2026 ASEE a
ANNUAL CONFERENCE o0 2 e 20s  erione SQASEE

ENGINEERING EDUCATION

Paper ID #51786

Pedagogical Development for Chemical Engineering PreService Faculty- Foundational
Knowledge

Mr. Duncan H Mullins, University at Buffalo, The State University of New York

Duncan Mullins is a Fifth year PhD Candidate in Engineering Education, part of UB’s Inaugural cohort
of students. He has a master’s in chemical engineering and a love of teaching.

©American Society for Engineering Education, 2026



Pedagogical Development for PreService Faculty- Foundational Knowledge

Abstract

Engineering education, particularly chemical engineering education, has done significant work in
developing better ways for teaching undergraduate students. With the rise of engineering
educational departments and programs over the past decades, there has been an increasing focus
cross-disciplinarily on the similarities of educating engineers. Unfortunately, graduate students,
particularly engineering graduate students, are under-studied within literature. Graduate school is
a time of significant personal development, growth, and apprenticeship into the research world.
As such, this presents an excellent opportunity to facilitate pedagogical development. However,
there is little scholarship around the pedagogical knowledge or current skills of future
engineering faculty. To address this, I performed an exploratory descriptive phenomenological
study. The goal of this study was to determine what PreService Faculty (PSF) believe it means to
learn and teach engineering. PSF is a term I use to refer to engineering graduate students who are
intent on pursuing a faculty role post-graduation.

A descriptive phenomenological analysis was performed on interview data collected with PSF on
their views of learning and teaching. This work focuses on PSF who were in Chemical or
Biomedical Engineering PhD programs. The four interviews from this study were collected from
a larger corpus across multiple disciplines.

Our research questions for this project are:

What does it mean to “learn engineering?”’

What does it mean to "effectively teach engineering?”
How, if at all, are these two phenomena connected?

PSF considered learning engineering to involve several key unexpected elements, such as: a
necessity for resources to facilitate one’s own learning, a clear physical connection between the
topic being learned and the phenomena being described, whether learning was a social or
personal exercise, and “learning to get ‘un-stuck’” when faced with challenges.

PSF considered teaching engineering to involve a difference between why an element is being
taught, whether that was for conceptual or content coverage, or instead focused upon student
learning. Further, their pedagogical decisions were focused upon student learning, while their
content coverage descriptions were focused upon the teacher facilitation of the course.

These two phenomena were connected for these participants specifically through their
(hypothesized) teaching methods; PSF often would draw upon their own learning experiences to
consider how to facilitate similar experiences with other students.

The findings from this disciplinary subset are echoed within the larger dataset, indicating a
minimal difference in the views toward learning or teaching engineering cross-disciplines. These
findings indicate that disciplinary nuances are often minimal by the time graduate school occurs.
While the concepts of a discipline are extremely important, the more integral elements of
learning or teaching engineering are not disciplinarily unique, and indeed are often shared across
the disciplines. This presents unique potentials for facilitating peer-development. Chemical



engineering education could provide leadership in this way, guiding their peers (or PSF as
peers-to-be) in the development of their own pedagogical excellence.

Introduction

Engineering faculty are rarely taught how to teach in the US. Significant scholarship in recent
years has established this fact, the difficulties in learning how to teach [1], [2], [3], [4], [5], [6],
[7], and the sacrifices many early career faculty must make if they choose to focus upon their
pedagogical skills rather than pursuing a research agenda [8]. The rising number of positions for
teaching faculty indicate a shift in the academic agenda and institutional recognition of the power
of focused pedagogy, as well as the mutual benefit to traditional faculty and students by these
newer positions. However, many of these faculty are still relatively under-prepared for their
pedagogical skills required by this position; most PhD programs are excellent at facilitating
research competencies, professional skills, and grant writing. Rarely do they similarly facilitate
excellence in teaching and curriculum development. The presumption that the experiences of
being a Teaching Assistant (TA) will provide these necessary skills is unfortunately false, and
well documented to be misaligned with the duties of a formal faculty member [9], [10], [11],
[12], [13], [14].

Due to the significant competing pressures on early career faculty, it would be better to train the
requisite pedagogical skills for curriculum, assessment, course design and delivery, and
classroom facilitation within a similar apprenticeship program as is currently facilitated by PhD
programs with research skills. A program does exist within the US to provide the extended and
guided practice for the development of teaching excellence: the pre-service teacher (PST)
preparatory program.

However, the knowledge basis between public school teachers and engineering faculty is
significant; there is a large difference in teaching mathematics, literature, or history as compared
to an always changing list of engineering courses such as thermodynamics, ethics, senior design,
or computational simulations.

As such, to adapt the methods of training from PST to engineering, I need to know the baseline
knowledge and instincts for our population. After all, this is the principle behind formative
assessments [15], [16], [17], [18]; it is equally frustrating to teach integrals to someone who
recently learned multiplication, and vice-versa. Unfortunately there is nearly no scholarship on
the knowledge of learning and teaching for graduate students. These future faculty, or PreService
Faculty (PSF) as I call them, are understudied from this lens.

This work seeks to address this lack of foundational knowledge, connecting the views PSF hold
towards knowledge, learning, and teaching of engineering through the framework of
epistemological beliefs to provide the formative knowledge which can be used to develop
preparatory programs for building a better generation of future faculty.

Background

Teaching and learning are strongly related topics. These are integral within epistemology [9] and
common topics within literature from pre-service teacher training [19], [20], [21], [22].



Teaching-learning conceptions have been related to lifelong learning [23], beliefs about learning
and teaching implications thereof [24], the alignment of learning styles and teaching styles [25],
and within studies on faculty pedagogical content knowledge [26]. Epistemology is connected to
both teaching and learning and has been used to examine the connection between these topics
[10], [27], [28].

Considerations of teaching and learning can be examined in cohesion under the lens of
epistemology, defined as “an individual’s ideas about knowledge” (specifically their ideas about
“the nature of knowledge” and “nature of knowing”) [[29] pg 119]. Epistemology is also
integrally connected to ideas of learning and teaching [30], [31].

Epistemology lens

I define epistemology in this context as the way the PSF define knowledge and what it means to
know something, truth and the possibility of an absolute fact, and justification for that knowledge
[32]. Epistemology has been used quite often within the context of preservice teacher training
[33], [34], [35], [36], [37], [38]. Epistemology has also been considered with several levels of
engineering students, ranging from students new to engineering and college [39]to engineering
faculty [40], [41], [42].

TA training as Insufficient prep for STEM PSF

Many studies have considered engineering graduate students in the context of being TAs, though
the majority of these explore TA training, utilization, or experiences. While these positions do
give a student experience in delivery and class management, they rarely provide any experience
with the more conceptual issues related to courses such as content development, course
progression planning, or learning outcomes [9], [10], [43], [44]. TA preparation is often rather
brief, rapid, and focused upon a few basic skills such as classroom management, problem solving
tricks, and lab safety [9], [10], [13]. Even when TA training programs are more dedicated and
focused, they focus more on content delivery and less on course design [45], [46], [47]. There are
some studies on graduate students in TA positions which go beyond the standard model [13],
[14], [48], [49], [50], [51], [52], empowering TAs in these contexts with additional
responsibilities or learning experiences to better model a faculty position. These studies describe
programs which provide TAs a more structured practice. Such studies, while innovative, do not
capture what TAs consider to be learning or teaching, which influence most if not all decisions
made about what learning looks like within a classroom. Furthermore, while there are some
studies which provide more structured or scaffolded practice for TA positions [14], [43], [48],
[50], [51], [52], [53], these are not widely implemented.

Methods

This work was conducted under a descriptive phenomenological analysis of previously collected
data. IRB approval was extended from the original study to cover this additional analysis. Data
were collected from PSF via interviews about their view on learning and hypothesized teaching.
The original interview protocol presumed that there would be a clear connection between these
two concepts; the hypothesis that the ways one learns informs how one goes about teaching
others is rare in literature. Unfortunately this was not the case. While there was influence on the



hypothetical or idealized teaching methods, it was unclear and indirectly related to the PSF
beliefs about learning.

Subsequent analysis of the data was conducted via a parallel descriptive phenomenological
analysis. Within this process, I examined independently what PSF considered to be the
phenomenon of ‘Learning Engineering’ as well as the phenomenon of ‘Effectively Teaching
Engineering’ to disentangle the constructs. the 10 participants had widely varied views and
beliefs, which are detailed elsewhere [53]. However, the Chemical or Biological Engineering
PSF had much more closely congruent beliefs across the two phenomena and more similar to
each other than any of the other groupings of data characteristics. This was an exciting
opportunity to more deeply investigate the connections between the two phenomena. For more
information about the analysis done with the entire dataset, see our previous publication [53].

Participants

10 PSF were recruited through interest and screening surveys among all doctoral students in the
school of engineering at one large, urban, northeastern public research university in the
continental US. The only recruitment criteria were active participation in a Doctoral program and
a self-stated intention to pursue (or consider) a faculty role after graduation. For this specific
work, a narrowing of the data was done to focus on the chemical and biomedical engineering
engineering students. Detailed demographic information is provided below in Table 1.

Table 1: Participant Demographics

PSF Gender Year |Major [ndustry [Teaching |Ethnicity [Other facets
Expecting
Red M 2 Chemical N to TA White
Asian/ Low '
SocioEconomic

Deepika M 3 Chemical N TA Indian Status

Janelle F 4 Chemical N TA Asian

Morgan  |F ol Biomedical Y TA White

Phenomenological Inquiry

This specific work uses a modified phenomenological analysis, drawn from various schools
within the Husserlian tradition. See our other works at the conference for more intensive details
on the construction of this method. Specifically, the interviews were analyzed following the
procedures set out for STEM inquiry and leveraging the attitude of bridling. Bridling is presented
restraining the biases of the analyzing researcher until the participant knowledge (findings) are



solidified, and then engaging the power of an insider researcher (that is a researcher who is
themselves a part of the research population). In this case, the lead author is themself a PSF, so
their analysis of the beliefs of other PSF should only leverage their personal views and beliefs
AFTER conclusion of the initial analysis. For purposes of this work, that means the findings
were constructed without considering personal bias, which was then the basis of the discussion
sections.

Within this analysis process, I chose to align to a specific analytic process for descriptive
phenomenology. The method’s development within analytic psychology, along with its
significant focus on detailed steps, balances the well-structured nature of STEM with the
intuitive and adaptive methods inherent to qualitative research, and especially within
phenomenology.

Giorgi’s method follows general protocols of phenomenology and is presented below.
Listen to each interview repeatedly.

Identify key elements or codes within the interview.

Only use the participant’s words to define those codes.

Determine the organizations of those codes, or themes for the interview.
Organize the themes within a hierarchy for the phenomenon

Repeat this process for every interview, independent of other interviews.

Look across all the interviews for consistent themes and hierarchical relations.

T 0" ®m U 0w

Determine which of those themes and relations are most important and essential to the
phenomenon.

P

Develop the composite phenomenon via those essential themes and relationships. This
should take the form of a hierarchy of themes.

This analysis was conducted for each participant individually, then comparing those individual
phenomenon structures to develop a composite hierarchy of consistent themes for the entire
population.

Figure 1: Cohesive Data Analysis Process
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Each interview was analyzed a minimum of five times following the guidance of Giorgi’s
process [27]. This process is shown in Figure 1. This began by reading through each interview to
remind myself of the content (step A). Then, I read through again noting the key elements or
codes of the interview (these codes could be key words, phrases, or ideas) (step B). Next, I read
to find the codes and defined them through the use of participant’s words (step C). Subsequently
I read through to collect all of those codes, and then connect them to identify themes (step D).
Finally, I read through using the constructed themes to search for new instances of their presence
in the interview (ensuring theoretical consistency).

That is, each participant had a unique set of codes, from their own quotations, and themes within
which those codes were classified. I draw operationalized definitions of the thematic elements
exclusively from the participant interview data. The codes consisted of key words or phrases,
like when Red said he “learned backwards” or when Morgan said that engineering is “an
approach or mindset.” These codes became themes, for example, Red’s assertion for “backwards
learning” was classified as Self-Directed Process because of how he defined backwards as being
application first, then the mathematical theory. This is the example process of doing steps B-D
above, which was conducted independently for each interview.

Then, after the final pass through the interview, I took those themes and organized the themes
into a hierarchy which represented the participant’s view of the phenomenon of Learning
Engineering (step E). That is, I took Red’s themes and put them in a hierarchy to see what was
most important to Red. I also took Morgan’s themes and put them into a hierarchy as what was
most important to Morgan. These were done independently of each other (step F). By the end,
each participant had their own unique codebook (with the codes defined in their own words) and
hierarchy of themes for their interview.

Afterwards, I compared all of those structures of themes and the hierarchy across all participants
(step G). Then I combined each participant’s distinct hierarchy to determine commonalities and
consistent elements across them. This was based upon the author’s own interpretations and was
not confirmed with the participants. After the final version of the synthesized themes had been
formed, I considered what made it unique or distinct (step H).

Finally, the author identified which elements within this hierarchy made the phenomenon
uniquely ‘Learning Engineering’, as opposed to similar phenomena such as: ‘Learning’,
‘Learning Mathematics’, or ‘Solving Engineering Problems’. These themes make up the most
essential components of the phenomenon’s structure (step I).




During the process of analyzing the separate phenomena, I discovered that there was similarity
between the two phenomena of consideration, ‘Learning Engineering’ and ‘Effectively Teaching
Engineering’ for several of our participants who were in Chemical Engineering PhD programs.
Given that our original motivation was to test in what ways these two constructs were related, |
decided to focus in depth on this sub-population.

Our research questions for this project are:

What does it mean to “learn engineering?”

What does it mean to "effectively teach engineering?”’
How, if at all, are these two phenomena connected?

Findings

Given that descriptive phenomenology is a synthesis of the intangible phenomenon from the
experiences of multiple participants, I had to perform another analysis refinement with just the
limited participants. Below I present sequentially the chemical engineering PSF views of the
phenomenon separately followed by the overlapping elements. Each of the constructs will be
presented after the visual of the findings, organized by ‘strands’ or connected themes.

A. Learning Construct

For PSF, learning engineering was composed of several distinct strands: a self-directed process,
practice, applications, and independent learning. A visual of this construct is shown below in
Figure 2.
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Figure 2: The Phenomenon of ‘Learning Engineering’

Strand 1: Self-Directed Process

The first major component of learning engineering to PSF was the fact that it is a ‘Self-Directed
Process,” which varies by person. While several common strategies, approaches, and techniques
may exist, every person’s learning process is unique and must be in charge of it themself. A
major component of this self-directed process is the discovery or creation of that process through
practice. Deepika describes that self-directed process as “a lot of engineering is about solving
problems” and one must “have [an] understanding [of] the concepts to be a better solver.” That
is, engineering is solving problems, and an understanding of concepts empowers learners for
better solving those problems through enhanced understandings. Morgan also describes how a
core part of learning engineering is learning how to learn. She mentions the most important parts
of courses as “the connections and networking. And the other part of learning it’s ... I gotta
learn the processes or whatever. It’s more important to teach [students] how to find information,
not what the information is.” She further states that “a big part of undergraduate education is
learning how to learn.” All of these are ways that PSF discussed how learning engineering is
predominantly understood, grasped, and pieced together or created by themself, or under their
own direction.



A.1.1 Connection to Practice

The practice of trying to learn engineering (skills, concepts, procedures, or standardized
assessments) will inform, refine, and leverage that self-directed process. Learning engineering,
and specifically the methods of performing engineering, are skills which are similar to artistic
execution or physical endeavors; they are learned and refined more through practice than
expanding theory or knowledge. As Deepika puts it well, “I think, having an understanding of
the concepts that are being used in the problem definitely helps you to solve many of those
problems or like it supplements your approach. Because if you don't understand the concept, then
I think solving a problem will be very difficult, even if you practice it many times.” Here he is
emphasizing the importance of practice, but also understanding alongside replication, and further
that this practice is not just problem replication since “I think just having one avenue doesn't
work.... it’s kind of a combination of all those practices.”

A.1.2 Learning by Relations

A significant component of this self-directed process is learning how to learn via interactional
relations. That is, no concept or person exists in a void, and part of the self-directed process is
learning how to leverage those connections. Learning to connect topics, work with others, and
draw upon numerous available knowledge sources is one of the essential tasks of everyday
engineers; learning this method and viewpoint is essential for learning engineering and one of the
better trained skills for the workplace which is facilitated by the academic setting.

Red describes this when he states that “classes teach you the basics, you have to go learn the
material.” By this Red means that classes teach the foundations, or the “basics” of topics, the
conceptual framework. However, to Red, this is incomplete and needs application or industry
experience to finalize. He notes that “you need like a framework of like engineering and like
mathematic principles to be able to like do a class” but that “a gap that a lot of classes miss” is
“showing me directly how what I learned in the classroom can be applied to industry or like in
the real world.”

Red later extends this idea, explicitly and elegantly stating that “academics will like set you up,
but you don't really learn, you don't really have the end result without doing something with
research or industry. So I think you need a sort of the basis of engineering, with schooling.” By
this Red is emphasizing that while he learned concepts and knowledge in the classroom, his
classes left him with incomplete learning. Red is seeking the connection between the academic
knowledge and the application therein.

A.1.2.1 Conceptual Relations

The interactional relations between different topics can provide powerful nuance and connections
and further is where much of the iterative complexity of engineering occurs; it is nearly
impossible to design a thermal reactor without an underlying knowledge of thermodynamics,
temporal mathematics, material properties, or modeling software. Courses in engineering
programs also build upon the conceptual and procedural knowledge of the prerequisite courses,
for the subsequent courses; a major element of learning in engineering is learning deeply to
allow for long term recollection. Janelle describes this when she says that she learns engineering
by “it’s easier to focus on specific things” because “initially I tried to do everything in a problem



at once.. And then I figured out I cannot do this, so I went back to stepwise.” Janelle clarifies that
as engineers “ I take a lot of classes, so I can build up our foundation, apart from that, I mean
sometimes I calculate something” and that “every question is related to like science science, and
I learn by... trying to use, something I learn from the lab and then apply that in our life personal
life.”

Janelle here is referring obliquely to the fact that most engineering problems are significantly
synthetic; they are composed of numerous elements, each of which requires addressing or
considering when attempting to solve them. This conceptual intensity and complexity led Janelle
to her key emphasis on learning, that “I need to identify the problem first” because “a lot of
times [engineering students] want to do something very conceptual and then realize I don’t
know how.” Here Janelle is emphasizing the importance of problem labelling or identifying the
central topics of a problem.

A.1.2.2 Interactional Relations

Further, engineers work on teams so a major component of learning via this self-directed process
is the development of professional skills to interactionally relate to and with people. These can
be peers (and most commonly are within learning engineering), learned mentors (like TA or
faculty members), with stakeholders, or with interdisciplinary teams. Deepika and Morgan have
opposite experiences, yet arrive at the same conclusion that interdisciplinary or group work are
important. For Morgan, her core “teaching philosophy is learning through team based
experiences from diverse perspectives in a way that always challenging you to think beyond
what you know.” That is, learning from and on a team is highly important to engineering.
Deepika, in contrast, states that “I really hated group projects. But I don't think I would get rid of
them because obviously it really helped to learn how to use the software for engineering plan
design and team work. It helps you to work with people... I hated that, but it was obviously
[valuable] for a lot of things I learned from that. And so group projects is probably my least
favorite but [ wouldn't eliminate it, I think sometimes you have to do things that you don't like
that you can learn.”

So despite Deepika hating group projects, he agrees with Morgan that learning with and from
others (likely peers) is a valuable component of engineering learning.

Strand 2: Practice

Practice is an integral process for learning engineering. PSF made a specific point that this
should be using one’s own self-directed process. However, practice will help the learner improve
and better understand their own process. So, to learn one’s process, one must use that process in
practice. Practice, therefore, will help one understand both the personal learning process, but
also where this process is ineffective or inefficient. Deepika emphasizes that

“I think also... having an understanding of the concepts that are being used in the
problem definitely help you to solve many of those problems or like it supplements your
approach. Because if you don't understand the concept, then I think solving a problem
will be very difficult, even if you practice it many times, and so I think it's important.”



Deepika is emphasizing here that conceptual understanding is integrally important alongside
practice of problems. He continues that

“So solving engineering problems, I think, for me, it's just been doing as many as
possible for a given class. You have to learn how to solve a specific problem so the more
similar problems that you solve by looking at others. [F]irst of all start looking at
examples, you look at them, see how they did it and copy that, see if you could approach
it that way. And then... the more you practice that, at least for me [the] more I practice it,
the more I'm able to solve problems and another way is also having a defined approach
for how to solve problems. [S]o having a predefined approach and then practicing a lot
kind of helps you to get an idea of how to approach problems and solve them least for
me.”

Deepika is specifically connecting practice of problems with learning. For him, learning
engineering requires practice on the skills, approaches, and concepts in problems. He solves
problems to learn how to solve problems like that, as a vehicle for facilitating conceptual growth.
That is, seeing the concept used in the problem and solving that problem helps him understand
the underlying concept better, though both conceptual growth and procedural fluency are
important.

A.2.1 Learning to ‘Get unstuck’

A major portion of this practice (with the self-directed process) is learning how to ‘get unstuck’
as Morgan put it. That is, the entire experience of finding an unexpected issue/problem within the
practice, learning about, discovering, identifying, and trying a solution until the problem is
addressed, is essential. This is the core of engineering as a field, the identification and addressing
of problems, yet students are more often aware of this process on the macro-scale of design
problems. To PSF, a major component of practice is practicing the necessary skill of learning
how to get out of a feeling of being stuck, and identify new avenues to proceed.

The goal of almost any engineering problem is to solve an issue or improve a process. So,
learning how to have strategies to “get unstuck” when there is no clear idea of how to proceed.

Morgan describes how students of engineering have to “learn how to get unstuck™ by which she
means that a part of learning engineering is learning how to work through places where the path
forward is unclear. As engineering is problem solving, and to Morgan it is “more a set of
approaches” and “a mindset” rather than a set of concepts, learning the mindset of pushing
through setbacks or places you don’t know how to proceed is important.

This is particularly important to Morgan given that learning is highly self-driven and directed, so
that mindset of engineering which she mentioned is directly focused on solving problems using
the set of approaches taught by engineering. Rather than accepting failure or discomfort or lack
of knowledge, the engineering mindset Morgan envisions faces these as challenges to be
overcome, learning yourself how to get out of those “stuck” places in a solution process.



A.2.2 The importance of Resources

One major way of getting un-stuck is through the usage of resources. Practice facilitates learning,
and practice with finding and using resources is essential to understanding how to evaluate and
leverage those resources. These resources can be provided, located, or determined. Even more
important is the dual skills of learning how to evaluate those resources for accuracy, validity, and
trust. Additionally, many times those resources are peers or other knowledgeable parties and this
is a professional skill which needs to be nurtured; what is the necessary information and how to
locate it, and once located, how to verify that it is as accurate as possible.

Deepika describes this process well, emphasizing the importance of learning through the use of
personal resources. He describes “I felt like the times I learned was when I actually read the
textbook before coming to class” because “I could understand what the professor was talking
about.” He continues that “I felt like the lectures weren’t effective if [ wasn’t doing the readings,
as there were gaps in my knowledge along the way.”

Deepika recalls that he often used the textbooks for learning, as “the most effective way for us to
learn [was problem sets] because you’re struggling and trying to solve and figure out, and so you
go to the textbook and example problems” which he characterizes the entire process as
“enjoyable, fun, but very difficult and rigorous.” Deepika elaborates that his ideal learning
experience was

“reading on [the topic] from a textbook, then watching videos to supplement specific
concepts, ... and then being able to ask an expert specific questions about the topic... |
want an expert so when I have a question I can get an answer, not a full lecture.”

Here Deepika is characterizing his learning of a topic or concept in engineering, at least in his
most ideal format, as entirely self-directed. Through the usage of a variety of types and
modalities of resources, he holds the entire autonomy and efficacy. Deepika chooses when to
engage with which resource or topic. Regardless of the form of that resource (e.g. an expert, a
peer, reading, video, online search, or something else), Deepika uses them similarly to build his
understanding of the topic, in his idealized learning format.

Strand 3: Applications

Applications are an essential part of engineering; this is one of the most commonly stated
distinguishing factors between engineering technical research and science or mathematics. As
such, it was unsurprising that PSF emphasized that a major component of learning engineering
was through applications. The application of a concept will massively help contextualize, retain,
and inform the accurate usage of said concept. The same is true for procedures and processes;
seeing a process in usage and understanding how, when, where, and why it would be used in
real-practice are essential.

Red views applications as highly necessary to cement his learning of a topic, and can show how
classroom topics connect to real world ideas, industry topics or prospects, and exist beyond a
book context. Red goes on at length about this example, one lengthy project in an advanced
course, stating that he truly learned from “the trial and error I guess” and that because it was an
open ended project, “you’re not trying to get a right answer, you’re trying to get as good as



possible but there isn’t like an objectively correct answer” and later asserted that “this felt like
something I might actually do in industry... it felt like showing me directly how what I learned
in the classroom could be applied to the real world.”

Morgan also reveals this when she discusses how

“because you can learn something conceptually from a book, but if you don’t
understand how it's applied it doesn’t really sink in... that application of science
was really important.”

Red shows this when he describes “showing the application of a lot of classes is really
important” further emphasizing that one class in particular “showed me how much better I retain
information [via applications] than just quizzes and tests.” Red also asserts that he really enjoyed
this process, project, and entire class because “mostly just the applicability” or the fact that what
he was learning he could clearly understand and view it as relevant, real-world connected, but
mostly that he had an understanding of an application of concept he was learning. This helps Red
understand and recall the concepts or topics significantly better, as well as helping him learn
faster and more enjoyably, which he notes is “significantly important for student morale.”

Similarly, Morgan emphasized a key learning experience from her undergraduate journey in a
class with a professor of practice from industry. In reflecting on why this was so meaningful to
her Morgan also mentions how she found a consistent trend in topics or classes she enjoyed and
learned well within, how “they were just directly applicable” and followed up on this idea with
an assertion that applications are similar to teaching others, “until you apply that knowledge you
don’t realize how much you still [understood] or [had to learn].” She described that one of the
key ways to verify your learning was to try and teach another person or explain it to a peer, but
the examples or demonstrations of applications was the most powerful way to do that and most
essential to learning something in engineering.

Both Red and Morgan elaborate at length how important an application for the knowledge being
taught is. What is interesting about their harmony is that Morgan is a non-traditional student who
has industry experience, while Red is a traditional student with only a few internships. Despite
this, they both spoke strongly and similarly about the necessity of an application for knowledge.

Strand 4: Independent Learning

For PSF, learning engineering is done primarily independently through numerous methods and
strategies which vary individually, though all PSF consistently spoke about the usage of
resources. Morgan goes on at length about this necessity, how “undergraduate programs teach a
rigid ‘if I do this I will get this’ [attitude] and, instead, what I really want to do is to teach them
‘if I do this I could get any of these things.””

Morgan continues, enunciating her teaching philosophy that

“I don't want any students to regurgitate information. I want them to take all the
information and synthesize it and make their own decisions... that's really the type of
thinkers that I need in our society; [information] is not regurgitated if people that take
everything, feel confident that they have the right amount of information to make an



informed decision, and then recognize the limitations in whatever it is they're saying.... |
need to do is recognize how much I know and don't know and therefore how strong our
opinion really is. [W]e should not have an opinion that I are complete authority on it
when all we've done is look at one new source for 30 minutes... [W]e have to recognize
where our own limitations are. Now that's a lot harder to teach but if I can just unlock the
students to get them to start synthesizing and forming their own unique opinions, instead
of regurgitating information I think at the undergraduate level that would be a great start
and then teaching them the components of recognizing their limitations.”

Morgan later clarifies that this attitude is due to her own recognition of the value of “learning
through team based experiences. From diverse perspectives in a way that always this challenging
you to think beyond what you know” because in reflection those were the settings which
prompted her own most impactful learning moments.

A.4.1 Resources for Learning

These resources may be provided, self-selected, or determined and located through the process of
learning. A major reason for the necessity of independent learning is the process of learning how
to find, use, determine, and leverage those resources. As Morgan put it, “a big part of [a design
project] was... where to find the resources that they need and and how to ask the right
questions.” Here Morgan is emphasizing the importance of both knowing what information the
engineer needs, as well as how to locate it and how to ask the specific questions of the resource
to get the actual item of information necessary. Morgan further clarified that this can be actual
research or knowing “who to go to for those types of questions and resources” because a
resource is not just an item of information but can be a learned other.

Teaching Construct

PSF varied more in the descriptions of the phenomenon of teaching, however the common
elements were surprising: an explicit consideration of the topics/concepts being taught, the core
focus of student learning, the role and responsibility for motivation, and the specifics for the
course. A primary component to PSF was the dichotomy experienced within teaching; while
there is significant autonomy and flexibility within the classroom setting, there is notably less
autonomy within the curricular content of a course and within the conceptual topics which a
course covers. A visual of this construct is shown below in Figure 3.
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Figure 3: The Phenomenon of ‘Effectively Teaching Engineering’

Strand 1: What is being taught (concepts and topics)

The first strand in this construct is how PSF consider the classroom and leverage the setting,
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engineering is how teaching occurs. The mechanisms by which teaching is facilitated are a major
consideration of our PSF. When asked to design their ideal class setting, very rarely did they
discuss mechanics or layout or materials unless prompted; more often they detailed how they

would leverage elements for their desired teaching methods. Janelle says that “I feel like the

most important thing is that I want them to learn this one thing they can remember after taking
this course” emphasizing that she wants the course to have something memorable for students,




and that she will facilitate this through “this activity thing, then there are theories. They [do]
project, and try to encourage them in different parts of my class, that's why one of the reasons
why like I want different things than was in my class.” Here Janelle is emphasizing using a mix
of methods to teach because she has that flexibility, contrasting that with “boring lectures” or
long derivations because “like equations, the theories are useful.” However, she wants to make
sure to be “avoiding that [experience] because | know if I throw like 2000 equations they may
like stop thinking after the third or the fourth one.” Janelle also notes that it is “important to keep
them involved in the class and then make connections like between theory and then example to
keep having a connection, that would be how I design as a most areas and how to make them
have a connection.”

B.1.1 Selection of Teaching Method(s)

It is the role of the instructor to decide what methods are leveraged to teach the foci of the
course; what teaching strategies, what assessments, and what activities to utilize. The foci can be
anything from a conceptual topic to a specific problem-solving paradigm to a habitual mindset to
ethics, but the instructor has the responsibility to identify the focus and then decide what
methods to use to facilitate this focus learning. Red has an interesting take on this, asserting that
“teaching is like a strong dictatorship, but where you listen to the voices of the people you're
ruling over. You have to like understand the needs of the people that you're controlling and you
have to meet those needs.” Red later elaborates that “I need to have unconditional power in the
classroom but at the same time, I have to use that to try to help foster their learning, that's my
role.” So he believes he needs to have full control of the classroom environment so that he can
accomplish his responsibility of facilitating the student’s learning.

B.1.2 Varying Methods

Within this consideration of methods is the understanding that these methods can (and likely
should) vary depending on the day, the component of that focus, the students, and the contextual
factors. The usage of varying methods allows for demonstrating to students the variety of
approaches which can be used, but also different methods may be more effective at conveying
different topics; rarely is this known until it is tried. Deepika notes that he would work to provide
not just one way to learn because “I mean that people lean one way when learning content while
other students lean another way. Some people might be reading, some people might be watching
YouTube videos, although there was a seminar where a professor went in and he said the best
way was to have active learning and give them supplementary learning videos. So I'm thinking
maybe a lot of people were having kind of an interactive learning environment in the class and
then later on these supplement.” Here Deepika is talking about shifting his methods between
different learning experiences so that students can both learn and discover what works for them.

B.1.3 Multiple Methods

Furthermore, instructors should use multiple kinds of methods within teaching. This allows both
for students to observe many different kinds of approaches, but also allows for more
opportunities for a student to effectively engage with the material and facilitate a ‘click’ light
bulb moment of comprehension. Morgan elaborates that she would teach by “providing as many
mediums of stimulus of learning as possible [to allow] them to capture their learning style. I will



want to employ as many of those in my assignments, and optional assignments or group work
that I do, and also my lecturing methods of sorts, but then also making sure that whatever
[methods] I didn't use and providing resources so that people know what to [look back on] if my
methods didn’t work for them that day.” By this Morgan is emphasizing that students learn in
many different ways so she would try to provide something for everyone, through the course of
the semester.

B.1.4 Instructor’s Major Autonomy in Methods

A major reason for this is because instructors have significant autonomy in the methods they
utilize in their course; this is one of the hardest skills to learn and refine: to develop the
pedagogical instincts, repertoire, and fluency with different techniques. However, as is noted in
the literature for PST [18], [54], [55], [56], [57], this is never accomplished on the first try;
common parlance holds that the third iteration of any innovation is the first time it is (likely) to
resemble the form desired upon original implementation. As Janelle states, “if i'm teaching a
class and then like half of them are sleeping in the class, I would think to try another way of
teaching. Maybe just play some video I mean there are some interesting like videos that are
related to engineering or to heat transfer even. yeah i'll try to change a way to to to draw their
interest and then motivate [them].” Here Janelle is emphasizing a complete paradigm shift in her
classroom teaching, demonstrating that she assumes she can overhaul the methods of delivery
entirely.

B.1.4.1 Iterating Methods

As such, it is important for instructors to always keep in mind that they can iterate on their
methods. These methods should vary and use multiple types, but should always be improving.
Engineering is about iterations in search of a more effective/efficient solution, engineering
teaching should be the same. Deepika clearly states that he works to “ finding the best way to
teach students and I'm hoping that, by the way my method for teaching evolves over time, but
currently I think it's about teaching students and doing that in a way that's most efficient for
students to learn the material. So I think that's my philosophy, it's been using that multi pronged
approach that to communicate concepts and learn material, because I think that's the objective of
going to school.” Here Deepika is emphasizing the core goal of teaching engineering is to
facilitate student learning, but he is doing that through constantly evolving methods.

Connection to B.2: Student Learning

The core goal of teaching (what makes it effective) is to ensure student learning, so the variations
in methods used, as well as the responsibility to create an environment that students can learn
within. The goal of any course or program is to develop learners as such any methods used
should be focused on facilitating that student learning, should vary and use multiple methods,
which are iterated upon to always improve the learning of students.

Strand 2: The core goal of student learning

As the role of the instructor is to facilitate student learning, effective teaching is evaluated by the
student accomplishments. Our PSF demonstrated unusually strong, explicit, and unexpectedly



strong student-centered learning beliefs. They understood the administrative difficulties, but
described their idealized teaching in ways that are rare to see in engineering classrooms and
dreamed of by researchers [58], [59], [60], [61], [62], [63], [64]. To our PSF, a significant portion
of this role is the motivation of students. This is both a value and a necessity of learning;
effective learning without motivation is rare, and motivation is reinforced by effective learning.
As Deepika states, the role of the instructor is “to communicate concepts and learn material,
because I think that's the objective of going to school.” Janelle says along similar lines that she
wants students to “remember one thing from this course” emphasizing the role of deep learning
over casual recall for repetition. PSF further emphasized that everything they did in the
classroom was focused on student learning, because as Deepika states “if they're not motivated
and if they don't understand ‘why am I taking this course, why is this relevant to my future
career,’then they're not going to learn, it's going to be a waste of time for the both of us.” This is
emphasizing that the time spent in the classroom and course is ‘a waste’ if the student doesn't
learn.

Strand 3: Motivation for students [and connection to Strand 2]

Effective teaching should consider what can serve to motivate students. As previously
mentioned, motivation reinforces resolve, focuses students on the learning, and is difficult to get
learning moments without. This motivation is ideally intrinsic and student-generated, but the
instructor can assist in this. Or, in lieu of this, extrinsic motivation (through grades, mandatory
participation, or other strategies) can attempt to persuade students. Red stands apart from his
peers in this regard. Red states that “I might give encouragement, I might give advice. But I don't
think my goal would ever be to motivate students; I think if you're in college and you're not
motivated you probably shouldn't be in college like if you're not motivated to do what you're
doing.” He contrasts that with public schooling “I think when you're in just school, motivation is
good. And I think positive and negative are good in those, but I think in college it's different
because you're an adult and you have that base level of education and I think that if you don't
have the motivation, while you're in college, you probably shouldn't be there.” Here Red is
saying that while grades and reminders can assist students, he wouldn’t seek to motivate them,
because if they don’t have a source of internal motivation then the program is probably not a
good fit for them. Janelle, in contrast, emphasizes trying different teaching methods to “draw
their interest and then motivate them.” Both of these statements recognize that motivation is
intrinsic to the student; though the instructor can assist, the student has to be the one who is
motivated.

B.3.1 Motivate by Matching Learning and Teaching Styles

One of the major ways this is accomplished or facilitated from the instructor side is by matching
learning styles (of students) and methods of teaching. As different methods are differently
effective for different students, leveraging multiple methods to try and match learning styles is
emphasized by our PSF. Though the entire premise of learning styles is contested and more of a
buzzword in modern education research, the intention is reasonable. You can’t know what every
student needs in a classroom of more than perhaps 30, but knowing the likely trends, probable to
be effective methods, and majority preferences can help an instructor tailor their methods so that
‘every student gets something’. Morgan captures this, asserting that she would incorporate
“diverse set of ways to learn the material and then assessing that material with ways to self



correct. that's a lot of work for the teacher, but I do believe that that's the best way to be
inclusive, for all learning styles.” She continues that

“I really learned by association, but someone else might learn better by memorization.
And I personally believe that association and understanding how something works allows
you to apply knowledge from one domain to another better than memorization. But for
some people's brains that just doesn't work, so another way is somebody might learn
really well or reading the textbook another person might learn really well by doing. Khan
academy videos instead or just paying attention and lecture one person might do really
well but taking notes another person just needs to watch it happen once and they've got it
down. And so, providing as many mediums of stimulus of learning as possible allows
them to capture their learning style.”

Here Morgan is asserting that the instructor is responsible but also has a beneficial tool in
seeking to match student learning styles with their teaching actions or approaches.

Strand 4: What is being taught in the course specifically

In direct contrast to the methods of teaching, the role of any course is to teach some thing(s).
These can be conceptual, procedural, methodological, solution paradigms, or attitudes. Not
unique to engineering, but of significant emphasis, is the need of each course to cover specific
concepts. Red explains that “you don't really have control over [what is being taught] so the
teachers have control; there's actually a list and then a sub list. The main list is what the teacher
was told they have to teach, so that's like a necessity, like you have to get through that list, the
sub list is more with the teacher thinks is necessary to like fill in the gaps.” Red here is
emphasizing that each course is part of a distinct curriculum with prerequisite and subsequent
courses. Because of this the instructor for any course has “no flexibility in terms of what they’re
going to [teach] for the class.”

B.4.1 Instructor has Limited Autonomy

PSF noted specifically that this is one of the areas where they have significantly more limited
autonomy. This can be due to the position of the course in the curricular sequence, the parallel
courses, and the highly integrated nature of engineering concepts. Deepika states that what a
teacher covers in a course “depends on the university's rules that they might have. They might
say you have to teach entire material from like Chapter one chapter 10 to other students... So
hopefully whichever university I go to I'll have the freedom to be able to decide, you know how
I'm going to teach the students, what I'm going to teach the students.” Deepika here asserts a
belief that the instructor has little to no flexibility in what they teach in a course, that it is
mandated by the university at large. Red believes similarly, but states that the constraints come
from the departmental level.

Connecting the two Constructs

Though rudimentary, this sub-group of PSF were the only participants to draw connections
between the two phenomena; the ways they considered learning influenced the ways they
described teaching, which was not the case with the rest of the interview data.



Table 2: Summary of Construct Elements

Learning

Teaching

Self-Directed Process

What is being taught

Practice is required

Cover specific concepts

Independently

Limited autonomy

Resources

Motivate students

Learning to get unstuck

Match learning and teaching styles

Applications Student learning

Relate topics Methods of teaching

Relate to people Multiple methods
Varying methods

Major autonomy

Iterations on methods

C.1 Self-Directed Learning and (Personal) Motivation

Students need to be motivated for learning BECAUSE it is independently and self-directed. The
teacher tries to motivate and facilitate, but the student does the learning. Learning must be
facilitated by the student independently through a self-directed process, which makes sense given
that much of chemical engineering is learning procedures, solution methodologies or paradigms,
and is highly context dependent.

C.2 Practice in Learning through Applications

Teaching course contents to our PSF was described through the usage of applications and
opportunities for students to practice. That is, since PSF themselves learn better with an



application, they describe providing one for students, as a way to practice using the content being
learned in a specific, function-oriented setting.

C.3 Teaching Methods Chosen to Facilitate Student Learning

The methods of teaching differ and vary in order to help students learn. To effectively teach is to
help students learn; within learning engineering this requires conceptual growth, attitudinal
shifts, and perspective adjustments. These include from our PSF :

1. When and how to use resources
2. To get unstuck in problem solving
3. Interactionally relating topics (to each other and with peers).

As such, there are connections between strand 2 of teaching and all the strands of learning
engineering. This makes sense, because as Morgan so eloquently states, “a major part of learning
engineering.... is learning how to learn.”

Implications and Future Work

This is foundational research and not directly connected to any external innovations as of yet.
However, PSF currently demonstrate significantly more advanced pedagogical instincts than
would be expected. PSF were surprisingly eloquent on what constitutes learning, demonstrating
far more nuanced epistemological beliefs than anticipated. In fact, their beliefs are more
analogous to tenured faculty [41], [65], [66] than their undergraduate peers [65], [67], [68], [69],
[70], [71]. These beliefs are also indicative of engineering norms of the field, such as lifelong
learning and a value on solution oriented procedures.

The clear connection made by these participants is not echoed in the remainder of the dataset,
which leads to the question: why not? Why aren’t these obviously connected phenomena more
clearly and directly connected for engineering PSF? And what happens to these instincts? Why
are they not nurtured into pedagogical competencies?

Regardless, this aligns with the findings from early faculty; many more faculty are
student-centered in their beliefs, merely do not have the time, resources, space, or support to
implement these skills and thus default to the teacher-centered, if less effective, methods like
lectures [8], [59], [61], [62], [63], [64].

This foundational literature has established the beliefs of PSF around learning and teaching
engineering, however a more careful analysis will be required to align these beliefs with those of
PSTs for development of a preparatory program. The findings here do provide some useful
avenues of engagement and improvement, however, most notably for PSF themselves or
mentors.



For Educators

I encourage other educators to conceptualize and write down or verbalize their teaching-learning
connections. Answers to such questions can be enlightening and provide numerous areas for
engagement. Further, the chemical engineering education community is at the forefront of ASEE
disciplinary fields in terms of student-centeredness, wellbeing, and innovative teaching methods.
Often early-career faculty cite a lack of support for implementing the methods they want to, and
a community of peer-mentors can provide this structure. Faculty development is a well
established field, and highly effective. Still, consider your own practices: what are you hoping to
convey to students? How do you do that? Is it effective? How do you know?

For Mentors

Consider how you are providing PSF opportunities to consider their own learning and teaching.
PST literature says that scaffolded and mentored practice is the most effective method for
facilitating pedagogical excellence; provide your students with these opportunities alongside
feedback. Further, consider how you can present your mentees with a more detailed awareness of
how teaching is effectively constructed; results from this work indicate that PSF have a
constrained view of the autonomy of an instructor, particularly in terms of the content selection
which may not be consistently true.

For other Students

Consider your own career goals; ask for opportunities to engage in the pedagogical complexity
that is teaching. Find an opportunity to be an apprentice instructor [72]. There are numerous
quality but isolated examples of programs that developed more effective pedagogical preparation
than typical TA trainings; refer to one of these for inspiration on developing skills to be just as
prepared for teaching as the PhD program makes one for research [11], [14], [47], [49], [ 73],
[74], [75].

Conclusion

This work presents exciting new opportunities for research. More clearly connecting or
disentangling why and how PSF epistemological beliefs and teaching practices/intentions are
related is one such avenue; another avenue is expanding on the disciplinary focus of this work.
Are chemical engineering PSF more distinct and explicit in their beliefs? Or was this a result of
lucky recruitment? Finally, how do I use this information, as a field, in thinking about preparing
our future faculty to teach?



References

[1]

[2]

[3]

[4]

[3]

[6]

[7]

[8]

[9]

[10]

[11]

D. L. Ball and F. M. Forzani, “Teaching Skillful Teaching,” ACSD, vol. 68, no. 4, Dec.
2010, [Online]. Available: https://www.ascd.org/el/articles/teaching-skillful-teaching

A. Arpetti, M. C. C. Baranauskas, and T. Leo, “Learning Design and Teaching Practice:
Outlining an Iterative Cycle for Professional Teachers,” in 2013 IEEE 13th International
Conference on Advanced Learning Technologies, Beijing, China: IEEE, Jul. 2013, pp.
280-284. doi: 10.1109/ICALT.2013.87.

D. L. Ball and D. K. Cohen, “Developing Practice, Developing Practitioners: Toward a
practice-based theory of professional education,” in Teaching as the learning profession:
Handbook of Policy and Practice, San Francisco: Jossey-Bass, 1999, pp. 3-32.

S. S. Gardner, “From Learning to Teach to Teaching Effectiveness: Nurse Educators
Describe Their Experiences:,” Nurs. Educ. Perspect., vol. 35, no. 2, pp. 106111, Mar.
2014, doi: 10.5480/12-821.1.

W.-M. Roth and K. G. Tobin, At the elbow of another : learning to teach by coteaching. in
Counterpoints ; v. 204. New York: P. Lang, 2002.

Y. Sun and J. Strobel, “From Knowing-About To Knowing-To: Development Of
Engineering Pedagogical Content Knowledge By Elementary Teachers Through Perceived
Learning And Implementing Difficulties,” Am. J. Eng. Educ. AJEE, vol. 5, no. 1, pp.
41-60, May 2014, doi: 10.19030/ajee.v5i11.8610.

C. R. G. Wall, “From student to teacher: changes in preservice teacher educational beliefs
throughout the learning-to-teach journey,” Teach. Dev., vol. 20, no. 3, pp. 364-379, May
2016, doi: 10.1080/13664530.2016.1149509.

M. Popova, L. Shi, J. Harshman, A. Kraft, and M. Stains, “Untangling a complex
relationship: teaching beliefs and instructional practices of assistant chemistry faculty at
research-intensive institutions,” Chem. Educ. Res. Pract., vol. 21, no. 2, pp. 513-527, 2020,
doi: 10.1039/C9RP00217K.

J. A. Luft, J. P. Kurdziel, G. H. Roehrig, and J. Turner, “Growing a garden without water:
Graduate teaching assistants in introductory science laboratories at a doctoral/research
university,” J. Res. Sci. Teach., vol. 41, no. 3, pp. 211-233, Mar. 2004, doi:
10.1002/tea.20004.

J. M. Mutambuki and R. Schwartz, “ We don’t get any training: the impact of a professional
development model on teaching practices of chemistry and biology graduate teaching
assistants,” Chem. Educ. Res. Pract., vol. 19, no. 1, pp. 106-121, 2018, doi:
10.1039/C7RP00133A.

M. Ball, J. Hsia, H. Pon-Barry, A. DeOrio, and A. Blank, “Teaching TAs To Teach:
Strategies for TA Training,” in Proceedings of the 51st ACM Technical Symposium on
Computer Science Education, Portland OR USA: ACM, Feb. 2020, pp. 477-478. doi:
10.1145/3328778.3366987.



[12] S. E. Brownell and K. D. Tanner, “Barriers to Faculty Pedagogical Change: Lack of
Training, Time, Incentives, and...Tensions with Professional Identity?,” CBE—Life Sci.
Educ., vol. 11, no. 4, pp. 339-346, Dec. 2012, doi: 10.1187/cbe.12-09-0163.

[13] R. Butt, “*Pulled in off the street’ and available: what qualifications and training do Teacher
Assistants really need?,” Int. J. Incl. Educ., vol. 22, no. 3, pp. 217-234, Mar. 2018, doi:
10.1080/13603116.2017.1362478.

[14] A. Mueller, B. Perlman, L. McCann I., and S. McFadden H., “A Faculty Perspective on
Teaching Assistant Training,” Teaching of Psychology, vol. 24, no. 3, pp. 167-171, Nov.
2009, doi: https://doi.org/10.1207/s15328023top2403 3.

[15] H. A. Diefes-Dux, J. S. Zawojewski, M. A. Hjalmarson, and M. E. Cardella, “A Framework
for Analyzing Feedback in a Formative Assessment System for Mathematical Modeling
Problems,” J. Eng. Educ., vol. 101, no. 2, pp. 375-406, Apr. 2012, doi:
10.1002/j.2168-9830.2012.tb00054 .x.

[16] B. Frank, N. Simper, and J. Kaupp, “Formative feedback and scaffolding for developing
complex problem solving and modelling outcomes,” Eur. J. Eng. Educ., vol. 43, no. 4, pp.
552-568, Jul. 2018, doi: 10.1080/03043797.2017.1299692.

[17] R. A. Berk and M. Theall, Thirteen Strategies to Measure College Teaching: A Consumer’s
Guide to Rating Scale Construction, Assessment, and Decision-Making for Faculty,
Administrators, and Clinicians, 1st ed. New York: Routledge, 2023. doi:
10.4324/9781003448181.

[18] K. L. Dandy and K. Bendersky, “Student and Faculty Beliefs About Learning in Higher
Education: Implications for Teaching,” p. 23, 2014.

[19] M. Clarke, T. Barrett, B. J. Dignam, A. Galvin, S. Hyland, and D. Jennings, “Early-career
STEM faculty members’ perceptions on their teaching praxis,” Int. J. Acad. Dev., pp. 1-14,
Aug. 2021, doi: 10.1080/1360144X.2021.1960353.

[20] A. Oleson and M. T. Hora, “Teaching the way they were taught? Revisiting the sources of
teaching knowledge and the role of prior experience in shaping faculty teaching practices,”
High. Educ., vol. 68, no. 1, pp. 2945, Jul. 2014, doi: 10.1007/s10734-013-9678-9.

[21] H. A. Arslantas, “Epistemological Beliefs and Academic Achievement,” J. Educ. Train.
Stud., vol. 4, no. 1, pp. 215-220, Oct. 2015, doi: 10.11114/jets.v4i1.1107.

[22] D. Kember, “Beliefs about Knowledge and the Process of Teaching and Learning as a
Factor in Adjusting to Study in Higher Education”.

[23] H.J. Green and M. Hood, “Significance of Epistemological Beliefs for Teaching and
Learning Psychology: A Review,” Psychol. Learn. Teach., vol. 12, no. 2, pp. 168—178, Jun.
2013, doi: 10.2304/plat.2013.12.2.168.

[24] W. Liu, R. L. Carr, and J. Strobel, “Extending Teacher Professional Development through
an Online Learning Community: A Case Study,” J. Educ. Technol. Dev. Exch., vol. 2, no. 1,
Jun. 2009, doi: 10.18785/jetde.0201.07.



[25] D. F. Halpern and M. D. Hakel, “Applying the Science of Learning to the University and
Beyond: Teaching for Long-Term Retention and Transfer,” Change Mag. High. Learn., vol.
35, no. 4, pp. 3641, Jul. 2003, doi: 10.1080/00091380309604109.

[26] A. Giorgi, “The Descriptive Phenomenological Psychological Method,” J. Phenomenol.
Psychol., vol. 43, no. 1, pp. 3—12, 2012.

[27] M. D. Vagle, “Possible Methodological Approaches,” in Crafting Phenomenological
Research, 2nd ed., Second Edition. | New York : Routledge, 2018.: Routledge, 2018, pp.
54-70. doi: 10.4324/9781315173474-8.

[28] B. K. Hofer and P. R. Pintrich, Eds., “Critical Elements in the Design and Analysis of
Studies of Epistemology,” in Personal Epistemology, 0 ed., Routledge, 2001, pp. 245-274.
doi: 10.4324/9781410604316-21.

[29] M. Schommer, “An Emerging Conceptualization of Epistemological Beliefs and Their Role
in Learning,” in Beliefs About Text and Instruction with Text, 1st ed., R. Garner and P. A.
Alexander, Eds., Routledge, 2019, pp. 25—40. doi: 10.4324/9780203812068-2.

[30] M. Schommer, “Effects of beliefs about the nature of knowledge on comprehension.,” J.
Educ. Psychol., vol. 82, pp. 498-504, 1990, doi: 10.1037/0022-0663.82.3.498.

[31] R. E. Scherr and D. Hammer, “Student Behavior and Epistemological Framing: Examples
from Collaborative Active-Learning Activities in Physics,” Cogn. Instr., vol. 27, no. 2, pp.
147-174, Apr. 2009, doi: 10.1080/07370000902797379.

[32] J. Brownlee, “An investigation of teacher education students’ epistemological beliefs:
Developing a relational model of teaching,” Research in Education, vol. 72, pp. 1-18, 2004.

[33] J. Brownlee, “Epistemological Beliefs in Pre-service Teacher Education Students,” High.
Educ. Res. Dev., vol. 20, no. 3, pp. 281-291, Nov. 2001, doi:
10.1080/07294360120108377.

[34] J. Brownlee, N. Purdie, and G. Boulton-Lewis, “Changing Epistemological Beliefs in
Pre-service Teacher Education Students,” Teach. High. Educ., vol. 6, no. 2, pp. 247-268,
Apr. 2001, doi: 10.1080/13562510120045221.

[35] M. M. H. Cheng, K.-W. Chan, S. Y. F. Tang, and A. Y. N. Cheng, “Pre-service teacher
education students’ epistemological beliefs and their conceptions of teaching,” Teach.
Teach. Educ., vol. 25, no. 2, pp. 319-327, Feb. 2009, doi: 10.1016/j.tate.2008.09.018.

[36] J. Chakrin and T. Campbell, “Preservice science teachers’ epistemological framing in their
early teaching,” J. Learn. Sci., vol. 31, no. 4-5, pp. 545-593, Oct. 2022, doi:
10.1080/10508406.2022.2105649.

[37] B. M. Capobianco, J. Radloff, and J. D. Lehman, “Elementary Science Teachers’
Sense-Making with Learning to Implement Engineering Design and Its Impact on Students’
Science Achievement,” J. Sci. Teach. Educ., vol. 32, no. 1, pp. 39-61, Jan. 2021, doi:
10.1080/1046560X.2020.1789267.



[38] Yi-Min Huang, J. M. H. Yellin, and J. Turns, “Future engineering faculty: How do they
think about teaching?,” in Proceedings Frontiers in Education 35th Annual Conference,
Indianapolis, IN, USA: IEEE, 2005, pp. T3F-1-T3F-6. doi: 10.1109/FIE.2005.1611942.

[39] S. E. Cox, “Perceptions and Influences Behind Teaching Practices: Do Teachers Teach as
They Were Taught?,” p. 68, 2014.

[40] B. Ahn and M. F. Cox, “Knowledge, Skills, and Attributes of Graduate Student and
Postdoctoral Mentors in Undergraduate Research Settings: Knowledge, Skills, and

Attributes of Mentors in Undergraduate Research,” J. Eng. Educ., vol. 105, no. 4, pp.
605629, Oct. 2016, doi: 10.1002/jee.20129.

[41] D. Montfort, S. Brown, and D. Shinew, “The Personal Epistemologies of Civil Engineering
Faculty,” J. Eng. Educ., vol. 103, no. 3, pp. 388—416, Jul. 2014, doi: 10.1002/jee.20050.

[42] R. M. Goertzen, R. E. Scherr, and A. Elby, “Tutorial teaching assistants in the classroom:
Similar teaching behaviors are supported by varied beliefs about teaching and learning,”
Phys. Rev. Spec. Top. - Phys. Educ. Res., vol. 6, no. 1, p. 010105, Apr. 2010, doi:
10.1103/PhysRevSTPER.6.010105.

[43] C. Allendoerfer, D. Wilson, M. J. Kim, and E. Burpee, “Mapping beliefs about teaching to
patterns of instruction within science, technology, engineering, and mathematics,” Teach.
High. Educ., vol. 19, no. 7, pp. 758-771, Oct. 2014, doi: 10.1080/13562517.2014.901962.

[44] D. Kim and J. Lynch, “Perspectives and Practices of Undergraduate/Graduate Teaching
Assistants on Writing Pedagogical Knowledge and Lab Report Evaluation in Engineering
Laboratory Courses,” in 2020 ASEE Virtual Annual Conference Content Access
Proceedings, Virtual On line: ASEE Conferences, Jun. 2020, p. 35052. doi:
10.18260/1-2--35052.

[45] E. M. Dufty and M. M. Cooper, “Assessing TA buy-in to expectations and alignment of
actual teaching practices in a transformed general chemistry laboratory course,” Chem.
Educ. Res. Pract., vol. 21, no. 1, pp. 189-208, 2020, doi: 10.1039/C9RP00088G.

[46] L. B. Wheeler, S. L. Navy, J. L. Maeng, and B. A. Whitworth, “Development and validation
of the Classroom Observation Protocol for Engineering Design (COPED),” J. Res. Sci.
Teach., vol. 56, no. 9, pp. 1285-1305, Nov. 2019, doi: 10.1002/tea.21557.

[47] W. W. Predebon and P. Cho, “A Teaching Assistant Training Program With A Focus On
Teaching Improvement And Graduate Student Development,” in 1996 Annual Conference

Proceedings, Washington, District of Columbia: ASEE Conferences, Jun. 1996, p.
1.42.1-1.42.7. doi: 10.18260/1-2--6311.

[48] S. M. Ruder and C. Stanford, “Strategies for Training Undergraduate Teaching Assistants
To Facilitate Large Active-Learning Classrooms,” J. Chem. Educ., vol. 95, no. 12, pp.
2126-2133, Dec. 2018, doi: 10.1021/acs.jchemed.8b00167.



[49]

[50]

[51]

[52]

[53]

[54]

[55]

[56]

[57]

[58]

[59]

[60]
[61]

J. L. Sherwood, J. N. Petersen, and J. M. Grandzielwski, “Faculty Mentoring: A Unique
Approach to Training Graduate Students How to Teach,” J. Eng. Educ., vol. 86, no. 2, pp.
119-123, Apr. 1997, doi: 10.1002/j.2168-9830.1997.tb00274 .x.

K. Meyers and J. Brockman, “A review of an engineering teaching apprenticeship
program,” in 2011 Frontiers in Education Conference (FIE), Rapid City, SD, USA: IEEE,
Oct. 2011, pp. T2E-1-T2E-6. doi: 10.1109/FIE.2011.6142718.

M. Gallego, “Professional development of graduate teaching assistants in faculty-like
positions: Fostering reflective practices through reflective teaching journals,” J. Scholarsh.
Teach. Learn., pp. 96—110, May 2014, doi: 10.14434/josotl.v14i2.4218.

R. M. Goertzen, R. E. Scherr, and A. Elby, “Respecting tutorial instructors’ beliefs and
experiences: A case study of a physics teaching assistant,” Phys. Rev. Spec. Top. - Phys.
Educ. Res., vol. 6, no. 2, p. 020125, Dec. 2010, doi: 10.1103/PhysRevSTPER.6.020125.

D. Mullins, J. Swenson, and K. Miel, “Pre-Service Faculty Learning Processes and
Teaching Approaches,” in Proceedings - Frontiers in Education Conference, FIE, 2022.

C. Faikhamta, K. Lertdechapat, and T. Prasoblarb, “The Impact of a PCK-based
Professional Development Program on Science Teachers’ Ability to Teaching STEM,”
2020.

R. Hammack, P. Gannon, C. Foreman, and E. Meyer, “Impacts of professional development
focused on teaching engineering applications of mathematics and science,” Sch. Sci. Math.,
vol. 120, no. 7, pp. 413—424, Nov. 2020, doi: 10.1111/ssm.12430.

E. Ingram, T. W. Hill, D. Harshbarger, and J. Keshwani, “Improving Elementary
Pre-Service Teachers’ Science Teaching Self-Efficacy through Garden-Based Technology
Integration,” Educ. Sci., vol. 14, no. 1, p. 65, Jan. 2024, doi: 10.3390/educsci14010065.

M. Savin-Baden, L. McFarland, and J. Savin-Baden, “Learning spaces, agency and notions
of improvement: what influences thinking and practices about teaching and learning in
higher education? An interpretive meta-ethnography,” Lond. Rev. Educ., Nov. 2008, doi:
10.1080/14748460802489355.

M. T. H. Chi, “Active-Constructive-Interactive: A Conceptual Framework for
Differentiating Learning Activities,” Top. Cogn. Sci., vol. 1, no. 1, pp. 73—-105, Jan. 2009,
doi: 10.1111/5.1756-8765.2008.01005 .x.

R. M. Felder and R. Brent, “Felder- cooperative learning,” in Active Learning: Models
from the Analytical Sciences, vol. 4, P. A. Mabrouk, Ed., in ACS Symposium, no. 970, vol.
4., Washington, DC: American Chemical Society, 2007.

M. W. Liberatore, “ACTIVE LEARNING AND JUST-IN-TIME TEACHING,” Vol ., 2013.

R. Felder, “REACHING THE SECOND TIER: LEARNING AND TEACHING STYLES
IN COLLEGE SCIENCE EDUCATION,” J. College Science Teaching, vol. 23, no. 5,
1993.



[62]

[63]
[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

[72]

[73]
[74]

R. M. Felder, “LEARNING AND TEACHING STYLES IN ENGINEERING
EDUCATION,” 2002.

R. M. Felder, “Engineering Education: A Tale of Two Paradigms”.

R. M. Felder, “Beating The Numbers Game: Effective Teaching In Large Classes,” in 1997
Annual Conference Proceedings, Milwaukee, Wisconsin: ASEE Conferences, Jun. 1997, p.
2.89.1-2.89.5. doi: 10.18260/1-2--6433.

B. Faulkner and G. Herman, “Espoused Faculty Epistemologies for Engineering
Mathematics: Towards Defining ‘Mathematical Maturity’ for Engineering,” in 2016 ASEE
Annual Conference & Exposition Proceedings, New Orleans, Louisiana: ASEE
Conferences, Jun. 2016, p. 26735. doi: 10.18260/p.26735.

A. H. Kayzouri, A. Ramezanzadeh, and M. R. Moradian, “Personal epistemologies of
higher education faculty members in soft disciplines: conceptualizations, enactments, and
the educational implications,” Teach. High. Educ., vol. 27, no. 1, pp. 99-113, Jan. 2022,
doi: 10.1080/13562517.2019.1699527.

S. Brown, D. Montfort, and N. Frye, “What is Engineering Knowledge: A Longitudinal
Study of Conceptual Change and Epistemology of Engineering Students and Practitioners,”
in 2013 ASEE Annual Conference & Exposition Proceedings, Atlanta, Georgia: ASEE
Conferences, Jun. 2013, p. 23.1365.1-23.1365.20. doi: 10.18260/1-2--22750.

C. Faber and L. C. Benson, “Engineering Students’ Epistemic Cognition in the Context of
Problem Solving,” J. Eng. Educ., vol. 106, no. 4, pp. 677-709, Oct. 2017, doi:
10.1002/jee.20183.

N. Frye, D. Montfort, S. Brown, and O. Adesope, “I’m absolutely certain that’s probably
true: Exploring epistemologies of sophomore engineering students,” in 2012 Frontiers in
Education Conference Proceedings, Seattle, WA, USA: IEEE, Oct. 2012, pp. 1-6. doi:
10.1109/FIE.2012.6462356.

N. Frye, D. Montfort, and S. Brown, “Personal Epistemology and Sophomore Civil
Engineering Students,” in 2013 ASEE Annual Conference & Exposition Proceedings,
Atlanta, Georgia: ASEE Conferences, Jun. 2013, p. 23.963.1-23.963.11. doi:
10.18260/1-2--22348.

M. Robinson and B. Faulkner, “Student Epistemic Beliefs in Engineering Laboratories,” in
2024 ASEE Annual Conference & Exposition Proceedings, Portland, Oregon: ASEE
Conferences, Jun. 2024, p. 48008. doi: 10.18260/1-2--48008.

D. Mullins and A. Adaramola, “Reflections on the Process of Growing into Faculty: A
Collaborative Experience in Being Apprentices,” in 2023 ASEE Annual Conference &amp;
Exposition Proceedings, ASEE Conferences. doi: 10.18260/1-2—44156.

H. Briel, “A Comparison of TA Training Programs Across Multiple Institutions”.

K. N. Meadows, K. C. Olsen, N. Dimitrov, and D. L. Dawson, “Teaching Assistant Training
Programs on,” vol. 45, no. 3, 2015.



[75] K. Walters and J. Misra, “Bringing Collaborative Teaching into Doctoral Programs: Faculty
and Graduate Student Co-teaching as Experiential Training,” Am. Sociol., vol. 44, no. 3,
pp. 292-301, Sep. 2013, doi: 10.1007/s12108-013-9185-6.



	Pedagogical Development for PreService Faculty- Foundational Knowledge 
	Abstract 
	Introduction 
	Background 
	Epistemology lens 
	TA training as Insufficient prep for STEM PSF 

	Methods 
	Participants 
	Phenomenological Inquiry 
	Data Analysis 

	Findings 
	A.​Learning Construct 
	Strand 1: Self-Directed Process 
	A.1.1 Connection to Practice 
	A.1.2 Learning by Relations 
	A.1.2.1 Conceptual Relations 
	A.1.2.2 Interactional Relations 


	Strand 2: Practice 
	A.2.1 Learning to ‘Get unstuck’ 
	A.2.2 The importance of Resources 

	Strand 3: Applications 
	Strand 4: Independent Learning 
	A.4.1 Resources for Learning 


	Teaching Construct 
	Figure 3: The Phenomenon of ‘Effectively Teaching Engineering’ 
	Strand 1: What is being taught (concepts and topics) 
	B.1.1 Selection of Teaching Method(s) 
	B.1.2 Varying Methods 
	B.1.3 Multiple Methods 
	B.1.4 Instructor’s Major Autonomy in Methods 
	B.1.4.1 Iterating Methods 


	Connection to B.2: Student Learning 
	Strand 2: The core goal of student learning  
	Strand 3: Motivation for students [and connection to Strand 2] 
	B.3.1 Motivate by Matching Learning and Teaching Styles 

	Strand 4: What is being taught in the course specifically 
	B.4.1 Instructor has Limited Autonomy 


	Connecting the two Constructs 
	C.1 Self-Directed Learning and (Personal) Motivation 
	C.2 Practice in Learning through Applications 
	C.3 Teaching Methods Chosen to Facilitate Student Learning 


	Implications and Future Work 
	For Educators 
	For Mentors 
	For other Students 

	Conclusion 

