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Why Engineering Ethics? How Do Educators and
Administrators Justify The Development of Engineering Ethics?

Abstract

This work-in-progress paper presents preliminary findings on how the education of engineering
ethics is justified by academic administrators and policymakers drawing from the data collected
in a multi-institutional project called “The Distributed System of Governance in Engineering Ed-
ucation”. The project seeks to understand the practice of engineering education reform using
ethnomethodological data collected from oral interviews at a variety of academic institutions and
other organizations in engineering education.

Investigations of effective strategies for ethical formation of engineering students have been con-
tinuously pursued in the engineering education community. Review of the literature on this topic
results in not only identifying diverse approaches and conceptions of engineering ethics, but also a
set of diverse rationales and contexts of justification for development and implementation of pro-
grams on engineering ethics. The students’ attitude towards ethical development is shaped by how
the subject is delivered, e.g., use of “best practices” or conceptual clarity in the notion of ethics
offered to them, as well as why it is taught. Institutions send a signal to students, even if they do
not intend to, about the importance of ethics in the engineering profession by how and why they
address this matter.

The initial analysis of interview data from over a hundred subjects from more than twenty univer-
sities demonstrates diverse ways of justifying ethics education such as satisfying ABET accredita-
tion requirements or complying with recommendations of the disciplinary professional association
(e.g., ASME or ASCE). Identifying a resistance to notions such as judgment, and in general, a
disregard for engineering ethics in conversations on governance and educational decision-making
are other preliminary findings of this work.

Keywords: Engineering Ethics, Rationale, Governance, Engineering Education

1 Introduction

Throughout the historical evolution of engineering as a profession, the practice and the discourse
of responsible and ethical conduct have been crucial elements from an educational as well as a
political perspective. Comprehensive surveys of this history !> demonstrate how factors such as
a struggle for professional independence and authority, a loyalty to the special interests of the
business and capital, and—more immanent to our discussion—rationale of serving, developing, and
advancing the well-being of society are formative to what engineering is and, hence, what con-
stitutes engineering ethics. All major professional disciplinary societies, such as ASME, ASCE,



and IEEE today articulate and periodically update codes of ethics entailing canons and rules of
practice. This continuous activity, in part is driven by both emergent and long-lasting challenges
in regulating and maintaining a practically and socially responsive system of engineering ethics.
For example, adherence to, and observance of professional disciplinary codes of ethics are often
expressed in preambles as an obligation to the membership, however, enforcement mechanisms are
not as clearly defined as the codes themselves®. In addition, practical situations in which fulfilling
a subset of two or more rules becomes contradictory, i.e. practical cases that render elements of
a deontological (duty based) ethics irreconcilable, amount to further issues demanding scholarly
attention beyond the scope of this paper.

Systematic surveys of literature on engineering ethics interventions*> compile various frameworks

and pedagogical approaches adopted by educators to promote the ethical formation of engineering
students. Efforts and initiative of this kind are justified by (i) the requirements and guidelines
of accreditation boards or professional societies®”®?, or (ii) unprecedented ethical concerns with
regard to new technologies that challenge or transcend existing ethical frameworks '®!""12_ or (iii)
the essential role of engineering in societal progress and improvement>!*!%. Although the unifying
theme in the majority of efforts and initiatives is to develop and nurture the ethical reasoning of
engineering students, the rationale, the context in which programs are conceived, and the scale of
efforts are diverse.

The students’ attitude towards ethical responsibility is shaped not only by how the subject is deliv-
ered, e.i., how ethics is interpreted and implemented which is often investigated under the rubric of
effective and coherent instructional frameworks '>161718 but also by why it is taught. Institutions
send a signal to students, even if they do not intend to, about the nature of ethics and responsibility
in engineering profession by how and why they pay attention to it in the curriculum.

In this paper, to understand how the education of engineering ethics is negotiated, justified, or ra-
tionalized in action we use the data collected form a study on the practices of engineering education
reform as they unfold within the fragmented professional structure and complex institutional ecol-
ogy of U.S. higher education. Although some insights exist into “why engineering ethics?” %%,
the ethnomethodological outlook of our approach focused on “method” and practice of gover-
nance and decision-making is well-positioned to arrive at a more nuanced, fine-grained, multiple-
standpoint understanding of the matter through oral interviews and limited fieldwork. The project
as a whole is based on a multi-site, multi-scale research design, employing mixed mode analyses
(primarily historical research, semi-structured interviews, and content analysis). We use grounded
theory method?!, as suited to the study of complex institutions and organizational discourse. The
grounded theory provides basic analytic tools, i.e., strategies to interpret the data and to develop
novel conceptualizations without providing rigid directives or formulaic research methodology an-
tithetical to analysis of social phenomena.

Data in this paper are reported only in general terms, without attribution, with the exception of
some data related to the engineering accreditation organization, ABET, still without individual
attribution or identifiers, which will be published only following their review and consent.



2 Engineering Ethics Rationalized: In Literature

In this section we review the types of justification or rationale reported for promoting engineering
ethics in the literature. An important category of the engineering ethics literature that lies beyond
the scope of present paper contains theoretical works which engage, often philosophically with the
question of what is engineering ethics as it relates to pressing contemporary matters such as social
justice??, environmental protection??, or technology and design®*. Such theoretical engagements
play a crucial role in providing a historically and philosophically conscious map to the relationship
between engineering and ethics. Nonetheless, due to the empirical focus of our project on the prac-
tice and the discourse of change and reform in engineering education, in this paper we focus on the
existing literature that report on initiatives implementing or evaluating instructions on engineering
ethics. These efforts demand allocation of resources and commitment of educators within a degree
program, if not administrators from without.

A recent systematic survey of literature on engineering ethics interventions from 2000 to 2015
has identified the following categories for “justification or identification of the need for the ethical
intervention”>.

1. ABET Accreditation

2. University, School, or Departmental Efforts
3. National Organizational Efforts

4. Societal Improvement

The first category corresponds to the cases in which fulfillment of ABET accreditation requirements—
outlined in student outcomes—is expressed as the rationale for ethics education. Second category,
entails cases in the literature where institutions, or degree granting programs lead an initiative to
promote ethical development of engineering students. We would like to comment that this category
is sufficient only as a post hoc rationale from the perspective of educators designing and imple-
menting specific interventions, but not applicable as a propter hoc rationale for agents (educators
or administrators) who need to materialize and establish such initiatives in the first place. In the
next section we try to make explicit the rationalizations from the perspective of both educators
and administrators in addition to the perspective of the individuals directly involved in creation of
ABET EC 2000 framework of outcome-based assessment.

The third category above is identified as “National efforts (not including ABET) calling for ethics
education in engineering”’. Finally, the forth category includes cases that cite societal benefits of
engineering ethics education as a justification. In the following section we discuss the articulations
of rationale for engineering ethics in our data. We also comment on how these data help explicate
the structures and practices corresponding to discursive reasoning of our subjects.

3 Engineering Ethics Rationalized: In Practice

In this section we present our initial findings form the semi-structured interview data collected in
an ongoing study of the practices of engineering education reform within a diverse set of nationally



representative institutions of U.S. higher education. The data is collected, since September 2017 till
October 2018, from twenty three degree-granting programs in twelve states culminating into n=156
number of interviews. Our site selection strategy entailed criteria to maintain diverse representation
of public and private institutions, general universities, engineering colleges, land-grant institutions,
and liberal arts colleges; women and minority serving institutions, PhD and non-PhD institutions,
and institutions of different rank (three tiers) and geographic areas (four zones). In addition, we
have interviewed individuals directly involved in the creation of ABET EC 2000 regime and plan
to complement the data set by including the voices of professional associations such as ASEE,
ASME, ASCE, IEEE which are currently absent in our data. The following is a list of research
questions guiding our study.

Structure: What is the basic structure of the engineering education in the U.S. and how it enables
and frustrates reform efforts?

Reform Practice: Is there an ethnomethodologically accountable (describable) body of practice
for engineering education reform? What are the origins of this body of practice, and how has it
changed over time?

Epistemic Habits: What epistemic habits do engineers have that influences their approach to
engineering education reform?

Articulations of Context: To what extent, and in what manner do engineering educators and their
leadership contribute to articulations of the social context, for example, national agendas such as
“engineering manpower crisis” or “national competitiveness” to which they direct their reforms?

Coordination: How are changes in engineering education coordinated across the distributed field
of organizations that have responsibilities for, or else have substantial input with regards to new
directions in engineering education?

Diversity & Closure: Specifically, is this coordination frustrated because of different goals and
perceptions that exist within the different levels of an organization? Across organizations? What
practices exist, both formal and informal, for managing diverse constituencies and divergent atti-
tudes about engineering education?

Destabilization: How and under what conditions do prior arrangements become destabilized? To
what extent are the recurrent cycles of reform in engineering education driven by external factors
and to what extent are they driven by an organizational logic or else through reform impulses that
are internal to the epistemic culture of engineering education?

Our semi-structured interviews, last around 60 to 90 minutes per individual and include subjects
from at least two degree programs (departments) per university, and a variety of positions (non-
tenured, tenured faculty, program chairs, deans, and provosts). In particular, our subjects have
direct involvement and experience with planning, implementation, resource allocation, or consen-
sus building in the local and/or national initiatives. This allows us to identify the discourse as well
as the structural conditions or consequences of governance in engineering education. Emergence
of engineering ethics in various contexts or, by the same merit, its absence in numerous others is
of interest to us in this paper.

The interviews were recorded (with proper informed consent and privacy protection protocols),



transcribed, coded and analyzed, first with an exploratory, open coding? approach to identify
emerging themes. In the exploratory stage, a salient category that we named “why engineering
ethics” was observed (a) in situations where interview subjects articulate initiatives entailing engi-
neering ethics intervention and their respective involvement in the process, or (b) in general when
subjects remark on engineering and its ethical and societal implications. This umbrella code rep-
resenting various justifications or rationales of engineering ethics then probed further to identify
nuances of “why engineering ethics” in each case. The low level codes, finally were integrated into
arguments used to rationalize promotion of engineering ethics education.

3.1 Compliance Argument: Meeting Requirements

ABET Engineering Criteria (EC) 2000, as well as the recent revisions modifying or clarifying
requirements, explicitly mention “an ability to recognize ethical and professional responsibilities
in engineering situations” among the student outcomes. We observed educators citing "ABET
requirements” as a reason to integrate engineering ethics into the curriculum, even though their
intended form or scope of instruction often diverged. We label this as the “compliance” argument
since it is premised on necessity of meeting accreditation requirements in program-wide assess-
ment mechanisms. Although ABET by introducing EC 2000 has framed engineering ethics as
an outstanding educational outcome, in many cases, due to the implementational and procedural
flexibility that ABET affords, programs can pass the minimum bar without establishing distinct
units or formative courses devoted to the instruction of engineering ethics. Nonetheless, “meet-
ing the ABET requirement” is the most pervasive argument for engineering ethics, mirroring the
pervasiveness of ABET accreditation among the engineering programs.

3.2 Reform Arguments: Instituting Change

In our data, we document how curricular reform initiatives driven by either individuals within a
program or as part of a larger institutional plan, require articulations of “why engineering ethics”.
Although such initiatives are conceived locally, the arguments used for promotion of engineer-
ing ethics transcends locality, hence we avoid the label “local arguments”. Our project in part
is focused on explaining how exactly the reform and educational innovation emerge—a complex
process which present paper do not engage with—what conditions facilitate or falter it, and what
consequences it has to the system. Nonetheless, based on our functioning hypothesis that reform
initiatives are the response of the (organizational) agents in engineering education to a dynamic
environment (“‘changing times”), we use the label “instituting change” to characterize a unique
category of rationales for engineering ethics.

To clarify this category, we look at the contexts where it is figured predominantly. Compared
to universities that prioritize research and graduate education as their top priority, we observe
that in non-PhD (undergraduate focused) institutions faculty members invest more time and effort
on educational reform and innovation while facing less structural barriers to spearhead initiatives
such as infusing ethics in the curriculum. While research focused institutions too actively address
educational challenges and seek to maintain competitive undergraduate programs, the structural



differences in faculty tenure and promotion models, or quantity and quality of inter-faculty coordi-
nations (just to name two factors) between PhD and non-PhD programs result in differentials over
the discourse and practice of education reform to the extent that educational innovation becomes
itself a rationale for specific interventions in some undergraduate focused programs. Nevertheless,
the PhD/non-PhD binary demarcation provides only a limited insight into the diverse methods
and forms employed by engineering programs to monitor, evaluate, and improve undergraduate
education. Our data captures such nuances and further analysis of how multiple factors such as
institutional size, regional demands, and cultural norms (or pressures) impact education reform is
required to give a better picture of governance processes.

3.2.1 Professional Skills for Real World Problems

ABET EC 2000 has been instrumental in encouraging programs to establish industrial advisory
boards. These structures allow the voices of partner industries and employers to be heard in the
decision-making and impacting the educational initiatives. Employers have consistently expressed
the value of graduates experienced with “real world” challenges, apt in “ethical conduct”, and
skilled in making professionally “informed judgments”. We observe that reformers predicate the
inclusion of engineering ethics education in the curriculum on the inputs provide by employers
(engineering firms), in particular those channeled through advisory boards.

A knowledge of engineering codes of ethics and developing ethical reasoning skills are also nec-
essary for passing Professional Engineering (PE) licensure exams. Educators seeking to support
and enhance student success on tests such as Fundamentals of Engineering (FE) also express the
crucial role of ethical literacy and reasoning skills as a rationale for promoting engineering ethics
education. Therefore, the system of professional licensing administered by NSPE (National Soci-
ety of Professional Engineers) and its vital role in the wider ecosystem of engineering profession
(for example legal protections and obligations of a PE) reflects concretely in conversations as a
rationale to promote education of professional ethics.

3.2.2 Ethical Development of New Technology

One of the most essential and characteristic tasks of engineering is the design of new technologies.
As the integration of increasingly complex technologies with numerous aspects of our social and
private life expands and intensifies, importance of ethical decision-making in production of novel
technologies becomes evermore crucial. We observed arguments of this kind in our data as a
rationale for attending to engineering ethics education that enables the engineering students to
address social and ethical implications of novel technologies.

The increasing and unprecedented complexity of cyber-physical or biological technologies have
also created pressing challenges for the industries seeking to develop or commercialize such tech-
nologies. Academia and in particular engineering programs, are viewed as potential platforms
where ethical and regulatory framework for new technologies can be researched and developed
concurrent or conjoined with the technical research itself. This rationale is reflected in our data,
although as an exploratory and initial ideation.



3.3 Resistance Arguments

Interpretation of ethics and its practical manifestation is neither universally unvaried nor certain.
Indeed both orthodox and heterodox construals of ethics and responsible conduct are observable
in all historical and social contexts. In engineering community, positivistic attitudes such as a
quest for conceptual certainty and aversion of ambiguity, in addition to disciplinary divergence of
interests result into controversial debates on, and resistance to promotion of ethics education. For
example, our project has documented that in the creation of ABET EC 2000 criteria, representatives
and engineers from various disciplines involved in the process, contentiously debated whether
to include or not the language on “informed judgments” in student outcomes. The arguments
for exclusion of this particular outcome revolved around the difficulties of teaching professional
judgment and ambiguities of measuring the extent to which students achieve such skills.

4 Conclusions

Faced with the growing social impact of modern technologies in our private and collective life,
engineering education is urged to respond to the questions such as what is the ethical responsi-
bility of an engineer, or how to promote ethical formation of engineering students. To induce
change, materialize education reform, and negotiate for allocation of resources, educators and ad-
ministrators have to navigate institutional structures built to address competing priorities, driven by
local and non-local demands. In this paper we reviewed some of the preliminary findings on how
decision-makers and active reformers rationalize engineering ethics by drawing form the data form
a multi-institutional study that seeks to understand the governance in complex institutional ecology
of U.S. engineering education. By assessing the rationale and justification of engineering ethics
education, i.e., “why engineering ethics”, in the practice of education reform, this paper seeks to
complement the research on perception of faculty?’ and students?®?° on what constitutes engi-
neering ethics and what constitutes formative and effective educational experiences in engineering
ethics.

The findings presented in this paper have implications for practitioners and administrators involved
with engineering education reform and decision-making. The diversity of institutional missions
and mandates within the U.S. engineering education and its decentralized structure of governance
requires each of the units in this system to take local and intentional action in identifying challenges
and framing viable paths to instituting effective response to the changing needs and contexts. In
other words, engineers as organizational actors have developed a body of practices, norms, and
structures to regulate and redefine engineering education in response to socio-historical develop-
ments. Hence, sociological insights on the practice of reform in higher education informs the
decision-makers to better facilitate responsive action.

Our ongoing multi-institutional study has yet to explore the role of professional disciplinary as-
sociations as well as industrial employers to synthesize a fuller picture of the national ecosystem
of engineering education. Nonetheless, our continuous analysis and data collection is showing
both consistent and contrasting patterns in the discourse and practice of education reform. For
example, ABET accreditation has been, and remains to be a preeminent element of the U.S. en-



gineering education system. ABET EC 2000 in part has motivated education reform, for instance
by providing a context and a rationale for ethics education and promotion of professional skills.
ABET mandates degree programs to establish a systematic assessment process that provides not
only achievement checkpoints but also a foundation for program-wide improvement and reform.
Nevertheless, enforcement of these requirements in some cases are viewed as time consuming or
antithetical to local innovation.

Although our study examines various types of public and private institutions with engineering
degree programs, we observe that institutions with exclusive focus on undergraduate engineering
education are better positioned to align their reformation efforts with demands and gaps such as
promotion of ethical reasoning skills or other professional competencies such as communication,
collaboration, and lifelong adaptability skills. The incentives to focus on student development, and
faculty promotion structures of institutions focused on undergraduate education allows high levels
of time investment by, and coordination among the faculty to materialize education reform and
institute continuous improvement. The arguments for and contra engineering ethics discussed in
this paper represent a set of preliminary findings of our project which we expect to evolve as we
engage with other elements and stakeholders in the ecosystem of engineering education such as
professional societies, ASEE, NSF, and National Academy of Engineering.
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