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WIP: Graduate Student Epistemological Beliefs: PreService Faculty views on
Learning Engineering

Introduction

Graduate students are well-trained in the mechanisms and practices of research. But even as
faculty-to-be, they are rarely prepared for the pedagogical skills they will need in these faculty
roles. Further, the epistemology of engineering graduate students is under-studied, particularly in
terms of their views toward learning and teaching.

This work is developed to provide better foundational knowledge understanding the
epistemological beliefs of PreService Faculty (PSF), which the authors define as engineering
graduate students intent on pursuing a faculty position after their degree. This foundational
literature will inform the field as to the views of PSF towards what it means to learn engineering
or how this can be facilitated. PSF views on these topics can be well examined through the lens
of epistemological beliefs.

Epistemological beliefs are deeply held, rarely consciously known, and highly influential on
every action in teaching [1], [2], [3], [4], [5], [6]. Epistemological beliefs considers how the
views an individual holds about knowledge and knowing can develop across various dimensions,
rather than specific stages of nuance. Further, this model captures the inconsistent and contextual
nature of beliefs, which can vaEpistemological beliefs have been leveraged as a framework to
evaluate numerous adjacent populations, including undergraduate students [7], [8], [9], [10],
[11], [12], [13], engineering faculty [14], [15], [16], [17], and preservice teachers [18], [19], [20],
[21], [22], [23]. Additionally, these beliefs have been shown to have significant influence on the
teaching actions of classroom educators and faculty [4], [11], [24], [25], [26], [27], [28], [29],
[30], [31], [32], [33], [34], [35]. Given these factors, it is essential to better understand the
epistemological beliefs of PSF in order to provide better pedagogical preparatory experiences.

Understanding PSF epistemological beliefs around learning engineering will help in determining
how to provide opportunities to develop or refine those beliefs, as well as providing more
tailored professional development opportunities for these PSF. Moreover, engineering as a
discipline brings its own unique characteristics (such as a strong focus upon the impact of
knowledge or the emphasis on discovering a physical reality) which poses a need for more
discipline-specific training when compared to the ones available in other STEM (Education)
counterparts.

This work asks the question: “What do PSF consider to be the phenomenon of ‘Learning
Engineering’?”

Methods

This work used a modified descriptive phenomenological inquiry, drawn from Husserlian
traditions [36], [37], [38], [39], alongside detailed analytic procedures to develop a preliminary
model describing how PSF view the phenomenon of ‘Learning Engineering.’

Participants



12 PreService Faculty were recruited at a large US, NorthEastern Urban university. Participants
were asked to self describe, and their range of demographics are presented below.

Table 1: Participant Demographics

Participant
(selected Year in Background
pseudonym) [Program [program |Pronouns Ethnicity |degrees Other facets
They/them; BS AE, MS Queer,
"any pronouns Material Neurodivergent
Alexandra AE PhD  |Third with respect"  |White Science (ADHD)
Ariana CBE PhD |First she/her/hers Black BS CBE None
Batman ME PhD |Fourth He/him/his Asian BS ME, Math |None
Elizabeth
Johnson BME PhD [Second she/her/hers White BS CBE none
Indian, BS ME, MS
Jack ME PhD |Third he/him/his Portuguese |AE None
caucasian;
polish
Josh Allen EE PhD  |Third he/him/his descent BS and MS EE |None
Non-traditional;
Engr Ed industry experience;
Leslie Knope |[PhD First she/her/hers Caucasian [BS ME married; older
Asian: Vegas born, midwest
BME Indian BS BME, MS |raised; immigrant
Moh PhD/MD |Fifth he/him/his Descent BME parents
Engr Ed Asian: BS ME, MS previously faculty;
Sam PhD First he/him/his Indian ME, PhD ME [doing second phd
Middle spiritual. Arabic
Sora CBE PhD |First she/her/hers Eastern BS CBE speaker,
Chinese,
Will BME PhD |First He/him/his Ecuadorian |BS BME None
BS ME/AE,
Zack ME PhD (Third he/him/his White MS ME None

Phenomenological inquiry

Data for this project was collected via three phases [40], [41], [42]. All participants completed
the full phase sequence prior to compensation; this consisted of a pre-interview priming question,
asking them to define in their own words the phenomenon of consideration. They were asked to
“describe in your own words what you consider it means to “Learn Engineering.” Participants




were required to send this 12 hours before the interview, though 24 hours was requested.
Participants were also informed in advance of an activity they would be requested to engage
within during the interview, where they would describe how they planned to teach a specific
population some specific topic. They got to choose the topic, population, area of focus, and were
informed they would be asked about their personal understanding of the topic, whether the
learners were voluntary or mandated, and the level of the learner. All these follow-up questions
were only used if the participant did not cover the information during their description of the
context, importance, and teaching of the topic.

After the interview, at least 24 hours later, they were sent a post-interview task which asked them
to detail a narrative of a time they distinctly recall experiencing ‘Learning engineering,’
complete with emotions, reflective insights, and how they knew the phenomenon was occurring.
Participants were provided an example narrative, of the author’s own experience with the
phenomenon of ‘baking a pie’ to give scaffolds as to the type of language, description, and
intentional reflection desired, yet not pre-dispose them in any way for their own narrative. These
three pieces of data were leveraged for triangulating of analysis. Each participant thus
contributed a pre-interview description, an interview with an educational activity, and a
post-interview narrative to the data corpus.

Analytic procedures

This analysis process was chosen to align to Giorgi’s process for descriptive phenomenology
[43], as it was the most detailed and rigorous method identified. Further, given the method’s
development within analytic psychology, this method 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.
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. Determine which of those themes and relations are most important and essential to the
phenomenon.

L. 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. Each individual phenomenon structure was composed from each participant’s unique
individual themes, giving particular emphasis to elements which were present across multiple
data sources (e.g. personal definition, interview, and/or narrative). More detailed information
about the method is contained in prior works by the author [blinded for review].

Findings

Findings include the views that even though the conceptual basis of engineering is important,
this is treated as a given fact and not focused upon by PSF. More important to the process of
learning engineering are elements such as: the development of self-assessment skills, personal
metacognition, and the process of learning “what engineering actually is.”

Learning engineering- a complex structure

Learning engineering was a phenomenon composed of four primary strands, answering the
sentence stem‘Learning Engineering is’: learning the essence of engineering, developing
self-assessment capabilities and metacognition, mostly done within an academic context, and
through the grasping of specific conceptual topics.

Strand 1: Learning the essence of engineering

Learning engineering requires learning what engineering even is, or discovering the essence of
the field. This is facilitated through learning knowledge or topics in their context, learning
applications for knowledge, and both of these can be done through dialogic learning methods.

Learning engineering is not just learning a bunch of concepts, but further is learning how to
apply those together like a toolset, to frame, consider or solve problems facing society. Sam
describes this well, how you must have “both system and focused view.” By this Sam means that
you have to learn how to understand individual concepts or components, as well as the larger
context or system; Sam elaborates on an example of this as both understanding what Bernoulli’s
equation is, as well as how or why fluid flow in a pipe is a valuable topic to learn. Sam asserts
that the dual understanding of the entire pipe system as well as Bernoulli's equation, and how to
do both and maneuver between them, is an important part of engineering. Sam also describes this
as occurring within “meaningful memories” and how these require elements such as:
“self-reflection, visualization resources, to apply topics in real life, and how [topics] relate to
engineering practice.”

Strand 2: Development of Self-Assessment and Metacognition

Learning engineering requires one to develop their ability to self-assess, as well as to have
metacognition, or to know when and how you know things. This also requires making mistakes
and learning from them, knowing how you are justifying your knowledge, and discovering your
personal learning process.

The development of self-assessment and metacognition are essential to learning engineering.
Given how engineering is a discipline composed of many different components from a variety of
parent fields, the engineer is often the only person on the team who knows all their requisite



technical components. As such, the engineer needs to know how to understand both their
knowledge and the limits therein. Alexandra describes this well, how you have to “learn to solve
realistic, relevant problems” through the ability to “apply a topic to really see it, and then go use
it” so that you can “have reasonable, realistic confidence in [your] abilities and to be successful.”

Strand 3: Academically Constrained

Many of our PSF took a stance that learning engineering must occur within or around academic
settings; several even asserted that learning engineering was difficult to impossible without
participating in an academic formal degree.

Learning engineering is mostly done within an academic setting, due to the rich, detailed, and
intricately interrelated sequence of topics involved in engineering. Zach and Alexandra present
the opposite sides of this issue; Zach strongly asserts that “I think you have to learn engineering
in an academic setting” because of “the sequential structured learning” in course environments,
as those courses build upon each other. Zach here is stating that learning engineering absolutely
requires academics because of the sequential structured learning which is inherent to engineering
degree programs. Alexandra, in contrast, makes the distinction between classroom and
real-world learning. They believe that “learning happens at the edge of your understanding” but
that the edges of understanding would be different in the classroom, where you are exposed to
“new conceptual topics,” as opposed to the industrial context where you “discover new skills.”
Alexandra believes that you “get experience from your ideas and practice” and that this is “the
process of learning to be an engineer.”

Strand 4: Conceptual knowledge

PSF all asserted that part of learning engineering involved some conceptual knowledge, however
all of them described this component with an attitude of ‘of course you learn some topics and
concepts’ yet focused on the other elements as more essential or important.

The content of engineering is central to the power of an engineer, but differently from many of
its STEM compatriots, engineering is always considering how to use the content. As Sora puts it,
“engineering is learning to solve problems in the name of math and science” or “keeping focused
on the application or usage of that concept.” As Sora would describe it well, learning engineering
is so that one can “connect the baseline [concept], the fundamental [principles], the foundation
[underlying theory], and problem solving approaches.” That is, the concept relates to some
underlying and physically grounded theory, is related to a fundamental principle, but the core
focus is connecting all of those with some problem solving approach(es) to leverage that
concept.

Summarizing Thoughts

These findings are preliminary understandings of PSF epistemological beliefs about learning
engineering; they show significantly more nuance and development when contrasted with the
beliefs of undergraduate students and differences from their preservice teaching peers. Further,
the beliefs visible here would be effectively facilitated through student-centered teaching
methods using innovative strategies like problem-based learning as opposed to the ‘sage on a
stage’ lecture heavy methods more commonly used in engineering classrooms.



Implications and Future Work

PSF were more focused on the higher level thinking skills [44], [45] as opposed to the procedural
knowledge of learning engineering. This indicates that there is more nuanced and sophisticated
epistemological beliefs for this population than their undergraduate peers [46], [47], [48]. This
also aligns with the desired attitude of engineering, that lifelong learning is a process and a
valued one [49], [50], [51], [52]. Further, PSF are demonstrating beliefs indicative of a view of
engineering learning as more of an attitude and approach, as opposed to a set of distinct
concepts. This is exciting to think about how to facilitate further epistemological development
and facilitate pedagogical capabilities. Future work on this project will evaluate methods of
preservice teacher training for translation to PSF contexts, compare these findings to the
preparation of science education faculty, and seek to refine the model further.
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