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In this paper, we present and evaluate student impressions of two distinct versions of an undergraduate professional ethics

course taught in the Electrical and Computer Engineering (ECE)Department at the University ofMaryland. One version

has been taught by senior electrical engineering professors and follows a ‘‘traditional’’ approach to professional

engineering ethics. The other version teaches the course through a Sociotechnical Systems (STS) lens and relies on the

use of STS postures (STSP). In an attempt to understand which approach was more effective at transmitting the required

knowledge, skills, and abilities (KSAs) to the students, a survey given to students who have taken either version of the

course probed students’ opinions about the importance of the course overall and about several key concepts. The survey

also queried the students’ self-efficacy as to whether they had the tools necessary to resolve different situations ethically.

The traditional cohort had 64 respondents while the STSP cohort had 31 respondents. Both cohorts recognized the

importance of risk analysis and professional codes of ethics, but generally, students in the ‘‘traditional’’ class felt more

positive about the focus of the course and about their ability to resolve situations ethically.
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1. Introduction

Ensuring that electrical engineering students in the

United States have the needed training in profes-
sional ethics has been left to an accreditation

process since 1936 (and in many other countries

since 2007). A significant paradigm shift happened

with the EC2000 requirements, after which colleges

were required to demonstrate that their students

had mastered the required student learning objec-

tives (SLOs) [1]. The SLO for professional ethics

was stated simply as: Engineering programs must

demonstrate that their graduates have an understand-

ing of professional and ethical responsibility [1]. In

the past few years, this requirement has been

expanded and now states that students must

demonstrate 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, eco-

nomic, environmental, and societal contexts. [2]

While the current ABET requirement for profes-

sional ethics education is clearly more detailed than

the previous version, there is still a lot of latitude for

an institution to decide what should be taught. In

addition to developing the required content of a

professional ethics course, we propose considera-

tion of the following three principles, borrowed and
altered from Joy Buolamwini [3]:

(1) Why we teach engineering ethics matters.

(2) Who teaches engineering ethics matters.

(3) How we teach engineering ethics matters.

There are several reasons for the ‘‘why’’ beyond

that it is a requirement for accredited engineering

programs. The evolution of technology and society

has been intertwined since before the beginning of

recorded history [4], and so the need to protect the

safety, health, and welfare of the public with evol-

ving technology is imperative. The current SLO on

professional ethics clearly spells out the need for

macro-ethical considerations in technological
development. But the current IEEE code of ethics

also discusses the need for micro-ethical training

related to the day-to-day interactions of an engi-

neer. In addition to obvious examples, the need for

risk analysis is implicit in the first canon when

engineers are required to disclose factors that

‘‘might’’ endanger the public. The need to under-

stand the standard of care and various technical
standards is embedded in the canon regarding

maintaining technical competence. One study

looked at the ‘‘why’’ for engineering ethics courses

by looking at 26 research articles on the subject and

found that 65% of the articles cited ABET require-

ments as a motivator while only 46% cited potential

societal benefits [5].

Three professions come to mind when consider-
ing ‘‘who’’ should teach engineering ethics. The first

profession is clearly engineers themselves, as senior

engineers would likely have considerable personal

experience relevant to the course content. However,

engineers who were educated before the EC2000

requirements were put into place may well not have

had a professional ethics course and might feel that

they are not qualified to teach such a course. A
second candidate would be ethicists who specialize
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in the ethics of technology. One successful model

came from the National Institute for Engineering

Ethics that developed content via a collaboration of

engineers and ethicists [6, 7]. A third candidate

would be sociologists, particularly ones with a

background in science/technology (ST) studies.
There are different schools of thought on ‘‘how’’

to teach engineering ethics to students and there are

several reviews of the evolution of engineering ethics

education, e.g., [5, 8–10]. One popular book cham-

pioned a pedagogical strategy through examining

case studies, both real and fictional through norma-

tive ethics lenses, including professional codes of

ethics [11]. We will call this strategy the ‘‘tradi-
tional’’ approach. In fact, a systematic review of

pedagogical strategies in engineering ethics courses

revealed that reviewing codes of ethics and profes-

sional standards as the leading pedagogical tool

(85%), with case study exposure as a close second

(81%), and peer discussion of ethical issues as the

third leading pedagogy (77%) [5]. The way in which

case studies are discussed can vary, for example, one
recent approach emphasizes the role of imagination

in ethical discussions [12]. Some of the least utilized

strategies in engineering ethics instruction (under

10%) included real-world exposure, community

engagement, and game playing [5].

Another recent study examined current chal-

lenges and issues related to the implementation of

engineering ethics courses and concluded that
moving toward a sociotechnical systems orienta-

tion in professional engineering ethics courses could

address some of these issues [9, 13]. The socio-

technical approach was developed in the middle of

the previous century [14] and emphasizes the strong

coupling between social and technical systems.

Hence a sociotechnical lens will consider how

those two systems interact and modify each other
and so will focus more on macro-ethics.

At the University of Maryland, we have two

versions of the course that agree on the principal

content (what is taught), but vary significantly on the

why, how, and who with respect to teaching profes-

sional engineering ethics. The goal of our research

was to determine which approach did students feel

more effectively transmitted the required KSAs to
them.Asurveywas conductedwhichaskedquestions

related to each of themain course topics and students

responded via a 5-point Likert scale. There were also

questions related to course pedagogy and overall

course impression. Students were also given three

free-response questions at the end of the survey to

give further input on their impressions of the course.

Our research questions are:

(1) Which approach is more effective at conveying

the stated course concepts to the students?

(2) Which approach has a more positive impact on

students’ self-efficacy with respect to the resolu-

tion of professional ethical dilemmas?

In the next section, we discuss the history of the

professional ethics course in the Electrical and

Computer Engineering Department at the Univer-

sity of Maryland. In the following section, we

present the survey questions given to our students

and present the results of that survey. In the final

two sections, we discuss the significance of those

results and draw conclusions.

2. History of Engineering Ethics in the
Electrical and Computer Engineering
Department

Prior to ABET’s EC2000 [1], the Electrical and
Computer Engineering (ECE) Department at the

University of Maryland introduced engineering

ethics via a few lectures that were delivered in

capstone design courses. As a result of an ABET

review in 2005, the department was required to

enhance their professional ethics training, and so

a three-credit sophomore course entitled, ‘‘ENEE

200: Social and Ethical Dimensions of Engineering
Technology’’ was developed and first taught in

2007. The course mostly followed the text, ‘‘Engi-

neering Ethics: Concepts and Cases’’ [11]. The core

topics for the course are listed in Appendix 1 and

focus both on micro-ethical issues and macro-

ethical issues for engineers. The 4th edition of the

textbook [11] was the main resource for all topics

except ‘‘Technology and Society;’’ multiple refer-
ences were used for that part of the course [15, 16].

The course was taught only by an ECE professor

for the first five years of the course. In 2013, an

instructor with a Ph. D. in science and technology

studies (ST) was hired to teach the course. During

the next few years, the versions taught by the ECE

professor and the ST instructor drifted apart until

the focus and pedagogy were significantly different.
Themodified version now teaches the course from a

sociotechnical systems perspective using a teaching

style referred to as STS postures (STSP) [17–19].

STS postures incorporate three features to influence

macro-ethical thinking of engineering students: (1)

understanding how emotions and bodies contribute

to knowledge production, (2) providing analytical

approaches based on STS theory, and (3) presenting
data collection techniques that expose relationships

between technology and society [19].

2.1 The Traditional Version of the Course

For the traditional course, lectures were taught by a

senior ECE professor, and discussion sections were

led by undergraduate teaching fellows (UTFs) who

Perceptions of Undergraduate Engineering Students of Two Approaches to Teaching Engineering Ethics: A Case Study 161



had previously taken the course. The lectures intro-

duced the new content, and the discussion sections

focused on the homework, which typically involved

examining and evaluating case studies from the

textbook and from current events. Three video

case studies produced by the National Institute
for Engineering Ethics were also presented and

discussed [20–22]. The technology and society sec-

tion of the course has been enhanced to include

material on the barriers to, and benefits of, a diverse

workforce, and other current topics of interest

including bias in technology, the digital divide,

sustainable development, privacy and security con-

cerns, etc. In addition to the standard lectures,
students are required to watch and evaluate about

20 videos (often TED talks) on modern ST issues.

Each semester there are typically thirteen 75-minute

discussion sessions. Two are dedicated to group

presentations and the remaining focus on each

individual homework (one per week). Case studies

are often discussed by first breaking up the class

into small groups (3–5 people), having them talk
about the relevant facts, concepts, conclusions, etc.

of the case study, and then sharing the group’s ideas

with the full class. In addition to verbal commu-

nication, sometimes the students express their ideas

visually on classroom boards or through electronic

means (e.g., responding to polls).

UTFs are given suggestions for what to discuss

each session but are given the agency to decide for
themselves what the priorities for that week should

be. Each week, there is a team meeting to share the

experiences of the previous week, talk about what

worked well and what didn’t work well. The UTFs

have developed and shared, on their own, visual

aids and other reference materials for each discus-

sion session to help guide the conversation. Assess-

ment activities include 10 quizzes, one on each topic
in Appendix 1, and a cumulative final exam. Home-

work exercises are also graded, albeit often by

completion rather than correctness. Often the stu-

dents have an individual essay to complete on a

science and technology topic, and there are typi-

cally two group assignments – one related to a case

study (e.g., a recent airplane accident) and one

related to multinational technology companies.
Finally, 20% of the grade comes from a participa-

tion grade, which is assigned by the UTFs based on

the quality of the contributions of their students

during the discussion sections.

2.2 The STSP Version of the Course

In contrast, during the past few years, the STSP
version of the class has been taught by several

different instructors. This version of the course is

now taught throughout the college (as ENES 200)

and not just in the ECE Department. The official

title course is now ‘‘Technology and Consequences:

Engineering, Ethics, and Humanity,’’ though both

instructors of the traditional and STSP versions

profess to teach the topics given in Appendix 1. The

instructors in the past year for the STSP course

ENEE/ENES 200 have backgrounds in ST studies
(Ph.D), History (Ph.D), Education Policy (Ph.D.),

English (Ph.D), Dance Studies (Ph.D) and Theater

(B.A.).

The focus and pedagogy for the STSP version of

the course have been well-described [17–19], and so

only a brief summary of the course is included here.

Even though there are many instructors with varied

backgrounds, discussion sections for all STSP
instructors follow the same schedule with the

same focus. In fact, the weekly meetings for the

UTFs are held together for all STSP sections. The

discussion sections are tightly choreographed with

all 75 minutes accounted for and divided up into

intervals as small as 30 seconds. The discussion

sections’ pedagogy utilizes a lot of role-playing

and other physical movements. In fact, at the end
of the first discussion section, the UTFs are

instructed to say to their students something akin

to: ‘‘We’ll be singing and dancing together soon

enough, but for now, let’s end with a cheer to this

semester. Grab your imaginary glass, it might be a

champagne glass or just a water glass, and we’ll

cheer for our semester. 3-2-1, Cheers!’’ In a later

week, students are instructed to play ‘‘Zip Zap
Zop’’ to ‘‘pass’’ energy to each other [23].

The titles for the STSP discussion sections are

given in Appendix 2, except for the first week

(Course norms) and last week (Reflections). After

the introductory week, the first few weeks deal with

the status quo, critiquing the ‘‘dominant para-

digms’’ and engineering ‘‘cultures’’ and ‘‘mindsets’’.

The message to the students is that dominant
paradigms and mindsets can be problematic. For

example, they argue that dominant ethical theories

(Virtue theory, Deontology, and Consequential-

ism) have limitations, and so students should look

to emotive theories like Feminist Ethics and the

Ethics of Care instead.

The STSP version of the course really focuses on

issues of diversity, equity, and inclusion (DEI), as
can be seen by the titles of several discussion

sections. For example, in the first discussion sec-

tion, students are asked to look at indigenous

justice and land acknowledgement statements and

then are asked how those topics relate to engineers.

Furthermore, students are to examine technological

artifacts (like an outdoor bench) to evaluate if they

are hostile or inclusive. Students are encouraged to
have conversations with artifacts, like benches or

cell phones, as part of the enlightenment process. In

disability justice, students are asked to follow a
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disabled person around campus, and in gender

values, students are asked to assemble breast

pumps or identify gendered artifacts like razors.

While the majority of the topics seem to relate to

macro-ethical issues, some micro-ethical situations

are discussed in the STSP class. Considerations
related to harm are central to the STSP course;

for example, three of the four FERE’s in their

textbook relate to harm [24]. However, concepts

and techniques related to mitigating harm, such as

risk assessment, standard of care, and reliability,

are absent from the discussion planning documents.

Conflicts of Interest are discussed, although no

operational definition is given. In fact, a recent
paper examined 26 engineering textbooks, looking

for 41 common ethical themes and found that the

STSP course textbook [24] contained 13 of those

themes whereas the traditional textbook [11] has 31

of the themes (the most any textbook had was 33

themes) [25].

Assessment for the STSP sections is quite differ-

ent from the traditional sections. STSP students are
told that grades are racist and are instructed to

watch a podcast that supports that perspective.

There are no quizzes or exams, instead, students

sign a contract at the beginning of the semester

describing how many papers and other activities

they need to produce to get a specified grade.

3. Course Survey and Results

A course survey was developed to assess the stu-

dents’ appreciation for and self-efficacy beliefs

regarding most of the ten course topics listed in

Appendix 1. In addition to that, the voluntary

survey asked questions about diversity, course

pedagogy, and overall course assessment. No

demographic data was taken, and the survey was
anonymous, as not even email addresses were

collected. Students were divided into two groups

based on whether they had taken the traditional

version of the course or the STSP version of the

course. The same twenty-three questions were

asked of each group, and responses were in the

form of a 5-point Likert scale ranging from strongly

disagree (–2) to strongly agree (+2), so a score of

zero represents a neutral response. Three open-

ended questions were asked at the end of the survey:

(1) What was your favorite part of the course?

(2) What was your least favorite part of the course?
(3) Any last comments or feedback you would like

to share?

The survey link was sent to about 350–400

students (the exact number is not known due to

the potential overlap in invitations). Ninety-eight

students responded to the survey, so about 25% of

the students, with 64 who had taken the traditional

version, 31 who had taken the STSP version, and
three who had taken neither class. About 82%of the

students had taken the course in the past year, and

no student had taken the course more than four

years ago.

Only one question was asked regarding the first

topic in Appendix 1, and the prompt and the

average value of the responses are given in Table

1. Both cohorts agree that codes of ethics are an
important framework for engineers. (A response of

one corresponds to ‘‘agree’’ and a response of two

would be ‘‘strongly agree’’.) The standard devia-

tions are not given for any of the responses, though

they varied from about 1.16 to 1.62. The p-value

listed is from an unpaired t-test [26]. There is no

statistical difference between the two groups, which

might be somewhat surprising as the STSP text-
book states that overreliance on professional codes

of ethics can ‘‘hamper’’ an engineer’s ethical devel-

opment [24].

The two questions regarding ethical concepts and

problem resolution are shown in Table 2. The first

question asks if students can recognize ethical

dilemmas and the second asks if they have the

tools to resolve such dilemmas. Students in the
traditional version of the course agree that they

have both the tools to recognize and resolve ethical

dilemmas, with the latter belief 0.2 points below the

former. The STSP students were much less con-

fident that they have the tools to recognize ethical

dilemmas andwere slightly negative on the idea that

they could resolve ethical dilemmas. The p-values
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Table 1. Professions and Codes of Ethics

Survey Prompt Traditional Response STSP Response p-value

Professional codes of ethics represent an important
framework for engineers to consider.

1.20 1.13 0.819

Table 2. Ethical Concepts and Problem Resolution

Survey Prompt Traditional Response STSP Response p–value

This course gave me the tools needed to recognize ethical dilemmas that
may occur in my professional career.

1.08 0.42 0.034

This course gave me the tools I would need to resolve ethical dilemmas
that may occur in my professional career.

0.89 –0.23 0.0005



for both questions were less than 0.05, indicating

statistical significance.

One STSP student summed it up this way: ‘‘This

course doesn’t build upon my ethical outlook when

it comes to engineering. All of the information

presented was either prior knowledge or could be

inferred by anyone with rational critical thinking

skills.’’
Questions related to Technology and Society are

shown in Table 3. For each of the survey questions,

students in the traditional version of the course on

average agree with the prompts, and while most of

the STSP students’ responses, with one exception,

did not differ by a statistically significant amount,

they were on average one-half point below the

traditional student responses. The first two ques-
tions relate to the roles that society and technology

play in a sociotechnical system, which is purported

to be a strong point of the STSP approach. The

third question is related to the final topic in Appen-

dix 1 related to international engineering and has a

significant presence in the traditional version of the

class.

The next two questions in Table 3 are related to
bias and injustices related to technological artifacts.

This subject is also purported to be a strong point

for the STSP version, and those results come the

closest to matching the traditional responses.

The final question reveals perhaps the most

surprising result of the study. The traditional stu-

dents agreed that the course helped them under-

stand the need for a diverse engineering workforce,
whereas the STSP response was slightly negative.

The distribution of responses is shown in Fig. 1.

Half of the traditional students strongly agree with

the prompt, while half of the STSP students dis-
agree or strongly disagree. It’s not clear from the

survey why this is the case. Focus group discussions

seem to indicate that while both versions discuss the

harm that can arise in a non-diverse workforce, the

STSP version seems to focus on the blame for the

problems, while the traditional version seems to

focus on formulating solutions to the problems.

Risk analysis is addressed in two questions in
Table 4. Both cohorts feel that risk analysis is an

important skill; though not significant, the STSP

response is slightly higher. However, there is a

significant difference between the responses regard-

ing whether students can act on risk assessment,

with the traditional cohort generally feeling they

have the knowledge to evaluate and mitigate risk

while the STSP students are barely positive.
The distribution of responses to the two risk

questions are shown in Fig. 2 for the traditional
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Table 3. Technology and Society

Survey Prompt Traditional Response STSP Response p–value

This course helped me understand ways in which technology modifies
social interactions.

0.92 0.48 0.151

This course helped me understand ways in which society drives
technological change.

0.97 0.42 0.065

This course helped me understand additional factors that must be
considered when my professional obligations cross cultural or national
boundaries.

0.98 0.45 0.082

This course helped me to think of ways to reduce injustices that result
from technological artifacts.

0.88 0.61 0.373

This course helped me to see evidence of bias in some technological
artifacts and understand the harm caused by the bias.

0.97 0.60 0.225

This course helped me understand the importance of having a diverse
engineering workforce.

0.95 –0.19 0.0003

Fig. 1. A comparison of the survey results for the question of
understanding the importance of having a diverse engineering
workforce.

Table 4. Risk analysis

Survey Prompt Traditional Response STSP Response p–value

Risk analysis is an important skill for engineers. 1.36 1.42 0.857

I learned the tools necessary to evaluate and mitigate risk related to a
new technology I am working on.

0.77 0.19 0.050



students and in Fig. 3 for the STSP students. Figs.
1–3 demonstrate a common theme in all the survey

response questions – regardless of the question,

there is always a 5–10% strongly disagree response

– indicative of a fraction of each cohort that are

generally unhappy with the course they took.

Still, over 70% of all students strongly agree that

risk analysis is an important skill. When it comes to

self-efficacy, over 60% of traditional students at

least agree they learned the necessary tools, while

less than 40% of the STSP students believe in their

evaluation and mitigation skills. The number of

STSP students who at least disagree with that
statement is nearly double the number of tradi-

tional students who at least disagree.

Regarding engineers in institutions, the survey

asked three questions, as shown in Table 5. The

traditional students, on average, agreed that their

course helped them understand the concepts of

whistle-blowing and professional conflicts of inter-

est, and while less strong of a response, that they
know how to act on conflicts of interest. The STSP

student responses were weaker, with significant

differences on both conflict of interest questions,

including a slight negative response on reporting

conflicts of interest and avoiding the appearance of

improper behavior.

Table 6 shows the results for the two questions on

engineers and the environment. The first question
looks at the short-term impact that technology can

have on the environment, and the second question

asks about the role technology plays in achieving

sustainable development. On average, the tradi-

tional students agreed with both positive prompts.

The STSP students had a weaker response to the

environmental impact question and a significantly

weaker response to the sustainable development
question.

Three questions were asked about course peda-

gogy, and the results are summarized in Table 7.

Since both textbooks emphasize the importance of

case studies, the first question asked about the

impact of those case studies on the students’ under-

standing of their ethical responsibilities. The tradi-

tional students, on average, felt that those case
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Fig. 2. Response of the traditional students regarding the
importance of risk analysis versus the ability to mitigate risk.

Fig. 3. Response of the STSP students regarding the importance
of risk analysis versus the ability to mitigate risk.

Table 5. Ethics and institutions

Survey Prompt Traditional Response STSP Response p–value

The course helped me understand the circumstances for which whistle-
blowing is necessary and the protections and potential consequences
that can result.

1.03 0.55 0.118

This course helpedme to identify conflicts of interest in my professional
career.

1.09 0.42 0.031

This course taught me how to report conflicts of interest in my
professional career and what steps are needed to avoid the appearance
of improper behavior.

0.70 –0.13 0.007

Table 6. Environmental Engineering

Survey Prompt Traditional Response STSP Response p–value

The course discussed the impact that technology has and can have on
the environment.

0.94 0.52 0.179

The course discussed the role technology can play in achieving
sustainable development with respect to the environment, the economy,
and sociopolitical factors.

0.92 0.29 0.039



studies were an important part, while the STSP

students’ response was half as positive. The last

two questions involved the content of the lectures

and the content of the discussion sections. The

traditional cohort agreed that both parts of the
course were important for their ethical training.

The STSP group had a slight positive response to

the lecture content and a slight negative response

regarding the discussion content. Both differences

between the two cohorts were significant.

The most frequent negative responses from the

STSP cohort were about the discussion sections.

One student said discussion sections had ‘‘weird
activities with no point other than being artistic.’’

Multiple students didn’t like the acting/improv

exercises in the discussion sections. Even a fan of

the STSP approach said, ‘‘Overall, I love this class. I

think a lot of things can improve specifically within

the discussion sections.’’

Table 8 shows the responses for four questions on

the overall course assessment. Both cohorts felt that
the course was an important course for engineers,

but after that, the responses diverged. The tradi-

tional students generally felt that they learned the

knowledge, skills, and abilities they would need to

be a better engineer, but the STSP response was less

than half positive. One student’s comment might

give insight regarding the difference between the

two STSP responses. The student said, ‘‘I think
ethics is an important part of engineering, but the

way this class is taught makes it almost impossible

to learn these important lessons.’’ When asked if

students felt they learned ‘‘a lot’’ in the course, the

traditional students still agreed (though slightly

weaker), while the STSP response was barely nega-

tive.

The final survey question was to ascertain the
value of the course by asking if they would recom-

mend it even if the course were not required. The

traditional cohort response was the weakest of all

responses, though still somewhat positive at 0.64.

The STSP cohort response was again slightly nega-

tive, with a significant reduction over the traditional

response.

4. Discussion

Several conclusions can be drawn by looking at the

responses to the open-ended questions. Clearly,

both versions of the professional ethics class had
their supporters and detractors. For both cohorts,

their favorite part of the course was discussing case

studies. The second most favorite part for the

traditional students appears to be the group pro-

jects; for the STSP cohort, the final project came in

second place. An STSP student mentioned that they

liked the discussion activities, saying, ‘‘My favorite

part of the course by far was the hands-on ideology
used in teaching, having students physically see the

results of certain ethical implementations or lack

thereof.’’ Another STSP student mentioned that

they liked the contract grading.

Grading in the traditional version brought the

largest number of complaints. One student for the

traditional version stated, ‘‘Abolish the exam for

this course, it’s an ethics course, we don’t learn
ethics by studying for an exam and answering

questions that can be argued between different

parties. For a course that preaches about diversity,

I don’t understand why certain voices were con-

sidered wrong on the exam.’’ Other students agreed

that the grading seemed ‘‘arbitrary’’ or ‘‘biased.’’

Another student disagreed, liking ‘‘the engaging

discussions led by (the professor), the thoughtful
advocating for multiple sides of the arguments, and

teaching us to engage, empathize, and ultimately

understand alternative ideas and ways of thought.’’

Formany assessment problems, the judgment (ethi-
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Table 7. Course Pedagogy

Survey prompt Traditional Response STSP Response p–value

The case studies presented in the class were important for helping me to
understand my ethical responsibilities as a professional.

1.11 0.52 0.078

The content presented in the lectures was important for helping me to
understand my ethical responsibilities as a professional.

1.02 0.23 0.015

The content presented in the discussion sections was important for
helping me to understand my ethical responsibilities as a professional.

1.00 –0.16 0.001

Table 8. Overall course assessment

Survey prompt Traditional Response STSP Response p–value

ENEE/ENES 200 is an important course for engineers. 1.00 0.84 0.620

The knowledge, skills, and abilities I learned in ENEE/ENES 200 will
help me be a better engineer.

0.92 0.39 0.095

I felt I learned a lot in ENEE/ENES 200. 0.81 –0.10 0.005

If this course were not a required course, I would still recommend it to
other engineering students.

0.64 –0.10 0.028



cal/unethical) brought no points, the assessment

grade came from the students’ defense of their

position. This approach is what the last comment

is referring to, although obviously, several students

did not agree.

As to the relevance of the course, one student
who took the traditional version said, ‘‘Some of the

standards (the professor) presented were directly

used by the company I interned with this past

summer. Having background knowledge from 200

translated into a real-world scenario.’’ Another

student said: ‘‘I believe that ENEE200, when I

took it with my professor, to be not only a relevant

class, but also a necessary one to develop the
character for the engineer of tomorrow.’’

Some of the students who took the STSP version

of the class had a different takeaway. For example,

one student stated, ‘‘I really tried liking this class

and I did for a good amount of the semester. . . .

Though I really feel like it should be restructured

because it is simply not effective for so many of the

students. . . . I remember having to answer exit
tickets about what we learned or felt surprised

about. And I would sit there for a good minute

and think ‘‘what DID I learn today?’’ Another

STSP student lamented, ‘‘I think engineering

ethics is very important for engineers, but the

course had little to do with engineering ethics the

way it was taught to me.’’

The survey responses were integrated over a
number of variables. First, the background training

of the STSP instructors varied widely. Second, the

venues for both versions of the course also varied.

Both versions have been offered in fall, spring,

summer, and winter semesters. Both courses have

been offered in person and online. Fall and spring

sections typically have 75–90 students, though there

are multiple discussion sections with 15–18 students
per section. The winter and summer courses typi-

cally have 10–30 students. The STSP version always

has separate discussion leaders, irrespective of the

semester, but the traditional version sometimes has

the professor lead the discussion sections in the

winter and spring. Attendance in the summer and

winter versions, as well as in the discussion sections

year-round, is typically nearly 100%, but atten-
dance in the large fall/spring lectures can drop to

60–70%. Even the total number of contact hours

varies from one version to another due to holidays

and other scheduling issues.

One limitation of the study was that students

were not randomly selected, but rather participants

volunteered to take the survey, impacting the exter-

nal validity of the study. As the participants are self-
reporting on their acquired knowledge, skills, and

abilities, the conclusions are limited to the students’

perceptions.

A much larger, longitudinal study would be

needed to try to attribute various attitudes and

beliefs to these variables, and such a study will be

attempted in the future. Nonetheless, the results of

this study have demonstrated that most students

understand the value of a professional ethics course
and the need for ethical guidelines. However, when

we look at students’ beliefs regarding the knowl-

edge, skills, and abilities that they have acquired by

taking the course, there are significant differences in

those beliefs. Students who took the traditional

version of the course generally feel that they

acquired the necessary knowledge to recognize

ethical responsibilities in different professional
situations and that they have the skills to make

informed judgements and take informed actions.

They generally understand the impact of technol-

ogy on society and the environment, both locally

and internationally. The students who took the

STSP version scored lower on all but one of the

23 survey questions, with almost half of those

differences being statistically significant. Finally,
despite the STSP version’s emphasis on DEI con-

cepts, students who took the traditional version

scored over a full point higher on their recognition

of the need for a diverse engineering workforce.

While this survey focused on a single engineering

department in the United States, the importance of

optimal ethics instruction for engineering students

is one that transcends engineering disciplines and
nations (e.g., Refs. [27–30]). The ethics course at the

University of Maryland is now required for most

majors within the college. In fact, in the traditional

sections in the past year, about 26% of the students

were majoring in electrical engineering, about 32%

of the students were majoring in computer engi-

neering, about 21% were majoring in other engi-

neering disciplines, and about 21% were from other
disciplines (e.g., computer science and other STEM

fields). The effort is truly international with ABET

reviewing the criteria for student learning, including

ethics instruction, in over 40 countries. While the

‘‘traditional approach’’ features the dominant ped-

agogical tools to date, STS theory appears to be

gaining traction, and so a thorough evaluation of

the strengths and weaknesses of both approaches,
as measured by student evaluation and perfor-

mance seems warranted.

5. Conclusions

With respect to the stated course concepts, students

in both the traditional and STSP versions of the
course understood the value of risk analysis and

codes of ethics. However, for the remaining course

concepts, the students in the traditional course self-

reported on average greater understanding of those
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concepts compared to the students in the STSP

course. In addition, students in the traditional

course rated their ability to manage conflicts of

interest, risk mitigation, and ethical dilemmas in

general higher than their STSP counterparts. Both

cohorts felt comfortable with their abilities to

recognize harm from bias and injustices that can

arise from technological development.
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Appendix 1. The current course topics

Professions and codes of ethics

Responsibility in engineering

Ethical concepts, methods, theories, and their application

Problem resolution

Technology and society

Trust and reliability

Risk analysis and liability

Ethics and institutions

Environmental engineering

International engineering

Appendix 2. The discussion topics in the STSP

version of the class

Dominant Paradigms in Ethics

Dominant Paradigms in Infrastructure

Engineering Cultures and Historical Lens

Engineering Mindsets

Sociotechnical Imaginaries

Hacking the Human

Default Discrimination

Disability Justice

Gender Values

Who Pays for Innovation

Sensing COIs and Locating Power in Engineering Systems

Communicating Expertise
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