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ABSTRACT

The practices of civil, environmental, and geological engineering
share many common ethical dilemmas. These fields typically re-
quire extensive interaction with clients and regulatory agencies,
while dealing with unpredictable earth materials for design and
uncertain design parameters. Consequently, a capstone design
course must address not only technical issues, but also a wide range
of ethical and behavioral issues. This study presents a series of exer-
cises used in the classroom to teach these issues through dealing
with “gray” ethical areas, concepts of advocacy and the use of com-
promise, relating specific stories to global concepts, proper behav-
ior in the corporate environment, and the influence of corporate
culture on ethical decisions. The exercises were designed to incor-
porate a variety of active learning styles, including individual and
group writing, group short answer, group design, and role playing
as an individual and as part of a team. Only a small commitment of
class time is required to complete these exercises, roughly six lec-
ture periods and one laboratory period.

I. INTRODUCTION

As part of the senior design curriculum, the Accreditation
Board for Engineering and Technology (ABET) Engineering
Criteria 20001 requires that graduates demonstrate an understand-
ing of “professional and ethical responsibility.” This is particularly
important in the fields of “earth” engineering, such as civil, envi-
ronmental, and geological engineering, because our students typi-
cally will work in situations that require rigorous honesty and
forthrightness. For instance, they frequently must track their own
work hours for billing to a project. Often, they work under the
oversight of a regulating agency whose staff do not have full
knowledge of the site and must rely on these professionals to keep
them informed. Example projects might include hazardous waste
investigations under the oversight of a state or federal regulating
agency, or geotechnical projects under the oversight of a local de-
partment of public works. Furthermore, in today’s litigious atmos-
phere liability considerations drive much of a professional’s behav-
ior in the consulting engineering industry. It is our belief that we
can best prepare our students for practice by having them face
many of the future issues and pressures during their senior design
project.

The goals of the ethics exercises are:
1. to reinforce the concept that engineers are frequently in-

volved in judgmental decisions with no clear right or wrong
answer,

2. to encourage the students to think through the judgmental
and ethical decisions they will face before they have to deal
with them in the working world, and

3. to help them reach a consensus about the underlying princi-
ples which guide each ethical decision.

II. LEARNING STYLES

A variety of learning styles is incorporated in the exercises be-
cause many of the ethical concepts are subtle, and students may not
fully grasp them immediately. The approaches used in the exercises
include lecture, individual and group writing, group discussion,
group design, and role playing as an individual and as part of a
team. The variety of approaches also makes the class more interest-
ing and encourages students to develop a variety of communication
skills in their responses. Table 1 summarizes the learning styles
used in each of the ethics exercises.

The exercises also focus on active learning, as shown on figure 1.
Not all of the exercises correspond to categories in Dale’s2 Cone of
Learning, but nearly all those that do use teaching methods which
have high retention. Similarly, most of the ethics exercises meet cri-
teria as higher order educational objectives as defined by Bloom3

and shown on figure 2.

III. EXAMPLES OF EXERCISES

Recognizing that each engineering field must emphasize appro-
priate ethical dilemmas, the exercises presented below are examples
which the reader should modify to suit one’s field. Many (but not
all!) of these exercises come from my experience. The reader is en-
couraged to draw examples from experience, because these exam-
ples will lend an air of realism to an otherwise hypothetical discus-
sion, and the reader will better be able to describe the emotional
and moral tension of the case.

Exercises below are grouped by ethical topic. A precis of the
principle to be learned is presented in the table summarizing each
exercise.

A. Billing
1) Exercise 1—Billing: In this exercise, students are given ques-

tions related to billing time and expenses. They are asked to dis-
cuss possible responses in groups of three or four, to identify the
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underlying principle guiding their decisions, and then to suggest
“the answer.” Because the responses are developed by the group,
each individual feels protected within the group during the discus-
sion time. I found that after a few hesitant volunteers, the students
are comfortable with this format and readily volunteer their an-
swers and comment on each others’ answers. An alternative would
be to use individual role playing for a few of the questions, where
one student plays the professional, one plays the irate client, one
plays the “by-the-book” project manager, and so on.

While the discussion below outlines a number of ethical princi-
ples that should come out of the class dialogue, two overarching is-
sues should remain central to the responses to each question:

● always give the client the benefit of the doubt (roughly, “al-
ways round in the client’s favor”), and

● be as forthright with your clients and supervisors as possible
(avoid hidden agendas).

Question 1. The budget for a large project is subdivided into task
accounts. The report preparation task has $38,000, but you’ve only
spent $32,000. What are your options with the $6,000 and what do
you do?

Discussion 1. The black and white options are either to leave the
money unspent, or, unethically, to pad your billing report for an ad-
ditional $6000. The goal of this exercise is to discuss the ethics of a
third option, that of shifting the funds to another task that may be
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over-budget. Discussion should bring out two points. First, the abil-
ity to move funds between tasks depends somewhat on the billing
arrangement for the project (lump sum, time and materials, etc.).
The project budget is morally and legally binding but the subdivision
into task accounts is usually a matter of convenience. Second, the
client should be made fully aware of what you intend to do and why.

Question 2. A situation similar to the previous example, but you’ve
spent $45,000. What are your options and what action should you take?

Discussion 2. In this case, students may identify only the option
of informing their client of the overrun and accepting the conse-
quence, which is to lose the $7000 overrun. This scenario should
initiate discussion on the benefits of maintaining close and timely
communication with your client, so that an impending cost overrun
is not a surprise. Furthermore, discussion may lead to cases when
such an overrun may be justified, such as a scope increase requested
by the client.

Question 3. Your company bills to the nearest 1/2 hour. How much do
you bill if you worked 10 minutes? 15 minutes? 20 minutes? 25 min-
utes?

Discussion 3. It is inappropriate to bill more time than you
worked. The “black and white” options are to bill the 1/2 hour only
when 30 minutes have been worked, or to round upward and bill
1/2 hour when 16 minutes have been worked. Discussion should
center on the gray area of “banking” time for a day or two until 30
minutes have been committed to the project. The intent is not to be
legalistic, but to give the client the benefit of the doubt. How much
time is a reasonable span to bank hours?  Beware of the following
“lawyer mentality”: “Dear client, thought I saw you on the street the
other day, crossed over to say hello, but it wasn’t you, so I went
back. One-tenth of an hour: $25.00.”

Question 4. In order to be at a project site for an 8 a.m. meeting on
Monday, you must fly out Sunday night. Do you charge the flight time?
Driving to the airport? Driving from the motel to the meeting site?

Discussion 4. Discussion should lead to the principle that an en-
gineer already has a “base” commute time from home to office and a
“base” commute week, usually Monday through Friday. Travel in
excess of these base values is justifiably charged to a project. To be
fair to the client, travel less than the base commute, such as the
short drive from the motel to the site, should be considered “credit”
time for the project. Again, it is beneficial to discuss this with a
client should there be any doubt.

Question 5. For a six-week drilling project in Tucson, who pays for
your sunscreen?

Discussion 5. Companies typically pay for non-standard health
and safety equipment such as chemical resistant suits, air purifying
respirators, etc. They may or may not pay for standard, yet required,
equipment such as protective gloves, steel-toed boots, or hard-hats.
Discussion should lead to the distinction between “comfort” items
vs. health and safety items, and the distinction between required
items vs. optional items.

Question 6. You have $40/day in your per diem budget for meals. You
happen to mention to the client that you had dinner at a local nice restau-
rant for $28 and she hits the roof. How do you respond?

Discussion 6. Strictly speaking, the $40 could be parceled any way
the engineer sees fit, unless the per diem budget specifies a ceiling
amount per meal. Again, strictly speaking, the company and the
client have both recognized this by agreeing to the per diem amount
in their contract. In essence, work away from home is a hardship and
per diem is an acceptable form of compensation. Students should be

led to recognize that the real issue is not the appropriateness of the
charge but how the engineer responds to the client.

B. Client Relations
For these exercises, students are faced with a variety of challeng-

ing client relations problems, when they must not only salvage the
client’s trust, but also maintain their professional integrity. Three
groups of exercises are given.

1) Exercise 2—Bad News: This exercise deals with an engineer’s
relationship with the client during stressful periods, such as times
when bad news must be conveyed. The questions may be answered
in the same ways as the billing exercises, using group discussion and
answer or short role playing techniques. The principles introduced
in this set of questions are:

● you are expected to make small decisions on your own and
get help with larger decisions,

● your professional responsibility may extend beyond the pro-
ject at hand,

● open, timely communication with the client or your supervi-
sors may avert problems before they arise, and

● sometimes solutions which benefit everyone can be found for
mistakes or undesirable findings, a “win-win” result.

Question 1. You are monitoring drilling of pier holes for a deep foun-
dation (100 feet). You notice that the water draining from the muck has
an oily sheen, smells strongly of hydrocarbons, and has stained the soil
black. What do you do?

Discussion 1. This scenario lends itself to two undesirable options:
ignoring the contamination, and thereby neglecting professional re-
sponsibility, or stopping work on the project indefinitely, a monu-
mental action for a young engineer. The main point of the vignette
is that field workers and new employees are not expected to solve
these problems alone: they should stop work temporarily and call the
office. New professionals should have the maturity to make most
decisions without deferring to their supervisor. They should also be
able to identify tentative decisions which require more senior input.

Question 2. You have been hired to investigate a landslide at a hous-
ing project. While the client is driving you across the site to the landslide,
you notice that the construction company’s laborers are installing utilities
inside an un-shored trench 8 feet deep. What do you do?

Discussion 2. This scenario is similar to the previous “whistle-
blower” scenario in Question 1, with two differences. First, the
problem noticed by the engineer does not directly relate to the pro-
ject, and second, the problem noticed will not prevent the land-
slide investigation from proceeding. Students should recognize
that as a professional who has seen an illegal or imprudent prac-
tice in one’s profession, they are duty-bound to see that the prac-
tice is corrected. Indeed, they may even be legally responsible, de-
pending on the violation. The most straightforward solution is to
explain to the client that as an engineer who has observed such a
practice, you could incur legal responsibility. Therefore, you ask
the client to have the workers exit the trench until it is shored or
benched.

Question 3. Your company has been asked to recommend one of three
potential sites for a landfill location. All three sites have significant prob-
lems. Options?

Discussion 3. The implication in this scenario is that the client
has selected the three sites and has asked you for a ranking. The
best approach to this problem is to communicate your impression
before you have spent the client’s money preparing a report. Timely
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communication may allow the client to select other sites and to re-
quest your input to avoid the problems faced by the first three sites.

Question 4. Out of 100 site wells, you were to sample 15 specific ones
for chemical analysis. Unfortunately, five of the wells you sampled were
not on the list of 15. Under what conditions should the client pay for
sampling the omitted wells?

Discussion 4. The client should pay for the extra sampling only if
they misled you in selecting wells for sampling. If all site wells are

on a specified sampling schedule, it may be possible to arrange with
the client and any oversight agencies to substitute one or all of the
wrong wells into the current sampling list, and sample the five
omitted wells when the wrong wells should have been sampled.
Even though a mistake has been made and it was your fault, this
does not mean that you or the client necessarily must lose money.

Question 5. You budgeted five days of drilling for 10 exploratory bor-
ings. The work begins early Monday morning, but by Friday, you have

Table 2.  Exercise on written opinions (Exercise 3).



only finished 8 borings. Under what conditions should the client pay for
another day or two of drilling?

Discussion 5. While the solution to this problem may hinge on
the specific contracts between you and your client and the drilling
subcontractor, two principles should arise in discussion. First, the
client should be aware of the possible time overrun early in the
week. Second, weather and unexpected subsurface conditions could
cause valid time overruns, an acceptable, although undesirable,
charge to the client.

2) Exercise 3: This exercise is summarized in table 2 and asks
students to work in groups of three or four to rewrite a short con-
clusion section to a report. The rewrite is to be a compromise be-
tween their original statement and the client’s “wish list” state-
ment. The rewrite should be sensitive to the client’s underlying
focus, without sacrificing the professional integrity of the engi-
neer. While many students at the senior design level may under-
stand the concept of professional integrity in writing, they may
not recognize the amount of leeway available to meet their client’s
needs. This exercise naturally proves to be a lesson in “weasel
words,” but it will reinforce to students the subtleties in language
that can help avoid misinterpretation of their writing or even avoid
legal liability.

3) Exercise 4: When these exercises are used as part of a design
class, students are anxious to convert their technical knowledge into
a useful product. Exercise 4 allows them to do this in a group set-
ting, while also focusing on improving the ethical behavior of the
parties with whom they work. The exercise statement is as follows:

“You are supervising a contractor hired by the client. You know
that this contractor is trying to overcharge and skimp on work.
Write a foolproof outline for monitoring fill selection and com-
paction control of a large fill area. You are worried about density,
moisture, organic content, plasticity, and grain size.”

The goal of this exercise is to give students practice writing un-
ambiguous and difficult-to-misinterpret documents. The exercise
also gives students practice writing in a group setting. In the exer-
cise, I encourage the students to treat their clients and subcontrac-
tors as if they were pure and honest, yet to write reports and docu-
ment their work as if the clients and subcontractors were scheming
and dishonest.

C. Employer Relations
1) Exercise 5: In the first employer relations exercise, shown on

table 3, students are split into groups of three. Each of the three is
given a “part” to play, shown on the table. Students are encouraged
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to be emotional and to fight (orally, of course) to win their case.
The key to this exercise is that each player has a different percep-
tion of the situation. Through their role playing, they need to 1)
communicate their perception, 2) understand the perceptions of
the other players, 3) work out a solution, and 4) identify ways to
avoid this problem in the future. The goals of this exercise are to
simulate a tense discussion of a problem that can only be solved by
compromise, and to reinforce the importance of open communica-
tion between fellow workers.

2) Exercise 6: This exercise is meant to follow a lecture or discus-
sion on desirable professional qualities such as attitude, versatility,
friendliness, and technical competence. The point of this exercise is
to reinforce the idea that qualities other than technical skill are nec-
essary for success in an engineering organization. The exercise also
reinforces the importance of continuing education and preventing
“technical obsolescence.” This exercise lends itself to a group dis-
cussion format, as used on the billing and some of the client rela-
tions exercises. The text is:

“Your company must down-size. The good news is that your job
is safe. The bad news is that you have been asked to prepare a list of
characteristics of people who should be kept, and a list of character-
istics of people who should be let go.”

D. Advocacy
1) Exercise 7: One of the three design projects for the geological

engineering design class involved assessment of a hazardous waste
site. Students were provided with the data from a subsurface inves-
tigation, including soil and ground-water chemical tests, geology,
and results of human health risk assessment. Their assignment was
to interpret the data and prepare a report summarizing their con-
clusions, recommendations for further investigation, and recom-
mendations for site cleanup.

Since the concept of advocacy is so important in the environmen-
tal field, and since this concept leads to ethical dilemmas, students
were also asked to represent one of the involved parties in a simulat-
ed public meeting. The public meeting was a site-progress meeting,
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where the engineering consultants for the project would have a
chance to present their recommended cleanup method and receive
comments from stakeholders.

Students were split into four groups, and each group received a
confidential summary of their group’s “hidden agenda” and goals
for the meeting (table 4). The groups were:

1. Army—site owner and party responsible for cleanup of a
base intended for closure,

2. Engineering Consultant—hired by the Army to provide
technical expertise,

3. City of Sandville—municipality bordering the site, hoping
to inherit part of the site following base closure, and

4. State Water Board—local regulating agency charged with
ensuring that the cleanup plan is appropriate.

Groups were instructed that, as technical professionals and ad-
vocates for their organization, they were responsible for defending

the agenda items on their confidential summaries. Their success in
doing so was evaluated by the entire class during a lecture period
after the public meeting.

The meeting started with a 20-minute technical presentation by
the consultant, followed by five-minute presentations from each of
the other parties. The floor was then opened for questions between
parties. Next, the floor was opened for questions from the audience,
which consisted of the geological engineering faculty and approxi-
mately 25 senior-level students.

The goal of this exercise was to provide students with an oppor-
tunity to be advocates for issues with which they may not necessari-
ly agree. Their advocacy was further limited by their professional
integrity, and the public meeting format prevented them from let-
ting their technical standards slip or from presenting misleading
technical information. Misleading information would be recog-
nized and stated by the competing groups.
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E. Professionalism
1) Exercise 8: After a few weeks of group design, short answer

discussion, writing, and other “active” learning, the students will
view a lecture as something fresh and different. Based on the as-
sumption that specific “war stories” will convey a concept more
memorably than generalized statements, the author uses a pub-
lished list of “professional practice rules”4 as a springboard to give
examples from his experience. Table 5 includes examples of some of
the “professional practice rules” and the nature of the comments to
each. The novelty of this exercise wears off quickly, so one lecture
period is probably sufficient. To keep the lecture moving, most
rules should warrant less than one minute of comment, with a simi-
lar length of time available for questions.

2) Exercise 9: As a summary of all the exercises dealing with eth-
ical issues, students are asked to individually reflect on the ethical
themes which they consider to be the most important. Exercise 9
outlines an individual writing assignment to guide these reflections.
The format of a “corporate policy statement” forces them to express
the “spirit” of the ethical themes rather than just the “letter.” The
text of the exercise is:

“Write a one-page corporate policy statement on engineering
ethics. Assume that this statement will be distributed company-
wide, it will govern everyone’s ethical decisions, and it may someday
be used in a court-of-law to defend your company’s practices.”

IV. FEEDBACK AND EVALUATION

While it is difficult to quantify the effectiveness of the broad-
ranging and subjective topics covered by these exercises, the initial
indications from the students are that they were effective and fresh
ways to study a difficult topic. For example, students were asked to
evaluate each of the activities in the design class. On a four-point
scale, the average evaluation for the ethics exercises was 3.3, as sum-
marized in table 6. For comparison, the technical exercises complet-
ed in class received an average evaluation of 3.0, and the three design
projects received an average evaluation of 3.2. Ratings for ethics ex-
ercises were statistically different from the technical exercises at the
5% significance level, but were not statistically different from the
projects even at the 10% level. On the whole, students valued not
only the material but also the various learning styles used for the ex-
ercises. Based on the evaluations in table 6, the students most appre-
ciated the group discussion and some of the group writing, were
slightly less enthusiastic about role playing, and least appreciated the
individual writing and lecture approach. In addition, exercises done
early in the semester (Exercises 1, 2, and 3) were rated higher than
exercises done later in the semester (Exercises 7 and 8).

Written feedback was not extensive, although comments were
solicited by the author. The following comments are those which
were applicable to the ethics exercises:
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● “I loved the format of the course and feel that I have learned
more in this class than in any of my other classes …”

● “This class really makes you think …”
● “Excellent”
● “Give more thorough descriptions for role playing so as to

avoid differing interpretations …”
● “It would be helpful if you could give your opinion on things

like ethics and professional goals …”
● “Public meeting needs more focus and control …”
● “Public meeting was an excellent exercise and I learned a lot …”
● “All excellent”
● “Prepared for real world experience …”

V. ADDITIONAL METHODS FOR TEACHING ETHICS

As an additional method for teaching ethics, I have also used a
game called “The Ethics Challenge” created and distributed free of
charge by Lockheed Martin (310 N. Westlake Blvd., Ste. 200,
Westlake Village, CA 91362). The game uses Dilbert characters
and humor to help students wrestle with various ethical dilemmas.
Discipline-specific ethics cases are also available on various Internet
sites and in some professional technical magazines (I have noted
several in recent issues of the AEG News, published by the Associ-
ation of Engineering Geologists).

Case histories may also be converted to ethics and advocacy ex-
ercises by using role playing, or if time is available, by creating a
mock trial, complete with professional experts, attorneys, judge,
and jury. Two excellent sources of civil, environmental, and geolog-
ical case studies that may readily be used for role playing exercises
are books by Anderson and Trigg,5 and Shuirman and Slosson.6

VI. CONCLUSIONS

The time requirements for the ethics exercises described above
was six lecture periods, one homework assignment, and one labora-
tory period for the public meeting. For this small commitment, stu-
dents were exposed to a broad range of ethical and behavioral issues,
using a variety of learning methods. They participated with moder-
ate to high enthusiasm, depending on the particular exercise. Based
on the evaluations, they seemed to agree that the exercises were an
effective way to teach a very subjective topic.

I recommend that each teacher modify the exercises to reflect
one’s own experience, and to reflect the anticipated ethical issues for
the specific engineering discipline of the course.
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