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The credentials required to teach engineering at the university level vary widely around the world. In the U.S., though

many universities ask for a statement of teaching philosophy as part of job applications,U.S. facultymembers are rarely, if

ever, required to have any formof pedagogical training or credentials, and little is known about howmany, towhat extent,

or with what frequency engineering faculty members engage in such faculty development around teaching and pedagogy.

This study draws on interview data from a larger project examining capstone teaching, asking three questions: (1)What do

facultymembers need to learn to teach the capstone course? (2) How do they gain this learning? and (3) How does learning

vary based on engineering discipline? Analysis revealed seven learning foci and three sources of learning and examined the

relationships between them. Findings suggest that beyond general strategies for course design, assessment, active learning,

and student motivation, capstone faculty members need to develop teaching practices such as structuring and mentoring

teams, and such learning needs to be grounded in current industry practices. Given the central role of capstone courses in

preparing students for engineering practice, departments and programs may need to think more intentionally about how

they prepare new facultymembers for the capstone teaching role, including explicit support for professional development.
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1. Introduction and Background

The credentials required to teach engineering at the

university level vary worldwide. While some coun-

tries, such as Norway, may require faculty appoin-

tees to university teaching positions to have
‘‘documented competence in relevant educational

theory and practice’’ [1], in theUnited States (U.S.),

the only credential needed to teach undergraduate

courses is usually a graduate degree in a relevant

field. Yet in engineering, as in many fields, graduate

training typically focuses on preparation for

research rather than teaching [2, 3]. Buswell’s

study on recent engineering PhD graduates, for
example, found strong misalignment between par-

ticipants’ preparation for teaching and the class-

room roles expected of them as faculty members.

Notably, clinical or practice-based faculty tracks -

as opposed to research-focused, tenure and tenure

track tracks – often accept extensive work experi-

ence in lieu of graduate degrees, but this work

experience in turn can be disconnected from
higher education practices and the broader educa-

tional system [4]. Though many U.S. universities

ask for a statement of teaching philosophy as part

of faculty job applications, U.S. faculty members
are rarely, if ever, required to have any form of

teaching training or credentials. This situation

raises concerning questions about how engineering

faculty members in the U.S. learn to teach, includ-

ing both what they learn and where they learn it. To

begin to address this gap, we examine faculty

learning in one specific teaching context: the

senior-level capstone design course in U.S. institu-
tions. Capstone design courses support students’

transition to professional work [5, 6], and under-

standing how faculty members develop teaching

expertise in this context can further inform larger

conversations about how universities can effectively

prepare students for engineering work. To that end,

we address three key research questions:

1. What are the focus areas of capstone faculty

members’ learning? That is, what do they need

to learn to teach the course?

2. What are the sources of capstone faculty
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members’ learning? That is, how do they gain

this learning?

3. How does learning vary based on engineering

discipline?

1.1 Faculty Training in the U.S.

As noted, no teaching-specific credentials are

required for engineering faculty members in the

U.S. Not surprisingly, then, a 2009 survey of

engineering faculty members from 31 U.S. institu-

tions conducted through the Prototype to Produc-

tion (P2P) study found that only 30% of

respondents reported any formal teaching prepara-
tion prior to their first faculty position [7]. In many

research-intensive institutions in the U.S. (which

dominate engineering enrollment numbers),

recruitment of faculty members in engineering

departments is usually driven by their technical

research and new facultymembers receive resources

and time to set up their research, yet one of their

first tasks is to teach a class – many times one not
related to their research. A more recent study in

Canada found that novice engineering faculty

members demonstrated lower levels of teaching

skills than novice faculty members in disciplines

outside of engineering [8]. The P2P findings regard-

ing efforts to improve teaching were more encoura-

ging, with 40% of respondents having read about

educational topics and 30% having attended a
teaching-related workshop. In addition, one third

reported taking a class or working in industry to

build their knowledge and skills more broadly.

Overall, 60% of the P2P survey respondents

reported making some ‘‘significant effort to

improve [their] teaching’’ (p. 3) in the year preced-

ing the survey. Still, the P2P data also suggests that

many faculty members may not be pursuing teach-
ing-focused professional development.

In the U.S., engineering faculty members who

want to enhance their teaching have a range of

resources available both at the national level and

locally at individual institutions. Programs such as

the National Effective Teaching Institute (NETI)

and Bucknell University’s Project Catalyst: How to

Engineer Engineering Education represent efforts
at the national level to provide faculty training. In

addition, research by Mallouk et al. [9] demon-

strates that networks such as the Consortium to

Promote Reflection in Engineering Education

(CPREE) and the Kern Entrepreneurial Engineer-

ing Network (KEEN), which focus on propagating

specific pedagogies, are effective approaches to

faculty learning across institutions. The American
Society of Civil Engineers’ ExCEEd (Excellence in

Civil Engineering Education) workshop provides a

similar initiative at the subdiscipline level [10]. In

addition, many universities have highly active cen-

ters for teaching and learning that offer such train-

ing locally, including training specifically for

engineering faculty members [e.g., 11]; current

research on faculty development points to a

number of effective practices for enhancing teach-

ing skills [e.g., 9, 12, 13, as well as the many papers
presented in the Faculty Development Division of

the American Society for Engineering Education

(ASEE) conference]. As Cutler et al. [14] point out,

however, approaches to faculty development that

isolate teaching fromother domains of faculty work

may create a sense of fragmentation and remain at

odds with faculty members’ needs and institutional

priorities. A recent survey of engineering deans by
Huerta et al. similarly pointed to the need for more

holistic approaches to faculty development through

efforts such as long-term engagement and mentor-

ing relationships [15].

Collectively, research consistently demonstrates

the value of faculty development for those who

pursue it. And although less than a third of U.S.

faculty members receive pedagogical training prior
to entering the classroom, some are learning

through faculty development training on the job.

Still, we know very little about how many, to what

extent, or with what frequency engineering faculty

members engage in such development. Moreover,

while general data on engineering faculty learning is

limited, even less is known about faculty members

teaching specific types of courses. The P2P project
considered disciplinary variations as well as specific

teaching strategies such as active learning [7], but

we could find no reports exploring differences in

faculty members’ learning by course type (e.g.,

technical/theoretical courses, laboratory courses,

design courses). Because different types of courses

likely require different sets of skills and practices,

and thus potentially different learning paths, we
scoped the present study to a single domain: the

senior design or capstone course. We selected this

domain because of both the central role these

courses play in students’ transition to work [6, 16–

18] and the distinctive features of these project- and

design-based learning environments [19–21].

1.2 Capstone Design Teaching

Capstone courses began gaining prominence in

U.S. engineering programs in the 1990s, largely in

response to both industry concerns and accredita-

tion requirements highlighting the need to balance

the post-World War II emphasis on theory with a

greater focus on practical application and the kinds

of problems new graduates would encounter at
work [5]. These courses are now ubiquitous and

typically serve as the primary mechanism by which

engineering programs satisfy accreditation require-

ments for ‘‘a culminating major engineering design
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experience’’ [22]. Trends in capstone course struc-

tures and outcomes have been tracked every five to

ten years through national surveys [23–26], with the

most recent data collected in 2015. Although some

variation exists across programs, the 2015 survey

[24] shows that capstone design courses typically
span two semesters and rely on open-ended team

projects, often with industry or client sponsors, and

emphasize project management skills, conceptual

design and selection, communication, and team-

work. Course pedagogies consistently emphasize

professional practices related to teamwork, com-

munication, and project management, reflecting

instructors’ focus on workplace preparation as a
key goal [19].

Much of the research on capstone courses has

focused on structure, pedagogy, assessment, and

student learning, but we know very little about the

faculty members who teach these courses. At a

demographic level, the data that do exist point to

some differences from the larger pool of engineering

faculty members. For example, the 2015 capstone
survey data show that only 61% of responding

capstone faculty members were tenured/tenure

track, while 24% were permanent non-tenure-

track [24], while 2018 data from the American

Society for Engineering Education (ASEE) indi-

cates that 74% of all engineering faculty members

were tenured/tenure-track and only 14% were non-

tenure track. Thus, the percentage of non-tenure-
track faculty members appears to be higher in

capstone courses than elsewhere in the engineering

curriculum. At the same time, while existing data

indicate that most engineering faculty members

have limited or no professional work experience

outside academia, those teaching capstone courses

aremuchmore likely to bring industry experience to

their teaching practice. In the 2015 capstone survey,
92% of the respondents had at least one year of

professional engineering work experience outside

academia, 70% had at least 3 years, and 54% had at

least 6 years. In contrast, the data from the 1988

National Survey of Postsecondary Faculty (the

most recent large-scale survey available in the

U.S., though considerably dated) showed that at

that time, only 54% of engineering faculty members
overall had any non-academic experience of profes-

sional engineering work [27]. More recently, a 2018

survey of engineering faculty members at a purpo-

seful sample of 15 U.S. institutions indicated that

only 12% of current engineering faculty members

had five or more years of industry experience [28].

Beyond demographic characteristics, research on

capstone teaching remains somewhat limited,
although a number of studies have explored faculty

members’ engagement with evidence-based teach-

ing practices in technical courses or in teaching

generally [29, e.g., 30, 31, 32]. Specific to capstone,

Perez et al. [33] developed a typology to character-

ize team supervision in computer science capstone

courses, while Pembridge and Paretti [19] developed

a general taxonomy of capstone teaching practices

across engineering. Adams and colleagues [34]
examined the pedagogical content knowledge

involved in design coaching, highlighting the inter-

section between content knowledge such as design

judgment, process management, and tasks strate-

gies, and pedagogical knowledge such as cognitive

apprenticeship and improvisation. Matthew and

colleagues [35] examined capstone faculty mem-

bers’ practices and beliefs related to entrepreneur-
ship in particular; their work highlighted key

barriers to integrating entrepreneurship related to

instructors’ lack of understanding of and expertise

with the relevant topics and issues. All of these

studies highlight the intensive nature of mentoring,

coaching, and monitoring in this project-based

environment – practices that faculty members

may have little training for or experience with. At
the same time, the centrality of capstone courses in

students’ preparation for engineering practice sug-

gests that a deep understanding of current industry

practices should inform capstone teaching [e.g., 5,

6, 36].

But even as research has begun to illuminate what

capstone facultymembers do (or should do), we still

know very little about how they learn to do it. Such
understanding, we argue, is central in helping us

better recruit and train capstone faculty members

who can effectively support students’ transition

from undergraduate courses to engineering prac-

tice.

2. Methods

This study draws on data from a larger project

examining capstone teaching. In the early 2010s,

we conducted a national survey of capstone faculty

members in ABET-accredited programs in the U.S.

(1258 surveys sent, 503 responses received), fol-

lowed by interviews with a purposive stratified

sample of survey respondents (n = 42) and subse-
quent case studies of selected capstone courses [19].

The present study focuses on the interview data,

described in the following sections, which probed

capstone teaching in depth. More details on the

survey phase of the project are available in [37]; case

study findings have been reported in [38]. In

approaching this data, we adopted a constructivist

perspective; that is, we considered how faculty
members themselves described both how they

learned and what they learned. Constructivist

approaches emphasize, as Patton explains, that

‘‘what is defined or perceived by people as real is
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real in its consequences’’ [39]. In this context, how

faculty members experienced their learning likely

shaped how they continued to learn, what resources

they drew on as they approached their capstone
teaching, and how they guided other faculty mem-

bers as they passed the course on to other instruc-

tors.

2.1 Positionality

As with all qualitative research, our positionality

plays a role in our approach to this study. Collec-

tively, we bring a mix of lived experiences, gender

and racial makeup, and industry and course design

experiences. Among the author team, Paretti, Schi-

belius, and Menon identify as women; Murzi and
Lutz identify as men. Murzi and Menon identify as

people of color; Paretti, Lutz, and Schibelius iden-

tify as white. At the time of initial data analysis,

Murzi and Lutz were doctoral students but have

since moved into faculty positions. At present,

Paretti, Murzi, and Lutz are faculty members;

Menon is currently a postdoctoral researcher, and

Schibelius is a doctoral student. Of particular
salience to this analysis are our experiences in

industry and in design education. Paretti, Murzi,

Schibelius, and Menon have substantial industry

experience; Paretti has extensive experience teach-

ing capstone design and Lutz has extensive experi-

ence with design education in the early years of the

curriculum. Because the U.S. capstone course is so

closely linked to industry preparation [5, 19], our
collective industry experience (from two to four

years each) may have influenced both the teaching

practices we identified as salient (i.e., those related

to professional skills and practices as well as tech-

nical work) and our awareness of the various ways

participants’ industry experiences intersected with

capstone teaching. Our position as engineering

education researchers made us familiar with the
variety of conferences and workshops participants

attended, as we have attended many of the events

ourselves. Similarly, the research expertise of Par-

etti and Lutz related to capstone design specifically

provided a deep understanding of the national

context of this course, including both historical

and current research. Given our familiarity with

both industry and capstone contexts, authors who
had not worked in industry and authors who had

not taught capstone played critical roles in our

sense-making to help ensure that no codes were

overlooked in the analysis and that our final cate-

gories related to both learning sources and learning

foci were fully representative of the available data.

2.2 Participants

As noted, interview participants were drawn from

respondents to a survey of U.S. capstone faculty

members. Sampling was based on maximizing var-
iation, using experience level and discipline as

primary sampling criteria; secondary criteria

included course role (e.g., course coordinator, pro-

ject advisor), faculty rank, and institutional char-

acteristics (size, public versus private). Table 1

summarizes the profile of participants:

Race and gender data were not collected in the

survey and thus not used for sampling, nor were
they explicitly addressed in the interview, though

names typically considered masculine dominated

the interview pool. For context, the Howe et al.’s

decennial survey of capstone faculty members also
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Table 1. (reprinted from [19]; Creative Commons CC-BY-NC)). Participant Demographics

Field

Experience* Position Type of Institution Size of Institution+

Low Medium High Inst
Rsch
Fac

Asst.
Prof

Assoc.
Prof Prof DH** Public Private Small Medium Large

CEA 1 8 0 1 0 0 5 3 0 5 4 1 6 2

CHE 2 4 2 2 0 0 3 2 1 7 1 1 5 2

ECE 1 4 2 1 0 0 3 3 0 4 3 2 2 3

ISE 0 6 3 1 0 0 2 5 1 8 1 1 4 4

MAO 3 3 3 2 0 1 3 3 0 6 3 3 4 2

Total 7 25 10 7 0 1 16 16 2 30 12 8 21 13

Percent 16.7 59.5 23.8 16.7 0.0 2.4 38.1 38.1 4.8 71.4 28.6 19.0 50.0 31.0

Field Abbreviations.
CEA: Civil, Environmental, and Architectural Engineering.
CHE: Chemical Engineering.
ECE: Electrical and Computer Engineering.
ISE: Industrial Systems and Manufacturing Engineering.
MAO: Mechanical, Aerospace, and Ocean Engineering.
* Experience measure includes years of teaching experience, years of industry experience, and scholarly activities related to capstone education.
Low: More than one standard deviation below the mean expertise score.
Medium: Within plus/minus one standard deviation of the mean expertise score.
High: More than one standard deviation above the mean expertise score.
**DH: Department Head.
+ Small: 5000 undergraduate or less.
Medium: 5,001-20,000 undergraduates.
Large: More than 20,000 undergraduates.



does not include race and gender data [24], but data

from ASEE indicates that currently, approximately

13% of U.S. engineering faculty members identified
as female, 2.5% identified as African-American,

24% as Asian, and just under 4% as Hispanic [40].

Notably, interview participants were representa-

tive of the larger pool of survey respondents in

terms of years teaching, years teaching capstone,

and years of engineering work experience outside

academia, as shown in Table 2, with 83% of inter-

view participants having four or more years of
experience teaching capstone and 69% having four

or more years of engineering work experience out-

side academia. This profile, particularly in terms of

industry experience, also aligns with findings from

Howe et al.’s most recent survey [24].

2.3 Data Collection

To explore capstone teaching, semi-structured

interviews were conducted by phone (n = 39) or

face-to-face (n = 3), audio recorded, and tran-

scribed verbatim. The interview protocol adapted

Klein’s critical decision method (CDM) [41]: the

interview began by asking the participant to

describe their overall approach to teaching cap-

stone, and then followed the CDM structure to
elicit specific teaching practices by asking partici-

pants to describe a specific situation in which a

student design team encountered problems related

to design, technical content, or team dynamics that

required their intervention. The interview prompts

explored how the participant identified the pro-

blem, how they approached it, and – most relevant

to this study – what experiences or training the
participant had that helped them work through the

situation with the team (e.g., what experiences did

you draw from to help inform [your actions]?). The

interview protocol then probed whether the situa-

tion described was typical (and why or why not) to

develop a broader understanding of teaching prac-

tices. Finally, the interview concluded by exploring

general beliefs about capstone design teaching. All
transcriptions were reviewed and identifying infor-

mation (e.g., names of people, places, and project

sponsors) were replaced with generic identifiers

prior to data analysis. Given the number of inter-

views conducted, each participant was assigned an

alphanumeric participant ID rather than a pseudo-

nym.

2.4 Data Analysis

Analysis of the data followed the procedures out-

lined in Miles, Huberman, and Saldaña [42], using

the qualitative coding software MaxQDA. The

process was highly iterative. In the first coding

cycle, excerpts related to faculty learning were
identified and both descriptive and in vivo codes

were developed based on the ways in which parti-

cipants described experiences that informed their

capstone teaching practices (e.g., consulting, under-

graduate experiences, learning from peers). In addi-

tion, initial in vivo and descriptive codes were

developed to capture the specific focus of learning

(e.g., conflict resolution, project management, men-
toring). Murzi conducted the initial round of

coding, including memos on the coding process

and emergent ideas and patterns. In the second

coding cycle, Murzi and Lutz then worked together

to check the coding (e.g., through peer debriefing

and intercoder reliability checks), reduce and refine

the codes, and group the codes into major cate-

gories related to the sources of learning. They
worked collaboratively to reach consensus on all

initial code and category definitions. Peer debriefing

with Paretti served to further refine all definitions.

Paretti then completed a full review of all coded

excerpts to finalize code and category definitions,

ensure consistency of coding, and apply learning

focus codes to each excerpt. Following peer debrief-

ing, Menon reviewed a subsample of the final codes
to ensure consistency and accuracy, and differences

were discussed and negotiated to consensus. The

process resulted in three categories to describe the

sources of learning (encompassing 21 separate

codes), and seven focus areas for learning; these

categories and focus areas are described in detail in

Results sections 3.1 and 3.2.

In the final phase of analysis, analytic tools in
MaxQDA (e.g., Code Matrix Browser, Code Rela-

tions Browser, Document Statistics, Complex

Coding Queries) were used to explore patterns in

the data using a variable-centered approach to

Marie C. Paretti et al.444

Table 2. Experiences of Interview Participants (n = 42) Compared to Survey Respondents (n = 503)

Years

Teaching Teaching Capstone Engineering Work Outside Academia

Interview
Participants

Survey
Respondents

Interview
Participants

Survey
Respondents

Interview
Participants

Survey
Respondents

<1 0% 0% 5% 4% 12% 14%

1 to 3 7% 6% 12% 17% 19% 21%

4 to 5 2% 7% 21% 19% 14% 10%

6 to 7 14% 9% 17% 9% 7% 8%

8 or more 76% 77% 45% 51% 48% 47%



examine potential relationships among codes and

relationships between codes and demographic vari-

ables. These patterns, where identified, are also

discussed in Results Section 3.3.

2.5 Research Quality

Although the data was collected prior to the pub-

lication of Walther et al.’s quality framework [43],

that framework provides a meaningful tool to

describe the quality measures used in this study,

as listed in Table 3.

One final quality consideration for this study is

the age of this data, which was collected in the early

2010s. Although the data is a decade old, we
consider it still relevant to the engineering educa-

tion community because although research on

faculty development has continued in the interven-

ing years and many innovative new approaches

have emerged, no large-scale changes in the pre-

paration requirements for engineering facultymem-

bers have occurred in the U.S. That is, institutions

do not require pedagogical training for university

faculty members, teaching and learning centers

were already in wide existence at the time of the

data collection, no major new national or disciplin-
ary pedagogical workshops have emerged, and the

percentage of capstone facultymembers with indus-

try experience has remained relatively consistent at

least through the late 2010s according to the most

recent available data. In addition, while there are

increased options available for graduate teaching

assistant (GTA) training at many universities,

including at institutions with engineering education
doctoral programs and graduate certificates, grad-

uate engineering education in the U.S. continues to

focus heavily on research and technical training.

Finally, capstone course requirements and pedago-

gies have also remained relatively consistent in the
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Table 3. Quality Measures (based on Walther et al. [43]

Criterion Making the Data Handling the data

Theoretical validation Study used purposive sampling to select interview
participants.

Descriptive and in vivo codes were used to capture
participants experiences; coding included
participants with varying experience levels in terms
of both capstone design and industry practices to
help ensure that coding focused on participants’
experiences and all salient issues were identified.

Procedural validation Participant responses focused on specific instances
or experiences of learning to teach capstone, using
critical decision-making (CDM) methods.

To support interpretive awareness, coding was
conducted by researchers with varying experience
levels in terms of both capstone design and
industry practices. As the coders engaged in a
process of collective sense-making [44], their
diversity of experience helped ensure that analysis
focused on participants’ experiences and all salient
issues were identified. The two authors who co-
constructed the initial codebook discussed the
emerging codes and themes and how their
sensemaking evolved over time, and the revisions
to the final analysis were discussed among the
research team. The discussions not only focused on
finding agreement on definition and application of
the codebook but also on how the emerging results
connected to their previous experiences.

Communicative
validation

The interview established rapport with participants
through generalized opening questions, and the
CDM approach to interviewing focuses on enable
participants to narrate their experiences with
careful prompts from the interview to probe for
narrative details. Contrasting accounts were
present in the data given that participants came to
capstone teaching from a range of different
backgrounds (with and without industry
experience, varied disciplines, varied levels of
training in pedagogy).

Data analysis included both descriptive and in vivo
coding, with extensive peer debriefing and review
of codes by multiple members of the team.

Pragmatic validation The research design, and particularly the use of
purposive sampling across discipline, institution,
role, and participant background, ensures a diverse
study pool that aligns with other national samples
of capstone faculty.

The findings of the study can be used to help
enhance future training of capstone faculty
members, and are grounded in a broad national
sample of those most impacted by training (i.e.,
capstone faculty members themselves).

Process reliability Interviews were audio-recorded, transcribed
verbatim, and checked for accuracy. A single
interviewer collected all interviews, and the
interview protocol was documented.

All analysts kept ongoing memos regarding
coding, grouping of codes into categories, and
pattern analysis. The results focus on the
descriptive findings, with interpretation occurring
primarily in the discussion section of the paper.



intervening decade, though as noted earlier, the

most recent decennial national survey was in 2015

[24].

2.6 Limitations

The study was designed to provide a representative

sample of capstone faculty members in the U.S.

based on institution type, discipline, and experience

to support generalizability of the findings; however,

we did not collect race or gender data, and thus

cannot determine whether the data are representa-

tive in those terms. In addition, generalizabilitymay
be limited by the fact that the interview pool was

drawn from a national survey that yielded

responses from 40% of ABET-accredited programs

and 53% of ABET-accredited institutions in the

U.S. [19, 26], and neither gender nor race were

considered in sampling. Faculty members from

institutions or programs not represented in the

survey may have different learning experiences,
and learning may vary by gender and race. Still,

the saturation reached in the analysis of the inter-

views suggests that the findings are robust for the

sample. In addition, because the data were collected

in the U.S., the findings may not be generalizable to

other countries. Finally, as noted, the age of the

data represents a potential limitation; while new

broad sources of learning and new learning foci
would be unlikely to emerge given the scope of the

findings, more recent data could show different

patterns (e.g., which sources of learning are most

prominent, which are linked to each foci), as well as

additional details regarding the kinds of faculty

development experiences individuals engage in.

Novel delivery methods such as communities of

practice and faculty learning groups, as well as
increased focus on topics such as problem-based

and experiential learning and inclusive pedagogies

(which may relate to team dynamics) may shift

where and how faculty members learn, as well as

what they learn about team dynamics in particular,

and are not captured in this data set.

3. Results

We begin by describing the seven focus areas for
faculty members’ learning and the sources of that

learning, then summarize the interactions between

sources and foci, and conclude with an analysis of

patterns by discipline.

3.1 Learning Focus

Faculty members discussed learning in terms of

seven focus areas, summarized in Table 4.

Among the seven focus areas, the first three are

the most prominent. Team dynamics emerged most

frequently (31 participants), closely followed by

technical topics (27 participants) and general cap-

stone pedagogy (25 participants). We note, how-

ever, that these patterns may be influenced by the

structure of the interview, which asked participants

to describe their general approach to the capstone

class and then discuss a critical incident related to
team issues, design issues, or technical issues. At the

same time, the interviews allowed participants to

talk about the extent to which the issues they

discussed were representative and prompted them

to talk about how they learned to approach both

the problem and the course. The frequency with

which team dynamics surface in the interviews, in

particular, suggests that it is one of the most
important issues capstone educators face. As

noted in a previous publication [45], issues related

to team dynamics included conflicts over design

decisions, imbalances in workload across team

members, conflicts among team members who

struggle to get along with one another, miscommu-

nication problems, and gaps in team members’

competencies that result in conflicts or project
disruptions.

Technical topics also emerged as a prominent

area of learning in terms of the knowledge needed to

complete the project. Because most capstone

faculty members in this study intentionally create

challenging, open-ended projects where the solu-

tion, and sometimes even the approach, is unknown

[19], both faculty members and students typically
find themselves learning extensively throughout the

life of a project. As a result, faculty members often

support students in learning new information,

sometimes drawing on their own knowledge base

and sometimes learning themselves.

Participants also linked their learning to the

general approaches they took in teaching the cap-

stone course, centered on how to mentor or coach
students through different kinds of problems and

how to create an environment designed to help

students transition from school to professional

engineering practice. Mentoring and coaching are

critical components of capstone teaching, with 24

interview participants explicitly using ‘‘mentor’’ or

‘‘coach’’ when describing their approach to the

course as a whole and to individual issues they
address.

The other four learning foci (project scope, pro-

ject management, design, and professional skills)

were each cited by fewer than a quarter of partici-

pants but still represented key areas in which faculty

members drew on a range of learning experiences.

3.2 Learning Source

Faculty learning relative to design education

emerged from three key sources, as summarized in

Table 5.
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Table 4. Focus of Faculty Learning1

Focus Area Definition Sample Excerpts

Team Dynamics Learning how to support and manage
teams, including conflict resolution, peer-
to-peer interactions, and workload
imbalances

It was a group of three and two people really took it and
ran and the other person was sort of spectating. And I
made it clear that they all had to understand all aspects of
the design. While they might assign certain tasks to
certain people they all had to be contributing and they all
had to be working on it.

Technical Topics Learning how to support teams in
developing the technical knowledge
needed to complete the project

They would come to me with questions. I mean
sometimes they would just essentially throw up their
hands and say ‘‘[. . .] we don’t know how to size this
reactor, we don’t have any data, all [sponsor] has, for
example, is they had a beaker and they stirred the thing
and they said it took an hour, so what dowe do, does that
mean it’s going to take an hour in our process?’’

General Capstone
Pedagogy

Learning related broadly to how
participants approach design and
teaching the course

It really seems that everybody’s got a different way of
doing it. And some of these ways of doing it are just
drastically different than what I’m doing. I just like to go
[to conferences] and listen towhat other people are doing,
and you know, kind of pick up a little bit here a little bit
there and uh. Somainly for ideas. I come backwith a long
list of ideas of things to try in my class.

I’ve got a lot of experience in industry in design positions,
and what I try to do is I try to create within an
educational setting a microcosm of what exists in the real
world. I like the students to basically come out of senior
design feeling as though, even if they haven’t had an
internship or co-op experience, that they’ve had a project
that would be very much like initial design project that
they might have in a company.

Project Management Learning related to how participants both
manage projects themselves and how they
help teams learn to manage projects

A big challenge for just about all of them is just-in-time
project management and managing the project so that
they can get prototype done in time to have some time for
testing. The typical thing is they don’t allow enough time
or they don’t allow enough time to get the prototype done
early enough so that they canwork out the bugs, do some
testing, and those kinds of things.

Project Scope Learning related to how participants
scope projects both initially and as the
projects develop over the course

Basically we just sat down and had a meetings and said,
‘ok let’s look at the specs and at your management plan.
Let’s hear your input on what you think you can
accomplish.’ Basically we just guided them in revising the
project to get a successful conclusion.

[T]he two objectives, of course, are to help the client
resolve a real-world problem and to provide a good
learning experience for the student. So, to me that means
I have to have solid problems. I have to have problems
that they have a reasonable chance of completing in a
semester. I want problems that allow them to use at least
some of the tools that they have been subjected to during
their undergraduate education.

Design Learning related to design processes and
practices

I had, myself, worked in the industry a little while and
done some design work and so on. So I hadmy own ideas
as to what that was about.

Professional Skills Learning related to how to teach
professional skills other than teamwork,
(most often, communication and general
professionalism)

Some folks coming out of school take for granted the
secretaries, the draftsmen, and so on. In that, what I
point out to them is you want to make, what I tell them
almost word for word, is what you want to do you go to
start a job someplace is you want to be best friends with
the secretary and the person who knows some of these
other things. Because they’re the people who know things
like, who gets a copy of any correspondence you send
out? Do they go to the boss? Do they go to the boss’s
boss? Does someone in another department get a copy?
They’ll get those copies done. They’ll get them sent to the
right person in the appropriate format if there are
conventions. The other thing I point out to them is you
want to absorb the culture where you go to work.

1Note that because of the length and detail of participants’ descriptions of issues in their capstone teaching, we provide only brief excerpts
here to illustrate each domain.



By far, the largest sources of learning were

participants’ experiences as faculty members; 38

of the 42 participants cited knowledge gained

through their university work as key in their
approach to capstone teaching. The most promi-

nent sources of learning in faculty life were experi-

ence teaching the capstone course itself (29

participants) and informal interactions with peers

both within and beyond their department (20

participants). Both new and experienced faculty

members highlighted learning through teaching;

as one senior faculty member explained,

‘‘Alright, well, this is my 27th year of teaching. And
every year you learn. And every year that I taught a
course that involves students working in teams, I
learned what works and what doesn’t over the years.
And the things that work I try to enhance. And the
thing that doesn’t work, I try to kind of . . . in some
form I share it with the students. I’ll ask, what are the
key to success and failures? You know, how to avoid
this every year and how to succeed. But it’s a culmina-
tion of years and years of teaching.’’

Participants also frequently cited colleagues as

sources of help in learning how to address the

course, responses such as ‘‘talking with my collea-

gues,’’ ‘‘a suggestion from another colleague,’’ and

‘‘it’s a matter of the faculty sitting down together’’

and reflecting on common issues. In short, a major-

ity of our participants learned to teach capstone by

teaching capstone and by talking with their peers
about experiences with teaching capstone.

Approximately a quarter of the participants also

cited their interactions with students as a key source

of learning, including both feedback from students

in the course and learning about students by work-

ing with them in previous courses. As one partici-

pant explained,

‘‘[T]ypically by the time students get to their senior
year, I’ve taught them in one or two other classes as
well as advised them for four years. And so, even
though we have a large class I feel like I know most
of the students well in terms of their background, their
past performance, you know, issues that they’ve had.
So that does inform my teaching in the design class.’’

Multiple participants cited such previous interac-

tions based on other courses taught and/or roles

such as undergraduate advising or departmental

administration.
Similarly, a quarter cited more formal kinds of

training experiences, including workshops (general

teaching workshops, engineering education work-

shops, and topic-specific workshops), conferences

(technical and education conferences), and their

own independent reading on specific topics. One

participant explained, for example,

‘‘[T]he school where I started my teaching career had
[. . .] two, or perhaps even three, workshops that the
college set up where we invited outside engineering
experts, engineering education experts, to come in and
do a workshop. And we learned about learning styles
and other things that you don’t typically study, say, in
graduate school in mechanical engineering. So that
helped.’’

Another, talking about a strategy for managing
teams, noted, ‘‘I got this idea from going to the,

uh, capstone conference in Boulder this year.’’

Finally, a small number of participants also cited

experiences as administrators (3 participants),

experiences running research projects (1 partici-
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Table 5. Sources of Faculty Learning

Source of Learning Definition Sample Excerpts

Faculty work Learning resulting from participants’
experiences as an academic faculty
member

Part of it is just experience with these classes.

I’m very quick to call other folks in the department.

I get feedback from the students [. . .]. Included in the
team evaluation I ask them to write their
recommendation of how we can improve teamwork. So
the different input that I get from the students has been
helpful. Every year things get better and better.

Industry work Learning resulting from participants’
experiences in industry, including both
full-time work and consulting

I spent 30 years in professional practice before I came to
the university, so we have a lot of experience.

I still maintained a consulting arrangement with them,
and I would come in and do design reviews, you know,
just provide technical reviews, technical guidance.

Personal Life Learning resulting from experiences
outside of participants’ professional
work, including family life, education,
and non-work travel

I was a Peace Corps volunteer many years ago in Africa,
in the mid eighties. And working with a lot of the project
teams that I had there, you know work crews, survey
crews, construction crews, research personnel and things
like that, it was very useful to me.

I think through my graduate advisor, you know, and
working with him uh he was an excellent coach of
exploring things and asking questions and so I was
modeled there and along all through grad school.



pant), and experiences advising graduate or under-

graduate students (3 participants).

Almost as prominent, and not surprising given

the nature of the capstone course and the promi-

nence of industry experience among participants,

were experiences gained through working in indus-
try. Of the 42 participants, 28 cited experiences in

industry as key in their capstone teaching, including

full-time industry work, consulting, and/or owning

their own companies. One participant noted that

part of his approach to teaching ‘‘gets back the

industrial experience, some of the project manage-

ment things I saw myself when I was working in

industry after my bachelor’s degree and picked that
up then.’’ Another explained, ‘‘I had a long career

in system engineering design and management and

so in the process of that career, I went to a number

of programs for you know, increasing sophistica-

tion in management techniques all the way from

basicmanagement up through very high level senior

executive management.’’

Six participants cited formal training in commu-
nication, teamwork, or leadership received while

working in industry. One noted, for example, ‘‘As

an engineer at [Company] I was a group leader, a

supervisor, so I had direct supports. And I received

some training in industry on various aspects of

supervising people, you know, one of which

would be kind of conflict resolution and just, you

know, coaching – coaching in general.’’ Others cited
related training such as getting an MBA or a

professional engineering license. Importantly, a

number of participants who did not have direct

experience in industry themselves cited the impor-

tance of maintaining strong contacts with industry

practitioners as key in their work.

Finally, 17 participants cited experiences in their

personal lives that informed their teaching, includ-
ing their own undergraduate learning experiences

(11 participants), their graduate studies (5 partici-

pants), and general technical expertise (5 partici-

pants). Parenting and international travel were also

cited by 2 participants each. Key undergraduate

experiences were the most common source in this

category; as one participant explained,

‘‘I can think of a couple specific instances of professors
when I was in undergraduate where professors really
satme down andwalkedme through some analysis so I
could understand it better. So, I’m pretty sure this
[approach] would come from prior experience, when I
was on the other end, when I was on the learning end
instead of the teaching end.’’

Other participants specifically referenced their own

undergraduate capstone experiences, as well as

other undergraduate coursework, suggesting that

a number of participants in this sample drew on

teaching practices that had helped them as learners.

3.3 Patterns

3.3.1 Interactions Between Learning Sources and

Learning Foci

At least as important as how and what faculty
members learned are the interactions between

learning sources and learning foci. For each learn-

ing focus, Table 6 presents the intersection of

learning sources and learning foci as a percent of

participants citing that focus. Each cell represents

the percentage of the number (n) of participants

citing a given focus (column) who linked that focus

to the corresponding learning source (row). For
example, of the 31 participants who discussed

team dynamics, 15, or 48% of those 31 participants,

cited their workplace experience as a source of

learning that helped them address team dynamics.

Similarly, of the 8 participants who discussed

project scope, 5, or 63% cited their experiences

teaching the capstone class as a key source of

learning related to project scope.
Notably, industry experience was the most pro-

minent source of learning across all learning foci

except team dynamics, where capstone teaching

experience was equally prominent, and project

scope, where capstone teaching experience was

more prominent.

3.3.2 Patterns By Engineering Discipline

In addition to considering the interactions between

how capstone faculty members learned and what

they learned, we examined the interactions between

their learning and their engineering field. While

some patterns did emerge in this data set, the

relatively small number of participants in each

disciplinary group precludes meaningful statistical
analysis; these patterns only suggest potential areas

for further exploration in larger-scale studies. Table

7 presents the percentage of participants by disci-

pline citing each learning focus and each major

category of learning.

As noted, patterns here should be viewed cau-

tiously, but they suggests several areas for further

exploration:

� Civil/environmental and chemical engineering
faculty members in our participant group were

notably more likely to cite industry experience

than electrical/computer and mechanical/aero-

space faculty members.

� Similarly, civil/environmental and chemical engi-

neering faculty members were more likely to talk

about learning related to general capstone peda-

gogy and to professional skills than the other
three disciplinary groups.

� Chemical engineering faculty members were

mostly likely to discuss learning related to tech-

nical topics.
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Table 6. Relationships Between Learning Foci and Learning Sources as a Percent of Participants Citing Each Focus Area*

Team
Dynamics
(n = 31
participants)

Technical
Topics
(n = 27
participants)

General
Capstone
Pedagogy
(n = 25
participants)

Project
Manage-
ment
(n = 9
participants)

Project
Scope
(n = 8
participants)

Design
(n = 7
participants)

Professional
Skills
(n = 6
participants)

Personal Life

Industry Awareness 0% 0% 0% 11% 0% 0% 0%

International experience 3% 0% 4% 11% 0% 0% 17%

Technical expertise 0% 7% 8% 0% 13% 0% 0%

PhD 6% 11% 0% 0% 0% 14% 0%

Undergraduate experiences 6% 22% 12% 33% 13% 0% 17%

Parenting experiences 3% 4% 0% 0% 0% 0% 0%

Faculty Work

Administrative experience 6% 0% 4% 0% 0% 0% 0%

Research Experience 3% 0% 0% 11% 13% 0% 0%

Student Interactions 32% 11% 8% 0% 13% 0% 0%

Advising Experience 3% 7% 0% 11% 0% 0% 0%

Peer Interactions 39% 26% 32% 33% 13% 43% 67%

Independent Reading 26% 11% 4% 11% 25% 14% 17%

Workshops/Formal Training 19% 22% 4% 11% 13% 0% 0%

Conferences 16% 4% 16% 0% 13% 0% 0%

Capstone Teaching Experience 48% 52% 20% 11% 63% 29% 17%

General Teaching Experience 16% 22% 0% 0% 0% 0% 0%

Industry Work

Business/MBA graduate school 6% 4% 0% 0% 0% 14% 0%

Engineering license 0% 0% 4% 0% 0% 0% 17%

Contacts in industry 6% 7% 8% 11% 38% 0% 0%

Workplace Training 19% 4% 0% 0% 0% 0% 0%

Workplace Experience 48% 67% 44% 56% 50% 57% 67%

* Each cell represents the percent of the n participants citing a given focus who linked that focus to the corresponding learning source.

Table 7. Patterns by Engineering Discipline

CEA
N = 9

CHE
N = 8

ECE
N = 7

ISE
N = 9

MAO
N = 9

Learning Focus

Project Scope 13% 29% 11% 11%

Team Dynamics 67% 75% 86% 67% 78%

General Capstone/Course Pedagogy 78% 75% 43% 44% 67%

Professional Skills 44% 0% 0% 11% 11%

Project Management 22% 13% 14% 11% 44%

Technical Topics 67% 75% 57% 56% 67%

Design 11% 13% 0% 11% 44%

Learning Source

Personal Life 56% 50% 14% 33% 44%

Faculty Work 78% 88% 86% 100% 100%

Industry Work 89% 75% 57% 67% 56%



These disciplinary patterns in capstone faculty

learning may be linked to larger disciplinary pat-

terns. For example, the prominence of industry

work among civil engineering faculty members

could be attributed to the importance of obtaining

a professional engineering license (PE) among civil
engineers. The prominence of technical topics

among chemical engineering faculty members may

be linked to underlying differences in both what

chemical engineers design and how design happens

in that field; the design of chemical plants, for

example, tends to differ markedly from traditional

mechanical product design. But as noted, these

patterns are only tentative based on limited data
by discipline; further research is needed to establish

and understand these and other emergent disciplin-

ary variations.

3.3.3 Patterns by Previous Experience

We also examined whether having or not having

prior industry experience influenced the ways in

which capstone faculty members learned, though

as with discipline, the numbers in each category

were low, with only five participants having less

than 1 year of experience in engineering practice.
Apart from the obvious fact that those without

industry experience did not cite such experience as

a source of learning (though one made a general

reference to learning from ‘‘past jobs’’), the only

notable pattern that emerged was that none of the

participants without industry experience cited

learning related to either professional skills or

project management, as shown in Table 8. The
percent in each column represents the percent of

facultymembers at that engineering practice experi-

ence level who reported a given learning source or

learning focus. For example, of the five faculty

members with less than one year of experience in

engineering practice, 20% (1) reported learning

about project scope while 80% (4) reported learning

about team dynamics.

Interestingly, learning related to professional

skills was also absent in the two participants with
less than one year of capstone design teaching,

though both participants in that group cited learn-

ing related to project management, as shown in

Table 9. The percent in each column represents the

percent of faculty members with at that capstone

teaching experience level who reported a given

learning source or learning focus. For example, of

the nine faculty members with four to five years of
capstone teaching experience, 11% (1) reported

learning about project scope, while 78% (7)

reported learning about team dynamics.

4. Discussion

The sources of faculty learning identified through

this study are not, in themselves, surprising; anec-

dotally, for example, many of us would likely

identify peers and workshops either at our own

institutions or at conferences as sources of learning.

Nonetheless, empirical data supporting these anec-
dotal impressions remains scarce, and our findings

do link perceptions to such data in the capstone

teaching context. Similarly, the findings regarding

what faculty members learn about teaching are

consistent with current research on capstone

design teaching practices. Project planning, for

example, has consistently been among the top five

topics covered in the capstone course nationally
since the 1990s [24, 26] and teamwork was among

the top five in the most recent national survey [24].

The prominence of learning related to technical

topics is likely linked to the wide variation and
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Table 8. Patterns by Years of Engineering Practice

< 1 year
N = 5

1–3 years
N = 8

4–5 years
N = 6

6–7 years
N = 3

� 8 years
N = 20

Learning Focus

Project Scope 20% 25% 17% 0% 20%

Team Dynamics 80% 75% 67% 67% 75%

General Capstone/Course Pedagogy 60% 50% 50% 33% 70%

Professional Skills 0% 25% 17% 0% 15%

Project Management 0% 25% 50% 33% 15%

Technical Topics 40% 50% 100% 67% 65%

Design 0% 25% 33% 0% 15%

Learning Source

Personal Life 20% 38% 83% 67% 30%

Faculty Work 100% 100% 100% 100% 80%

Industry Work 20% 50% 83% 33% 90%



open-ended nature of capstone projects as faculty

members consistently seek to provide students with
challenging, authentic projects [19]. Because cap-

stone courses typically rely on real-world, often

industry-sponsored, projects characterized by

ambiguity and complexity [19, 24], capstone faculty

members do not routinely teach a set list of estab-

lished technical topics; instead, their ability to

coach and manage multiple new, diverse projects

annually means that they are continually updating
their own technical knowledge in order to effec-

tively guide student teams to success.

These findings suggest that beyond general stra-

tegies for course design, assessment, active learning,

and student motivation, faculty members engaged

in capstone design teaching need to develop teach-

ing practices related to structuring and mentoring

teams – including supporting effective conflict reso-
lution and facilitating equitable and inclusive team-

ing practices that have been well-studied in

cornerstone design teams [46–48] – along with

both general and design-specific coaching and cog-

nitive apprenticeship practices for project-based

learning [21, 34, 49]. While on the job, participants

noted their interactions with students as a key

source of learning, whether through previous inter-
actions in courses which informs their teaching in

capstone, or feedback from students in the course.

Student voices, in particular, are an essential com-

ponent for faculty learning and in shaping the

capstone course experience for continuous

improvement. For example, in a recent study,

focus groups conducted with capstone students

echoed the critical need for faculty members to
consider teaming practices and mentoring student

teams – with emphasis on project management and

professional development [50].

At the same time, such learning needs to be

grounded in current industry practices, including

expected modes and genres of professional commu-
nication, project management, and field-specific

design practices, as well as an openness to ambi-

guity and a commitment to lifelong learning. Work

on the transfer between capstone design courses

and industry work in the U.S. [6, 16, 17, 51] high-

lights the importance of industry-oriented educa-

tion in supporting students’ success. Similarly, in

Europe, research byMagnell and colleagues [52–54]
points to the importance that faculty members

themselves place on workplace-oriented learning

(even when they do not feel prepared or lack the

knowledge to support such learning). This ‘‘knowl-

edge about the profession’’ [55] is critical in helping

prepare engineering students for the transition to

engineering work.

In the U.S., workshops such as NETI, Project
Catalyst, and WPI’s Institute on Project-Based

Learning address PBL teaching and learning at

general levels, while workshops and panels at the

biannual U.S. Capstone Design Conference often

include problem – and project-based teaching prac-

tices specific to engineering capstone courses. But as

noted in the results, only a quarter of the partici-

pants in this study reported learning about these
issues via such workshops (with the same pattern

holding for those with and without industry experi-

ence). Instead, most capstone faculty members in

this study are learning on the job – both through the

experience of teaching capstone itself and through

their workplace experiences. Given these findings,

particularly related to team dynamics, workshops

for capstone faculty might productively consider
addressing issues related to conflict management,

intercultural collaboration, and inclusive pedagogy

which are especially critical in helping capstone

faculty members support student teams. Examples
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Table 9. Patterns by Years of Capstone Teaching

< 1 year
N = 2

1–3 years
N = 5

4–5 years
N = 9

6–7 years
N = 7

� 8 years
N = 19

Learning Focus

Project Scope 0% 20% 11% 0% 32%

Team Dynamics 100% 60% 78% 57% 79%

General Capstone/Course Pedagogy 0% 60% 67% 57% 63%

Professional Skills 0% 40% 0% 0% 21%

Project Management 100% 20% 11% 14% 21%

Technical Topics 0% 80% 44% 86% 68%

Design 50% 20% 11% 14% 16%

Learning Source

Personal Life 0% 60% 22% 29% 53%

Faculty Work 100% 60% 89% 86% 100%

Industry Work 50% 60% 44% 57% 90%



of such workshops include Ryan et al. [56], Berg-

man [57], Murzi [58], and others [59, 60].

Industry experiences clearly played a substantial

role in shaping teaching practices for those with

such experience; these faculty members were con-

sistently bringing what they had learned and done
at work into the classroom – findings that are also

consistent with Magnell et al.’s work on European

faculty members. What is not clear from the data is

how well or how easily those coming from industry

are able to translate their workplace experiences

into student mentoring and coaching; the near

universal reliance on learning by teaching the

course suggests that the transition from one
domain to another is not a seamless process.

Equally unclear in this data is how those without

industry experience build their knowledge of cur-

rent practice apart from years of teaching the

course, talking with colleagues, and working with

industry-sponsored projects.

5. Conclusions and Implications

The findings from this study illuminate both specific

topics capstone faculty members need to learn to

support student success and their current ways of

developing that learning. Teaching capstone design

requires an understanding of how to foster effective

team dynamics, how to scope and manage open-
ended projects (and guide students to do the same),

how to mentor students in addressing complex

problems, and how to develop students’ profes-

sional skills.

With respect to the sources of faculty learning,

the findings here align with expectations in that

peers and faculty development opportunities

played prominent roles. Of particular importance
to the capstone domain, however, is the role of

industry experience in helping faculty members

learn to both mentor and manage teams as well as

to scope andmanage projects. The critical nature of

industry experience in capstone teaching emerges

clearly in our findings, and that experience is more

challenging to replicate for faculty members who

have not had the opportunity to work outside
academia for a sustained period. While existing

faculty development programs offer many oppor-

tunities for industry practitioners to learn contem-

porary teaching methods – and thus help translate

mentoring and management practices learned in

industry to the course environment – few structured

opportunities are available for capstone faculty

members to learn contemporary industry practices.
While some faculty members pursue research for

industry sponsors and/or choose sabbatical work

that embeds them in industry, no systematic data

exists to indicate how common it is for faculty

members to access those opportunities. As indi-

cated in Table 2, among the respondents to our

national survey, 14% had less than a year of

industry experience and 21% had only 1-3 years,

and data from other studies cited earlier suggest

these percentages are even higher for faculty mem-
bers outside the capstone course. This gap suggests

important questions for faculty developers and

workshop leaders to consider: How can we help

novice capstone faculty members who lack industry

experience gain insights into current engineering

practice?How canwe help existing facultymembers

stay current as industry practices evolve?Given that

a key goal of capstone design courses is to prepare
students for industry practice, our collective efforts

in this area need to move beyond generalized

support for problem/project-based learning and

consider how to build faculty members’ awareness

of contemporary engineering work.

Finally, the patterns that emerged from this data

with respect to engineering discipline suggest

important ground for future work. As noted, the
small numbers of participants in each disciplinary

grouping indicate suggestive rather than conclusive

patterns, but these suggestive patterns point to the

need to better understand how distinct disciplines

and various disciplinary faculty members engage

with and connect to practice in the field.

Certainly, developing expertise in both teaching

and engineering practice takes time and repeated
engagement. Still, given the central role that cap-

stone courses play in preparing students for engi-

neering practice, departments and programs may

need to think more intentionally about how they

prepare new faculty members for the capstone

teaching role since ‘‘give it a few years’’ potentially

limits the learning outcomes of several graduating

cohorts of students, potentially leaving them under-
prepared to enter the engineering workforce rela-

tive to those taking classes from more experienced

faculty members. Such preparation may mean

explicit support for professional development –

encouraging and funding new faculty members

(including those entering teaching after working

in industry) to attend relevant conferences and

workshops and engage in discussions with more
experienced capstone educators, as well as support-

ing faculty members without industry experience,

to shadow, collaborate with, or otherwise engage

with practicing professionals. At the same time, as

noted, those responsible for faculty development

also need to consider ways to help engineering

faculty members continue to engage with and

learn from contemporary engineering work.
Moreover, given the tight links between engineer-

ing education and engineering work, such training

should start with the graduate student and be
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included at the post-doctoral level. Most PhD

graduates in engineering do not receive formal

training in pedagogy, nor do they necessarily gain

industry experience; when they assume new faculty

roles, they can often be overwhelmed by the multi-

ple demanding duties of the new job. Addressing
their development as educators before they become

faculty members can ultimately be more effective in

the long run. Our findings show that many of the

faculty members we interviewed, whether new or

more experienced, were often actively seeking ways

to improve their capstone teaching through men-

torship, reflective practice, conferences, or other

professional development, but more work remains

to ensure that all capstone educators have the

support and experiences needed to promote student

learning in this critical course.
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