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ABSTRACT: Generating solutions for society’s complex problems will require the development of a diverse workforce
that is committed to technological and social innovation. In the United States, this need is being addressed by the invention
education movement, a goal of which is to promote the adoption of an inventive mindset among K-12 students through
outreach and out-of-school time programming that promotes habitual problem finding, creative problem solving, collabora-
tion, and persistence (Lemelson Foundation, 2020). In this study we examined a STEM-based invention education program,
Camp Invention®, for its potential as a context for inventive mindset development. Our analysis of pre- and post-camp ques-
tionnaire responses from 108 upper elementary and middle school-aged children generated a measure of inventive mindset
which was stable over time but largely independent of children’s identification with three STEM subjects typically encoun-
tered in school. In alignment with prior studies examining features of educational contexts that support identity development
(Kaplan et al., 2014), we found that children’s most preferred activities supported perceived confidence, task novelty, and
task utility, and least preferred activities received lower ratings on perceived autonomy and psychological safety. We consid-

er theoretical and practical implications for the design and evaluation of STEM-based invention education programs.

INTRODUCTION

The complex problems our society faces will require tech-
nological and social innovation by individuals with diverse
perspectives and experiences. Increasingly, the need for this
capacity in the workforce has been identified by employers,
who have highlighted the importance of invention and in-
novation skills such as problem finding, creative thinking,
teamwork, and persistence. At the K-12 level, this need has
also been recognized by a cross-sector movement known
as Invention Education, through which various groups of
educators, nonprofit and government agencies, and social
science researchers strive to understand and support young
people’s curiosity and inventiveness, and explicitly teach
the novel application of ideas, objects and tools that mimic
the practices and habits of mind of accomplished inventors
(Lemelson Foundation, 2019, 2020). A small number of re-
search and evaluation studies have investigated the impacts
of invention oriented after-school STEM programs and sum-
mer camps, and interactive museum exhibitions and out-
reach events that encourage tinkering and innovation (Falk

and Meier, 2017; Smithsonian Institution Office of Policy
and Analysis, 2010; Smith, 2016). Participation in such pro-
grams has been tied to increased interest towards careers in
scientific and technological fields, and changes in self-effi-
cacy surrounding the pursuit of inventive and creative activ-
ities (Couch et al., 2019; Falk and Meier, 2017; Lemelson
Foundation, 2020).

However, the goal of creating a workforce and citizenry
that purposefully seek innovation in their professional and
personal lives will require a nuanced and deliberately inclu-
sive approach. In parallel with the well-documented gen-
der and racial gaps in science, technology, engineering and
mathematics (STEM) achievement and career persistence,
data suggest substantial disparity in the number of females
and minorities participating in the invention, patenting, and
commercialization sectors of the economy (Bell et al., 2018;
Hosler, 2018). Furthermore, researchers have found that it
is uncommon for young people to strongly identify as in-
ventors, even if they have participated in invention-oriented
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programs or competitions (Couch et al. 2019). To increase
and sustain a diverse pipeline of youth who are both in-
terested in and capable of innovation, invention education
must address the challenges of fostering invention skills
and invention-minded ways of seeing the world, while un-
derstanding the particular individual and contextual barriers
and facilitating factors to participation for historically un-
derrepresented groups (e.g. Hughes et al., 2020; Roberts and
Hughes, 2019). To accomplish this, researchers and practi-
tioners must have access to high-quality tools for measuring
students’ perceptions of their own proclivities towards in-
vention, and information that can guide the design and eval-
uation of invention education programs.

In this study, we gathered data from participants in Camp
Invention®, a national K-6 non-profit summer enrichment
program that incorporates STEM and invention concepts
with 21st century, hands-on learning. The data were used
to develop an inventive mindset self-report tool as well as
practice-oriented insights into contextual features of the pro-
gram that can support children’s exploration of their inven-
tive mindset. The measure was designed for completion by
upper elementary and middle school students, and we exam-
ined its psychometric properties in relation to identification
with the in-school STEM content areas with which partici-
pating children would arguably be most familiar—science,
mathematics and technology. Our analytical approach was
sympathetic to the prospect of finding gender-related simi-
larities and differences in inventive mindset and perceptions
of various invention education program features.

Invention Education and STEM. Invention education re-
fers to a transdisciplinary range of pedagogical strategies
and formats for improving the processes and skills associ-
ated with problem finding and problem solving that mirror
those used by accomplished inventors (Lemelson Founda-
tion, 2019, 2020). Historically, invention education has been
intertwined with STEM education and outreach, since in-
ventions and patents often emerge from one or more of its
constituent fields, and STEM outreach programs and com-
petitions are often used as a vehicle for promoting students’
awareness of marketing and entrepreneurship (e.g. Lemel-
son-MIT Program, 2019; National Inventors Hall of Fame,
2019; Moore et al., 2019). Common formats for invention
education include afterschool programs, summer camps, and
outreach through nonprofit organizations and universities.
Programs often emphasize problem-based learning, guided
or independent inquiry, engineering design, and tinkering,
making, and fabrication. The particular approach varies de-
pending on the participants’ age group or grade level and
the goals of particular programs, but in all cases the par-
ticipants are encouraged to find and develop solutions to
meaningful problems using iterative and creative design
processes. In some programs, children are also introduced

to entrepreneurship and marketing (Hosler, 2018; Zhang et
al., 2019). Regardless of the particular strategy used—reg-
ular attendance at a school makerspace, participation in a
regional or national design competition, or STEM infused
innovation and entrepreneurship programming in an after-
school club—invention education strives to achieve a goal
of raising awareness and interest in invention and innovation
among young students, in order to prepare the next genera-
tion to confront complex problems and thrive in a fast-paced
and rapidly changing world.

Broadening Participation in the Invention and Innovation
Pipeline. One reason why access to invention education
programming is important is the tremendous need to increase
participation from historically underrepresented groups in
the many economic sectors in which research, development,
innovation, and commercialization activities occur (Cook,
2019). Multiple lines of inquiry have highlighted the lack
of gender, race, and socioeconomic diversity among North
American inventors and patent holders. In their influential
paper, Bell and colleagues examined United States
patent holders’ demographic information over a twenty-
year period and found Caucasian race, male gender and
high socioeconomic status to be positively influential in
determining whether or not youth were exposed to invention
opportunities (Bell et al. 2018). Other researchers have noted
that nearly all (90%) of the current and historic patent holders
in the United States are white or Asian males (Lemelson
Foundation, 2019; Sarada et al., 2017). Regardless of the
precise connection between such statistics and the relative
absence of females in STEM and innovation (Hosler, 2018),
or the fact that children of parents who hold patents are
much more likely to be exposed to inventive opportunities
themselves (Link and Ruhm, 2013), it remains the case that
gendered, socioeconomic, and intergenerational factors act
to limit access to invention opportunities. This has led to
calls for expanded invention education efforts through in-
school and out-of-school time (OST) programs, library and
museum networks, and computing and technology enhanced
makerspaces.

Impacts of Invention Education. Compared to STEM ed-
ucation, research on invention education is in its infancy.
To our knowledge, no large-scale studies have examined
participants’ long-term innovation-related pathways or ac-
complishments after participation in invention education.
However, a small number of research and evaluation stud-
ies and an influential white paper published by the Lemel-
son Foundation (2019) describe how invention education
can promote inventive skills and habits of mind—ways of
seeing the world through the eyes of an inventor—in ways
that are responsive to (and galvanize students’ interests in)
particular community or societal needs. Thus, one important
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contribution of the invention education movement may be
increased student empowerment and self-identification with
those who make, create and innovate for the purpose of over-
coming authentic, shared problems. One study by Couch et
al. (2019) suggests that such programs can impact students’
innovation-related self-perceptions. Couch and colleagues
examined several hundred survey responses and analyzed
interviews from a purposeful sample of six participants to
gain insights into the invention-related monikers that high
school students ascribed to themselves after participating
in a year-long, university-run invention education program.
The survey data revealed that students tended to identify
with multiple labels such as leader, engineer, innovator, cre-
ator, technologist, maker, entrepreneur, and inventor. The in-
terviews revealed that the students had constructed nuanced
definitions of each self-descriptor through social interactions
in the program, at school, and at home. Couch et al. conclud-
ed that the program had promoted students’ movement to-
wards an inventive identity, to include the acquisition of par-
ticular self-definitions pertaining to invention related skills
that developed through social interactions and contexts.

The impact of invention education experiences on young-
er students has also been explored through the evaluation
of programs designed to increase students’ self-efficacy for
creativity and inventing. In a technical report evaluating
children’s experiences at Camp Invention®, Falk and Meier
(2017) describe several factors associated with positive out-
comes. Using a pretest/posttest design, the researchers found
statistically significant changes in participants’ self-report-
ed creative and science-related self-efficacy towards future,
similar activities. The study also revealed variation in the
impact of the camp on the students and highlighted the role
of familial support in participation in out-of-school time
STEM experiences. However, because the study did not at-
tend to gender differences in student outcomes, or students’
appraisals of the value of particular camp experiences, the
extent to which gender and camp activities might impact stu-
dents’ developing sense of self as inventor, maker, or inno-
vator remains an open question.

Identity Development and Invention Education. The pre-
viously noted findings of the impact of invention education
on self-perceptions and self-definitions in the domains of in-
vention, innovation, and STEM drew our attention towards
the literature on identity development. Identity components
such as self-perceptions and self-definitions, goals, beliefs,
and intentions for future action have been linked with mo-
tivation for and persistence in STEM related coursework
(Carlone and Johnson, 2007; Garner and Kaplan, 2018; Kim
et al., 2018). In the professional realm, researchers have
pointed to the centrality of invention-oriented self-percep-
tions among self-described inventors and innovators (Am-
abile, 1988; Lemelson Foundation, 2019). Most germane to

this context is that identity development research has also
highlighted the relevance of reciprocal processes between
the individual and the environment, suggesting that change
might arise from the immersion of the individual in partic-
ular educational contexts (Couch et al., 2019; Garner and
Kaplan, 2018; Kim and Sinatra, 2018). An identity develop-
ment lens therefore raises the question of the degree to which
invention education programs can act as a context in which
participants can explore particular features of their inventive
identity. In order to understand how this might happen, how-
ever, participants’ perceptions of those contexts must also be
examined, and relevant self-definitional facets of inventive
identity should be explored. To guide our conceptualization,
we draw from research that has framed educational con-
texts as environments in which identity exploration can take
place, and research that has examined the self-definitional
components of inventiveness.

Identity Exploration in Educational Contexts. Identity
development is a lifelong process involving cycles of
exploration punctuated by the development and revision
of commitments to values, self-definitions, beliefs, and
possibilities for action (Grotevant, 1987). Identity exploration
involves “seeking and processing information in relation to
the self” (Flum and Kaplan, 2006, p.100) and can involve
consideration of self-definitions and self-descriptions,
beliefs about how the world and our society function,
motivational purposes and personal goals, and perceptions
about what might be possible or not in terms of immediate
or future action in a particular context (Kaplan and Garner,
2017). A proposed connection between learning and identity
formation is not new (Lave, 1991), but it is only recently
that researchers have examined the features of learning
environments that promote identity exploration specifically
(Kaplan et al., 2014; Kaplan et al., 2020). In seminal work in
this area, Sinai and colleagues (2012) worked with educators
to present literature content so that it fostered students’
meaning-making in relation to their own lives and identities.
Students engaged in exercises and guided discussions in
which the topic area was used as a tool for reflection about
students’ own past, present and future selves. Other research
has employed a similar approach in science education. In
their intervention study in high school biology, Hartwell and
Kaplan (2018) describe how students learned content through
the articulation of personal connections to the subject matter.
Hartwell and Kaplan used writing prompts to gain insight
into the students’ construction of personal relevance to the
content area of biological evolution. A rubric used to score the
students’ responses revealed a range of personal connections
and connections with past, present and future self. Notably,
the researchers’ analysis revealed that references to the self
in students’ reflections were associated with increased scores
on a subsequent measure of biological reasoning.
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Across studies, these findings have been synthesized into
features of learning environments that tend to support iden-
tity exploration (Heffernan et al., 2017; Kaplan et al., 2014).
Specifically, such environments (1) promote self-relevance
through activities that pique students’ interest and that are
perceived by the students to be novel and useful; (2) trigger
identity exploration in relation to current and future self by
providing activities that encourage students to look at the
world differently as well as reflect on their ability to act to
understand or investigate that difference; (3) instill a sense
of psychological and emotional safety by incorporating
adaptive approaches to challenge and failure and creating a
social context that is non-judgmental, and; (4) scaffold ex-
ploratory actions using meaningful prompts, tasks, and ex-
ercises. The guided and supported problem finding, creative
problem solving, and failure resilience features of invention
education programming seem well aligned with these princi-
ples (Castillo et al., 2020), but little is known about whether
they appear this way to students.

Inventive Identity and Inventive Mindset. The study of
what makes a person “inventive” has a long history (Sha-
vinina and Seeratan, 2003), and in social and behavioral sci-
ences has been taken up in diverse fields such as intelligence
and creativity in children (e.g. Cattell and Gruen, 1955) and
individual and organizational change (Amabile, 1988). In-
ventiveness has been associated with qualities of creativity,
persistence, openness to novelty, tolerance for and a willing-
ness to learn from failure, and collaboration skills (Amabile,
1988; Crismond and Adams, 2013; Estabrooks and Couch,
2018) as well as technical skills in particular domains such
as design, science, etc. (Amabile, 1988) and, some would
argue, an enduring motivation to purposefully search for
solutions and improvements (Drucker, 1985). Rather than
measuring behaviors and inferring the presence of these
qualities, in this study our goal was to measure elementa-
ry and middle school-aged children’s perceptions of the de-
gree to which they possess these qualities, in part because
self-perceptions are related to self-efficacy for particular
tasks such as inventing, and in part because no such measure
has yet been developed.

A person’s inventive identity connects with, but also
draws beyond, specific contexts, domains, and experiences,
and includes multiple psychological components (Kaplan
and Garner, 2017). An inventive identity might encompass
self-definitions and self-perceptions about qualities that per-
tain to invention, but in order to form an inventive identity
such self-perceptions must become intertwined with beliefs
about what invention is and how inventions become adopted
or developed, general and specific purposes and goals for en-
gaging in invention and its subtasks (e.g. creating, designing,
problem finding, problem solving, prototyping, etc.), specific
possibilities for action in a given context, and an awareness

of social and cultural expectations about what others might
consider to be inventive. This study focuses on inventive
mindset, or the constituent self-definitions and self-percep-
tions that pertain to the tasks of inventing and contribute to
the development of an inventive identity. That is to say, we
did not seek to measure children’s beliefs about invention in
general, or their own specific motivations for invention, or
their plans for invention after the camp was over. To capture
children’s inventive mindset, we sought the degree to which
they thought of themselves as possessing the qualities listed
above such as creativity, persistence, openness to ideas, and
a willingness to share ideas and collaborate with others. We
expected that an inventive mindset might reflect processes
of invention such as problem finding, problem solving, and
design. Finally, we expected that inventive mindset might
correlate with children’s self-perceptions in affiliated techni-
cal domains such as science, mathematics, and technology.

The Present Study. In this study we examined a virtual
summer camp setting in which children experienced facil-
itated engagement in the core practices of invention within
a supportive social environment. We used the principles of
identity exploration in learning environments proposed by
Kaplan et al. (2014) to guide a proof-of-concept apprais-
al of children’s perceptions of the five-day program: since
conditions for identity exploration should include the per-
ception of novelty, utility, and a supportive social context
that promotes confidence and happiness over anxiety, we an-
ticipated that a successful invention education camp would
promote a sense of emotional safety and an absence of fear
of rejection, and would include opportunities to experience
scaffolded interactions in the role of inventor. We expected
children to rate their most preferred activities as involving
tasks supportive of motivation and identity exploration such
as problem solving, designing something new, and finding
out something not previously known. In contrast, we antic-
ipated that least preferred activities might be described as
lacking in self-relevance, or lacking emotional or psycho-
logical safety.

More broadly, the present study addresses a gap in the
invention education research literature concerning a mea-
sure that could contribute to research on inventive identity
in school aged children. A related objective was to inves-
tigate the degree of overlap and separation between these
self-perceptions and children’s identification with STEM
subject areas, as refining our ability to measure invention
mindset and its relation to STEM identity will serve future
design and evaluation efforts. These objectives are captured
in the first research question: What are the invention re-
lated self-perceptions of upper elementary and middle
school aged children participating in an OST invention
education program, and to what degree do these overlap
with their identification with STEM subjects?

Journal of STEM Outreach



Invention Education - Garner

Vol. 4, Issue 1, August 2021

Our second goal was to investigate the degree to which
the invention education environment possessed potential as a
context for identity exploration. We collected ratings of tasks
commensurate with identity exploration such as perceived
relevance, perceived novelty, and perceived opportunity to
enact important invention skills. We did not assume that the
environment would instigate changes in children’s inventive
identities, but we were curious to assess children’s overall
perceptions of the learning environment including the rea-
sons why they liked or disliked particular activities. In this
way, we hoped to reveal a new appreciation for children’s
perceptions of camp features that could serve as barriers or
facilitating factors for identity exploration. These objectives
are included in the second research question: What features
of an invention camp experience contribute to a context
that is conducive for inventive identity exploration?

Finally, since previous research points to gender-related
differences in children’s motivation and self-perceptions sur-
rounding STEM and invention, we were interested in exam-
ining the responses to the first and second research questions
with regard to gender. Potentially, this would allow inven-
tion education program designers to learn more about how to
design effective activities and contexts for female and male
participants. Our third research question was: To what ex-
tent is gender associated with children’s responses to an
invention mindset questionnaire, their identification with
STEM subjects, and in their perceptions of the invention
camp experience?

METHODS

Participants. The participants included upper elementa-
ry and middle school-aged children who were enrolled in
a week-long invention education camp program offered
throughout the summer of 2020 within the United States.
Parents and guardians who had enrolled their children were
sent an email containing information about the research
study and a link to complete an informed consent form. In
all, 390 children participated in the pre-camp data collection.
This group was 57% male (n = 222), 43% female (n = 167),
and <1% was neither male or female (n = 1). It was majority
white (n = 267; 68.5%), and 10.5% two or more races (n =
41), 7.2% Hispanic or Latino/a (n = 28), 7.0% Asian (n =
27), 6.7% Black or African American (n = 26), and 0.3% Pa-
cific Islander (n = 1). The demographic characteristics were
similar to the entire enrollment of the camps, which was
58% male and 42% female, and 80% white, 5% Hispanic
or Latino/a, 6% Asian, 4% Black or African American, and
0.2% Pacific Islander. The ages of the children who com-
pleted the surveys also varied; 30.5% were 8 years old (n =
118),29.5% were 9 years old (n = 114), 28.7% were 10 years
old (n = 111), 10.6% were 11 years old (n = 41), and 0.8%
were 12 years old (rn = 3), with an additional .8% (n = 3) not

disclosing an age. Data from the pre-camp group was used to
conduct the inventive mindset scale development analyses
including the exploratory factor analysis.

The post-camp survey was completed by a subset of the
larger group of individuals, and this resulted in a smaller
matched sample (n = 108) that was representative of the
larger group as it included 48 females and 60 males. The
gender ratio for the matched pre- and post-camp sample was
55.6% male (n = 60) and 44.4% female (n = 48). The group
was 64% white (n = 69), 15.7% two or more races (n = 17),
9.3% Black or African American (n = 10), 7.4% Hispanic or
Latino/a (n = 8), and 3.7% Asian (n = 4). Age distribution
in the pre- to post-camp data set was 38.9% 10 years old
(n=42),27.8% 8 years old (n = 30), 25% 9 years old (n =
27), 6.5% 11 years old (n = 7) and 0.9% 12 years old (n = 1)
with one child (0.9%) not disclosing their age. Data from the
matched cases data set was used in the analyses that served
the second and third research questions.

Measures. This study deployed a pre- and post-camp sur-
vey, a collaboratively developed scale designed to assess
children’s self-reported qualities associated with an inven-
tion mindset, and questions designed to reveal children’s
identification with particular STEM subjects. Basic demo-
graphic information was also collected from participants in-
cluding age, gender, race/ethnicity, and most recently com-
pleted grade level.

Pre- and Post-camp Survey. Pre- and post-camp question-
naires were developed collaboratively by the authors. The
pre-camp questionnaire asked children about their age, grade
level, gender, career aspirations, and aspiration-related role
models. It also included an inventive mindset scale (see be-
low) and a brief, three item assessment of identification with
particular STEM subject areas with which children would
be familiar: “I am a math person,” “I am a science person,”
and “I am a technology person.” The post-camp question-
naire presented the inventive mindset scale once again, but
also asked children to select choices for their most and least
preferred camp activities and use a four-point Likert scale
for each of these choices in order to provide their percep-
tions of the activities and reasons for their preferences. Chil-
dren also used a four-point Likert scale to rate the activities
according to whether they designed something new, solved
a problem, and discovered something previously unknown
to them. These items were designed to assess the degree to
which the activities possessed features known to promote or
inhibit identity exploration.

Inventive Mindset Scale. The invention mindset scale was
developed using a multi-step inductive process (Boateng et
al., 2018) involving collaboration among researchers, in-
ventors, and invention education practitioners. Researchers

Journal of STEM Outreach



Invention Education - Garner

Vol. 4, Issue 1, August 2021

at the organization that created and implemented the camp
interviewed several hundred prolific inventors and used an
analytical tool to find commonalities and themes in the in-
terview transcripts. A small discussion group of 12 inventors
was then convened. Themes were shared and revised before
being shared with a group of public school administrators
who provided feedback about themes’ relation to K-12 ed-
ucation. Item writing efforts were guided by the following
themes: design thinking to support problem identification
and problem solving; self-confidence surrounding the trans-
lation of ideas into reality; creative problem solving for sim-
ple and complex problems; interest in STEM; persistence;
the desire to innovate and improve; an appreciation for in-
tellectual value in ideas; entrepreneurship and creative risk
taking; and collaboration as a force for producing creative
solutions.

During the item finalization process, the qualities of in-
ventors that had been revealed by previous literature were
considered in relation to the emergent themes and the re-
sulting items by way of consensus-oriented discussions
among the research team. The final scale included nine
items assessed using a four point, Likert-type scale. Re-
sponse options included strongly disagree, disagree, agree,
and strongly agree. One of the nine items, “I give up easily,”
was designed to measure persistence and was reverse-coded
at analysis. The scale registered as a 2.6 grade level equiva-
lent on the Flesch-Kincaid readability measure (Ford et al.,
2007), which was suitable for the participants who had com-
pleted grade 3 or above.

Procedure. Following IRB approval and parent/guardian
and child consent, children completed the pre-camp ques-
tionnaire through an online survey platform. Children then
participated in a five-day sequence of synchronous and
asynchronous sessions led by a trained facilitator. Sessions
focused on activities and challenges around the themes of
flight, design thinking, real-world environmental challenges,
and innovation in sports and sports equipment. Each session
included coaching and facilitation from a licensed educator.
Children were presented with real-world, open-ended chal-
lenges and given the opportunity to creative problem solve,
collaborate, and brainstorm solutions. Further exploration
included development and building of prototypes to repre-
sent their innovations. The program built in opportunities
for children to share their ideas and progress with the group
during their development process, and in final inventor show-
case-style settings. At the conclusion of the camp, parents/
guardians were sent a second email containing the link to
the post-camp questionnaire. Data were collected in waves
corresponding to the three camp sessions. During the first
wave, n = 611 pre-camp and n = 255 post-camp responses
were gathered. The second wave included n = 507 pre-camp
and n = 321 post-camp responses. The final wave included

n =252 pre-camp and n = 173 post-camp responses. Parent/
guardian consent and child responses were matched prior to
anonymization of the entire data set.

Data Analysis. To address the first research question
in which we sought to establish a coherent picture of
invention-related self-perceptions and their relation to
identification with STEM subjects, we conducted an
exploratory factor analysis (EFA) using SPSS 26.0 on n =
390 pre-camp questionnaire responses, which provided a
sufficient participant-to-item ratio (Nunnally, 1967). The
EFA used principal axis factoring and direct oblimin rotation
(Costello and Osborne, 2005) as the inventive mindset
items and subsequent factors were expected to correlate
(Amabile, 1998; Silvia et al., 2009; Tan et al., 2016). The
delta for the direct oblimin procedure was left at zero and
the number of factors were not forced for the first round of
analysis. A factor correlation of .514 after the extraction and
rotation reinforced the choice of oblique rotation as being
appropriate. The Kaiser-Meier-Olkin (KMO) measures of
sampling adequacy were all within acceptable ranges of .70
or greater (Field, 2009): the overall value was .78 and no
individual item value was below .70. The final configuration
of factors reflected two delineated subscales as well as the
separation of both subscales from the three items measuring
identification with STEM subjects.

For the second research question, we sought to identify
the features of the camp experience that were potentially
conducive or inhibitive of identity exploration. The matched
pre- and post-camp subset (z =108) was used to reveal the
most and least liked activities among options of making/
creating/building, coaching, thinking up ideas, and sharing
ideas. These were cross-tabulated according to ratings for
eachidentity exploration dimension: fromunsure to confident,
anxious to happy, not useful to useful, and familiar to novel.
We ran Chi-square analyses to examine the distribution of
the four activity options across the most- and least-liked
activities. The most and least liked activities were then
examined with regard to the percentage of the participants
who perceived that they were engaged in invention related
activities of solving a problem, designing something new,
and finding out something they did not already know.

To gain additional insight into the reasons why children
liked or did not like particular activities, we conducted an
inductive analysis of children’s open-ended responses for
their most and least liked activities, and a theory guided
analysis of their responses to the question of whether they
felt that they had learned anything about themselves during
the camp experience. For the latter group of statements, re-
sponses were coded using the Dynamic Systems Model of
Role Identity (Kaplan and Garner, 2017), which conceptual-
izes identity as including the dynamic and reciprocal com-
ponents of self-perceptions and self-definitions, ontological
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and epistemological beliefs about how the world works and
how knowledge is created and changed, purposes and goals,
and possibilities for action. The resulting codes were tab-
ulated to provide an overall picture of the identity compo-
nent(s) that were most salient in children’s descriptions of
their self-learning.

To address the third research question, which focused on
the degree to which gender played a role in children’s per-
ceptions and responses, we first examined the pre-camp re-
sponses from the matched cases dataset for evidence of gen-
der effects on the inventive mindset scale, the three STEM
identification items, and the correlations between these when
aggregated as subscales. Finally, we looked at gender effects
in children’s ratings of the camp activities. These analyses
were carried out using independent samples ¢-tests to uncov-
er any gender differences and Pearson correlations to exam-
ine the relations between the scales for boys and girls.

RESULTS

An initial round of data analysis revealed that participant
race-ethnicity and age did not play a statistically significant
role in the results. We therefore present findings according
to each research question using analyses in which data are
collapsed across participant race-ethnicity and age.

Research Question 1. What are the Invention Relat-
ed Self-perceptions of Upper Elementary and Middle
School Aged Children Participating in an OST Inven-
tion Education Program, and to What Degree Do These
Overlap with Their Identification with STEM Subjects?
All items in the inventive mindset questionnaire loaded onto
one of two factors in the pattern matrix at the recommend-
ed minimum factor loading of .32 (Costello and Osborne,
2005), with no cross-loading above .30. These two factors
explained 47.4% of the cumulative variance and indicated
the presence of two genuine constructs (Furr and Bacharach,
2014). We labeled the factors Ingenuity and Solution-seek-

Table 1. Items and factor loadings in the inventive mindset measure.

Item Factor: Factor: Solution
Ingenuity  Seeking

I am creative. .76

I am imaginative. .67

I have lots of good ideas. .57

I like to design things. 47

I like to share my ideas. 32

[ am a problem solver. .65
I like to make things better. .53
I give up easily (reverse-coded). 47
I am open to new ideas. 41

ing: the Ingenuity factor included five items reflecting cre-
ative thinking, imagination, and idea generation; the Solu-
tion-seeking factor consisted of four items corresponding to
problem-solving, openness to novelty, and persistence. Fac-
tor loadings for each item are shown in Table 1. The inven-
tive mindset measure demonstrated adequate internal con-
sistency reliability. The Cronbach’s alpha for the entire scale
was o = .73, and the Ingenuity and Solution-seeking factor
subscales had slightly lower coefficients of o = .61 and .69
respectively. This is likely due to the small number of items
in each scale (Field, 2009).

The three items soliciting identification with science,
technology, and mathematics demonstrated independence
from the other inventive mindset items. The relations among
these three items were also low, as revealed by the Cron-
bach’s alpha when these three items were combined as a
scale (see Table 2). The findings suggest that the STEM
identification items should be considered separately from
the inventive mindset measure. Notably, children did not
necessarily respond in a consistent way to each of the STEM
identification items.

Research Question 2. What Features of an Invention
Camp Experience Contribute to a Context that is
Conducive for Inventive Identity Exploration? This
research question was addressed using the matched cases
data set (n = 108). We examined children’s responses to
questions about their most and least liked activities and their
descriptions of these activities according to four semantic
differential scales derived from affective dimensions present
in research literature on identity exploration in educational
contexts. We anticipated that most liked activities would
be rated more favorably along the four identity exploration
dimensions than least liked activities, and that children
would be more likely to agree with statements about these
activities featuring invention-related tasks such as problem
solving, creating things, and finding out something new.
The quantitative analysis was supplemented by thematic
coding of children’s open-ended responses about why they
liked or did not like particular activities, and their responses
to a question about whether they learned anything about
themselves during the camp experience.

Most and Least Liked Invention Activities. Statistically sig-
nificant differences in activity preferences were revealed by

Table 2. Internal consistency reliability for Inventive Mindset scales
and subscales.

Scale/Subscale Cronbach’s Alpha
Inventive mindset scale 73
Ingenuity subscale .69
Solution seeking subscale .61
Identification with STEM subjects scale 46
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Table 3. Ratings of most and least liked invention activities.

Perception of task Most liked activity — Least liked activity

Mean SD Mean SD
Unsure-confident 2.61" 0.60 1.47 0.91
Anxious-happy 2.76 0.52 1.70 0.88
Not useful-useful 2.62" 0.51 2.00 0.82
Familiar-novel 1.827 0.98 1.52 0.94

p<0.05. "This difference was not statistically significant for girls.

chi-square analyses for most liked activities, )@(2) = 2532,
p<0.000 and least liked activities, XZG) = 218.79, p<0.000.
The most frequently liked activity was making/creating/
building, which was rated as the most liked activity by 85%
of the children. While engaging in their most liked activity,
nearly all (85%) of the respondents indicated that they were
engaged in problem solving, 99% agreed that their most
liked activity involved designing something new, and 82%
agreed that it involved finding out something that was pre-
viously unknown. We interpret these findings as revealing a
strong preference for hands-on activities, and corroboration
that children found the activities to be engaging in several
ways.

Two of the camp components (coaching and sharing
ideas) were equally likely to be rated as the least liked ac-
tivity. Nearly half of the children (44%) rated coaching as
their least liked activity, and 46% rated sharing ideas as the
least liked activity. A small percentage of children (10%) in-
dicated that thinking up ideas was their least favorite activ-
ity. None of the participants indicated that making/creating/
building was their least favorite activity. Regardless of the
specific activity, however, 54% of children reported that it
involved problem solving, 44% reported that it involved de-
signing something new, 60% reported working on designing
something new, and 73% reported finding out something pre-
viously unknown. These findings illustrate that even when
reflecting on their least liked activity, many of the children
reported being engaged in behaviors that fostered inventive
and innovative skills and habits of mind.

Affective Dimensions of Invention Activities. Children rat-
ed their feelings during their most and least liked activities
along dimensions known to affect motivation for identity
exploration. Ratings varied depending on whether children
were rating their most or least liked activity (Table 5). Chil-
dren were more likely to rate feeling closer to confident than
unsure, paired t,,= 12.3, p<0.001, and closer to happy than
anxious, paired Lony™ 12.11, p<0.001, for their most liked
activities compared to their least liked activities. Similarly,
they were more likely to rate most liked activities as useful
than not useful, paired Loy = 7.44, p<0.001, and to a lesser

extent, novel than familiar, paired Ly, = 2.42, p<0.05.

Self-knowledge Associated with Invention Education Ac-
tivities. Within the matched sample, forty-seven children
(44%) chose to provide a response to the prompt about what
they had learned about themselves and 34 (72%) responded
yes, or yes with an elaboration. Of the affirmative responses,
most statements (n = 31; 91%) referred to self-perceptions
and self-definitions. The responses of thirteen of these chil-
dren referred to creativity. One stated, “I learned that I like
creating things very much” while others linked this with in-
vention, saying “That I like to invent stuff and create stuft,”
“I LOVE inventing things!!” and “I learned that I like to
invent my ideas for solving problems.” Another common
theme within self-perceptions was children’s self-reported
capacity or capability. Six children wrote about this, includ-
ing one who stated “I learned that I could do more than I
thought I could,” and another who wrote “I learned that if
I put my mind to it I can come up with something great.”
A small number of responses included self-perceptions of
being perseverant (“I learned that I can persevere through
challenges”) and in possession of good ideas (“I learned that
[ have a lot of good ideas and that I can make the world a bet-
ter place”). Three children wrote about having learned that
they liked particular content knowledge such as aerodynam-
ics or robotics. Only one child referenced their ontological
(worldview) beliefs when writing about their self-learning,
saying “That it is okay to try multiple ideas until you find the
best one that works.”

Research Question 3. To What Extent is Gender Associ-
ated with Children’s Responses to an Invention Mindset
Questionnaire, Their Identification with STEM Subjects,
and in Their Perceptions of the Invention Camp Experi-
ence?

Gender and Inventive Mindset. We did not find gender
differences in inventive mindset scores as measured ahead of
camp participation; the pre-camp mean score was 29.57 (SD
= 4.54) for boys and 30.58 (SD = 2.83) for girls. Inventive
mindset scores were also stable over time for boys (7=
-1.27, p>0.05) and girls (t(47): -0.57, p>0.05); the post-camp
mean score was 30.38 (SD = 3.15) for boys and 30.81 (SD
= 3.08) for girls.

The pre-camp data subset did reveal that gender was as-
sociated with the strength of the relationship between inven-
tive mindset and STEM identity for both the overall scores
and the subscale scores. For boys only, scores on the Solu-
tion-seeking factor were correlated with identification with
science (r = .29, p<0.05) and technology (» = .35, p<0.01).
For girls, scores on the Ingenuity factor were correlated
with math (» = .39, p<0.01) and technology identity (» =
.33, p<0.05). Girls’ identification with STEM subjects was
uncorrelated with scores on the solution-seeking factor. To-
tal inventive mindset scores were positively correlated with
girls’ identification with math only (» = .29, p<0.05). This
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Table 4. Correlations among inventive mindset and identification with

STEM subjects.
Ingenuity Solution Inventive
subscale seeking mindset total
subscale score
Girls Boys Girls Boys Girls Boys
I am a math person 39" -03 .10 -16 28" -88
I am a science person 03 .05 -01 29" .01 28"
I am a technology person 33" .14 12 357 25 29"

p<0.05, "p<0.01

pattern was reversed for boys, with boys’ total inventive
mindset score being positively correlated with identification
in science (r = .28, p<0.05) and technology (r=.29, p<0.05),
but not math.

We also did not find pre- or post-camp gender differences
in identification with STEM subjects. At the initial admin-
istration, girls’ scores at pre and post camp respectively in-
cluded means of 3.27 (SD = 0.86) and 3.35 (SD = 0.60) for
science, means of 2.94 (SD =0.81) and 2.91 (SD = 0.83) for
math, and means of 3.29 (SD = 0.62) and 3.44 (SD = 0.50)
for technology. For boys, scores at pre and post camp respec-
tively included means of 3.27 (SD = 0.76) and 3.37 (SD =
0.69) for science, means of 2.97 (SD = 0.98) and 3.08 (SD =
0.85) for math, and means of 3.43 (SD = 0.7) and 3.48 (SD
= 0.62) for technology.

Gender and Invention Activity Preferences. For the most
part, gender did not influence whether particular activities
were rated as most or least liked. Among the 88 responses
from 45 boys and 43 girls on the topic of why making and
building were their most favorite activities, just under half
(41%) wrote that they “like” or “love” making, building,
and creating, or that such activities were fun. Other themes
that were apparent across genders included realizing ideas,
working autonomously, and being creative. Responses of
two girls and six boys were coded as realizing ideas, includ-
ing one girl who wrote “Because it allows me to put my
ideas into life somewhere” and a boy who wrote “Because
you could make whatever you could think of.” Two girls and
three boys wrote about their appreciation for independent
work and exploration. One girl wrote “I could do it by my-
self with no annoying people or someone telling me how”
and a boy wrote “I could do what I wanted to with the things
they gave me to work with.” Six girls and eight boys includ-
ed that they liked “building,” and five girls and seven boys
included that they liked “creating” or using their “creativity.”
Notably, only one participant included the word “inventing”
to describe their making/creating/building activities; a boy
wrote “I got to invent lots of cool things.” Two girls and five
boys made specific reference to a particular activity, such as
working with a robot or clay.

Children’s open-ended responses about their least favor-

ite activities were also coded thematically. To a large extent,
the reasons children gave for their least preferred activities
of coaching and sharing ideas mapped onto the negative
ends of the provided affective dimensions, and onto factors
that inhibit identity exploration. For example, half of the 38
responses about not wanting to share ideas were coded as so-
cial anxiety. Of the fifteen girls who answered this open-end-
ed question, eight wrote about disliking the sharing process
because of feeling “nervous talking to new people” or feel-
ing “shy with [the] virtual setup.” Similarly, boys were also
forthcoming with social anxiety as a reason for disliking
sharing. One boy who wrote of his “fear of having to talk
to a group” and another wrote “because sharing made me
so anxious and I wanted to get off [the Zoom call].” Sever-
al children also wrote about having difficulty expressing or
explaining their ideas without linking this difficulty to the
social or virtual setting.

Response rates for why the coaching activity was least
preferred were evenly distributed between twenty boys and
twenty girls. Seven of the girls reported that the coaching
sessions were too structured or that they preferred to work
independently, reporting that “They told us what to do and I
just want to do my own thing,” “it took too long and I could
just read the instructions by myself,” or “I don’t like being
coached.” Boys were more likely than girls to use the word
“boring,” and five boys reported that they “already knew”
the material or that “I could have read the instructions. There
was nothing extra.”

DISCUSSION

Over the past decade, the United States has seen growth
in the number of invention education programs aiming to
inspire and prepare the next generation of innovators. The
focus of this emerging field is on fostering motivation to-
wards invention skills and habits of mind including problem
finding, perseverance, creative risk-taking, and an interest in
developing novel solutions. Invention education strategies
are closely aligned with those found in other forms of STEM
outreach, and include the use of design cycles, making and
tinkering, open-ended exploration, and positive social sup-
port (Castillo et al., 2020). To date, although some scholars
have linked invention education with students’ self-efficacy
and interest in pursuing innovation, particularly in STEM
fields, little research has been conducted on how invention
education experiences might serve as contexts for identity
exploration. However, previous literature in education and
psychology suggests that over time, within the context of
a supportive community (Lave, 1991), and under particu-
lar conditions (Heffernan et al., 2018) such experiences
may shape the way that children perceive themselves. This
means that invention education might function as a platform
for engaging students as they explore their current and fu-
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ture selves in the realms of invention, innovation, and com-
mercialization (Lemelson Foundation, 2019). In this study,
we sought to develop a measure of inventive mindset—the
self-definitional component of inventive identity—for use
in invention education contexts that serve upper elementary
and middle school aged children, and we also sought to ex-
amine the relation between inventive mindset and self-iden-
tification with STEM subjects commonly encountered in
school settings. We studied one invention education program
in particular to assess the degree to which its contextual fea-
tures aligned with those known to support (or inhibit) iden-
tity exploration and drew from literature on gender differ-
ences in STEM and innovation as a rationale for examining
whether effective contextual features would differ for boys
and girls (Hughes et al., 2020; Roberts and Hughes, 2019).
In the following discussion we summarize our findings and
consider the broader implications of framing invention ed-
ucation (with or without STEM) as a context for children’s
identity exploration, before presenting some limitations and
opportunities for future research in this area.

Through this study we gained a more nuanced under-
standing of children’s self-perceptions regarding their iden-
tification with STEM subject areas and characteristics often
associated with success in STEM, invention, and innovation
careers. Specifically, we learned that although children may
perceive themselves as being creative, open to considering
and sharing new ideas, imaginative, and capable of problem
solving, these qualities were psychometrically (and, we sus-
pect, phenomenologically) distinct from self-perceptions of
being “a math person” or “a science person” or “a technol-
ogy person.” A second insight gained through the pre- and
post-camp administration of the measure was that children’s
responses seemed relatively stable over time, or at least not
sensitive to a one-week virtual and hands-on experience.
The findings are worthy of replication and investigation in
future research activities, as they suggest that whereas adults
may tie these invention characteristics to STEM subject ar-
eas, children may not. This also points to the need for further
research that explores invention education as an intervention
that may be able to shift children’s self-perceptions about
both invention and STEM.

Although the enrichment program was not deliberately
designed using principles of identity exploration, children’s
responses indicated that its activities elicited emotions and
perceptions commensurate with conditions for learning
about the self. This finding lends further support to the idea
that invention education experiences might be appropri-
ate contexts for children to not only learn about inventing,
using tools, and gaining skills, but also for activities to be
leveraged as possibilities for them to envision themselves
in future roles and contexts. The two sources of data that
point most directly to this include children’s ratings of most
liked activities as being associated with psychological safety

(feeling happy and confident over anxious and unsure), and
children’s written reflections in which new understandings
about qualities were shared, with most of the affirmative re-
sponses relaying information about invention related charac-
teristics or adaptive beliefs. These insights could be used as a
point from which interventions could be designed, such that
children deliberately explore their beliefs about invention in
relation to themselves and their social and lived experienc-
es, purposes and goals for participating in making, inventing
and commercializing their innovations, and possibilities for
action in their current and future lives. In addition, incorpo-
rating identity-focused constructs in evaluations of STEM
oriented invention programs would provide further insights
for researchers and evaluators, who often examine relat-
ed variables such as attitudes and interests (Cappelli et al.,
2019).

Of equal interest was the idea that particular features of
the invention education experience may act as a barrier for
some children, and that existing factors might also provide
some children with an advantage in terms of their preferenc-
es or readiness to engage with the camp content. Broadly, we
found this not to be the case: gender, race-ethnicity and age
were not influential factors in children’s inventive mindset
scores, identification with STEM subjects, or their ratings of
most and least liked activities. Therefore, we conclude from
the data that the camp context itself did not seem to appeal
to, or cater to, one group of children over another. However,
we did note gender differences in the relations between in-
ventive mindset and STEM identification, with boys’ scores
more strongly correlated than girls’ scores. This calls into
question the relations between STEM and invention mindset
as it is perceived by children, particularly for girls. Future
research is needed to determine the robustness and gener-
alizability of this finding to other samples, age groups, and
contexts.

Implications for Theory. There has been a recent increase
in researchers working together with industry leaders and
educators to consider the mindsets needed to become an in-
ventor and innovator. These include creativity, persistence,
adaptability, initiative, ideation, tolerance for risk, and prac-
tical fluency in STEM and related fields (Lemelson Foun-
dation, 2019). An inventive mindset—habitually seeing the
world through lenses that purposefully apply the above qual-
ities—is one component of an inventive identity. While it is
difficult to measure an individual’s mindset, and it will likely
be manifest to a greater or lesser degree in different contexts,
we propose that it is a valuable endeavor to use reliable and
valid self-report measures to gain insight into individuals’
inventive self-definitions and self-perceptions. The tools de-
veloped in this study originated in themes that emerged in
interviews with inventors and syntheses of invention educa-
tion programs (Lemelson Foundation, 2019; National Inven-
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tors Hall of Fame, 2019), but we gained a new understanding
of the interrelations among the different self-definitions in
young children from the use of an exploratory factor anal-
ysis. Our list of inventive mindset self-definitions fell into
two groups that represent different facets of an inventive
mindset: one reflected creativity, imagination, idea genera-
tion, idea sharing, and design; the second reflected problem
seeking, problem solving, persistence, and openness to new
ideas. Both of these were related to but also distinct from
children’s identification with the technical skills that have
been identified by studies of inventors—specifically the sci-
ence, mathematics and technology components of STEM,
for which stronger correlations were found for boys com-
pared to girls.

One interpretation of this finding is that children who
identify with these subject areas may not necessarily per-
ceive themselves to possess inventive mindset characteris-
tics, and vice versa. Another conclusion is that girls’ inter-
pretations of the technical skills associated with invention
are less connected to invention related self-definitions. Re-
gardless, further research is needed to investigate the degree
of separation and overlap between STEM identification and
inventive identity in boys and girls, and we note that the addi-
tion of a question about identification with engineering may
also provide meaningful gender-based insights. Intervention
studies could examine the relative malleability or stability of
ingenuity, solution seeking, and STEM identification scores
that occur as a result of participating in particular types of
invention education experiences including those that do not
require technical knowledge in STEM.

In the present study we asked children about their per-
sistence by asking if they perceived that they gave up easily.
It is appropriate that this item loaded on the solution seeking
factor, since prior literature has highlighted the importance
of adaptive framing and interpretation of failure experienc-
es in shaping high school students’ persistence in invention
activities (Estabrooks and Couch, 2018). It would be worthy
to examine the relations between inventive mindset and at-
titudes towards failure in younger children and those who
have little prior experience with making and inventing, to
triangulate children’s self-perceptions with observations of
how these qualities are supported or inhibited in particular
making and inventing contexts, and to study the role that
children’s ingenuity characteristics might play in moderat-
ing persistent solution seeking in these contexts. Finally, re-
search on older children’s self-definitions as an inventor has
called attention to the role of being recognized by others as
being inventive (Couch et al., 2019). Little is known about
the development of the self-definitions included in the mea-
sure on inventive mindset in relation to children’s percep-
tions of how others view them, and how invention education
contexts might promote one, or both. If administered in its
current and modified form, the tool developed in the present

study could allow researchers to investigate the relations be-
tween individually constructed and socially derived aspects
of inventive identity in diverse groups of children.

Implications for Practice. Children responded in definitive
ways to specific invention related activities. The most liked
activities of making and creating were consistently rated
as being accompanied by positive emotions of happiness,
confidence, utility, and novelty, and open-ended responses
revealed preferences for autonomy, exploration, and high
interest. Each of these descriptors aligns with known con-
textual features of educational environments that support
identity exploration, such as supporting autonomy, provid-
ing some but not too much guidance, and striving to create
personal meaning (Kaplan et al., 2014). Children’s dislike of
particular activities such as sharing ideas and being coached
can also be interpreted using an identity exploration lens.
One of the most common reasons why the recurring activ-
ity of sharing ideas was less liked is that children reported
experiencing social anxiety in some form such as shyness or
reluctance to speak in front of individuals they did not know
well. Several children also voiced concerns about having
their ideas stolen from them. These themes underscore the
importance of children’s sense of emotional safety and how
a lack of perceived safety can influence the favorability of
a particular activity. Children who did not enjoy the coach-
ing sessions as much as other activities conveyed reasons
of either boredom or low utility. This is also congruent with
principles of designing for identity exploration, as previous
research has linked the creation of personal meaning with
activities that are considered to be useful, relatively novel,
and of a moderate degree of challenge (Sinai et al., 2014).
Despite not being deliberately designed for identity ex-
ploration, our findings suggest that the enrichment program
content and its delivery demonstrated the potential for this
to happen. At the very least, students participated in some of
the foundational skills of creating and making that may lead
to an interest in innovation and entrepreneurship (Small,
2014). However, what we did not find in children’s respons-
es suggests that practitioners should make explicit connec-
tions between inventive activities and children’s own sense
of self as an inventor. Of the nearly one hundred responses
to the open-ended questions about why children liked or did
not like particular activities, only one child made a reference
to their activities as inventing. Instead, most responses re-
ferred to subcomponents of inventing such as making and
creating, rather than inventing itself. This finding echoes
other research where invention education programs have
been studied for their potential to shift participants’ self-de-
scriptions about inventiveness. In their study of high school
students participating in an invention competition, Couch et
al. (2019) found that although many saw themselves as lead-
ers, creators, and engineers, very few labeled themselves as
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inventors. The qualitative portion of the study revealed that
students held a particularly high bar for this descriptor and
thought of it as describing someone who had invented a new
solution or technology that others had found to be useful.
Incorporating and evaluating an “authentic use” feature into
invention education programs might increase identification
as an inventor and increasing students’ recognition that they
are inventing as well as making, creating, and building.
However, our data also suggest that this should be done with
careful attention to participants’ perceptions of psychologi-
cal safety, because several children in our study alluded to
social anxiety as a reason for their reluctance to share their
ideas.

Finally, when asked to describe any learning that had tak-
en place about themselves, most of the children responded
by referring to the identity component of a self-perception or
self-definition (e.g. I am creative; [ am interested in making
things). Only one of the children responded that they had
learned in relation to their beliefs about the world (e.g. it
is okay to try multiple ways to solve a problem). Because
beliefs are known to influence motivation and persistence in
many areas including STEM (Simpkins et al., 2006; Small,
2014), it may be beneficial for programs to include explicit
references to principles associated with persistence in inven-
tion and innovation such as tolerance for risk and failure,
and to build in opportunities for children to reflect on this in
relation to their current and future selves in the STEM and
invention domains but also other areas of their lives.

Limitations. A primary limitation of this study is the self-se-
lected sample of respondents. The children who participated
may not be representative of the broader population, as they
had voluntarily enrolled in the invention education summer
camp. In addition, due to the smaller number of matched
pre- to post-camp responses, our in-depth analysis was con-
ducted on a subset of responses. It is important that further
research be conducted using a broader and more representa-
tive sample including children from more diverse ethnic and
socioeconomic backgrounds, non-native English speakers,
and those with disabilities, as well as children with varying
amounts of prior exposure to STEM, making and tinkering,
and invention education.

A second limitation is that due to the virtual nature of the
camp setting it was not possible for the researchers to ob-
serve or participate in all sessions. Children’s participation
and responses therefore could not be verified or triangulat-
ed using observational data. Finally, a third limitation was
the decision to limit our treatment of STEM disciplines on
the pre- and post-camp questionnaire to science, technolo-
gy, and mathematics and omit a question about identification
with engineering. These were thought to represent in-school
subject matter experiences that all participants would have
been exposed to and would have an accurate understanding

of the terms, but it should be noted that this does not mean
that we consider engineering to be unimportant to the de-
velopment of a STEM identity or unrelated to an inventive
mindset. We hope that future research will reveal insights
into the relations among inventive mindset and a broader
range of STEM and other technical subjects including engi-
neering and computer science.

CONCLUSION

Successful invention education initiatives seek to prepare
and inspire children to become inventors and innovators,
and many programs also feature an explicit commitment
to broadening participation in the innovation and commer-
cialization sectors of the economy for reasons of both social
justice and societal benefit (Konig et al., 2019). Invention
education is most frequently implemented through out-of-
school time programming such as summer camps or innova-
tion competitions. Because such settings have been found to
impact students’ self-perceptions including leadership skills,
self-esteem, and social competencies (Cappelli et al., 2019;
Garst et al., 2011; Thurber et al., 2007), we sought to inves-
tigate the potential for an OST invention education enrich-
ment program to act as a context for exploration of self as
well as exploration of content. We also took the opportunity
to develop and study the underlying construct of inventive
mindset in order to provide the fields of invention educa-
tion and STEM outreach with a validated tool for capturing
the impact of contexts that support identity exploration. Our
findings revealed that both boys and girls exhibited self-per-
ceptions congruent with an inventive mindset, with gender
differences in the strength of the relationship between mind-
set and identification with invention-relevant subject areas
of science, math, and technology. Children preferred activ-
ities with features that supported their autonomy and confi-
dence and did not tend to like activities that lacked perceived
emotional safety and utility. We conclude that invention ed-
ucation can offer a context for identity exploration, but that
program designers should explicitly consider how this takes
place in a program as it may not occur spontaneously during
making, building and design activities.
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