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Abstract

Portfolios are valuable tools for educators and have been used in higher education to
support knowledge construction, assessment, professional development, and student identity
development. In recent years, engineering students have begun to generate personal portfolios to
support their applications to jobs and graduate programs. However, portfolios have not been
widely adopted for pedagogical purposes in mechanical engineering education. To understand
the impact of portfolios on mechanical engineering students and the barriers to implementation
for faculty, I co-designed and implemented a portfolio development course for second-year
mechanical engineering students. The work presented in this dissertation includes the course
design and implementation as well as three studies of student and faculty participants. The first
study explored a marginalized student’s experience of creating a portfolio through a novel
participatory research methodology. The second study aimed to understand student experiences
with agency and educational ownership in the portfolio creation process through interviews with
students who participated in the course. The third study examined faculty perceptions of the
value and feasibility of incorporating portfolios into their courses and the mechanical
engineering program at large through interviews with instructors of second-year courses. The
findings of all three studies indicated portfolios can serve as valuable tools in undergraduate
mechanical engineering classrooms for both faculty and students. These findings have
implications for the design of portfolio programs and the use of portfolios in undergraduate

mechanical engineering courses.
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Design, Enactment, and Analysis of a Portfolio Development Experience in a Mechanical
Engineering Undergraduate Program

Chapter 1: Introduction

Early on in my doctoral program, I became interested in understanding what types of
learning experiences led to engineering students developing a deep conceptual understanding in
addition to procedural knowledge. What exactly was this intangible “deep conceptual
understanding,” [ wasn’t sure. [ knew it was something I had experienced at times in my
engineering education where I felt I had a deep enough understanding that I was confident in and
could explain in detail to others even years in the future. I knew that while I had regularly
developed competency in the procedural aspects of my coursework, the conceptual
underpinnings were not always as clear to me as [ would have liked. Frankly, I wanted to
understand why this had been my experience.

To better understand the current state of students’ conceptual knowledge, I ran pilot
studies using concept inventories across multiple sub-disciplines within mechanical engineering.
It was in these research experiences that I quickly realized that inserting myself as a researcher
into a classroom for a 45-minute concept test with no prior engagement was insufficient not only
to understand what was happening but also to engage with the local community to re-think how
and what students were learning. It was at this point that I dove more deeply into the literature to
better understand the mechanisms behind the phenomena I was trying to observe and foster in
my work. I found that my initial interest in “deep conceptual understanding” was perfectly
articulated in Hatano and Inagaki’s (1984) two courses of expertise framework, which Dr. Brian
Gravel shared with me. In this framework, they described adaptive expertise as having both
procedural and conceptual knowledge and being able to apply both forms of knowledge to new

situations. Whereas, they described routine expertise as having exceptional procedural skills to



execute a task they have done many times before, but lacked the ability to apply this expertise to
new situations. I thought, “aha! I’ve found my definition of what I hoped to understand.” Then
quickly realized this definition did not in itself illuminate a final solution. Hatano and Inagaki
(1984) suggested some mechanisms for promoting the development of adaptive expertise, such
as encouraging experimentation and “asking why” (1984, p. 35). However, I knew there had to
be more, and I once again turned to my own experiences in undergraduate engineering education.

I asked myself, “what were the instances in which you felt you developed this adaptive
expertise?” For me the answer was clear, I felt I had adaptive expertise in the areas in which I
had physically or even digitally constructed an artifact and these experiences were particularly
impactful when I was given ownership over what I had to create and how I would create it. My
advisor quickly pointed out that what I was describing was nearly identical to Papert and Harel’s
theory of constructionism (1991). My key takeaway from their work was that providing students
the opportunity to construct an artifact that was public in nature and had personal significance to
them enhances learning (Papert & Harel, 1991). I thought, “this is it, I’ve found my answer!”
Then the reality of implementation hit. Faculty were overall very supportive of incorporating
projects into their courses, but the number of students paired with an already full curriculum
made this a unique challenge. I turned to the question of “what could I do to help students
engage more meaningfully with their existing experiences and also incentivize faculty to
incorporate projects into their courses?” It is this question that brought me to my most recent
area of inquiry that forms the basis of this dissertation, portfolios.

Portfolios provide a unique mechanism that can support knowledge construction,
assessment, professional development, and student identity development in a single tool. Despite

the wide range of opportunities for use, ePortfolios have not been consistently taken up as a



widespread assessment tool in undergraduate engineering education. Institutional structures
within academia often act with unintended purpose to discourage and disincentivize pedagogical
change (Tagg, 2012), which could be a contributing factor in the lack of widespread adoption.
However, more work must be done to understand the impact of portfolios on undergraduate
engineering and the barriers that impact adoption.

In the chapters that follow, I will detail the portfolio course design and the results of three
studies related to the course offering. Chapter 2, titled Course Development, provides an
overview of the portfolio course including the curriculum and samples of student work. Chapter
3, titled “Part of the Process Was Also Like Dismantling the Way I Saw Engineering”: An
Exploration of Leslie’s Experience with Portfolios, focuses on the first study, a single student
collaborative case study that reveals the challenging and important experiences of the portfolio
development process for a student with a historically marginalized identity. Chapter 4, titled
Student Agency and Educational Ownership, presents a phenomenographical study exploring
how students experience agency and educational ownership in the portfolio course. Chapter 5,
titled Faculty Perceptions of the Value and Feasibility of Portfolio Adoption, 1s a case study of
multiple faculty who teach second-year mechanical engineering courses. It uncovers faculty
perceptions and motivations of the use of portfolios in their courses and in the program at large.
Chapter 6 summarizes the conclusions and implications of these three studies and how they can

be used to inform future pedagogies and educational interventions.
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Chapter 2: Course Development
2.1 What Is a Portfolio?

Portfolios, used interchangeably in this dissertation with ePortfolios, can be a powerful
tool to use in this way and are considered a high-impact practice in higher education (American
Association of Colleges & Universities, 2022). Portfolios have long been used in art and
architecture programs to house and showcase an individual’s body of work over the course of an
academic program and/or career. Historically, these portfolios may be physical or digital and are
themselves the final work product, often representing a student’s or even professional’s “best
work” (Knapper, 1995). However, the use of portfolios continues to shift and they are now being
used by many academic disciplines as a tool for not only displaying artifacts, but as a tool for
documenting and promoting learning. In these cases, the artifact presented may not be the final
product of the work, but the portfolio itself may be the final product.

As the use of portfolios as learning tools has evolved, a wide variety of portfolio
structures have emerged. Some portfolios are heavily scaffolded with prompts and tasks pre-
determined by the instructor (e.g., Gunay & Ogan-Bekiroglu, 2014), while others, like the
examples from this course (Section 2.2.2.5), are completely open ended. While a highly
scaffolded portfolio is often designed to serve the needs of an individual course or faculty
member, an open-ended portfolio can offer use to fulfill multiple goals. In recent years, open-
ended electronic portfolios have grown in popularity among engineering students, who use them
to showcase their engineering work to prospective employers. With all of these purposes and
goals in mind, it is important to define what a portfolio is in the context of this dissertation. I
offer the broad definition that a portfolio is “a compilation of artifacts selected, documented, and

reflected on by a student to represent their learning and competencies as engineers.” With this



definition in mind, the following sections will explore the existing literature on portfolios and

then detail the design of a portfolio development course.

2.2 Portfolio Literature Review

There has been significant research done on the value of using ePortfolios in academic
programs across numerous disciplines (Penny Light et al., 2012), but less work has been done
within engineering, specifically. However, the research that has been done in engineering
education has shown that ePortfolios can serve as a valuable epistemic tool (Eris, 2006; Turns et
al., 2010), support for professional identity development (Eliot & Turns, 2011), and a mechanism
for learning outcome assessment (Williams, 2002).

The challenge with ePortfolio implementation in an academic course is the tension
between the multiple functions an ePortfolio can serve and in turn, the type of information that
they include. Three common functions of ePortfolios are: (1) used for professional development
and career opportunities, (2) used as a form of summative assessment, (3) used as reflective tool
to document and support learning, which could also be formative assessment (Barrett, 2007).
Interest in these three functions varies depending on an individual’s perspective; students may be
more invested in ePortfolios for professional development to aid them in securing a job in the
future, while faculty may find more value in ePortfolios that enhance their courses by focusing
on assessment and reflection to support learning. Striking a balance between all three functions
proves even more challenging when integrating ePortfolios across multiple courses or an entire
academic program, especially in engineering, a domain so reliant on traditional test-based
assessment. In this work, I will use the phrase multi-functional portfolios to describe ePortfolios

that serve all three functions described above.



Pre-service teacher education provides some clues about the potential for a cross-course
portfolio that performs these multiple functions. In this discipline, pre-service teachers reflect on
their teaching practices and disciplinary content in portfolios as part of the licensure process.
While this discipline still sees multiple isolated functions for portfolios, those portfolios for the
purpose of certification appear to act in a way that touches upon all three of the multiple
functions I am exploring in this work (Zeichner & Wray, 2001). In engineering education, efforts
to achieve something similar have either not been widely adopted or have stopped short of fully
embracing all three functions of professional development, assessment and reflection.

Eliot and Turns (2011) examined cross-course professionally-oriented engineering
ePortfolios in their work. They found that these ePortfolios not only supported students’
understanding of what employers are looking for but also supported their own individual
professional development as engineers. However, their work placed emphasis on student identity
development; it did not shed light on whether portfolios also supported the type of disciplinary
content mastery needed for academic assessment.

Williams (2002) , on the other hand, detailed how portfolios can be used as a means to
assess and track student learning outcomes for ABET accreditation. She offered five principles
of portfolio development, using an engineering communication course as an example:

e “Defining engineering communication (or any other learning objective).

e Identifying appropriate skills and mapping them in the curriculum where they are

currently (or should be) developed.

e Correlating portfolio learning objectives to course and program objectives.

e Facilitating opportunities for students to reflect on their learning.



e Assessing student learning so that students, faculty, and programs can benefit and
improve.” (p. 202)

Williams presented anecdotes that suggested the efficacy of these principles in practice,
but a systematic inquiry is also needed. As such, my work builds on these principles by putting
them into practice in an environment that attends to the assessment of multiple ABET student
learning outcomes across multiple different courses.

Further extending the development of ePortfolios as tools in the engineering classroom,
Turns et al. (2010) provided a foundation for understanding the ways in which engineering
students engage with ePortfolios as tools for reflection. Using a phenomenographic approach,
these researchers interviewed thirteen engineering students, all of whom had taken the same
engineering course that required a portfolio assignment as part of the course. The results in the
categories of context, effort, and value of students’ experiences guided my implementation
efforts, but their results related to students experiencing ePortfolios as epistemically different
from other mechanisms of learning and assessment are of particular relevance to my research.
Their findings indicated that students found ePortfolios to be epistemically different in the
following ways: (1) externalized knowing — making knowledge visible to others, leading to
greater awareness of what they know and don’t know; (2) integrated knowing — making
connections among knowledge within the course and between those in the course and those in
the greater engineering discipline; (3) subjective knowing — personalization of knowledge
through connections with feelings, interests, and motivation. These findings lend themselves to
further study using a more robust portfolio curriculum with multiple project reflections of both

past and present projects.



Kilgore et al. (2013) took up this call for a focus on reflection in a more robust
curriculum. They created a one-credit seminar course on portfolios and interviewed 11 students
who were enrolled in the course. Of these 11, all were one of the following engineering majors
offered at the institution under study: aeronautics and astronautics, computer science, electrical
engineering, human centered design and engineering, and material science and engineering. Of
note is that none of these participants were mechanical engineering majors, which is a gap |
aimed to address in my work. Mechanical engineering has an emphasis on three-dimensional
modeling and construction that produces artifacts well suited for a portfolio, which makes
mechanical engineering an ideal major to study. Kilgore et al. (2013) found themes of growing
realization of value, growing awareness of engineering preparation, growing awareness of
needing experiences, recognition of continuity, and reason for discontinuity emerged from
student narratives. While these findings alone are support the integration of portfolios in
engineering education, perhaps their most important conclusion was that the reflection students
engaged in allowed students to tie together previously unrelated experiences into a consistent and
coherent educational narrative. My research builds directly on Kilgore et al.’s (2013) work by
developing a course with these conclusions in mind and furthering the exploration of these

experiences to include mechanical engineering students.

2.3 Developing a Portfolio Course

My doctoral advisor and I set out in the spring of 2021 to offer a new course on electronic
portfolio development with the pedagogical goal of supporting students in developing their own
electronic portfolios and the research goal of better understanding how portfolios could be used

within a mechanical engineering undergraduate academic program. The course was offered to



second-year mechanical engineering students as a fully optional, one credit hour, pass/fail course
that did not fulfill any core degree requirements and could only be used as a free elective towards
the total credits needed for the degree. The structure of the course allowed us to attempt to
incorporate all three purposes of a multifunctional portfolio while eliminating some of the
systemic barriers that would make this difficult in a required course, such as content
requirements, grades, and time limitations. The optional nature of the course allowed us to pilot
new pedagogical approaches without altering the content covered in core required courses. The
pass/fail grading allowed us to grade on a complete or incomplete basis, which focused the
formative assessment aspect of the portfolio on feedback rather than grades. Though perhaps we
did not fully realize this at the outset, this grading scheme not only provided us flexibility as
instructors but also provided students with additional freedom to explore. Finally, the one-credit
nature of the course meant we met as a class only once per week for 75 minutes, and students
were expected to spend one to two hours outside of class each week working on assignments and
their portfolio. This worked well for student schedules and allowed us to offer more in-depth
exploration of portfolios than would have been possible in a required course with other

disciplinary content.

2.3.1 Course Content

The content of the course was developed based on anticipated student interests (e.g.,
career development) as well as what we found to be key takeaways from the prior literature on
engineering portfolios (e.g., the importance of having students identify expertise). Students were

offered the following description for the course prior to enrolling:
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Description: Career-oriented electronic portfolio development for sophomore-level
mechanical engineers. Overview of various graphical user interface (GUI) based portfolio
platforms, HyperText Markup Language (HTML), and Cascading Style Sheets (CSS)
languages. Applications of dynamic content and media in multiple formats (gif, jpeg,
etc.). Learning reflections. Peer reviews and feedback. Ethics and social justice
discussions.

At the start of the semester, students were provided with the following list of learning

objectives for the course.

Learning Objectives:

By the end of the semester, students will be able to:

1.

Make and iterate on an online portfolio showing artifacts that demonstrate a range of
professional competencies

Show basic proficiency with GUI-based platforms and HTML and CSS languages for
portfolio creations

Integrate multiple media, including dynamic content (photos, gifs, videos, text)
Articulate the concepts, skills, and attitudes needed to be a competent mechanical
engineer

Articulate the difference between concepts, skills, and attitudes in terms of mechanical
engineering competence and expertise

Engage in self-critique and generate goals for improved work on future projects
Engage in constructive critique of others’ work

Develop leadership skills to critique while also being collaborative and inclusive
Come to view the giving and taking of critique as an element of teamwork

Value and incorporate critiques provided by peers, faculty, and industry professionals
Communicate complex engineering endeavors to a diverse audience

Identify nuanced ethical aspects of engineering practice, including the ways in which
engineering practice can contribute to or hinder social justice

2.3.1.1 Weekly Lesson Plans

Though a full second iteration of research and course offering has not yet been done, the

weekly lesson plans were developed in a design-based research style (Collins, 1990) with
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frequent changes and re-direction based on what we observed in the classroom and in course
assignments. My advisor and I met weekly to de-brief the previous session and plan the lesson
for the following week. While we did have a rough idea of when we would cover each topic,
these moved and shifted as the course progressed. Our final topic and homework schedule are

listed below.

Table 2.1

Weekly Topic and Assignment Schedule

Week Class Topic Homework Due Next Class

1 Why create a portfolio? Opening reflection about your “story” - your

Review portfolio examples approach to learning and doing engineering

Intro to participatory research

2 User interface design Finish draft entries with both GUI and HTML
HTML and CSS using WordPress approaches
Gifs

3 Guest presents Wix Inventory of ABET and Tufts Career Center
Sharing lessons learned from making competencies
draft entries
ABET, Tufts Career Center &
Design Justice competencies

4 Guest presents Weebly Review and reflect on set of example
Competency captions portfolios
Skillprints

5 Guest presents Webflow Conceptual design of portfolio (organization

+ content)

Collective development of portfolio
feedback rubric

Participatory research check-in

12



Week Class Topic Homework Due Next Class

6 Guest presents SquareSpace Decision matrix to compare platforms (all
those covered plus one additional that you

Peer review of designs
& explore on your own such as Canvas, Bulb,

etc.)
7 Work on portfolio draft Working on portfolio draft
8 Stakeholder analysis Working on portfolio draft
9 Work on portfolio draft Review peers’ portfolio drafts

User interface testing and review

10 Giving effective feedback — noticing  Iterate on portfolio

and wondering Connect with alum for one-on-one portfolio

Peer review discussions using written conversation — have alum navigate
comments

Prep for faculty and alumni
conversations
11 Faculty feedback session Iterate on portfolio
12 Sharing lessons learned from faculty  Iterate on portfolio
and alumni feedback
Small group discussion on portfolios
for assessment
13 Conclude discussion on portfolios for Next version of portfolio due during finals
assessment

Class reflection

2.3.1.2 Weekly Journal Prompts

In addition to in-class activities, discussion and homework, students were also asked to complete
a 5-minute journal prompt at the end of most classes. These prompts were structured to help
students reflect on what they had learned in class and through discussions with their peers, as

well as provide students the opportunity to give feedback to the instructors on the course.
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Table 2.2

Five Minute Journal Prompt Descriptions

Week

5 Minute Journal Prompt

1
2
3

Combined with homework 1, reflection of engineering journey (Appendix A)
None

Please take just 5 minutes to jot down what comes to mind in response to this
question:

e During your small group discussion about whether or not the ABET 1-7
criteria are sufficient, what stood out to you as interesting, surprising,
problematic, and/or in need of further thought?

Submit your major categories or topic areas you might want to include in your
skillprint along with a brief description as to why you chose those categories to
represent you.

This week, we'd like you to give us some feedback on how the class is going so
far. Please respond to the following questions:

e What activities, tasks, resources, or ideas have been productive for you?
How so?

e What aspects of the course are working well for you so far?

e Anything not working so well?

What input did you get from your peers on your portfolio plan?
(Optional) Take 5 minutes over the next week to answer the following question:

e What are you finding most challenging about building your new
portfolio?

Answer these two prompts:

e What are you finding most challenging about building your new
portfolio?

e Looking ahead what are your goals to have accomplished by each
upcoming session?

What did you learn from the user testing experience and what changes do you

plan to make to your portfolio based on this experience?
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Week 5 Minute Journal Prompt

10 What did you learn from the peer feedback experience and what changes do

you plan to make to your portfolio based on this experience?

What questions do you plan to ask the faculty?
11 Collect notes taken by your partner(s) during faculty conversations and include
them in your submission. Then, answer the following questions:

e What were the key takeaways from your conversations with faculty, and
what changes do you plan to make to your portfolio based on these
conversations?

e Do you have any questions or wonderings from the conversations?

e What was it like to consult with faculty about something that was not
related to a course or grade?

e How did this experience align or not align with your expectations?

12 Do you think the same portfolio can be used as a tool for assessment in courses
AND as a tool for career development/job searches? Why or why not?
13 Complete the semester reflection individually and then discuss the small group

discussion prompt. (Appendix B)

2.3.2 Samples of Student Work
2.3.2.1 Competency Caption Assignment
To help students acknowledge and articulate clearly the skills and knowledge they were choosing
to showcase in their entries, we tasked students with writing descriptions of engineering work
that we called competency captions. We described competency captions as:

The text that accompanies any portfolio entry should communicate the skills and

concepts the author has learned, improved or mastered over the course of the project, in
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addition to describing the key details of the project. In this exercise, we’re going to create
something we’re calling “competency captions.”
Students were then tasked with producing competency captions for both their own work in class
as well as for a sample portfolio for homework. Examples of these captions are:
“Utilized CAD tools like extrusion as well as a blueprint to recreate an accurate model of
a support base in Solidworks.”
“Designed a deformable coil spring and used Matlab to analyze the force deflection
characteristics with a calibrated loadcell.”
“Applied CAD skills using SolidWorks FEA capabilities to analyze load-dependent
stress-strain of product.”
“Designed a laptop stand with CAD in SolidWorks, and created a report that outlined the
engineering decisions.”
“Applied understanding of various metalworking processes to calculate and suggest

possible manufacturing approaches”

2.3.2.2 Portfolio Feedback Rubric

Once students were familiar with the portfolio as a platform, we asked them to think
about how they might want to give feedback to their peers. Students generated a list of specific
characteristics that they believed were important to have in a portfolio. As a group, we organized
these characteristics into categories on a Jamboard. The results of this activity are presented in

Figure 2.1.
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Figure 2.1

Jamboard of Portfolio Feedback Rubric

Unique Site
Personality

what main
What are
rpose does Do the
. . . PUI’pOSe/ i - p:aeeuslm\r they
content  fatwnat e tryingto
)it oy * say/show?
Ar: their skills what is this
an Are different kinds portfolio Is the content
i eme=| ayingtm e
easily a7 isit - ing?
recognizable? too broad?

2.3.2.3 End of Semester Reflection

Flow/ :
Organization

Text

In the final class session, we asked students to reflect on their experience in the course. Students
were asked to respond to the prompt: What will you remember from this course in 10 years?
They did so on an anonymous but shared Jamboard. Several things are noteworthy about their
responses: they commented on the need to document their work early on and while they were
working on projects, they noted an emphasis on learning how to present themselves with limited
text and context, and one student highlighted their realization of “what it means to be an engineer

versus a good engineer.”
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Figure 2.2

Jamboard of End of Semester Reflection

Don't forget to
step back and
document
what you're
doing for the
future

Honestly just how
useful having a
portfolio is. Before
taking this course, |
didn't really
understand how
important it is to
have one as
engineers

advice from
alumni and
faculty

Skillprints!

How someone
might view me as a
person based off of
a few pagesona
website

assignments
for class can
be useful
outside of that
class!

It's important
to present
yourself as a
person, not
just an
engineer

The importance of
taking notes and
pictures of what you
do. Even if it is not
to show your work,
but also to look
back on what you
did

teachers who
cared about
my learning
and
development
as an engineer

employers have very
little time to look at
all of your work in
detail - highlight the
stuff you care about
the most/are
passionate about

competency
captions/consolidatin
g information with
portfolios becoming
so important

What it means to be
an engineer versus
a good engineer
(ABET discussion of
ethics)

2.3.2.4 Course Activity Feedback

the importance of
documenting your
work and the skills
learned not just
completing a task

importance of
how you
portray
yourself
professionally

Web
design
skills

The concept of
highlighting skills in
a marketable way to
future employers,
not just technical
skills, but group
work and problem
solving

meeting with
faculty members for
advice on portfolios.
I'll remember to
take nicer pictures
of my work too

It is much better to
start a portfolio at
the beginning of a
career (academic or
professional) rather
than at the end

finding ways to
present your
technical skills
without erasing the
person underneath

How to
tell a story
through
projects

Keep records and
pictures/videos of
projects because
the things you think
you'll remember you
inevitably won't

As the final journal prompt of the semester, students were asked to provide feedback on all of the

in class and homework assignments completed throughout the semester. We asked students

whether each activity was productive for creating their portfolio and/or productive in other ways.

We also asked them if the course was offered again, would they keep each activity in the

curriculum. Of the nineteen students who completed the course, all submitted the assignment, but

one student uploaded a blank form. Table 2.3 lists the percentages of responses out of the

eighteen completed submissions rather than the nineteen students in the course. One student did

not complete this assignment.
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Table 2.3

Student Perceptions of Course Activities

If you were re-designing a 6-week version of this
course for next year’s ME sophomore’s, which
activities would you prioritize keeping?

Place an X for each
activity that was

productive ...
for your for you in On the
¥ . 4 Would fence Would not | No
portfolio other
. keep about keep response
creation ways .
keeping
Initial reactions to sample 949% 339% 94% 6% 0% 0%

design portfolios (Wk 1)

Guest speaker from industry
sharing his perspective on 67% 67% 83% 17% 0% 0%
portfolios (Wk 1)

User Interface (Ul) principles

overview and examples on 83% 33% 61% 33% 6% 0%
the web (Wk 2)

Making GIFs (Wk 2) 22% 44% 28% 33% 39% 0%
Mini-lecture on HTML and

CSS hacking in WordPress 44% 50% 44% 56% 0% 0%
(Wk 2)

WordPress entry with ME 10

0, 0, 0, 0, 0, 0,
artifact (Wk 2) 72% 11% 50% 33% 17% 0%

Small group discussion on
sufficiency of ABET student 22% 89% 67% 28% 6% 0%
outcomes criteria (Wk 4)

Competencies inventory
with ABET, Design Justice,
and Career Center lists (Wk
4)

22% 72% 50% 39% 6% 6%

Competency captions for
artifacts from ME 10 and ME 94% 28% 83% 17% 0% 0%
20 (Wk 4)

Competency captions for
other students’ portfolio 83% 33% 50% 50% 0% 0%
entries (Wk 4)

Review example “Skillprints” 50% 44% 50% 22% 22% 6%
and discuss (Wk 4)

Collaboratively create
portfolio feedback 89% 22% 89% 11% 0% 0%
questions/categories (Wk 5)

Draft layout of portfolio and

3 rounds of peer advice (Wk 100% 17% 100% 0% 0% 0%
6)
Decision matrix on portfolio 0 o o 0 o o
platforms (Wk 6) 67% 6% 56% 28% 17% 0%
NSPE Code of Ethics o o o o o o
discussion (Wk 8) 33% 83% 61% 28% 6% 6%
“Think aloud” i

ink aloud” user testing 89% 28% 839% 11% 6% 0%

with peer (Wk 9)
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Place an X for each If you were re-designing a 6-week version of this
activity that was course for next year’s ME sophomore’s, which
pro duZtive activities would you prioritize keeping?
. On the
fc;rr}c/fc:)llji:) ZC;LZSU n Would fence Would not | No
Ereation wavs keep about keep response
i keeping
Stakeholder analysis for
Lii’ith°i’:nc:::tcr’]rei’:vz':: stand, 11% 67% 39% 56% 6% 0%
concept map and
cpss\r/;f:adt::’j:wk"‘igt)'”g and | 100% 33% 89% 11% 0% 0%
Faculty
feedback/consultation 100% 44% 100% 0% 0% 0%
session (Wk 11)
Alumni
feedback/consultation 83% 56% 89% 11% 0% 0%
session (Wk 12)
Career center visit (Wk 12) 44% 83% 89% 11% 0% 0%
“Portfolios as assessment” 44% 67% 67% 33% 0% 0%
design challenge (Wk 12) ? ’ ? ° ? °
5-minute refleFtlon/Journal 78% 67% 839% 17% 0% 0%
prompts (multiple weeks)
Visitors demonstrating
different portfolio platforms:
Wix, Weebly, Webflow, 100% 44% 100% 0% 0% 0%
SquareSpace (multiple
weeks)

There were two activities that all students found productive for their portfolio creation
and that they would all keep next year, which were the faculty feedback session in week eleven
and the visitors demonstrating different portfolio platforms in weeks three through six. Activities
that sixteen or more students found productive for creating their portfolios were initial reactions
to sample portfolios, generating competency captions for their own projects, collaboratively
developing the portfolio feedback rubric, draft layouts and three rounds of peer feedback on
these drafts, think aloud user testing, and peer feedback in writing and conversation. Consistent
themes among these productive activities are collaboration and consultation with peers, faculty
and visitors, viewing examples of completed portfolios, and generating content that could be

used directly in their portfolios.
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Also of note is the student feedback about the small group discussions on the sufficiency
of ABET student outcomes for characterizing what the basic competencies are for engineers.
Sixteen out of eighteen students found this to be productive for them in ways other than
developing their portfolios. Despite only four students finding this activity productive for
creating their portfolio, only one student advocated for removing the activity from the course. A
similar trend can be observed for the National Society of Professional Engineers (NSPE) code of
ethics (National Society of Professional Engineers, 2019) discussion activity, in which fifteen
students found it productive in ways other than portfolio creation and only six students found it
productive for creating their portfolios. However, once again, only one student advocated for
removing this activity from the course. The feedback on the small group discussions on the
sufficiency of ABET student outcomes and the NSPE code of ethics discussion indicated the
students valued activities that were productive in ways other than for directly creating their
portfolios. A possible conclusion from this feedback was that this course supported student

development beyond the content needed for the portfolios.

2.3.2.5 Final Portfolio Samples

As evidenced by the course materials, students were not required to format their
portfolios in any particular way. We provided students with activities and samples to help guide
their development processes, but in the end, the content and how it was displayed was solely at
their discretion. As a result, the final portfolios showed solution diversity with primary evidence
of diversity of product, but diversity of process is also likely to have occurred given the open
structure of the course (Willner-Giwerc et al., 2020). Evidence of diversity of product can be

seen in the screenshots of student portfolios presented in Figures 2.3-2.7. Students chose to
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include a variety of projects in their portfolios including both personal projects (Figure 2.3) and
class projects (Figures 2.4-2.7). Within the course projects, there was variety in what students
chose to showcase. Figures 2.4 and 2.5 document the same project in the same course, but two
different students’ interpretations of it. The page organizations varied significantly as did the
content. These portfolio depictions also show that students exercised their agency in choosing
what they included and that the content covered in the course did not serve as a requirement. The
competency captions assignment is an example of this (Section 2.3.2.1). All students produced
competency captions for their portfolios, but only one student (Figure 2.6) applied these captions

in their final portfolio.
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Figure 2.3

Hovercraft - Personal Project Entry

Hovercraft

Background

My friend and fellow mechanical engineer

and I decided pursue a new project. We chose to design and build
a drone powered hovercraft. We inspired our design based on the
common 'Tiny Whoover' hovercraft. Tiny Whoover hovercrafts
are propelled using a 'Tiny Whoop' drone, which is a small drone
that is easily maneuverable.

We set out to create a hovercraft with a modified design of the
'"Tiny Whoover'. Tiny Whoovers require for the drone to be
permanently modified, so the two back propellers can be used to
directly create thrust. However, we only had one Tiny Whoop,
and wanted to still be intact so it could be used for other Final design with they Tiny Whoop attached
purposes.

Process

To avoid disassembling the Tiny Whoop, we create a design
which captured the downward thrust of the drone and converted
horizontal thrust. This was accomplished by creating exhaust
like tubes that pointed out of the back. Our first prototype was
successful at converting the thrust, but was too heavy and not
aerodynamic enough.

With our next two prototypes, we were able to successfully
propel the drone forward. However, we needed to calibrate the
differential thrust in the drone to be able to turn the hovercraft.
The differential thrust comes from slight shifting of the back
propellers.

The three different design iterations

Note. This figure shows an example of a student including a personal project in their portfolio. A

black box was added in the text to de-identify the image.
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Figure 2.4

Reaction Forces of a Truss — Class Project Entry

Reaction Forces of a Truss

Mechanics I | Fall 2020

In this analysis, | designed a statically
determinate truss, computed the expected
reaction forces at the support, and used an
Arduino and loadcell to measure and plot the
reaction loads for a series of applied loads.

| considered the number of joints, bars,
and support reaction forces to confirm
that my design was statically determinate
before building the truss and measuring
the reaction forces of varying loads.

Applied Load vs Reaction Force
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Note. This figure shows an example of a student including a class project in their portfolio from a

mechanics course taken in the fall of their second year.
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Figure 2.5

Truss & Spring Load Cell Projects — Class Project Entry

Truss &
Spring Load
Cell Projects

Skills: Arduino, Matlab, Truss
Calculations

Loadcell Calibration

Over the course of a series of labs, |
was able to not only calibrate a load
cell, but use it for several projects
that demonstrate important statics
concepts. To convert the initial
arbitrary units into Newtons several
coins were balanced several coins
on top of the load cell. Through
both MatlLab code and hand

SRl calculations, | was able to
successfully calibrate the load cell.
Error was also calculated.

]
<—Loadcell Output

W m m X
Actual Force (N)

Truss Analysis

In a following lab, | was tasked
with designing and building a
statically determinate truss
structure. | used the

calibrated load cell to determine
the reaction forces at the supports
of the truss under varying applied
loads. My hand calculations for the
reaction forces were quite accurate
to the measured ones (though with
some slight error), demonstrating a
successful design and experimental
procedure.

Spring Analysis

Finally, the calibrated load cell
was used to measure the stiffness
of a spring. | modeled a spring
out of moldable card and
performed a series of trials
stretching the spring different
amounts. By plotting force vs.
deflection, | could easily
determine the spring constant
from the slope of the graph.

Note. This figure shows an example of a student including a class project in their portfolio from a

mechanics course taken in the fall of their second year.
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Figure 2.6

Towel Rack — Class Project Entry

Towel Rack

Used SolidWorks CAD and FEA capabilities to design the product then
e the load-dependent stress and strain of product.

We modeled the towel
rack after the actual
product found on
Amazon using
SolidWorks.

Some dimensions were
given, and others were
assumed. This is the
wall mount. For this
piece, the length was
given, but the diameters
of the holes were
assumed.

Note. This figure shows an example of a student including a class project in their portfolio from a
materials and manufacturing course taken in the fall of their second year. The student utilizes a
competency caption underneath the page title, which reads “Used SolidWorks CAD and FEA

capabilities to design the product then analyze the load-dependent stress and strain of product.”
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Figure 2.7

Water Pick Teardown — Class Project Entry

Portfolio Personal Projects Resume About

Water Pick Teardown

Challenge

Investigate and understand the choices
made during the design process and the
possible impacts of those choices.

Outcome

A comprehensive parts list, 3D CAD model,
function diagram, in addition to a video
overview on the water pick given and all of
its components.

Background My Role

While it's easy to create solutions to problems that work in
theory and on the workbench, understanding the
situations and users the product will go through can
significantly alter the design to its core. How can we as
engineers better anticipate user and manufacturer
limitations and needs?

Taking apart a product can be just as informational as
designing one from scratch providing insight into the many
different stages a design goes through in order to become
a fully-fledged product.

CAD Designer, Teardown Lead

Deliverable

PowerPoint presentation, part list, product
overview, function diagram

Time Line
1 month, March 2021

Note. This figure shows an example of a student including a class project in their portfolio from a
design course taken in the spring of their second year, while they were enrolled in the portfolio

development course. This screenshot shows only a portion of the portfolio entry.
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Chapter 3: “Part of the Process Was Also Like Dismantling the Way I Saw Engineering”:
An Exploration of Leslie’s Experience with Portfolios
3.1 Preface
I felt it was important to provide some context for how I have chosen to write this chapter

of my dissertation. In the last year, I have found myself in the unique position of being able to
collaborate closely with one of the participants in my research study, Leslie, who has requested |
use her real first name rather than a pseudonym. I initially set out to write a case study on
Leslie’s experience with portfolios but conducting an analysis of her experience and performing
a member check after the fact did not feel like it would be an authentic interpretation of her
experience. Instead, Leslie and I formed a research partnership which I will detail in this chapter.
While this chapter was written solely by me, the credit for the work that has been done cannot
and should not go solely to me. My intention is that Leslie will receive credit for the incredible
effort she has put into this project in the form of the first authorship of a journal publication that
will be a combination of the writing she has done and the work presented in this chapter. In this
chapter, I attempt to recognize the work that Leslie has done by referring to the work we did and
decisions we made as research partners using the pronoun “we.” In the cases where I have made

independent decisions for the purpose of this dissertation chapter, I will use the pronoun “I.”

3.2 Introduction

As an academic discipline directly linked to a profession, engineering offers students the
opportunity to begin developing their professional identity as engineers throughout their
undergraduate experience. Through fundamental engineering courses, students are exposed to

technical and social aspects of engineering practice and begin to develop an understanding of the
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discipline. However, these academic experiences may not always provide students with the
opportunity to solidify their professional identity, which requires critical examination of their
interests, competencies, and personal identity (Eliot & Turns, 2011). In a field that has been
traditionally dominated by White, able-bodied, heterosexual men (Slaton, 2015), it is particularly
important for students from historically marginalized backgrounds to have the opportunity and
support to develop a robust professional identity before entering the workforce. To provide this
support effectively, educators must include assignments and even assessments that attend
directly to students’ professional identity development. Portfolios can be a powerful tool to use
in this way and are considered a high-impact practice in higher education (American Association
of Colleges & Universities, 2022).

In engineering education, prior research has shown that portfolios support students from
an identity perspective and from a disciplinary knowledge perspective. From an identity
perspective, portfolios can help students in understanding and crafting their identity as engineers.
In fact, Sattler & Turns found that portfolios could support students in developing self-authorship
(2015). From a disciplinary knowledge perspective, portfolios can allow students to value their
prior learning experiences, understand their level of preparation, and become aware of what
knowledge and experiences they need to gain. All of these components can come together to help
students develop a coherent narrative of their engineering education (Kilgore et al., 2013), which
can then begin to form their professional identity. As they build their identity, they must
negotiate the expectations and beliefs generated by both internal and external influences. An
example of an internal influence is a student having an innate desire to pursue work in a specific
field because they enjoy it or are good at it. External influences are things like parents or faculty

suggesting a student pursue a specific major or specialty. Portfolios can be particularly effective
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at encouraging students to interrogate and build their identity from an internal frame of reference
(Eliot & Turns, 2011). However, the current portfolio literature does not examine the specific
influences, both internal and external, that students from historically marginalized populations
must navigate and how these influences are revealed through their experience with portfolios and
also impact their experience with portfolios. To understand why it is important to examine the
internal and external influences specific to historically marginalized populations, I turn to the

words of my co-researcher and study participant, Leslie, who identifies as a Latina woman.

I think [the process of creating a portfolio] has an impact both on people who are kind of
questioning what to include about their identity and also people who are including
projects that they see as the epitome of engineering. And I think for people like me, it is a
lot, it is a long process. It’s, it’s both learning about how hurtful engineering can be but
also learning ways we can change it. And I think for people who don’t come from similar
backgrounds, it’s about them beginning to question what engineering is, because I think
like we can only do so much, and then the rest is up to White people, or up to wealthy
White people to continue dismantling, because a lot of it is their own internalized belief.
And since in engineering they’re the majority, it’s important for them to realize...what
the problem within engineering is. And so I think having conversations with other people
in the class was helpful because at least I knew that they, that me questioning what
engineering was made them wonder like “is this really what engineering is?”” And I think
having those conversations is important. So I think portfolios have the ability to create

these kinds of conversations and the ability to help students like myself realize that it’s
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not that we don'’t fit the description of engineering, it is that engineering doesn’t include

us.

Leslie’s last sentence, and in particular the portion I have italicized for emphasis,
articulates the work we intend to do with this research. Leslie is referring to a process of
disciplinary values interpretation and her realization that she does not align with those values
suggests she is initiating the process of self-authorship.

In what follows, I will summarize the concepts of disciplinary values and self-authorship
as both have appeared in Leslie’s experience. Then I will describe the methods we used to design
and analyze a unique participatory research study focused on Leslie’s experience with portfolios.
Using Leslie’s own words, I will present our findings and discuss the implications of those

findings for engineering educators.

3.3 Literature Review
3.3.1 Disciplinary Values & Their Exclusivity

The profession of engineering is associated with a set of disciplinary values that are
reproduced over time in engineering education and in the engineering workforce. Researchers
have identified numerous values that are commonly associated with engineering such as the
importance of objectivity (Riley, 2008), academic rigor (Riley, 2017; Slaton, 2015), and a strong
work ethic (Rohde et al., 2020). These values themselves appear to be positive. After all, the
math and science that we draw from in engineering practice are thought of as objective and
concrete tools. An engineering education program without academic rigor runs the risk of failing
to meet accreditation standards, or worse, producing engineers without the required technical

knowledge to perform their job functions. Lastly, a strong worth ethic is a necessity for those
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attempting to solve the world’s toughest problems. However, it is when we see these values
operationalized that their exclusionary power comes to light.

Imagine a student who was raised in a community severely impacted by gun violence
being asked to optimize the precision of a military weapon at their first internship. Asking this
student to objectively work towards an optimal solution signals to them that their lived
experience is and must remain separate from their work as an engineer. Now, picture the top
student from a low-income community who studies for hours, but still fails their first college-
level STEM courses as they are adjusting to a new environment with high-stakes exams and
privileged peers for whom this environment is more familiar. This “failure” signals to them that
they are not capable of succeeding in an academically rigorous environment, perhaps making
them think they do not have sufficient work ethic, and therefore, cannot succeed as an engineer.
This process of students interpreting the values of a discipline through their own experiences as
they participate in and learn disciplinary practices is what Vakil (2020) defines as disciplinary
values interpretation. But what happens when students engage in disciplinary values
interpretation and the values they interpret to be part of the discipline appear to be in contrast to
their own values and identity or work to exclude them from the discipline? One possibility is that
students may leave engineering, as has been documented in prior research (Secules et al., 2018).
Another possibility is that students may adopt the values of the discipline, leaving behind their
own values. And yet another possibility, which will be the focus of our inquiry, is that students
will author their own identity within engineering that reflects their own values, incorporates the
interpreted engineering values they agree with, and rejects the interpreted engineering values

they do not agree with. This latter possibility reflects a process of self-authorship.
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3.3.2 Self-Authorship

Kegan (1994) was the first to define the term self-authorship, defining it as the process
that occurs when an individual authors their own identity, rather than allowing external
authorities to author it for them. In a 21-year longitudinal study, Baxter Magolda (2008)
followed adults from age 18 to age 39 to explore how they experienced self-authorship. She
found that most participants experienced conflicts between internal and external influences in
their 20s with self-authorship continuing to evolve into their 30s. This research sheds light on the
timeline and trajectory of self-authorship and can do so on the basis of gender with a study
population of 18 women and 11 men. However, it is limited in its capacity to describe the
experiences of all racial backgrounds because of the racial homogeneity of its participant group:
of the 30 participants who completed the entire 21-year study, all identified as White. Other
research that has explored the experiences of historically marginalized populations has found that
self-authorship for these populations may begin their self-authorship journey earlier, often in and

prior to college (Pizzolato, 2003; Torres & Hernandez, 2007).

3.4 Research Question

The interpretation of disciplinary values and self-authorship are embedded in the
experiences students have with portfolios because portfolios require students to think about the
discipline and how they portray themselves within it. The goal of this study is to explore how
disciplinary values interpretation and self-authorship intersect with portfolio creation in the
context of the experiences of a student who identifies as female, Latina, and low-income, all of
which are historically marginalized identities in engineering. The study is guided by the research

question:
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What elements of Leslie’s experience in engineering surfaced during her portfolio
creation process and, in turn, influenced the portfolio choices that she made?
3.5 Methods
3.5.1 Researcher Positionality

As a White woman from a middle-class family, I have come to understand that while my
gender positions me as a minority in engineering, my race and socio-economic status provide me
with a level of privilege that is not afforded to those with intersecting marginalized identities. My
personal experiences with discrimination in engineering on the basis of gender have prompted a
desire to understand the experiences of those with intersecting marginalized identities, which is
one of the driving forces behind the work presented in this chapter. I come to this research with
the perspective that there are structures embedded within our educational systems that result in
the reproduction of socio-economic inequality (Bourdieu & Passeron, 1977), and in order to alter
this reproduction, we must re-think the cultural underpinnings of our choices as educators.
Engineering education at its inception aimed to educate the White male (Hacker, 2018), and with
that knowledge, I approach this research considering how the Whiteness and maleness of our
field’s heritage impacts the experiences of today’s students. My experiences as an academic
advisor and undergraduate mechanical engineering instructor provide insight into today’s
students and also position me to think holistically about engineering education and characterize it
as something that transcends the classroom and encompasses aspects of identity development
and mentorship.

In approaching this work with Leslie, it is important to note that I served as her academic
advisor for two and half years and her instructor in this portfolio course, an electronics course,

and an independent research project. This positions me as an authority figure with significant
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power, and it is why I have attempted to approach this research with the utmost attention to
power dynamics. However, while there is an imbalance of power, our prior interactions afford an
increased level of familiarity that allows us to be more comfortable in critically examining the

difficult moments in Leslie’s experience.

3.5.2 Participant Selection

My research advisor and I developed and taught a course on electronic portfolio
development to nineteen second-year mechanical engineering students in spring 2021 at a mid-
sized, private research university in the Northeast United States. The course was part of a larger
study on integrating ePortfolios into mechanical engineering undergraduate learning and
assessment experiences, and all enrolled students consented to participate in data collection
throughout the course. Leslie was a student in this course. After the course concluded, all
students were invited to participate in an interview about their experiences with the portfolio
class and with more traditional engineering assessment methods. Leslie consented to participate
in the interview portion of the study and was interviewed by an undergraduate research assistant.

Upon reviewing Leslie’s interview video and transcript and reviewing her submissions
for the course, my advisor and I discussed the significance of Leslie’s reflections and began
discussing the possibility of writing a case study on Leslie’s experience. Leslie’s coursework and
first interview showed that Leslie had initially drafted a portfolio that mentioned her racial and
cultural identity as well as emphasized science and engineering practices from outside Western
cultures. However, in the final portfolio that she submitted, these pieces of content had been

removed or de-emphasized. Her reflections on this change in her first interview led us to believe

36



that she had an experience in the course that differed from her predominantly White peers and
that this experience warranted further exploration.

As my advisor and I began to discuss what an exploration into Leslie’s experience might
look like major topic of these discussions and discussions with other colleagues in the field was
the importance of ensuring that we were telling Leslie’s story as accurately and respectfully as
possible, while giving her voice in the process. We discussed the critical importance of
integrating member checks with Leslie into our analysis plan. However, it felt as though periodic
member checks wouldn’t be adequate to tell Leslie’s story in a way that was authentic to her
experience.

When the opportunity to discuss the research with Leslie presented itself, my advisor and
I agreed to propose an alternative arrangement in which Leslie could, if she chose to, join the
research team fully as a co-researcher. Leslie and I met to discuss what this might entail,
including the choice that Leslie would be making to disclose her identity to the research
community as a co-author of a future publication about her own experiences. It was at this
moment that our research partnership began. For the next five months, Leslie and I met weekly,

sometimes twice a week, to develop the research methods I describe in the next sections.

3.5.3 Methodological Orientation

The engineering education research community finds itself in a critical moment as
scholars have begun to question the power dynamics inherent in our established research
methodologies. Holly (2020) has called for researchers to “be deliberate in choosing
methodologies that generate equitable interactions between the researcher and the research

participants.” It is from this view that we have explored the literature and drawn inspiration from
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recent studies that seek to place the voice of the participant at the center of their work. We start
our exploration with the work of Secules et al. (2018) in which Emilia, the research participant,
was brought into the research process through a “post hoc member check.” Eventually, Emilia
was added as a co-author of the implications section of the resulting publication. While this work
has pushed the field forward by including Emilia as a co-author, the data analysis was still
performed in isolation by a researcher, only providing the participant with an opportunity to
contribute after the analysis had been completed.

In seeking literature that works to more evenly balance the scales, Martin and Garza
(2020) challenged conventional research practices with their collaborative work that they
positioned under the tradition of autoethnography. In their study, Garza, the undergraduate
student participant, produced an autobiographical account of her life and then with the support of
Martin, the faculty researcher, presented excerpts from this account to produce the counter-story
found in their co-authored publication. We commend this effort and the foundation it provides
for other researchers to engage in continued methodological activism that seeks to disrupt the
power imbalances in qualitative research. However, we must also attend to the valuable critiques
that scholars have since brought forward regarding Martin and Garza’s methods (Cross, 2020;
Holly, 2021). While these critiques informed our research in many ways, our primary concern at
this juncture was how they informed our choice of research methodology. Holly (2021) argued
that the work of Martin and Garza does not adhere to autoethnographic methods because it
inserted a second author into the story of a single individual, and it did not put Garza’s story in
conversation with existing literature on the topics her narrative explored. Additionally, the
publication of the work furthered Martin’s career within the academy, while the benefit to Garza

was unclear.
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Building on the work of Martin and Garza (2020), we set out to create a research
collaboration that enabled the participant, Leslie, to join in the research and analysis as an equal
partner. We were inspired by autoethnographic methods, and both Leslie and I read a number of
methods papers on autoethnography leading up to our analysis. In the end, our decision was to
adhere more closely to an intrinsic case study design (Stake, 1995) because it afforded us the
opportunity to collaborate in a way that an autoethnography would not, given that
autoethnography is an individual undertaking. It also allowed us to focus our exploration on
Leslie’s portfolio experience. If we had opted for autoethnographic methods, we would have
needed to do a collaborative autoethnography, which would have meant my story and
experiences would have needed to factor into the conversation and data. It was important that
Leslie’s experience was the focal point of this work. However, our work was collaborative in
nature rather than conforming to the traditional separations between researcher and participant,

and therefore, it is also participatory research (Seale, 2010).

3.5.4 Data Collection

Primary data sources consisted of two interviews of 57 and 83 minutes in length.
Secondary data sources, which were all from the course, included homework assignments, the
portfolio, and video recordings of in class discussions.

The initial interview with Leslie was conducted as part of a study that examined the
perceptions of multiple students in the portfolio development class, which will be further detailed
in Chapter 4, and the protocol was developed with this in mind. Two student researchers tested
the interview protocol informally with several undergraduate students. Revisions to address

question clarity and content were made based on these sample interactions. A final protocol was
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established that asked students to compare their experiences with exams to those of portfolios
(Appendix C). The opening and closing questions were similar and asked students to describe the
impact of the portfolio process as it was supported in the portfolio development class. This first
interview was conducted by a student researcher to allow students to speak more freely with a
peer rather than the primary researchers, who were both instructors for their course. After this
first round of interviews, all video data was reviewed and transcripts were corrected for errors.
Leslie participated in the first round of interviews as described above. Four months later,
a second, much more open-ended interview was conducted with Leslie as the only participant,
and I was the interviewer. As with the first interview, this second interview was conducted
remotely over Zoom. This interview protocol asked only two questions (1) Why did you choose
not to include some content in your portfolio? and (2) If you had to create a portfolio again,
would you make the same choices or have your perspectives on what to include changed over
time? While the first interview followed a standardized open-ended interview approach (Patton,
2002), this second interview followed that of an informal conversational interview (Patton,
2002), even though a very limited protocol was produced to ensure we covered the core topics of
interest. Outside of these two pre-determined questions, I asked questions as they naturally arose
based on the direction of the conversation. It is also important to note that Leslie and |
collaboratively designed all research after the first interview, so she was aware of the intended

line of questioning for the second interview prior to participating.

3.5.5 Analysis

Collaboration was a fundamental element of our approach to data analysis. We set out on

this journey in an attempt to break down the walls between researcher and study participant.
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Leslie and I sat together to watch both interviews in full. We paused when either one of us noted
something significant and discussed the meanings of these moments. Both Leslie and I took our
own notes during this process, and the interview review sessions were also recorded and
transcribed. After reviewing both interviews, we met to discuss the themes and critical moments
that appeared in the interviews and characterized Leslie’s experience with portfolios over the
roughly twelve-month period of time between the first session of the portfolio development
course and the beginning of our research partnership.

This initial process served as a collaborative holistic and inductive coding pass and was
the first cycle of a two-cycle coding approach (Saldaiia, 2015). The first cycle resulted in a list of
preliminary codes for use in a second round of deductive coding. These preliminary codes
captured elements that influenced Leslie’s portfolio choices and revealed her experience in
engineering as well as Leslie’s characteristics and perspectives that reflected her broader life
experience. Examples of these characteristics and perspectives are the desire to make things
better for the next student and the importance of learning how to do things without modern
conveniences. For the second round, Leslie and I coded each transcript independently, using our
list of preliminary codes and noting the need for any additional codes in the process. We then
met and discussed each code application, removing and applying codes in a collaborative
manner. At this time, we isolated our codes to only elements that both influenced Leslie’s
choices related to her portfolio and revealed her experience in engineering. This resulted in a full
set of coded data that we both agreed reflected the definitions of our codes for elements that
influenced portfolio choices and revealed her experience, which were: definition of engineering,
employers defining engineering, pathway for racism to flow, funds of knowledge, guilt, imposter

syndrome, comparison to peers, engineering consumerism, and resource consciousness.
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Although authors do not commonly detail the methods by which they select data excerpts
for a qualitative findings section, I believe the collaborative nature of our process necessitates
this level of detail, and our experience may also serve to inform others as they endeavor to build
a participatory research process. Leslie and I discussed the importance of the selection of
excerpts in allowing her to share the parts of her story that she felt were most important. Leslie
suggested that we each review the coded excerpts and select our top two excerpts for each code,
then meet together to discuss and finalize our choices, which is exactly what we did. We defined
“top excerpts” as those we felt best displayed the elements we were coding for. In our discussion,
we found that a primary consideration we had to make was ensuring the excerpts could be tied
back to her experience with portfolios to adequately provide evidence for our research question.
In almost all cases, we had chosen the same two excerpts, and the discussion centered around
choosing one of the two to include in the findings section of this chapter as well as a future paper
submission for publication. I made my best effort to let the final decisions be Leslie’s, though I
cannot rule out the possibility that my comments may have unduly influenced her final choice.
For two codes, we could not decide which of the two excerpts was more important to share and
instead left that decision to Leslie at a later date as she crafted the findings section for the journal
publication version of this work. While Leslie wrote the findings section for what we hope will
be a future publication, I have written the findings section below independently and prior to
reading Leslie’s writing in acknowledgment that this dissertation will only bear my name.
However, I wish to acknowledge that I am using Leslie’s words and insights to further my
academic career, which is something I am reluctant to do and I have struggled with throughout

this process.
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3.6 Findings

Our analysis produced a list of elements of Leslie’s experience in engineering that were
both revealed by the portfolio and influenced Leslie’s choices about what to include and not
include in her portfolio. These elements are the (1) definition of engineering, with sub-elements
of employers defining engineering and portfolios, and engineering as a pathway for racism to
flow, (2) engineering consumerism, with a sub-element of resource consciousness, (3) funds of
knowledge, with a sub-element of guilt, and (4) imposter syndrome, with a sub-element
comparison to peers. While many of these elements interact and overlap, they each offer unique
insight into the experiences Leslie has had in engineering and the influences Leslie experienced

as she crafted and re-crafted her portfolio over time.

3.6.1 Definition of Engineering

The definition of engineering and how Leslie engaged with that definition was perhaps
the most salient and consistent thread that came through in both of Leslie’s interviews. Because
Leslie wanted her portfolio to portray her engagement with engineering, the question of what
counts as engineering became something she had to wrestle with to make decisions about
portfolio contents. This element will appear in excerpts from other elements and was the most
frequently coded element across both interviews. Leslie described how she interpreted and
negotiated the definition of engineering in her second interview:

I think, part of the process was also like dismantling the way [ saw engineering, because

it did make me question like, why is this the way I see engineering? Is this something I

believe, or is this some definition that other people made me believe? And so I think part

of creating a portfolio was a lot of self-discovery, and I do think that that [the portfolio
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development process] was like the first point when I started questioning like what can be
done within engineering, and if this is the definition that we’re going to always stick

with, and I think the portfolio process exposed the way engineering was defined.

The process of creating a portfolio highlighted and revealed what she has experienced as
the definition of engineering in more recent years, which came from her experience with
engineering industry in high school and college. There were often tensions between the
definition of engineering Leslie was seeing in these settings and the one she had set out to
engage with when she chose engineering as a career path. When asked what her definition of

engineering was as she was growing up, Leslie shared:

I think the picture that pops into my head is my grandpa and and he, like he he was born
and raised in Mexico. And he, well okay, people in my family have to be very eco-
conscious because of the environment we live in. And the land, we lived on has been my
family’s for generations, and it’s it has provided us with food and shelter. And it’s also
very difficult to get jobs in the city, if you don’t have a college degree. And so I think
hearing and growing up with my grandfather and hearing stories about the kinds of things
he would come up with in order to make life on the farm easier for him and his family

was the way I still see engineering as.

Like so he would have to like plot dozens of pieces of land. And so he had to donkeys

and he basically came up with like this was like a stick and then he stuck needles, not

needles, screws through them...And so, then he would go on top of it, and then the
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donkeys would like ride through, and it would leave holes or like traces where then he
would just like spread seeds. And it wasn’t even just that, it was like all of the stories that
I had heard of my grandpa coming up with these innovative ways using some stuff that
was free, like stuff that you would get from the ground. And to me, that was just so cool
um and I, when we moved to the United States, like my grandpa moved with us, and I
would go outside with him and my uncle, and they would like fix the car. Like I never
really wanted to go to a mechanic. Like I have no idea how they learned how to like,
exchange parts that weren’t working because they also wouldn’t watch videos about it,
like they were just kind of like, test it out and see. And so I had always grown up with
this idea of, you don’t really need like super expensive equipment to do things, like you
can just do it yourself. And the way I had grown up seeing engineering or seeing the

STEM fields, was the way my grandpa lived it.

For Leslie, the definition above is in sharp contrast to how she has observed engineering
being defined in academia and industry, and her mention of not needing “super expensive
equipment” to do engineering reflects this difference. Though this second excerpt does not speak
directly to the impact on her portfolio, the underlying sentiment is that her definition of
engineering was different from the dominant narrative she was observing, which means the
choice to include components in her portfolio that reflected /er definition positioned her as a

different engineer.
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3.6.1.1 Employers Defining Engineering and Portfolios

An element that emerged as we did our second coding pass was one of employers
defining engineering and portfolios. It became clear that while much of the new definition of
engineering Leslie was encountering came from her experiences in the classroom, her early
perception that employers were the audience for her portfolio led to employers having a

prominent impact on her decisions.

I remember like always struggling between creating a portfolio that for me was for
employers, but also one that would like answer the questions you were asked in class,
because during class it wasn’t about employers, it was about like including projects that
we thought were important and including stuff about ourselves. And so I think the way it
was designed in class was more personal, and I think that there was like a lot of internal
wrestling right like here, I am taking this course, where I’m including, I’m creating a
portfolio about myself. But here is this definition that I had already come up with in my
mind beforehand about the idea that portfolios are only for employers and that you have
to fit a certain description, because in the videos [YouTube videos about portfolios
watched independently prior to the portfolio course] they said, like what kind of projects,
you should include or how to word things so that employers would like them. And so |
think, to me it was also a struggle to really know like what was my end goal like what did
I want my portfolio to really showcase and I think during that point, I was like well if this
is a portfolio about myself and for myself, then why don’t I just include projects that I'm
excited about um, and so I had found pictures that I had about projects we my family had

worked on in Mexico, and so I included those. And I think it was always just like
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constant tugging back and forth between fixating on what I thought employers wanted

and what I wanted.

This excerpt highlights how the tension between the self-audience and the employer
audience of a portfolio caused Leslie to have to constantly negotiate and revisit her choices as to
what she wanted to include and how to include it. It also subtly highlights the impact her
perception of employers had on her experience in engineering and perception of what
engineering is. Over the multiple iterations of her portfolio, Leslie added and removed content
about her family and the projects she did at home, all with the underlying concern that what she
displayed had to match the definition of engineering and the use of portfolios that she felt

employers expected.

3.6.1.2 Portfolios & Engineering as a Pathway for Racism to Flow

What became clear to me throughout my conversation with Leslie was that both
portfolios and engineering could act as a pathway for racism to flow and that this reality was
revealed by the portfolio experience and influenced her choices about what to include in the
portfolio. In the below excerpt from her first interview, she described her early debate about
whether to include Indigenous science and engineering practices in her portfolio, which she
originally intended to feature as a general explanatory entry separate from her artifacts.

And for one of these tabs, I wanted to include and highlight like Indigenous communities.

Because I think that engineering, in general, is very White and I- one thing I noticed

when we were in a portfolio is, is that a lot of people had like very similar skill sets and

very similar experiences. Um and I’ve, I’ve had presentations before where I presented

47



like how a lot of, a lot of people don’t really acknowledge Indigenous people it’s like
scientists or engineers, even though they have been engineers and scientists for a lot
longer. And so one of the topics I wanted to have was specifically about like Indigenous
populations and then links to all the projects that Indigenous people have worked on that
aren’t necessarily like considered real science or engineering because it’s not Western.
Um and so that was one thing that I really wanted to include, but I decided not to because
I was kind of scared that some recruiters are going to find it like too controversial for
that, that was going to basically like cut me out from them even considering me for an

application.

At the end of the course, Leslie had opted to remove all content related to Indigenous
science and engineering because as she says, “it’s not Western.” And it is here that we see this
idea of portfolios and engineering reinforcing the racism already present in engineering.
Portfolios, and in turn the employers who will view them, and engineering, and in turn the
individuals who operate within and uphold the values of the field, have effectively signaled to

Leslie that knowledge that is non-Western is not valued.

3.6.2 Engineering Consumerism

American and engineering consumerism have had a profound impact on Leslie’s
experience in engineering and the selection of her portfolio content. Engineering consumerism
specifically impacted what she chose to highlight within her portfolio. At one point in her second

interview, she began to describe why she initially wanted to go into engineering.

48



And when I decided to go into engineering, it was because I, I actually wanted to do civil
engineering at first. I had met an engineer in sixth grade who created wells in Latin
America to help families or communities that didn’t have access to clean water. And I
had grown up hearing stories about my mom and her family, like the nearest, the nearest
source of water was like a mile away. And so they would have to like take a donkey and
the donkey would have like buckets of water, and they would fill it up and then you go
back home. And they had one single source of water, where they would feed the animals
or they would irrigate crops or they would wash their dishes where they would shower,
and where they would get water to drink and cook. And so to me like seeing this
engineer, who is able to use engineering to help communities, like my own, I think was
the first time I saw engineering. And, and to me it was like, I can use engineering to help
families. And when I came to college, I think that idea started to shift, because what we
learn in classes are more business oriented. So it’s like product optimization or innovative
ways to make work like easier for other people, so that...it feels very exploitative to me
now and that wasn’t really what I had grown up with. And so, when I was creating a
portfolio, the flow I wanted was one that was more business oriented, one where I would
show like I had designed this, and this is exactly what I did using the skills that I learned

from classes.

This excerpt shows that Leslie went into engineering to help people and the communities
around her. However, she recognized a shift in college towards building things that make life
easier for people who already have the necessities, rather than bringing necessities like clean

water to those who don’t have it. This is driven by consumerism and capitalistic systems that
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focus their innovation on projects and ideas that make money rather than serve the common
good. This came through in her portfolio in not wanting to engage in projects outside of class
that were not needed and were wasteful of materials. This sentiment arose as she talked about
how her fiscal and material attentiveness played out in her team projects in classes where
building a physical artifact was required.
Whenever we would design [and build] projects like as a team, everyone would come up
with these like designs that would use, that would, like they didn’t really care about the
money or like how much material they wasted. They were just like thinking about

finishing the project, and that was it.

Leslie’s desires and beliefs here are somewhat in contrast to what she has come to believe
about creating a compelling portfolio. Her initial beliefs about portfolios were in line with the
more stereotypical student view that it is desirable to have as many projects as possible
showcasing as much use of advanced technology as possible. However, that perception can
prompt students to design and build projects that have no real-world purpose and are wasteful of

moncy and resources.

3.6.3 Resource Consciousness

For Leslie, resource consciousness is highly connected to her experiences creating
projects with her family, which are tied to her definition of engineering. Her resource
consciousness affected her portfolio choices because she felt she could not showcase the projects

where she displayed her resource consciousness because they were not a reflection of Western
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engineering. She described the process of building and creating at home as one that was driven
by both the need and the desire to make the most out of all the materials they used.
And a lot of those projects included ones that I had worked on my family with or things

that didn’t really use like advanced technology, because most of them were using natural

resources or reusing materials.

Even though most engineers would see resource consciousness as a positive design
characteristic, Leslie’s excerpt above indicates how the visible ways in which her family projects

showcased resource consciousness also emphasized the fact they were not using advanced

technologies.

3.6.4 Funds of Knowledge

Building on the prior themes, Leslie’s experience with portfolios indicated to her that her
funds of knowledge were not valued in a portfolio. This realization influenced her portfolio
choices because she felt her skills that were representative of her experiences with her family did
not have a place in her portfolio. This theme is distinct from the definition of engineering theme
and sub-themes because it relates directly to the knowledge and skills she learned from her

family that may or may not be directly related to engineering, but would otherwise have found a

place in an engineer’s portfolio.
And so, when I was creating a portfolio the flow I wanted was one that was more

business oriented, one where I would show like, I had designed this, and this is exactly

what I did using the skills that I learned from classes. And I felt like I didn’t really have
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space to include stuff that I had used from my background or knowledges I had [that]

came from my family.

The academic skills-based nature and catering to employers, and her perception of what
they wanted, made her feel she didn’t have room for her to share the knowledge she gained
through experiences outside of traditional academics. This is consistent with the research
literature on Latina students and how they associate, or rather do not associate, their funds of

knowledge with engineering (Wilson-Lopez et al., 2016).

3.6.4.1 Guilt

Guilt was a theme that came up both explicitly and implicitly, particularly in the second
interview. Guilt is a complex emotion and it appeared in multiple ways in Leslie’s experience
with portfolios. However, the way guilt influenced her portfolio decision-making was to make

her feel guilty for not including certain projects that reflected her family.

I felt guilty, because I decided that projects that my family and I had worked on weren’t
good enough. And so I just felt guilty because my family. Like so my, my grandparents
didn’t go to school, like my grandmother learned everything from my great grandfather
and. So to me it’s amazing that they didn’t go to school, they didn’t really learn math,
like my dad stopped his education when he was in middle school, yet they were building
all of these things that engineers here with me four years of college for. Um and, like in
Mexico, like if your car stops working like I don’t know how, but my uncles know how

to fix it. They know everything about the mechanical aspects of cars, they know what
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materials to use for what like they know everything about where we live and how to build
something. And so to me that was not really something I saw on engineering, because |
mean | thought I was like, you have a very specific vision of a product you want to
design, and it doesn’t, I think it’s very isolating to see it that way, and engineering in my
family was more about what can, what resources do I have in order to make my life
easier. And so I think part of the reason I felt guilty was because it almost felt like I was
embarrassed to showcase what my family did because I thought that that didn’t really fit

with the flow of my portfolio.

In her initial decision to remove the projects related to her family, she felt guilt. Students
were not encouraged to share their portfolios with family and Leslie never mentioned an
intention of sharing her portfolio with her, so it is unlikely the guilt was driven by them seeing
her portfolio. However, Leslie ultimately made the decision to include these same projects,

which could have been prompted by those same feelings of guilt.

3.6.5 Imposter Syndrome

Imposter syndrome was a challenging theme for us to unpack because there were
instances where the portfolio lessened her imposter syndrome and other instances where it
revealed the extent of her feelings of imposter syndrome. It influences portfolio choices because
it made her feel she could not be as open as she wanted to be about her identity in her portfolio.
However, in this first excerpt, from the first interview, Leslie articulated how the portfolio

process may have resulted in a lessening of her feelings of imposter syndrome.
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Leslie: And I honestly whenever I was doing this for my specific classes it made me feel
very good about myself, because I hadn’t realized how much I had actually learned in the
class until I was writing it down and until I was thinking about it.

Interviewer: yeah. So I think you can just touch on what I was going to ask, but, what
value do you think the portfolio itself has, versus doing the project? If that makes sense.
Leslie: I think, but again, like the having a portfolio is just a really nice summary of
everything you did. And I um I’ve worked with like with underrepresented students a lot
before, and I’'m an underrepresented student, and I think that having like a portfolio is
something I didn’t even notice this thing and so whenever I started working on it, I was a
I think a lot of my imposter syndrome like started dying away a little bit just because I

was able to list out things that I had done and things that I had learned.

Leslie identifies the reflective nature of portfolios as the reason the process had a positive
impact on her feelings about her knowledge as an engineer. However, when we dug deeper into
how imposter syndrome may have impacted her choices to include or not include various
artifacts and personal information in her portfolio in the second interview, it is evident that the

imposter syndrome she felt was still present and an element in her decision-making.

I think what, what would have helped me was that if [ had shifted my intended audience
to what I saw as an engineer to someone [ had grown up with that I had seen as a
representation of engineering. So for me that was my grandpa. So if I would have created
a portfolio for my grandpa, I would have been a lot more open about my identity. And I

think it is important to also acknowledge that, like this is going to be shared and that we
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shouldn’t include stuff that you don’t want public. But I, I feel like we all, a lot of us feel
like we don’t really belong within engineering. And it’s difficult to, think of yourself,

otherwise.

3.6.5.1 Comparison to Peers

Peer reviews were a large component of the portfolio course Leslie participated in and
these reviews emphasized the impact that comparisons to peers can have on student decision-
making and how it impacted her experience in engineering. Leslie describes comparing her
portfolio to one of her peers and the impact that had on her decision to remove some of her more

personal projects.

And when I saw that compared to like one of the other people’s portfolio pictures I had
[seen] like a robotic arm, I was like, I began to wonder whether my vision of what
engineering was, was distorted or that, maybe the projects that I thought were
engineering really weren’t. And so I kind of felt ashamed that I had put those projects
because they didn’t seem as innovat— innovating as the ones from the other students, so

I decided to remove them and stick with the projects we’ve had worked on during school.

These comparisons worked to define Leslie’s portfolio experience, including her
portfolio at the end of the class, and also her ideas around what is and what isn’t engineering. It
is important to note that when asked, Leslie reported her peers didn’t express any negativity
towards her family projects, in fact, some even remarked on how interesting they found them to

be. However, at the time of the course and in her initial interview, the visible differences
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between her projects and the other students were enough to discourage her from including them
in her portfolio. An example of these differences that Leslie mentioned in her interviews was
how the photos she had from her family projects showed dusty environments and backgrounds,
rather than the professional lab-based environments or even dorm room environments that her

peers displayed.

3.7 Discussion

Leslie’s experience illuminates the opportunities portfolios may create for students from
groups historically marginalized by engineering to engage in the processes of interpreting
disciplinary values and self-authorship. By looking at the elements of Leslie’s experience in
engineering that were revealed by the portfolio and influenced Leslie’s decision-making, we can
begin to understand what disciplinary values students are perceiving and accepting or
challenging and the ways they may be able to engage in self-authorship. In this section, I will
explore the disciplinary values illuminated by the elements outlined in the findings. I will also
discuss how interacting with those elements and disciplinary values through the portfolio

contributed to Leslie’s self-authorship.

3.7.1 Academic Rigor and Higher Education

Within the elements presented in the findings, several disciplinary values that have been
previously noted in the literature come to the surface. As described in the literature review,
academic rigor and classroom achievement have long been values of the engineering discipline
within the academy and beyond since engineering preparation transitioned from an

apprenticeship model to a classroom-based college education in the mid to late 1800s (Rohde et
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al., 2020; Seely, 2005; Slaton, 2015). We see these values emerge in Leslie’s descriptions of the
definition of engineering and funds of knowledge. In both instances, she identified that her
definition of engineering from her family and the engineering skills she learned from them were
misaligned with the skills she saw being valued in the academic environment. This is consistent
with Smith and Lucena’s work that found that invalidating students’ funds of knowledge can
inhibit their development of a sense of belonging (Smith & Lucena, 2016). However, in the
definition of engineering factor and its sub-elements of employers defining engineering and
portfolios and engineering and portfolios as a pathway for racism to flow, we see Leslie author
her own narrative about what counts as valuable engineering. She held firm in her interviews that
Indigenous science and engineering practices are engineering, even if she chose to exclude them
from her portfolio. She was perhaps not yet ready to take the step to make her views public, but
she was authoring her own beliefs based on her internal values, which is consistent with the
initial stages of self-authorship (Baxter Magolda, 2008). We also see her claiming the knowledge
she gained from her family as engineering in the funds of knowledge factor and its sub-factor of
guilt. Though her guilt remained about again not claiming these skills and experiences publicly,

she took initial steps towards doing so.

3.7.2 Corporate Influence and Narrow Technical Focus

The industrial and military origins of the engineering profession contribute to the
traditional disciplinary values of engineering having a corporate influence and narrow technical
focus (Riley, 2008). We see these disciplinary values emerge in Leslie’s experience as she
encountered the factor of engineering consumerism and its sub-factor of resource consciousness.

Leslie associated the engineering she saw in college as aligned with business interests and
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therefore focused on innovation, optimization, and efficiency. She also questioned the waste
produced by the construction of projects and artifacts that is done for the sake of creating
portfolio entries or proving engineering prowess. In contrast, she described her early interest in
engineering to be one about helping communities like hers to make their lives better using the
resources available to them. With these disciplinary values of corporate influence and narrow
technical focus illuminated, we see Leslie begin to claim an identity as a student who is resource-

conscious through recognition that many peers are not resource-conscious.

3.7.3 White, Wealthy, and Male

The field of engineering has long been dominated by White men (Riley, 2008), and
Slaton (2015) argued that Whiteness and maleness have traditionally been considered “desirable
traits” within engineering in the United States. This history related to race and gender can work
to exclude students from other demographics (Slaton, 2015). We also know from the research
literature that socio-economic status can play a major role in students’ feelings of belonging in
engineering (Foor et al., 2007). Though not explicitly cited in an individual excerpt, Leslie
identified herself in the interviews as a Latina woman from a low-income household. As she
described how the factor of imposter syndrome and its sub-factor of comparison to peers
impacted her decision-making, it was clear that the White, wealthy, and male perception of
engineering was impacting her experience. She felt immediately othered when she considered
including less-high tech projects from her time in Mexico and this led her to want to hide her
identity in her public portfolio. However, in her negotiation with these elements, she also
identified the skills she does possess (e.g., cost-optimization, machining) that align with some of

the disciplinary values of engineering, like technical focus, and identifying those skills lessened
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her imposter syndrome. As she negotiates and discovers these similarities, she is not taking
action to author a new definition of engineering, but instead, claiming elements of her existing

identity that fit within the context of engineering.

3.8 Influence of the Portfolio

Figure 3.1

The cycle of disciplinary values and self-authorship

Engineering Profession

Portfolios
Disciplinary Self-
Values Authorship

o 4

Portfolios are unique in comparison to the other activities, assignments, and assessments
we most commonly ask engineering students to take part in. Portfolios are intensely personal to
each individual and are such because we are asking students to articulate in writing who they are
as engineers. Portfolios are typically also public (and were perceived as public by the students in
this study), which inherently introduces additional pressures on students as they put forth a
compilation of their work and present who they are to everyone on the internet. These unique
attributes of portfolios paired with Leslie’s experience showcase the opportunity portfolios

provide not only to help students engage with disciplinary values and self-authorship but also to
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generate a cyclical process that feeds new ideas and changes the outside world. As shown in
Figure 3.1, portfolios provide a mechanism for students to enter a cycle in which they interpret
disciplinary values, find that the interpretation of those values leads to self-authorship, and use
the outcomes of that self-authorship to promote change in those disciplinary values. As this cycle
continues, the public nature of portfolios allows the newly developed disciplinary values to be
disseminated to the field of engineering through the eyes of prospective employers and faculty
who view these portfolios. This idea that engineering students can transform what it means to do
engineering through their portfolios is a powerful proposition, but because it is so powerful, it is

critical we examine the implications of faculty integrating portfolios into their teaching practice.

3.9 Limitations

There are three primary limitations of the work presented in this chapter. The first
limitation is methodological in nature. This is a single student case study, and all the data
presented is specific to Leslie’s experiences as an individual. Although case study research with
small sample sizes can do important work to identify and illustrated theoretical constructs and
relationship, it cannot answer questions about variation across contexts and individuals.
Additional research should be done to study additional student cases. However, Leslie’s
experiences of self-authorship and phenomena such as imposter syndrome are supported by prior
research on both portfolios (Sattler & Turns, 2015) and students with marginalized identities in
engineering (Ramsey & Brown, 2018). This second limitation is also methodological in that
Leslie was brought into the research team, thereby giving her additional authorship of her
narrative. It is possible that this decision may have impacted her displays of self-authorship in

the second interview. However, our analysis included the first interview in which she was not a
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co-researcher. The third limitation of this chapter is contextual in nature. The institutional and
course context are directly linked to the findings. This study was done at a private, majority
White institution, which may have impacted Leslie’s feelings about her funds of knowledge and
comparisons to peers. Additionally, the course was designed for this institutional context and
was separate from the required engineering curricula. The findings may not be transferrable to

other institutional or course contexts as a result.

3.10 Implications

Creating a portfolio can encourage students to confront the dominant narrative of
engineering and make public decisions about whether they want to represent or disrupt that
narrative. As we saw for Leslie, for some students that can be a vulnerable and emotionally
taxing process that must be attended to with great care. Faculty who choose to use portfolios
must create an environment not only where students, especially those with historically
marginalized identities, feel comfortable exploring these decisions but also where they can seek
support when grappling with how they fit into engineering. While this is a difficult task, faculty
must not avoid it. In fact, Leslie’s experience only further clarifies that this is exactly the work
educators must be doing if they are serious about helping students like Leslie feel like they
belong in engineering. Helping students like Leslie feel like they belong is an important step

towards expanding the definition of engineering and diversifying the field.
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Chapter 4: Student Agency & Educational Ownership
4.1 Introduction

Engineering educators are tasked with fostering a commitment to lifelong learning within
our students (ABET, 2020). To achieve this outcome, educators must support students in
developing intrinsic motivation for the pursuit of new engineering knowledge and practices.
Stewart (1994) theorized that “as intrinsic motivation is nurtured, a student’s ownership of
learning begins to take root and may show through in that passionate commitment to the pursuit
of a topic, inquiry or creative exploration.” I argue that this commitment is what many educators
hope to see in their students. However, Stewart also noted that this same commitment can often
run counter to the structures and values upheld by “traditional schooling,” which emphasize
preparation for performance on high-stakes assessments instead of student-directed knowledge
pursuits.

Danielak et al. (2014) observed this phenomenon precisely in examining the case of
Michael, an engineering student who questioned if he should remain in engineering because he
wanted to spend much more time making sense of and puzzling over interesting and complex
concepts than the engineering curriculum seemed to encourage. At one point in an interview
about his approach to his undergraduate engineering education, Michael explained that he had
found himself needing to consider what he thought of as “learning” as a “hobby.” He articulated
that he needed to separate learning from his schoolwork so that the activities that felt to him like
true learning would not “interfere” with the tasks he had to accomplish to maintain an adequate
GPA. In Michael’s case, the systems and structures of engineering schooling disincentivized
Michael’s approach to learning, and in turn, created a disconnect between his epistemic identity

and his academic experiences.
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To unpack these disconnects at a systems level, Michor and Koretsky (2020) took a
situative approach to examining the structures that mediate students’ learning approaches in
engineering courses. They found that the nature of assessments strongly influenced whether
students felt prompted to take a “rote” (i.e., memorization-focused) approach or a “conceptual”
(i.e., sensemaking-focused) approach to learning. This finding further emphasizes the impact of
assessment on student choices about how to study and participate in engineering learning
experiences. They also noted that students felt a tension between a desire for “deep
understanding” and the constraints of the educational system (e.g., grades), which is in line with
the findings from Michael’s case in Danielak et al.’s work (2014). Michor and Koretsky (2020)
also noted that when students felt they did not have agency in their academic experiences, they
opted for rote learning approaches.

The literature described above indicates there are problematic structures within the
educational system, some of which are closely tied to methods of assessment, that limit student
ownership and agency. I posit that ePortfolios may be a tool that can address these concerns. The
nature of portfolios prompts students to make decisions about content, and this content by
definition should be closely tied to their own evaluation of their knowledge and skills. In doing
so, portfolios have the potential to encourage students to exercise agency and develop ownership.
In this chapter, I use data from student interviews to explore four unique ways that mechanical
engineering students engage with ePortfolios as a tool to exercise agency as learners and develop
ownership of their educational experiences. The students had been participants in a semester-
long course for second-year mechanical engineering majors on developing portfolios to

showcase their engineering competencies. Each had built and revised an engineering portfolio
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through a series of guided activities detailed in chapter 2, including peer and faculty reviews,
skills identification, and engineering identity discussions.

In this chapter, I will provide an overview of how ePortfolios have been used in
engineering education as well as their use as assessment tools. I will review additional literature
on the foundations of agency and ownership. I will then describe the methods of the interview
study and summarize the findings. Finally, I will discuss the implications of these findings for

engineering instruction in higher education.

4.2 Literature Review
4.2.1 Portfolios in Engineering

Portfolios have long been used in art and architecture programs to house and showcase an
individual’s body of work over the course of an academic program and/or career. In recent years,
electronic portfolios (ePortfolios), also known as digital portfolios, have grown in popularity
among engineering students, who use them to showcase their engineering work to prospective
employers. There has been significant research done on the value of using ePortfolios in
academic programs across numerous disciplines (Penny Light et al., 2012), but less work has
been done within engineering, specifically. However, the research that has been done in
engineering education has shown that ePortfolios can serve as a valuable tool for reflection on
learning and knowledge construction (Eris, 2006; Turns et al., 2010), support for professional
identity development (Eliot & Turns, 2011; Kilgore et al., 2013), and mechanism for learning
outcome and program assessment (Williams, 2002).

Focusing on the use of portfolios within the engineering classroom, Turns, Cuddihy and

Guan (2010) provided a foundation for understanding the ways in which engineering students
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engage with ePortfolios as tools for reflection. Using a phenomenographic approach, these
researchers analyzed interviews with thirteen engineering students, all of whom had taken the
same introduction to manufacturing processes course that required students to produce an entire
portfolio with entries populated by the work done only in that one course. Their findings indicate
that students found ePortfolios to be epistemically different from “normal school” in the
following ways: (1) externalized knowing — making knowledge visible to others, leading to
greater awareness of what they know and don’t know; (2) integrated knowing — making
connections among knowledge within the course and between those in the course and those in
the greater engineering discipline; and (3) subjective knowing — personalization of knowledge
through connections with feelings, interests, and motivation. All three of these ways in which
portfolios felt epistemically different shed light on how transformative portfolios can be when

used for the purpose of course-based assessment.

4.2.2 Assessment Using ePortfolios

Work in other fields also suggests the promise of portfolios as formative assessment
tools. There is evidence in physics education research that indicates portfolios are able to serve a
similar role to exams (Gunay & Ogan-Bekiroglu, 2014; Slater et al., 1997). In an introductory
physics course, Slater et al. (1997) found that using portfolios as alternative assessments in place
of two traditional exams as midterm assessments yielded comparable scores on traditional final
exams. These results alone are encouraging when considering the efficacy of alternative
assessments, but the authors also concluded that portfolios “have the additional benefits of
lowering test anxiety, encouraging students to use physics in non-textbook situations, allowing

for longitudinal observations of achievement, and promoting student responsibility and
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introspection,” (p. 270) all of which are outcomes that would also serve engineering students
(Slater et al., 1997).

In engineering education, previous efforts using portfolios to reform assessment have
focused on program assessment. The Rose-Hulman Institute of Technology has used portfolios
in several forms for institutional and program assessment since 1998. These portfolios are
defined as “institutional portfolios™ that serve the need of the institution to measure student
learning against institutionally defined learning outcomes (Williams, 2010). This aligns with the
ABET Engineering Program Criteria 2000, which lists portfolios as a possible form of evidence
for demonstrating program outcomes and assessment (Rogers, 2020). These updated criteria,
which were first adopted by the ABET board of directors in 1996 (Lattuca et al., 2006),
motivated Christy and Lima (1998) to explore the use of portfolios in two engineering courses to
support student learning. Though initially driven by ABET and program assessment goals, they
found that students reported enhanced learning as a result of the portfolio assessment process.
Yet, in the twenty years since this finding, portfolios have not taken the place of more traditional
assessments, such as exams, in engineering education.

However, similarly to how ABET motivated alternative assessment exploration in 1998,
the COVID-19 pandemic has forced the exploration of new summative assessment methods in
fundamental engineering science courses. Vigeant (2021) has recently documented her
experience switching from a final exam to a final portfolio in a chemical engineering
thermodynamics course as necessitated by the abrupt transition to Emergency Remote Teaching
(ERT) (Gelles et al., 2020) in spring 2020 due to the outbreak of a global pandemic. As the
instructor, Vigeant reported that portfolios gave her a similar ability to assess students and took

similar time to grade as compared to exams. She also noted the potential for a greater level of
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“depth and complexity” in the portfolio submissions as compared to exams she had given in

previous years.

4.2.3 Agency

With some record of successful use of portfolios for assessment in engineering education,
I seek to understand the underlying factors that differentiate portfolios and exams, and then
further explore the outcomes that are produced as a result of these factors. Based on the literature
reviewed above, I hypothesize that portfolios provide students with a greater sense of agency as
compared to more traditional forms of assessment. Before exploring how agency appears in the
portfolios used in assessment literature, I must first define how the term agency will be used in
the context of this chapter. Agency has been defined in the literature by numerous disciplines
(e.g., in sociology by Emirbayer and Mische (1998), in philosophy by Anscombe (1957) and
Davidson (1963), etc.) including education (Mercer, 2012). However, Jaiskela et al (2017) found
the term has not been consistently defined or applied within higher education research. They
propose a complex model of agency based on the prior literature and their own work that can be
used in full or in parts. For the purposes of this study, I have adopted their dimension of agency
that addresses opportunities for students to make choices and extended it to clarify who cannot
be involved in agentic decision making. Student agency is defined as “students exercising the
ability to make an intentional choice about portfolio content without evident impedance by
members of accountability structures in higher education (teachers, administrators, etc.).”

I can now apply this definition to the existing literature on the use of portfolios as tools
for assessment. Based on their experience with using portfolios in first year and senior biological

engineering courses, Christy and Lima (1998) specifically recommended that instructors
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“provide an appropriate level of structure” in the portfolio assignments, but not too much
structure, since portfolios should serve as tools for “reflection, selection, documentation, and
creativity” (p. 146) The abilities for students to select what they display and to be creative in how
they display their work both speak to providing students with agency in their experience. More
directly addressing agency from the outset of her study, Vigeant (2021) used self-determination
theory and intrinsic motivation as the basis for her work with portfolios in a thermodynamics
class. Vigeant argued that “by recognizing, selecting, and solving thermodynamics problems,
students experience both autonomy and competence” (2021, p. 2). Selecting what work to
showcase in the assessment offered students the opportunity for autonomy, which aligns with my
definition of agency. These results from Vigeant and Christy et al. provide evidence that
portfolios support student agency, though the ways in which agency was exercised were not
explicitly explored. I will expand on their work by exploring the ways students exercised agency
in their development of their portfolios and how the students who exercised agency demonstrated

ownership.

4.2.4 Educational Ownership

In the context of this chapter, educational ownership will be defined as “students’ taking
conscious responsibility for the choices they make with regard to how they structure their future
educational trajectory and approach their future learning experiences.” Literature on other non-
traditional assessment methods can shed light on how providing students with opportunities for
agency using portfolios might impact their educational ownership. For example, self-assessment
has been tied to increases in student motivation (McMillan & Hearn, 2008), which by Stewart’s

(1994) definition of ownership of learning is a critical first step in the process towards
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ownership. Self-assessment is a cycle where students progress through understanding learning
targets, self-monitoring their progress, and conducting self-judgment in comparison to those
targets. This cycle promotes motivation by encouraging metacognition, self-efficacy, self-
evaluation, and reflection (McMillan & Hearn, 2008). These components are consistent with
how Conley and French (2014) model student ownership as students engaging in a five-part
cycle that starts with demonstrating motivation and engagement, proceeds to goal orientation and
self-direction, then to self-efficacy and self-confidence, then to metacognition and self-

monitoring, and finally persistence.

4.2.5 Research Questions
With the portfolio, assessment, agency and educational ownership literature in mind, I set
out to answer the questions of:
e  How do second-year mechanical engineering students experience agency when creating
portfolios in the context of an optional 1-semester, 1-hour-per week portfolio course?
e  How do second-year mechanical engineering students demonstrate ownership of their

educational experiences after creating a portfolio?
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4.3 Methods

This study is part of a larger design based research study examining portfolios in
engineering education (see chapter 1). This study is a phenomenography (Case & Light, 2011)
exploring students’ experiences with the phenomena of agency and educational ownership in a
portfolio creation course. The experiences of nine students are examined in detail using
interviews as the primary data with supplementary data from their assignments and discussions,
and then four students who represent the range of different experiences with the portfolio are

profiled.

4.3.1 Researcher Positionality

My interest in exploring assessment, agency and ownership came from my prior
experiences as an undergraduate mechanical engineering student and my current employment as
both an instructor for undergraduate engineering courses and an advisor to mechanical
engineering undergraduate students. The lenses formed by these experiences position me to think
holistically about mechanical engineering undergraduate students’ academic journey both inside
and outside the classroom. In particular, my role as an academic advisor influenced my
perspective on what counts as educational ownership to create an expansive definition that looks
at educational choices outside an individual course, which is a prevalent component of the
analysis done in this chapter. Additionally, my identity as a middle class, White woman positions
me as both a member of the majority (middle class and White) and the minority (woman) in
engineering settings. The design of this study as an interdisciplinary portfolio experience reflects
the influences of both my experiences and identities. Portfolios are a student-centered approach

to learning and assessment, which is central to how I approach engineering education.
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4.3.2 Context

Along with my doctoral advisor, who is a mechanical engineering faculty member, I
designed and taught a one-credit, pass/fail course on ePortfolio development in the spring
semester of 2021 at a mid-sized, private research university in the Northeast United States. The
course was offered to second-year, second-semester mechanical engineering majors as an
optional elective, and nineteen students enrolled in the course. Before taking the course, all
students had taken introductory math and science courses, an introduction to engineering design,
and required courses in mechanics and materials. During the course they were all enrolled in
required courses in dynamics, thermodynamics, and mechanical design. The course was designed
to facilitate the process of creating a draft ePortfolio for students to continue to use as they
progressed through their undergraduate careers. Students were provided with a range of sample
portfolios, but no requirements were set for ePortfolio content or structure. Throughout the
course, students were presented with information and activities to assist in guiding their
exploration and developing content, but students had the ability to choose what they included or
not in their ePortfolio without any impact on their ability to pass the course. If students made a
submission for all of the assignments, they received a passing grade in the course. They were

informed of this grading criteria at the outset.

4.3.3 Participants
Nineteen students participated in the course, and all consented to be part of a design-
based research study on their experiences in the course and with ePortfolios. After the course

concluded and an initial review of the data from the course had taken place, all students were
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invited to participate in interviews over the summer. Nine students consented and participated in
these interviews. Of the interviewed students, two identified as White men, six identified as

White women, and one identified as a Latina woman.

4.3.4 Data Collection
Data sources included video recordings of post-course interviews, homework
submissions, and video recordings of in-class discussions. The interviews were the primary
source of data for the analysis presented in this chapter; the homework and in-class recordings
were secondary sources used to triangulate the interview findings. The semi-structured interview
protocol (Brenner, 2006) emphasized exploring students’ perceptions of assessment and their
experience with portfolios (Appendix C). Two undergraduate research assistants tested the
interview protocol informally with several other undergraduate students. Revisions to address
question clarity and content were made based on this pilot testing of the protocol. The final
protocol consisted of an initial series of questions about exams, to understand students’ beliefs
around traditional forms of assessment, and followed by a series of questions about portfolios
both as they were used in the course and how students could see them being used as tools for
assessment. Examples of two of these questions about portfolios are provided below, and the full
interview protocol is available in Appendix C.
1. Specifically thinking about this class ME90 and the way it supported you, how did the
process of producing a portfolio impact you?
2. In what ways could you see using portfolios as alternative or additional tools for

assessment in your engineering classes?
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4.3.5 Analysis

The student interviews were transcribed by Zoom as the interviews were conducted.
After all interviews were completed, I reviewed all of the video files to ensure the accuracy of
the transcripts and made corrections when inaccuracies appeared. The first stage of analysis was
a cycle of deductive coding (Saldafia, 2015), which identified excerpts in the data that reflected
demonstrations of agency and/or educational ownership. My advisor and I defined the codes,
described in 4.3.5.1 and 4.3.5.2, and then tested the definitions by having two graduate student
researchers independently apply them to a sample transcript. I used the results of this sample

coding to further refine the code definitions.

4.3.5.1 Coding for Agency

For the deductive coding cycle, I defined agency as exercising the ability to make an
intentional choice about portfolio content without evident impedance by members of
accountability structures in higher education (teachers, administrators, etc.). An example of a
student demonstrating agency in using portfolios would be “Okay, so this project was my EN 1
final and it was like probably, probably one of the most stressed out I’ve ever been, but it had the
biggest payoff of any, any project that ever done, so I’m really proud of it, and that’s kind of why
I chose it.” In this excerpt, the student is indicating that they were able to choose what to include
in their portfolio and that they made that choice based on factors of significance to them. I coded
all transcripts for excerpts that demonstrated agency, and then the course co-instructor reviewed
these applied codes for agreement. In the few instances where we disagreed, we discussed each

code and came to a joint decision on the final code application.
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4.3.5.2 Coding for Educational Ownership

To code for educational ownership, 1 initially coded based on Conley and French’s
(2014) model of the process of developing ownership of learning with each stage of their 5-part
process constituting a unique code. However, their fundamental definition for ownership of
learning focuses primarily on actions that students take within the classroom, and my goal was to
explore a broader impact of portfolios that was more consistent with how they had been
presented in this course. That is, our mechanical engineering portfolio course promoted thinking
about portfolios as tools to tie together many elements of students’ multi-year educational
experience, rather than to focus in on one topic or course. Therefore, Conley and French’s (2014)
model for ownership did not align with the goals of this engineering portfolio course.

I re-coded the transcripts with a revised definition for educational ownership: students’
taking conscious responsibility for the choices they make with regard to how they structure their
future educational trajectory and approach their future learning experiences. An example of a
student demonstrating educational ownership under this definition would be “When I was
picking classes for next semester [after portfolio course], I was like, I want to pick classes that
like teach me new skills that I can show off and like, things that really build.” In this excerpt, the
student is indicating they will have a new approach to choosing classes that is driven by their

desire to build artifacts for their portfolio.

4.3.5.3 Inductive Coding Cycle
After the deductive cycle of coding, I compiled all the excerpts that were captured by the
agency and educational ownership codes. I then grouped the excerpts coded for agency

according to three broader themes: who, what, and how. These themes refer to the following
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choices students made: who is the audience of the portfolio, what content did they include in the
portfolio, and #ow did they show the content they included.

The course co-instructor and I then grouped the ways in which we observed ownership.
While all students displayed at least some elements of engaging in ownership of learning as
modeled by Conley and French (2014), who included demonstrations of self-confidence and
metacognition, not all students demonstrated educational ownership in the way I have defined it
above, as conscious choice-making about educational trajectory and learning approach. For those
who did display this type of educational ownership, we found four manifestations of educational
ownership. Based on these manifestations, four students were selected and profiled, with each
student’s experience representing one of the manifestations. These student profiles are described

in the findings.

4.4 Findings

The findings presented in this section characterize students’ experiences with agency and
educational ownership in a portfolio development course. Four students, Paul, Sarah, Margaret,
and Maria, all displayed unique forms of educational ownership. In other words, their conscious
choice-making about their future educational trajectory and learning approach focused on
different subsets of choices. In what follows, I characterize the three types of agency observed in
the interviews (Table 4.1) and provide a breakdown of what expressions of agency were
observed in each student’s interview (Table 4.2). Then, I profile each student’s display of

educational ownership in the context of their agentic experiences.
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Table 4.1

Types of Agency

Type of Agency

Quote

Who

What

How

I think everybody can, can think you know different things and, and I
think there are portfolios that, that can be directed towards different
people, but I think...for me, at least at this point, right now, it’s
whenever I’'m making an- or working on my portfolio I'm definitely
thinking, you know, how is my future employer going to perceive this
or how am I supposed to market myself best to future employers.

Yeah, I just felt like this is really important to me and it, it’s not
something that you think of like traditionally is being part of a
portfolio, but I feel like it should be.

I think the teamwork one like it doesn’t go into super depth, I think it
mentions all of the skills. Which are like fine I don’t know I don’t think
it needs to go super in depth there I think it’s good for people to have
something to ask me about.

Table 4.2

Types of Agency Expressed by Each Profiled Student

Student Who What How
Margaret X X
Maria X X
Paul X X
Sarah X X X

4.4.1 Margaret - More Uniqueness

In Margaret’s interview, we saw an educational ownership profile that focused on a new

goal of producing unique engineering work. Throughout the course, she opted to include

elements that made her portfolio unique from her peers, which is detailed below. Margaret’s
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experience with portfolios illuminated how students’ approach to their education can be
impacted by the reward systems in place as well as what engineering instructors emphasize as

important in their courses. She hypothesized:

I think if like, if they [portfolios] were stressed from the beginning that like the, the
mindset you can have about your work isn’t about the grades, but it’s about like good and
interesting documentation and like creative and interesting projects, and it’s like you need
to like show that, for what you’re doing, I think that people’s like attitudes towards,
towards working would change and be less about like, oh, I need to like get this code

done so it works, [but] more like, oh let’s like do this in an interesting way.

Margaret was describing how the focus on grades takes away from the desire to create
unique and interesting work. She perceived that if students were focused on portfolios from the
beginning, they would attempt to complete their assignments with another goal, in addition to
fundamental competency, in mind. For her, that new goal would be to produce more unique and
interesting work that could then showcase her individual talents in a portfolio.

Margaret’s desire to break from the “traditional” was also apparent in her interview
responses coded as demonstrating agency. Evidence of her use of agency in creating her
portfolio centered almost exclusively around what she chose to include. In her case, she chose to
include a list of the Design Justice Principles (Design Justice Network, 2018) along with
principles of biomimicry (Biomimicry 3.8, 2016). She justified including these principles
because they were unique and important to her: “yeah I just felt like this is really important to me

in it, it’s not something that you think of like traditionally is being part of a portfolio, but I feel
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like it should be.” In this statement, Margaret indicated she placed a higher importance on
displaying what she values in her engineering practice, which in this case she identifies as the

principles above, than what might be traditional in a portfolio.

4.4.2 Maria - Increased Reflection and Thinking Toward Her Post-College Future

Maria’s ownership of her educational experiences took the form of reflecting on her
experiences and thinking about how she was going to approach her classes with her post-college
life in mind. She expressed that making a portfolio led her to think about her current work in

terms of how it would bring her forward into her future career.

And so it [the portfolio creation experience] made me more like introspective in that way,
and like how did like to think about what I’'m doing in my class and, like in my classes
now and, like how it’s gonna...carry me through like into the rest of my life, like like if

employers are looking at this, like, that’s beyond school.

This change in her outlook represents a long-reaching change in her mindset and
approach not only to her academics but to all of her future work. Throughout her interview, as
she described how she made portfolio decisions, she emphasized her intent to showcase hard
work, personal ownership, and demonstration of her own knowledge and skills. She exercised
agency by choosing to foreground these qualities in her portfolio. She also exercised agency in
determining what projects to include, how to include them, and what audience to target. When
she reflected on what it would take to include an exam in her portfolio, she revealed that exams

were not an artifact of her own creation:
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But if exams were more like, almost projects like, and like where I like had more
ownership over it, and it was like my thing that I worked on, and that like I worked on
solving, and this is like what I did, then it would like seem more useful to me like write a

portfolio entry and like that, I think, can be very beneficial.

This excerpt shows that Maria considered the portfolio a reflection of her own work and
wanted to include artifacts that showcase her unique contributions and knowledge. This
demonstrates she has reflected and realized definition of what she owns as part of her

educational experience and beyond, and what is more so an artifact of the system itself.

4.4.3 Paul - Now That I Have an Audience, I’'m Going to Do Higher Quality Work

Paul’s form of educational ownership was driven by the fact that his portfolio had an
audience and because of this audience, he felt an internal desire to produce higher quality work.
The public visibility of portfolios was a unique element compared to other engineering
assessments and assignments that these students typically completed. For Paul, this element
produced a desire to better document his projects. In the interview, he described changing his

documentation practices in his courses while he was creating his portfolio.

Like even the the CAD aspect of [a course project on product teardown] was not that
much of, like I remember the the professors had said, like you know, it doesn’t need to be
perfect like...You don’t need to do every single piece, you know perfectly, but my

project, I was like no, we need to get like every individual like thing perfect because I
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want a good picture for for my portfolio. So I think that class definitely or this class

definitely it helped me with, you know, documentation for from other classes.

While most students articulated the ways in which the portfolio process improved their
ability and desire to document projects, Paul expanded upon this outcome with a shift in how he

anticipated approaching projects in the future:

It definitely makes me think more about, like in the past, I feel like as I’'m doing a project
I would do it and I’d be like oh, I need a good grade on this, or like I need to...like yeah
like I want to get a good grade on this, I want to, you know do this specifically for the
sake of doing well in school, but now I feel like when I do a project I’'m thinking about
like oh, like, I want to make this project good, like I want to make it look...Like I mean I
feel like that’s kind of a similar sentiment, like, I want to make it look good in my
portfolio, but, like, for the sake of it being good now, you know. I want it to like function
well, and not just like get all the points on the project, and I want it to be able to be

impressive and not just you know, do the minimum or something like that.

In this excerpt, Paul articulated a shift in how his approach to course projects — from
being concerned about the grade to being concerned about the quality of the final product. He
identified that his projects must “look good” so he can best display them in his portfolio. In
addition, he specifically remarked that this shift in approach was about more than aesthetic
quality, though it may have initially been driven by aesthetics, but also about the functionality

and desire to produce an “impressive” project that “function[s] well.” His new desire to “not
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just...do the minimum” speaks to the ownership he was now taking over his future educational
experiences.

This new mindset around documentation that led to Paul taking ownership was consistent
with the ways Paul exercised his agency in creating his portfolio. In his interview, he discussed
the choices he made — and had the ability to make — about what projects to include, what
platform to choose, and how to showcase his work. For instance, he remarked on the difficulty of
deciding whether or not to include a high school project that was of high quality and great
importance to him but was not part of his undergraduate education. In the end, he opted to keep
the project in his portfolio because he was passionate about it, he had put a lot of work into it,

and it was an example of the high quality work he could produce.

4.4.4 Sarah - Identifying Related Skills and Planning a Cohesive Experience Around
Pursuing Them in Depth

Sarah’s experience with portfolios helped her identify her existing skills and better
conceptualize how new skills acquired during her education could and should build on each
other. She demonstrated this conception when she remarked on her desire to pick her courses

more thoughtfully in the following semester.

When I was picking classes for next semester, [ was like, I want to pick classes that like
teach me new skills that I can show off, and like things that really build, versus
like...going into this has just been, which has just been to like, um, like try as many

different far-flung things I possibly can, which is like, which has been so much fun, but
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like trying to make stuff that like builds on itself a little bit more just looking at like. I

don’t know. Different, different perspectives.

In this excerpt Sarah was noticing that she had shifted her perspective from trying to
explore as many different topics as possible to trying to take courses that build on each other and
develop a cohesive skill set. The portfolio also helped her think about her education as one

continuous experience rather than multiple isolated and disconnected experiences.

I really liked that it emphasized that you can use the projects that you’ve done for class
because like, going into it, I was like, oh like, I don’t know what I’m even going to put on
my portfolio, I haven’t done anything. And then the two professors were like oh no, you
can like, like here’s how to look at your like the things that you do in class as like as like
good for your portfolio and it helped me to think of like...the whole like my previous
undergraduate career [makes timeline gesture]...being like oh yeah that’s built on that
this was on that this is like an actual good skill to have and like seeing classes as more

applicable like less isolated. I guess. That’s been cool.

These ideas of looking for continuity across skills and taking ownership over connecting
her educational experiences together are consistent with how she described the agency she took
when creating her portfolio. She articulated that she made her own choices about who her target
audience was, what work she opted to include, and how she chose to showcase her artifacts. She
mentioned, “I think we all benefited from that like seeing which [artifacts] that we thought were

worth putting on there.” This statement indicates she exercised agency in the process and there
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were benefits to that aspect of the experience. It also suggests that she placed importance on the
reflective elements of the portfolio. She went on to elaborate on the importance of the reflection

opportunity presented by portfolio creation:

Like having reason to do it and reflect on it, and I think I said before that it like really
helped me look at my like the whole path of my engineering education in a more

cohesive way. Like I think that’s really been beneficial.

Sarah’s reflection was tied to how she thought about her engineering education on the
whole, and this link is related to her earlier assertion that she was actively selecting classes based

on her newly articulated desire for connected skill-building.

4.5 Discussion

These findings demonstrate four ways in which mechanical engineering students took on
increased ownership of their engineering education trajectory after exhibiting agency in creating
an engineering portfolio. Paul sought to produce higher quality work with a public audience in
mind; Sarah redirected her course selection to develop skills that she discovered her interest in
while creating her portfolio; Margaret developed a desire to do more unique and creative work
for her class projects; Maria saw how the work she was doing in college would carry forward
into her career. Although these results may not provide evidence of a direct causal link between
the two phenomena of agency and ownership, prior literature hints at a connection between them
and provides clues for how portfolios might enable that connection. The connection that ties

agency to ownership through portfolios is motivation (Figure 4.1).
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The literature on motivation is vast and complex with numerous theories such as self-
efficacy theory (Bandura, 1977), attribution theory (Weiner, 1985), self-worth theory
(Covington, 1984), and achievement goal theory (Dweck, 1986). Seifert (2004) performed an
analysis of the noted theories to find the gaps and commonalities between them. He concluded
that feelings of competence, perceived meaning, and autonomy (used interchangeably with
agency) are crucial to student motivation regardless of which theory is used. He advocated for
teachers to create classroom environments that encourage these feelings (Seifert, 2004). This is
where portfolios can contribute. The portfolio experience provided to students in this study, as
detailed in Chapter 2, encouraged students to take inventory of their competencies. The course
also encouraged students to display artifacts that were of meaning to them personally, and
students entered the course attaching some meaning to creating the portfolio itself. Many
students entered with the express goal of developing a portfolio that they could use to apply to
jobs, which is a task of high significance to students. Finally, the course encouraged students to
choose how to craft their portfolio to showcase their competencies and artifacts, which led to
students exercising agency. This agency is fundamental to fostering motivation.

After unpacking how the agency students exercised likely led to motivation, I can now
explore how that motivation led to educational ownership of their undergraduate engineering
trajectory. I introduced this chapter by referencing the work of Stewart (1994), who explicitly
suggested the development of ownership is preceded by an increase in intrinsic motivation. This
is in line with Conley and French’s (2014) model that places the demonstration of motivation
and engagement as the starting point to develop student ownership of learning. Though the
definition of educational ownership I have set forth varies from these definitions of ownership of

learning, they are consistent in conjuring an image of students taking charge of their learning
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experiences and dictating their path forward. Whether students feel empowered to chart their
course through a single assignment or their entire undergraduate engineering journey, the root

cause of the empowerment is likely to be the same — increased motivation.

Figure 4.1

Educational Ownership Model

Educational

Motivation Ownership

The literature explored above suggests agency supports increased motivation, and
motivation supports increased educational ownership. I observed students expressing both
agency and educational ownership as a result of participating in this portfolio course, which
indicates the portfolio may offer enough agency to produce educational ownership. Paul’s profile
is a good example of how motivation may be a mechanism to connect agency and educational
ownership. In Paul’s experience, he exercised agency in all three ways: who, what, and how. The
agency to choose who his target audience was seemed to impact his motivation. By selecting
employers as his audience, he became motivated to produce projects that appeared to be of
superior quality so he could have optimal photos for his portfolio. To do this, he had to produce
higher quality work, thereby taking ownership of his education.

Sarah’s experience also indicated a clear influence of agency on her motivation. She

describes the ability to choose what projects to include based on what interested her most and
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what she was most proud of. This motivated her to want to pursue projects that reflected her
interests. This motivation resulted in her taking ownership over her educational choices in the
form of course selection. She notes that prior to her experience with portfolios, she did not have
much direction when choosing courses and selected a wide variety. After the portfolio
experience, she took ownership by being more intentional in her course selection to meet her
goals for project production and skill development.

While these results are encouraging and begin to form a link between agency, motivation,
and ownership, these findings are specific to the context of a particular portfolio course at a
particular institution, which intentionally left decisions about portfolio structure and design open
to the students. If agency is a critical component to producing educational ownership, results like
those obtained in this study are only possible if student agency is supported within the portfolio
creation process. If engineering instructors or program requirements dictate exactly which
projects to include, which competencies to showcase, which audience to target, or which layout
to adopt, students would likely not have substantial opportunity for portfolio agency and would
likely not find the portfolio creation process to produce new motivation for learning. Future work
should examine what level of guidance is helpful for students in scaffolding their portfolios

without limiting their agency to the point that educational ownership cannot occur.

4.6 Limitations

There are two primarily limitations of the findings presented in this chapter. The first is
briefly described above and that is the course context. This course was developed outside the
normal required curriculum and therefore had the ability to provide students with more agency

than may be possible in a required engineering course. Therefore, the findings are limited in their

88



application to those with similar context and abilities to provide extensive student agency. The
second limitation is tied to the structure of the course in that because the course was optional, the
population of students who enrolled are self-selected. It is reasonable to assume that the students
who enrolled in the course may have done so because they already placed some value either
consciously or subconsciously on developing their educational ownership. The findings should

be considered with these limitations in mind.
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Chapter 5: Faculty Perceptions of the Value and Feasibility of Portfolio Adoption

5.1 Introduction
Assessment of academic performance through summative exams has long been the
standard in undergraduate engineering courses. These exams afford students the opportunity to
demonstrate their proficiency with procedural problem-solving skills and conceptual knowledge
in a specific sub-area of their engineering discipline. However, these forms of assessment
position the instructor as the sole evaluator of proficiency, which leaves little space for students
to engage in assessing their own learning (Taras, 2008). Yet, to prepare for engineering practice
and the lifelong learning that necessarily accompanies it, students need to develop strategies to
self-evaluate the quality of their knowledge and skills (Boud & Soler, 2016). Students could
begin to do so during their undergraduate years. Filling the gap that exams leave behind,
“sustainable assessment” methods in undergraduate courses can equip students with these
strategies for self-evaluation of their engineering competencies (Boud, 2000). ePortfolios can
facilitate sustainable assessment by encouraging students to reflect on their learning experiences
and articulate their knowledge in a public medium (Jones, 2010; Kilgore et al., 2013; Penny
Light et al., 2012). The flexibility of the ePortfolio platform also allows students to move beyond
reflection within a single course to begin to tie together their experiences in and out of the
classroom to develop an integrated understanding of their preparation for engineering practice
(Kilgore et al., 2013). However, ePortfolios have not been widely adopted in engineering
education.
To understand why ePortfolios have not been widely adopted for assessment in

engineering, we must first understand the challenges of supporting instructional change in higher

education. Institutions of higher education are complex systems and any attempt to implement an
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intervention in this space must seek to understand the underlying motivations of the individual
stakeholders and system itself. In this chapter, I focus on the faculty stakeholders. I report on a
study of seven mechanical engineering faculty members and their perceptions of ePortfolios for
assessment. In this chapter, I review prior work on faculty adoption of portfolios across multiple
disciplines and engineering faculty adoption of new teaching practices, and I explain the utility
filters lens I applied to the data. Then I provide an overview of the use of utility filters to analyze

interview data resulting in findings of faculty perceptions of value and feasibility for portfolios.

5.2 Literature Review
5.2.1 Faculty Adoption of ePortfolios

Other research on ePortfolios in undergraduate education has shown that faculty are key
actors in making ePortfolio programs successful (Luera et al., 2016; Reese & Levy, 2009; Ring
et al., 2016; Ring & Ramirez, 2012). Faculty perception and buy-in have been found to be
critical across implementation approaches and disciplines. Hall et al. (2012) documented
challenges in recruiting faculty to participate in coaching students in their ePortfolio program as
part of curriculum changes to the undergraduate medical education program. Coaching was a
critical component of their program model and required faculty participation to be successful. In
this case, mandating ePortfolios as part of the curriculum and active efforts to increase awareness
over time led not only to increased faculty participation but ultimately more faculty who wanted
to serve as coaches than available coaching positions, resulting in a robust and sustainable
program. Luera et al. (2016) observed ePortfolio adoption over a 15-year period of time in an
education department. Their ePortfolio program was developed and implemented by a small

group of faculty, who taught undergraduate and graduate courses, though the authors did not
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specify the implementation in graduate versus undergraduate classes. These faculty were
motivated by their desire to provide students with a mechanism to engage in reflection as part of
their academic journey as they worked toward a degree in education. The success of this initial
intervention prompted adoption by other faculty, but sustaining a consistent program became
difficult as new faculty came in and prior faculty moved to other courses. The program became
reliant on individual faculty motivation due to the need for independent professional

development and learning new technologies to support portfolio platforms.

5.2.2 Engineering Faculty Adoption of New Practices

In engineering education, published research on ePortfolios has primarily focused on
student learning and reflection (e.g., Kilgore et al., 2013; Turns et al., 2010), student identity
development (e.g., Eliot & Turns, 2011), examples of use for assessment in an individual course
(e.g., Vigeant, 2021), and use in accreditation and program evaluation (e.g., Williams, 2010).
This body of work does not adequately address engineering faculty perceptions and motivations
around ePortfolios, which is particularly critical to understand to support future adoption within
engineering.

To situate our work within the literature on engineering faculty, we can examine prior
work exploring STEM faculty adoption of other new instructional and assessment approaches.
Borrego et al. (2010) surveyed engineering department chairs across the United States about
seven innovations in engineering education, such as student active pedagogies and
interdisciplinary capstone design projects. The respondents indicated an awareness of 82% but
only an average adoption rate of 47%. When examining the barriers to adoption of new teaching

practices in STEM, this and additional studies found that limited awareness was not the cause of
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a lack of adoption, but rather that barriers were the primary deterrent to adoption (Borrego et al.,
2010; Henderson et al., 2011). When examining these barriers, studies have found that lack of
time is the largest barrier, whether it be class time or preparation time (Borrego et al., 2010;
Dancy & Henderson, 2010), and other barriers include but are not limited to lack of recognition
and rewards and lack of support (Henderson et al., 2011). In order to overcome barriers, faculty
must be sufficiently motivated to do so both individually and by the social systems they inhabit

(Matusovich et al., 2014).

5.3 Theoretical Framework
5.3.1 Utility Filters

Given the limited adoption of new teaching and assessment approaches by STEM faculty,
researchers have worked to identify successful and unsuccessful strategies for instructional
change. In a comprehensive review of the literature in STEM education, Henderson et al. (2011)
found that neither leadership-implemented policies nor the development and availability of
materials to support “best practices” were successful strategies for instructional change.
However, they did find three similarities among successful strategies: (1) attention to
understanding individual beliefs and either aligning with or changing those beliefs; (2)
intervention duration of one semester or more; (3) understanding the needs of the system and
working to break down or modify systemic barriers (Henderson et al., 2011). To isolate the
foundational information needed to implement these strategies, these findings can be placed in
conversation with the expectancy value theory of motivation in the academic context. In doing
so, Henderson’s first successful characteristic of understanding individual beliefs (1) can be

attended to by examining whether faculty place value on the object of change (value);
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Henderson’s third successful characteristic of understanding systemic needs and barriers (3)
could be explored through whether faculty expect to be able to be successful in implementing the
object of change (expectancy). This value and expectancy align with the two foundational
elements of expectancy-value theory.

Expectancy value theory (EVT) is a theory of change that posits that an individual’s
motivation depends on a combined perception of expectancy and value. Specifically, EVT
suggests that an individual’s expectancy of success for a given task paired with the subjective
value they place on said task will determine their motivation to attempt the task (Eccles
(Parsons), 1983; Wigfield & Eccles, 2000). Previous studies have used EVT to examine faculty
adoption of new teaching practices in STEM fields (Finelli et al., 2014; Matusovich et al., 2014;
McCourt et al., 2017; Rithimaki & Viskupic, 2020), and in a recent review of change theories
used in STEM education research, it was found to be one of the eight most commonly used
change theories (Reinholz et al., 2021). However, EVT was originally developed by Eccles
(Parsons) as a model for “achievement behavior” in students (1983), and faculty operate in
widely different social and reward systems than those of students. EVT may not explain faculty
motivation as well as it has explained student motivation. For example, when McCourt et al.
(2017) attempted to separate faculty value perceptions into attainment, intrinsic, and utility
values, the subcategories of value within the EVT model, they instead found faculty making
statements that combined these into a single value category. Matusovich et al. (2014) also did not
find clear evidence of attainment or intrinsic values in their data set, which included written
survey responses and observations at engineering education conferences of faculty considering

incorporating research-based pedagogies into their teaching practice and concluded this lack of

97



attainment or intrinsic values finding may have been due to a mismatch between EVT and the
faculty context.

For research into faculty motivation, an alternative to EVT is the framework of utility
filters proposed by Nolen et al. (2009). A subset of motivational filters, the utility filters
framework was developed within the specific context of instructors’ social systems to better
understand what motivates instructors to make decisions about adopting new practices. Nolen et
al. (2009) break down utility filters into two components: feasibility and value. Feasibility is the
perceived practicality and possibility associated with integrating a tool or practice. Value is the
perceived usefulness of a tool or practice in meeting instructional goals. Feasibility and value
interact to form a filter through which instructors assess the utility of a practice. However, these
components are fluid and negotiated over time through interactions with others in a given social
context. Nolen et al. (2009) also found that a perception of sufficient value in a given context
could overcome concerns about how feasible a practice is perceived to be. This attention to
situated instructor motivation aligns with our study goals of understanding faculty motivation in
a single university department, and is, therefore, the theoretical framework I will use in

examining mechanical engineering faculty perceptions of ePortfolios.

5.3.2 Figured Worlds

Utility filters allow the unpacking of faculty motivation with a situative perspective, but
to fully discuss and understand the contexts faculty operate within, another framework is needed.
The construct of figured worlds developed by Holland et al. (1998) fills this gap. They defined a
figured world as “a socially and culturally constructed realm of interpretation in which particular

characters and actors are recognized, significance is assigned to certain acts, and particular
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outcomes are valued over others” (p. 52). The key components of this framework are that people
can operate within multiple figured worlds and each figured world has its own set of negotiated
cultural guidelines that dictate the expectations for behavior within that world. A simple example
of figured worlds would be two of the worlds that children occupy. They inhabit a world with
their family and a world with their friends. While there is certainly likely to be overlap between
these two worlds, the driving cultures in each one will vary based on relationships, physical
environments, and authority figures. Understanding the worlds individuals operate within can

help us understand the cultural motivations behind an individual’s actions.

Utility filters paired with figured worlds will help to answer the research question:
What perceptions do mechanical engineering faculty have of the value and feasibility of

incorporating portfolios into their courses?

5.4 Methods
5.4.1 Researcher Positionality

My prior experiences as an undergraduate mechanical engineering student, then as a
master’s student in engineering management, and now as a doctoral student in mechanical
engineering have undoubtedly informed and influenced this research. I approach this research
with a constructionist mindset that stems from my own tendency to engage in settings (academic
and professional) that afford the opportunity to pursue open-ended, project-based, and personally
meaningful work. Though I do not consider my gender identity as a woman a motivating factor
in my constructionist perspective, Papert and Harel have argued that there may indeed be a

connection between the personal meaning found in constructionism and the work of feminist
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scholars (Papert & Harel, 1991). However, my gender identity has placed me as a minority in the
engineering field, which motivates me to explore novel pedagogies and research that not only
serve all students, but provide additional paths to success for student populations who have not
entered or not been retained by the field previously.

Over the past six years, I have observed the work of mechanical engineering faculty as a
staff member in a mechanical engineering department, and most recently have served in an
instructional capacity myself. This view that is partially external observer and partially limited
internal participant has helped me understand the complex nature of the faculty role and heavily
lean on a situative perspective of motivation rather than an individualistic perspective in this

research.

5.4.2 Departmental Context

The Department of Mechanical Engineering at a mid-sized, private research university in
the Northeastern United States spent two years re-envisioning the core course requirements for
the Bachelor of Science in Mechanical Engineering (BSME) degree program. As part of this
effort, the department opted to begin teaching mechanical engineering specific versions of
foundational courses that were previously taught by other disciplines across the school (e.g.,
Statics & Dynamics, Strength of Materials, Electronics). This shift resulted in mechanical
engineering faculty teaching all core engineering courses to mechanical engineering majors
starting in the fall of their second year. Bringing these courses in-house offered the department
the opportunity to think holistically about the curricula for the entire BSME program and engage
in discussions about the learning goals for the program and the individual courses within it.

Through these discussions, the decision was made to incorporate more hands-on and project-

100



based learning into the core requirements, resulting in the assignment of additional credits to
three courses to provide the opportunity for hands-on experiences. This necessitated the addition
of projects or labs in two additional courses: Materials & Manufacturing I and Thermofluid
Systems II (Fluids plus Heat Transfer).

In their second year, BSME students take five mechanical engineering core courses:
Mechanics I (fall, Statics & Strength of Materials), Mechanics II (spring, Dynamics),
Manufacturing and Materials I (fall, lab), Thermofluid Systems I (spring, Thermodynamics &
Heat Transfer), and Engineering Design I (spring, lab). During the year in which this study took
place, all core courses offered multiple sections with an average of 40 students per section,
except for Mechanics II, which was offered as a single section course of 83 students. This was

the second year these new courses had been offered

5.4.3 Study Context

As part of a larger study on the use of ePortfolios in engineering education, second-year
mechanical engineering students were offered the opportunity to participate in an ePortfolio
development course in the spring of their second year. These efforts targeted the spring of the
second year for multiple reasons: (1) students have completed one semester of mechanical
engineering-specific coursework, which provided two to three projects that could be showcased
in their portfolios. (2) Students are still early enough in their undergraduate careers to change the
trajectory of their experiences. (3) The second year has been a historically understudied period of
time in engineering education research (Borrego, 2007; Lord & Chen, 2014). The material

produced in that course was used as a foundation for the interviews described in this study.
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5.4.4 Participants

This study focused on the subset of mechanical engineering faculty at this university who
teach these core second-year courses. Eight mechanical engineering faculty had recently taught
second-year courses, out of eighteen full-time faculty in the department. Seven were asked to
participate in these interviews. The eighth faculty member is an engineering education researcher
and has in-depth knowledge of the portfolio intervention, and therefore, was not asked to
participate in the interviews. All seven faculty consented to participate and were interviewed. Of
the interviewed faculty, four are tenured and three are non-tenure track teaching faculty.

5.4.5 Data Collection

The seven participants know me and my co-researcher professionally, and therefore, I
enlisted a graduate student researcher in mechanical engineering with prior experience
conducting interviews in engineering education research to conduct all seven interviews. The
graduate student researcher was not involved in the development of this study, but the authors
discussed the interview protocol, goals, and overall study vision with the graduate student
researcher before she conducted any interviews. All interviews were conducted in August and
September after the portfolio development course had concluded that prior May.

The interviews ranged in duration from thirty-seven minutes to one hour. They took place
within three months of each other during the summer and fall after the portfolio course for
second-year students had concluded. Interviews were audio and video recorded using Zoom. The
transcripts produced by Zoom were then corrected by reviewing the transcript and video
concurrently to ensure transcript accuracy. Participant names were replaced with pseudonyms.

Participants were not compensated for their time.
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The interviews were conducted in a semi-structured format (Brenner, 2006) to explore
faculty perceptions of two forms of assessment: exams and ePortfolios. I opted to start the
interview with questions about exams as a way to make the participants feel comfortable by
discussing a method they were familiar with (Patton, 2002) and to encourage participants to
consider where they place portfolios in reference to traditional assessment. The interview
protocol, which can be found in Appendix E, was developed to allow for open-ended responses
and to address similar topics and questions explored in the student interviews that were part of
the larger study.

The first section of the interview focused on perceptions of exams as assessment tools.
Exams were presented as an example of a more traditional assessment method in the interviews.
The first question about exams was modeled after Spradley’s Grand Tour Questions (Spradley,
1979), which are a form of broad descriptive questions that help the interviewer gain a sense of
the participant’s past experiences and the perspective from which they are approaching a given
topic. Within our context, this meant beginning with a question about how they generally used
exams in their second-year courses. They were then asked to review an exam solution from a
second-year statics course that was provided by the instructor of that course and were asked
about the knowledge and skills they felt were demonstrated by that solution.

In the second section of the interview, questions focused on portfolios. An entire sample
portfolio was created for this interview by anonymizing and combining six portfolio artifact
entries produced by student participants from the larger research study on portfolios. The
portfolio related questions started with an open-ended question about what they felt the content
and purpose of an engineering student’s portfolio were. After gathering initial perspectives,

faculty were asked to review a student-created portfolio entry from the portfolio course (Figure
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5.1) about a project from the same second-year statics course as the exam. After discussing the
knowledge and skills demonstrated in the portfolio entry, faculty were asked to freely navigate

through the rest of the portfolio (Figure 5.2) and share general impressions.

Figure 5.1
A Screenshot of a Section of the Truss Entry from the Sample Portfolio

TRUSS CREATION & ANALYSIS

PROJECT OVERVIEW MAIN TAKEAWAYS

In Mechanics | my Sophomore spring, | designed, modeled, and analyzed a 3D truss. Concepts: Reaction Forces, Free Body Diagram, Experimental Analysis
After creating the model with chipboard, | calculated the expected reaction forces

on the truss using a free body diagram. | then took load cell readings of the truss Technical Skills: Arduino, Model Creation, Numerical Analysis using Excel

over multiple applied forces using an Arduino.

INITIAL PLAN FOR TRUSS AND FINAL MODEL

The truss pictured on the right is created to scale to the initial plan. The truss, a Howe truss, is made with chipboard and glue. Extra chipboard is used as bracing to support
fixed points of connection, A flat top is implemented for later analysis, in which varying loads will be applied at the center of the truss. This truss was determined to be
statically determinate, as the two times the number of joints (8) is equal to the sum of the number of bars (13) and the number of reaction forces (3).
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Figure 5.2

Composite of Screenshots of Multiple Entries in the Sample Portfolio

PORTFOLIO ARTIFACTS

TRUSS CREATION & ANALYSIS BLOOD PRESELIRE MONITOR MECHANICAL MOVEMENT 346
TEARDIOWN

TOWEL RACK MODELING & FINITE ELEMENT ANALYSIS OF A 30 PRINTED HOWERCRAFT
ANALYELS BEAM

TEWEL RATK MODELING & ARALYSIS

The remaining questions asked participants to consider how they might use portfolios as
alternative or additional forms of assessment, the value portfolios might offer both for specific
classes and for the larger mechanical engineering program, the barriers they might expect to
encounter if they adopted portfolios, and how adopting portfolios might influence their teaching.
Throughout the interview, follow-up questions were asked as appropriate to better understand

participants’ perspectives.

5.4.6 Analysis
Data analysis was done with a two-cycle coding approach (Saldafia, 2015). The first
cycle consisted of a deductive analysis to identify excerpts that reflected one of the two elements

of utility filters: feasibility and value. An initial pass of coding for broad definitions of feasibility
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and value was done by myself and a collaborating researcher on two sample interviews in
collaboration with two additional researchers to help refine the coding scheme. My working
definitions for feasibility held up in this initial pass, and the definition remained unchanged: the
feasibility of incorporating portfolios into the mechanical engineering program at large or within
an instructor’s specific class. I did need to refine the value codes to reflect the goals faculty saw
the portfolios providing value toward achieving and those they did not. The final definition for
value was: goals articulated by the faculty, which can be individual, course, or program level,
and the associated value they indicate portfolios have in achieving those goals.

Based on this confirmation of the definition for feasibility and refinement of the
definition for value, I completed a full coding pass on all interviews. In this pass, when I tagged
a response as indicating feasibility or value, I also added a subcode to characterize more detailed
aspects of these major categories. Feasibility codes were further broken down into the following
sub-codes: feasible, not feasible, and uncertain if feasible. Full descriptions of the codes in this
first coding cycle are available in Appendix F. Value codes were further broken down into the
following sub-codes: portfolio doesn’t support or hinders identified goal and portfolio supports
identified goal. For a goal to be both identified and supported by the portfolio, there had to be
evidence that faculty were referencing a specific goal and that it was either supported or not
supported by the portfolio. For example, Sutton stated, “I think that it's really an asset for
engineers to have a portfolio, I think it, it helps potential employers.” In this excerpt, the goal
was for students to secure a job by impressing potential employers, and the portfolio helps them
do that. I defined all sub-codes in the codebook. My collaborating researcher then reviewed all
coded excerpts with reference to the codebook and indicated agreement or disagreement with

applied codes. After completing this initial review, I met with my collaborator to discuss all
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excerpts for which there was disagreement on the applied code and made final decisions on code
assignments for these excerpts.

The second cycle of coding was inductive. Open coding was done using the constant
comparative method to identify the goals that were supported and not supported by the portfolios
and the ways the portfolios could be feasibly used and barriers to feasibility across the interview
excerpts that had been identified in the first cycle of coding above (Glaser & Strauss, 1967).
After generating these categories through open coding, my collaborator and I conducted axial
coding by grouping the categories and noting the theme represented by each group (Glaser &

Strauss, 1967).

5.5 Findings
5.5.1 Portfolios and Perceived Value

Faculty statements that indicated they perceived the portfolio as adding value toward
achieving their goals were captured by the “portfolio supports” code, and the findings of the
“portfolio supports identified goal” and “portfolio doesn’t support or hinders identified goal”
sub-codes are described below. In examining the perceived value, it became clear that there were
two distinct stakeholder populations that faculty were primarily concerned with: students and the
faculty themselves. Though there was some overlap in that some goals may be both for the
students and for the faculty, the primary beneficiary of the goal was selected in this breakdown.
In what follows, I will summarize the findings of the value of portfolios for faculty goals for
students, the value of portfolios for faculty goals for faculty, and the concerns about the value of

portfolios.
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5.5.1.1 Value of Portfolios for Faculty Goals for Students

Across all interviews, faculty expressed numerous ways in which they believed portfolios
could provide value in achieving the goals that directly benefit students. Themes of making
meaning out of experiences, increasing competence in communication, writing, and presentation,
and securing a job described the ways faculty saw the portfolio offering value for goals they had

for students.

Figure 5.3
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5.5.1.1.1 Goal 1: Making Meaning Out of Experiences
Faculty perceived the portfolio had value in supporting their goal of helping students find
meaning in their previous experiences. The portfolio served this function by encouraging

students to document their experiences, identify what is important in those experiences, reflect
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on their experiences, and show growth over time. Faculty felt the documentation of experiences
itself had value in this sensemaking, even if only for the ability to remember what they had done

after the class was over:

I often felt that in week 14 after the class has ended, the students let the knowledge leak
out and have a hard time even recalling what they worked on. So at least this holds them
to to having, at least, maybe three or four things that you can say okay, well, I remember
that we did that towel rack, I can remember, we did the cantilever beam thing I remember
that, so I think that’s that’s a really healthy thing. And then, and then imagine five years
down the road, looking back. If they look back at their portfolio, you can definitely have

a better shot at remembering what they had worked on.

Taking the idea of students remembering what they had done one step further, some
faculty saw portfolios as a tool to help students focus on and learn what is most important as they

engage with their academic experiences.

I think that maybe it will help them frame how they're thinking about their projects like
as they're doing them. So thinking about what is the important part of this, what is the
part that I’'m going to show to people. I think that that helps them stay organized more
because, obviously, we want them to do all the little details correctly, but I think
sometimes people tend to miss the picture, so I do think portfolios help with that, sort of

help, help students frame in their mind what the important part of the project is.
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In this way, the portfolio provided an endpoint for students to consider as they engage
with a project, but the faculty also saw benefits in the ultimate process of distilling a project or
assignment down to a single portfolio entry. By distilling a major work into a single entry,
students must determine for themselves what is important and what they wish to show to an
external audience. Faculty perceived the portfolio as adding value to this reflection activity, in
which students compared their learning experiences to their own goals. When discussing the

reasons why they felt students should create a portfolio, Plum stated:

I think it’s really important that students do some self reflection that they they can think
to themselves well what was important, what is it that ’'m good at, what do I really want
to do with my life. And so that, I think, that helps them to focus their own internal growth
and and maybe help them make decisions on where they should be thinking about going

as they move forward.

In this excerpt, the faculty were thinking and caring not only about the in-class learning,
but also, the individual student’s development as a future engineer and whole person. The bridge
between the classroom experience and thinking holistically about students and their personal and
professional development is a unique element that may not be seen with other assessment
methods. This consideration came up in value for students, but also, will be discussed in the
value for faculty section. In line with viewing students more holistically, some faculty were

particularly interested in a portfolio’s ability to show growth over time.
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I think it’s a great tool of showing how um how many problems, how many projects
they’ve been working on during their on their undergrad, and then it kind of shows them
their progress, so they start off with a simple problem, and then it kind of advances to

more sophisticated project.

In this excerpt, the faculty member was interested in helping the student see their growth,
but other excerpts (corresponding to a theme presented later) also demonstrated an interest

among the faculty themselves in seeing students grow within the program.

5.5.1.1.2 Goal 2: Increase Competence in Communication, Writing & Presentation Skills
The organization and aesthetics come into immediate focus for the viewer upon opening
any ePortfolio for the first time. One faculty member indicated that their initial inclination was
that they would only be able to provide feedback on the presentation of the portfolio, though they
later changed to say they could also evaluate technical competency when presented with a
sample entry. The portfolio places both mechanical engineering students and faculty in new
territory as web design and web content development are not topics that have traditionally been
included in mechanical engineering curricula. The barriers produced by this aspect of ePortfolios
are detailed in the feasibility section. However, faculty also felt this emphasis on visual and
written communication benefited students in supporting them in developing and demonstrating

their communication, writing, and presentation skills.

Engineers are often challenged with technical writing skills, because you know that’s

something that can only be done through repetition, and so that you, you see, well, when
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you see other people’s takeaways and how the other people have organized the technical

report, and that helps you build your own skill set.

In this excerpt, Plum noted how portfolios not only allow students to showcase their
communication skills, but they also added value in allowing students to practice and improve
their technical writing skills. There is an added layer of viewing the portfolios of peers that
allows you to learn skills from them as well. Sutton saw a similar potential for skill building in

the form of presentation skills.

I think that maybe it helps students learn how to present things. That’s a thing that we
don't really do very much, at least not formally in our program. Like, we don't teach the
students how to talk about their work. And then you know oftentimes they have to do that
all of a sudden if they're applying for internships or whatever and the person interviewing
them says, tell me about this thing, and then they sort of have to collect their thoughts. I

think that it would be very helpful for them to sort of think about that ahead of time.

From Sutton’s insight, faculty were tying presentation and communication skills to the

portfolio, which ultimately transfers into the job market.

5.5.1.1.3 Goal 3: Secure a Job
The acknowledgment that ePortfolios supported students in the process of finding a job
after graduation or an internship during their studies was present across all interviews. Excerpts

in this theme fell into the career-oriented, more depth than resume, and theory to practice sub-
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codes. Faculty readily engaged with portfolios as a career-oriented tool. Sutton describes the
portfolio as: “I think that it's really an asset for engineers to have a portfolio, I think it, it helps
potential employers.” Faculty also took up the perspective of an employer when considering how
a portfolio could be used and what the content of that portfolio should be. Taylor described how

they might be inclined to use a portfolio as an employer in their interview:

In a deeper level um so you discover things that maybe allow you, as an employer, I
would be interested in seeing a portfolio to see to then maybe ask questions to students,
what did you find challenging in this project, or what did you find challenging or what
did you find interesting or what was the thing that attracted you attracted you to this
project to start with, and so I think it opens up, it broadens the way people understand

who you are as an individual.

In this excerpt, Taylor saw the portfolio as a tool that could be used in an interview to
help employers get to know students in more depth through this display of their project work. In
a similar sentiment, Nelson described pairing the portfolio with a resume to support the job
search process: “Also um giving the students a more, a robust portfolio that they could couple
with uh, with a, with a resume when they’re out looking for jobs. It could help the students in
that way.” Nelson continued to put himself in the role of the employer thinking about how he

might review a candidate for graduate admission.

Seeing real data is really cool. I think that’s, I think that’s really nice, and it, it really links

the theory to the practice, which is something that especially looking for graduate
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students is my main, the main way that I see portfolios when I’m looking to hire a new
graduate student, but I can imagine the same thing might be true for someone hiring a
student at a company. Which is to be able to actually see that, yes, they can put this into
practice, they can understand that okay, there was some deviation from the theory in this

way and okay, this is why there might be a deviation.

In this excerpt, Nelson identified that applying theory to practice is a skill of importance
to him and one that would likely be of importance to employers. Allowing students to showcase

this skill in a portfolio moves them closer to achieving the goal of getting a job.

5.5.1.2 Value of Portfolios for Faculty’s Goals for Themselves

While faculty identified three goals with sub-goals that they had for students, they also
had goals for themselves. In what follows, I will describe (1) the perceived value of portfolios for
meeting the goals faculty have for themselves and (2) the ways in which they are concerned that

portfolios won’t add value toward achieving their own faculty goals.
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Figure 5.4

Value Evaluations of Goals for Faculty

Information
Obtained
About
Individual
Students

Changing
Assessment

or Teaching
Practices

Inspire
Colleagues

® Getting to Know
Students

e |ndividual Assessment
e |dentification of Skills
Assess

Students

Efficiently and
Effectively

» Replacing Exams
* Hands-On Learning

e |nstructional Self-
Assessment

Emphasize
Growth in

Traditional
Technical
Competencies

e Sharing Curriculum
e Encouraging Projects

¢ Observing Student
Learning

¢ Showing a Comparable
Level of Detail to Other
Assessment Tools

* Providing Assessment
for a Small Amount of
Content

e Demonstrating in-the-
Moment Understanding

* Providing New
Assessment
Mechanisms

* Focus on Technical
Content

¢ Demonstrate
Mathematical
Knowledge and Skills

* Engage with Existing
Course Materials

5.5.1.2.1 Goal 4: Information Obtained About Individual Students

The analysis indicates faculty were interested in learning information about individual
students. Within this theme, they identified three goals that the portfolio supported: getting to

know students, offering individualized assessment, and identification of skills. Some faculty

115



articulated a goal of getting to know students on a more personal level and perceived portfolios

as having value in meeting that goal. Nelson described their perception of this value:

So it’s it’s really, I mean, it’s nice to see something slightly personal about the students as
well. I think that’s that’s I think that’s nice, especially as, let’s say, a potential employer
or even as a faculty member, just to get to know the students a little bit more is, is really

helpful.

The personalization of portfolios carries through to how some faculty viewed using
portfolios for assessment. Williams identified how they might offer students who don’t work

well under time pressure an opportunity to show what they’ve learned.

So this is very different, as everyone works differently, some people can recall equations
facts and figures and stuff fairly quickly or access that information. And I guess, to some
extent we have rewarded that traditionally. Yet other people like to sort of think about it
more, and I think this is far more conducive for people who can't work well under the gun
of a time limit. And it definitely is, it's different because I think...I think this probably
is...they have to be a little more thoughtful with what they're doing here. Because it
takes, you know thinking about the error sources and things like that I don't know that
that would be something you would want to ask, on timed exam. So, even though it's
maybe similar basic concepts it's getting at their way of digesting information a little

differently and being able to provide information on what they've learned differently.
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Williams was attending to a goal of understanding what students have learned in a way
that is most comfortable and natural to them. Williams indicated that portfolios may be a way for
some students to do this, and for the instructor to gain insight into the individual student’s
approach and understanding. Similarly, Foster found that they could identify skills from a
portfolio when asked to do so.

So I think, you know, I would look at this and I’d say, oh wow this is great, so they’ve

they’ve built something, that’s good. They can do calculations, that’s good. They

measured something, that’s good. And they used an Arduino, that’s good. So lots of, so I

get four skills out of that.

In these excerpts, faculty have placed an emphasis on the goal of finding out information

about individual students and found the portfolio to be a possible tool to obtain this information.

5.5.1.2.2 Goal 5: Changing Assessment or Teaching Practices

Changing assessment or teaching practices is the second theme that emerged from the
analysis of how faculty perceive portfolios as providing value in achieving their own goals. This
theme had three sub-categories: replacing exams, hands-on learning, and instructional self-
assessment.

Some faculty indicated an interest in exploring the value of portfolios as a replacement or
alternative assessment to exams. As noted in the Methods section, the interview included
questions about both exams and portfolios, so it is not unexpected that faculty articulated this
goal. In reflecting on how portfolios may support alternative assessment, Williams posited, “I
think you could you could do things graphically. You can use video, other things like that, that

you don’t do on it’s like a 75 minute exam, at least I don’t.” In this comment, Williams identified
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the value portfolios have in allowing the use of multiple forms of media and analysis that cannot
take place on a limited time exam. Nelson, on the other hand, was interested in the potential
value portfolios have for transforming the hands-on component of their course. Nelson viewed
portfolios as a tool that might allow them to provide a more individual hands-on learning

experience:

But I think what, something that I’ve tried to do in my classes, is to bring in
demonstrations and experiments and physical things for the students to see into coupled
with calculations that we do on a board. Enabling them to do that on their own and then
show me that they understand, it would be really, would be really neat, so almost like you

know, a personal lab that they can do on their own something like that.

In this excerpt, Nelson identified that providing students a connection between observing
physical phenomena and making calculations is a goal of importance to them. However, Nelson
indicated that observing demonstrations and experiments does not allow students to show their
own understanding to the instructor. They posited that using a portfolio to scaffold individual
experiments could allow a shift to a more hands-on course that makes connections between
calculations and physical experiments.

Collins brought forth a new way in which faculty could use portfolios to change their
teaching. Collins indicated an interest in achieving a goal of assessing their instruction

throughout the course. They saw that a portfolio might allow them to do this:
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I think, as I said, this might help with assessment. It might help with me seeing how the

students are progressing. If, for example, [ wanted to include something in their portfolio
at some point in the semester, and many students are struggling, it might give me a signal
that something’s going on, they are not feeling comfortable with the material, so it might

help me like, adjust my teaching pace.

For Collins, the portfolio had the potential to track student understanding and allow

Collins to modify their instructional approach as they reviewed student portfolios.

5.5.1.2.3 Goal 6: Faculty-to-Faculty Influence

Inspire colleagues is the third theme uncovered by our analysis of the value faculty
perceived portfolios offering toward their own goals. Some faculty viewed portfolios as a tool
that has the potential to influence the behavior of other faculty within the program. Two sub-
categories arose from these cases: faculty saw value in portfolios in helping to encourage
projects and to share curriculum across the department.

In describing how portfolios might encourage other faculty to engage in project work in

their classes, Williams said:

It might be good to sort of further encourage project based learning for one. I think there,
I think, I think this is a theory: that there are lots of classes, that there are, there are
lectures and then there are exams. And then, for years, I think there were a few who did
projects within the course, but it was never, it sort of stayed within the course, so maybe

this is a way to sort of elevate project-based learning. And maybe that helps put pressure
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on other courses to do more projects and things that are more open ended and stuff like

that.

In this excerpt, Williams was indicating that incorporating projects into the curriculum
has previously been done on a course by course basis based on the pedagogical preferences of
the instructor. If portfolios were adopted department-wide, projects would be highlighted, and
other faculty might take up project-based learning in their classes.

Collins saw the influence of portfolios on faculty in a slightly different light, expressing a

desire to know about the learning experiences that other faculty were offering in their classes.

Like, if I look at a few portfolios and I see like something’s going on in this, in that
specific course, I know who’s teaching that course, and say ‘oh so nice job with that
thing,’... ‘do you think if I do such a thing after the project they did,” how helpful it
would be and stuff like that. So I think it’s just a good way of starting a conversation
about the project and the class because most of the time, if there was no portfolio, I
would go to that specific faculty and I would ask like what they were doing and kind of,
but I think it gives me a better picture of what’s going on, so what the project is all about

and I don’t have to like waste uh faculty time just explaining what’s going.

Collins indicated the nature of the portfolio allows faculty to see a fuller picture of the
projects and activities being done in a colleague’s class, as compared to what a conversation
would reveal. Collins also mentioned portfolios give faculty the information they need about

colleagues’ courses to better integrate topics across the curriculum and within their own courses.
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Collins described how insight into what is happening in another course might allow them to

build off of that experience in their own courses.

5.5.1.3 Concerns about the Value of Portfolios

Though faculty perceived the portfolio had value in achieving multiple goals, they also
expressed concerns about whether the portfolio had value in supporting other goals. When
exploring instances where faculty felt a portfolio would not support or would hinder their goals,
no goals directly related to students were found. Therefore, in this section, there will be no
designation between students and faculty, but rather, all themes are designated as value concerns
for faculty, even if there are implications for the students as well. Faculty expressed concerns
with the value of portfolios in achieving the goals of assessing students efficiently and effectively

and emphasize growth in technical competencies.

5.5.1.3.1 Concern 1: Assessing Students Efficiently and Effectively

The ability to assess the knowledge and skills of a student efficiently and effectively was
of concern for faculty when considering portfolios as a new assessment tool. Specifically, they
were concerned about whether a portfolio entry could provide all the information they needed to
assess students within their existing course structures. Among the concerns related to gathering
information for assessment, our analysis indicated they were concerned the portfolio would not
add value in achieving their goals of observing student learning, showing a comparable level of
detail to other assessment tools, providing assessment for a small amount of content,

demonstrating in-the-moment understanding, and providing new assessment mechanisms.
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Williams expressed concern that portfolios might not show what students have learned if

students opt to rely heavily on graphics as opposed to written explanations.

The usual complaint I have on these is it depends on what the audience is for this
portfolio. But just showing graphics and saying von Mises [yield criterion] and things
like that and not explaining what that scale bar is, what it actually means, I think is, it’s,
it’s, it’s not getting at the actual learning it’s just...it’s a pretty picture, but everyone can

create the pretty picture.

In cases like this, Williams asserts that it would be difficult for them to see the learning
that has taken place, and points out that this is an issue tied to the audience of the portfolio.
Assumptions around who the audience is for a portfolio are closely tied to what the faculty view
as appropriate content for a portfolio. Sutton establishes that the portfolio may not be a suitable
replacement for a lab report because they do not perceive it as allowing students to provide
enough detail: “But, honestly I don't think that the level of detail I want to in lab reports is
appropriate for a portfolio.” Sutton has a set level of detail they would like to see in an
assessment tool and perceives portfolios do not have value in achieving that goal. Similarly,
Nelson articulates a goal of organizing assessment by textbook chapter and perceives portfolios
aren’t able to address that goal: “I think one of the one of the drawbacks with the portfolios is
that you can’t, you can’t ask the students to do a portfolio entry on every single chapter,
perhaps.” The level of content knowledge perceived as appropriate for the portfolio did not
match Nelson’s desired level for assessment. Sharing a similar sentiment, Taylor compares a

portfolio to a “virtual notebook™ in the ability to provide fine grain, and in-the-moment detail of
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student understanding. Though Taylor is describing use in a “graduate level class,” within the
context of this institution, this course is taken by third and fourth year undergraduates as well as

graduate level students.

I like to call it a notebook, a virtual notebook, for one of my classes or a couple of my
classes, and I was using that mainly to see what the students are taking out of the things
we were covering in classes. One was a power generation graduate level class. And what
I enjoyed about that is that it gave me a way of, by kind of seeing what the students were
seeing and what they were perceiving, or what they were responding to the topics we
were covering in class. What they were excited about, what, what the topics we discussed
in class, how they digested the topics, and how they thought about something beyond the
classroom. But that’s more of a notebook and it’s more of a personal journal type of

thing, and it’s not a portfolio.

In this excerpt, Taylor seemed to be reacting to a mental model of a portfolio as a formal
tool and expressed that entries resembling those in a journal would therefore not be appropriate
in a portfolio. This conclusion is consistent with the faculty orientation towards a portfolio as a
polished product used in the job search. The misalignment between the faculty’s perceived goals
of a portfolio and those of the faculty illuminates a value concern held by the faculty. When
Taylor considers how they could morph the purpose of the portfolio to meet their assessment
needs currently met through student journaling, they articulate a realization that adapting the

portfolio would position it to serve the same function as existing assessment tools:
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Again I could think of a portfolio and say do a portfolio entry addressing those particular
things, but then it becomes like the assessment that we do now, it’s just a different
medium of them putting together the documents, so I don’t see much difference from

what we’re doing now.

In this statement, Taylor indicates they have a goal of adopting new assessment tools, but

the portfolio would not add value in supporting that goal.

5.5.1.3.2 Concern 2: Emphasizing Growth in Traditional Technical Competencies

In addition to goals related to efficient and effective assessment, faculty also expressed
goals related to student growth in traditional technical competencies. Among those goals were a
desire to have students focus on the technical content, demonstrate mathematical knowledge and
skills, and engage with existing course materials. Faculty perceived that portfolios may not have
value in supporting those goals.

Nelson indicated that portfolios lack value in helping students focus on the technical

content because of an over-emphasis on the presentation component:

I think one of the one of the fears that I always have with asking students to kind of put
together presentations and things like this, one of the fears that I have is that they spend
too much time on the presentation and not enough time on the thinking about, you know,
the actual subject matter. So that’s, that’s sort of one of the, one of the, one of the

drawbacks.
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Nelson posited that students may spend more time on refining the presentation aspects of
a portfolio entry at a cost of not focusing on the concepts and skills it represents. This tradeoff
does not support Nelson’s goal of attending to the technical content in the assessments for the
course. Similarly, Sutton described a desire for students to demonstrate and develop their
mathematical knowledge and skills in their course assignments, and does not see a portfolio as a

tool that would have value in capturing that information:

I think that one drawback is it doesn't always capture all of the skills that they learn in
classes so like, in particular for, for classes that are math heavy, a lot of my students,
much of the learning occurs in learning to do advanced math and then learning to apply
that math, and you know, that's not a skill that I test on my quizzes, but it is something
that I often ask them to do and homework or in in class. Things that they do together and

that's something where a portfolio doesn't really show their learning.

Sutton’s statement indicated a concern for both the demonstration of acquired skills as
well as the need to practice those skills as part of their learning goals. In Sutton’s case,
homework and in-class activities supported those goals better than a portfolio would. In contrast
with Sutton’s goal of in-class engagement, some faculty expressed a goal of supporting student
engagement with traditional course materials including textbook chapters and problem sets. They
were concerned not just that a portfolio would be limited in adding value toward that goal but
that it might actively hinder progress toward it; they perceived the portfolio as taking away

opportunities for textbook and problems set engagement. In the following excerpt, Nelson
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revealed a value concern when he described how time limitations created an incompatibility

between portfolio work and this goal of engaging with existing course materials:

And I think that incorporating something like this would make us, we would necessarily
need to slow down at certain parts, even more, to discuss how these things should be
done to spend time thinking about the results of what the students did. To giving students
just, you know, this is going to take up time from their three, their three SHU [credit]
class that they’re not going to be reading chapters and doing homework problems. So it’s
maybe you have to take the place of some of that. Yeah so I could, I could see that time is

going to be a factor.

In summary, in the interviews, faculty members expressed both excitement and concern
about the potential value of portfolios. They saw portfolios’ potential for meeting goals that they
held both for themselves and for students, including goals for students to secure a job, for faculty
to inspire colleagues, and for faculty to change assessment and teaching practices. Yet they also
expressed concern along two main lines related to the value of portfolios: their capacity to
support assessment, and their alignment with student growth in technical competency. In the next
section, we see that faculty also expressed positive and negative reactions related to the

feasibility of the portfolios, and these reactions were distinct from reactions about value.

5.5.2 Feasibility of Portfolio Implementation
When considering the implementation of engineering portfolios in courses and in the

mechanical engineering program overall, faculty identified uses in which they felt ePortfolios
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may already be feasible as well as concerns they had with the feasibility. In what follows, I
describe the existing ways faculty might be willing to adopt portfolios and what feasibility

barriers they may encounter.

Figure 5.5
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5.5.2.1 Currently Feasible Uses of Portfolios
Faculty perceived ePortfolios as tools that were possible to be used in their courses or in

the larger program for grading, evaluating student knowledge and skills, replacing lab reports,

and documenting projects.
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5.5.2.1.1 Grading

In their interview, Collins evaluated how they might go about grading an ePortfolio:

I think that we can have this sort of like A and A minus or like B pluses so we don’t have
to specifically grade each part of the project, so we can say okay, so if you have these
components in your portfolio. So if you have a picture of like your work, if you have a
picture of like your hand work or your calculations as this student did and then, if you

have some sort of, some elements, then you get the complete or grade for that project.

Collins presented a portfolio grading model that they believe is feasible; they would
grade students based on the inclusion of specific components in a portfolio entry. This type of
grading is similar to the approach of grading problem sets or other homework assignments for
completion rather than correctness, and Collins identified this approach as a way to make

grading a portfolio similarly feasible.

5.5.2.1.2 Evaluating Knowledge and Skills

Foster also saw applications of a portfolio for evaluating students but from the
perspective of evaluating knowledge and skills rather than grading. Foster anticipated that they
could conduct an evaluation of a student’s ability to perform a statics calculation using a
portfolio, stating, “This little calculation is basically the same as what was going on on the exam
problem or a homework problem. So that part of it, that subset [of a] portfolio could be used to

do that evaluation.” Foster compares this calculation to one they might find on an exam or
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homework, which makes the portfolio a usable tool in terms of performing that type of

evaluation of knowledge.

5.5.2.1.3 Replacing Lab Reports

Foster also expressed an openness to using the portfolio for more than just the exam-type
calculation, and also perceived the portfolio as a possible replacement for a lab report, saying, “It
looks good I think it’s uh yeah I hadn’t really thought a lot about how it’s kind of similar to a lab
report but I think it has a lot of similarities to that, so I could see [it] could be incorporated.” In
this excerpt, Foster is observed developing their understanding of how the portfolio could be

used while viewing the sample portfolio.

5.5.2.1.4 Documenting Projects
This broadening of how faculty viewed portfolios over the course of the interview was
also seen in Williams’ excerpt about how portfolios could be used to document projects.

Williams stated,

I might think about portfolios that the, the easy opportunities are for the projects, and so
that’s why it actually surprised me a little bit when I saw the that statics problems are laid
out in a portfolio entry because that’s probably would not have been my instincts to have
done that, but if, but then when I saw that they actually created something physical,

they’re doing some tests of it, and it has that flavor of a project.
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In this excerpt, Williams indicated that they believe portfolios could feasibly be used to
document projects, but also, that artifacts they had not considered displaying in a portfolio could

be documented as well.

5.5.2.2 Barriers to Feasibility

Faculty identified multiple feasibility concerns when contemplating incorporating
portfolios into their class and the mechanical engineering program. The need to learn a new tool,
difficulty providing feedback, and adding extra work for students were all concerns associated
with time constraints, while concerns about the difficulty of grading an ePortfolio indicated a

need for faculty to gain new knowledge to complete the task.

5.5.2.2.1 Time Constraints

I will first examine how time constraints play a role in the faculty’s perception of
feasibility related to ePortfolios. In the excerpt below, Williams expressed concern with the
number of tools faculty already need to know how to use, and how portfolios would require them

to learn a new tool.

And then the platform, like, it seems like a ePortfolio is attractive because it’s attached to
Canvas, but it’s not the greatest of platforms to actually use. And then you know we’re
already juggling so many different things, right, I want to use Canvas for most of the
stuff, but I want to use Slack for this, I’ll use Poll Everywhere for that, and then making
sure you just, you’re staying up the day in some way someone else, some other classes

using something that’s better, ‘Oh God, then I got to learn something new.’
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Williams was describing how they are already using three different tools in the classroom
and for course management. A portfolio associated with one of these platforms (e.g., Canvas)
was a more attractive option because it wouldn’t require incorporating new software, but it didn’t
offer the desired functionality. Additionally, there were concerns around tools continuing to
change or other faculty and classes adopting other tools that then they may need to learn.

The time-related feasibility concerns deepen when looking at the regular tasks faculty
needed to perform throughout the semester. Taylor identified challenges related to the difficulty
of providing feedback to students in a timely fashion. They stated, “My main barrier is that if
you have a class with 100 students [across multiple sections] it’s impossible to give feedback, in
a timely fashion. And it becomes very hard to stay on top of giving feedback.” When considering
how to use a portfolio in a class of 100 students, feedback was perceived to be a very time-
consuming endeavor.

Switching to the time constraints felt by students, some faculty expressed concern about
adding extra work for students. Foster described this dilemma by saying, “But you know, at the
end of the semester with other final projects and exams it’s, sometimes you don’t want to give
extra tasks.” In this way, Foster was questioning the feasibility of portfolios because they
perceive the way they would incorporate portfolios into their class would be as an additional task
or assignment for students, rather than as a replacement for an existing course component or

integrated throughout the semester.
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5.5.2.2.2 Grading Difficulty

The most frequent and detailed feasibility concern that the faculty acknowledged was the
concern with grading portfolios, which is tied to, but different from giving feedback. Williams
demonstrated a concern with assigning “real” or meaningful grades, “I feel like I may not be able
to assign real grades to them.” While Foster articulated concern with a fundamental uncertainty
of how they would grade a portfolio, “I never really thought about how to grade a portfolio, so
I’m not sure how I would do that.” Nelson provided additional detail on the specific concerns

they have when considering grading:

I imagine that there’s going to be wide ranging level of detail and quality to the figures,
and you know. And that’s going to affect how I understand how they understand the
problem. So yeah, I think a lot of just the logistics of kind of grading around these things

would be new to a lot of people.

Nelson’s assertion that grading a portfolio may change their understanding of the student’s
understanding is of particular concern as it relates to the feasibility of use. If faculty cannot gain
an accurate understanding of the student’s knowledge, this would be a barrier to incorporating

portfolios into a course for any sort of assessment purpose.

5.6 Discussion
The findings illuminate how seven mechanical engineering faculty perceive the utility of
ePortfolios in their classes and in the BSME program at large. These perceptions reflect not only

each faculty member’s individual life experiences but also, and perhaps more strongly, a
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reflection of the social environments in which they operate. To understand the environments in
which these faculty work and have been educated, we can look to the construct of figured worlds
developed by Holland et al. (1998) and further described in the theoretical framework (section
5.3.2). One way to make sense of the faculty responses in this study is to consider the faculty as
operating within two worlds as they considered the value of portfolios: the world of reform-
minded educators and the world of engineering gatekeepers. In the discussion that follows, we
will unpack how our findings intersect with these worlds.

Two sets of filters were at work when faculty operated with the reform-minded educator
world. The filters of wanting to obtain information about individual students, change assessment
and)/or teaching practices, and inspire colleagues, when used by faculty to consider portfolios,
they perceived portfolios as having value for supporting goals they had for themselves. Second,
when faculty viewed portfolios through the filters of wanting students to make meaning out of
experiences, increase competence in communication, writing and presentation, and secure a job,
they perceived portfolios as having a high value for supporting the goals they had for students.
Viewing each filter in isolation, we may be able to drill down into individual motivations, but
when we focus on individual motivations, we can lose sight of the larger systems in which
faculty operate. It is when we view these filters together that we can observe a common world in
which faculty were situated when they saw value for themselves and students in using portfolios.
I refer to this world as the world of reform-minded educators because in this world, faculty
embraced pedagogical innovation through a desire for hands-on learning and the replacement of
or supplement to traditional forms of assessment. They emphasized the importance of what many
consider to be non-technical competencies (e.g., communication and writing) and extolled the

benefits of reflection and documentation of experiences for student learning. They thought
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holistically about student development with considerations for career preparation and
acknowledging the desire to get to know students more personally. Though not all faculty
displayed every type of thinking representative of this world, all displayed some elements of
thinking as reform minded educators. The portfolios supported faculty in the world of reform-
minded educators, pointing to the possibility that portfolios themselves help faculty to re-
imagine teaching and center the student in their work. This is a particularly important possibility
given that in a survey of department chairs 82 percent reported they were aware of innovative
pedagogies, but only 47 percent reported faculty in their departments had adopted innovative
pedagogies (Borrego et al., 2010). The portfolios may be a tool that helps bridge this gap in
putting faculty in a position to actively pursue innovation.

However, the data also show that these mechanical engineering faculty also had concerns
about using portfolios. Faculty expressed concerns that the portfolio may not support their goals
when viewing portfolios through the filters of wanting to assess students efficiently and
effectively and emphasize growth in traditional technical competencies. In examining these
concerns together, a second world for faculty becomes apparent, the world of engineering
gatekeepers. In this world, faculty prioritized goals such as focusing on technical content and
providing assessment for a small amount of content, possibly with the learning objectives of the
course in mind. These goals and the larger filters that embody them are aligned with more
traditional notions of engineering, in which engineers are expected to have a narrow technical
focus (Riley 2008). Other goals within these filters, such as the goal to engage with existing
course materials, are consistent with findings that faculty base their teaching practices on their

own experiences as engineering students (McKenna & Yalvac, 2007).
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5.7 Limitations

The findings presented in this chapter have three primary limitations. The first limitation
is methodological in nature and is a result of the small sample size, case study approach. Even
though seven out of eight of the second-year mechanical engineering faculty were interviewed,
representing the vast majority of the second-year mechanical engineering faculty at this
institution, this is still a small sample size and as such, cannot represent all possible values and
concerns of faculty in similar programs. However, these findings do begin to generate theory on
faculty perceptions of mechanical engineering portfolios by presenting a wide range of values
and concerns that can be built upon in future research. The second limitation is contextual in
nature. The data was collected at a mid-sized, private, research university, which may define the
roles and responsibilities of faculty in a different way from a small liberal arts institution or a
large, research intensive, public flagship university. The third limitation is related to the choice
of utility filters as the analytical framework with a focus on value and feasibility. Analyzing
these data from other motivational and situational perspectives may illuminate other findings
present in these data. The findings presented in this chapter should be viewed with these

limitations in mind.

5.8 Implications

At the root of my inquiry was the desire to understand faculty perceptions of portfolios,
and how those perceptions may be motivating or de-motivating when considering adopting
portfolios in their own classrooms. Using the work of Henderson et al. (2011) as a guide, we
return to how our findings may be used to develop a strategy for change that attends to individual

beliefs and works to break down systemic barriers. Our findings present three distinct
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opportunities for supporting change: enhancing the existing value faculty see in the use of
portfolios (section 5.8.1), disrupting the systems that lead faculty to express concern about the
use of portfolios (section 5.8.2), and breaking down the feasibility barriers through systemic

change (section 5.8.3).

5.8.1 Enhancing the Existing Value Faculty See in the Use of Portfolios

The most reassuring finding for the use of portfolios was that faculty identified and
articulated numerous ways in which they saw the portfolio had value in meeting their goals for
themselves and for their students. To support faculty in seeing the value in applications relevant
to their courses, it may be helpful to provide and share vignettes of portfolio experiences. These
vignettes could provide examples of portfolios in use and faculty reflections on their use in their

own classrooms (e.g., Kober, 2015).

5.8.2 Disrupting the Systems That Lead Faculty to Express Concern About the Use of
Portfolios

To disrupt a system that positions faculty as gatekeepers, we must consider what
structures are in place to position faculty in this way. If we focus on the filter of faculty wanting
to assess students efficiently and effectively, many of the goals they have are tied to the need to
grade and evaluate students. To provide grades, especially when using these grades to
differentiate knowledge among individual students in a class, it is understandable that faculty
would desire assessment tools that provide a high level of detail and isolate knowledge into
distinct content areas for evaluation. These desires are also consistent with how engineering is

designed as a field that values and necessitates efficiency (Vanasupa & Schlemer, 2016).
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5.8.3 Breaking Down the Feasibility Barriers Through Systemic Change

Our feasibility findings were consistent with prior efforts to uncover why faculty do not
adopt new practices in finding time to be the largest constraint faculty articulated when
considering the use of portfolios in their own classroom (Borrego et al., 2010). Whether it was
the time to learn a new tool or the time to provide feedback on a more open-ended assignment,
faculty felt the pressure of time. They even felt the pressure of time for students in assigning
them additional work when they already had full schedules of assignments. Even when we look
at the barrier faculty described that we did not categorize as a time-based concern, grading
difficulty, the steps needed to break down that barrier (e.g., training, discussion, etc.) would
require an investment of time. It is here that we face the challenge that has long plagued higher
education - how do we give faculty more time? This is a challenge that must be addressed at a
systemic level. We need to ask difficult and even controversial questions like how does time
spent innovating in the classroom factor into the decision to award a faculty member tenure? Do
we provide our non-tenure faculty with financial support over the summer to develop new course
materials? And perhaps most boldly, do we provide all faculty with sabbaticals to focus on their
development as teachers, to observe teaching at other institutions? It is important to carefully
consider these questions in addition to the questions around the existing pressures we place on
faculty time that may take away from time spent on teaching. These pressures are closely tied to
reward structures, which historically have emphasized research and have evaluated teaching on

end of semester evaluations.
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Chapter 6: Conclusions

The goal of this work has been to characterize the use and impact of portfolios on the
stakeholder populations of students and faculty with the ultimate objective of supporting the
future use of portfolios in mechanical engineering undergraduate education. In this dissertation, I
have outlined the design and implementation of a portfolio development course for second-year
mechanical engineering students (chapter 2), exposed the difficult realities of the portfolio
development process for a student with a historically marginalized identity (chapter 3), detailed
how portfolios offered agency and fostered educational ownership for students (chapter 4), and
examined faculty motivation to adopt portfolios (chapter 5). In what follows, I will outline the
contributions to the literature in two sections: theoretical and empirical contributions (section
6.1.1) and methodological contributions (section 6.1.2). I will then detail the implications of
these studies for engineering education (section 6.2) and suggestions for future work (section

6.3).

6.1 Contributions to the Literature
6.1.1 Theoretical and Empirical Contributions

Chapter 3 provides a case study of how a student who identified as female, Latina and
low-income experienced engineering portfolios. The research on portfolios in engineering
education has not fully explored the impact on marginalized students. Sattler and Turns (2015)
did briefly note a marginalized student’s experience in their study on portfolios and self-
authorship, but the majority of the engineering portfolio literature that formed the basis of this
dissertation does not mention the racial background of the study participants (e.g., Eliot & Turns,

2011; Turns et al., 2010; Vigeant, 2021), though in their discussion, Kilgore et al. (2013) did
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emphasize the diversity of engineering students' identities in terms of race, gender, sexual
orientation, and socioeconomic status. However, some of the literature does make note of
participant gender (e.g., Eliot & Turns, 2011), without the inclusion of racial data, the
intersectionality of these identities cannot be observed. While this dissertation presents data on
Leslie and her experiences as a single case, her story signals that the portfolio experience for
students with historically marginalized identities may be a far more painful process than for
students with well-represented identities. This study also shines a light on the disciplinary values
of mechanical engineering observed by students with historically marginalized identities and
calls for continued work to identify and expand these values.

Chapter 4 offers a phenomenographic analysis of how the portfolio development process
allowed mechanical engineering students to exercise agency and educational ownership. In doing
s0, this study builds on the numerous definitions of agency and educational ownership to define
them within the space of engineering education research. I expand the definition of educational
ownership to include choices students intentionally make that impact their educational trajectory
rather than limiting ownership to decisions made within the classroom. In addition to these
refined definitions, this study provides evidence that when a portfolio development process is
facilitated in an open-ended manner and not associated with a required academic course,
portfolios can provide sufficient agency to enable the formation of educational ownership in
students and this process is mediated by motivation.

Chapter 5 details faculty motivation to adopt portfolios as a tool in their courses or within
an undergraduate mechanical engineering program. While faculty motivation and the adoption of
new teaching practices have been studied in engineering education, little work has been done to

understand the engineering faculty perspective on portfolios. In this study, I found that faculty,
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when evaluating portfolios, approached their evaluation from two distinct worlds: the world of
the reform-minded educator and the world of engineering gatekeepers. Individual faculty
expressed opinions that indicated they operate in both worlds and that they passed back and forth
between the two as they made judgments about the value and feasibility of portfolios in their
courses or program. When viewed from a systems perspective, these findings indicate that
faculty are open to innovation, but encounter barriers within the higher education institutional

environment that reduce their motivation to adopt portfolios in the classroom.

6.1.2 Methodological Contributions

The research done with Leslie in chapter 3 aims to push the boundaries of educational
research methodologies through a novel participatory research partnership approach to case
study analysis. This contribution supports the recent calls to action from engineering education
researchers to rethink our research methods, messages, and mindsets to foster inclusive research
(Coley et al., 2021; Simmons & Lord, 2019). In recent years, the field has been moving in this
direction with member checks turning into co-authorship post analysis (Secules et al., 2018) and
research partnerships formed with the intent of producing autoethnographic work (Martin &
Garza, 2020). Without the foundational work done by these authors to defend and promote
expansive methodologies, the research that Leslie and I did would not have been possible. By
working directly with Leslie to interpret, analyze, and report on her experience, I argue that our
findings raise the threshold of claims of data validity and our methods work to elevate the voices
of those without power in the educational research hierarchy. Attending to these power dynamics
is critical for all research but is particularly important when working with participants and

researchers with historically marginalized identities. Though this dissertation chapter
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intentionally only embodies a portion of our work, so that I do not claim work that is rightfully
hers, my hope is that the eventual publication of our work together will expand the discipline’s
view of what constitutes valid and reliable case study research. Just as we work to “broaden
participation” in engineering fields, we must work to “broaden participation” in engineering

education research.

6.2 Implications for Engineering Education

Chapter 2 provides a comprehensive overview of the design and implementation of a
portfolio development course for second year mechanical engineers. The details of the activities,
assignments, discussions, and overall course structure provide a roadmap for instructors and
researchers to implement a similar intervention. However, the significance of this contribution
comes from the findings presented in chapters 3 and 4. In chapter 3, the elements of Leslie’s
experience in engineering and the influence of those elements on her portfolio are closely tied
with the structure of the course that encouraged her to question the definition of engineering
through activities like the ABET competency inventory. In chapter 4, students articulated
exercising agency in their portfolio development process. The ways in which they exercised
agency are reflected in the intentional decisions the course instructors made to not provide
detailed requirements related to the structure, content, and audience of the portfolios but instead
to facilitate self-discovery activities and provide example resources. In documenting these
pedagogical choices and course content, my hope is that future researchers and instructors can
use and expand upon these materials to further the adoption of portfolios in engineering
education. For programs that want to start portfolio programs of their own, I offer the following

recommendations:
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e Engage faculty in the process early and often to build a program that meets their needs as
well as the students’.

e Carefully consider how the identity exploration needed to produce a thoughtful portfolio
will impact historically marginalized students and provide safe spaces for students to
discuss these impacts. In addition, provide support to students in thinking about the
decisions they make around what they want to make public and what they want to remain
private.

e Provide students with the flexibility to explore what is most important to them and

provide them with opportunities for agency as part of the portfolio creation process.

6.3 Future Work

The work I have presented in this dissertation builds on the existing engineering education
scholarship on portfolios and sets forth a path for future research work. The course development
presented in chapter 2 offers a framework for faculty and researchers to build on in the context of
a single credit, pass/fail course for second-year mechanical engineering students. However, the
possibilities of expanding this course to other majors, other class years and other formats all
make for compelling pedagogical and research opportunities. Additionally, a significant
enhancement of this design may exist in a two-part course with students beginning with a
cornerstone experience in the second year and a capstone portfolio experience in the fourth year.
The wrapping of the curriculum would allow for further study of the portfolio’s impacts across

an academic career.
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The results of chapter 3 open the door to asking the questions, “how can faculty better
support students from historically marginalized groups in safely exploring their identities
through portfolios?”” And “how can portfolios work to shift the disciplinary values of
engineering?” And “how does the process of creating portfolios impact students with
marginalized identities other than female and Latina. None of these questions are easy to answer,
but both are incredibly important to address. Additional studies of the experiences of students
with historically marginalized identities can shed light on how portfolios can support these
students and be an instrument of change in engineering. I encourage future researchers to
embrace collaborative research with students to not only ensure data validity, but also to give
them a voice in the process in a way that has not been afforded in the past. This is a powerful
method that can provide immense value to the researcher, research, and students.

The student experiences in chapter 4 lead to the question of “how can portfolios be used in
engineering courses and in what ways, if any, does that use case facilitate educational
ownership?” As noted about the course design in chapter 2, this course focused on a program
level portfolio intervention. Further work could expand upon that and study agency and
ownership over a student’s entire academic career as suggested by the possible modifications to
the course design. Or, further work could explore how agency and ownership are impacted when
portfolios are used within a required engineering course. A portfolio could be used for
summative or formative assessment within a course or could be assigned as a supplemental
activity with no assessment purpose. Additionally, in using a portfolio for assessment, as a
supplemental activity or as it was used in this dissertation, a longitudinal study could seek to
uncover the influence of portfolios on engineering knowledge and skills over time. All of these

possibilities would be of interest for future work.
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And finally, chapter 5 directs exploration to answer “how can the adoption of portfolios by
engineering faculty impact course content and pedagogies?”” With a better understanding of the
values and barriers that faculty see in portfolio use and the worlds faculty occupy,
implementation at a program or course level can be better designed to meet their needs and
disrupt the systemic barriers to implementation. Then the crucial investigation becomes
determining in what ways portfolios influence pedagogical practices and instructional design, if
any, or if they simply aid in supporting existing formative and summative assessment efforts.

Though portfolios have existing for many years, we are only beginning to scratch the
surface of the educational use cases and value they can provide. My hope is that further research
can uncover ways to extend the use of portfolios to new and different environments, and to

support an expansive view of engineering assessment.
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Appendices
Appendix A: Reflection of Engineering Journey Assignment
Please answer the following questions and upload your responses before our next class.
About you as a whole person and as a learner:
Tell us about some of your hobbies, interests, or activities.

What kind of post-college goals do you have at this point? Aiming for a particular career
trajectory? Deciding between a few directions? Wide open?

Are you stronger at teamwork or individual work at this point in your development?

About you as a developing engineer:
What kind of engineering tasks do you most enjoy?

What has been your favorite engineering project or assignment in college or before college? Tell
us about it.

At this point in your development, what would you say are your greatest strengths as an
engineer?

What would you say are your biggest areas for growth as an engineer?

Learning engineering involves mastering both new skills (“how’’) and new concepts ("what and
why”).

How would you describe your approach to learning new engineering skills?
What about your approach to learning new engineering (or math/science) concepts?

Besides what you mentioned above, are there any other strategies you use to tackle your
engineering courses?

How would you summarize your “engineering self” in two sentences?
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Appendix B: End of Semester Reflection

Individual reflection:
(1) Please review this list of ME 90 activities and mark each row according to the prompts.

If you were re-designing a 6 week version of this course

Place an X for each activity for next year’s ME sophomore’s, which activities would
that was productive ... you prioritize keeping?

for your for you in

portfolio other On the fence Would not
creation ways Would keep about keeping keep

Initial reactions to design portfolios
(www.kaitlynolah.com and
http://kennethdesigns.com ) (Wk 1)

Guest speaker from industry sharing his
perspective on portfolios (Wk 1)

User Interface (Ul) principles overview
and examples on the web (Wk 2)

Making GIFs (Wk 2)

Mini-lecture on HTML and CSS hacking in
WordPress (Wk 2)

WordPress entry with ME 10 artifact (Wk
2)

Small group discussion on sufficiency of
ABET student outcomes criteria (Wk 4)

Competencies inventory with ABET,
Design Justice, and Career Center lists
(Wk 4)

Competency captions for artifacts from
ME 10 and ME 20 (Wk 4)

Competency captions for other students’
portfolio entries (Wk 4)

Review example “Skillprints” and discuss
(Wk 4)

Collaboratively create portfolio feedback
questions/categories (Wk 5)

Draft layout of portfolio and 3 rounds of
peer advice (Wk 6)

Decision matrix on portfolio platforms
(Wk 6)

NSPE Code of Ethics discussion (Wk 8)

“Think aloud” user testing with peer (Wk
9)

Stakeholder analysis for laptop case or
phone stand, with impact network
concept map and

Peer feedback in writing and
conversation (Wk 10)

Faculty feedback/consultation session
(Wk 11)

Alumni feedback/consultation session
(Wk 12)

Robin Kahan visit (Wk 12)

“Portfolios as assessment” design
challenge (Wk 12)

5-minute reflection/journal prompts
(multiple weeks)
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http://www.kaitlynolah.com/
http://kennethdesigns.com/
https://web.stanford.edu/group/product-design/cgi-bin/wordpress/portfolio-items/julia-truitt-skillprint/

Visitors demonstrating different
portfolio platforms: Wix, Weebly,
Webflow, SquareSpace (multiple weeks)

(2) What’s the one thing from this course that you think you’re most likely to remember 10 years from now?

Small group reflection:

(1) Share about your responses to the table and try to generate a joint list of the 5 activities you’d definitely keep if
designing a 6-week version of this course for next year’s sophomores.
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Appendix C: Student Interview Protocol

Thank you so much for participating in our study. We’ve been talking about these interviews
pretty much all summer, and I’m excited to analyze all the cool thoughts y’all have. So, before
we start, [ want to remind you that at any point you can skip over questions you don’t want to
answer or for any reason, you don’t even have to tell me what it is, we can stop the interview. If
you have any clarifying questions or want me repeat anything, literally just ask me. If there’s
anything you’re not sure about, you can say that. I essentially just want any and all thoughts you
have on these following questions. This is an interview, a space for you to express what you
think, and how last semester went for you. So, do you have any questions?

Okay, so in this interview I’m going to be asking you about knowledge and skills. I’'m going to
say this phrase a few times, so to get us on the same page... Knowledge includes ideas and
things you know ABOUT and that you understand. Think of the kinds of things that would be
included on a topic list in a syllabus. Skills includes things you can DO, languages you can
program in, software you use, and communication or other “soft” skills.

So we’re going to start off with a reflection, move to some questions about exams, and then to
portfolios. Sound good?

[The following section should be used only with participants who took the ME 90 Portfolios
course in Spring 2021.]

Learning Reflection

Specifically thinking about this class ME90 and the way it supported you, how did the process of
producing a portfolio impact you?

Impact you as a student? As an engineer? As a person in a society?
So, now I want you to take a couple minutes to read through your responses to the first
homework assignment that you did in ME 90 last semester. We’re moving at your pace, just let

me know when you’re done!

Now after refreshing, would your responses to these questions be different today? And if they
would, what would your new responses be?

Exams

As you know, this research is about the use of portfolios in engineering education. But in order
for us to actually understand how students and faculty think about portfolios as potential tools for
assessment, we also need to gather your impressions of more traditional engineering
assessments. Some of these questions in this section and maybe in the portfolios section may
sound similar to things that you’ve discussed in ME 90, but we want to give you a chance to
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answer these questions on your own and share your latest thinking if things have changed. So,
even if it feels repetitive to things you’ve mentioned in class, I still want to hear it.

So, starting up, first question...

Based on your experience in any mechanical engineering courses you’ve taken so far, what role
do you think exams play?

What is their purpose?
Some people say exams play a role in supporting learning not just assessing what has been
learned. In your experience, what role do exams play in supporting your learning of engineering

knowledge and skills?

Now if you could go to Canvas and open up an engineering exam you submitted in the 2020-21
year, so any time last year.

It’s definitely been a minute for me since I’ve looked at this, and probably for you too. But,
could you walk me through how you solved this problem?

Assumptions you made?
What types of knowledge and skills do you feel you demonstrated on this exam question?

Engineering knowledge and skills? Remember think syllabus topics, things you KNOW
about or can DO.

Portfolios

Alright, so now moving on to the portfolios section. You good? Do you want a break or anything
for water or whatever?

If you were talking to someone in another field, how would you describe the content and the
purpose of an engineering student’s portfolio?

Who do you see as the primary audience for an engineering portfolio?
Now, can you pull up a portfolio entry and screen share it with me?
So tell me about this.

Did you like the project? Why did you include it? Why did you include this or that
section?

What types of knowledge and skills did you learn from doing this project?
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So, in your opinion, how well do you feel that those knowledge and skills are shown in your
entry?

So when you were working on this project, were there any points that you had to make a decision
that impacted the outcome of the project?

And what were those decisions? Were they easy to make? Do you remember why you
made them?

Now we are going to zoom out to think about your portfolio as a whole.

So there’s no need to tell me what it is, but compared to your GPA, how well do you feel your
portfolio reflects your engineering knowledge and skills?

What does your GPA/portfolio say about your engineering knowledge and skills?
What value do you think portfolios could add to undergrad engineering courses?

This is not necessarily portfolios as assessment.

If it’s none, it’s none. But either way let me know what you think.

Now adding in the assessment piece, in what ways could you see using portfolios as alternative
or additional assessment tools in your engineering classes?

The next few questions focus specifically on your thought process and creating experience of
your portfolio.

So, you have multiple entries in your portfolio. How did you decide which artifacts, which
projects to include or not?

Was there anything you wanted to include in your portfolio, but decided not to do so because of
the public nature of portfolio? Like it’s online, the point is that anyone can see it.

Last semester, you got feedback from peers, faculty and alumni on your portfolio. What was
your biggest takeaway from these feedback experiences? First thought go!

Do you know why it stuck with you?
How did these feedback conversations impact your portfolio?
Change your organization, purpose, clarify things.

What resources or structures could have made these conversations more helpful to you?
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Things you’d want from your professors or people that gave feedback.
What constraints did you face in creating your portfolio?
Literally just any obstacle you faced or just annoyed you in creating this.

Could be time, number of projects, confidence in your projects, understanding of the
project concepts, annoying software issues, anything.

Specifically thinking about this class ME90 and the way it supported you, how did the process of
producing a portfolio impact you?

Impact you as a student? As an engineer? As a person in a society?

A trend we noticed in some discussions and journal responses revolved around
confidence. So, how was your confidence in yourself as an engineer or in your
engineering knowledge impacted by this course? If at all.
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Appendix D: Agency & Educational Ownership Code Descriptions

Agency — Most simply, we define agency as exercising the ability to make an intentional choice
without evident impedance by members of accountability structures in higher education
(teachers, administrators, etc.).

Educational Ownership - Students’ taking conscious responsibility for the choices they make
with regard to how they structure their educational trajectory and approach their learning

experiences.

Initial Codes Using Conley and French’s Model (2014) (not used in final analysis)

Signs that students may be experiencing educational ownership:

1.

2.

Motivation and Engagement - Demonstrating a personal desire to engage with their
education. Motivated to excel in course assignments for own benefit or interest.
Goal Orientation and Self Direction - Demonstrating the ability to set and meet
goals based on personal values. Demonstrating the ability to direct their own
learning through prioritization based on personal values.

Self-Efficacy and Self-Confidence - Demonstrating the belief that they have the
ability and confidence to complete a task (self-efficacy) and/or confidence in their
identity and skills as an engineer (self-confidence).

Metacognition and Self-Monitoring - Reflection on learning strategies and
approaches often with reference to changes or recognition of efficacy.

Persistence - Demonstrating the ability to continue in the pursuit of a goal
particularly when faced with challenges or obstacles. Also, demonstrations of
determination to succeed.
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Appendix E: Faculty Interview Protocol

Faculty Interview Guide

Thank you for participating in this study. Before we begin, I want to remind you that you may
skip over any questions you do not wish to answer, or withdraw your participation at any time.
Do you have any questions?

Exams

As you know, this research is about the use of portfolios in engineering education. However, to
fully understand how students and faculty think about portfolios as potential tools for
assessment, we also need to gather your impressions of more traditional engineering
assessments. So I have a few questions to ask you about exams. Then we’ll talk about portfolios.
What role do exams play in the sophomore level course or courses you teach?

[share solutions to ME 20 midterm exam question on screen]

Take a couple of minutes to read through this sample exam response.

What types of knowledge and skills does this exam demonstrate?

Portfolios

Okay, we’re moving on to the next set of questions. In this part of the interview, we’ll talk about
portfolios.

Based on your current knowledge of portfolios, describe the content and purpose of an
engineering student’s portfolio.

[share mock portfolio entry on Truss on screen]

Take a couple of minutes to read through this sample portfolio entry.

What types of knowledge and skills does this entry demonstrate?

One thing we’re interested in exploring further is how portfolios can support students in thinking
about their engineering decision making on various projects. Based on this project, what
decisions do you think the student had to make?

[share mock portfolio in full and ask faculty to navigate]

What are your general impressions of this portfolio?
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Having seen a portfolio entry on a course-based experience, what value do you think portfolios
could add to undergraduate engineering courses?

What value do you think portfolios could add to the mechanical engineering program?

In what ways could you see using portfolios as alternative or additional tools for assessment in
your class?

What support structures would need to be in place to allow you to successfully incorporate
portfolios into your class?

What barriers do you foresee in incorporating portfolios into your class?
How would the incorporation of portfolios influence your teaching?

Is there anything else you want to share about portfolios?
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Appendix F: Feasibility and Value Code Descriptions

Feasibility: The feasibility of incorporating portfolios into the ME program at large or within an
instructor’s specific class.

Subcodes

Conditionally feasible: The faculty member perceives that feasibility is possible, but only
under certain conditions. Often this occurs when faculty are considering how to
incorporate portfolios into existing courses or structures.

Feasible: The faculty member perceives that incorporating portfolios is possible without
qualification.

Not feasible: The faculty member perceives an aspect of the portfolio or current course
structures makes it unlikely to be possible to incorporate portfolios. These do not need to
be statements of outright impossibility and are more commonly open concerns about
implementation challenges.

Uncertain if feasible: The faculty member perceives some uncertainty about whether it is
possible to incorporate portfolios. Unresolved statements using words like “maybe” or
“might” to describe incorporation.

Value: Goals articulated by the faculty, which can be individual, course, or program level, and
the associated value they indicate portfolios have in achieving those goals.

Subcodes

Portfolio supports (or positive value): The faculty member identifies a goal or interest
and perceives portfolios as tools that are useful and/or valuable in supporting the
achievement of that goal.

Portfolio doesn’t support or hinders (or negative value): The faculty member identifies a
goal or interest and perceives portfolios as tools that are not useful and/or not valuable in
supporting the achievement of that goal. This may also appear as portfolios have a
negative impact by hindering the achievement of their goals.

Shows goal, but unclear if portfolio supports or not: The faculty member identifies a goal
or interest but does not clearly articulate a perception of whether portfolios are tools that
are or are not useful and/or valuable in supporting the achievement of that goal. Most
commonly, this takes the form of describing what they wish they saw in a portfolio, but
no indication of if it is possible for that element to be present in a portfolio.
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