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Abstract

This system-level ethnographic study of a strength-based approach to transforming a national invention education program
makes visible how program leadership drew on research and their own expertise to shift who and how they served. With data
analysis grounded in program reports, documentation, and internal and published research, the program’s developmental
trajectory is (re)constructed and (re)presented with contextual details provided by program leadership to bring forward how
facets of a strength-based approach informed the overtime transformation. Working in conjunction with program leadership
to identify common design elements across new program offerings, this study presents this program’s principles for design-
ing for instruction and considerations for curricular integration of invention education into K-14 educational institutions.
Furthermore, how these principles align with a strength-based approach are discussed.
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Introduction

My parents are Lebanese and lived in Lebanon until
they graduated college during the [Lebanese] civil war
and then they immigrated to find jobs... my grandma,
for example, lost her husband when she had kids...
she went from being a math teacher to having to run
this business and put her kids through college. And I'd
consider that fairly entrepreneurial, which to me are
the same skills as inventing and resiliency....

-Mira Moufarrej, addressing the assets she drew upon
to become an inventor for the documentary movie
Pathways to Invention, Stanford University, 2021
Lemelson-MIT Program (LMIT) “Cure It” Graduate

P4 Stephanie R. Couch
scouch@mit.edu

Melinda Z. Kalainoff
mzkalainoff @ gmail.com

Lemelson-MIT Program, Massachusetts Institute
of Technology, 222 Third Street, Suite 0300, Cambridge,
MA 02142, USA

2 Kalainoff Consulting and Research, LLC, 6105 Revelstoke
Drive, Colorado Springs, CO 80924, USA

Published online: 24 April 2024

Student Prize Winner for inventing a prenatal liquid
biopsy test.

We all had something great to put into this [invention
experience and project] and it meant that wherever
somebody fell a little short [in particular knowledge
or skills], another person was ready [to step in] and
[then] another person....

-Vinny Morales, addressing his greatest lesson learned
as a student-invention team member in Invention and
Inclusive Innovation (i3) at Chaffey Community Col-
lege, Rancho Cucamonga, California, Summer 2021.!

Accounts of the lived experiences of people like student
inventors Mira and Vinny are central to ethnographers’
examination of culture within social groups. Ethnogra-
phers’ documentation of words people use, contextual cues
for the meanings being conveyed, actions taken, and objects
used or produced become part of purposefully constructed
research archives. Ethnographers draw on records in this
ethnographic space to produce data (Green et al., 2017).
Triangulation of the data allows for warranted claims about
the patterned ways of thinking, knowing, being and doing,
among those recognized as members of a social group. This
study, conducted from an ethnographic perspective, draws
on archived records associated with educational initiatives
1

Student produced video, “The Spirit of Invention’: https://youtu.be/
PTzAcExU_RS.
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offered by a national program in the United States focused
on invention known as the Lemelson-MIT Program (LMIT).
Artifacts within the archive include inscriptions of life of
the LMIT staff as well as educators and students with whom
LMIT interacted. Activities of this group during the study
period focused on identifying and coming to understand
problems faced by people in local communities and the
development of technological solutions that could be pat-
ented under the rules set forth by the United States Patent
and Trademark Office (USPTO).

The program studied is administered within the School
of Engineering at a university in the United States that is
highly prone to patenting®. The program is one of several
national invention education (IVE) program providers in
the U.S. whose work contributes to diversifying those who
invent, protect their ideas, and solve problems that matter
while exposing diverse students to STEM careers (Inven-
tion Education Research Group, 2019). Our first reading of
the contents of the research archive revealed that the pro-
gram’s initiatives had shifted significantly in recent years.
How LMIT conceptualized the development of an inventor
and the guiding principles informing the design of new ini-
tiatives were not transparent. Statements like, ““all kids can
learn to invent” made us wonder if the principles guiding
the LMIT Program were consistent with the strength-based
approach emerging from positive psychology and used in
many K12 schools to promote health, well-being, and aca-
demic achievement in education or in other fields such as
psychotherapy and social work. Thus, we chose to undertake
a research study, grounded in the principles and practices
of ethnography, to (re)construct who did what, with whom
and under what conditions, to bring about the shifts that had
transpired. We also wanted to determine if the purpose of
the shifts related to new norms and expectations that were
strength-based.

Research Questions (RQs)

The overarching objective of this study is to determine ways
the guiding principles of the program align with a strength-
based approach (or not). Research questions that we unfold
systematically to address this overarching objective are:

RQ1: How did the LMIT program shift its program offer-
ings and who was served between 2016 and 20227
RQ2:  What influenced shifts in the program’s initiatives?
What were the phases of inquiry, key decisions, and
activity along LMIT’s axis of their developing program?

2 See https://www.mit.edu/innovation/.
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RQ3:  What common approaches and principles of design
are reflected in the initiatives? How do the common
approaches and principles reflect a “strength-based”
approach, if any?

RQ4:  What potential programmatic shifts or revisions to
principles of practice are realized through the reflexive
actions of the Executive Director acting as a researcher
to examine the program through a strength-based lens?

Positionality of the Authors

The ways that we, authors, study social, cultural, and eco-
nomic forms of capital (Ade-ojo, 2021) and literacies in rela-
tion to invention and IvE are guided by our personal and
professional experiences and a logic-of-inquiry grounded
in interactional ethnography (Skukauskaité & Green,
2023). The first author has been the Executive Director of
the Lemelson-MIT program, the ‘site’ of this study, since
2016 and led the program’s transformation over the study’s
time period. She was first introduced to a ‘strength-find-
ing’ approach in 2002 while working as a director of an
educational technology program affiliated with community
colleges.

The second author is an independent researcher-ethnog-
rapher, Latina, and former Academy Professor at the United
States Military Academy at West Point. Through guiding
diverse cadet-learners in a student-centered instructional
design for undergraduate General Chemistry, she witnessed
first-hand how these learning environments provide the
space for students to access their strengths. Since 2020, she
has contributed to research in half of LMIT’s new initiatives.
However, she was not privy to the larger transformation
taking place at LMIT. Through her ongoing ethnographic
research with LMIT and the first author, the second author
observed that these new initiatives seemed to be guided by
a strength-based approach. This study afforded both authors
an opportunity to step back from what they thought they
knew, to re-examine the ways of thinking, knowing, being
and doing within LMIT over the study’s time period.

Conceptual Framework, Methodology
and Methods

Our conceptual framework is informed by socio-cultural
theories and an anthropological and discourse-based
approach to ethnography (Green et al., 2020; Skukauski-
ate & Green, 2023). A number of traditions are develop-
ing because of ongoing ethnographic work being done as
a community of inquiry. Like duo-ethnography, we bring
multiple actors together who have different background
knowledge. For this study, we draw on the internal and


https://www.mit.edu/innovation/
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Table 1 Summary of Artifacts in the Research Archive

# of artifacts Description

Collection Method

Date(s) Collected and Archived Research Questions or

Paper section

7 Annual reports (1/1/2016— Contributed by LMIT Executive 4/1/2023 RQ1
12/31/2022) submitted by LMIT  Director
to the program’s primary funder
across a seven-year period

25 Research papers, publications & Website download?® (20) and 5/1/2023 RQ2, RQ3
testimony provided by LMIT Executive

Director (5)

18 Case studies Website download® 5/1/2023 RQ2, RQ3

2 Interview transcripts from insider/ Produced by researcher 6/1/2023 to 7/15/2023 RQ2, RQ3, RQ4
informant

1 CV of the LMIT Executive Direc- Contributed by LMIT Executive ~ 5/1/2023 Positionality Statement
tor Director

1 Film: Pathways to Invention Contacted producer 5/1/2023 Introduction

1 Student interview response Website Download® 5/1/2023 Introduction

2 Unpublished papers and confer- Contributed by researcher 7/15/2023 RQ2

ence presentation

Website downloads are publicly accessible

external ethnographer roles and relationship (Green et al.,
2017; Green & Bridges, 2018) as a support structure for
the dialogic conversations at the point of analysis. This
collaboration supported the undertaking of a reflexive
and abductive process central to an ethnographic logic-
of-inquiry. The process is guided by principles of con-
duct derived from anthropological perspectives with an
emphasis on discourse described by Heath and Street
(2008) as follows:

e Stepping back from ethnocentrism;

e Learning from and with participants;

e Making connections to construct new (emic) ways of
knowing; and,

e (Re)presenting what is known by local actors and what
the ethnographers learn from the analysis at different
levels of analytic scale.

Through this process, the external ethnographer sup-
ports the internal ethnographer to collaboratively make
visible the emic meanings for interpretation by outsider-
readers. This ethnographic perspective guides the multi-
ple layers of analysis needed to systematically document
and analyze LMIT’s complex social system and the differ-
ent layers of decision-making and actions that were being
taken across time. In this way, the logic-of-inquiry, meth-
odology and methods are made explicit in this study by

making visible abductive phases of inquiry: a deliberate
analytic process of resolving a research question which
then informs the next research question and analyses.

Corpus of Data

The initial research archive, constructed in accordance with
an ethnographic perspective, was supplemented as the study
progressed with additional artifacts required to thoroughly
examine each sequential research question (Kalainoff & Chian,
2023). Table 1 summarizes the artifacts in the final archive,
how and when these were collected, and which RQs or section
in this paper each type supports.

Initial Entry into the Research Archive

This section describes two actions, guided by an ethnographic
perspective, that were taken upon entering the research archive.
Our first action, aligning with our overarching research ques-
tion, was to read the archive ethnographically by examin-
ing the artifacts in relation to ‘invention’, ‘innovation’, and
a ‘strength-based lens’ which included consulting additional
research literature. This first action led to identifying a ‘rich
point’ (Agar, 2006) in the archive as a starting place for the
process of building an empirically guided logic or sequence
of research questions that collectively address the overarching
research question.

. @ Springer
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Reading the Archive Ethnographically and Literature
Informing our Inquiry

Studies published by LMIT staff defined “invention, and
more specifically technological invention, [as] the process
of devising and producing by independent investigation,
experimentation, and mental activity something that is use-
ful and that was not previously known or existing.”> A 2004
report of the Committee for Study of Invention, a committee
sponsored by the National Science Foundation and LMIT,
offered insights into the work of inventors and ways the work
differs from other approaches to problem-based learning.
The report notes that “routine problem-solving and invention
represent opposite ends of a design continuum, with increas-
ing specification and predictability associated with routine
problem solving and increasing ‘boundary transgression’
and uncertainty associated with invention” (Magee et al.,
2004).

The 2004 study portrayed invention as a precursor to
innovation, or the bringing forth of something new and
novel to intended audiences. Invention, combined with
entrepreneurial activity, leads to innovation. Our review
of the research literature had shown that studies examining
innovation and the conditions needed to foster innovation in
particular geographic regions, also called place-based inno-
vation, have used a strength-based lens to generate under-
standings of factors that support and constrain innovation
(Myende & Hialele, 2018; Myende, 2015; Emery & Flora,
2006). Emery and Flora (2006), for example, documented
the interconnectedness of seven factors that allow for the
‘spiraling up’ of communities in ways that improve condi-
tions for residents. The seven types of capital are: (1) natu-
ral (physical context), (2) cultural (way people “know” the
world and how they act with it), (3) human (skill and capa-
bilities of people), (4) social (connections among people),
(5) political (access to power), (6) financial, and (7) built
environment (physical infrastructure).

A more recent study in the archive conducted by a LMIT
staff member, reflected Emery and Flora’s notion that cul-
tural knowledge and practices and social relations are a type
of capital present within communities, and demonstrated
that social and cultural community wealth are a resource
for invention and innovation. Specifically, the LMIT staff
member’s study found that high school students’ lived expe-
riences aided their identification of a local problem and
design of an invention prototype that was new and novel,
useful, unique, and non-obvious (Saenz, 2022). This study
posited that learner-inventors bring differential strengths to
these processes. Students who grow up in communities of

3 https://lemelson.mit.edu/sites/default/files/2020-04/Invention%
20Assembly%20Full%20Report.pdf.
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color, for example, bring unique types of cultural capital and
Funds of Knowledge (Gonzalez et al., 2020) as assets to their
learning and development. The paper, citing Yosso’s (2005)
Community Cultural Wealth theory, described these assets
as navigational, linguistic, aspirational, social, resistant, and
familial. Other studies in the research archive gave accounts
of these and other types of capital that students activated
during their work as inventors.

The vast majority of documents in the archive portrayed
LMIT’s role as one in which educators and students were
the primary actors with whom staff engaged. The documents
did not explicitly reference “strength-based teaching”. The
authors, however, developed an understanding of strength-
based instruction through findings in the research literature
that linked strength-based teaching to promoting well-being
including positive emotions, engagement, relationships,
meaning, and accomplishment (Seligman, 2011). The five
domains were shown to impact mental health, well-being,
and academic achievement (Waters et al., 2019). Galloway
et al. (2020) offered examples of ways teachers enacted this
approach, rooted in positive psychology, in school contexts:

A uniform finding in the study was that all five teach-
ers implemented: (1) processes for identifying chil-
dren’s strengths that involved the recognition and
acknowledgement of children’s preferences, abilities
and passions (Linley & Harrington, 2006), (2) pro-
cesses for applying children’s strengths when teach-
ers encourage children to “be aware of what they can
use those strengths to achieve, accomplish, and over-
come” (Brownlee et al., 2012, p.8), and (3) processes
for developing children’s strengths enabling students
to improve known competencies (Biswas-Deiner et al.,
2011). (Galloway et al., 2020, p. 40)

These perspectives served as our initial guide in how to
characterize the term ‘strength-based’ in K-14 educational
contexts.

As researchers studying the LMIT program, the extent
to which social, cultural, and other forms of capital were
deliberately engaged through the program’s efforts consti-
tuted an unknown. We also did not fully understand how the
approach to working with learners, educators, and communi-
ties reflected a strength-based approach. However, the publi-
cations in the archive caused us to wonder if fully engaging
all forms of capital, including social and cultural capital,
may assist with work to bridge significant differences across
the U.S. among those whose inventions are formally rec-
ognized through the award of a patent. The percentage of
patents awarded, for example, vary greatly according to gen-
der, race/ethnicity, income, and geographic location. The
differences within and at the intersections of these categories
(Burrage et al., 2022) suggests that greater diversity in who
invents could bring forward new perspectives and new ideas
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Table 2 LMIT Initiatives (2016 to 2022): Who is Served, Funding Source(s) and Resources Provided

Initiatives Named in Reports to Funder Who is Served by Year

(A =Awardees, E =Educators, S = Students)

Resources Provided by LMIT in 2022 (or in the
last year of the initiative)

2016 2017 2018 2019 2020 2021 2022

Postgraduate: Lemelson-MIT Prize for prolific A A A A
inventors (est. 1994)*

4 YR University: Lemelson-MIT Student® A A A A

Prize for undergraduate teams (est. 1994)*

Graduate: Lemelson-MIT Student Prize for A A A A
graduate students (est. 1994)*

Grades 7-10: JV InvenTeams (est. 2004)* E E E E

Grades 9-12: InvenTeams (est. 2004)? E/S E/S E/S E/S

Grades K-12: Invention Adventures/Invention E/S
Convention®

Grades 9—12 Biotech-in-Action (virtual)

Grades 11-12 High School Capstone®

Grades K-14: Partners in Invention Education
(PiE)®

2 YR College: Invention and Inclusive Innova-
tion Initiative (i3)°

LMIT Student (UG)? Research Fellows

All ages: Pathways to Invention film, report,
and research paper.?

E/S E/S E/S

$500,000 for one winner in 2019

A $10K for each of four undergraduate or under-
graduate teams in 2021
A $15K for each of four graduate students in 2021
E E Curriculum
E/S E/S E/S Grants; Curriculum

Curriculum; Coaching or professional develop-
ment; Invention conventions

S S Online program for students
E/S E/S PiE memberships; curriculum
E E Catalogue/Curriculum; Coaching or profes-
sional development
E E Curriculum; Online workshop
S Ethnographic research program

E/SY Documenting the trajectory of collegiate
inventors; Online professional development
sessions

#Funding provided by The Lemelson Foundation

"Funding provided by the beneficiary through membership fees (e.g. school, district, college, non-profit, other)

“Funding provided primarily by The Lemelson Foundation, but one-time investment by a state higher education agency

In addition to educators and students, the Pathways to Invention film documents the developmental trajectories of collegiate inventors for a gen-

eral audience

for solving the many global and local problems that plague
society. Through this initial inquiry, we recognized a poten-
tial for using strength-based framing to better understand
how LMIT has developed current program offerings, how it
can expand the use of this framing to improve its offerings,
and how it can promote strength-based teaching practices
through these offerings.

Identifying a‘Rich Point’ to Initiate the Logic-of-Inquiry
for this Study

During our examination of LMIT’s 2022 report we identi-
fied a rich point within the document. A rich point is an
unexpected surprise that initiates a question to anchor an
abductive phase of inquiry. This history and rich point
inscribed within the report spoke to the organization’s shifts
as follows:

educators and youth. LMIT expanded its efforts in
2004 to include direct engagement with high school
educators and youth in the problem-finding and pro-
totype-development processes common to inventors
through our national grant initiative, InvenTeams.
Invention education (IVE) efforts with educators and
students across the United States have continued to
grow since that time. Program offerings now sup-
port opportunities for learning across all grades K—12
and the first two years of college. Approximately 732
educators and 2,662 students benefitted directly from
LMIT offerings in 2022. The IVE efforts, and the grow-
ing numbers of educators and students served, are part
of a comprehensive strategy for realizing LMIT’s and
The Lemelson Foundation’s commitment to diversity,
equity, and inclusion (DEI). (Lemelson-MIT, 2022,

p.1)

[LMIT]... has been celebrating inventors and work-
ing to inspire young people to pursue creative and
inventive lives since 1994. Cash prizes were awarded
annually for nearly three decades (each of 26 years)
to prolific adults and collegiate inventors who inspire

This report segment caused us to wonder about the rela-
tionship between shifts in program offerings and LMIT’s
claim that it had a comprehensive strategy for realizing its
commitment to DEI, and whether this strategy was grounded
in a strength-based approach. This rich point seeded the first

. @ Springer
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research question by orienting us to ‘where’ to initiate our
analytic route through the archived records: shifts in pro-
gram offerings and who was served.

Layers of Analyses: Addressing the Research
Questions

This section unfolds four research questions that collectively
address the relationship between LMIT’s guiding principles
and a strength-based approach.

RQ1: How did the LMIT program shift its program
offerings and who was served between 2016 and 2022?

Table 2 was compiled from three layers of data con-
structed from archived records of LMIT annual reports from
2016 to 2022. These funder reports were selected because
they coincided with the tenure of the current Executive
Director and first author whose hiring as a new leader in
2016 represented one of many shifts in this time-period.
The reports are comprehensive and contain LMIT staft’s
inscriptions of who did what, with whom, and over time.
The documents offer evidence of the programmatic activities
and outcomes that were consequential from the perspectives
of the LMIT staff and the program’s benefactor, and signifi-
cant enough to be recorded as a part of the grant reporting
process. The three major sections of the table address: (1)
what LMIT offerings/initiatives were available, (2) who was
served by each initiative in each year, and (3) what LMIT
resources were provided as part of each initiative in 2022 or
in the last year of each initiative.

Table 2 lists program offerings by year in which they were
initiated. The first five initiatives, the three prize programs
for student and prolific inventors, high school InvenTeams
and the middle school junior varsity (JV) InvenTeams, began
before 2016, the initial year of our range of interest. Who
was served is shown by year for each offering. No entry
means that the program did not exist in that year. Resources
provided in 2022 or in the last year of the offering are also
listed. The resources shown include cash prizes for awar-
dees and various types of instructional programs, curricular
resources, and professional development opportunities for
other groups served.

Table 2 shows that the program offered collegiate stu-
dent prizes between 1994 and 2021. Invention and Inclu-
sive Innovation (i3), a program initiated in 2021, was
piloted at four two-year colleges that same year. Mira,
a 2021 graduate level Student Prize winner, and Vinny,
a community college student-invention team member,
cited in the opening of this paper are two of many stu-
dent-inventors whose stories are captured as artifacts in
the archive for the program — our site of study. Mira and

@ Springer

Vinny represented the last and first students, respectively,
to participate in two different invention-oriented initiatives
offered by LMIT. Both stories contained inscriptions of
their personal experiences as members of a team while
working as inventors. Their stories offered glimpses into
students’ conceptions of the “strengths” activated through
engagement in invention activities. The students’ accounts,
when cross referenced with program documents in the
archive, also validate our findings reflected in Table 2
which showed that pivotal shifts were made in who the
invention program served and their ways of serving educa-
tors and students.

Patterns emerging from the analysis of the data from the
archived records showed shifts that LMIT made in its pro-
gram offerings over the seven-year period. Examination of
these patterns suggests the following shifts between 2016
and 2022:

a. Shift in programming: Until 2018, five programs had
been a mainstay for the LMIT program: three prolific
and collegiate prize programs for 24 years and two IVE
programs serving grades 6—12 across a 14-year period.
Between 2018 and 2021, the prize programs ended and
five invention programs for K-14 were initiated. The
collegiate prize program’s 26-year history and accom-
plishments were documented in a final report, a research
publication, and a documentary film titled Pathways to
Invention. A new initiative at the community college
level launched in 2021 restored LMIT’s work with adults
of all ages. In 2022, a new initiative for MIT students
that began as a research internship retained some LMIT
efforts at the four-year collegiate level.

b. Shift in who is served: LMIT had recognized prolific
and collegiate student inventors prior to 2021. By
2022, LMIT had completely shifted towards leverag-
ing what they had learned in 18 years of its high school
InvenTeams initiative to growing student inventors
through supporting IVE learning opportunities for K-14
educators and students.

c. Shift in resources provided: Between 2019 and 2021,
as the prize programs ended, resources shifted towards
providing curricular material and professional develop-
ment opportunities for faculty to develop IVE programs
at their educational institutions as well as directly engag-
ing with students in IVE.

This analysis that traces programmatic shifts demon-
strates that LMIT’s developmental transition was character-
ized by a greater allocation of resources towards serving
faculty and students with invention education and profes-
sional development to build IVE capacity and programs
across grades K-14. The next research question examines
why this occurred.
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Table 4 Case Studies Found on LMIT Website (https://lemelson.mit.edu/news/case-studies)

C#' Year Topic

Level State

Cl 2017 STEM educator at a 4-YR university and the positive experiences of her students from the local region (all special HS NC
needs) during their InvenTeam grant year. Students created a device to test lameness in cows.

C2 2017 Female MIT mechanical engineering student’s trajectory from “no interest in STEM” to being a presenter of an HS MA

InvenTeam prototype at the 2014 White House Science Fair.

C3 2017 Teacher’s journey from InvenTeam grant application to a team of 23 students ranging from sophomores to seniors. HS MA

C4 2017 Teacher and students who persisted in their pursuit of an InvenTeam grant after a first rejection — “a teaching

moment”.

HS MD

C5 2017 Teacher’s work to pilot the JVInvenTeam curriculum in grades 7-10, with students becoming InvenTeam recipients HS  TX

as seniors.
C6 2017 InvenTeam experience that led to participation in the White House Science Fair and receipt of a U.S. patent. HS GA
C7 2018 InvenTeam teacher that is building invention pathways at the high school where he teaches HS CA
C8 2018 High school teacher who helped pilot and then expand the JVIT curriculum guides and kits. HS OR
C9 2018 A mechanical engineering undergraduate recounts joining the InvenTeam and reflects on how the experience influ- HS WV

enced his college and career path. Includes how the project lived on through the formation of a company. Docu-

mentary available on Intuit.

C10 2018 Undergraduate team describes ways their university cultivates inventors in the Biomedical program Univ. MD

C11 2018 Students and teacher’s experience of applying and gaining access to an InvenTeam grant in a high school predomi- HS CA
nately Latinx and influence on 2 students’ intentions to pursue engineering degrees.

C12 2018 Story of a rural high school that won an InvenTeam grant on a second try and ultimately participated in a White HS MI
House Science Fair. Returned home to a jubilee and ultimately to a U.S. patent and pro bono support from a local
patent attorney.

C13 2019 An InvenTeam student returned as a teacher to her school to lead her own InvenTeam that received a U.S. patent. HS FL

C14 2019 How an InvenTeam teacher transformed his woodshop into a space of invention starting with an InvenTeam grant HS CA

C15 2019 Microsoft Make What’s Next collaboration with educators that has helped with intellectual property protection and HS CA
U.S. patents

C16 2019 InvenTeam grant was a catalyst for developing a school’s Innovation Center that now serves elementary and high HS MN

school students

C17 2019 Graduate LMIT Student Prize winner describes uncle taking her to see Sally Ride as being a key inspiration to Univ IL

becoming engaged in STEM

C18 2021 Two teachers’ participation in LMIT’s professional development inspired them to apply for an InvenTeam. IVE HS NJ
expanded with other grant to include both middle school and high school offerings (path)

*Individual case studies from this table are referenced within this study by ‘C#

RQ2: What informed or influenced shifts in the pro-
gram’s initiatives? What were the phases of inquiry,
key decisions, and activity along LMIT’s axis of their
developing program?

To explore ‘why’ shifts shown in Table 2 occurred, we
drew on additional records that were relevant to our question.
We were aware that LMIT’s strategies had been informed by
numerous internal research studies conducted in the previous
six years. Nevertheless, the conduct of this study required
us to step back from what we thought we knew about ways
the prior research influenced changes that LMIT made to
its offerings so that we could take a new look from the per-
spective of a professional stranger (Agar, 1996). Therefore,
we added LMIT research and case studies to the research
archive to create summary Tables 3 and 4, respectively, to
address RQ2.

Table 3 shows 20 internally produced and 5 externally
produced publications and reports that informed LMIT’s

@ Springer

programming. Of these 25 documents, 23 are found on the
LMIT website and two were externally funded and not pub-
lic. These documents are listed by year and in terms of the
authors, research site, and report or publication topic and
findings.

Table 4 shows case studies found on the LMIT website by
year, authors, research site, report or publication topic and
pertinent findings. Of these 18 case studies between 2017
and 2021, 15 are InvenTeam or JVInvenTeam success stories
to inspire educators and students. Details provided by the
informant show that in 2016 LMIT used its public website as
a ‘living’ archive to document and make public the external
research that they were drawing on and the internal research
that they were producing to share what was being learned.
Therefore, the research publications and case studies serve
as a record of what knowledge and topics had captured the
attention of staff engaged in the research. Given the time
necessary to publish research findings and the uncertainties
of knowing if findings from research were translated into
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Phase 1 (Capacity building and seeding change)
Initiating Questions: Are program offerings and
their outcomes adequately addressing funder
goals? If not, how should the program shift?

Knowns/considerations:

« 14 years of IVE capacity building through work
with InvenTeams

« Funder commitment to diversity, equity and
inclusion

« Program Shortcomings: “The limited number of
sites reached each year with existing invention
education offerings, and the relatively small
number of students across the United States who

participate, constitute a programmatic weakness.”

(Lemelson-MIT, 2017, pg.3):
« Executive director commitment to “strength-

Phase 2 (IVE for all: Reframing IVE processes for continuous learning and strength-based developmental processes)

Phase 2a: Initiating and informing a program
transformation through research and observations in
the field

Questions: How should the program shift to address
IVE challenges? How should LMIT transform?

Phase 2b: Developing and piloting initiatives and
transforming infrastructure to expand student access to IVE
Questions: How will new initiatives take shape and be
taken up by valueholders (faculty, students,

Phase 2¢: Communicating and
leveraging change efforts

Question: How can we institutionalize
continuous learning and strength-

Knowns/considerations:

« Strength-based considerations from
InvenTeams: working in teams, teams self-
selecting their challenge, begin IVE at earlier
grade levels

« Must address commitment to address disparities
in who invents and earns patents

+ Emerging findings from internal research: Table
2,R9-R10

finding” and leveraging cultural assets
« Findings from external research: Table 2, R1-R2

« Emerging findings from internal research: Table s\\'\‘(\
2,R3-R8,R15 _\é\‘)‘\‘&\‘\%
oe"o %‘ad\
it prog @ ¢
staff =
gt el Y
nov'®
o8 e 2 /‘ y
nge> a,
ol " 2018
o Phase 2a Learnings:

« Inventor mindsets and ways of being
®1)

« Policy changes needed and articulated in
USPTO testimony for Congressional
Report (R7)

« Framework for IVE: a consensus
document by researchers to guide the
emerging field of IVE (R9)

Phase 2a Outcome:

Expand to supporting K-14 during the

school day (for all) through new LMIT

initiatives; focus on opportunities for
women, BIPOC, and low-income
students

Phase 1 Learnings:

« Research and experience
suggests IVE learning
opportunities should begin
earlier to realize and foster
strengths

« Prize Programs: do not
actively promote and support
long term funder goals; ratio
of $3$ to those served is high

Phase 1 Outcome:

Shift programming to better

address strategic goals

« Interactions with
informants (learners,
facilitators, IVE
valueholders)

« Observations of
initiative outcomes

« Invention and IVE
research literature

Fig. 1 Axis of a Developing LMIT Program from a Strength-based Lens

new practices, the informant was interviewed about where
and how these findings from research contributed to LMIT’s
decision-making and developmental trajectory.

As part of this layer of analysis, the informant and exter-
nal ethnographer used the timeline of initiatives in Table 2,
research and reports in Table 3, and case studies in Table 4
to jointly and iteratively construct the major phases of work
identified by the informant in co-reflexive dialogues. We
also identified key activities within each phase of work
that were referenced in these reports and studies as hav-
ing informed the emerging learnings and challenges. The
significant activities where LMIT was engaged before and
after LMITs decision to change its programming in January
of 2018 are depicted in Fig. 1. This axis of development
(AoD) (Kalainoff & Chian, 2023; Kalainoff & Clark, 2017)
represents outcomes and the final step of the analytic process
undertaken to address RQ?2.

In the context of this study, the generalized AoD is an
axis of a developing IVE support program, specifically
LMIT, developing over time from left to right. How this
program was developing, namely through the interactions
between LMIT program staff and the other actors in this
setting, which includes IVE initiatives, sites, and research,
are represented by two threads rotating around each other
over time that produce the axis at the center. The diagram

istrators, ies) and inte, with based developmental processes in our
institutional systems? What are the icipated progr ing?
? . .
challenges! . . Knowns/considerations:
Knowns/considerations: ) ) « Personnel and systems are in place to
« Initiatives will develop in response to what is needed in institutionalize internal research
the field

« Strength-based principles guide curricular and
instructional decision-making

L

ing \WE
eveloping
ogram (LMIT

Phase 2¢ Emerging Learnings:

+Closing gender gap in patenting
(R11)

«Policies to support gender and
race/ethnicity gaps in invention and
innovation (R16)

Phase 2b Learnings/Challenges:

« Insights into the developmental trajectory of inventors, their
mindsets and ways of being (R17, R22, C10, C17)

« Integrating IVE in community college (CC) (R20) and high

school (HS): « Value of inventors (R17)
«Need “for credit’ for access, resources, and long-term *Emerging strength-based principles
sustainability for designing for instruction of IVE
« Need funding for pilot programs towards long-term (this study)
sustainment

« Challenge of integrating into existing curriculum
development processes and timelines
« CCs need resources to help envision how IVE could be
integrated into their offerings, including ways of designing
for access for BIPOC and women students
«From CC pilot study: all four CC pilots were different, and
all students benefited (R20)
Phase 2b Outcome:
Strategic vision emerging and being realized through new
initiatives

demonstrates that LMIT staff and the initiatives at particu-
lar sites co-develop over time. This interactional dimension
of the AoD gives rise to successive phases of develop-
ment represented by each 180-degree rotation of the two
interacting actors in the system. In a developing program,
these are abductive phases of inquiry where initial known
and unknown elements of the context are resolved over the
course of each phase. The process of resolving the object of
inquiry in each phase also seeds new unknowns to inform the
next phase of inquiry. Because the lessons, outcomes, and
new unknowns in each phase of inquiry are consequential
for the next phase (i.e., an abductive process), the specific
characteristics of each phase cannot be predetermined.

The axis of this developing IVE support program is shown
in two main phases that were determined by the way LMIT
staff oriented their invention education efforts: Phase 1,
characterized as ‘IVE as an exemplar and seeding change’,
represents LMIT’s focus through January 2018 with the
decision to eliminate the prize programs. Phase 2, charac-
terized as ‘IVE for all’, depicts the program’s expansion into
K-14 programming during the school day. Phase 2 shows
further sub-phases or shifts in program staft’s orientation
from initiating program transformation (Phase 2a) to devel-
oping and piloting initiatives (Phase 2b), and communicating
and leveraging change efforts (Phase 2c).

@ Springer



TechTrends

Within the details of each phase and subphase of activ-
ity, and their knowns, unknowns, and outcomes, we can
begin to see an argument developing for ‘why’ a shift was
undertaken starting in January 2018. Namely, in Phase 1,
LMIT staff’s 2017 annual report (Lemelson-MIT, 2017) to
its funders raised concerns about the small number of
students reached and cost per student which presented a
challenge for achieving broader impact. The notation of
a high ratio of money spent to students served in Phase
1 signaled a weakness perceived by the staff and one that
they may have sought to address in the changes in sub-
sequent years. The program’s research publications also
contained evidence of a growing awareness of the differ-
ences in who invents and earns a U.S. patent (i.e., gender,
race/ethnicity, geography, and income). At that time, eli-
gibility for LMIT programs was not limited to those who
are underrepresented among those who invent and obtain
patents. Figure 1 shows that, in Phase 1 as LMIT shifted
from Prize programs to an emphasis on developing inven-
tors through IvE, a new unknown emerged: ‘How should
the program shift to better address DEI challenges?’
This unknown seeded the questions for the next phase of
inquiry in LMIT’s developmental process. The shift in
object of inquiry required that LMIT orient the program
to new questions and resources.

RQ3: What common approaches and principles of
design are reflected in the initiatives? How do the com-
mon approaches and principles reflect a “strength-
based” approach (if at all)?

This research question pertaining to the principles of
design reflected in the approaches that were common across
the LMIT program initiatives was informed by Estabrooks
and Couch (2018). This study described activities embedded
within the design of LMIT’s initiatives as:

...being drawn from the literature describing ways
inventors approach non-routine problem solving. The
authors identified four types of actions or phases of
activity, including: (1) identifying and defining a prob-
lem; (2) conducting inquiries and identifying, listen-
ing, and learning about what matters to end users; (3)
designing solutions; and (4) building and testing physi-
cal prototypes (Aulet, 2013; Middendorf, 1981; Sha-
vinina & Seeratan, 2003; Wagner, 2012). (Estabrooks
& Couch, 2018, p. 105)

The study noted that the phases of activity are typically
carried out in an iterative and recursive manner (Frigotto,
2018). In other words, the inevitable instances in which the
inventors’ actions do not work leads to a revisiting of the
phases of activity, thereby accounting for a nonsequential
process.

@ Springer

Common approaches to ways the activities noted above
are enacted across each grade span and the underlying prin-
ciples guiding the approach were not visible in the publica-
tion. Further insights into common approaches across ini-
tiatives were identified by analyzing the reports to funders,
publications, case studies, and by interviewing the inform-
ant and analyzing her accounts of the practices of LMIT.
Descriptions of LMIT’s approach, the principles of practice
underlying the approach articulated by the informant, and
research and experiences on which the informant based the
principles, appear in Table 5.

We also compared the common approaches and prin-
ciples for the LMIT program to the literature surrounding
strength-based approaches to determine if the elements of
LMIT’s initiatives could be considered strength-based. The
last column of Table 5 shows that we identified 16 of the 20
principles as being aligned with a strength-based approach.
The degree of alignment was surprising given that the pro-
gram does not appear to have consulted the strength-based
literature as part of its curriculum design efforts.

The positionality of the first author as both researcher and
the Executive Director, and findings for RQ1 and RQ2 which
demonstrated a relationship between LMIT’s programmatic
shifts and its research and case studies, caused us to wonder
how the findings from RQ3 might impact future program-
matic shifts. New insights generated by the present research
study could result in a reframing of the principles of practice
underlying the IVE curricular or instructional designs. This
possibility led to a reframing of RQ4.

RQ4: What potential programmatic shifts or revi-
sions to principles of practice are realized through
the reflexive actions of the Executive Director as
researcher in the examination of the program through
a strength-based lens?

In the last phase of the study the external ethnographer
interviewed the informant to uncover her insider perspective
on how the findings generated by the study were impacting
her thinking and the actions she might take in the future as
an Executive Director. Interview questions probed her initial
conceptions of ways the existing programmatic approach and
underlying principles of practice reflected a strength-based
approach, and then asked her about ideas for future actions
or changes that would enhance the strength-based approach.
A semantic analysis of the transcript and an opportunity for
the informant to supplement the interview data with notes
pertaining to what she was learning from the literature ena-
bled the researchers to produce data shown in Table 6.

In Table 6, the informant identified seven areas where
further programmatic shifts could deepen LMIT’s
approach to recognizing and leveraging strengths. The
existing work recognized the value of diverse teams,
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Table 6 Enhancing Strength-Based Practices in the LMIT Program

Existing Strength-Based Practice

How the Practice May Be Enhanced

Recognizing that all can learn to invent if given opportunities for learn-
ing over time. Capabilities require more than a one-year grant.

Recognition that inventors are everywhere, and all people can learn to
invent, including those underrepresented among patent holders.

Invent with, not for, people in local communities.

Recognize cultural assets and community wealth diverse students bring
to their work within teams.

Support mindsets needed for iterative and recursive, non-linear work of
inventors, and ability to learn from failure.

Foster inventor identity through public presentations of work as an
inventor and celebrations. Use the word ‘inventor’!

View all as being interested in and capable of technological solutions
despite the digital divide. Team approach seeks to bridge digital
divides.

Positive education as a starting point for schools to grow what is work-
ing well (White & Murray, 2015), and to engage with collaborators
through IVE to further enhance students’ development). Formal rec-
ognition of a multi-year effort with collaborators beyond the school to
enhance pathways to invention and health, well-being, and academic
success).

Make transparent the strengths that women, low-income, Black, Latinx
and other people of color bring to work as inventors and contributions
to various roles and phases of work. Show how existing expertise
from different disciplines supports the work (STEM+).

Make contributions of community visible so all collaborators see
themselves in the work, and document how such collaborations help
students become their best selves from both an academic and health/
well-being perspective (White & Murray, 2015).

Formally acknowledge cultural capital and community wealth in the
mapping of local ecosystems of support (e.g. go beyond resources
tapped by those already prone to patenting). Be explicit in the use
of appreciative inquiry as a strategy for identifying assets (White &
Murray, 2015)

Openly discuss socio-emotional aspects of inventing and risk taking
and connect these to other aspects of health and well-being embraced
by the strengths-based movement in education (Hammond, 2010).
Increase access to relatable role models who can be cultural guides.

Expand efforts to create visibility for inventors in settings and with
audiences that matter to the individuals.

Document and share perspectives and promising practices of those
who had limited prior knowledge. Document success using authentic
assessments and strength-based approaches (Seitz, 2023).

including cultural capital and community wealth. There
were several practices, however, that could be better
aligned with strength-based practices. For example, pro-
gram participants are asked to map assets in the local eco-
system to support invention but the use of appreciative
inquiry to explore the full range of cultural capital and
community wealth may not be stated explicitly in curricu-
lar materials. Incorporating the steps needed to uncover
cultural capital and community wealth as an explicit part
of the ecosystem mapping process in LMIT initiatives
would, from the perspective of the informant, get others
to adopt a strength-based lens as they work to discover
cultural capital and community wealth in their own local
ecosystem.

Findings and Implications

This research study demonstrates a systems approach
informing the trajectory of LMIT’s invention education
program offerings that are strength-based. This section
discusses two key findings and their implications.

Strength-based Alignment with the Literature

This study systematically uncovered an alignment between
the IVE approaches and principles guiding educators affili-
ated with LMIT, the strength-based practices related to
health and well-being enacted by other educators, and
strength-based approaches taken in other fields such as psy-
chotherapy and social work (McCashen, 2005). The align-
ment included practices surrounding the recognition and
activation of personal assets that can be classified as social
and cultural capital or community wealth (Yosso, 2005).
Research publications in the fields of psychotherapy, social
work, and positive psychology in educational contexts indi-
cate that the strength-based approach fosters mental health,
well-being, and personal growth and resiliency (Peterson
& Seligman, 2004) while also having community benefits
(Foot & Hopkins, 2010). Parallel benefits were claimed
by invention educators for their work and documented in
research publications and case studies shown in Tables 3
and 4.

LMIT’s strength-based approach also aligned with the
literature pertaining to business management (Rath, 2007).
In StrengthsFinder, a guide for reflecting on personal career
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paths, Rath argues that individual strength is derived from
natural talents that are built on through the addition of
knowledge, skills, and regular practice. Rath eschews the
notion that “you can be anybody”, arguing that success
begins with natural talent that can then be amplified through
other actions to develop. His perspective aligns with per-
spectives shared by LMIT Student Prize winner Matthew
Rooda who argued that parents examining their children’s
report card often focus on the low grade. Instead, Rooda
urges parents and educators to focus on strengths revealed
by the ‘A grades’:

They’ll never be great at the C [grade], but they’re
gonna be excellent at the A [grade]. How can we con-
tinue to invest in that [A grade] and inspire our stu-
dents and our children to focus on the things that we
think they might be great at someday? (Rooda, M.,
interview transcript, July, 2022)

LMIT IVE activities focused on student engagement in
the community, emphasis on collaboration, and processes
for identifying resources in the local ecosystem, aligns with
community change efforts that used appreciative inquiry and
strength-based approaches documented by other researchers
(Emery & Flora, 2006; Myende & Hialele, 2018; Myende,
2015). LMIT’s efforts to bring about change in schools by
expanding IVE to other educators to build pathways to inven-
tion, or continuous learning opportunities across all grades
constitute a community and/or institutional change effort
(White & Murray, 2015; Roffey, 2012). In an interview with
the informant, she noted that:

The approach we use with teachers and students
requires both to work deeply in the community and
to bring about their individual efforts in collaboration
with other community stakeholders. This is key to
invention projects, the support needed by the school
for broader take-up on an ongoing basis across all
grade levels, and for the benefit of the inventions to
be realized through adoption and wider use associated
with commercialization and manufacturing.

Contributions to Research Process Methodology

This study unfolds the systematic and principle-guided
reflexive turn in which institutional leaders as insider-eth-
nographers collaborate with ethnographers who come along-
side to analyze and (re)present a complex developmental
process. The reflexive stance made visible through this tell-
ing case reveals the institution’s AoD across time and events.
In doing so, we show how the institution’s internal research
informs the iterative, recursive, and abductive process of
developing theories for learning and development.

@ Springer

We also show how the theories emerging from research
guide decision-making and change within the program. The
research processes enabled LMIT to communicate what
was being learned through publications. Our analysis of
the connections between research and the actions of this
social group made visible the dynamic systems approach in
which internal-external ethnographer dialogues fuel continu-
ous improvement along an AoD. Exploring the fit between
principles guiding LMIT’s initiatives and those portrayed as
a strength-based approach make the abductive component of
interactional ethnography visible. In this stage of the ana-
lytic process, researchers begin to examine a new theory that
may have explanatory power for new understandings emerg-
ing from the systematic analysis of LMIT’s AoD.

Conclusion

This study demonstrates that processes and practices
employed by LMIT and collaborators to foster the develop-
ment of inventors are aligned with descriptors of strength-
based approaches in the fields of psychotherapy, psychology
(related to health and well-being of students), social work,
and business (or workforce development). The benefits of
the strength-based approach documented through research
in these other fields resembles the benefits of invention edu-
cation described in LMIT publications. Additional studies
to compare and contrast what counts as strength-based and
to re-theorize what is being accomplished by those taking
up IVE from a strength-based perspective may produce new
insights that can further the LMIT Program’s axis of devel-
opment in future years.
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