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Exploring Faculty Engagement in a Pre-College Engineering Outreach Program:
Motivation, Facilitators, and Barriers (Fundamental)

Abstract

Pre-college engineering outreach programs play an important role in broadening participation in
STEM. Engineering faculty are key stakeholders in outreach programs, even though in many
cases undergraduate or graduate engineering students participate more actively. Greater faculty
involvement could improve outreach quality and sustainability, but faculty engagement is often
limited by time constraints and competing academic responsibilities. This study examines how
engineering faculty members describe their motivations for participating in a pre-college
engineering summer camp and how they perceive factors that facilitate or hinder their
engagement. A basic qualitative research design was employed for analyzing semi-structured
interviews with five engineering faculty members who served as instructors in a week-long
summer camp for middle school students.

Findings show that faculty engagement was constructed by motivations operating across multiple
levels, including personal interest in working with youth, alignment with academic roles and
disciplinary expertise, departmental goals related to community engagement, and broader
educational purposes associated with outreach teaching. Faculty engagement changed during the
camp through interactions with students, undergraduate lab assistants (LAs), and the
instructional context. Student enthusiasm and peer support facilitated engagement, while
challenges related to teaching middle school students, classroom management, limited
coordination with LAs, and logistic constraints hindered it. Additionally, instructional autonomy
functioned as both a facilitator and a barrier, fostering creativity while also increasing
uncertainty, particularly at the outset.

This study conceptualized faculty engagement as a dynamic, multi-level meaning-making
process. The findings suggest that sustainable faculty participation in pre-college engineering
outreach requires an organizational support environment that complements individual motivation
and autonomy at work.

Keywords. Faculty engagement, pre-college engineering outreach, STEM outreach, and basic
qualitative research



Introduction

Pre-college engineering outreach has increasingly become a crucial mechanism for broadening
participation in STEM and enabling historically underserved youth to access engineering
pathways [1] - [3]. As universities continue efforts to strengthen the engineering talent pipeline
and reduce structural barriers to participation, outreach programs led by engineering programs
have received growing attention in both practice and research. Yet, the majority of engineering
outreach studies have focused on student-side outcomes - such as interest in STEM, career
intentions, or self-efficacy - or on program structures and curricular design [3]. Faculty,
however, are not peripheral agents. They are the ones who enact outreach in real instructional
settings, translate disciplinary knowledge into accessible forms, and shape students’ lived
experiences of engineering. Understanding why engineering faculty invest their time and effort
in pre-college outreach, and under what conditions such efforts are sustained or constrained, is
essential for enhancing program quality and long-term sustainability.

Prior research on faculty outreach engagement and motivation has produced multidimensional
perspectives incorporating individual and environmental influences [4] - [7]. However, these
frameworks have largely been derived from faculty in social sciences, education, and other
community-oriented fields, with limited attention to the disciplinary norms and academic climate
specific to engineering. Moreover, existing models tend to collapse relationship-based
motivations, departmental culture, and disciplinary commitments into broad environmental
categories, obscuring the nuanced interactions among personal identity, interpersonal
relationships, departmental obligations, and engineering-specific values related to broadening
participation [8]. As a result, there remains a limited in-depth understanding of how engineering
faculty themselves make meaning of their outreach experiences through a multi-level
motivational lens.

To address this gap, this study examines how engineering faculty who served as instructors in a
week-long pre-college summer camp describe their motivations, identify factors that facilitate or
constrain their engagement, and make meaning of their outreach experiences. This qualitative
study is guided by the following research questions:
1. How do engineering faculty describe their motivations for engaging in this pre-college
outreach summer camp as instructors?
2. What factors do faculty perceive as facilitating or hindering their engagement in outreach
participation?

Background
Pre-college engineering outreach

University-led outreach has historically served as a means of advancing the public mission of
higher education [9]. In engineering education, STEM outreach programs began to receive
significant institutional attention in the 1990s. The 1986 Neal Report emphasized the need for
increased faculty engagement and curricular reform in STEM education [10]. Over the past
several decades, the National Science Foundation has developed a range of outreach programs
that support K-12 STEM education, university-school partnerships, and efforts to broaden



participation in science and engineering [11]. Beyond financial and performance-based
pressures, the unique academic needs of engineering further highlight the importance of
outreach. Engineering disciplines require long-term, highly specialized preparation and continue
to face persistent challenges - such as declining interest in STEM, workforce shortages, and a
lack of diversity [2], [12] - [14]. Against this backdrop, STEM outreach serves dual purposes:
fostering early STEM interest among youth and building a future engineering pipeline [1], [15].

Despite growing institutional efforts, most prior outreach studies in engineering education have
focused either on learners or on educational programs themselves. Early research often
introduced individual camps or workshops and assessed their influence on students’ engineering
perceptions or career intentions [1], [16]. Later studies explored longer-term outcomes, such as
college choice, STEM persistence, and self-efficacy, but still maintained a learner-centered
perspective [17] - [19]. More recently, attention has expanded to program design and evaluation
frameworks [3], [20]. However, across this literature, the role of faculty, which is the other key
agent in outreach, has remained underexplored [3].

The role of faculty in education remains pivotal. In educational contexts, the instructor is not
merely a facilitator but a co-constructor of the learning experience, as conceptualized by Amidon
[21]. While learner-centered paradigms rightly emphasize student agencys, it is essential to
recognize that education is an interactional process shaped by both teachers and students [22]. As
often quoted, “The quality of an educational system cannot exceed the quality of its teachers”
[23] - a principle equally applicable to outreach programs. Understanding the motivations,
experiences, and challenges of faculty participants can provide critical insights for enhancing
outreach quality.

Why, then, is it important to examine outreach from the faculty perspective? For many faculty
members, participating in outreach entails considerable opportunity costs. Studies have
documented barriers such as limited time, unclear institutional rewards, vague evaluation
standards, and pressure to prioritize research over service [24] - [26]. Outreach is often framed as
voluntary labor, secondary to core academic responsibilities, and may be undervalued by peers
and administrators alike [27]. These structural challenges are rooted in a broader academic
culture that, since the 20th century, has increasingly prioritized research productivity while
marginalizing the civic and moral dimensions of scholarship [28]. Today’s universities operate
under intensifying demands for accountability and performance metrics [29], [30], often placing
community engagement lower in institutional hierarchies than research [31], [32]. As faculty
devote disproportionate time to grant writing and publishing, outreach efforts are frequently
deprioritized. Practical barriers, such as the lack of institutional recognition in promotion and
tenure, limited funding, inadequate administrative support, and challenges in assessing long-term
impact, further constrain the sustainability of STEM outreach [33].

Faculty engagement and motivation

The concept of motivation originates in psychology and human development and broadly refers
to the reasons why individuals act toward specific goals. Prior studies distinguished motivation
as the reasons faculty choose to participate and engagement as the observable participation in
outreach or community-engaged activities [26], [29]. Traditionally, motivation research has



examined this through a dichotomy of internal or external drivers that explain why individuals
engage in particular tasks. The former involves one’s personal goals, values, and sense of
competence, while the latter pertains to external conditions or incentives that encourage action or
shape behavioral consequences [34], [35]. Although scholars have long discussed the roles of
individual goals and external environments in shaping faculty motivation, many argue that this
simple intrinsic-extrinsic binary is insufficient for capturing the complexity of faculty
engagement in participatory scholarship [36]. In response, recent studies have moved toward
multi-dimensional models of motivation that extend beyond the individual level [26], [29], [37],
[38].

A notable point in motivation research is that motivation is not merely an individual-level
phenomenon, but a collective-level phenomenon that manifests in communities, social
movements, generational dynamics, political ideologies, workplace environments, policies, and
socialization processes [37]. Faculty motivation, shaped by both individual and collective
influences, can be understood as a predictor of the observable phenomenon - faculty
engagement. In other words, the values and goals that drive faculty members shape the depth of
their participation in outreach activities. Faculty engagement cannot be explained solely by
individual factors such as personal inclination or passion; capturing its complexity requires a
multidimensional approach. Therefore, to understand faculty engagement, we will examine
representative research models that explain it through a multidimensional motivation framework
and review their limitations, as well as opportunities for conceptual expansion.

The most renowned study in faculty community engagement, O’Meara [26], identified a
typology of seven motivations for faculty participation in community-based activities [39].
O'Meara analyzed narrative essays written by 68 exemplars (62% from social sciences and
humanities) across disciplines and used grounded theory to analyze the motivations driving U.S.
university professors to engage in outreach and community work [26]. The findings revealed the
following motivations in descending order of frequency (percentage): To facilitate student
learning and growth (94%), Personal/professional identity (60%), To achieve disciplinary goals
(53%), Personal commitments to specific social issues, places, and people (50%), Institutional
type and mission, appointment type, and/or an enabling reward system and culture for
community engagement (50%), A desire for collaboration, relationships, partners, and public-
making (47%), and Pursuit of rigorous scholarship and learning (44%). This study is significant
as it marks the beginning of multifaceted research into why faculty engage in community-
engaged activities across all academic disciplines, whereas earlier studies largely focused on
barriers to engagement [8]. Subsequently, O’Meara [37] utilized Astin’s I-E-O (Input-
Environment-Outcome) model [40] to emphasize that faculty participation is shaped not only by
personal attributes but also through interactions within institutional and academic environments.
She claimed that professors develop self-efficacy, expertise, and a strong sense of academic
agency through participatory engagement, framing such involvement as opportunities for
scholarly growth that extend beyond voluntary service.

Wade and Demb proposed the Faculty Engagement Model (FEM) to offer a more comprehensive
perspective on faculty engagement [29]. They identified three main dimensions: personal
dimension (identity, self-efficacy, values, etc.), professional dimension (academic norms, career
stage, balance of research-teaching-service, etc.), and institutional dimension (organizational



culture, promotion and reward systems, leadership, resources, etc.) [29]. They argued that
engagement is formed through the interaction among these dimensions. The FEM particularly
emphasized the interaction between dimensions, asserting that faculty engagement is not simply
the independent sum of the three factors but rather the result of their interactions. Even if an
individual professor possesses a strong commitment to the public good, sustained participation
may be limited if the specific academic field or institutional support is weak. However, this
model was also presented more as a conceptual framework than as empirically validated, and the
specific pathways and causal relationships between motivations at each level remain
insufficiently clarified. Specifically, the model’s tendency to group non-personal motivations,
such as interpersonal relationships, community commitment, and policy-level social factors, into
a single broad category risks obscuring differences in the actual operational levels of motivation
[8]. Differences across academic disciplines have also been consistently observed [26], [29], yet
how these disciplinary contexts affect the motivational dynamics underlying outreach
engagement remains insufficiently understood.

Despite advances in multifaceted studies on faculty and motivation for community engagement
activities, existing research still exhibits the following gaps. First, impersonal factors are defined
too broadly, obscuring differences in motivation across levels [8]. Specifically, interpersonal,
community, and social motivation are grouped under impersonal or environmental factors,
despite being distinct motivations, limiting the ability to highlight their differences. Second,
despite the general recognition of overlap between personal and impersonal motivations, the
interactions among motivations remain poorly understood [36], [37]. While the FEM model
acknowledges the importance of interactions between dimensions through bidirectional arrows,
further research is needed to specify these interactions.

Pre-college Outreach Program Overview

The University of Illinois Urbana-Champaign has been offering a wide range of summer camps
for high school students for decades. However, opportunities for middle school students to
participate in engineering-related activities are limited. Across the U.S., only a few universities
located in major cities, such as Carnegie Mellon University, Georgia Institute of Technology,
Johns Hopkins University, Massachusetts Institute of Technology, New York University, and
Northwestern University offer recurring engineering summer camps or summer courses at the
middle school level [41] - [46]. The primary goal of this summer camp is to introduce middle
school students to fundamental electrical and computer engineering topics and hands-on STEM
learning. Upon completion of the summer camp, the program aims to spark curiosity in electrical
engineering at an early age, foster students’ confidence in teamwork and project-based learning,
and provide opportunities for connections with university faculty, and undergraduate student
mentors.

The camp was founded in 2023, and runs each summer. There are two faculty coordinators for
the camp: one with over 15 years of experience in STEM outreach, working extensively with K-
12 students and educators, and the other with multiple volunteering roles in K-12 settings. Before
finalizing the schedule for subsequent offerings, the faculty coordinators will review each
session and adjust the curriculum to better fit middle school learners. First-time faculty



instructors are invited to meet with a Ph.D. student in education to ensure contents and teaching
pedagogy used are age appropriate.

The camp runs a week-long in-person program, and welcomes about 20 - 25 campers each year.
Campers arrive at 9am in the morning and wrap up at Spm in the afternoon. Each day is divided
into a series of 1.5-hour sessions, with each session started with introducing the concepts and
followed by hands-on activities. Faculty members have the freedom to choose what topic they
would like to discuss in their session and provide chances for lab tours and/or using lab
equipment for hands-on projects. The Summer 2025 offering covered a variety of topics,
including circuits, digital logic, probability, optics, robotics, green energy, and many others.
Most sessions were delivered to the full cohort; however, the bioengineering module and the
analog signal processing laboratory experience were divided into two parallel, back-to-back
sessions to accommodate space and equipment limitations. Each session was designed to be
modular, age-appropriate for middle school students, and hands-on. The camp also incorporates
fun social activities such as bowling and billiard to allow campers to build relationships with
each other and get a taste of college life. At the end of each day, the camps would fill out a daily
survey about their reflections on the daily activities. Then, the campers would work on hands-on
projects in teams of 2 or 3 under guidance of a lab assistant using SparkFun inventor’s kit for 90
minutes.

At the start of the camp, expectations for behavior and participation were informally discussed
during the icebreaker activities. We emphasized respect for peers and faculty. Students were
encouraged to actively participate during hands-on sessions and ask for help before becoming
frustrated. While there was no formal policy on cell phone usage during the camp, faculty
coordinators have observed that the hands-on format of the sessions typically kept students
focused and limited their cell phone use.

Lab assistant role overview

The weekly-long activities are supervised by lab assistants, who were undergraduate students
from the ECE department. The LAs provided technical assistance for hands-on electronic
activities since many campers had never used electronics or programed codes before. Prior to the
camp start date, LAs had a one-hour training session with the camp coordinator on the learning
objectives and their role in technical and mentoring activities. The training included a brief
overview of the electronics projects and discussion on how to support the middle school
students. The LAs were encouraged to guide students through the projects rather than correct
their mistakes.

Methods

This study employed a basic qualitative research design to examine faculty experiences and the
processes underlying their motivation in pre-college engineering outreach. A basic qualitative
study was chosen to gain an in-depth exploration of people’s experiences and interpretations
[47], particularly when addressing a problem of educational practice [48]. Given that motivation
is not merely an individual trait but is socially and contextually constructed, the basic qualitative
design was necessary to capture these nuanced interpretations. By focusing on faculty members



who served as instructors in the camp, this study aimed to comprehend how they interpret and
construct meaning from their engagement in outreach teaching from their own experiences [47].

Participants

This study enrolled five faculty members, all of whom served as instructors in the pre-college
engineering outreach summer camp. Initially, six faculty voluntarily agreed to participate in the
study, but due to summer scheduling constraints, five ultimately completed the interview
process. Out of the five participants, four completed a year-long training program through the
college for new faculty on teaching & learning. Participants had minimum outreach experience
prior to becoming instructors for this summer camp. Purposive sampling [49] was used to
intentionally select participants who had direct involvement in teaching at the camp and could
describe their experiences as instructors. The inclusion criteria were as follows: (1) faculty
affiliated with the host department who served as instructors in the 2025 pre-college summer
outreach program, (2) individuals who joined the camp as voluntary instructors rather than
program organizers or administrators, (3) those who taught a session instead of only showing a
lab demo, and (4) preferably, faculty who were willing to actively participate in interviews and
had completed their instructional role in the program.

After the completion of the summer camp, program coordinators informed faculty instructors
about this study and asked whether they were willing to be contacted by the research team. Only
those who agreed had their contact information shared with the research team, who then sent
individual email invitations and scheduled interviews after obtaining consent. Variation in
academic rank, gender, and prior outreach experience were intentionally considered to foster
diversity within the qualitative research sample [50]. The reason for more teaching faculty being
interviewed is that tenure-track faculty are usually the ones who have a research lab and are
being asked to do lab demos. Detailed demographic and background information of the study
participants is presented in Table 1.

Table 1: Participant Characteristics and Instructional Involvement in the Pre-College
Engineering Outreach Camp

Participant Academic rank ECE teaching Camp Gender
experience participation

1 Postdoctoral Researcher Early-career First time Female

2 Assistant Professor Mid-career Second time Male

3 Teaching Assistant Professor ~ Mid-career First time Male

4 Teaching Associate Professor  Late-career Third time Male

5 Teaching Assistant Professor ~ Mid-career Second time Female




Data collection

This study primarily utilized data collected through in-depth interviews with participants.
Additionally, the researcher's observation and reflection notes served as supplementary materials.
The interviews were conducted remotely once via Zoom from June 24 to July 29, 2025, within 1
month of the camp's conclusion. Individual 1:1 interviews averaged approximately 45 minutes
(range: 30-60 minutes) and were based on a semi-structured questionnaire. The interview
protocol was designed to elicit reflections on motivations, memorable instructional moments,
and perceived challenges. This protocol was informed by prior studies on faculty community
engagement and motivation [26], [29]. Example interview questions included:

e What expectations did you have before the camp, and how did these compare with your
actual experience?
What motivated you to participate in the summer camp?
What were the most memorable moments during the camp and why?
What challenges did you encounter before or during the camp?
What personal or professional significance does this outreach experience hold for you?

e Please give us recommendations for future iterations of the camp.
Probing questions were used selectively to deepen reflection when participants recalled
memorable events and to understand the meaning they attributed to them. In addition to
interview data, two interviewers attended the camp as participant observers to gain a contextual
understanding of the camp environment. Their role was limited to observing sessions and
interacting informally with K-12 students and the faculty members.

Data analysis

This study employed thematic analysis and followed Lochmiller and Lester’s seven phases [51].
Thematic analysis served as a flexible framework that encompassed a range of approaches
focused on identifying recurring patterns, or “themes”, within qualitative data [52]. Because it
can generate findings based either on established theoretical frameworks or emerging directly
from the data, it is adaptable to a variety of research questions [53]. Its seven phases generally
involve preparing and organizing the data, transcribing the data, becoming familiar with the data
corpus, memoing the data, coding the data, producing categories and themes from underlying
coded passages, and making the analysis process transparent [54]. Data were coded using
MAXQDA (v. 24.11), a qualitative data analysis software. The first author conducted the
primary coding and analysis. The codes were inductively generated, while both emergent
patterns and existing faculty engagement models informed theme formation. To strengthen
analytical rigor, two co-authors with expertise in engineering education and outreach reviewed
the coding structure and emerging interpretations, and category definitions were refined through
iterative discussion. The researchers engaged in ongoing reflexive examination and cross-
validation across data resources. Credibility was further supported by sharing preliminary
interpretations with participants for member-checking and by conducting peer debriefing with
co-researchers throughout the analytic process. These iterative procedures occurred in a cyclical
rather than linear manner, allowing interpretations to evolve and refine progressively [54].
Furthermore, given the small sample drawn from a single summer camp, the findings are
intended to provide in-depth contextual insight rather than generalization.



Results

The findings revealed that faculty engagement in pre-college outreach was constructed through a
constellation of motivations and conditions operating across multiple, interconnected levels. As
illustrated in Figure 1, initial motivations emerged through overlapping individual, individual—
organizational, organizational, and field levels, rather than as discrete or independent factors.
Individual-level motivations, such as personal identity and learner-centered teaching philosophy,
were embedded within and reinforced by alignment with academic roles, departmental
commitments to community engagement, and broader disciplinary and educational purposes of
providing early exposure to engineering.

Figure 1. Multilevel Process Model of Faculty Motivation and Engagement for Pre-College
Outreach Participation
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These multilevel motivations represent an initial phase of engagement. As indicated by the
vertical axis, faculty engagement evolved during the interaction phase of camp participation,
where experiences were shaped by both facilitating and constraining conditions. Engagement
was strengthened through facilitators such as students’ visible engagement and growth and peer
or lab assistant support, while it was challenged by barriers including adapting to K—12 learners,
classroom management difficulties, limited coordination with lab assistants, and logistical or
technical constraints. Notably, high instructional autonomy functioned as a dual-role factor,
simultaneously enabling creative instructional engagement and generating adjustment-related
strain. These experiences contributed to shifts in motivation, influencing faculty members’
willingness and orientation toward participation in subsequent outreach cycles.

Initial Motivation

At the individual level, faculty members’ individual motivations for participating in summer
outreach were strongly shaped by personal identities and affective connections to children.
Participants described their engagement as grounded in their roles as parents or in a broader
personal fondness for working with youth. These affective orientations toward youth contributed
to a positive emotional readiness for engagement and framed outreach teaching as a personally
rewarding experience rather than an additional professional obligation.

1 like kids, and I think it’s fun to interact with them. I have a son, and I kind of think about him
growing up, going to school, and his future. He’s only three years old now, but thinking about
his future makes interacting with other students feel heartwarming to me. (P02)

I have a daughter, and she’s now 16. Unfortunately, she doesn’t like engineering, but I think it
would have been a great experience for her if she had done something like this. Seeing the
students actually enjoying being there and having fun was meaningful to me. (P03)

Furthermore, faculty members’ learner-centered teaching philosophies emerged as a key source
for outreach participation. Participants consistently emphasized the educational value of creating
opportunities for students to learn through direct experience, exploration, and hands-on
engagement rather than passive instruction. Faculty described meaningful teaching as a relational
process in which learners actively construct understanding and develop confidence through
doing, questioning, and experimenting. Within this context, as camp instructors, faculty members
enact their pedagogical beliefs by supporting students as they take their first steps into the
engineering world.

I always want to help students get the best experience and learn as much as they can while
they re here. I get excited about that. ... I wanted them to have quite a bit of hands-on
experience, so I chose two or three topics that I thought would be interesting for students and
that I could easily create hands-on activities for. (P03)

At the individual-organizational level, faculty members’ motivations were reinforced by the
alignment between outreach teaching and their academic roles. Participants described adapting
topics drawn from their research areas or college-level courses for a middle school audience.



This alignment reduced the perceived burden of participation by allowing faculty to draw on
familiar content and expertise, rather than developing entirely new instructional materials. Thus,
outreach teaching was experienced not as an additional obligation but as a manageable and
meaningful extension of their ongoing research and teaching work.

1 basically led one activity on the topic of probability and codes, which is very related to my
research. I thought this could be a way of doing something that would still be somewhat aligned
with my research. (P02)

I was going to expose them a little bit to circuits, which is one of the courses that I teach. ... |
had already run the whole session for my college students, so it did not require too much
additional organization. (P05)

Faculty motivations were also shaped by organizational-level considerations, particularly a
shared awareness of the department’s commitment to community engagement and public
visibility. Participants articulated the understanding that the outreach camp served as a
mechanism for strengthening the department’s relationship with the local community and
enhancing its public image. Faculty expressed a desire to contribute to these shared goals as
departmental members, indicating that the organizational mission and identity served as
meaningful motivations for participation alongside individual interests.

1 think this is something that looks good for the department, the ECE department as a whole, to
engage with the community. It is also a way for me to support some of the community
engagement elements of the department. (P02)

This is more of a departmental goal, to get exposure for our department, so that people know
that we are there and understand what kind of work we do. (P03)

At the field level, faculty members framed their outreach participation as contributing to
students’ exposure to engineering and shaping early positive perceptions of the field.
Participation highlighted the importance of introducing the engineering field to students who
may otherwise have limited opportunities to encounter it and supporting them to interpret the
field as approachable and enjoyable. This sense of responsibility extended beyond the
department to the disciplinary mission of broadening participation in STEM. When individual
values, departmental goals, and broader educational purpose aligned, faculty engagement
emerged in a natural and meaningful form of contribution rather than a mandated service
activity.

The thing that makes it so important is that it's an opportunity for kids from kind of all
different backgrounds to be exposed to like these engineering topics that can hopefully like
spark an interest whether or not they become engineers, but at least like show them that,
you know, these are topics that they can grasp and they can have fun learning. (P01)

1 think this is very important. You never have a second chance to make a first impression, and
you have a lot of responsibility. If you do a bad job, if you are boring or annoying, or if you do
not align with young people’s expectations, it can create a negative reaction. (P05)



Facilitators and Barriers to Faculty Engagement

Beyond initial motivation, faculty engagement was not static or solely driven by individual
predispositions; it was continuously shaped by interactions with students, lab assistants, and the
teaching environment during the camp. These contextual factors either strengthened or
constrained faculty engagement over time. One of the most salient facilitators was observing
students’ high engagement and growth. Faculty described moments of intense curiosity,
sustained attention, and active questioning as particularly energizing, often exceeding their
expectations. Witnessing students’ enthusiasm for learning reinforced faculty members’ sense of
instructional efficacy and made them feel like game show hosts.

As soon as the activity started and I could tell that they were interested, I found it exciting and
fun. I really got into it, almost like a game show host kind of attitude, and I enjoyed that. (P(2)

1 could not believe how many of them wanted to take pictures of the board and write things

down. They pleasantly surprised me by how interested they were in the actual principles behind
it. ... My number one moment was when my session ended, we finished going over the optics, and
1 saw how many kids were coming up to ask questions. That was definitely my favorite moment.

(POI)

Additionally, support from peer faculty members and undergraduate lab assistants also facilitates
engagement. Faculty benefited from informal learning opportunities, such as observing
colleagues’ outreach practices through shared instructional materials or videos, as well as from
in-session assistance with classroom management and hands-on activities. These collaborative
dynamics reduced instructional strain and enabled faculty to focus more fully on teaching and
student interaction.

When it came to preparing to actually do the activities, Colleague 1 is so involved with teaching
and outreach that he has made YouTube videos of him doing these activities, sometimes with his
kids. He has also led things where he teaches other instructors how to do them. I was in a really
fortunate spot where I watched a few hours of YouTube videos from Colleague 1. For the

projector, I watched his video and read the instructions, making sure I knew how it would work.
(P01)

1 think Camp Coordinator 1 was there when I ran the session, as well as two student helpers, and
they were very helpful. The student helpers, especially LA 1, were going around answering
questions and helping prepare materials. I think it was a good system of instructors. (P01)

Meanwhile, the faculty encountered several challenges that complicated their participation. A
primary one involved adapting instructional content and interaction styles to suit middle school
learners. Participants expressed uncertainty about age-appropriate pedagogy and classroom
interaction strategies, noting that limited prior experience with this age group heightened anxiety
and reduced confidence. These concerns highlighted the need for targeted instructional support
or preparation to help faculty translate college-level material effectively for younger audiences.



I am in front of a classroom quite often, but this felt very different from my usual classroom
experience. Both times, I felt a little nervous, wondering what if students did not care or were
really rowdy. I do not have a lot of training in dealing with middle school students, so [ am
always a little nervous about that. (P02)

I am bad at teaching kids in school. I feel like you need to have an educational background to
handle younger students, because their psychology, perception, and the way they think and
handle things are completely different. (P05)

Second, classroom management emerged as another challenge, particularly in sessions with large
numbers of students. Faculty described difficulty balancing attention between students at
different learning paces and managing distractions such as cell phone use. These challenges
occasionally disrupted instructional flow and diverted faculty attention away from teaching
content, contributing to moments of frustration.

With so many students, it was a little hard to answer questions all at the same time, because it
was difficult to decide whether to prioritize helping the students who were a bit behind, or to
encourage them to talk more with their neighbors and respond to questions from students who
were ahead. (P01)

A lot of them were on their cell phones and were not paying attention to the instructions, so we
had to go and help them. ... I think there should be a policy of no cell phones during the
activities, because it is distracting. (P03)

Third, while lab assistants were generally viewed as supportive, limited pre-camp
communication with them posed challenges. Faculty noted that insufficient coordination
occurred before sessions and that troubleshooting hands-on activities collaboratively. Given the
practice-oriented nature of the camp, participants emphasized that stronger pre-session
collaboration with lab assistants could enhance instructional coherence and reduce in-the-
moment difficulties.

[ think it would have helped if I had contact with the assistants. In the end, there were four or
five people assisting the students, and I had asked a few days before whether I would have
anyone assisting. I would have liked to meet with them beforehand so I could explain why it was
needed and coordinate better. (P03)

1 think it would be nice to have some time with the lab assistants before the students arrive. They
are hired hourly, so it would have been possible to schedule hours prior to the actual camp.

(P03)

Lastly, faculty engagement was also constrained by logistical and technical challenges related to
program organization and instructional infrastructure. Participants noted issues, including limited
instructional resources and inadequate classroom facilities, which occasionally disrupted
instructional flow.

1 think the issue was that not everybody had a kit. We did not have many resources, and the room



did not support that many students. There was no projector, and there were only two music
workstations. Not everyone even had a chance to play around with the continuum, for example.
(P04)

There were also some technical difficulties, which are not fully controllable. It was a bit funny
because I wanted to use a remote control to switch slides, but it had old batteries. [ had not
checked it beforehand, so I had to walk around the room and click the slides myself. (P05)

Notably, high levels of instructional autonomy served both as a facilitator and a barrier to faculty
engagement. On one hand, limited structured guidance leads to uncertainty and stress,
particularly for first-time outreach instructors. On the other hand, this autonomy enabled faculty
to exercise creativity, respond flexibly to teachable moments, and tailor instruction to their
strengths. As such, instructional autonomy operated as a double-edged sword - simultaneously
creating logistical strain while supporting deep engagement and pedagogical experimentation.

Everything seemed pretty open, but there was not anything structured for me. (P01)

At first, 1 did not feel like there was much guidance about what was good or what was
appropriate, and I did not feel there was much support for someone creating a new activity.

(P02)

In retrospect, I think that was also helpful because it gave me the freedom to do whatever I
wanted, and it worked. ... In the end, that freedom was helpful for me to think and do things in
my own way. (P02)

It was very independent, so I could just go and do my own thing. That also helped with
scheduling around my own teaching, because I teach every morning during the summer. ... I had
to plan around that and be creative to make it to my own class on time afterward. (P05)

Discussion

This study explored engineering faculty members’ motivations, facilitating factors, and barriers
in participating in a pre-college engineering outreach camp through a multi-level lens. By doing
so, it conceptualizes faculty engagement as a complex and process-oriented phenomenon that
cannot be reduced to individual factors or organizational conditions alone. Whereas prior studies
on faculty engagement and motivation have typically categorized factors as personal beliefs,
institutional rewards, or social missions [26], [29], the findings of this study suggest that, in
practice, these influences are not experienced as discrete factors. Instead, faculty described their
outreach participation as a meaning-making process shaped by the simultaneous and
interconnected operation of motivations at various levels. Specifically, the facilitators and
barriers identified in this study reflect more than simple expressions of emotional satisfaction or
unfulfillment. Instead, they indicate conditions that shape faculty members’ perceived feasibility
and willingness to continue outreach participation, influencing how they approach future
involvement. Moreover, this perspective moves beyond viewing outreach participation as an
activity dependent on individual faculty commitment. It highlights the importance of designing
an organizational or field context under which multiple sources of motivation can converge.
From this standpoint, the study offers four insights into sustainable faculty participation and



instructional quality in pre-college engineering outreach.

First, this study extends existing faculty engagement frameworks by offering a level-based
interpretation of faculty motivation. Although prior frameworks have focused on the
multidimensional nature of faculty engagement [29], they have paid comparatively little attention
to clarifying the levels at which different motivations operate. For example, O’Meara identified a
broad range of motivations, such as identity, disciplinary commitments, etc., but did not
explicitly distinguish whether these motivations function primarily at the individual,
organizational, or field level [26]. In contrast, this study analytically distinguished faculty
motivations at the individual, individual-organizational, organizational, and field levels using
faculty narratives. Importantly, this distinction does not imply that motivations were experienced
as separate. In fact, faculty tended to describe their participation by weaving together personal
meaning, alignment with departmental goals, and broader educational purpose into a single
interpretive account. This pattern suggests that the multi-level framework proposed here serves
as an interpretive model that captures how they make meanings of their outreach participation,
rather than as a causal model specifying necessary or sufficient conditions for engagement. By
clarifying the level at which motivations are situated, this framework provides a structured
foundation for future research to more clearly link individual- and organizational-level variables,
and for outreach programs to identify more precise points of intervention beyond reliance on
individual faculty commitment.

Second, this study reveals that barriers to faculty engagement emerged through the interaction of
multiple factors. Faculty described several challenges during camp participation, with difficulties
adapting to the K-12 learning environment being most consistently evident. They reported
uncertainty and low self-efficacy related to age-appropriate pedagogy and classroom
management - challenges that were based on teaching in a context different from their typical
settings. These difficulties were compounded by limited pre-camp coordination with LAs,
constrained instructional resources, and unexpected technical or logistical challenges. Together,
these factors made it difficult to fully enact their planned instruction and increase overall
cognitive and emotional demands. Importantly, these constraints should not be interpreted as
individual faculty deficits or resistance. Rather, they reflect tensions between the expectations
placed on faculty roles and the organizational support available to meet them. This finding
suggests that faculty engagement challenges are shaped not only by individual readiness but also
by the structural design of outreach programs that support teaching in K-12 contexts.

Lastly, the findings illustrate the dual role of instructional autonomy as both a facilitator and a
barrier. High levels of autonomy enabled faculty to design sessions aligned with their expertise
and pedagogical philosophy, fostering creativity and ownership in teaching. At the same time, in
the absence of clear guidance, autonomy also leads to uncertainty and additional burden,
particularly for faculties participating for the first time. This duality suggests that the effects of
autonomy depend on how it is embedded within organizational structures that provide
appropriate support, rather than on autonomy itself.

Taken together, these findings suggest that designing pre-college engineering outreach programs
for sustained faculty engagement requires attention to how individual motivations are
structurally supported at the organizational level. Outreach programs should make explicit



connections between faculty members’ teaching pedagogy, disciplinary expertise, and the
broader organizational goals of outreach - such as including public engagement as part of the
Promotion & Tenure Dossier, enabling faculty to interpret participation as an integrated part of
their academic role rather than optional service. In addition, programs should provide structured
instructional scaffolding to support faculty teaching in K-12 contexts, such as brief orientations,
shared instructional resources, and opportunities for collaborative planning with education-
focused staff or graduate students, framed as complementary expertise rather than corrective
oversight. Coordination with undergraduate lab assistants and clarification of roles, instructional
goals, and logistics can further reduce in-the-moment burdens on faculty and allow greater focus
on teaching and student interaction. Finally, effective outreach design requires balancing
instructional autonomy with clear guidance by offering flexible frameworks that preserve faculty
creativity while reducing uncertainty, particularly for first-time participants.

Conclusion

This study contributes to pre-college engineering education research by examining how faculty
engagement in an outreach summer camp is constructed through the interplay of motivations,
facilitators, and barriers across multiple levels. Faculty engagement emerged as a dynamic
meaning-making process shaped by the convergence of individual values, organizational
conditions, and disciplinary purposes within the outreach experience.

By centering faculty as active sense-makers rather than peripheral implementers, this study
addresses a critical gap in prior outreach research that has largely emphasized student outcomes
and program design. The multi-level framework in Figure 1 highlights how faculty motivations
are not flattened into a single category, but instead operate across individual, individual—
organizational, organizational, and disciplinary levels, becoming strengthened or constrained
through interaction with contextual conditions during participation.

In summary, this study underscores that sustainable faculty engagement in pre-college
engineering outreach depends on designing organizational conditions that enable faculty to
adapt, teach, and find meaning in K-12 contexts. The proposed multi-level model provides a
conceptual foundation for future research on faculty engagement in discipline-specific outreach
settings and offers practical insights for outreach programs seeking to strengthen instructional
quality through faculty participation.
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