AC 2011-71: TEACHING AND ASSESSMENT OF “ETHICS IN ENGI-
NEERING PRACTICE”

Rodney W Trice, Purdue University, West Lafayette

Rodney W. Trice joined the faculty of Purdue University as an Assistant Professor in August 2000 after
completing a two-year postdoctoral research fellowship at Northwestern University. His research there
focused on investigating the processingstructureproperty relationships of plasmasprayed coatings using
mechanical testing and transmission electron microscopy. Prior to Northwestern, Rodney received his
Ph.D. from the University of Michigan (1997) where he studied the high temperature properties of a
ceramic composite made via ceramic-loaded polymer extrusion methods. From 1989 through 1995, he
worked in the defense industry, employed at Lockheed Martin and later Northrop Grumman. He received
his Master’s degree in 1989 (Materials Science) and his B.S. degree in 1987 (Mechanical Engineering)
from the University of Texas at Arlington. He has 24 years of mechanical testing experience on ceramics,
metals, and polymers most of it performed at elevated temperatures. He also has extensive background in
the manufacturing of advanced ceramics via powder processing and plasma-spray techniques. Two current
NSF grants fund his research. One grant focuses on developing next-generation thermal barrier coatings
for gas turbine applications. The second grant is developing ceramic forming techniques for ultra-high
temperature ceramics such as ZrB2. He is also investigating hot corrosion of Ni-based superalloys in
collaboration with Rolls-Royce.

(©American Society for Engineering Education, 2011

T'2/€1 22 obed



Development and Assessment of “Ethics in EngineemnPractice”: A New
Technical Support Elective

ABSTRACT

Within the engineering and scientific communitysitdifficult to overestimate the importance of
acting with high ethical standards in global, shdreellectual and technological contexts. With
this need and consistent with the NAE’s Enginee2020 directive, a new semester length
course was designed to teach ethics to junior amdos engineering students at Purdue
University. The objective of the course was to demonstrate that exposure to and involvement in

an ethics course specifically designed for engineers can mature the moral reasoning skills of
those students who participate. The course was organized around three sectioctoBée of the
course grounded the students in ethical theory.réhmining part of the course utilized faculty-
led (Section IlI) and student-led case studies {@edil) to continue to mature their moral
reasoning skills in an engineering context.

The progress of moral reasoning skills was measused) the Defining Issues Test (DIT2). The
assessment was given during the second and thdtipeta lectures to assess changes in moral
reasoning after completing the course. The avefpgeclass” N2 score was 40+13. After
taking the course, a N2 score of 51+11 was meagumddating substantial improvement in
their moral reasoning ability. It was noted thatdfZhe 19 students demonstrated an increase in
their moral reasoning skills. Furthermore, the neamtf students scoring at the same education
level as a graduate from a professional schoal .82 score of 50 or higher) jumped from 5
pre-class to 12 post-class.

|. INTRODUCTION AND MOTIVATION FOR COURSE DEVELOPMENT

The primary mission of Purdue University’s Collegké Engineering is to educate the next
generation of engineering leaders from across thiged States and abroad and to prepare them
for work in technical fields. As evidenced by eoydrs’ interest in our graduating engineers
and consistently high rankings by its peers antnal news magazines, Purdue University does
a good job of imparting technical knowledge to #gidents. However, while technical
competence is necessary, it is not a sufficientitmm for the engineer of 2020 to be successful,
as noted in a recent NAE documértnd as acted upon recently in the College of Ereging?
Within the engineering and scientific communityisidifficult to overestimate the importance of
acting with high ethical standards in global, shciatellectual and technological contexts.
When this attribute is present in engineers anehsiic personnel, people are rarely aware of it,
but when it is absent and ethical standards brealdthe world notices.

In recent years, there have been many well-docwedesrigineering failures, including the losses
of the Challenger and theColumbia, the Kansas City Hyatt Regency skywalk collapse] the

Exxon Valdez oil spill, as well as several highffeo cases of academic and scientific
dishonesty in research. While the circumstancegd&sh example are different, the underlying
theme of each is that an individual or group of pany employees was faced with ethical
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dilemmas in the performance of their jobs. Poooicés made in each of these cases had
substantial impact on many people and have beersubgect of significant public scrutiny.
James Kroll, Head of Administrative Investigationsthe Office of Inspector General at the
National Science Foundation, estimates that bet2868-2008 the number of substantial ethics
inquiries at the NSF has increased from 3 per {@&7 per yeaf.These, he said, are “serious
investigations where there are breeches of contkgarding a NSF grant.” The National
Academy of Engineers has even developed a faitlypcehensive website to educate engineers
about this issuéHowever, according to a 1999 article by Stephamyly three-quarters of the
engineering programs in the U.S. (including Purdal@w at least some students to graduate
without taking a course whose catalog descriptiemtions ethics.

To meet the requirements for the Engineer of 2020 specifically to address the need for
formal training in ethics, the authors developesemester-long ethics course that was open to
students from any engineering disciplifiée objective was to demonstrate that exposure to and
involvement in an ethics course specifically designed for engineers can mature the moral
reasoning skills of those students who participate. This paper is a report on the design of the
course and on the use of the Defining Issues Teass$ess the maturation of moral reasoning
skills of those who completed the course.

[I. COURSE STRUCTURE AND M ARKETING

The design of this course was influenced by theondagions of Hawsin his meta-analysis of 42
papers presented from 1996-1999 at American SodatyEngineering Education (ASEE)
conferences. Each of the papers he analyzed treatgdeering ethics as a coherent educational
objective. He noted six pedagogical approachesaching this class, including discussion of the
professional engineer’'s code of ethics, humanistdirgs, theoretical grounding, ethical
heuristics, case studies, and service learningldiBg on the experiences of the authors teaching
a 6-lecture ethics unit in the senior capstone smuhree of these six approaches were used in
this class.

Thus, the entire course was divided in three parts:
I. Present and discuss common ethical theoriespplications (including the engineer’s
code of conduct)
Il. Investigate engineering-based case studiesu{faled case study investigations)
lll. Teach students how to investigate and appdjrtknowledge to real situations
(Student-led case studies and analysis)

Section | grounded the students in ethical thedigws noted in his article that not grounding
students in ethical theory is “probably the greatgiagle weakness in engineering ethics
instruction.” By analogy, it would be highly unlilygefor an engineering faculty member to write
an equation on the board and say, “Don’t worry albumalerstanding this; just use it and you will
get the right answer.” But that is what is donestiedents if they are told to read a company or
professional society code of ethics and then toldKe the right choice,” without recourse to an
understanding of ethical theories on which thes#esare based. The rest of the course used
faculty-led (Section 1) and student-led case stad{Section lll) to continue to mature their
moral reasoning skills through application of thedry. In these case studies, the goal was a
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presentation of both the technical and ethical exstand an evaluation of how decisions were
made. Thus, the overarching structure of the alass presentation of ethical theory, followed
by application to issues in engineering practitshbuld be noted that most engineering classes
of a more technical nature are structured in alamaiay (e.g. presentation of theory followed by
its application).

In Section |, the three basic ethical systems weesented: consequentialist, principled, and
virtue-based ethics. These were chosen becaugedgbeesent the most widely used approaches
to determining ethical behavioConsequentialist ethics asks the question, “What path produces
the best results?” Consequentialist ethical theioiuded discussions of Ethical Egoism,
popularized by Ayn Rand, and Utilitarianism, fisbposed systematically by Jeremy Bentham
in the 18" and 18' centuries. A presentation pfincipled ethics followed, with an emphasis on
Immanuel Kant. Principled ethics asks the questiddhat are my duties in these
circumstances?” The final major ethical theory dssed wagsirtue-based ethics. Virtue-based
ethics asks the question, “Whom should | becomevdrat virtues should | habitually practice?”
The primary textbook was the sixth editionkthics. Discovering Right and Wrong, by Louis P.
Pojman and J. Fiesersupplemented by a translation of Aristotléchomachean Ethics’.
Pojman and Fieser's book was chosen because ajeherally concise descriptions of each
theory and its overall readability.

The ethical theories taught in Section | were a@pplied to different approaches to evaluating
risk and product reliability, interactions of engars with the legal system, and organizational
culture and its influence on decision making. $gdexttention was given to this last topic, which
included the importance of and limits to loyalty teeen employers and employees,
whistleblowing, and obedience to legitimate autlyorBecause many ethical dilemmas evolve
from conflicts between one’s conscience and pres$tom authority or one’s peers, the
obedience experiments of Dr. Stanley Milgfamere discussed at length. Because of the
controversy raised about Milgram’s methods in thegperiments, they also serve as an
introduction to ethical practices in research. adRegs from texts and the archival literature on
ethics specifically in engineering practice wersoalised to supplement lectures. Two invited
speakers were also part of the course. The fiest & Chicago-based attorney who practices
product liability law. He discussed the interacti@f engineers with the legal system, including
how lawyers view the engineering profession, thée rof the expert witnesses, and the
importance of character in the courtroom. The otsgeaker was a professor in the Purdue
School of Nursing, who addressed the ethics ofarebeon human subjects, including patient
rights and informed consent.

For Section Il of the course, the following casgdsts were presented by the faculty:
Shiley Heart-Valve

Kansas City Hyatt Regency Skywalk

Desmarquest Ceramic Femoral Head

Bell Laboratories: Research Fraud by Jan Hendrik

Space Shuttl€hallenger

agrwbdE
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The presentation of these cases included both @bknical detail pertinent to the ethical
decisions made by the participants, as well asvatuation of those decisions in light of the
ethical theory developed in Section I.

In Section Il of the course, groups of 2-3 studegave presentations on several high-profile
engineering failures with potential ethical compatse These included:

Ford Pinto Recall

DC-10 Cargo Hatch

Citicorp Building and Wm. LeMessurier

Chernobyl

Three Mile Island

Ford Explorer Rollover

Boston'’s Big Dig Ceiling Collapse

NookwNE

The presentations were nominally 20 minutes, witbtal of 5 minutes allotted for Q&A. To
show a complete understanding of the technicaledhidal details of the case, it was important
that both aspects be presented by the student groumpaddition to the student-led group case
studies, the students also wrote shorter essays,aanidterm exam, and kept a journal of their
reading assignments.

To advertise the course, the following course dpon was used:

A new 3-cr hour course for junior and senior engrireg majors will be taught this
spring that will explore both the theory and apgien of ethics within the practice of the
engineering discipline. This new course will incugresentation and discussion of
common ethical theories and their applicationshvaculty- and student-led case studies
from real engineering practice. Guest lecturers aldo be invited to address key issues
such as product liability law, engineering and pupblicy, etc.

This description, along with a flyer, was emailedrarious academic advisors within the College
of Engineering during the registration period fbe tSpring 2010 semester. As this was a new
course, promotion of it was required across theddgineering schools at Purdue University. A
short description of how this class would fit witheach school’'s graduation requirements was
also included. Enrollment was capped at 40 stugelfds students enrolled for the class.
Subsequent promotion of this course among the graldwmate chairs of each school would make
reaching the enroliment limit much easier in thieife.

[Il. ASSESSMENT OFSTUDENT KNOWLEDGE AND MORAL REASONING SKILLS

A written exam was used after Section | of the seup measure students’ understanding of the
basic ethical theories. A series of simple matclang definitions were used to measure basic
knowledge. The students were asked to adopt ecpkatiethical theory and respond to several

straightforward scenarios. Short writing assignraemtre used to assess the students’ ability to
formulate and defend rational arguments. Studehgleup case studies were presented the last
two weeks of the semester.
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The progress of moral reasoning skills was measuset) the Defining Issues Test (DIT2). This
test presents five moral dilemmas, each followed byssue statements. In a 1998 paper, Self et
al.’® assessed student’s moral reasoning using therDéTnianner similar to the method used in
this study, and measured statistical differencegasoning skills before and after being taught
some ethics content. They concluded that the efféd¢eaching ethics in engineering can be
“rigorously measured.” A recent article in tReview of Higher Education ** described the DIT2
test as measuring “the degree to which studentsrseiples to guide their decision making
when faced with a moral dilemma.” In this case, tb&t outcome examined is the N2 score,
comprised of two parts to include the degree toctvhiespondents demonstrate sophisticated
thinking and the degree to which respondents rejegunplistic or biased thinking when faced
with moral dilemmas! The article goes on to say that “higher N2 scoeélect an individual’s
increased capacity for reasoning about moral isbased on a system of fairness that serves the
public good.™* The DIT2 test has been used extensively and etivak with educational levels
have been noted? Senior high students average in the 30s, collagients in the 40s, students
graduating from professional schools in the 508, ioral Philosophy doctoral students in the
60s. The assessment was given during the seconthanenultimate lectures to assess changes
in moral reasoning after completing the course.

IV. RESULTS OF STUDENT ASSESSMENTS

The scores for the exam covering Section | (ethioabry) ranged from 36% through 93%, with

an average of 60%. It should be noted that thikadfirst time that most of these students have
ever been exposed to a rigorous study of morabpbghy. Writing an opinion paper, where a

position is argued and defended using mature r@agaskills, was challenging and may point to

a large deficiency in education of engineering stusl.

Grades for the student-led case studies ranged &@¥h to 87%, with an average of 75%. For
the most part, students were able to address tmmital reasons for failure. However, many
students struggled with clearly articulating aniegthanalysis of the decision making of the key
groups or individuals in the study.

Table 1 shows the average “pre-class” N2 scored0afl4 obtained from the DIT2 test. This
small student sample correlates very well with M#scores for first year college students in a
large multi-university study, who measured N2 ssase41+15"* After taking the course, the
students produced a N2 score of 51+11, indicatmgstntial improvement in their moral
reasoning ability as defined by the DIT2 test. Fégli compares the pre- and post-class scores of
each of 19 students enrolled in the course. Whattesesting is to note is that 17 of the 19
students demonstrated an increase in their moagbreng skills; improvements ranged from a
statistically insignificant value of 1 through a rmampressive increase of 28. Two cases showed
a small decrease of 3 and 4. Furthermore, the auwibstudents scoring at the same education
level as graduating from a professional school jethfrom 5 (pre-class) to 12 (post-class).
Overall, it appears that the course experiencesigagicantly helped the students to mature their
moral reasoning skills.
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Table 1. Results of DIT2 Tests Given to Students ithis Engineering Ethics Class.

Pre-Class Post-Class | Number of Students Number of
N2 Score | N2 Score on | With Increased N2 | Students Scoring
on DIT2 DIT2 Scores Above 50
40.4 +13.6| 50.72 +11.36 17 of 19 5 Pre-Class
12 Post-Class

One research question that deserves consideratithe ieffect of each section of the course on
the maturation of the moral reasoning skills. Nempt was made in this first course offering to

separate out the influence of Section | (presemabif ethical theories) and Sections Il and Il

(application of those theories to engineering). ldeer, there is some intuition based on

observation of the students in class discussioatttie three major sections of the course are
necessary to mature students reasoning ability.

V. CONCLUSIONS AND FUTURE WORK

In summary, a class designed to mature the moaabreng skills of engineering students in the
College of Engineering at Purdue University hasdesigned and taught. The overall structure
of the course emphasized teaching both ethicakyrmad its application to engineering practice.
The Defining Issues Test was used to assess changesral reasoning ability from pre- and
post-class assessment. The average pre-class K2 wae 40+£13, which correlated very well
with the N2 scores for first year college studeAtter taking the course, a N2 score of 51+11
was measured, indicating significant improvemenhgir moral reasoning ability as defined by
the DIT2 test.

While 19 students was a reasonable number foriteetime this course was taught, Purdue
University’s engineering enrollment per class ipragimately 1600 students. Thus, a larger
impact is desired. With this in mind, an 10 lectumedule is being developed that would be
offered to the other schools within the engineermafjege. The module will be designed to

emphasize both theory and its application to issueshe engineering profession. The

effectiveness of these modules to increase studerdl reasoning skills will have to be assessed
by methods similar to the study described in thisl.
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Figure 1. Bar graph of the pre- and post-classdd2es, indicating substantial improvement in
overall moral reasoning ability.
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