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Abstract
Background
	 A consistent challenge in educational research is 
ensuring that published innovations are successfully 
integrated into the classrooms they aim to improve. The 
process of integrating new pedagogy into existing class-
rooms involves both a method of communication (jour-
nal articles, workshops, word of mouth, etc.) and faculty 
motivation to make change. This work characterizes the 
research-to-practice translation of the Kern Entrepre-
neurial Engineering Network (KEEN), a network of higher 
education institutions invested in the development of en-
trepreneurial mindset (EM) in engineering students. 

Results
	 Through semi-structured interviews with six sus-
tained adopters of EM, we were able to examine fac-
ulty members’ approaches to adoption and how these 
approaches correlated with KEEN’s approaches to dissemi-
nation. We analyzed KEEN’s professional development of-
ferings using the Designing for Sustained Adoption Instru-
ment (DSAAI) and described how faculty motivation, as 
characterized by the Intrinsic Motivation Inventory (IMI), 
may affect their integration of innovations into the class-
room. We found that KEEN’s offerings largely aligned with 
the DSAAI’s recommendations for sustained adoption—
their consistent emphasis on faculty engagement as well 
as a mix of active and passive professional development 
strategies were effective in supporting faculty members 
throughout the adoption process. Faculty members at the 
studied institution generally expressed interest in and en-
joyment of KEEN professional development offerings, saw 
value in EM education, and were willing to put in effort 
to adopt related strategies, implying they have a strong 
intrinsic motivation to adopt EM. However, many faculty 
members interviewed expressed a low level of compe-
tence related to the entrepreneurial mindset. 

Conclusions
	 Results of this study suggest that faculty members 
at the studied institution who successfully adopt EM into 
their classrooms do so using primarily professional devel-
opment offerings aligning with the DSAAI’s guidelines for 
sustained adoption. Additionally, successful adopters rec-

ognized their own deficiencies in EM and identified KEEN 
professional development as an opportunity for growth, 
indicating their high intrinsic motivation to make changes 
in their classrooms.
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Introduction
	 One goal of educational research is to create and 
evaluate more effective teaching methods. While the fun-
damentals of engineering may remain the same, engineers 
are trained to design solutions for an ever-changing world 
(Duval-Couetil et al., 2015). It follows, then, that instruc-
tors should adjust their classroom approaches consistently 
to keep up with this pace of change. Despite numerous ef-
forts to develop and disseminate new teaching methods, 
transferring them into classroom practice has proven dif-
ficult (Borrego and Henderson, 2014; Melsa et al., 2009; 
Supiano, 2023). Some of the challenges in fostering the 
adoption of pedagogical innovations lies in how well the 
innovation is socialized among potential adopters. Previous 
research has shown that simply creating a pedagogical in-
novation and sharing it with the education community is 
not enough for it to be successfully adopted (Cross et al., 
2021; Cutspec, 2004; Froyd et al., 2017; Pitterson et al., 
2020; Mestre et al., 2019), and that when developers use 
a combination of passive and active dissemination strate-
gies, adoption is more likely (Stanford et al., 2017). Among 
the passive strategies are journal articles or conference 
presentations and among the active strategies are work-
shops and communities of practice. These dissemination 
strategies have been examined in the context of National 
Science Foundation-sponsored projects and internally 
funded projects (Ma et al., 2018; Stanford et al., 2017), but 
have not yet been examined in the context of philanthropic 
foundation-funded projects. 
	 The Kern Entrepreneurial Engineering Network (KEEN) 
is a professional society, funded by the Kern Family Foun-
dation. KEEN is dedicated to helping faculty members 
integrate the core principles of the entrepreneurial mind-
set (EM) into their engineering classrooms. Specifically, 
this is “a community of more than 4,000 faculty and staff 

with a shared mission to graduate engineers with an 
entrepreneurial mindset” (Kern Entrepreneurial Engineer-
ing Network, n.d.a). The EM framework is defined by the 
3 C’s–curiosity, connections, and creating value–and it 
is expected that leveraging these skills helps one better 
develop their EM. KEEN offers professional development 
opportunities such as national conferences, faculty devel-
opment workshops, Engineering Unleashed cards, annual 
support packages to partner institutions, and fellowships 
to individual faculty to encourage faculty professional 
growth and collaboration (Kern Entrepreneurial Engineer-
ing Network, n.d.a). We argue that the core competencies 
of the entrepreneurial mindset are inherently linked to the 
professional responsibilities of teaching faculty, as they are 
expected to foster students’ curiosity of relevant subject 
matter (Pusca and Northwood, 2018), make connections 
with other faculty members (Meyer et al., 2023), and cre-
ate value for students in their classrooms (Hartikainen et 
al., 2022). Other work has shown that engaging with EM 
professional development opportunities helps faculty to 
feel more confident when integrating EM content into their 
classroom (Jackson et al., 2022). Prior work for this project 
involved social network analysis to determine the effect of 
KEEN-related professional development workshops on the 
social connections between faculty members at a single 
institution (Riley et al., 2022). This paper elaborates on 
that work and investigates how KEEN-related professional 
development offerings impacted faculty members’ moti-
vation to adopt and the subsequent sustained adoption of 
EM-related pedagogy. The study will answer the following 
research questions: (1) What attributes of entrepreneurial 
mindset professional development lead to sustained adop-
tion of EM pedagogy amongst engineering faculty mem-
bers? and (2) In what ways does faculty members’ motiva-
tion affect their ability to adopt content or practices related 
to EM into their classrooms?

Literature Review 
	 This section will provide an overview of existing re-
search relating to the research-to-practice process, the 
role of foundation-funded projects and organizations and 
their impact on sustained adoption of classroom peda-
gogy, and motivational elements that have been noted to 
influence the adoption of new classroom practices. 
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The Research-to-Practice Process
	 The research-to-practice process depends on the 
type of change strategy employed. As noted above, pas-
sive strategies that rely solely on dissemination are less 
likely to result in successful adoption of innovations than 
active strategies (Borrego and Henderson, 2014; Froyd, 
2001). Passive strategies focus on dissemination in re-
search journals and other publication venues, or through 
conversation between peers. The dissemination paradigm 
of change strategies has the goal of “systematic adoption 
of the educational innovation” (Froyd et al., 2017, pg 37). 
Rodgers (2003) provides a 5-stage framework for the re-
search-to-practice process using dissemination strategies, 
including awareness (being aware of the innovation, but 
not having investigated much further), interest (actively 
seeking out information), evaluation (deciding to adopt 
the innovation based on expected future situations), 
trial (actively implementing the innovation), and adop-
tion (continuing to make use of the innovation). Though 
change strategies exist to help educators adopt pedagogi-
cal changes, change is usually slow to occur, if it occurs 
at all. The first three steps of this framework (awareness, 
interest, and evaluation) are easy for faculty to achieve on 
their own, however, a lack of support at the trial stage of-
ten results in faculty modifying the innovation or becom-
ing frustrated, diminishing the innovation’s effectiveness 
(Borrego and Henderson, 2014; Rogers, 2010). 
	 Unsupported steps in the dissemination process, 
then, are a result of a lack of communication and support 
from other faculty members or administrators. Additional 
limitations could be caused by innovations not being 
easily adaptable for others to “plug and play”, increasing 
barriers to entry (Borrego and Henderson, 2014). Fur-
ther, some research publications may be rushed or not 
exist at all, as some researchers have pointed out that 
time becomes a factor in completing publications from 
their work (Khatri et al., 2013). Overall, efforts made in 
dissemination-based research-to-practice strategies 
have been criticized for not being capable of producing 
wide-spread change (Froyd et al., 2017). Active forms 
of change strategies can be applied to encourage larger 
scale instances of research-based educational change 
as well. Froyd et. al (2017) suggests that to combat the 
ineffectiveness of dissemination strategies for change in 
educational practice, educational change makers should 
instead utilize the propagation paradigm. With the same 
goal as the dissemination paradigm, this change strategy 
takes a more active approach to the research-to-practice 
process. Propagation encourages developers to actively 
engage and interact with potential adopters, providing an 
avenue for customization of the innovation and a better 
supported implementation process (Froyd, 2001; Froyd et 
al., 2017). 
	 KEEN utilizes both dissemination and propagation 
strategies in their effort to encourage the adoption of in-
novations related to the entrepreneurial mindset (EM) in 

engineering education.  One of KEEN’s most widely uti-
lized dissemination resources is “KEEN cards”. A KEEN card 
is an “online template for faculty and staff to share lesson 
plans, activities, modules, projects, and more” (Kern En-
trepreneurial Engineering Network, n.d.b). These cards are 
easily accessible on KEEN’s home website, engineeringun-
leashed.com, and the adopter does not need to interact 
directly with the publishing faculty member(s), making 
KEEN cards a classic dissemination technique. How-
ever, KEEN also offers an annual conference that includes 
hands-on workshops and yearly standalone workshops 
that directly engage faculty and support their integration 
of EM into their professional practice. 

Motivation for Classroom Activity 
Implementation
	 A key component of the research-to-practice process 
is the instructors and their motivation to make changes 
in their professional practice. There are many reasons an 
instructor may not want to make changes to their class-
rooms: the proposed change may be overwhelming or 
outside their expertise (Hargreaves, 2005), they may not 
see the value of the change (Cibulskas, 2002), or they may 
not be willing to make changes at all (Cibulskas, 2002; 
Schulleri and Saleh, 2020). Self-determination theory 
provides a framework to explain why an individual may 
undertake a new behavior, taking into account the differ-
ent factors that go into making that decision (Deci and 
Ryan, 1985; Ryan and Deci, 2000).
	 As described by Ryan and Deci (2017), self-determi-
nation theory (SDT) suggests that motivation to perform 
a certain action or take part in a certain activity—such 
as making changes to one’s classroom practice—comes 
from a combination of internal (intrinsic) and external 
(extrinsic) factors. Intrinsic motivation, and therefore an 
individual’s ability to grow and change, may be enhanced 
by meeting three psychological needs—competence, 
relatedness, and autonomy (Ryan and Deci, 2000). Com-
petence refers to an individual’s perceived ability in a par-
ticular skill or activity; an individual with greater perceived 
competence is more likely to persist towards mastery. Re-
latedness refers to an individual’s drive to maintain stable 
interpersonal relationships, and the ways in which be-
longingness can enhance intrinsic motivation. Autonomy 
refers to an individual’s sense of control over their choices 
and behaviors. SDT posits that, while humans have an in-
nate motivation towards activity and change, individuals 
whose psychological needs are unmet may quickly lose 
this motivation. Thus, an emphasis is placed on the ways 
in which an individual’s environment can meet these 
needs (Ryan and Deci, 2000; Deci and Ryan, 2017). For 
example, being told to make a specific change in one’s 
instructional practice with no space for adjustments may 
hinder a person’s autonomy, thereby causing a decrease in 
their intrinsic motivation for the implementation. 
	 From the complexity of interaction between intrinsic 

and extrinsic factors, a continuum forms (Ryan and Deci, 
2000): on one end, an entirely amotivated person has no 
motivation to perform an action, internal or external; on 
the other, an intrinsically motivated person performs an 
action based entirely upon intrinsic factors such as per-
sonal enjoyment, interest, or inherent satisfaction. Other 
points along the continuum blend these intrinsic factors 
with extrinsic factors—such as avoiding punishment or 
seeking rewards—to form variations of extrinsic motiva-
tion. While any type of intrinsic or extrinsic motivation 
can lead to a change in behavior, lasting change through 
personal growth and development is most supported by 
intrinsic factors (Ryan and Deci, 2000).
	 For faculty, the motivation to adopt new pedagogical 
content into their classrooms often combines intrinsic and 
extrinsic factors (Bouwma-Gearhart, 2012; Chaney, 2003; 
Harnish and Wild, 1992; Jackson et al., 2022). Extrinsic 
factors such as reward structures and other incentives to 
attend faculty development have been found, in some 
cases, to be a primary motivator in initiating participation 
(Chaney, 2003; Lowenthal et al., 2013; Harnish and Wild, 
1992). For example, many faculty members are motivated 
to attend professional development activities by offers of 
stipends or release time from administrators (Lowenthal 
et al., 2013; Harnish and Wild, 1992). However, while 
extrinsic motivators are effective change initiators, in-
trinsic motivators are needed to maintain these changes. 
When professional development meets intrinsic needs 
for personal interest, improved competence, perceived 
value, and greater autonomy, lasting changes to teaching 
practice become more likely (Raneri, 2017; Schieb and 
Karabenick, 2011; Wallin, 2003; Weimer, 1990). There-
fore, organizations which provide extrinsic motivation 
to become involved as well as opportunities to develop 
intrinsic motivation stand a greater chance of achieving 
their sustained adoption goals. KEEN might be one such 
organization—with the ultimate goal of integrating EM 
into engineering classrooms, KEEN attempts to leverage 
both extrinsic motivators (such as sponsored workshops 
or funding for related projects) and intrinsic motivators 
(enjoyable and meaningful events, social connectedness, 
and opportunities for improving competence) (Jackson et 
al., 2022). KEEN’s relative success with leveraging intrinsic 
and extrinsic motivators, however, remains understudied. 

Sustained Adoption and Engineering 
Education Organizations
	 In order for educational research to have impact on 
a larger scale, innovations need to be integrated within 
classroom settings. As noted above, sharing innovations 
with educators performing the actual teaching is critical 
for advancing the state of educational quality (Jackson et 
al., 2022). Thus, the dissemination must be done in a way 
that makes the innovation easy to bring into the class-
room. For example, developers may propose small-scale 
activities (Cuban, 2013), provide more resources such as 
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detailed lesson plans (Ellsworth, 2000; Fullan, 2000), or 
engage directly with adopting faculty (Besterfield-Sacre 
et al., 2014; Borrego et al., 2010; Ellsworth, 2000) to 
ease the process of change. These elements of curricu-
lum design are captured in the Designing for Sustained 
Adoption Assessment Instrument (DSAAI), an evaluation 
rubric based on change theory, systems of education, and 
effective dissemination strategies (Stanford et al., 2015; 
Stanford et al., 2017). By examining the rubric during 
the development phase, researchers can identify possible 
strengths and weaknesses in their dissemination plans. 
KEEN’s structure as a foundation-funded organization 
focused on engineering education is one mechanism for 
sharing pedagogical innovations that adheres to many of 
the principles highlighted in the DSAAI.
	 KEEN and other engineering education-focused, 
foundation-funded organizations are unique because 
they do not offer a singular method of change commu-
nication; rather, they fund and encourage many different 
methods for propagating and disseminating their innova-
tions. Since their methods are more complex, these orga-
nizations have received little formal study as a method of 
dissemination (Riley et al., 2021). Other research suggests 
that KEEN is well-aligned with the DSAAI’s constructs 
related to sustained adoption, possibly making their 
organization a model for sustained adoption methods 
for research-to-practice in the future (Riley et al., 2021; 
Mallouk et al., 2022). This research focuses on additionally 
investigating how KEEN motivates participating faculty 
to adopt research-to-practice changes within their class-
rooms and which forms of professional development pro-
vided by KEEN were the most influential in that process.

Methods
	 To address the research questions, we conducted 
six one hour-long semi-structured interviews with fac-
ulty members from a single mid-Atlantic university. This 
university is a KEEN-partnered institution, meaning that 
faculty and staff at that institution are encouraged to par-
ticipate in KEEN sponsored professional development ac-
tivities. Faculty who identified as previously participating 
in EM-related professional development programs, both 
University- and foundation-sponsored, were invited to 
complete a survey deployed by the research team (Riley et 
al., 2022). Quantitative results of the survey were analyzed 
using social network analysis and are published elsewhere 
(Riley et al., 2022). Interview participants were identified 
through this survey by indicating that they were interested 
in participating in follow-up interviews. In total, 44 facul-
ty members were identified as having previously partici-
pated in EM-related professional development programs, 
though only 38 remained at the university at the time of 
survey deployment. Out of this sample population, 11 
faculty members participated in the survey, and we had 
a total of six subjects consent to the follow-up interviews. 

The authors acknowledge that the six faculty were both 
willing to participate in the professional development 
opportunities provided by KEEN and self-selecting to par-
ticipate in a study about adopting classroom pedagogy 
related to KEEN’s professional development opportunities. 
Characteristics of the participants within the study can be 
found in Table 1. Human subjects’ approval was obtained 
prior to data collection and analysis.
	 Of the six participants, four are considered lecturers 
(teaching-focused faculty with no research obligations) 
and two are full professors (faculty with both teaching 
and research obligations). Despite the lack of a research 
requirement, two of the lecturers are involved in research. 
All participants rated themselves highly in their willing-
ness to make changes in their classrooms: on a five-point 
scale, each participant rated themselves either a 4 (“of-
ten”) or a 5 (“constantly / every semester”) in response to 
the question “On a scale of 1-5, how often do you make 
changes in the way you teach?” from the survey.

Data Collection
	 Interview questions were developed based on re-
sponses to a survey (Riley et al., 2022) about making 
changes to educational practice. Each interview had four 
major sections (Table 2). Interviewers generated person-
alized questions for each participant based on their survey 
responses. The overall purpose of these interviews was 
to understand what EM faculty professional develop-
ment sources the faculty member accessed when mak-
ing changes to their classroom and why, as well as how, 
faculty members decided to make changes, and how they 
evaluated the changes they made. 

	 Interviews were conducted over Zoom and tran-
scribed using Zoom’s auto-transcription service. The re-
search team edited these transcripts for correctness and 
clarity (proper capitalization and punctuation, etc.). 

Data Analysis
	 The edited and anonymized transcripts were deduc-
tively coded by two researchers individually, then dis-
cussed together until a consensus was reached (Miles et 
al., 2019). The interviews were deductively coded in two 
ways: first, by characterizing the professional develop-
ment offerings used by the professor along the propaga-
tion-dissemination continuum through the DSAAI (see 
Appendix A); and second by analyzing the instructor’s 
motivation to use said tools and make classroom changes 
through the IMI (see Appendix B). 
	 The original DSAAI functions as a quantitative scor-
ing rubric used in evaluating innovation-sharing products 
and plans. Here, the researchers have utilized its core con-
structs as a qualitative codebook, adapted from Mallouk et 
al., 2022. When examining the interview transcripts, cod-
ers applied sub-codes (from Appendix A) to instructors’ 
descriptions of KEEN EM professional development which 
they used in making changes to their classrooms. This 
analysis allowed the researchers to understand which of 
KEEN’s EM professional development offerings were being 
used by faculty, as well as what aspects of these offerings 
faculty find most helpful in making changes.
	 To gain perspective on how faculty members’ motiva-
tion towards adoption of entrepreneurial mindset (EM) in 
their classrooms is derived, researchers used the Intrinsic 
Motivation Inventory (IMI; Ryan, 1982), a survey instru-

Table 1.    Participant Attributes (self-reported via survey)

Table 2.   Sample Interview Questions
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ment theoretically grounded in self-determination theory 
(SDT). The IMI consists of seven constructs—interest/
enjoyment, competence, effort, pressure, choice, value, 
and relatedness (Ryan, 1982). The choice (i.e., autonomy 
from SDT), relatedness, and competence subscales map 
to Deci and Ryan’s three psychological needs for intrinsic 
motivation (Ryan and Deci, 2000). The interest/enjoy-
ment subscale acts as a self-reported measure of intrinsic 
motivation. The perceived effort and perceived value sub-
scales capture the ways in which individuals internalize 
the importance of a given activity, and how much effort/
energy they dedicate to it (Deci et al., 1994). The remain-
ing subscale—pressure—captures extrinsic motivating 
factors that may affect motivation (Ryan, 1982). When 
examined together, these constructs can characterize the 
type of motivation an individual might feel to engage in 
a particular activity. In this study, these constructs were 
used to describe and examine the motivation of an in-
structor to engage with EM-related professional devel-
opment activities, and their motivation to integrate EM 
activities into their classrooms.
	 The research team used a two-cycle coding ap-
proach: first, transcripts were coded deductively using 
the sub-codes from Appendix B to capture motivational 
factors identified by the faculty members during engage-
ment with EM Faculty Professional Development; second, 
additional magnitude codes were applied to capture the 
faculty member’s perception of that factor’s presence 
(positive or negative; Miles et al., 2019). For example, an 
instructor’s comment that attending a KEEN conference 
was fun, interesting, or enjoyable would be coded as Inter-
est/Enjoyment +, while a comment claiming that a paper 
about EM was boring or uninteresting would be coded as 
Interest/Enjoyment -.

Results and Discussion
	 This section answers the two research questions as-
sociated with this study. Research question 1 analyzes the 
attributes of professional development which encourage 
sustained adoption of new classroom practices using 
the DSAAI as a codebook. Research question 2 analyzes 
the impact of faculty motivation on the likelihood of EM 
adoption using the IMI as a codebook. 
RQ 1: What attributes of entrepreneurial mind-
set professional development lead to sustained 
adoption of EM pedagogy amongst engineering 
faculty members?
	 Though we investigated a number of attributes of 
professional development through the DSAAI, the most 
salient codes were related to engagement strategies. This 
included engaging with instructors and levels of engage-
ment. 
	 Engaging with Instructors.  KEEN has varying 
levels of faculty engagement with their professional de-
velopment offerings. Some events involve participants 

listening to talks from researchers in the field, while oth-
ers engage the instructors directly, sometimes even ex-
tending beyond a single event. The participants in these 
interviews noted that they found instructor engagement 
within KEEN professional development events to be the 
most supportive, as some participants describe: 

“We had, like, monthly meetings with other people 
who are in the program, and they would give you 
insight on how you could develop whatever your idea 
was a little bit more. I [Mermaid] thought that was the 
most useful aspect of [the workshop], because I proba-
bly wouldn’t have done what I said I was going to do if 
I hadn’t had somebody keeping accountability for me.”

	 Additionally, Geronimo talks about how they felt 
other faculty members within the KEEN network could 
help them grow as a professional:

“I’m hoping that with KEEN, EM, I can make some con-
nections with people that are outside in industry that 
can actually help me do a lot more. I know KEEN is 
mostly education professionals, but there’s all—yeah, 
the—the Advisory Board and stuff, there’s a lot of in-
dustry professionals that can be useful to research as 
well.”

	 Instructor engagement as part of these EM profes-
sional development workshops also came in the form of 
direct mentorship from those who developed the innova-
tion. Badminton pointed out that “without the mentorship, 
probably I’d have already gotten behind and totally forgot-
ten about integrating entrepreneurial mindset.” Similarly, 
Geronimo emphasized how engaging with faculty that 
were already a part of their social networks helped them 
to realize how EM could improve other aspects of their 
professional careers, such as through the clubs that they 
advise, “when [faculty member] taught me about KEEN, 
they kind of showed me that this is something I can use for 
[club].” This mentorship provided by other faculty mem-
bers, both pre-existing and new connections within one’s 
professional network, encourages sustained adoption 
among faculty members. 
	 Earlier research from this project found that faculty 
members who engage with others in a professional de-
velopment group like KEEN might be more interconnected 
through participation in different professional develop-
ment opportunities (Riley et al., 2022). Additionally, peer-
to-peer connections may help encourage faculty mem-
bers to adopt new pedagogy and reduce the associated 
barriers to entry of doing so (Cross et al., 2021; Cutspec, 
2004; Egwuonwu, 2022). Mentorship provided through 
KEEN which extends past the constraints of the associated 
workshop may further give faculty members the oppor-
tunity to keep asking questions and actively hold them 
accountable for their adoption strategy (Cross et al., 2021; 
Froyd, 2001; Melsa et al., 2009; Supiano, 2023). 
	 Levels of Engagement.  Engagement strategies 
can also be measured on a more straightforward con-

tinuum. While there are many types of engagement and 
support, the DSAAI categorizes engagement into ‘active’ 
(working directly with instructors, providing funding, 
responding to feedback, etc.) and ‘passive’ (providing 
documentation, written lesson plans, etc.) types. All but 
one interview participant described both active and pas-
sive types as being helpful as they made changes to their 
pedagogy. 
	 Though it seems like many faculty members used a 
balance of both active and passive engagement strategies 
to their advantage, Badminton notes that engaging with 
more passive methods was “not as engaging as when I did 
[KEEN workshop]” but later noted that workshops that had 
“a lot of the actual application of engineering mindset” cap-
tured their attention better. Participants who mentioned 
active types of engagement often included detailed de-
scriptions of activities from workshops and conference 
events. Lynx describes:

“We brainstormed a specific project, so the output 
of that training was that you were going to develop 
a KEEN card based on a project in your class. So we 
went through several different things. I don’t remem-
ber exactly all the steps that we took, but we had a 
rough draft of that by the time that we finished the 
workshop.”

	 Some participants noted that the active engagement 
that occurred at the conference or workshop extended 
past the end of the event as well:

“We had monthly meetings with other people who 
are in the program and they would give you insight 
on how you could develop, whatever your idea was, 
a little bit more. I [Mermaid] thought that was the 
most useful aspect of that [workshop].”

“I [Lynx] did just follow up with [name], he was the 
coach, so I did just follow up with him regarding writ-
ing the KEEN card. And did meet with our groups as 
well at the end, I think it was in November or Decem-
ber, with the group and just talked about how it went 
and so forth.” 

	 Finally, Lynx enjoyed the process of actively engag-
ing in KEEN workshops so much that they are helping to 
develop publications on their experiences: “part of the 
KEEN workshop that I did last year was the ICE workshop 
and I created a project which I actually then implemented 
in [course] in the fall and I’m currently writing a KEEN card 
about that.” This suggests that active forms of engage-
ment with faculty through workshops were critical to 
many faculty members’ adoption of EM-related content to 
their classrooms. 
	 Research propagation (as opposed to dissemination) 
encourages faculty members to be actively involved with 
others when adopting new classroom pedagogy (Froyd, 
2001). Active engagement through KEEN-sponsored 
workshops was continuously emphasized in the faculty 
interviews as being a driving force behind classroom-
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based pedagogical change. This is related to another study 
which shows that faculty find active engagement through 
workshops to be one of the most effective strategies in the 
propagation paradigm (Khatri et al., 2013). Furthermore, 
Khatri et al.’s study highlights that professional societies 
can be key to executing the propagation strategy most 
effectively, which suggests that organizations like KEEN 
may be much more successful at coordinating more active 
research-to-practice strategies than other groups. 
	 Passive types of professional development offerings 
include reading journal articles or other pieces of writing 
or watching lectures or videos on the topic of interest. 
These types of professional development were used most 
frequently as supportive tools; for example, Badminton 
describes browsing KEEN’s website for new ideas: “I just 
type in the topics and I look at what others have done, and 
maybe I tweak it a little bit, and then I will use it in the 
class.” Our data indicated that the most used passive re-
source provided by KEEN was their Engineering Unleashed 
website and the KEEN cards found there. This suggests 
that for this group of faculty members, the most influ-
ential passive resource KEEN provides is a central location 
where they can learn about and share ideas for classroom 
implementations that they have used themselves. 
	 Another passive resource identified by Douglas in-
cluded listening to stories provided by other faculty mem-
bers at different events: 

“One of the things they do is they identify some of the 
people who have a really compelling story to tell and 
they do these TED-style talks. So there’ll be a session 
at the conference, where each of these people, four or 
five of them, spend about 10 minutes giving a TED-
style talk describing their… usually it’s a project or a 
classroom activity that they’ve identified is likely to be 
portable.”

	 As seen in other research as well as above, KEEN’s pro-
fessional development offerings align well with the DSAAI 
(Stanford et al., 2015). Activities (workshops, mentorship 
experiences, networking) and products (developing KEEN 
cards) which stood out to faculty members were usu-
ally active (Besterfield-Sacre et al., 2014; Ellsworth, 2000) 
and involved collaboration with mentors and/or other fac-
ulty members (Besterfield-Sacre et al., 2014; Borrego et 
al., 2010; Ellsworth, 2000). One unexpected finding from 
the interviews was the frequency of the “passive” code; 
however, our participants identified that the resource they 
used most frequently through passive engagement was 
the KEEN cards. These cards are less formal than a typical 
conference or journal publication, perhaps making them 
an easier avenue for faculty to access.
	 These adoption mechanisms appearing simultane-
ously exposes what may be a hidden strength of organi-
zations like KEEN. Rather than presenting a single active 
or passive form of EM professional development, KEEN 
provides potential adopters with a variety of options to 

choose from. While active EM professional development 
might be useful when a faculty member is first introduced 
to a concept, innovation adopters seem more likely to 
fall back on passive resources as they learn more about 
the subject and about their personal needs relating to it 
(Datnow, 2020; Garcia-Huidobro et al., 2017; Riley et al., 
2021).

RQ 2:  In what ways does faculty members’ 
motivation affect their ability to adopt content 
or practices related to EM into their classrooms?
	 Of the IMI’s seven constructs capturing motivation, 
five appeared frequently in faculty interviews: value, ef-
fort, interest/enjoyment, relatedness, and competence. 
All five of these constructs represent aspects of intrinsic 
motivation in self-determination theory.
	 Perceived Value.  The perceived value and use-
fulness of EM professional development offerings was 
discussed frequently, as was the value of EM in the class-
room. For example, Lynx said that “[KEEN] just helps me 
in the classroom, and that’s really my goal, you know, is to 
just keep growing as a professor.” Badminton stated that 
“the workshops work, the activities work, the, you know, 
the active learning actually works.” Perceived value and 
usefulness of an activity is a crucial component of con-
tinued motivation to engage in the activity (Deci and 
Ryan, 2000). Value was often identified in the form of 
recommendations or endorsements to participate in 
particular professional development activities, for ex-
ample: “the workshop really gave me [Badminton] a lot 
of insights. They’re amazing. Really good, I highly recom-
mend that workshop… That’s how I got the first idea.” 
Many described EM as being valuable to overall teaching 
performance: “So anything and everything that helps me 
[Raccoon] do my job better I’ll embrace, and entrepreneurial 
mindset is one of those things.” Badminton even described 
an overall change to teaching strategy brought on by a 
particular experience with EM professional development:
“When I used to prep, I used to just learn the materials… 
I’ve never thought of “what’s the learning objective?” I don’t 
see it that way… [EM] really helped me change my strat-
egy in teaching, and actually preparing.”
	 This finding aligns with previous work suggesting 
that professional development offerings aligned to fac-
ulty needs are often most successful (Lian, 2014). When 
properly aligned, the perceived value of an experience as it 
relates to professional goals can be a strong extrinsic mo-
tivator for faculty hoping for promotions or tenure (Eros, 
2011; Maskit, 2011).
	 Effort. All our interview participants demonstrated 
a strong effort in incorporating EM into their classrooms. 
As Douglas noted, “I’ve been trying to do [EM] with literally 
everything in every day, every example, every class I teach.” 
Mermaid was even more straightforward in their expres-
sions of effort, stating “I’ve gone above and beyond what 
is normally expected.” In addition, a few participants de-

scribed future plans that required significant or extended 
effort, including developing new class projects and entire 
courses. For example, Raccoon outlined a course examin-
ing the engineering process behind the moon landing and 
credited their experience in EM professional development 
activities as the primary inspiration for this undertaking. 
Mermaid noted that “I have some lofty goals, but, you 
know, little by little, step by step,” and Lynx elaborated that 
“I just never have time to actually continue to, you know, 
analyze all [the student response] data, because I’m always 
teaching. So that is one thing I’d love to be able to, like, do 
a deeper dive of.” This implies that effort is not only inci-
dental to the process, but an expected part of it for which 
instructors actively prepare.
	 While the DSAAI asserts that no single professional 
development offering should expect an instructor to ex-
pend unreasonable effort, once effort has been expended, 
it is unlikely that an individual will abandon the activ-
ity and “waste” this perceived effort (Arkes and Blumer, 
1985). Efforts exerted by faculty as a result of these pro-
fessional development opportunities may be influenced 
by the university which employs these faculty members 
being a KEEN-partnered institution. However, these 
findings suggest that KEEN’s professional development 
offerings can encourage classroom changes that require 
considerable effort from faculty to implement, and that 
pursuing these changes increases faculty motivation to 
maintain them. To truly understand if this is intrinsically 
motivated or not, a comparison should be made to faculty 
at an institution not affiliated with KEEN. 
	 Interest/Enjoyment. All six participants dis-
cussed finding EM professional development interesting 
and enjoyable in some way. For example, Raccoon said of 
KEEN conferences that “every time I go to them, I come back 
energized with new ideas and new things to do” and that 
they “do get excited, I absolutely get excited to go to these 
conferences.” Mermaid shared a passion for a particular 
professional development series, stating that “we’re doing 
that professional development on storytelling which I think 
is super cool.” Many participants shared a general interest 
in improving their classrooms through the integration of 
EM, for example: “I’m [Douglas] interested in, you know, 
creating some sort of connection between [core] courses, so 
that the students can see in a more explicit way what the 
core curriculum is actually teaching them.” Faculty mem-
bers who recalled being interested in or enjoying par-
ticular professional development offerings often pointed 
to extended use of the concepts they learned by attend-
ing. For example, Mermaid, who noted high interest and 
enjoyment in the story-telling workshop, also described 
how they integrated this into the classroom:
“I’m always telling the students, like, to tell a story with 
their presentations, with their lab reports, with their design 
reports… because, really, that’s—I mean, hopefully what 
they’re trying to do. It’s just a different way of formatting 
the story.”
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	 Interest and enjoyment play an important role in 
intrinsic motivation. An individual who finds an activity 
interesting and enjoyable, perhaps even adequately chal-
lenging, is more likely to stick with it and find success 
according to self-determination theory (Deci and Ryan, 
2000; Ryan, 1982; Schulleri and Saleh, 2020).  In many 
cases, faculty members who demonstrated interest and 
enjoyment in specific EM concepts or KEEN professional 
development offerings also discussed utilizing these con-
cepts/resources over an extended period, indicating that 
interest and enjoyment may be related to sustained adop-
tion (Klaeijsen et al., 2018; Raneri, 2017).
	 Relatedness.  While many faculty members 
noted individual concepts and professional development 
activities as being fun, “cool”, or interesting, many also 
mentioned enjoying the time spent with other faculty and 
instructors during those activities. For example, Mermaid 
noted that they “really enjoyed, like, meeting people dur-
ing those things because I got to meet people who are like 
minded.” Raccoon describes their experience networking 
with KEEN members as follows: “I shared some of my, you 
know, property charts and fun thermal stuff at them, and 
then they shared some of theirs. I think that exchange of 
ideas was wonderful.” Douglas said that “I went to my first 
KEEN Conference, it was like ‘oh, some of my favorite people 
are here’.” This sentiment is a part of self-determination 
theory’s relatedness factor, which captures the motiva-
tional impact of a sense of belongingness in a community. 
Douglas went on to explain the impact of this feeling of 
belonging had on their motivation to continue their in-
volvement with KEEN and EM:
“I feel like the subset of people who are attracted to [EM] are 
the subset of people who are really, genuinely excited about 
undergraduate engineering education and really passion-
ate about it… And they’re also the kinds of people who are 
good peer mentors. The kinds of people who you just want 
to spend your time with.”
	 Relatedness is identified by Deci and Ryan (2000) as 
one of the three psychological needs for intrinsic motiva-
tion. The drive to continue engaging with EM brought on 
by a sense of belonging implies that relatedness may also 
be a predictor of sustained adoption (Chiu and Chai, 2020; 
Sparks et al., 2016). Participants who felt “at home” with 
members of KEEN also described feeling excited to return 
to conferences and workshops, thereby supporting their 
intrinsic motivation to work with EM.
	 Competence.  Multiple participants mentioned 
that business and entrepreneurship were “not their [Lynx] 
area,” while some mentioned specific aspects of EM being 
difficult to work with, such as Mermaid who felt they were 
“really bad with the curiosity.” A few mentioned struggling 
with specific activities related to EM, and Badminton said 
of their EM classroom activities, “sometimes it works, 
sometimes it doesn’t. So those times that it doesn’t, it’s 
probably my fault.” Self-determination theory posits that 
individuals may be motivated to participate in an activity 

if they perceive it as an opportunity to grow and improve 
(Deci and Ryna, 2000). It is likely, then, that recognizing a 
deficiency in a particular subject may contribute towards 
intrinsic motivation for improvement (Beijaard, 2019; Tsui, 
2018). Many participants reflected on growth following 
involvement with KEEN and EM topics, Badminton states 
that: 
“Sometimes it’s hard to change that, all your mindsets that 
you’re used to… I didn’t know about pedagogy—teach-
ing pedagogy. I didn’t know about active learning, I didn’t 
know about entrepreneurial mindset. So I have grown… I 
really appreciate everyone’s efforts on really infusing entre-
preneurial mindset. Because I know that it works.”

	 If potential for growth is the motivator that the par-
ticipants claim, then it may be that KEEN’s framing of the 
entrepreneurial mindset as a tool for both classrooms and 
professional development contributes to the success of 
their resources (Jackson et al., 2022). As Mermaid stated, 
“I don’t see, like, just KEEN being the way to grow, but every 
opportunity to get as, like, a way to keep growing.” When 
instructors like this perceive EM as a path towards personal 
growth, they may become more intrinsically motivated to 
participate (Bouwma-Gearhart, 2012; Harnish and Wild, 
1992; Jackson et al., 2022; Raneri, 2017).
	 Overall, these findings suggest that faculty members 
who integrate EM into their classrooms may be highly 
intrinsically motivated to do so. This is likely due to a com-
bination of the community that KEEN maintains through 
professional development offerings and the faculty mem-
bers’ own desires to learn, grow, and engage with EM. This 
community at the studied institution could be a by-prod-
uct of KEEN’s involvement with the university. By being a 
partner institution, it is possible that this community is 
supported in ways that other universities are not. Howev-
er, as Geronimo pointed out, “I mean, sure, there’s a class-
room aspect of this, but it’s also, like, a personal change… 
it’s important that you are open minded, especially when 
you’re trying to develop yourself and your—you know, 
your own career, right?”

Conclusions
	 Educational research, as a field, aims to find and 
communicate the best possible methods for teaching. 
Unfortunately, the complexity of the research-to-practice 
process leaves it vulnerable to weaknesses and break 
points (Borrego and Henderson, 2014; Melsa et al., 2009; 
Supiano, 2023). Researchers and the organizations they 
belong to may not communicate their innovations in the 
most effective ways (Borrego and Henderson, 2014; Rog-
ers, 2010). In addition, instructors may not be receptive 
to making changes. By examining KEEN’s EM professional 
development approaches, we were able to examine the 
success of a particular educational organization from the 
perspective of potential adopters.

	 KEEN’s primary organizational goal is to graduate 
“engineers with an entrepreneurial mindset so they can 
create personal, economic, and societal value through a 
lifetime of meaningful work” (Kern Entrepreneurial En-
gineering Network, n.d.a). Thus, KEEN has provided a 
plethora of professional development offerings to help 
faculty engage with and adopt content related to EM into 
their classrooms. Interview analysis suggests that faculty 
members most often access EM professional development 
that aligns with the DSAAI’s guidelines for sustained adop-
tion but tend to rely on more passive resources (such as 
published lesson plans available in KEEN cards or journal 
articles) as they become more familiar and comfortable 
with EM. Faculty members who make successful changes 
also tend to align with intrinsic motivation constructs as-
sociated with change-making.
	 Elements of the research-to-practice process are not 
as independent as they may seem; from our participants, 
we found that KEEN’s EM professional development must 
meet the faculty members’ specific needs (both active and 
passive resources, especially important for new adopters 
of EM), and the faculty members must learn to recog-
nize their own deficiencies to engage appropriately with 
organizations like KEEN. Knowing this, KEEN and similar 
organizations might be able to provide more effective 
resources (such as a balance between active and passive 
engagement strategies) and target faculty members who 
demonstrate greater intrinsic motivation to make lasting 
changes to their classrooms. 

Limitations
	 Currently, these results are limited by their focus on 
a singular foundation-funded organization, and data col-
lection performed at a single institution. As a result, we 
also had a small number of faculty members participate in 
the interviews for this study, which may limit the transfer-
ability of the results. Furthermore, the institution where 
this study took place was a KEEN-partnered institution, 
thus faculty are encouraged to participate in KEEN or EM 
professional development opportunities. This may incen-
tivize the faculty in this data set to adopt classroom strate-
gies related to EM more willingly than other faculty. 
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Appendix B.

IMI Codebook with Magnitude Coding Notation Added


