,
incorporating follow-up questions designed to gather more in-depth responses.

b

The focus group participants were asked questions such as their favorite activities during the
camp and whether they used science or math in those activities, inquiring to see if they made
connections between the interactive experiences and the application of STEM. They were also
asked to define what it means to be inventive, share examples of when they demonstrated
inventiveness both during and outside of camp, describe the process of inventing, explain what
being an inventor means to them, and discuss their career goals for the future.

Data Analysis

Qualitative data from the focus groups were analyzed through thematic analysis to identify key
themes. This process involved initially coding student interviews, followed by grouping similar
codes to form broader themes for each set of combined codes.

Results and Discussion

Analysis of the qualitative data revealed how creativity, problem-solving, and engagement
contribute to students’ understanding and application of inventiveness and entrepreneurial
thinking. This section outlines the themes identified from the data, providing a deeper
exploration of each theme, along with student quotes that illustrate their perspectives.

Collaboration, Teamwork, Empathy

Many of the participants expressed how sharing their ideas and collective efforts can lead to
innovative solutions. One student described the process as “sharing your ideas and having your



ideas combined with other people to make it,” highlighting how collaboration can enhance
individual contributions and lead to innovative outcomes. This collaborative approach not only
sparks new ideas but allows the development of solutions that can “make life easier” and help
improve the world. Many students highlighted the importance of empathy in invention, with one
stating, “being an inventor, some inventors find ways to make the world a better place,” while
another reflected, “I think it also means to help the world in a way that some people think
impossible.” The students’ perspectives reflect a sense of responsibility and a desire to solve
problems that may appear difficult, from health issues to improving quality of life. Empathy is
also evident in the students’ desire to help others, with one noting that “it just makes me feel
good to help people,” and another saying, “I'm just gonna help the world.” These reflections
suggest that inventing is not just about technical skills, but also about the emotional satisfaction
of contributing to the greater good. Additionally, one student described inventing as a chance to
“create new things with your own ideas” and bring “new stuff to the new world,” demonstrating
how eager the students are to shape the future with their creativity and compassion. Ultimately,
these perspectives reveal that collaboration, teamwork, and empathy not only enhance the
inventive process but also motivate the development of solutions that can have lasting, positive
mmpacts.

Additional quotes:
“Maybe I can invent something to help people from sicknesses and disease.”
“It means to collaborate with other people and have different ideas.”
Creativity, Personal Expression, and Excitement

Several of the camp activities were a blend of creativity, personalization, and excitement
allowing the students to bring their imagination to life. One activity that the students provided a
lot of feedback on was the MimicBot™, a module where students explore nature, genetics, and
adaptive innovation. With the freedom to design and customize their bots however they liked,
students created everything from furry characters and polar bears to canaries and monsters, with
many students saying, “you can customize it in your way and make it yours.” This open-ended
design process gave students the space to express themselves and transform their ideas into
something tangible. One student noted how “it gave you a time just to put your personality out
and let you do whatever you want with it.” For the students, the activity wasn’t just about the
final product but also about the process, where they could use their imagination and explore how
the bots worked internally. One student shared that they enjoyed the “thrill of like, to see how it
works and just using it.”

The sense of accomplishment gained from completing various camp activities served as a strong
motivator leaving students feeling proud of what they had achieved. One student remarked,
“When you accomplish something, you feel good about yourself,” capturing the self-confidence
that developed throughout the creative process. The excitement of watching their creations take
shape was clear, with another student mentioning, “I get that feeling of success and happiness”
after seeing their hard work come together. These activities provided students with the



opportunity to express their creativity and celebrate their hard work, allowing them to see their
ideas come to life and test their creations.

Additional quotes:

“I liked the MimicBot™ because you can create whatever you want and you can be
creative and it inspires you and you can use your imagination.”

“I really liked that (MimicBot™) because when we did it, I thought it was really cool
unscrewing it to see what was inside of it. I got to see how it actually worked.”

“The Reveal.”

“I think inventing is cool because, it is very like, you have to work hard on it and if you
like give up, it's never gonna work. The ending is the best part.”

“Seeing how it works and how far your imagination continues.”
y

“Cause you get to see how it looks like, how it works. Like after all that hard work, you
finally see what it looks like, test it out, and you can just be amazed. You can be proud of
yourself. That is the best part.”

Engagement with STEM Concepts and Innovation

At Camp Invention, students participated in a variety of hands-on activities that integrated STEM
concepts, helping them connect their experiences to science and math. Through projects like
those featured in Catching Air™, students explored miniature, finger-sized skateboards known as
fingerboards, and designed a skatepark from them. They explored the application of fundamental
scientific principles such as force, motion, friction, and gravity to design functional products. As
one student explained, “In skateboarding, we used force, motion, and gravity,” highlighting how
physics can be applied to design decisions and product development. In their work on
fingerboards, students combined creativity with careful measurement and accuracy to ensure
their designs were functional and effective. As one student explained, “I measured everything to
create the fingerboards. The size, the length, the width to make sure everything would fit in its
right place.”

Beyond the physical applications of STEM, the camp also encouraged entrepreneurial thinking,
allowing students to explore the intersection of innovation and business. In Pop-Up Venture™,
students explored how to manage finances, budget, and make strategic decisions, with one
student pointing out, “The pop-up shops teach you about how to spend money and what you
need and really what you don’t need.” This hands-on introduction to economics showed them
that innovation is not just about creating something new, but also about understanding the market
and managing resources effectively. The camp also helped students recognize the value of
intellectual property and the importance of protecting their ideas. As one student stated, “We're
gonna patent them. I've already patented it so they can’t try to steal it,” showing an
understanding of how patents protect innovative ideas.



Through their study of sound waves and light during the Invention Celebration™ activity,
students explored how science and creativity come together. One student reflected, “We learned
about how lights work, LED lights, and we learned about the negative and the positive,”
referring to the flow of electrical current in the light. These activities helped students understand
the practical applications of ideas, how they drive innovation, and how they relate to science and
math principles.

Additional quotes:
“You start off with a thousand dollars but then eventually you have to pay off the loan.”
“Some things are free, and some things cost money.”
“You had to spend different money, and you had to budget and manage.”

Perceptions and Engagement with Inventiveness

The students' perceptions of inventiveness highlight creativity, independence, and imagination.
Many expressed the idea that inventiveness involves creating something original and unique,
often starting from an individual idea. One student shared that inventiveness involves “being
original,” where individuals start with their own ideas and work independently, even without
outside help. This viewpoint was reflected in other statements that described inventiveness as
“creating something new” and “doing what you design and want to build.” Some students
compared the process to art, describing it as a form of personal creation on a larger scale, with
one saying, “Kinda like art but bigger.”

The role of imagination and creativity is central to how students engage with inventiveness.
Phrases like “use your imagination” and “think outside the box™ are commonly used in their
description, emphasizing that inventiveness is seen as a process of expanding the mind and
seeing beyond traditional boundaries. For many students, being inventive involves imagining
possibilities and bringing them to life through design and construction. As one student explained,
“We don’t have to copy something, we just think it, we sketch it, we model it, then we make it.”
This demonstrates their confidence in their ability to develop original solutions, turning abstract
ideas into real-world solutions.

In addition to creativity and independence, students also identified the importance of the
practical impact of their inventions. For several, inventiveness was closely connected to the idea
of creating something that can contribute to the future. Statements like “creating something new
that can change the future” and “you can bring your ideas to life” reflect an awareness that their
inventions have the potential to shape the world around them. Moreover, the idea of success was
closely linked to the tangible result of their creations. One student described the “feeling of
success when you make something that’s successful and actually serves a purpose,” suggesting
that inventiveness is not just about the act of creating but also about making sure the final
product has a meaningful and functional impact.



These quotes imply that students perceive inventiveness as a journey, where they have the
freedom to explore, sketch, and build to bring their ideas to life. This also reflects ownership,
with students fully responsible for their designs and outcomes or solutions.

Additional quotes:

“Inventive is like, you have to think outside a box and use what you already have and use
the supplies you already have. And you can find in boxes, anything that you don't use and
then combine something that's large.”

“You have to have hope.”
Problem-solving, Iterative Learning, and Hands-on Learning

The program provided students with an opportunity to explore innovation and entrepreneurship
through hands-on learning activities. They recognized that invention is not about instant success
but a deliberate process of overcoming challenges. As one student observed, “being inventive
doesn't mean that you make the thing in one day.” This highlights the importance of
determination and breaking problems one step at a time. Problem-solving in this context allows
students to develop critical thinking and apply their knowledge of science, math, and creativity to
real-world challenges.

During the camp, failure was not seen as a setback, but as a crucial part of the innovation
process. One participant expressed joy in “messing up and then seeing from your mistakes to
improve it.” This iterative process of trial-and-error builds resilience and shows the importance
of learning and improving. The process of rethinking ideas and designs, and exploring failures,
resulted in the students feeling pleased with the outcome of their projects. Another student
shared, “I think the part when it actually succeeds because it makes you think about all the trial
and error and how long it took you, that you finally made something, and the hope that you can
make it even better.” These insights show how iterative learning turns challenges into valuable
opportunities, helping students develop the mindset needed to invent.

The camp’s hands-on approach further increased students' engagement by allowing them to
interact directly with materials and tools. One student shared their excitement about “messing
with the wires because it’s fun to put stuff together,” and another student said in relation to one
of the activities, “we could use clay, we could use cardboard pieces, straws, and pipe cleaners.”
Students shared how they expressed their inventiveness and creativity beyond camp, often using
materials they found at home to create the things they imagined. They demonstrated
resourcefulness by identifying what they needed and figuring out how to make it work. For
example, one student used cardboard and wheels to build a sliding bed for their dolls, while
another crafted animal shapes from paper and cotton balls.

The feedback from students shows how hands-on learning supported active problem-solving, as
students built, tested, and iterated on their projects. Overall, the responses from students illustrate
the value of problem-solving, iterative learning, and a hands-on approach, as they test ideas,
troubleshoot issues, and discover new ways to tackle challenges.



Real-world Applications and Future STEM Aspirations

When asked about their future goals, the student responses revealed a wide variety of aspirations,
demonstrating the broad impact STEM education has on the next generation. Many students
expressed the desire to become professionals who integrate STEM in real-world settings. For
example, several students were drawn to fields like mechanical engineering, biology, and
dermatology, where they aim to apply scientific principles to solve problems and improve lives.
One student’s goal of becoming a “kids’ therapist” reflects an interest in understanding human
behavior and helping others, aligning with STEM disciplines like psychology and healthcare.
Another student, interested in pursuing zoology or veterinary science, emphasizes the value of
studying animals, which shows a growing interest in environmental and biological sciences and
demonstrates invention’s connectedness to nature.

Additionally, several students expressed an interest in innovation and entrepreneurship, a
reflection on the hands-on nature of the camp activities. One student who aspires to be a baker
wants to invent new food types, showcasing the creative potential of STEM in culinary fields.
Another student’s dream of becoming an inventor or artist points to the intersection of creativity
and engineering, central to many STEM fields. Another student expressed a desire to become a
farmer, understanding that farming relies on science, math, and technology for crop production
and sustainability. The desire to explore space or the ocean, as shown by students interested in
astronomy, marine science, and paleontology, speaks to the curiosity that drives scientific
research and exploration. The variety in students' future goals showcase the importance of
exposing them to a wide range of STEM disciplines, helping them recognize how different fields
intersect and lead to exciting career opportunities.

Below is a word cloud representing the students’ future aspirations in the focus groups.
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Conclusion

The results from the student focus groups reveal how Camp Invention encourages creativity,
problem-solving, and engagement in students, shaping their understanding and application of
inventiveness and entrepreneurial thinking. Key themes emerged, such as the importance of
collaboration, teamwork, and empathy, where students recognized the value of combining ideas
and working together to solve problems and improve the world. Open-ended activities allowed
students to express their creativity and showcase their individuality. Moreover, hands-on
activities integrating STEM concepts, such as building skateparks or engaging with the business
module, deepened students’ understanding of scientific principles, financial literacy, and
innovation. Students embraced iterative learning, where trial-and-error and problem-solving
enhanced their resilience and critical thinking. The focus on real-world applications inspired
diverse future aspirations, from engineering and biology to culinary arts and entrepreneurship,
demonstrating the broad impact of STEM education. Collectively, these insights underscore the
importance of experiential learning in cultivating inventiveness, practical skills, and an
entrepreneurial mindset in young learners.

Based on the findings from this study, several aspects of the camp experience should be
maintained, while others could be refined to enhance future evaluations. The hands-on, inventive
activities effectively engaged students and encouraged problem-solving, making them a valuable
component to retain. Additionally, the camp fostered entrepreneurial mindsets by promoting
creative thinking and risk-taking. Post-camp reflections provided useful insights into students’
experiences and should continue to be part of the assessment process.



Although the focus groups provided positive feedback, there are certain limitations to consider.
The research was conducted in a specific context - a summer camp focused on invention-related
activities - making it distinct from typical in-school settings. This raises questions about how the
findings might translate to regular school environments. Additionally, the study focused on late
elementary school-aged students (grades 3-6), and expanding the participant pool to include
other grade bands could provide insights into whether perceptions and experiences differ for
older students.

Currently, there are no established plans to assess the long-term impact of the camp on
participants. However, conducting longitudinal studies could help determine whether students
continue to apply these skills and concepts in their academic and personal pursuits over time.
Data collection for this part of the study was conducted only at the end of the camp. To better
measure the camp's impact, refining data collection methods - such as incorporating pre-camp
assessments - would allow for a clearer comparison of students' inventive and entrepreneurial
mindsets before and after participation.

Future work could explore a broader range of learning environments to better understand
students’ experiences with invention education and entrepreneurship, such as in-school settings
or other educational programs. Expanding to diverse geographical locations would also help
assess how these activities impact a wider variety of students. Future research could also explore
the experiences of lead facilitators, the camp instructors, to better understand the challenges and
successes of implementing invention-based learning for younger students. Their perspectives
could provide guidance for professional development and curriculum design, helping to improve
the effectiveness of invention-based learning across diverse educational settings.

Incorporating more hands-on invention education activities into the curriculum for younger
students can help increase student engagement and excitement in STEM. Educators can inspire a
deeper interest in these subjects by providing students with creative problem-solving and
experimentation opportunities, which may help students see their real-world applications.
Additionally, students develop essential skills such as creativity, resilience, adaptability, and
collaboration, which are important for success in both academic and professional settings.

For many students, Camp Invention provided an opportunity to explore their passions and
express themselves through hands-on invention activities. The camp’s approach sparked
enthusiasm for STEM fields and entrepreneurial thinking, helping lay the groundwork for
students to envision themselves as future inventors, engineers, doctors, scientists, and
entrepreneurs. By examining how students define and experience inventiveness and
entrepreneurial thinking, educators can equip students with the skills and mindset needed to
excel in STEM fields and embrace entrepreneurial opportunities.
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