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Abstract— This Work-in-Progress Research paper describes
(1) the contemporary research space on ethics education in
engineering; (2) our long-term research plan; (3) the theoretical
underpinnings of Phase 1 of our research plan
(phenomenography); and (4) the design and developmental
process of a phenomenographic interview protocol to explore
engineers’ experiences with ethics. Ethical behavior is a complex
phenomenon that is complicated by the institutional and
cultural contexts in which it occurs. Engineers also have varied
roles and often work in a myriad of capacities that influence
their experiences with and understanding of ethics in practice.
We are using phenomenography, a qualitative research
approach, to explore and categorize the ways engineers
experience and understand ethical engineering practice.
Specifically, phenomenography will allow us to systematically
investigate the range and complexity of ways that engineers
experience ethics in professional practice in the health products
industry. Phenomenographic data will be obtained through a
specialized type of semi-structured interview. Here we introduce
the design of our interview protocol and its four sections:
Background, Experience, Conceptual, and Summative. We also
describe our iterative process for framing questions throughout
each section.

Primary Topic: Engineering Education Research; Secondary
Topics: Engineering Ethics; Professional Ethics; Qualitative
Research Methodologies

1. INTRODUCTION

Recent news reports, such as the emissions scandal at
Volkswagen and the water crisis in Flint, show how engineers
can substantially affect a wide array of stakeholders in terms
of health, public safety, and the environment. Such examples
illustrate how engineers’ decisions are influenced by factors
such as corporate cultural norms, laws and regulations, and
societal values. These factors combine to create challenging

STEM Education Innovation &
Engineering & Industrial Design

Michael C. Loui
School of Engineering Education
Purdue University
West Lafayette, IN, USA

mloui@purdue.edu

This material is based upon work supported by the National Science

Foundation under Grant No. 1737303. Any opinions, findings, and conclusions or
recommendations expressed in this material are those of the author(s) and do

not necessarily reflect the views of the National Science Foundation.

This is the author's manuscript of the article published in final edited form as:

Alison J. Kerr
Department of Psychology
Research Institute University of Tulsa
IUPUI Tulsa, OK, USA
Indianapolis, IN, USA ajk050@utulsa.edu
hessjl@iupui.edu

Justin L. Hess

Carla B. Zoltowski
School of Electrical and Computer
Engineering
Purdue University
West Lafayette, IN, USA

cbz@purdue.edu

environments in which engineers make ethical decisions they
may not have imagined when they were preparing for their
careers. Ethical concerns are particularly salient for those
working in the highly competitive health products industry.
For example, a recent high profile litigation case which
involved the erosion of synthetic surgical implant devices left
medical device manufacturers wondering, “How could this
long-term pain and suffering of so many women have been
prevented?” and “Could this ‘black eye’ on this health product
industry have been avoided by mitigation of ethical issues up
front or through better training of our engineering
workforce?” [1]

Enhanced ethics education in engineering curricula is one
viable mechanism for developing engineering practitioners
who are adept at addressing ethical concerns. However,
engineering education researchers have identified a lack of
alignment between the complexities of lived engineering
contexts and the ways that academia trains and evaluates the
ethical abilities and dispositions of engineering students [2-4].
Aligning the practices of ethics education with the reality of
engineering practice first requires an empirically grounded
and context-specific understanding of the complex ways in
which engineers experience ethics in their practice. While the
need for richer and more contextually-specific ethics training
exists for many areas, the potential for harm in the healthcare
industry, both domestically [5-8] and internationally [9-11],
makes it an ideal disciplinary space in which to focus this
project.

II. BACKGROUND

Since ABET has required “an understanding of
professional and ethical responsibility” as an outcome of all
accredited engineering programs (EC2000), strategies for
addressing ethics across engineering curricula have

proliferated. Yet, identifying this outcome only as “an
understanding” focused efforts largely on learning ethics
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codes and professional responsibility rather than on practicing
applications of ethics based on real-world engineering
experiences. The recently updated ABET outcomes now
specify not only understanding but also judgment. As outcome
5 now states, students must have: “An ability to recognize
ethical and professional responsibilities in engineering
situations and make informed judgments, which must consider
the impact of engineering solutions in global, economic,
environmental, and societal contexts” [12].

Currently, professional codes are among the most
common frameworks for teaching engineering ethics. Nearly
all professional engineering societies and organizations have
created ethics codes. While codes are important to
understanding ethical practice in specific engineering
disciplines and in engineering generally [13-15], students may
not see the direct applicability of codes to everyday ethical
practice [16]. Codes may also not address ethical issues that
arise with emerging technologies [5].

In addition, engineering instructors have offered several
theoretical frameworks and approaches focused on ethical
reasoning and decision-making. Examples include reflexive
principlism [3], an approach centered on macro-micro
perspectives [17], and an approach focused on meta-ethics
[18]. However, it is not clear that these approaches capture the
full range of situated ethical engineering practice.

Social justice [19], empathy [20], and care [21] offer other
frameworks for situating ethics in engineering curricula. Yet,
as Swiestra and Jelsma [22] wrote, “Scanning the [Science,
Technology, & Society] literature on ethical aspects of
engineering practice delivered no systematic data about
typical ways in which practicing engineers think about their
social responsibility” (p. 315). While some research has
partially filled this gap [23, 24], these studies tend to explore
the perceptions of students rather than the experiences of
practitioners. Furthermore, approaches are often broadly
situated and not context-specific.

III. RESEARCH OVERVIEW

Through a systematic qualitative research study, we aspire
to develop a comprehensive understanding of ethical
engineering practice. Our study will enable us to analyze the
alignment of relationships among frameworks for ethics
education in engineering and the reality of engineering
practice within the health products industry. Our study is
driven by three research questions:

RQ1: What are the qualitatively different ways engineers
experience ethical issues in their engineering practice in the
health products industry?

RQ2: What individual and environmental factors
influence an engineer’s experience of ethical engineering
practice?

RQ3: To what extent are current frameworks of ethics
education aligned with a comprehensive and situated
understanding of ethical engineering practice?

Because phenomenography is a qualitative research
methodology which explores the ways in which a

phenomenon is experienced, it is an ideal method for
examining the embedded values and the range of ways that
engineers view and respond to ethical issues in their practice.
Hence, to address RQ1, we will utilize phenomenography to
develop a comprehensive framework, grounded in the lived
experiences of engineers, that describes the phenomenon of
ethical engineering in actual practice within the health
products industry.

While phenomenographic interview and analysis methods
will enable us to address RQ1 and to describe the variation in
ways that engineers experience ethics, it will not necessarily
identify which factors best contribute to the development of
ethical engineering practitioners. Thus, to address RQ2, we
also plan to utilize thematic and content analysis approaches
to identify factors that influence the formation of a
comprehensive understanding of ethical engineering practice.

As discussed in the Background section, there are many
frameworks and approaches applied to training future
engineers to become ethical practitioners. To further
understand their applicability, based on the results generated
in addressing RQs 1 and 2, we will address RQ3 by analyzing
currently used frameworks and approaches. We will deduce
the interrelationships and model their alignment with the
findings from RQ1 and RQ2 to identify the appropriateness of
existing strategies and (as applicable) the need for novel
strategies to prepare future ethical practitioners.

IV. PHENOMENOGRAPHY

Phenomenography enables researchers to develop a
comprehensive understanding of how people experience a
complex human activity, generally called a phenomenon.
Phenomenography is a qualitative, empirical research
methodology that arose from a recognition that the
qualitatively different ways in which learners experience and
understand a phenomenon are related to the qualitative
differences in learning outcomes [25, 26]. By exploring the
variations along multiple dimensions, researchers can develop
a conceptualization that honors the diverse range of ways
individuals experience the phenomenon [27].

Phenomenography differs from phenomenology, which
emphasizes understanding the essence of the lived experience
of the phenomenon [28]. Phenomenography has been used
widely in educational research [29] and has recently been
applied to analyze challenging problems in engineering
education [30], environmental education [31], computer
science [32, 33], and professional practice [34-37]. This study
is the first application of phenomenography to ethics that we
know of.

The “unit of phenomenographic research is a way of
experiencing something” [27]. This idea refers to the aspects
of the phenomenon that one attends to when interacting with
it in a specific setting. The results of phenomenographic
research form an outcome space that contains (1) categories
of description and (2) the structural relationships among the
categories. Phenomenographic analysis produces a limited
number of categories of description that represent a hierarchy
from less to more comprehensive ways individuals understand
the phenomenon. Thus, several categories might share similar



aspects, but each subsequent category will entail more aspects
(and thus a more complete framing of the phenomenon) than
the less comprehensive categories. In this way, the structural
relationships describe ways in which particular categories are
more complete than others, often along particular dimensions
of variation.

As one seminal example of phenomenography, Marton &
Booth [27] derived a two-dimensional outcome space of
learning that differed in two facets: ways of experiencing
learning and temporally. Ways of experiencing learning
included committing words to memory, committing meaning
to memory, and understanding meaning. The temporal facet
differed in terms of acquiring, knowing, and making use of
knowledge.

In an engineering-specific example of phenomenography,
Zoltowski et al. [38] derived a two-dimensional outcome
space of the variation in ways engineering students experience
human-centered design. The categories of description ranged
from “user input” to “linear process” to “empathic design” (p.
41). Each category represented an increase in
comprehensiveness of understanding along one or two
dimensions: understanding of the users and design process
and integration.

V. DESIGN OF PHENOMENOGRAPHIC INTERVIEW PROTOCOL

In phenomenographic studies, interviews are the primary
form of data collection. Interviews provide an effective means
for researchers to enter participants’ lives and explore their
experiences of the phenomenon being studied [39]. A semi-
structured approach to the interviews allows the interviewer to
guide the participants to reflect on their experiences with the
phenomenon and ensure clarification, elaboration, and deeper
reflection as necessary [39, 40].

The goal of a phenomenographic interview is to collect a
complete and unbiased account of a participant’s experiences
with and understanding of the phenomenon. It is important to
establish an interview context and protocol that allow the
participant to (1) access their direct experience(s) with the
phenomenon, (2) describe them in detail, and (3) avoid bias
by statements from the interviewer. Hence, interviews are
structured in this way to build from situated examples, which
enable the participant to holistically describe their way of
experiencing a phenomenon. These examples allow the
participant to articulate abstracted conceptualizations, or
what they understand to be the key features of their way of
experiencing the phenomenon [27, 39, 40]. Further, since the
variation-seeking aspects of phenomenography emphasize
comparison between and across participants, all participants
should have equal opportunities to access and discuss their
experiences and conceptualizations.

Because the goal of phenomenography is to capture
variety and breadth of the experience of a phenomenon, our
team developed a pre-interview screening survey to select
participants. The aim of this survey was to ensure that we
obtain a comprehensive representation of relevant
demographics across both engineering practitioners and
interns to capture the broadest range of experiences possible.
The following sections describe the development of both the

screening survey and the phenomenographic interview
questions and protocol.

Our interview protocol was built on a structure common to
phenomenographic interviews [38, 41] and included four
sections: (1) Background, (2) Experience with Phenomenon,
(3) Conceptual Understanding, and (4) Summative Reflection.
Our team originally designed the interview protocol from
those we had previously used [38, 42]. However, these
previous protocols could not be adopted verbatim because
they differed in two key ways. First, the previous phenomena
were innovation and human-centered design rather than
ethics. Second, the participants were students rather than
practitioners.

After creating a draft protocol, we took four steps to
support the final design of our protocol: (1) expert review, (2)
pilot interviews with debriefing sessions, (3) interviewer
review of transcripts and reflection, and (4) team discussion
and iteration based on these activities. Our team developed
several drafts of both the screening survey and the interview
protocol. Expert review of the survey and pilot interviews led
us to realize that both sets of questions required an extensive
amount of time. Team discussions focused on refinements
and streamlining, while still achieving the objectives of the
survey and the interview. In the following sections, we
describe each of the interview components, iterations made,
and example questions.

A. Screening Survey

In the screening survey, we collected background
information to identify and select participants for interviews.
This information included level of education, academic
discipline, age, gender, race, and nationality. Additionally, we
collected basic aspects of current engineering practice, such as
whether the engineer is currently an intern or practitioner, the
number of years they have worked in engineering, their field,
and their current role. Early survey versions included more
questions about ethical experiences, but since those
experiences were the intended focus of the phenomenographic
interviews, we retained only two questions on ethics
experiences. One survey question asked respondents to
identify the types of ethics training they have had, such as
college coursework, workplace training, workshops, or
independent reading. The other question asked respondents to
report the frequency with which they perceived ethical issues
to arise in their work. Thus, the screening survey collected
initial background information to ensure that interview
participants would be selected with a wide range of
professional experiences and ethics training.

B. Background Section

The Background section of a phenomenographic interview
captures the participant’s educational, professional, and life
experiences, which inform their experience and understanding
of the phenomenon. Discussing educational backgrounds,
professional roles, and life experiences can help build rapport
with participants, contextualize the experiential responses,
and inform follow-up questions. Hence, some background
information questions from the survey (with a few additions)
were incorporated into the interview protocol. Additional



questions about educational pursuits and professional
experiences are asked as opening interview questions.
Examples of retained background interview questions are, “I
see that you that you are working in [specify field], and that
you have worked for [specify duration] in that field. What has
that been like? How did you decide to work in that field?”

C. Experience with Phenomenon

The Experience with Phenomenon section of the interview
focuses on uncovering a thorough account of one or more key
encounters the participant has had with the phenomenon,
including their understanding of these encounters. Typically,
the experiential phase begins by asking the participant to
describe an experience they have had with the phenomenon.
Due to piloting and internal discussion, we made three
substantive changes to the experiential section. Specifically,
we (1) revised the phrasing of the phenomenon as
communicated during the interview, (2) altered the wording,
structure, and inclusion of follow-up questions, and (3) we
generated heuristics to discern when an experience was
described in sufficient detail.

1) Phrasing of Phenomenon

The phrasing of the phenomenon establishes the focal
point for the remainder of the interview and was a key point
of discussion and iteration. Initially, we prompted participants
to describe an experience they have had with ethics at work
or ethical engineering practice. After several revisions, our
team established this phrasing as follows: “Can you describe
an experience you have had with ethics in engineering?” This
revision provided a clearer focus for participants to describe
their experiences with the phenomenon.

2) Follow-up Questions

Originally, we had listed 15 follow-up questions that the
interviewers could use based on the flow of conversation. This
list was revised, whereby questions were prioritized and the
list was shortened to seven questions. In addition, we added a
separate sub-section on “Clarifications and Expansion.” For
example, a clarification question could include, “Would you
explain what you mean by...”

3) Emphasizing Depth over Breadth of Experiences

We initially planned for interviews to last approximately
90 minutes. In one pilot interview, however, the participant
discussed three experiences for 2.5 hours. Given the need to
explore a phenomenon thoroughly, our team has established a
set of heuristics to determine when appropriate depth of
description has been achieved.

D. Conceptual Understanding

The Conceptual Understanding section elicits the
participant’s abstract and theoretical understandings of the
phenomenon. The experiences previously discussed provided
a grounding for these explanations. We removed several
questions, especially those that had the potential to introduce
concepts that participants had not previously discussed.
However, we retained questions such as, “What experiences
do you believe contributed the most to your understanding of

ethics in engineering?” as questions such as this are relevant
to the thematic analysis portion of the study (RQ?2).

E. Summative Reflection

This section allows the participant to reflect (one last time)
on their experience of the phenomenon and clarify, refine, or
add to any of their previous responses. Questions prompt
participants to consider if there is anything they did not
mention but wished to. One closing question in this section is,
“How accurately and thoroughly do you think you
communicated your experiences and perspectives?”

VI. DELIVERY OF PROTOCOL

One point of emphasis among our team was developing
consistency across interviewers. Often, in phenomenographic
studies there is one interviewer. However, in our case we are
dividing interviews among three individuals.

We conducted a critical review of the transcripts of three
pilot interviews, each conducted by one of the three
interviewers. This review allowed each interviewer to reflect
on their own interviewing style, with its merits and
weaknesses. In addition, this review allowed for a calibration
of interviewing techniques and strategies across interviewers.

As one example of a suggested improvement in technique,
after review of a pilot interview that he conducted, an
interviewer noticed that he rarely asked “why,” “feel,” and
“connect” questions. In addition, a peer interviewer prompted
him to devote more time to exploring a depth of experience
rather than breadth of several experiences. For example,
follow-up questions like, “Tell me more about...” can and
should be utilized to continue a conversation on an aspect of
an experience rather than quickly transitioning to another
aspect or altogether new experience.

VII. CONCLUSION

This study outlined the need for a comprehensive
understanding of ethical engineering practice that is grounded
in the lived reality of engineering practitioners. We also
outlined the methodology our team will use to address this
need, phenomenography. There are many strategies for
training ethical engineers, but without exploring the reality of
ethical issues encountered in daily practice, these educational
strategies run the risk of being irrelevant and ineffective for
training engineers to respond to ethical issues in their careers.
We argued that phenomenography was the ideal method for
uncovering the range in ways of experiencing ethics in
engineering practice. The effectiveness of this method is
largely contingent upon a valid and unbiased extraction of
experiences. This is especially important as we seek to
uncover variations in ethics, which can be a particularly
sensitive and nuanced topic for research. We hope that this
study will serve as a guidepost for effectively training future
ethical practitioners.
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