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in a Project-Based Engineering Program
Introduction & Background
The use of literature broadly, and science fiction in particular, in engineering courses is a rare but
not unheard of phenomenon. Occasionally, the use of fiction connects to technical learning [1]
[2], however in most cases where fiction is used, it supports professional learning in areas like
ethics. In this paper, the authors go beyond the presentation of a case study where literature was
used to frame and guide discussions around ethics in an engineering course by coding student
artifacts for values. Specifically, the student engineers participating in a seminar course were
required to read and reflect in writing on Prey by Michael Crichton [3]. To set the stage for this
case, some of the moral philosophy arguments around the use of fiction are discussed
culminating in the conclusion that fiction is an appropriate tool in the teaching of ethics. Then,
we will examine how literature has been broadly used in technical courses before delving into
prior uses of literature in the teaching of ethics in both engineering and other fields. Next, the
unit of analysis is defined and the contextual issues related to this unit will be discussed. Finally,
details about the coding and resulting themes are presented.
The importance of ethical education, which is a requirement for ABET accreditation, is almost
undisputed. After all, one could imagine a hypothetical student that excels technically while
neglecting ethical implications, or worse, acting counter to their own values. This is mitigated
when students are provided with, and trained to use, the tools of ethical thinking [4]. The
challenge is to identify and deploy effective training strategies for developing and using the tools
of ethical thinking. An important aspect of this ethical education is that it must demonstrate how
morally ideal behavior can be achieved [5]. Additionally, because changing ethical behavior
generally involves an evolution of values, double loop learning is required, where learners are
asked to confront underlying assumptions and beliefs as they learn [6]. There are two
components to this exercise: establishing if a strategy is ethically sound and establishing if a
strategy is effective. Below, the use of fiction is broadly described to set the stage for a
discussion of the relative drawbacks and benefits of this strategy.
Before using literature as a foundation for discussions of ethics it is important to consider
whether it is appropriate to do such a thing even though ethicists regularly engage in such
endeavors (see for example the list provided by Nie and Shang [7]). We are motivated to
consider fiction in the teaching of ethics because abstract theory does not help us in everyday life
where events take place at the margins of such theories. Fiction, among other forms of cases,
allows us to universalize such theories through analogy [5]. However, the use of fiction in ethical
education is not without controversy. The arguments against fictional cases include that they do
not present adequate information and that there are important differences between a fictional
case and any real case that limits transference [8]. These arguments are made despite the fact that
philosophical thought experiments are generally presented as narrative fiction [9]. Additionally,
especially with respect to widely recognized and flawed fictional characters, there is a danger of
transference. The risk here is that an engineer is able to project their anxieties on to the fictional

character to improve their self-perception. It is also possible that such anti-exemplars generate a
space where bad actions appear good by comparison [10]. The next few paragraphs further
explore these issues before moving on to highlight the advantages of the fiction in ethics
education.
A counter argument to the first point is to recognize as Buganza states “whatever occurs to the
literary character, composed, surely, of words, but where these point towards something that can
be shared and experienced in reality, redounds in a new experience for the reader” [5]. In other
words, the reader vicariously experiences that which happens to a literary character and thus
grows their own knowledge and understanding. As Marples states, “the fact that a novelist
acquaints us with non-existent characters is of no consequence for the power afforded by the
fictional world they inhabit to provide opportunities from which to learn, and by reference to
which we might refine our moral understanding and judgment” [11]. Thus, it is not the trueness
of the writing that makes the exercise valid. Instead, it is the ability to envision one’s self in the
position of the other, whether real or fictional, and to sympathize or even experience the
emotions of the other that leads to improved ethical understanding [5].
The second point is resolved by recognizing that fiction is not intended to generate identical
cases to the real world. Rather, it provides a safe space to practice with and engage in ethical
thinking. Fiction provides an avenue of application for abstract moral principles that require
imagination for application beyond one’s own circumstances and past experiences [11]. It is the
development of critical thinking and the training of one’s mind in ethical thought processes.
Buganza states that in the case of fiction “the circumstance is different [from real life], and
inten[t] of the empathetic exercise, is trying to put the interpreter in that circumstance to envision
how the other sees reality” [5]. In other words, the light shed on ethics by understanding the
plight of the other is no less valid if the other is imaginary. After all, emotions felt while
consuming fiction are still real emotions [11]. Fiction exposes and sensitizes the consumer to the
other in the story. This exposure and sensitivity is transferred to the other in the real world [11].
In fact, fiction provides many benefits to non-fiction when used as case studies in the
development of ethical thinking.
Using fiction to teach ethics is effective because the consumption of fiction provides a mental
playground where we can use our ethical imagination to operate outside our sphere of experience
[12] [13]. This playground is a good space to practice the application of ethical principles and
frameworks in order to develop an ability to reflection-in-action [14] because of the reader’s
ability to empathize with the characters of the story at a pace that is convenient. The
philosophical thought experiments that happen in this space serve the purpose of providing
conceptual possibilities that show how the claims we make about universally applicable
principles are not, in fact, so universal [9]. Fiction allows us to engage in the context-dependent
process of ethical analysis where we are able to discern when one thing or another is appropriate
[15]. Enhancing this aspect of literature, the heightened realism allows us to more clearly
observe the characters’ struggles [16]. Further, by design, fiction may force us to confront
aspects of our being that make us uncomfortable [11]. For example, an examination of Victor
Frankenstein, from Mary Shelly’s Frankenstein; or, The Modern Prometheus [17], in
professional education may help scientists’ frame ethical thinking particularly around unintended
consequences [10]. Despite this discomfort, because fiction is separate from reality, it provides a
way to approach sensitive topics in an unbiased way [12] [4]. Marples eloquently summarizes

this by stating “it is the powerful combination of the values we bring with us when we engage
with a work of art, as well as the values which they themselves convey, which help refine our
perception and sensitivity towards the salient features of moral reality. Such engagements
provide unique and invaluable insights into what it is to be human, as well as powerful stimuli to
encourage us to reflect on the kind of people we are, and aspire to become” [15]. Importantly,
according to Schon, the lessons learned from exploring ethical boundaries in a fictional space
should be transferable to real world applications with some limitations [18].
Furthermore, fiction may broaden students’ perspectives beyond western ethics. Traditional
approaches to engineering ethics education often overlook and underrepresent non-Western
ethical frameworks. For example, Confucian ethics, which deals with the ethics of leadership
through role modeling, is largely absent from contemporary engineering ethics education [19].
Not only is literature full of models for ethical behavior which are analogically accessible as the
reader empathizes with the characters, but it is also rife with exemplar models that are both
grounded in ethics and aspirational [5]. Another related benefit to this approach of teaching
ethics is that literature, and in particular science fiction, is multidisciplinary in nature [12]. The
impact is that approaching ethical education in this way may grow ethical leadership and reduce
the gap between business ethics and engineering ethics [19]. Science fiction allows us as readers
to consider many possible futures as well as the consequences of those futures [20].
The two final advantages of fiction we touch on here are engagement with the medium by the
students and the availability of source material. Science fiction is embraced by students, and
possibly foreshadows the future of technology [4]. Additionally, fiction does not violate
confidentiality like a real case might [21]. Before moving on to our case and analysis, it is worth
noticing that the use of fiction is prevalent in ethical education regardless of the appropriateness.
After all, many case studies are a form of fiction. Furthermore, both the general public and
scientists are influenced by works of fiction [10].
Fiction has a long history in ethics and ethics education. Just the act of engaging with learning
literature resulted in ethical growth for students in the 8th and 12th grades [22]. Additionally,
fiction has been used as case studies for teaching ethics in nursing [21]. One use of fiction in
teaching ethics in a technical space focuses on AI [23]. This experience consisted of both literary
and film case studies which students consumed and reflected on. They also wrote essays on AI
and ethical issues. In another example of using fiction in a technical field, another course starts
with an introduction to ethical theories and ethics codes before engaging in critical readings of
fiction with the intent of developing analytic competency. Finally, the course delves into fiction
in the technical area. Importantly, this course included several writing assignments where
students develop skills articulating ethical thoughts [4]. It is also worth touching on the fact that
fiction influences the views of the public and scientists outside of formal coursework. In one
study examining the influence of Frankenstein; or, The Modern Prometheus by Mary Shelly,
scientists were interviewed about the technical and ethical implications of science with a focus
on the actions of Victor Frankenstein. The researchers found that “this image of Victor
Frankenstein gives form, direction, and self-relevant meaning to members of the scientific
community, and helps them articulate the importance of ethical guidelines and values
surrounding science” [10].

Research Context & Method
The unit of analysis for this qualitative study connects to many of the concepts presented above.
It is an upper division project-based engineering program where junior and senior student
engineers work together in teams of about four to complete design projects that are the same
scope and scale of typical capstone design projects. For working on this project, the student
engineers earn three credits of design and three credits of professionalism. The design credits
account for the actual engineering work associated with the project while the professionalism
credits account for the non-technical tasks associated with the project, such as communication,
professional development and teamwork. One set of professionalism assignments, of particular
interest to this work, is to write reflection journal entries designed to support the student
engineers’ metacognitive processes and cement important learning. Often, reflections connect to
activities done in our one credit seminar where topics related to design and professionalism,
including ethics, are discussed. Of course, in addition to the project work the student engineers
engage in technical learning through participating in one credit competencies which ideally
connect to and support the project. There are required core competencies in mechanical
engineering (e.g. mechanics of materials, dynamic systems, etc.), electrical engineering (e.g. AC
circuits, electronics, etc.), and engineering broadly (engineering economics, statistics, etc.) as
well as technical electives. For more details about the curriculum please see the work by Ulseth,
et al [24].
This curriculum connects to this paper’s focus of learning ethics with fiction through a common
read for the seminar class, which is then reflected on for the professionalism course. In most
semesters, the common read is non-fiction and chosen to relate to concepts like the design
process, team work, leadership, and contemporary issues. However, about every fifth or sixth
semester, a fictional book is chosen as the common read with the intention of providing a space
for thinking about and discussing ethics and contemporary issues. Examples of the fiction
selections for the common read from different semesters include Ready Player One by Ernest
Cline [25] and Neuromancer by William Gibson [26]. The research presented here is from a
semester where Prey by Michael Crichton was chosen. Briefly, this work of science fiction
envisions a world in which a company has advanced in the fields of computer science and
nanoscale engineering sufficiently to generate swarms of artificially intelligent nanobots. The
reading was broken into three sections for discussion throughout the semester. Prior to each
discussion the student engineers read the section and write a brief summary to serve as a ticket to
earn attendance credit for the seminar class. They also submit a reflection that connects to
reading that section of the book after the in-class discussion. Each reflection address four points
as it pertained to reading that section of the book: describing the learning activity, describing the
takeaway knowledge, explaining how the learning will be used in your design project or future as
a student and/or engineer, and identifying further questions that you would like to answer or
further learning you would like to do as a result of this learning. At the end of the semester the
student engineers were also assigned a reflection on the ethical and contemporary issues related
to the book. Although the reflection journal assignment contains no specifics with regards to
length most reflection journal entries are approximately one typed page.
The case consisted of nineteen student engineers. However, not all student engineers submitted
all assignments. The minimum number of submissions for any assignment was 15 and the
maximum was 19. Analysis of the reflection journals was done using values coding [27]. This

process involved two researchers reading the artifacts and identifying the values, attitudes, and
beliefs written about by the student engineers. The resulting codes were reexamined using
pattern coding [28] in conjunction with a grounded approach to extract themes.
Analysis & Discussion
Five themes emerged from the analysis. The first theme is that, in general, the student engineers
had positive statements about using fiction in this way. Second, several of the student engineers
identified the main character as an ethical exemplar. Third, they demonstrated a perceived
connection between the work of fiction and what might happen in a real-world case. Fourth,
many of the reflection journal entries included statements about the writers’ future behavior.
Finally, perhaps better framed as an anti-theme, is the diversity of ethical perspectives
represented in the reflection journals. The next paragraphs explore each of these themes in more
detail. This section concludes by touching on the limitations of this study.
The first theme observed was that overall most student engineers appeared to enjoy reading Prey
in this context. There were a total of 17 positive statements about the book from 12 different
student engineers. One of these statements indicated that:
It's a very well written book once the action starts, however unfortunately before that
point I had a hard time getting myself to read it.
Other statements were less equivocal about the book. For example, one student engineer wrote:
This book was an easy read for me. I really enjoyed the book and finished it within the
first two weeks of the semester.
An indication that some student engineers connected the reading to broader implications was
when they linked the quality of the book with contemporary issues or ethics. An example of this
was from a contemporary issues entry that said:
Michael Crichton’s Prey is a fascinating novel that focuses on [the] dark side of
nanotechnology and how the lack of responsibility of biological engineers, programmers,
and personnel in charge can affect the outcome of a corporate project.
Not all student engineers found reading the book enjoyable however. Of the 19 participants, one
who had read the book previously wrote that he:
Began to read it for a second time, but immediately felt as if repeating this was time that
could be spent elsewhere and on more productive things.
This individual reiterated this sentiment and indicated they did not like the book in three separate
reflection journal entries indicating a persistence of attitude.
In addition to enjoying the experience, a second theme was that many of the student engineers
found an exemplar of moral behavior in Jack, the story’s main character who is an out of work
programmer. Furthermore, they often drew connections between themselves and Jack. Nearly all
of the reflection journal entries for the first reading, which primarily introduced the characters

and set the stage for the rest of the book, identified Jack’s technical prowess. Several also
touched on the role of Jack as homemaker and identified this as a non-traditional role.
Importantly, Jack is not currently employed because he reported a scandal at his previous
employer that resulted in him being blackballed in the industry. Most reflections noted
something related to this in their takeaway descriptions. A typical example of identifying Jack as
an ethical exemplar was the student engineer who wrote about their perception of the main
character:
It can be seen that the main character places a large emphasis on the goodness and the
ethicalness of his own actions.
One student engineer even reflected on learning ethics directly from the main character:
Jack’s character taught me to think about what has happened as well as what could
happen.
Another student engineer was able to articulate how Jack responded to unfolding situations in
both a technical and ethical space:
There are a lot of things that work up to this point but we constantly see our main
character trying to orient himself with all of the information that is being discovered.
In addition to viewing the main character as an ethical exemplar, the student engineers often
indicate that they are able to relate emotionally:
Reading about Jack and what he was feeling felt very familiar at times and allowed me to
stop and think about what I am doing and what I can change.
In another case, the student engineer related to the perceived non-traditional role of the main
character at the start of the book:
I am holding a nontraditional position right now. It was harder for me to prove that I
belong to this environment and I think I did well. If I determined my mindset for this,
every bad criticism would be nonsense to me which was different compared to Jack’s
case: he wanted to work but then he had to leave and he was in position that he
needed to take care of the housework because he was available.
One student did not find Jack to be an exemplar:
The main character was weak in my eyes for the majority of the book and frustrated
me.
This counterexample notwithstanding, most student engineers appeared drawn to the main
character and associated him with good actions.
The third theme was that students wanted to move from fictional spaces to real world
situations, seeing the story as both a story and a potential real-world case. Without the
context of the fictional experience, this desire may not have manifested. One student clearly,
and repeatedly, wanted to connect to specific real-world situations that matched the story,
struggling with the poetic license an author takes to make a good story:

“I want to know what specific types of unethical actions have taken place in industry
that are not so commonly known, and how the situation was handled. The book
describes a situation that I think would be very hard to accomplish in the real world.
…
But then, the story couldn’t have happened the way the author wanted it. So I’d like
to learn about real world scenarios and see what occurred, and what type of retaliation
there was from the company, superiors, or coworkers, if any.
…
If I have an idea of how these types of incidents have unfolded in the past, I’ll be
more prepared to face them more appropriately in the future.”
Other students saw more potential for connections to real world cases in the story, as shown
by these quotes from four different students:
The book does remind one that there are similar real-world situations that occur. Such
as the ways we used to pollute rivers and seas without regards to the consequences, or
how large corporations that handle food production in our country continuously have
bacteria and virus outbreaks.
There is gray area in the book, and even more gray area in real-life problems.
The results of these unethical decisions seem to be because somehow, the rules (made
for a reason) were skirted, or were ignored and now a disaster has arisen. This type of
decision-making is in the real world every day, and this fictional book is just
describing a possible ending due to poor decisions.
This book although fiction is what happens when profit means rapid development at
any cost to beat competitors to the market. And the implications of the rapid
development can produce hazards to people, environment, and society at large.
In three cases, student engineers identified specific ethical issues related to contemporary
issues that connected to the plotline of the book:
The unethical practices that the employees from Xymos displayed reminds me of the
famous Volkswagen scandal that occurred [a] couple of years back where engineers
created a defeat code that was able to beat the emission testing standards set up by the
EPA and CARB.
In Prey, Xymos did not necessarily break the law by allowing nanoparticles to go
outside. There are likely no regulations on allowing evolving nanoparticles to be
brought outdoors. A real-world example is the Deepwater Horizon oil spill.
The situations and decisions many of the characters are exposed to in the novel cause
me to review them as if I were exposed to similar dilemmas.
Students saw some of the predicted value of working with fiction to grapple with ethical issues,
as one student wrote:
The science fiction book helped depict issues by separation from reality. This allowed
free discussion without threat or offence.

The fourth theme was the focus the student engineers put on their futures. With regards to
statements about their own futures students tended to differentiate themselves on two axes. One
axis ranges from declarations about specific actions to general statements about ambiguous
behaviors. The other axis ranges from technologically specific to technologically ambiguous.
Figure 1 shows typical responses for each of the quadrants. While the specific topic/specific
action quote may seem unreasonable or unlikely, it illustrates a concrete connection between the
reading and the student’s planning.

Figure 1. Student responses about planned future actions placed in quadrants reflecting
specificity of topic vs specificity or ambiguity of proposed future action.
The final theme was the diversity of topical themes. Emerging technology was a common theme
and many of the entries included references to nanotechnology and artificial intelligence. Other
technologies mentioned less frequently were autonomous vehicles and cybernetics. Relationships
were also discussed at length with many student engineers focusing on friends and family.
Several of the student engineers explicitly tied work-life balance to their relationships with their
friends and family. Another appearance of relationships were the gender role commentaries
inspired by the main character’s circumstances. With regards to their ethical responsibility, some
student engineers touched on public welfare and safety. Occasionally, this was connected to a
specific concern such as the environment. Connections were also made to legal implications of
unethical actions. These connections focused on both individual and organizational implications.

Corporate greed and one’s responsibility to one’s employer were brought up as other themes
related to organizations. There were also references to design processes and the advancement of
technology. A particular concern was innovation in unregulated spaces. A theme that ties very
clearly to individual action is data integrity. Finally, some of the most common themes were
public safety and public welfare.
Limitations of this research are the unique nature of the program, the lack of a base line, and the
small sample size. The unit of analysis is a project-based program and it is unknown if the
outcomes of this work would transfer to a traditional engineering program. Additionally, because
no effort was made to determine a baseline for ethical reflection prior to participating in the
common read and associated activities, it is unknown if the student engineers were learning new
ethical reasoning or reinforcing pre-existing views and perceptions. Finally, it is important to
note that only one semester of reflection journals was studied so it is possible that a different
group of students in the same program might yield a different result. Additional research will be
needed to resolve these limitations.
Implementing Similar Activities
The authors were also the teachers and encourage the use of fiction in ethics education. From a
faculty perspective, this was an enjoyable exercise that appeared to result in strong ethical
learning. Although the in-class discussions were robust, they were also civil. One challenge was
to ensure all voices were represented in the conversation as it was typical for three or four
student engineers to dominate the conversation. One approach used to address this was small
group discussions that report back to the large group. Ensuring a variety of perspectives is
important because the participating student engineers connected both their academic learning and
real-world experiences to those of their peers and to the book. Another difficulty was helping
people clearly articulate their thoughts. Facilitating these discussions while staying politically
neutral and also authentic can be challenging. It is important to maintain an open mind and
embrace the learning experience with the rest of the participants. Recommendations for how to
implement classroom discussion for long or short works of fiction can be found in [29].
Conclusions
This paper presents a case for using fiction in ethics education, with supporting literature from
multiple fields. The case study examines the use of a particular work of fiction in the context of
an integrated, project-based learning program for upper-division students. Using a common
science fiction read as a case study for learning ethics in an engineering context has strong
pedagogical value. The exercise is both morally sound and engaging. The student engineers
participating in the experience effectively extracted, discussed, and reflected on ethical themes
from the reading. Most importantly, they connected their ethical learning in this context to real
world applications.
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