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In the calls for change in engineering education there is an increased emphasis for the student development of professional
competencies. This paper looks at the student experience when the development of professional competencies is made to be
an explicit learning outcome for students in a project-based learning (PBL) curriculum that is designed purposefully to
develop them. This study builds on a previous quantitative study that indicated an increase in performance of the
professional competencies by students who experienced the PBL curriculum. This qualitative study is focused on gaining
an understanding of the student experience and also identifying which elements of the PBL curriculum affected the student
professional competency development experience. Of equal interest, in the qualitative study, is to gain an understanding of
the student experience in how they developed their importance for the professional competencies. The quantitative study
indicates this was developed prior to upper division. The paper contributes to the literature on engineering education and
serves to inform engineering education faculty and decision makers who are intent on transforming their respective
engineering education systems through project based learning with the insights into the ways this PBL curriculum

influenced the student development of professional competencies.
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1. Introduction

A significant step of the international community
for addressing the gap between educational and
industry expectations for engineering students com-
menced in 1989 with the professional organizations
and institutions from Australia, Canada, Ireland,
New Zealand, United Kingdom, and the U.S. form-
ing what became the Washington Accord. It was
later joined by several countries [1]. It sought to
establish standards for professional competencies
and develop attributes for engineering students
graduating from an accredited institution. Specifi-
cally, it created a competency focus for engineering
education and broadened the focus of engineering
education to include preparation for professional
practice. Lemaitre, et al. [2] confirm that the pre-
paration ““of students for professional competence
has always been the ultimate goal of engineering
curricula.”

Within the U.S. engineering education commu-
nity, ABET, the non-governmental accrediting
body for engineering education in the U.S., intro-
duced in 1996 a new set of engineering accreditation
criteria, the ABET Engineering Criteria 2000. Of
greatest significance to changing engineering educa-
tion was the General Criterion 3 student outcomes,
also known as the ABET Criteria. This set of out-
comes reflected a movement in the U.S. towards a
focus on the student development of their profes-
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sional competencies. Of particular focus for this
study is:

e an ability to function on multi-disciplinary teams
(3.d);

e an understanding of professional and ethical
responsibility (3.f); and

e an ability to communicate effectively (3.g).

Passow [3]identified these three as those found most
important by engineers in the work place in a study
of the ABET competencies. The same three compe-
tencies were also the characteristics identified as the
missing skills of engineers as they transitioned from
being an engineering student to being an engineer in
the professional work environment [4].

Despite this movement and interest by universi-
ties and engineering faculty throughout the U.S.,
engineering education is still not providing gradu-
ates with these competencies identified as needed by
industry [5]. In Educating Engineers: Designing for
the Future of the Field, Sheppard’s, et al., [6] study of
engineering programs at several U.S. institutions,
identified that not much had changed in the engi-
neering education system regarding the design of the
curriculum to meet the professional competency
needs of the engineering profession. Engineering
curricula are still heavily biased towards analysis
to the detriment of professional skills development
as well as other areas of engineering. Most educa-
tional experiences are still based on an assumption
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that the development of professional competencies
can occur in a set of discrete finite episodes with a
beginning and end [7]. This is despite the fact that
students and employers, alike, expect a higher
degree of synergy between what is learned in class-
room and what is needed in the field [3].

It was in this context of the need for a new
approach to engineering education that a new
project-based learning (PBL) program was devel-
oped in the USA, Iron Range Engineering. Iron
Range Engineering is an upper-division program
that is a collaborative effort between Minnesota
State University and a lower-division engineering
program at Itasca Community College. Faculty
members are dedicated to instructing only within
the PBL program. The program has 90 graduates to
date and has earned ABET-EAC accreditation.

One unique aspect of this program is its explicit
and extensive curricular focus on professional com-
petency development. The proposed learning pro-
cess for professional development in the new PBL
curriculum was specifically developed to address the
alignment gap between the desired outcomes for
engineering graduates and those attained by grad-
uates of traditional engineering programs [8]. It
focuses on the development of professional compe-
tencies through the development of the student
professional identity.

Cajander, Daniels, and von Konsky [9], in their
study of professional competency development in
engineering education, identified the lack of a clear
definition for professional competencies, which
makes it difficult in setting development goals for
them that move past the program level into the
individual course level, where student learning
takes place. A review of the literature regarding
definitions of professional competencies yields sev-
eral descriptions. They are described as more than
just a set of knowledge and skills that an individual
can acquire; they are the ability to implement this
knowledge and these skills in complex systems [9—
14]. For this study, professional competency will be
defined as the potential that students have to use
professional knowledge and skills to perform in the
complexity of a real-life engineering situation. The
student’s self-conception and motives are consid-
ered an important foundation for these competen-
cies.

Four core curricular foci were the focus of the
IRE curricular approach for the student develop-
ment of professional competencies, which empha-
sizes the role of professional identity development.
The first curricular focus is the competency out-
come-based nature necessary for professional devel-
opment. This agrees with professional competency
focus from the Washington Accord. It also provides
a normative standard for students to position them-

selves. The second curricular focus is providing
students with both individual and social dimensions
to the development of their professional identity as
an engineer. Third, a project-based learning (PBL)
curriculum is the key aspect to supporting the first
two foci through the learning of professional com-
petencies and development of professional identity
embedded in professional practice. The fourth is the
role of student reflection in the development of
professional identity and professional competen-
cies.

1.1 Competency outcome-based education

Harden, Crosby, and Davis in their study of out-
come-based education in the medical profession
identified the importance of a “‘clear and public
statement of the learning outcomes” for an educa-
tion program [15]. They note that outcomes exist in
an educational program whether by design or not.
They created an analogy between the competency
outcomes of an educational model and the plans an
architect develops for a building. The plan not only
represents what has been proposed and agreed to, it
also allows all interested external parties to see if it
complies with governmental regulations, how it will
impact the environment around it, opportunities for
additional negotiation for changes. To internal
partners, it communicates what materials are
required, allows for planning of methods to con-
struct, and a means with which to compare if the
final product meets the original intent. So, a new
engineering program needs to be clear as to its intent
to develop the professional competencies as the
outcome for the students, make these outcomes
explicit to the students, and determine if the model
delivers that intent. These competencies communi-
cate to external partners and stakeholders what the
program is focused on developing. Internally, these
competencies guide the curriculum development
and guide the learning focus for students.

1.2 Professional identity formation

The process of developing professional competen-
cies is about developing the competencies and abil-
ity to be successful in the professional workplace.
Development of professional identity is an impor-
tant factor in the student adaptation to the profes-
sional workplace [16] and has been identified for its
potential in meeting the needs of the engineering
profession [17, 18]. Dehing, Jochems, and Baartman
[19] stated that professional identity formation
should be the aim of curriculum and that the
“curriculum process has to be redesigned, and
recent studies suggest that a better connection
between theory and practice within the context of
the engineering profession and student identifica-
tion with or the formation of professional identity
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are important drivers for change.” They cite several
recent studies that suggest this [6, 20-23].

Professional identity is more than just knowing
professional competencies; it is the ability to create a
narrative that the individuals continue to construct,
use and refine [24] in their educational and profes-
sional careers as students to better position them-
selves in relation to the profession [22]. Their
identity is the base from which the students act out
professional competencies. Dehing, Jochems, and
Baartman, [19] found that the professional identity
development process has both a social and indivi-
dual dimension. These two dimensions directly
connect back to Illeris’s [25] dimensions of learning.
The individual dimension directly connects back to
the internal interactions of Illeris’s content and
incentive dimensions. The social dimension directly
connects back to the external interactions of Illeris’s
social dimension. Eliot and Turns [26] identified
that professional identity is developed through a
social process where students are connecting expec-
tations with their own needs, wants, and attitude.
Wenger [7] identifies the identity development pro-
cess taking place in the context of learning in a
community of practice.

If identity formation is both an individual and
social process of students becoming professional
engineers, the standard four-stage model of role
acquisition can be used to develop a curriculum to
create this process acquiring the value for profes-
sional competencies [17]. Thornton and Nardi [27]
proposed that the identification within a profes-
sional role is a developmental process where the
student goes from having an idealized perception of
the professional role to a more personalized role
that aligns with his or her own values and goals.
They use the term “role acquisition” to describe the
process for developing a professional identity
through a four-stage process: (1) Anticipatory
Stage, (2) Formal Stage, (3) Informal Stage, and
(4) Personal Stage. It is the basis for the IRE PBL
curriculum for professional competency develop-
ment.

1.3 Project-based learning (PBL) curriculum

Passow [3] identifies the need for utilizing the
“context of professional practice study of ABET
competencies”. Sheppard, et al, [6], Educating
Engineers, identifies the need for professional prac-
tice or a “‘spine” where students experience “‘prac-
tice-like” experiences as a central component to the
educational process, thus enabling students to
“move from being passive viewers of engineering
action to taking their places as active participants or
creators within the field of engineering.” Through
this professional practice students will develop the
professional identity of an engineer.

Felder and Brent [28] identify PBL as an instruc-
tional model that can be readily adapted to achiev-
ing the professional competency development
desired in engineering students. Du [29] identifies
that PBL goes far beyond just an instructional
methodology; it develops an environment for facil-
itating the student professional identity develop-
ment. Several other prevalent publications identify
the use of PBL as a critical component of transform-
ing engineering education: Beanland and Hadgraft,
in their 2013 UNESCO Report: Engineering Edu-
cation [1]; Sheppard, et al. [6] in Educating Engi-
neering: Designing for the Future of the Field;
Felder and Brent [28] in Designing and Teaching
Courses to Satisfy the ABET Engineering Criteria;
and Litzinger, et al. [30] in Engineering Education
and the Development of Expertise. These publica-
tions identify the potential of a PBL curriculum in
developing the necessary professional competencies
and the identities of engineering students.

1.4 Reflection

Schon [31] identifies the importance of reflection in
professional practice. It is also an important part of
the professional identity development process in the
educational setting [26]. Eliot and Turns [26]
acknowledge that one could expect that reflection
would naturally be a part of the student learning
process. Their study found students do not regularly
participate in reflection activities unless it is made to
be an explicit part of the curriculum. A critical part
for the IRE PBL curriculum is making the reflection
process explicit and frequent for students. The
student ability to reflect in the complicated, ill-
structured industry projects is an essential part or
the process for them to achieve the intended profes-
sional competency outcomes of experiences.
Moon’s [32] suggestions for integrating reflection
into higher education include the use of Professional
Development Planning (PDP), Reflective Activities
Within the Curricula, Learning Journals, and
Work-related Learning with purposeful inclusion
of reflection. All four are incorporated into the IRE
PBL curriculum.

1.5 IRE professional competency cycle

The incorporation of these curricular elements
creates a curricular approach best described as a
circular student development cycle. Ibarra [33] and
Marcia [34] identified that professional identity
development is, by its nature, a cyclical process of
exploration and reflection. The proposed profes-
sional competency development cycle purposefully
incorporates the four stages of the Thornton and
Nardi [27] role acquisition model (Anticipatory
Stage, Formal Stage, Informal Stage, and Personal
Stage) and embeds them in a professional practice
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spine of a four-semester design sequence. It is
illustrated in Figure 1.

Each semester, students build upon the profes-
sional competency knowledge of the previous
semester. The IRE professional competency devel-
opment cycle starts directly with the anticipatory
stage for each student at the beginning of every
semester. Students develop a professional develop-
ment plan in which they reflect upon and identify
where they are in regards to their understanding of
and ability to perform the professional role of an
engineer. Through a faculty-guided professional
development self-assessment process, each student
identifies:

e Their current professional performance and abil-
ities,

e What their professional growth goals are for the
semester, and

e What planned activities they will participate in
for the coming semester to achieve their profes-
sional development goals.

Throughout the semester, in the context of industry
projects, students experience the formal and infor-
mal stages of their role acquisition. The formal stage
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is centered on the PBL program’s weekly profes-
sional development seminars. The first day of the
week starts with a session called ““‘seminar’ where all
students and staff participate in a formal structured
seminar on a relevant professional development
topic. On Wednesdays, this topic is a structured
part of the team’s two-hour meeting with their
project mentor. In this meeting, a discussion is
conducted on the development of the project, but
just as importantly the discussion also focuses on
the professional development of the individuals in
the team as it relates to that week’s professional
development topic. The week ends with each stu-
dent reflecting in a journal on their development for
the week, including their professional development.
The entire week’s professional development activ-
ities are about formalizing the expectations around
a specific professional engineering competency and
for the students to practice it in the PBL program.

The program’s formal professional development
seminar, the weekly reflection structure, and the
team structure are all designed to set up the informal
stage and guide students towards the intentional
professional learning outcomes and avoid the acci-
dental incompetencies. As students look to adapt
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Fig. 1. IRE PBL Professional Competency Development Semester Cycle.



Student Experience for the Development of Professional Competencies in a Project-Based Learning Curriculum 1035

the expectations of that week’s professional devel-
opment seminar to fit their own individual perspec-
tives, their peers have all heard the same message
around professional competency. This is intended
to provide guidance and common language for their
informal conversations amongst themselves as
peers. The mid-week meeting with their project
mentor facilitates them in making this adaptation
in a professionally supportive atmosphere. The
difficulty of the adaptation is recognized and they
are coached through the adaptation process. The
end of the week reflection activity provides the
opportunity and expectation for students to identify
how they will accept that week’s professional topic
within their own professional identity.

For the informal stage, the vertically integrated
teams provide for a professionally supportive colle-
gial atmosphere. Students, at the beginning seme-
sters of the program, benefit from peers on their
teams that are further along in their professional
development by providing them with a positive peer
perspective on the value of the professional compe-
tencies. Thornton and Nardi [27] identify these
types of interactions as ones on which students
place the most value. In addition, the students
who are further along in the curriculum benefit
from having to guide the younger students. To do
this, they must first reflect on their own under-
standing and experiences with a particular profes-
sional competency before they can guide the
younger students in their development of that
competency. The student interactions with their
clients and faculty leaders also give them many
venues to practice the use of their professional
skills and get formative, non-graded feedback on
how to improve.

At the end of the semester, the personal stage is an
integrated part of the assessments and grades for
each student. The student mentor evaluates her or
his performance in all of the professionalism areas
through a formal performance evaluation. It is
meant to be similar to that which practicing engi-
neers periodically undergo in the professional set-
ting. The results of all of these experiences culminate
in a chapter of the student’s individualized personal
development plan (PDP) for the semester. The PDP
chapter starts with a summary of the learning
activities during the semester, the level of attain-
ment of the goals from the previous semester, and is
then followed by a summary of the feedback the
student has gotten during the performance evalua-
tion. These inputs lead to the development of new
goals for the next semester. Finally, the students
create specific action plans detailing specific steps
that can be taken to achieve the new goals. Critical
to this process is the recognition that student
competency development is facilitated based on

reflection upon their development in conjunction
with assessment from instructors. Cajander,
Daniesl, and von Konsky [9] found this to be an
essential part of their 2011 study of student profes-
sional development.

Students complete this four-stage cycle, which is
repeated in each the four semesters of the upper-
division program, with substantial progress toward
the desired graduation level professional outcomes
being the requirement. At the heart of this process is
Cowan’s [35] reflection model of “in—before—
on—after reflection.” The revisiting of the profes-
sional development topics with increasing level of
sophistication each semester reflects the intent of the
spiral configuration of the Networked Components
Model proposed by Sheppard, et al. [6]. The cyclical
model better reflects what is understood about
learning and role acquisition than the more tradi-
tional linear “one-time” through from theory to
application model. Professional competencies
account for three credits of student work each
semester. Their grade is solely dependent on the
growth in these competency areas. The model is
illustrated in Figure 1.

The student experience is further described
through the perspectives of the student workweek
schedule, progression of the semester, and progres-
sion of their four semesters. Atudents are registered
for 15 credits per semester. Roughly, this translates
to 45 hours of work on task each week. Of the 15
credits, seven are project related and involve design
and professional competencies. The other eight are
technical in nature. A goal is to have interplay
between the technical credits and the nature of
work on the industry projects.

From the technical learning perspective, each
student spends eight structured hours per week in
contact with faculty in “learning conversations”
which are designed to use active learning techni-
ques. They then spend an additional 16 hours per
week in “non-faculty contact” learning. This time is
spent acquiring new knowledge through reading or
video viewing; creating conceptual models of under-
standing; performing “Deep learning activities”
such as experiments or designs; and practicing
retention activities, as well as doing some traditional
problem sets. For design and professionalism, there
are seven hours per week of structured contact,
which takes place through professional develop-
ment seminars, design instruction, and guided
design reviews. The remaining 14 hours of non-
structured time is spent working on the team project
and in documenting professional growth through
reflective writing.

The semester progression is 16 weeks. The indus-
try project design process starts with an initial
scoping meeting between the team and the client.
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Table 1. Graduate Student Outcomes

Technical Outcomes

Design Outcomes

Professional Outcomes

Technical 1 An ability to apply knowledge
of mathematics, science, and engineering.
Technical 2 An ability to design and
conduct experiments, as well as to analyze
and interpret data.

Technical 3 An ability to identify,

formulate, and solve engineering problems.

Technical 4 A recognition of the need for,
and an ability to engage in life-long
learning.

Technical 5 An ability to engage in
entrepreneurial activities.

Design 1 An ability to design a system,
component, or process to meet desired
needs within realistic constraints.

Design 2 An ability to function on
multidisciplinary teams.

Design 3 An ability to lead, manage people
and projects.
Design 4 An ability to use the techniques,

skills, and modern engineering tools
necessary for engineering practice.

Design 5 The broad education necessary to
understand the impact of engineering
solutions in a global, economic,
environmental, and societal context.

Professional 1 An understanding of
professional and ethical responsibility.

Professional 2 An ability to communicate
effectively.

Professional 3 An ability to work
successfully in a diverse environment.
Professional 4 A knowledge of
contemporary issues.

From this meeting, the team creates the design 1.

goals, develops a scoping document, and presents
a scoping presentation to the client. From the
scoping phase, the team progresses through back-
ground research, ideation, options generation, test-
ing, evaluation, and validation. Throughout this
progression, the team creates thorough documenta-
tion in written form, defends their designs before
faculty panels at three points in the semester, makes
formal presentations to the student body, and
informal update presentations to their clients. The
semester culminates with a final design review
through a final presentation and a major deliverable
delivery to the industry client.

The student goes through this semester evolution
four times with formative feedback on their perso-
nal development. It includes setting incremental
goals for improvement, creating action plans for
attending those goals, and monitoring their growth
through the next semester. The teams are vertically
integrated so that senior students mentor the junior
students on the same team. The student graduates
after four semesters of successful progression and
completion of the 14 program outcomes listed in
Table 1.

2. Research focus

This paper focuses on developing an understanding
of how the students experienced the development of
professional competencies in the PBL curriculum
through the professional competency development
cycle. The study focuses on the research question:

“In what ways does the Project-Based Learning (PBL)
Curriculum Influence the Development of Professional
Competencies?”’

Answering this question will take place through
bringing together the answers for the three research
sub-questions:

What do students define as professional com-

petencies?

2. What is the growth of the student professional
competencies in a PBL curriculum?

3. What are the development experiences for

professional competencies in the PBL curricu-

lum?

The goal of this research is to better inform engi-
neering education faculty and decision makers who
are intent on transforming their respective engineer-
ing education systems through project-based learn-
ing with insights into the ways this PBL curriculum
influenced the student development of professional
competencies. The paper is focused on the qualita-
tive results of a two-part mixed methods study. It
was developed based upon the results of the initial
quantitative study.

The quantitative study was conducted with a
focus on the second sub-research question [36]. As
part of the quantitative study, two instruments were
developed to evaluate the professional competency
growth of students in the PBL model as compared to
students studying in a more traditional model. They
were based on the internal (individual) interactions
and external (team) interactions from Illeris’s model
[25] for learning. The first instrument focused on the
individual professional competencies emphasizing
the internal or individual interactions. The second
instrument focused on the student professional
competencies for external interactions, specifically
in the team context. Both instruments were used
pre- and post- with two groups. The first is the PBL
group, students who experienced the two years of
the PBL curriculum for their upper-division engi-
neering education. The second is the non-PBL
group, students who experienced a traditional
(non-PBL) curriculum for the two years of their
upper-division engineering experiences. Both
instruments evaluated the students’ self-reported
growth in their (1) importance for and (2) perfor-
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mance in their professional competencies. Growth
was measured through a pre- and post-upper-divi-
sion comparison.

The quantitative results reported growth in per-
formance of the professional competencies by the
PBL group, but not for the non-PBL group. This
supports that the PBL curriculum and its explicit
focus on professional competency development
facilitated the student development of professional
competencies. Neither group showed growth in
their importance of the professional competencies.
Scores started and stayed high. The only exception
was the non-PBL growth showing a decrease in
importance through the individual profession com-
petency instrument.

Although the quantitative data indicated promis-
ing results for the PBL curriculum’s influence on the
student performance of professional competencies,
it does not provide insight as to how the students
experienced the curriculum and the development of
the ability to perform. The qualitative study is
focused on gaining an understanding of the student
experience and to also identify which elements of the
PBL curriculum affected the student professional
competency development experience. Of equal
interest, in the qualitative study, is to gain an
understanding of the student experience in how
they developed their importance for the profes-
sional competencies, as the quantitative study indi-
cates that this was developed prior to upper division
for both groups.

3. Research design

A phenomenological study was designed and con-
ducted to develop an understanding of how the
students experienced the PBL curriculum. This
approach was selected to develop a deeper under-
standing of the participant experiences through a
close examination of each individual’s experience to
“produce rich thematic descriptions that provide
insight into the meaning of the lived experience”
[37]. The results will produce a culminating experi-
ence as described by participants to depict the basic
structure of the professional competency develop-
ment experience. The study was developed with
three aspects to align with the first and third
research sub-questions.

The first aspect of the study is to identify how the
students defined professional competencies. Under-
standing this is important in regards to how well the
results of the students experience of the curriculum
applies to their development of the intended profes-
sional competencies for the next two aspects of the
study.

The second aspect of the qualitative study is
developing an understanding of the collective stu-

dent experiences as they relate to the self-conception
of their importance for professional competencies.
Of particular interest to the study is understanding
when and where they experienced developing their
importance. The third aspect of the qualitative
study is to develop an understanding of the student
experience to further explain the growth in the
performance of professional competencies. It will
focus on exploring in depth the last research sub-
question through collectively identifying:

e How the students experience the development of
professional competencies and

e Which curricular elements of PBL they identify as
contributing to the probable growth in perfor-
mance of professional abilities

The intent of the phenomenological study is to
develop the collective student self-experience of
the PBL curriculum. As the self-conception is ever
changing for each individual and the student experi-
ence in the program itself changes, it is important to
note that the collective student self-experience
developed in this study is for the moment and time
they experienced the PBL program.

3.1 Instrument development

Central to creating this thematic description for the
structure of the collective student experiences is the
collection of data for analyzing the student experi-
ence. An interview is the primary phenomenology
method for collecting this data [38, 39]. The inter-
view protocol for this research study was developed
with an introductory question [40] of “Which pro-
fessional skills are important for an engineer?”’ and
a planned follow-up probing question, “Why? [are
they important].” The follow-up question was
added to prompt additional insight [38] into not
only what professional skills the student feels are
important, but to understand how he or she came to
that determination. The question not only served as
an icebreaker [41] for getting participants to warm
up to the interview process, it also developed a
definition of professional competencies by the inter-
viewee [38] for framing the later questions in the
interview.

The second question was an experience question
[38] focused on understanding the apparent devel-
opment of the importance for professional compe-
tencies prior to the students starting the upper-
division program: “When and where did you learn
the importance of professional skills for an engi-
neer?” The question was intended to confirm the
findings of the quantitative study and to develop the
collective student experience in the development of
the importance.

An additional two questions were developed as a
set of probing [38] secondary questions [40] as a
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follow-up to the introductory question to provide
students an additional opportunity to identify pro-
fessional competencies.

e Which professional skills are your strongest?
Why? Please give an example of each.

e Which professional skills do you need to keep
developing? Why? Please give an example of each.

They approached the definition question from a
different perspective and were intended to better
prepare interviewees to answer the last two ques-
tions for explaining how they experienced their
development of the professional competencies by
having them further frame their definitions for
professional competencies.

The last two questions are experience questions
that specifically probe at how the interviewees
experienced developing the ability to perform the
professional competencies they had identified ear-
lier in the interview. The first question is about
identifying general themes for the student experi-
ence. The second question specifically focuses on the
PBL curriculum experience and if the students
identify the curricular elements intended for devel-
oping professional competencies. Both questions
sought to determine if the development of the
professional competencies was described in a way
that confirmed the PBL curriculum’s intended pro-
cess of professional identity and competency devel-
opment:

e Describe how you experienced the development
of your ability to perform professional skills.

e Thinking back specifically on your experience in
the PBL program, which elements of the PBL
curriculum caused growth in your professional
performance ability?

3.2 Methods

Since the intent of the qualitative study is to further
explain the results of the quantitative study, the
participants were a subset of the original quantita-
tive study participants [41]. Interviews were con-
ducted with 18 total interviewees who were recent
graduates or near the point of graduation from the
PBL program in the spring of 2015. The lead
researcher and a graduate student familiar with
the project work conducted the interviews. An
individual not associated with the study created
verbatim transcriptions from audio recordings of
the interview.

Analysis of the transcriptions followed the phe-
nomenological process with the initial phenomen-
ological reduction to identify and list the horizons:
the key words, phrases, and expressions [38, 39]. The
phenomenological reduction process used the node
analysis feature of the software package NVivo for

analyzing each student interview transcript. 122
nodes or potential units of meaning relevant to the
research questions were identified. The frequency
varied from being mentioned by one interviewee up
to being mentioned by all 18 of the interviewees.
These nodes were placed into initial categories of (1)
professional competencies, (2) experiences for
developing importance for professional competen-
cies, (3) experiences for developing ability to per-
form competencies, and (4) PBL curricular elements
that developed performance ability. These cate-
gories reflect the research questions and the inter-
view protocol.

Eliminating overlapping, repetitive, and vague
expressions within the categories reduced this to
102 core units of meaning, which formed the invar-
iant constituents of the student experience. They
were then “clustered” into central themes. This
process included an iterative back-and-forth
approach between the interview transcriptions and
the non-redundant units of meaning [42]. Each
interview transcription was reanalyzed with the
central themes as new nodes as a validity check to
determine if the essence of each interview was
captured with the common themes. Through this
second analysis, the central themes for each cate-
gory were also separated into two groups:

e Common themes: central themes common to all
or most of the interviews and

e Unique themes: central themes unique to single or
a few interviews [42].

The phenomenological reduction was completed
through organizing the themes into a coherent
textual description of the experience for each of
the four categories. The phenomenology reduction
concluded with a synthesis of the thematic descrip-
tion of the essences and structures of the PBL
curricular experience lived by the interviewees for
each of the categories.

4. Presentation of results

Analysis of the data yielded qualitatively different
characteristics of the student experience in the
development of professional competency within
each of the four categories:

(1) professional competencies,

(2) experiences for developing importance for pro-
fessional competencies,

(3) experiences for developing ability to perform
competencies, and

(4) PBL program elements that developed perfor-
mance ability.

Each of the themes, within the categories, reflects a
qualitatively different way of understanding the
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student experience in the development of profes-
sional competencies. Students were not assigned to
a theme, but their individual experiences are
extracted to identify the themes.

4.1 Professional competencies

Participants identified 27 different competencies as
important to the profession of engineering. All 18
participants identified the professional competency
of communication extensively. It was referenced 48
times in general, in verbal form, in written form, or
in a presentation mode. In addition to communica-
tion, the common themes, mentioned by a majority
of students, identified as professional competencies
by the students are: Teamwork, Leadership, Profes-
sional Language and Behavior, Professional Dress,
Interpersonal Skills, and Time Management. Creat-
ing a composite textual description for this category
includes reflecting back on the professional compe-
tencies of focus in this study, these common themes
can be placed within one of the three professional
competencies for this study. In addition to the
common themes, there were 8 unique themes men-
tioned by multiple interviewees. They are combined
with the common themes to form Table 2.

Synthesis of Professional Competencies: The pro-
fessional competency themes for the interviewees
established that their composite description of pro-
fessional competencies aligns with the professional
competencies used in developing the study. It cre-
ates a reasonable expectation that as participants
further discuss professional competencies, they are
in a thematic sense referring to the same profes-
sional competencies used in the development of the
study. Therefore, as the meanings and essences for
participant experiences are developed in the remain-
ing three categories, they will be considered applic-
able to the student professional competencies in a
thematic sense.

4.2 Experiences for developing importance for
professional competencies

The interviewees identified a variety of experiences
for when and where they learned the importance of
professional skills for being an engineer. Experi-

Table 2. Professional Competency Themes

ences both in and out of the education setting were
identified. The experiences were from all phases of
life from early childhood up to, and including, the
last semester of the PBL curriculum. The most
common theme for the experiences, and thus the
common experience identified by all interviewees,
was that the experiences occurred prior to the PBL
curriculum. This supports the findings from the
prior quantitative study.

The most common sub-themes were the educa-
tional experiences in their undergraduate curricu-
lum and experiences outside of the educational
setting. The undergraduate curriculum theme cen-
tered on working in teams and project work in the
team setting. Common themes for experiences out-
side of the educational system include: work, family,
sports, observing others, and life-long experiences.
The work experience included general jobs unre-
lated to engineering and jobs related to engineering
such as co-ops or internships. A little more than half
(ten) of the interviewees mention that the upper-
division experience increased their importance for
professional competency, but they primarily identi-
fied this as a continuation of the development
process for importance.

Synthesis of Developing Importance for Profes-
sional Competencies: The essence for the experience
of developing the importance for professional com-
petencies can be characterized as being established
over the entire student lifetime and academic career.
The importance is primarily established prior to the
start of the upper-division program. The impor-
tance is developed through experiences both
within and outside of the educational process. The
identified influence of an upper-division program is
in the mode of either confirming or continuing to
establish the importance that was already developed
prior to starting the program. This affirms what was
identified in the quantitative study.

4.3 Experiences for developing ability to perform
professional competencies
The descriptors of how the students experienced the

PBL curriculum is not focused on the curricular
elements, but instead it is focused on identifying the

An ability to function on
multi-disciplinary teams

An understanding of professional
and ethical responsibility

An ability to communicate
effectively

Common o Teamwork e Professional Language and Behavior o Communication
hemes e Leadership e Dress Professionally e Interpersonal Skills

e Time Management
Unique e Situational Awareness e Being Ethical e Situational Awareness
Themes e Inclusiveness

e Organization

e Respect

o Safety
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characteristics of the students’ development process
experience. Analysis of the interviews revealed four
core common characteristics: (1) Reflective Process,
(2) Self-Identifying Improvement Plan, (3) Cycli-
cal—Continuous Improvement Process, and (4)
Positioning One’s Self in Professional Performance
Expectations.

4.3.1 Reflective process

Participants described their experience of develop-
ment as a reflective process. The development of the
student ability to perform professional competen-
cies was described as occurring through their self-
evaluation of their professional competency perfor-
mance as they reflected back on an experience in the
PBL curriculum. The reflective self-evaluation
moments resulted from the completion of a project,
a team experience, or from the feedback from a peer
or staff member. The act of reflecting was a strong
motivating force in their development process,
“reflecting on how you did and how you can improve,
you're only going to get better” [Participant O].

The repeated practice of reflection helped develop
an important part of the growth process for the
student and the next descriptor of Self-Identifying
Improvement Plan, as students start to incorporate
reflection into how they operate, as represented in
the following quotes:

“I tend to just always think of the things that I can
improve upon” [Participant A]

and

“your own self-reflection and metacognition, taking the
time to sit down and really think about what you're doing,
how, how [sic ] it has affected you, how effective you were
at doing something, and then just deciding, or determin-
ing where the gap was or if there was a gap and then what
you need to do to improve on that” [Participant I].

4.3.2 Self-identifying improvement plan

Students described the need to self-identify
improvement areas as a way to build off of their
reflection process for moving forward and engaging
in learning activities that provide development in
the professional competencies needing improve-
ment. It is described as both the process of identify-
ing competencies needing improvement and then
developing a plan for opportunities for improve-
ment. This is characterized in the following quotes:

“You can reflect on it, but if you don’t implement what
vou reflect, it kind of just gets pushed away in the back
part of your brain and you might look back someday and
be like, hey yeah, I was going to do that” [Participant
Pilot].

“taking the time to sit down and really think about what
you're doing, how, how it has affected you, how effective
you were at doing something, and then just deciding, or
determining where the gap was or if there was a gap and

then what you need to do to improve on that” [Partici-
pant IJ.

“one other thing I learned at IRE is, is the need to seek
out opportunities. A couple of different types of oppor-
tunities I found is ones that are handed to you or set out in
front of you, and other opportunities that you create
yourself and really, with what you do you can generate a
lot of your own opportunities for growth” [Participant I].

Students express that a plan for improvement must
be completed more than once for a competency.
This repeating of the improvement process is the
essence of the next descriptor, a Cyclical-Contin-
uous Improvement Process, as represented by the
following quote:

“To start out, you start by assessing where you are on a
certain criteria and you’re given examples of what, of
each, you rate yourself, give some of your strengths and
weaknesses, and then start developing an action plan to,
to improve those weaknesses and then, then from there on
after that first semester it’s just a reiteration of did you
improve on your weaknesses, what do you think might
have worked or might have went wrong, um, and then just
what can be improved for the next semester, and so on and
so forth. Some good really comes out of it. Some of the
students hate, myself included, sometimes hate doing the
writing of it, but it’s, I believe it’s a good, um, process
and. . .” [Participant E].

4.3.3 Cyclical—continuous improvement process

The students collectively identified the process of
reflecting and identifying an improvement plan as
part of a cyclical process of continuous improve-
ment,

“Your first semester you get everything thrown at you,
you just try and do it best you can, but then next semester
you already know every, you already know it so then
you're trying to improve on what you didn’t do last
semester. So now, you keep improving back and forth.
Like I've been improving on what I did last semester so if,
as long as you continuously improve, that right there is a
good process to have.” [Participant N]

As students complete the program, the cyclical-
continuous improvement process and the growth
becomes more explicit to them as expressed by this
student, in regards to leadership in a team:

“the first semester was just identifying what my weak-
nesses, what my weaknesses were within leadership and
then the second semester I kind of looked for areas where
there were good leaders so between different teams,
maybe just see how they, how their team leaders were
acting, maybe look or talk to a few people about what a
good leader was versus a bad leader. Um, and then last
semester is the one when I started taking on a little bit of
leadership roles by leading conversations or idea genera-
tion sessions, um making myself more outspoken during
conversations with teams, with our team I guess. And
then, like I said, then the final step was actually take that
leadership role and act as the leader overall and work on
everything I'd seen through the last three semesters and
make a good team leader” [Participant F].
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The Reflective Process, the Self-Identifying
Improvement Plan, and the Cyclical-Continuous
Improvement Process are the core common themes
identified by the majority of participants. They
represent what students all identified as part of the
experience of developing professional competen-
cies. There are also several other less common
themes expressed by the participants. A group of
these themes relates to the three common themes as
they relate to students positioning themselves in
regards to the expectations for professional compe-
tencies.

4.3.4 Positioning oneself within professional
performance expectations

Analysis of the interviews revealed this group of
themes, which individually do not create a core
theme, but their collective presence is synthesized
into a fourth common theme of Positioning Oneself
within Professional Performance Expectations.
They represent the collective experiences that the
participants went through to position themselves
relative to expectations for performing professional
competencies such that they are able to reflect,
identify a self-improvement plan, and complete
the cyclical-continuous improvement process.

e FExperienced a Cultural of Professional Expecta-
tion—the cultural expectation experienced by the
participants causes them to genuinely become
aware of their ability to perform professional
competencies. It creates a base foundation for
students’ value in developing their ability to per-
form the competencies.

e Comparison Process—participants positioning
themselves relative to others’ professional com-
petency through observation of their ability to
perform the competencies and through their
individual awareness of the overall expectations
for professional competency performance.

e Feedback on their performance—the experience of
feedback provided participants with an external
perspective that aided them in positioning (cali-
brating) themselves.

Synthesis of Experiences for Developing Ability to
Perform Professional Competencies: Synthesizing
the four common themes together forms a thematic
description of the participants’ experience. As they
progressed through the PBL curriculum, they
experienced a cyclical process of continuous
improvement for their ability to perform profes-
sional competencies. In this process, the individual
abilities to perform these competencies were posi-
tioned relative to expectations of both the program
and profession. As participants reflected on their
position in their ability to perform, they expressed
that growth came from self-identifying an improve-

ment plan to improve their performance and com-
pleting the improvement work for the next project
cycle of the program.

For some students, this was a gradual, continual
process that was part of their experience from the
beginning of the program. About half of the stu-
dents identified that this process had a more abrupt
start that began with a significant defining moment,
which caused them to realize the need for develop-
ing their performance of professional competencies.

4.4 PBL program elements that developed
performance ability

This category continues to explore the student
experience through identifying which of the ele-
ments of the PBL program generated this experience
and developed their ability to perform professional
competencies. Analysis of the interviews revealed
three common characteristics of the student experi-
ence in their description of the PBL curricular
elements: (1) Industry Projects, (2) Learning Activ-
ities, and (3) Program Culture.

4.4.1 Industry projects

Participants described the work related with the
industry project was the most common theme of
any influence in developing their ability to perform
professional competencies. The aspect of working
on a real industry project made the learning of the
professional competencies that much more valuable
to the participant. Three key sub-themes were
identified for the industry project work:

o Activities to Complete Project—Participants
identified the work associated with the comple-
tion of the industry projects as an experience that
not only required them to use their professional
competencies but also did so in a genuine fashion
that made them real to them and their team
members. This theme is represented in:

“I think the experiences that caused the most growth
were actual projects. Um, it’s one thing to sit in the
workshop and be told you know, this is what good looks
like, this is what we do, but then it’s another to actually
implement that and put it into practice” [Participant D].

e [Interaction with Project Client—a key sub-theme
for the industry projects was the interaction with
project client from the sponsoring industry. The
credibility that the client had in regards to the
value of being able to perform professional com-
petencies was substantial. In the words of a few
participants:

“the biggest one for me is the external clients, meeting
with them, requires professional communication through
email, uh, showing up to meetings, and meeting with them
I guess involves professional skills, and then having that
standard of these are companies in industry that you
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might possibly work for in the future or use as areference,
really sets like a high standard for professionalism, which
1 guess gives you an idea of what’s going to be expected
when you're actually employed as an engineer so. It’s, I'd
say that’s probably the most important aspect of profes-
sionalism at IRE is the external clients” [Participant O].

o Working on Teams—When answering how they
developed the ability to perform professional
competencies, participants, as a common theme,
would use the experience of working as one of the
contact for one or more of their responses such as:

“makes you engaged, you know, just working with other
team, other team members. You grow up, you're growing
up in the skills communicating and the same time growing
up in skills of working on a team, in a team at the same
time um, you have your own weaknesses in the project you
know. You're not perfect, but then just the fact that
someone else can see um, your struggles and they will try
to help you through the struggles, improve your skills of
learning so it makes you more engaged and um, at the
same time this really translate, the projects really
translate to the real world” [Participant H].

The industry projects serve as the integral part of the
student experience.

“They have you engaged throughout the whole semester,
working on the project, working with other people,
working with clients, you know it just teaches you a lot
of professional (competencies).” [Participant H]

It was the primary curricular experience identified
as a core theme that students attributed to their
development of professional competencies.

4.4.2 Learning activities

In addition to the projects, participants listed other
elements of the PBL curriculum that they identified
as part of their experience in the development of the
ability to perform professional competencies. Three
key sub-themes emerged in the analysis of the inter-
views in regards to the program’s learning activities:

o Workshops and Seminars—a signature experience
of the PBL curriculum that students identify is the
weekly professional development seminars and
the periodic professional development work-
shops. Students identify that these two learning
activities were where they became aware of how
they could better perform professional compe-
tencies. They identified best practices for them.
Other experiences in the curriculum allowed the
students to practice the competency and grow in
the ability to perform, but the workshops and
seminars served as the starting point in this
development process. As expressed by a few inter-
view participants:

““I guess one of the big things would be, I mean we look at

all the professional development seminars we did, you
know, how to be a leader, how to, what it means to be a

team member, but then also being able to apply that to
your personal development” [Participant D]

and

“(seminar) kind of sets the tone for the week. It makes
you, you come back from, sometimes maybe a three day
weekend and then you just don’t really want to be there
and then you go through your seminar and it’s like, yep, 1
need to get back into my professional aspect. I was maybe
a lazy bum all weekend. I went out partying or whatnot
and then you get there Monday and you get your dose of
reality again and it was just like, ok, it’s time to collect
myself and get back on task and think about and evaluate
what was talked about so that I can keep moving ahead on
through the week” |Participant L].

o Student Presentations—the role of extensive pre-
senting in the curriculum was identified as curri-
cular element of the program that developed
students’ professional competencies. Specifically,
the repetition of the presentations served as a
model for performing, reflecting, identifying
improvement opportunities, and then practicing
again. The sentiment of the student response,
when asked what activities helped them to
develop professionally, is summed up by Partici-
pant P’s response, ‘“‘well, the presentations,
obviously!”

In addition to the presentations themselves, the
peer feedback process added value to the experi-
ence:

“So before I came to (PBL program) I had maybe done
one or two presentations before coming there so I was not
very outspoken. I didn’t really want to do public speaking
or anything like that. So the very first semester I kind of
was just thrown in it and I didn’t know what to do and 1
got some pretty bad reviews from people of what I did
wrong and what I should be doing and I didn’t come up
with a very good plan of how to attack that right away so I
just. .. The first semester, wrote down what I did bad, you
know. I wasn’t speaking clearly, I wasn’t presenting
clearly to clients or to faculty members for that, for
that matter so I made a plan of I'm going to make sure [
take notes as to what other presentations are doing
because we had multiple presentations at (PBL pro-
gram). So see what good presentations look like between
the slides, between what their hand movements are, what
their eye gestures are, how they’re speaking, how enthu-
siastic they are. Attended a couple of seminars by
(presenters) as to what’s good presentation style, what
you should do, what you shouldn’t do. And then kept
Sformulating that from there and now I've grown each
semester as to refining my presenting style and I feel 'm a
pretty effective presenter. Um, I have a pretty good
pattern of just coming up with a basic slide deck, going
through it a few times and then adding a little bit here and
there and uh, presenting multiple times before actually
presenting to either a client or ( PBL program) or anyone
like that so I'm pretty comfortable presenting to anyone
now. I'm pretty outspoken with that, which I didn’t think
I'd do that before I came to (PBL program)” [Partici-
pant F].

e Professional Development Assessment—students
experienced the assessment of professional devel-
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opment activity in multiple ways. Some was in the
context of other activities like the feedback in the
presentations. This feedback was mentioned as
one of the core themes in their experiences.
Participants identified two forms of professional
development assessment as an important part of
the curriculum in the feedback experience. One is
the professional development plan (PDP) where
students self-assess their ability to perform pro-
fessional competencies and formulate a plan to
develop the competencies most in need of growth.
The second is the formal feedback from program
facilitators on the same topics as the PDP. Exam-
ple of each are found in appendix C. Participants
referenced both of these:

“by completing the (PDP) you’re forced to gauge your
performance in each of those areas, your personal view of
where you're at, and I mean depending on how you
perceive yourself you can see areas for improvement,
you can. .. Um, if you have the desire to improve in those
areas you tend to take it a little more seriously and
develop a plan based on what you perceive of yourself

to make it, make yourself better for the next uh, go-
around” [Participant F]

and

“I do like getting the feedback um, because then it does
help you to know where you're going and calibrate
yourself in terms of, of that so like yellow sheets are
useful. They don’t always tell me stuff I didn’t know, but
um, it’s still good and it pushes you to, to work on things
you might not want to” [Participant M].

practice, but I don’t know if dress is something, in my
mind, that practice really makes perfect, it’s not, anyone
can dress, dress appropriately if they want to, but I think
it really just sets the tone for a good professional sense in
workplace and you're just kind of. . . Inawhole, I treat my
day like, like a workday, where I show up at, I show up at
7 and I leave usually around 4 or 5 o’clock. So it just puts
you in that mind of being in that professional, profes-
sional world and treated like a professional and not really
talked down to like you're, like you're a child so I think
it’s just kind of an all-around good, good ecosystem to
kind of work and grow in. . ..the expectations are very
high . . . just like they would in the workplace, and what
you can expect. So I think the model really resembles, at
least from what I know of industry of what’s to be
expected as, as you get there, timeliness and things in
that matter that I guess I probably forgot to mention in
the earlier part, but they’re just so, I feel with the model,
they’re just so kind of ingrained in me that I often maybe
even overlook them so....”

A common theme for supporting this culture is the
feedback to students from their peers, their facil-
itators, and program staff. Many experiences had
the theme of the supportive nature of the feedback.
The feedback is accepted due to the genuine belief
that the feedback is coming to help and it can be
trusted within a safe environment:

“when you know people it’s easier to receive feedback and
to get good feedback. Like if you care about somebody
and you give them feedback, a lot of times it’s more, more
useful than if it’s. . . a stranger and this is what I think,
you know, because you know more about them. You can,
you can tailor your feedback to, to be more useful and

maybe even say, well when you did this other thing that I
saw you do and you were really good at that, try to do
more like that. Then you know, but if it’s somebody that
you weren'’t that close to or you didn’t really know you
wouldn’t be able to get that kind of connection and
communication and those things I think are really
useful. It’s not just I guess we were saying failure is one
of the things that makes you grow, but it also teaches you
who has got your back and that can also be very useful in
growth to have a system, a support system or people there
to help you learn from your failure otherwise. . .” [Parti-
cipant M].

The learning activities are a critical part of the
formal PBL curriculum. Participants identified a
wide variety of learning activities that were part of
their developing the ability to perform professional
competencies. The three common themes of Work-
shops and Seminars; Student Presentations; and
Professional Develop Assessment are the activities
that form the common core of the learning activities
for the participants.

4.4.3 Program culture It is not only the receiving of feedback, but also the
The experience of the projects and learning activities process of students giving feedback to their peers,
is strengthened by the overall program culture.
Participants identified the cultural expectation for
professionalism combined with the culture expecta-
tion for respectful feedback between students and
staff to students resulted in a safe learning environ-
ment where they could practice and develop their
professional competencies. The practice of profes-
sional competencies becomes part of how the stu-
dents conduct themselves on an ongoing basis.
Participant E described the overall cultural expecta-
tion for professionalism:

“being asked to give feedback to others. So when, when
somebody asks you for feedback and then you're criti-
quing them, it really thinks about how, how am I doing it,
am I good at it or bad at it, am I a valid source of feedback
and you start to think, when you're thinking about that,
then you start to go back and develop yourself there
further so you do feel credible” [Participant I].

It is evident that there is a core theme for the
participants that the program culture with its expec-
tation for professionalism and an expectation for
supportive feedback creates a rich environment for
students to develop their professional competencies.

Synthesis of PBL Program Elements that Devel-
oped Performance Ability: The bringing together of

“there’s a few things that um, we do there that are just
expected in the professional world of dress and time-
liness, and to a sense I think they’re good things to
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the three common themes of Industry Projects,
Learning Activities, and Program Culture synthe-
sizes a thematic description of the PBL program
elements that collectively developed the partici-
pants’ ability to perform professional competencies.
As students experienced the PBL program, the
industry projects formed the core program element
that created genuine student value and appreciation
for their ability to perform professional competen-
cies. The ““real world” aspect of the work and the
interaction with the industry client caused students
to generate a value for professional competencies
that could not be created in the academic environ-
ment alone.

The learning activities created a structure that
allowed students to develop in their ability to per-
form professional competencies. They guided stu-
dents in identifying and understanding what good
professional competency practices are, how to prac-
tice them, and then provided a guided process for
developing them.

The program culture creates a learning environ-
ment that is supportive of the development process
of the learning activities in such a way that students
are practicing the competencies on a regular basis
and not “‘just when they have to” for the industry
projects and client interactions. The PBL Program
elements create a continuous experience for the
student development of professional competencies.

The overall essence of this experience is captured
in:

“Having practiced it and then kind of ingrained that in
you, that well everybody knows it’s the right thing to do,
but then how do you effectively execute that and having
practiced it, working with professionals as peers, working
with professionals as instructors, working with profes-
sionals in the real world from the projects, seeing what it’s
like, what you can expect and that it feels good and you
can feel accomplished” [Participant IJ.

5. Discussion

The qualitative study was designed to explain,
develop an understanding, as to how the students
experienced the PBL curriculum and how it led to
developing their ability to perform professional
competencies. Of equal interest is the development
of the importance for the professional competen-
cies. The discussion of the qualitative results from
the phenomenological study will focus on the three
sub-questions: (1) What do students define as pro-
fessional competencies? (2) What is the growth of
the student professional competencies in a PBL
curriculum? and (3) What are the development
experiences for professional competencies in the
PBL curriculum? to answer the primary research
question “In what ways does the Project-Based

Learning (PBL) Curriculum Influence the Develop-
ment of Professional Competencies?”’.

Student participants demonstrated the ability to
verbalize professional competencies at a high level.
Even though students were left to self-identify the
professional competencies in the interview, they
collectively verbalized common and unique themes
that described the three professional competencies
of focus in this study. Not only were students able to
describe, or define, these competencies, they also
demonstrated the consistent ability to self-evaluate
their ability to perform them. They could articulate
which were their strongest competencies and why,
but they could also articulate the competencies that
needed continued development and could articulate
why they knew and how they would develop.

Looking back on the PBL model and the profes-
sional competency development cycle, the ability to
verbalize the professional competencies results from
the process of explicitly and repetitively using the
language of these professional competencies and
making them an explicit learning outcome of the
program for students. The development of student
understanding for the professional competencies
takes place in the reflective process of the semester
professional development cycle. An important influ-
ence in this process is the industry projects and the
interactions with the project clients from industry.

Regarding the second sub-question, the qualita-
tive analysis explains how they experienced the
growth in importance for and performance of
professional competencies. The synthesis of the
participants’ experiences in developing importance
for professional competencies developed over their
lifetime, primarily prior to upper-division. This
helps support the high levels of importance for
professional competencies for both groups in their
pre- scores and no significant growth during their
upper-division program. The PBL participants’
experiences had the theme that the curriculum
reinforced the importance that had been established
in prior experiences.

In the growth of performance, qualitative study
participants could identify common themes for their
development. Overall the growth process was
described as a cyclical process of continuous
improvement. This is a direct reflection of the
cyclical professional competency development
cycle in the PBL model.

For the third sub-question, the synthesis of the
student experience develops an understanding of
how the PBL curriculum develops the professional
competencies of students. It is the primary focus of
the qualitative study. The common themes identi-
fied by the participants as their experience for
developing the ability to perform professional com-
petencies are:
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Reflective Process.

Self-Identifying Improvement Plan.

Cyclical—Continuous Improvement Process.

Positioning Oneself in Professional Performance

Expectations.

— Experienced a Cultural of Professional Expec-
tation.

— Comparison Process.

— Feedback on their performance.

Connecting this back to the IRE Professional Com-
petency Development Cycle, the reflective process is
a part of each stage and of the overall cycle. It is a
purposeful part of the cycle that each stage has a
reflective process as part of the curriculum. Self-
identifying an improvement plan is a process of
students identifying their growth areas for profes-
sional competencies. It is part of the development
cycle in the anticipatory and personal stage. It is
purposefully accomplished through the profes-
sional development plans, as well as through many
informal opportunities.

The cyclical nature of the curriculum was identi-
fied in the study as being a cyclical-continuous
improvement plan. It is a direct result of the
intended PBL curriculum design to provide students
with repeated exposure to developing the profes-
sional competency outcomes. Throughout these
experiences students identified different ways that
they experienced positioning themselves relative to
professional competency performance expecta-
tions. Their developing awareness of the expecta-
tions for professional competency performance was
supported by the expectations of the PBL curricu-
lum culture. It was developed as they went through a
comparison process of positioning themselves rela-
tive to the observed performance of other students,
faculty, and project clients. What was observed was
also reinforced by the feedback they received on
their performance through structured activities in
the program. Each of these themes is placed on the
IRE Professional Competency Development Cycle
in Figure 1.

The other category for answering the third sub-
questions is the PBL program curricular elements
that the participants identified as common themes
for developing their professional competency per-
formance ability. Students identified Industry Pro-
jects, Learning Activities, and the Program Culture,
with their associated sub-themes in Table 3, as the

Table 3. PBL Curricular Elements Identified

curricular elements that developed the learning
experiences they identified for developing their
professional competency performance.

These elements connect the student themes back
to the IRE Professional development cycle as they
form the base structure that the cycle is based upon.
The curricular elements not identified directly by the
participants are the Role and Value Acquisition and
the associated identity development process. How-
ever, their experiences can be directly mapped to the
cycle that is based on this element. A future
improvement in the IRE PBL curriculum is to
make this element more visible to students.

A critical reflection on these results includes
generalization of the results to project-based learn-
ing and the positions of the researchers. As men-
tioned earlier, the intent of the phenomenological
study is to develop the collective student self-experi-
ence of the PBL curriculum and as the student self-
conception is ever changing, and the program itself
changes, the collective student self-experience devel-
oped in this study is only for the moment and time
they experienced this PBL program. The researchers
have an invested interest in the program. This
creates strong familiarity for the program and the
student experiences, but also introduces potential
for bias. To reduce this, the lead researcher, who is
not directly involved with instruction and leader-
ship of the program, completed the phenomenolo-
gical reduction process.

The reflection on both of these sets the stage for
additional research work. The first is to have a
researcher, who is completely separate from the
work, repeat the interview process and phenomen-
ological study with another group of students from
the program. The second is to repeat this study with
another group of PBL students to develop an under-
standing of the essence of their professional compe-
tency development and compare it to the results of
this study. This would help to understand what is
unique to this program and what is common to
students in a project-based learning curriculum in
regards to the development of their professional
competencies.

6. Conclusions

The sub-question answers build the answer to the
overall primary research question, “In what ways
does the Project-Based Learning (PBL) Curriculum

Industry Projects Learning Activities

Program Culture

o Activities to Complete Projects
e Interaction with Project Client
e Working on Teams

o Workshops and Seminars
e Student Presentations
e Professional Development Assessment

e Program Expectations for Professionalism
e Feedback
e Supportive Environment
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Influence the Development of Professional Compe-
tencies?”” The ways that the PBL curriculum influ-
ences the development of professional competencies
begins with developing the students working defini-
tions of the professional competencies. PBL parti-
cipants are able to verbalize professional
competencies at a high level and clearly describe
their own professional development process. The
PBL curriculum does not develop the importance
for professional competencies, but it reinforces it
such that students maintain a high level of impor-
tance. The comparative non-PBL group showed a
decrease in their importance for individual profes-
sional competencies.

The PBL curriculum influences the development
of performance of professional competencies
through creating a cyclical process of exploration
and reflection that develops the student professional
identity and their ability to assess, thus increasing
their performance ability of professional competen-
cies. The curricular elements of team industry
projects, professional competency learning activ-
ities, and a culture expectation for professionalism
support this continuous improvement process over
the course of the students’ four semesters in the PBL
program.

The results for this study demonstrate the ability
of a PBL curriculum for developing professional
competencies, specifically the ability to perform,
when it is made to be an explicit and significant
component of the curriculum. The study confirms
that a PBL curriculum is a practice of promise for
developing student professional competencies. The
study identifies three curricular elements, which can
transcend all PBL programs, was part of developing
these student participants’ professional competen-
cies:

1. Projects (industry in this study) completed in a
team environment with facilitators and clients
that foster and reinforce the development of
professional competencies.

2. Program cultural expectations for professional
competency practice in all aspects of an engi-
neering program.

3. The importance in embracing the role of defin-
ing moments for students in the development of
professional competencies. The defining
moments are most effective when tied to genu-
ine engineering activities and participant-direc-
ted learning activities.

A practice for consideration, from the IRE PBL
curriculum, for incorporation in other curriculums
is the extensive learning activities that explicitly
define the professional expectations for students
and facilitates the student development of them. It
is important to recognize the value of spending

significant student and program time on these
activities. Key program learning activities are the
professional development plans, weekly profes-
sional seminars, extensive student presentation
with peer feedback, and the structured team
member peer feedback process.

A goal for this research was to inform engineering
education faculty and decision makers who are
intent on transforming their respective engineering
education systems through project-based learning
with the insights into the ways this PBL curriculum
influenced the student development of professional
competencies. Recognizing that many institutions
with engineering education are exploring the best
ways to develop the professional competencies, the
results of this study are aimed at informing numer-
ous decision makers at institutions with engineering
education programs. The results of this study indi-
cate that a project-based learning program, with an
explicit focus on student achievement of profes-
sional competency outcomes, does influence their
development of the desired professional competen-
cies.

Acknowledgements—This work was supported in part by a grant
from the National Science Foundation (DUE-1043821). All
opinions expressed are those of the authors and not necessarily
those of the National Science Foundation.

References

1. D. G. Beanland and R. Hadgraft, UNESCO Report: Engi-
neering Education, Melbourne, 2013.

2. D. Lemaitre, R. L. Prat, E. D. Graaff and L. Bot, Editorial:
Focusing on competence, European Journal of Engineering
Education, 31, 2006, pp. 45-53.

3. H. J. Passow, Which ABET competencies do engineering
graduates find most important in their work?, Journal of
Engineering Education, 101, 2012, pp. 95-118.

4. S. M. Katz, The entry-level engineer: Problems in transition
from student to professional, Journal of Engineering Educa-
tion, 82, 1993, pp. 171-174.

5. J. Walther and D. Radcliffe, The competence dilemma in
engineering education: Moving beyond simple graduate
attribute mapping, Australasian Journal of Engineering Edu-
cation, 13, 2007, pp. 41-51.

6. S. D. Sheppard, K. Macatangay, A. Colby and W. M.
Sullivan, Educating engineers: Designing for the future of
the field, vol. 2: Jossey-Bass, 2008.

7. E. Wenger, Communities of practice: Learning as a social
system, Systems thinker, 9, 1998, pp. 2-3.

8. R. Ulseth, J. Froyd, T. A. Litzinger, D. Ewert and B.
Johnson, A New Model of Project Based Learning, in
American Society of Engineering Education Annual Confer-
ence and Expo, Vancouver, B.C. Canada, 2011.

9. A. Cajander, M. Daniels and B. R. Von Konsky, Develop-
ment of professional competencies in engineering education,
in Frontiers in Education Conference (FIE), 2011, 2011, pp.
S1C-1-S1C-5.

10. J. Christensen and L. Henriksen, Engineering Science, Skills,
and Bildung. Aalborg University, Denmark. Published in A.
Kolmos (Ed.): Future Engineering Skills, Knowledge and
Identify, 2006.

11. J. Lucena, G. Downey, B. Jesiek and S. Elber, Competencies
Beyond Countries: The Re-Organization of Engineering
Education in the United States, Europe, and Latin America,
Journal of Engineering Education, 97, 2008, pp. 433-447.



Student Experience for the Development of Professional Competencies in a Project-Based Learning Curriculum

1047

20.

21.

22.

23.

24.

25.

. J. Heywood, Engineering education: Research and develop-
ment in curriculum and instruction: John Wiley and Sons,
2005.

. J. G. Gaffand J. L. Ratcliff, Handbook of the Undergraduate
Curriculum: A Comprehensive Guide to the Purposes, Struc-
tures, Practices, and Change. Jossey-Bass Higher and Adult
Education Series: ERIC, 1997.

. M. Mentkowski, G. Rogers, A. Doherty, G. Loacker, J. R.
Hart, W. Rickards, et al., Learning that lasts: Integrating
learning, development, and performance in college and beyond.:
Jossey-Bass, 2000.

. J.C.Harden, M. H Davis, M. Friedman, RM, AMEE Guide
No. 14: Outcome-based education: Part 5-From competency
to meta-competency: a model for the specification of learning
outcomes, Medical teacher, 21, 1999, pp. 546-552.

. H. Ibarra and R. Barbulescu, Identity as narrative: Preva-
lence, effectiveness, and consequences of narrative identity
work in macro work role transitions, Academy of Manage-
ment Review, 35, 2010, pp. 135-154.

. M. C. Loui, Ethics and the Development of Professional
Identities of Engineering Students, Journal of Engineering
Education, 94, 2005, pp. 383-390.

. A. Johri and B. M. Olds, Situated engineering learning:
Bridging engineering education research and the learning
sciences, Journal of Engineering Education, 100, 2011, pp.
151-185.

. F. Dehing, W. Jochems and L. Baartman, Development of

an engineering identity in the engineering curriculum in

Dutch higher education: An exploratory study from the

teaching staff perspective, European Journal of Engineering

Education, 38, 2013, pp. 1-10.

J. Geurts and F. Meijers, Beroepsvorming als richtsnoer voor

herontwerp HTNO, Opleiding en Ontwikkeling: Tijdschrift

voor Human Resource Development, vol. 2004, 2004.

W. M. Sullivan, Vocation: where liberal and professional

educations meet, Paper at The fourth annual conversation on

the liberal arts, 2004.

R. Stevens, K. O’Connor, L. Garrison, A. Jocuns and D. M.

Amos, Becoming an engineer: Toward a three dimensional

view of engineering learning, Journal of Engineering Educa-

tion, 97, 2008, pp. 355-368.

O. Pierrakos, T. K. Beam, J. Constantz, A. Johri and R.

Anderson, On the development of a professional identity:

Engineering persisters vs engineering switchers, in Frontiers

in Education Conference, 2009. FIE'09. 39th IEEE, 2009, pp.

1-6.

W.-M. Roth, K. Tobin, R. Elmesky, C. Carambo, Y.-M.

McKnight and J. Beers, Re/making identities in the praxis of

urban schooling: A cultural historical perspective, Mind,

culture, and activity, 11, 2004, pp. 48—-69.

K. Illeris, The three dimensions og learning: Roskilde Uni-

versitet, 2002.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

M. Eliot and J. Turns, Constructing Professional Portfolios:
Sense-Making and Professional Identity Development for
Engineering Undergraduates, Journal of Engineering Educa-
tion, 100, 2011, pp. 630-654.

R. Thornton and P. M. Nardi, The dynamics of role
acquisition, American Journal of Sociology, 1975, pp. 870—
885.

R. M. Felder and R. Brent, Designing and teaching courses
to satisfy the ABET engineering criteria, Journal of Engineer-
ing Education—Washington, 92, 2003, pp. 7-26.

X.-Y. Du, Gendered practices of constructing an engineering
identity in a problem-based learning environment, European
Journal of Engineering Education, 31, 2006, pp. 35-42.

T. Litzinger, L. R. Lattuca, R. Hadgraft and W. Newstetter,
Engineering education and the development of expertise,
Journal of Engineering Education—Washington, 100, 2011,
p. 123.

D. Schon, Educating the reflective practitioner, San Fran-
cisco: Jossey Bass, 1987.

J. A. Moon, A handbook of reflective and experiential learn-
ing: Theory and practice: Psychology Press, 2004.

H. Ibarra, Provisional selves: Experimenting with image and
identity in professional adaptation, Administrative Science
Quarterly, 44, 1999, pp. 764-791.

J. E. Marcia, Development and validation of ego-identity
status, Journal of Personality and Social Psychology, 3, 1966,
p. 551.

J. Cowan, On Becoming An Innovative University Teacher:
Reflection In Action: Reflection in Action, McGraw-Hill
Education (UK), 2006.

B. Johnson, Study of Professional Competency Development
in a Project Based Learning (PBL) Curriculum ( Unpublished
doctoral thesis), University of Aalborg, Aalborg, Denmark,
2016.

H. Starks and S. B. Trinidad, Choose your method: A
comparison of phenomenology, discourse analysis, and
grounded theory, Qualitative health research, 17, 2007, pp.
1372-1380.

S. B. Merriam, Qualitative research: A guide to design and
implementation: Revised and expanded from qualitative
research and case study applications in education, San
Franscisco: Jossey-Bass, 2009.

C. Moustakas, Phenomenological research methods, Sage
Publications, 1994.

S. Kvale and S. Brinkmann, Interviews: Learning the craft of
qualitative research interviewing, Sage, 2009.

J. W. Creswell, Research design: Qualitative, quantitative, and
mixed methods approaches, Sage publications, 2013.

R. H. Hycner, Some guidelines for the phenomenological
analysis of interview data, Human Studies, 8, 1985, pp. 279—
303.

Bart Johnson is the Provost of Itasca Community College. Prior to his administrative appointments, he taught primarily
lower-division mechanics-based engineering courses from 2004 to 2013. During the past 10 years, he has been active in
engineering education research through development and evaluation in the following areas: learning communities,
professional competencies, self-directed learning, engineering design, and project-based learning, He has a B.S. in
Mechanical Engineering from North Dakota State University, a M.S. in Mechanical Engineering from the University
of Michigan, Ann Arbor, and in the final stages of earning his Ph.D. in Project-Based Learning from Aalborg University.
His industry experiences include engineering positions at Whirlpool Corporation and John Deere.

Ronald R. Ulseth is the director of the Iron Range Engineering program. He teaches engineering design, professionalism,
thermodynamics, fluid mechanics, statics, dynamics and physics in IRE’s upper and lower division programs. Ulseth has
been teaching engineering since 1989. He has a B.S. in Civil Engineering from the University of North Dakota, a M.S. in
Mechanical Engineering from the University of Central Florida, and he is in the final stages of earning his Ph.D. in Project-
Based Learning from Aalborg University.



