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Preface	

Ethical	practice	in	engineering	is	critical	for	ensuring	public	trust	in	the	field	and	in	its	practitioners,	especially	as	engineers	
increasingly	tackle	international	and	socially	complex	problems	that	combine	technical	and	ethical	challenges.	This	report	
aims	to	raise	awareness	of	the	variety	of	exceptional	programs	and	strategies	for	improving	engineers’	understanding	of	
ethical	and	social	issues	and	provides	a	resource	for	those	who	seek	to	improve	the	ethical	development	of	engineers	at	their	
own	institutions.		

Ethics	is	of	crucial	importance	to	the	engineering	profession,	as	evidenced	both	in	the	codes	of	ethics	published	by	numerous	
engineering	professional	societies	and	in	the	requirements	for	accredited	engineering	programs	maintained	by	the	US	
Accreditation	Board	for	Engineering	and	Technology	(ABET).	According	to	the	ABET	criteria,	students	in	accredited	programs	
must	demonstrate	an	understanding	of	ethics	and	take	it	into	account	when	designing	a	system,	component,	or	process.	The	
ABET	requirement	applies	to	both	undergraduate	and	graduate	programs	in	engineering	and	engineering	technology	and	has	
spurred	schools	to	provide	engineering	ethics	education	for	their	students	in	a	variety	of	ways.		

A	number	of	these	engineering	ethics	education	activities	were	reviewed	for	this	project,	with	the	goal	of	selecting	and	widely	
disseminating	those	that	may	serve	as	exemplars	for	broader	adoption	and	adaptation.	They	were	gathered	by	the	advisory	
group	for	the	National	Academy	of	Engineering	(NAE)	Center	for	Engineering	Ethics	and	Society	(CEES),	which	invited	faculty	
and	administrators	at	US	universities	and	colleges	to	submit	activities	that	prepare	students	for	ethical	practices,	research,	or	
leadership	in	engineering.	Eligible	activities	were	those	at	the	associate’s,	bachelor’s,	or	master’s	level	for	engineering	or	
engineering	technology.	Additional	information	about	and	materials	from	the	exemplars	in	this	report	will	be	included	in	the	
NAE’s	Online	Ethics	Center	for	Engineering	and	Science	(OEC)	collection	(onlineethics.org).	

Funded	by	the	National	Science	Foundation,	this	effort	builds	on	two	other	NAE	reports	on	engineering	ethics	education,	
Practical	Guidance	on	Science	and	Engineering	Ethics	Education	for	Instructors	and	Administrators	(NAE	2013)	and	Ethics	
Education	and	Scientific	and	Engineering	Research:	What’s	Been	Learned?	What	Should	be	Done?	(NAE	2009).	This	project	also	
aligns	with	NAE	efforts	to	improve	engineering	education,1	prepare	engineers	for	the	future,2	and	educate	engineers	to	
address	far‐reaching	and	fundamental	engineering	challenges.3		

A	specially	appointed	NAE	selection	committee	reviewed	the	submissions	and	identified	programs	that	serve	as	examples	for	
those	who	wish	to	prepare	engineers	to	think	critically	about	the	ethics	of	their	profession.	The	following	seven	members	
served	on	the	Infusing	Ethics	Selection	Committee:	

Stephanie	J.	Bird,	ethics	consultant	and	coeditor	of	Science	and	Engineering	Ethics	
Andrene	Bresnan,	director,	Ethics	and	Business	Conduct,	The	Boeing	Company	
Gerald	E.	Galloway,	Jr.,	Glenn	L.	Martin	Institute	Professor	of	Engineering,	University	of	Maryland,	College	Park	
Joseph	R.	Herkert,	visiting	scholar,	Genetic	Engineering	and	Society	Center,	North	Carolina	State	University	
Sharon	D.	Kenny,	civil	engineer	and	project	management	professional	
Indira	Nair,	professor	and	vice	provost	emerita,	Carnegie	Mellon	University	
Chris	Schairbaum,	director,	Innovation	and	Development,	Texas	Instruments,	Inc.	

The	committee	members	were	impressed	by	the	variety	and	quality	of	the	submissions	and	excited	to	see	the	creative	
approaches	to	infusing	ethics	into	the	development	of	engineers.		

The	25	NAE	Exemplars	in	Engineering	Ethics	Education	described	in	this	report	serve	as	a	resource	for	institutions	and	
educators	to	strengthen	and	expand	their	ethics	programs	and	thus	improve	the	capabilities	of	practicing	and	future	
engineers.	The	NAE	is	very	pleased	to	acknowledge	these	efforts	and	encourages	engineering	educators	and	practitioners	to	
consider	and	incorporate	these	strategies.	

	

Dr.	C.	D.	Mote,	Jr.	 	 	 	 	 Dr.	Gerald	E.	Galloway	
President	 	 	 	 	 	 Chair	
National	Academy	of	Engineering	 	 	 CEES	Advisory	Group	

	

																																																																		
1	Frontiers	of	Engineering	Education,	www.naefoee.org/	
2	The	Engineer	of	2020	(2004);	Educating	the	Engineer	of	2020	(2005).	
3	Grand	Challenge	Scholars	Program,	www.engineeringchallenges.org/GrandChallengeScholarsProgram.aspx		
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Summary	

Project	Summary	

This	publication	presents	25	activities	and	programs	that	are	exemplary	in	their	approach	to	infusing	ethics	into	the	
development	of	engineering	students.	It	is	intended	to	serve	as	a	resource	for	institutions	of	higher	education	seeking	to	
enhance	their	efforts	in	this	area.	The	National	Academy	of	Engineering’s	(NAE)	Center	for	Engineering	Ethics	and	Society	
Advisory	Group	and	Infusing	Ethics	Selection	Committee	acknowledge	the	leadership	of	the	National	Science	Foundation	in	
funding	both	this	project1	and	a	follow‐up	workshop2,	and	for	funding	much	of	the	research	that	led	to	the	ethics	education	
activities	described	in	many	of	these	programs.		

A	call	for	submissions,	sent	to	deans,	chairs,	and	faculty	in	engineering,	engineering	technology,	the	social	sciences,	and	the	
humanities,	yielded	44	submissions.3	Submissions	had	to	meet	two	criteria:	the	activity	should	connect	ethics	to	technical	
engineering	content	and	should	include	assessment,	quantitative	or	qualitative,	of	whether	its	education	goals	have	been	or	
are	being	met.	Within	these	broad	parameters,	submissions	ranged	from	short	activities	inserted	in	engineering	courses	to	
multiyear	programs	required	of	all	students.	The	list	of	all	submissions	(appendix	A)	shows	the	variety	of	ideas	and	
approaches	for	engineering	ethics	education.	

In	assessing	the	submissions	the	members	of	the	selection	committee	looked	for	the	following	characteristics:	

 Provides	an	interactive	format	that	encourages	active	learning	
 Occurs	across	multiple	years	of	a	student’s	education	
 Includes	an	institutional	faculty	reward	structure	that	supports	ethics	training	
 Connects	students’	ethics	learning	to	engineering	practice	
 Promotes	improved	ethical	decision‐making	and	problem‐solving	skills	
 Addresses	macroethics	(the	broader	ethical	and	social	issues	that	call	for	the	collective	response	of	the	engineering	

profession	and	societal	decisions	about	technology),	microethics	(ethical	issues	involving	the	interactions	and	
individual	actions	of	engineers	in	research	and	practice),	or	both4	

 Incorporates	innovative	or	creative	educational	methods	
 Has	a	demonstrated	widespread	or	lasting	impact	on	students	
 Can	be	scaled	up	or	easily	replicated	at	other	institutions	

The	25	selected	programs	were	picked	because	they	clearly	exhibit	at	least	one	and	typically	several	of	these	features.	The	
committee	also	considered	the	variety	of	educational	approaches	and	topics	covered.	The	exemplars	presented	in	the	
following	pages	encompass	a	range	of	program	types—undergraduate	and	graduate	courses,	multiyear	programs,	
extracurricular	experiences—and	institutions	to	illustrate	the	diversity	of	effective	approaches	to	infusing	ethics	into	
engineering	education.	

The	committee	recognizes	that	incorporating	ethics	education	activities	into	the	very	full	engineering	curriculum	can	be	more	
challenging	than	knowing	what	activity	or	program	to	institute,	and	so	submitters	were	asked	to	comment	on	their	
experiences	and	to	offer	suggestions	for	overcoming	these	challenges.	The	comments	and	suggestions	are	summarized	below.	

This	publication	is	intended	as	a	resource	for	engineering	and	engineering	technology	faculty	and	administrators	interested	in	
approaches	for	creating,	strengthening,	or	expanding	their	programs	for	infusing	ethics	into	the	development	of	engineers.	
Further	information	that	will	enable	faculty	and	administrators	to	replicate	and	adapt	the	programs	will	be	made	available	in	
spring	2016	on	the	Online	Ethics	Center	for	Engineering	and	Science	(onlineethics.org).		

Organization	of	This	Publication	

The	descriptions	begin	on	page	3,	organized	in	the	following	broad	categories:	graduate	course,	undergraduate	course,	
multiyear	program	(in	which	students	participate	at	multiple	times	during	their	college	education),	and	other	(workshop,	
extracurricular	program,	and	faculty	development	program).		

The	write‐up	for	each	program/activity	names	the	faculty	and	institution(s)	involved,	describes	exemplary	features	of	the	
program/activity,	and	provides	assessment	information	and	additional	resources.	Appendix	A	provides	a	full	list	of	submitted	
programs	and	activities	that	are	working	to	infuse	ethics	into	the	development	of	engineers,	and	a	map	in	appendix	B	shows	

																																																																		
1	This	material	is	based	on	work	supported	by	the	National	Science	Foundation	under	Grant	No.	1449199.	Any	opinions,	
findings,	and	conclusions	or	recommendations	expressed	in	this	material	are	those	of	the	authors	and	do	not	necessarily	
reflect	the	views	of	the	National	Science	Foundation.	
2	This	project	is	supported	by	the	National	Science	Foundation	under	Grant	No.	1550637.	More	information	is	available	at	
http://nsf.gov/awardsearch/showAward?AWD_ID=1550637&HistoricalAwards=false	
3	Two	submissions	did	not	qualify	for	evaluation.	
4	Herkert	J.	2001.	Future	directions	in	engineering	ethics	research.	Science	and	Engineering	Ethics	7(3):403–414.	
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the	geographic	distribution	of	the	selected	programs,	revealing	that	there	are	faculty	and	institutions	that	can	serve	as	local	
collaborators	for	most	regions	of	the	United	States.	

Challenges	and	Suggestions	for	Infusing	Ethics	

The	46	individuals	who	submitted	ethics	programs	for	consideration	were	asked	to	provide	their	comments	and	ideas	to	help	
others	who	would	like	to	improve	or	create	ethics	training	at	their	own	institutions.	Nine	comments	were	submitted	
anonymously,	eight	from	faculty	members	and	one	from	an	administrator.		

Of	the	nine	respondents,	seven	said	they	have	faced	challenges	in	implementing	ethics	activities.	While	this	small	sample	does	
not	represent	a	full	picture	of	the	range	of	challenges	experienced	by	faculty	throughout	the	United	States,	the	respondents	
expressed	sentiments	that	will	be	familiar	to	many	educators.5	Most	noted		

 a	lack	of	interest	among	students	(student	challenges),	
 resistance	from	faculty	(faculty	challenges),	or		
 a	lack	of	consensus	on	important	topics	and	methods	for	incorporating	ethics	in	an	already	overstuffed	curriculum	

(topical	and	pedagogical	challenges).		

The	respondents	suggested	ways	to	overcome	these	challenges	and	offered	useful	advice	for	other	faculty	and	administrators.		

To	address	student	challenges,	respondents	suggested	that	faculty	use	real‐life	and	relatable	examples	in	their	classes,	make	
sure	ethics	activities	are	interactive,	and	enlist	working	engineers	as	well	as	other	engineering	faculty	to	participate	whenever	
possible.	One	faculty	member	noted	that	students	were	more	eager	to	give	attention	to	issues	that	their	peers	identified	as	
important,	and	reported	success	with	having	a	student	develop	new	cases	and	an	interactive	lesson	for	classmates.	

Faculty	challenges	involved	resistance	to	colleagues’	efforts	to	infuse	ethics	in	the	curriculum	and	concerns	about	being	
unprepared	to	teach	ethics.	One	respondent	urged	administrators	to	ensure	that	educators	receive	adequate	training	and	
ongoing	support,	beginning	with	those	most	interested,	and	to	cultivate	buy‐in	from	diverse	constituencies,	including	students	
and	faculty	from	other	departments.	It	was	suggested	that	initial	activities	be	“low	intensity”	until	a	critical	mass	of	interest	
could	be	developed,	and	that	it	would	be	helpful	for	important	or	recognized	individuals,	such	as	the	school	president,	attend	
these	early	events.	Faculty	members	were	encouraged	to	seek	partners	with	differing	expertise	for	consultation,	coteaching,	or	
course	design.	And	individuals	seeking	to	influence	the	culture	of	their	department	and	thereby	address	the	challenge	of	
resistant	faculty	colleagues	were	advised	to	draw	on	resources	that	others	have	already	created	and	to	seek	out	mentoring	and	
support	from	experts	at	other	institutions.		

While	engaging	other	faculty	and	a	larger	group	of	constituencies	may	help	to	provide	support	and	expertise	to	educators	who	
feel	underprepared,	it	may	not	entirely	address	topical	and	pedagogical	challenges.	For	these,	suggestions	focused	on	
consensus	building	through	conversations,	workshops,	and	regular	meetings.	One	respondent	reported	that	a	semiregular	
faculty	ethics	happy	hour	was	very	helpful	in	allowing	faculty	to	connect	and	work	out	methods	for	bringing	ethics	topics	into	
the	classroom.		

Follow‐on	Workshop	

An	NAE	workshop	in	the	second	half	of	2016	will	invite	engineering	and	ethics	educators	to	address	obstacles,	identify	
solutions,	and	develop	institutional	plans	for	effectively	incorporating	ethics	in	engineering	education,	culture,	and	curriculum.	
Funded	by	the	National	Science	Foundation,	the	workshop	will	provide	information,	guidance,	and	opportunities	for	facilitated	
discussion.	Details	on	applying	to	attend	the	workshop	will	be	available	in	late	spring	2016	at	the	Center	for	Engineering	
Ethics	and	Society	web	page	(www.nae.edu/Activities/Projects/CEES.aspx).	Video	and	a	published	summary	of	the	workshop	
will	be	made	publicly	available.	

	 	

																																																																		
5	Walczak,	K.,	Finelli,	C.,	Holsapple,	M.,	Sutkus,	J.,	Harding,	T.,	&	Carpenter,	D.	(2010).	Institutional	Obstacles	to	Integrating	
Ethics	into	the	Curriculum	and	Strategies	for	Overcoming	Them.	In	ASEE	Annual	Conference	and	Exposition,	Conference	
Proceedings;	Sunderland,	M.	E.	(2013).	Using	Student	Engagement	to	Relocate	Ethics	to	the	Core	of	the	Engineering	
Curriculum.	Science	and	Engineering	Ethics,	1–18;	Newberry,	B.	(2004).	The	dilemma	of	ethics	in	engineering	education.	
Science	and	Engineering	Ethics,	10(2),	343–351.	
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4	

when	 part	 of	 a	 team	 faced	 with	 an	 ethical	 dilemma,	 and	
generally	 conduct	 themselves	 as	 a	 professional	 with	 high	
standards.	

Assessment	 information:	 Formal	 and	 informal	 feedback	
from	students	has	clearly	indicated	how	much	students	have	
valued	 CE	 703	 Responsibility	 of	 Engineering:	 Codes	 &	
Professionalism.	 The	 following	 feedback	 has	 been	
documented	 in	 assessments:	 “Great	 teacher,	 great	 course.” 
“The	 instructor	 for	 this	 course	 is	 excellent.	 The	 primary	
purpose	 for	 taking	 this	 course	 was	 twofold;	 I	 had	 this	
instructor	in	a	previous	leadership	and	diversity	class,	which	
I	 found	 to	 be	 an	 excellent	 leadership	 experience,	 and	
secondly	 I	 wanted	 to	 learn	 more	 about	 improving	 my	
awareness	 of	 ethics	 and	 leadership	 skills.	 This	 course	 was	
one	 of	 the	 best	 learning	 experiences	 that	 I	 have	 had	 since	
returning	 to	 college	 to	 obtain	 my	 graduate	 degree.	 I	 wish	
that	 I	 had	 been	 taught	 this	 subject	 material	 years	 ago—it	
would	 have	 made	 my	 transition	 to	 management	 a	 lot	
smoother.” “The	class	was	really	useful	for	me,	it	is	a	subject	
that	engineers	do	not	pay	any	attention	to.	Everyone	thinks	
that	 the	 classes	 that	matter	 are	 the	 ones	 that	 are	 heavy	on	
the	mathematical	side	and	all,	but	we	need	more	classes	like	
this	 one	 so	 we	 can	 become	 a	 better	 engineer	 and	 a	 better	
person.”	

Some	 informal	 (email	 or	 verbal	 communication)	 feedback	
has	 been:	 “This	 is	 the	 most	 important	 course	 I	 have	 ever	
taken.”	 “Every	 engineering	 student	 should	 be	 required	 to	

take	 this	 engineering	 ethics	 course.”	 “This	 course	 has	
changed	my	 life,	 I	 am	much	 better	 prepared	 to	make	 solid	
ethical	 decisions	 when	 faced	 with	 dilemmas.”	 “After	
completing	this	course	I’m	much	better	prepared	to	mentor	
the	 engineers	 that	 report	 to	 me.”	 The	 IDEA	 Center	 course	
evaluation	process	was	used	 to	 formally	 assess	 this	 course.	
Four	 sections	when	 the	 full	 IDEA	diagnostic	 form	was	used	
are	 reported	 here	 (2012–2015).	 The	 IDEA	 Short	 Form	was	
also	 periodically	 used,	 so	 the	 assessment	 results	 were	 not	
combined	 between	 the	 two	 different	 assessment	 methods.	
Students	 were	 asked	 to	 rate	 the	 question	 of	 “excellent	
course”	on	a	scale	of	1	 to	5;	a	 rating	of	4	or	5	 indicates	 the	
students	 rated	 the	 course	 as	 excellent.	 The	 average	 rating	
over	 the	 last	 four	 years	 was	 4.2.	 Progress	 on	 the	 essential	
learning	objective	of	“developing	a	clearer	understanding	of,	
and	 commitment	 to,	 personal	 values”	 was	 also	 assessed;	
students	on	average	rated	their	progress	on	this	objective	as	
substantial	or	exceptional.	This	high	level	of	progress	ranked	
the	course	on	this	specific	learning	objective	nationally	in	the	
top	10%	of	all	engineering	courses	that	used	the	IDEA	Center	
assessment	 tools	 (a	 converted	 average	 score	 of	 65;	 a	 score	
higher	 than	 62	 places	 the	 result	 in	 the	 highest	 comparison	
category).	I	have	taught	university	courses	for	21	years.	I	am	
not	aware	of	a	single	other	engineering	ethics	3‐hour	course	
taught	online	at	 the	graduate	 level	 for	practicing	engineers.	
The	continual,	positive	feedback	I	get	from	current	and	past	
CE	 703	 students	 communicates	 the	 important	 knowledge	
that	students	receive	from	taking	the	course.	

	

	

	

Infusing Ethics into the Development of Engineers: Exemplary Education Activities and Programs

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21889


Usin
Ethi

Insti

Facu

Exem

	

Why	
teach
pract
how	
is	unc
often
reaso
requi
ethic
resea
Based
this	 a
natur
ethic
pract
teach
cours

Prog
gradu
stude
been	
locall
comp
teach
They
turn	
their	
teach
cours
gradu
stude
speci

• T
a
p

• T
m
p
g

• T
e
d
c
r

Durin
small
the	 e
conce
resol

ng	Student‐
ics	

tution:	Unive

ulty/contribu

mplary	featur

it’s	 exempla
h	 professional
tice,”	but	ther
professionals	
clear	what	typ
n	 difficult	 to	 a
oning	with	 ca
ires	 graduate
s	course	to	au
arch,	and	anal
d	 on	 solid	 re
activity	 is	 exe
re	 of	 ethics	 a
s	 issue.	 This	
tical	 ethics	 is
hing	 cases.	 Th
se	concludes.	

gram	 descrip
uate	and	unde
ents	 and	 sele
taught	for	19
ly	 as	 assista
panies,	 have	 t
h	 their	 case	 st
y	serve	as	“rol
deepen	their	
daily	work.	T
h	an	undergra
se.	 The	 educ
uate	 bioengin
ents’	 traditio
ific	ways:		

To	 teach	 the
articulate,	and
practical,	profe
To	 enable	 stu
medicine	 eac
professional	p
general	societa
To	 provide	 a
ethics	 can	 be
discussion	of	r
can	 observe	
reviewed,	in‐c

ng	the	first	few
l‐group,	 case‐
ethical	 dilemm
epts	 in	 the
utions,	 and	 ju

‐Authored	

ersity	of	Pittsb

tors:	Rosa	Ly

res:	Reproduc

ary:	 The	 use
l	 ethics	 is	 cur
e	is	still	much
learn	ethics	u
pes	of	cases	sh
assess	 what	 s
ses.	 The	 exem
e	 students	 in
uthor	their	ow
lyze	it	using	m
search	 from	
emplary	 as	 it
and	 teaches	 s
skill	 is	 neede
sues	 which	 a
hese	 skills	 h

ption:	 The	 pa
ergraduate	stu
ct	 bioenginee
	years.	Forme
ant	 professor
the	 opportun
tudy	and	 to	 r
e	models”	for
appreciation	o
Two	former	stu
aduate	ethics	c
cational	 goals
neering	 ethics	
onal	 bioengin

e	 conceptual	
d	 resolve	ethic
essional	work
udents	 to	 rec
ch	 have	 un
practice,	but	e
al	values	in	wh
a	 learning	 en
est	 be	 under
relevant	ethics
professional	
lass	group	pro

w	weeks	of	th
‐based	 discus
ma(s)	 and	 the
ir	 assigned	
ustify	 a	 resolu

Case	Studie

burgh	

nn	Pinkus	

cible	approach

e	 of	 case‐base
rrently	 recogn
h	to	be	under
using	case‐bas
hould	be	used
students	 actua
mplar	 activity	
n	 a	 14‐week	
wn	case	study
methods	taugh
two	 consecut
t	 recognizes	 t
students	 how
ed	 to	 grapple
are	 not	 neatly
ave	 an	 “after

rticipants	 in	
udents	as	well
ering	 faculty.	
er	students	wh
rs,	 or	 employ
ity	 to	 return	
eflect	on	 “eth
r	the	younger	
of	the	importa
udents,	now	fa
course	and	a	p
s	 of	 the	 14‐
are	designed

neering	 educ

tools	 neede
cal	dilemmas	
k	that	they	tak
ognize	 that	 e
nique	 deman
each	practice	a
hich	the	pract
nvironment	 w
rstood.	 This	
s	cases,	field	t
ethics	 in	 act
ojects.		

he	course,	stu
ssion.	 They	 le
e	 morally	 rel
case,	 discu

ution.	 Assigne

es	to	Teach

h;	teaches	how

ed	 reasoning	
nized	 as	 a	 “be
stood	regardi
sed	reasoning
	in	teaching	a
ally	 learn	 wh
described	he
bioengineeri

y,	based	on	the
ht	in	the	cour
tive	 NSF	 gran
the	 “ill‐define
w	 to	 “frame”
e	 with	 everyd
y	 packaged	 in
rlife”	 when	 t

the	 activity	 a
	as	postdoctor
The	 course	 h
ho	are	employ
yees	 of	 devi
to	 the	 class	

hics	 in	practic
students	and	
ance	of	ethics
aculty,	current
professional	M
‐week	 requir
d	 to	 suppleme
ation	 in	 thr

ed	 to	 identi
inherent	 in	 t

ke	part	in	daily
engineering	 a
nds	 related	
also	reflects	 t
tice	occurs.		
where	 practic
includes	 gro
trips	so	studen
tion,	 and	 pee

dents	engage	
earn	 to	 ident
evant	 facts	 a
ss	 alternativ
ed	 readings	 a

5	

h	Bioengine

w	to	frame	an	e

to	
est	
ing	
.	It	
nd	
hen	
ere	
ng	
eir	
se.	
nts,	
ed”	
an	
day	
nto	
the	

are	
ral	
has	
yed	
ice	
to	
e.”	
in	
in	
tly	
MS	
red	
ent	
ree	

ify,	
the	
y.		
nd	
to	
the	

cal	
up	
nts	
er‐

in	
tify	
nd	
ves	
nd	

class	 d
Key	 c
“perso
theorie
commo
class.	S
cases	 c
employ
to	a	va
are	 u
bioeng
tailore
formal
from	 p
their	 c
multip
range	o
(Issues
FDA	 G
final	w
studen
and	an
area	 a
work	 i
ways	t
case	re
knowle
The	 ca
studen
market
dilemm
based	
mentor
confide
moral	
of	this	
of	appl
the	 cla
specify
so	 as	 t
lens.	 T
the	opp
their	w
sugges
during
constru
there	 i
study.	
Writing
(https:

eering	

ethics	issue;	in

discussions	 be
concepts	 suc
nal	 ethics,” 
es	 are	 defined
on	 language	
Students,	enga
can	 be	 resolv
ys	 small‐grou
ariety	of	meth
used	 as	 st
gineering	case
d	 to	 their	 pr
l	 practice	 in	
previous	 year
case	 studies.	
le	knowledge
of	ethical	dile
s	covered	typi
Guidelines	 for	
weeks	of	the	cl
nt‐authored	ca
nalyzing	a	 cas
nd	 presenting
in	 teams	of	 tw
to	combine	th
epresents	a	bl
edge,	and	abil
ase	 may	 be	
nt	 is	working	
t,	 s/he	 can	
mas	 that	 migh
on	 an	 actual
r	or	a	problem
entiality	 is	 pr
problem‐solv
assignment	is
lying	one	or	m
ass	 to	 their	 o
y	facts	and	con
to	 view	 their
The	 in‐class	 ca
portunity	to	e
work,	encoura
st	resolutions	
g	the	presenta
uctive	 comme
is	an	objective
Christopher	
g	 and	
//sites.google

nvolvement	o

egin	 to	 introd
ch	 as	 “ethic
“role	 moralit
d.	 This	 “steep
for	 students	
aged	 in	discus
ved!	 The	 next	
up	discussion	
hods	of	moral
tudents	 dis
es	and	classic	p
ofessional	 do
using	 various
rs	 coteach	 du
Students	 in	 t
e	domains	 in	b
emmas	and	m
ically	match	t
Responsible	
lass	are	devot
ases.	The	caps
se	 study	based
g	 it	 in	 class.	
wo	 to	 four.	Th
heir	knowledg
lend	of	real‐lif
lity	 to	use	a	m
written	 usin
on	 a	 device	 t
“fast‐forward
ht	 occur	 after
l	 dilemma,	 su
m	in	the	lab,	th
reserved.	 Ana
ving	methods	
s	to	provide	st
more	methods
own	 work.	 It
ncepts	of	the	c
r	 research	 thr
ase	 presentat
engage	fellow
age	them	to	id
to	the	case.	A	
ation	to	provid
ents	 and	 to	 im
e	way	to	eval
Schunn’s	 SW
Rewriting	

e.com/site/sw

f	class	alumni

duce	 paradigm
cs,”	 “profess
ty,”  ethical	 p
p	 start‐up	 tim
and	 sets	 the
ssion,	begin	t
portion	 of	 th
while	 introdu
l	 reasoning.	T
cuss	 comple
paradigm	case
omains.	 This	 b
s	 methods.	 S
uring	 this	 tim
the	 class	 are	
bioengineerin
methods	of	mo
those	identifie
Conduct	 of	 R
ted	to	present
stone	assignm
d	on	 the	 stud
Students	 are
hey	are	 coach
ge	domains,	so
fe	experience
method	of	mo
ng	 moral	 ima
that	 is	 years	
d”	 it	 and	 for
r	 it	 is	 in	 use.	
uch	 as	 an	 iss
he	facts	are	ch
alysis	 of	 the	 c
discussed	in	c
tudents	with	t
s	of	moral	ana
t	 also	 encour
case	and	fram
rough	 a	 profe
tion	 provides	
w	students	in	a
entify	the	eth
peer‐review	s
de	each	stude
mpress	 upon	
uate	student‐
WoRD	 progra

in	 the	
wordlrdc/dire

i	

m	 case	 studies
ional	 ethics,
principles,	 and
me”	 provides	
e	 tone	 for	 th
to	ask	how	th
he	 course	 also
ucing	 student
These	method
ex,	 technica
es	in	bioethics
begins	 a	 mor
elect	 student
e	 and	 presen
introduced	 to
ng	as	well	 as	
oral	 reasoning
ed	in	the	2009
Research.)	 Th
tations	of	thei
ment	 is	writin
dent’s	 research
e	 instructed	 to
hed	on	variou
o	that	the	fina
s,	professiona
oral	 reasoning
agination.	 If	
from	 going	 to
resee	 possibl
If	 the	 case	 i
ue	 with	 one’
hanged	so	tha
case	 must	 us
class.	The	goa
the	experienc
alysis	taught	in
rages	 them	 to
me	the	dilemm
essional	 ethic
students	with
a	discussion	o
hics	issues,	and
system	is	used
nt/group	with
students	 tha
‐authored	cas
am,	 Scaffolded

Disciplin
ctory,	

s.	
” 
d	
a	
e	
e	
o	
s	
s	
al	
s,	
e	
s	
nt	
o	
a	
g.	
9	
e	
r	
g	
h	
o	
s	
al	
al	
g.	
a	
o	
e	
s	
s	
at	
e	
al	
e	
n	
o	
a	
s	
h	
of	
d	
d	
h	
at	
e	
d	
e	

Infusing Ethics into the Development of Engineers: Exemplary Education Activities and Programs

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21889


6	

accessed	 January	 29,	 2015),	 a	 web‐based	 instructional	
system	 that	 supports	 reciprocal	 student	 authoring	 and	
student	peer	review,	has	been	adapted	to	the	task	of	writing,	
reviewing,	 and	 rewriting	 ethics	 problem	 analyses.	 The	
adaptation	 provides	 peer	 reviewers	 with	 written	 guidance	
for	reviewing	a	peer’s	problem	analysis,	focusing	on	the	use	
of	 five	 measures	 of	 moral	 reasoning,	 discussed	 in	 the	
assessment	section	of	this	submission.	In	addition	to	in‐class	
instruction,	 students	 are	 required	 to	 attend	 two	 “out‐of‐
class”	 assignments.	 This	 may	 include	 observing	 at	 the	
University	of	Pittsburgh	Medical	Center’s	(UPMC’s)	or	UPMC	
Children’s	 Hospital	 Ethics	 Committee	 Meeting;	 attending	
University	 of	 Pittsburgh’s	 Center	 for	 Bioethics	 and	 Health	
Law’s	Bioethics	Grand	Rounds;	or	taking	advantage	of	other	
offerings	 in	 the	 ethics	 programs	 at	 the	 University	 of	
Pittsburgh	 or	 Carnegie	 Mellon	 University.	 An	 option	 also	
exists	 for	 students	 to	 attend	 a	 US	 Food	 and	 Drug	
Administration	(FDA)	Panel	Meeting	in	Washington,	DC	and	
observe,	 firsthand,	 the	 process	 by	 which	 a	 device	 is	
evaluated	for	market	approval.	The	activity	is	funded	by	the	
Bioengineering	Department	 at	 the	 University	 of	 Pittsburgh.	
Logistics	are	coordinated	by	the	students	and	the	TA	of	 the	
class.	 Former	 Pitt	 students	 who	 work	 at	 the	 FDA	 host	
students	 and	 informally	 discuss	 workings	 of	 the	 FDA	 and	
answer	questions	about	the	panel	meeting	proceedings.	The	
activities	 described	 above	 contribute	 to	 the	 creation	 of	 a	
“moral	community”	in	the	class,	where	difficult	issues	can	be	
discussed	 openly.	 This	 explicit	 and	 tacit	 overall	 goal	 of	 the	
class	is	perhaps	the	most	important	aspect	of	this	exemplary	
activity.	

Assessment	 information:	A	 student’s	 final	 grade	 is	 based	
on		

• Attending	and	participating	in	class	(15%).	
• Completing	 one	 critique/analysis	 of	 an	 out‐of‐class	

activity	 (10%).	 Students	 are	 instructed	 to	 observe	 the	
activity	 and	 note	 what	 the	 ethics	 issues	 were,	 if	 they	
were	resolved,	and	how.	

• Analyzing	 at	 midterm	 one	 complex	 technical	 case	
(10%)—the	 Teletronics	 Pacemaker	 Case	 Study	 (Pinkus	
and	 Bates,	 unpublished	 casebook,	 University	 of	
Pittsburgh,	2005).	

• For	 the	 capstone	 assignment,	 writing	 and	 analyzing	 a	
case	 study	based	on	 the	 student’s	 research	 area	 (40%)	
and	presenting	the	case	in	class	(25%).		

An	 innovative	 assessment	 grid	 that	 includes	 5	 higher	
methods	of	moral	reasoning	 is	used	to	grade	student’s	 final	
papers:	 (1)	 Employs	 professional/technical	 knowledge	 to	
frame	 the	 issue.	 (2)	 Views	 the	 problem	 from	 multiple	
perspectives.	 (3)	 Flexibly	 moves	 among	 multiple	
perspectives.	 (4)	 Identifies	 analogous	 cases	 and	 articulates	
ways	 the	cases	were	analogous.	And	(5)	Employs	a	method	
of	 moral	 reasoning	 in	 conducting	 the	 analysis.	 Developed	
during	work	on	 the	NSF	grant	 referred	 to	earlier,	 these	are	
not	 stand‐alone	 criteria.	 Taken	 together,	 they	 allow	 for	
various	ways	 that	 students	will	 frame,	 analyze,	 and	 resolve	
an	 ethics	 dilemma.	 These	 are	 also	 the	 criteria	 that	 are	
included	in	the	students’	peer	review	forms,	so	students	are	
aware	 of	 how	 they	 are	 graded.	 The	 fifth	 criterion	 has	 been	
objectified	to	score	whether	or	not	a	student	labels,	defines,	
and	applies	 a	 concept	used	 in	 the	 course.	The	 concepts	 are	
specific	 (e.g.,	 “risk	 assessment,”	 “cost‐benefit	 analysis”)	 and	
general	 (e.g.,	 “case‐based	 reasoning,”  “utilitarianism”).	 An	
ethics	 concept	 is	 said	 to	 be	 “labeled”	 if	 the	 term	 for	 the	
concept	is	present;	“defined”	if	a	dictionary‐like	definition	of	
the	 concept	 is	 present;	 and	 “applied”	 if	 the	 concept	 is	
brought	 to	 bear	 appropriately	 using	 facts	 of	 the	 particular	
case.	Each	of	these	could	be	done	correctly	or	incorrectly.	All	
concepts	 used	 in	 the	 course	 are	 listed	 on	 the	 grid	 and	 a	
grader	 can	 review	 the	 paper	 and	 note	 which	 individual	
concepts	students	use.	This	attends	to	the	ill‐defined	nature	
of	 applied	 ethics	 and	 allows	 for	 assessment	 of	 individual	
framing	 of	 student‐authored	 cases.	 Beyond	 the	 formal	
grading	 is	 the	 “deliverable”  of	 the	 final	 student‐authored	
cases.	 In	 addition	 to	 being	 taught	 in	 the	 graduate	 course	
described	here,	 these	have	been	used	 in	 the	undergraduate	
ethics	courses,	the	professional	MS	course,	and	the	MD/PhD	
4‐week	ethics	workshop	at	the	University	of	Pittsburgh.	They	
are	 uniquely	 creative	 and	 speak	 to	 frontline	 issues	 that	
graduate	students	face.	The	fact	that	the	students	generously	
donate	 their	 time	 to	 teach	 in	 the	 ethics	 courses	 at	 the	
university,	with	 their	 case	 as	 the	 focus	 of	 the	 presentation,	
attests	 to	 the	 fact	 they	 value	 the	 activity	 and	 reflect	 on	 the	
content.	 The	 fact	 that	 two	 graduates	 of	 the	 bioengineering	
program,	 one	 an	 assistant	 professor	 and	 another	 an	
employee	 of	 a	 device	 testing	 company,	 now	 teach	 ethics	
courses	in	the	department	also	speaks	to	the	impact	of	both	
the	course	and	the	student‐authored	case	exercise.	

	
	

Additional	resources:	

Goldin	IM,	Ashley	KD,	Pinkus	RL.	2006.	Teaching	case	analysis	through	framing:	Prospects	for	an	ITS	in	an	ill‐defined	domain.	
In:	Workshop	on	Intelligent	Tutoring	Systems	for	Ill‐Defined	Domains,	8th	International	Conference	on	Intelligent	Tutoring	
Systems.	Jhongli,	Taiwan.	www.cs.cmu.edu/~hypoform/its‐workshop/papers/ITS06_illdefinedworkshop_GoldinEtAl.pdf	

Goldin	I,	Pinkus	RL,	Ashley	KD.	2015.	Validity	and	reliability	of	an	instrument	for	assessing	case	analysis	in	bioengineering	
ethics	education.	Science	and	Engineering	Ethics.	doi:	10.1007/s11948‐0159644‐2;	
http://link.springer.com/article/10.1007/s11948‐015‐9644‐2	

Pinkus	RL,	Gloeckner	C,	Fortunato	A.	2015.	The	role	of	professional	knowledge	in	case‐based	reasoning.	Science	and	
Engineering	Ethics.	doi:	10.1007/s11948‐015‐9645‐1;	http://link.springer.com/article/10.1007/s11948‐015‐9645‐1
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are	advised	to	ask	all	questions	necessary	to	see	the	subject	
in	 question	 from	 their	 interviewee’s	 perspective.	 They	 are	
reminded	that	their	task	is	to	understand,	not	necessarily	to	
agree.	Written	 reports	 provide	 reflection	 on	what	 students	
learned	and	how	they	performed	as	interviewers.	The	latter	
assessment	includes	interviewee	feedback	as	well.		

(2c)	 In‐depth	 listening	 in	engineering	and	science:	Students	
conduct	 a	 sustained	 investigation	 into	 an	 unfolding	
engineering	 controversy,	 which	 culminates	 in	 one	 in‐depth	
ethnographic	 interview	 of	 an	 affected	 stakeholder	 (e.g.,	
parent,	 grassroots	 community	 organization	 representative,	
scientist	 advocate)	 whose	 voice	 is	 underrepresented	 or	
misrepresented	in	official	depictions	of	the	case.		

Final	 reports	consist	of	a	detailed	description	of	 the	case;	a	
discussion	 of	 key	 moral	 transgressions	 as	 identified	 by	
interviewees;	 “lessons	 learned”	 that	 changed	 students’	
original	understanding	of	the	case;	reflections	on	the	conduct	
of	engineers/scientists	 in	 the	case;	and	 thoughts	on	actions	
the	 students	 themselves	 would	 want	 to	 have	 taken	 if	 they	
were	involved.	Usually	each	student	selects	a	topic.	In	2012,	
however,	 we	 partnered	 with	 the	 grassroots	 environmental	
health	 and	 justice	 organization	 Clean	 Air	 Coalition	 of	
Western	New	York	(CACWNY),	which	at	 the	time	was	a	key	
stakeholder	 in	 an	 unfolding	 engineering	 controversy	
(syllabus	 and	 paper	 link	 provided	 below).	 Students	
collectively	conducted	extensive	background	research	on	the	
case	and	were	paired	up	individually	with	local	stakeholders	
for	ethnographic	interviews.	This	was	an	especially	powerful	
experience	for	many	because	it	amplified	their	research	and	
personal	connection	to	the	case	(student	blog	 link	provided	
below).	Two	students	subsequently	joined	Lambrinidou	on	a	
field	 trip	 to	 CACWNY.	 The	 experience	 reinforced	 takeaway	
messages	 from	the	class,	which	they	highlighted	 in	a	talk	to	
CEE	5804	the	following	fall	(video	excerpt	link	provided).	We	
consider	 our	 partnership	 with	 CACWNY	 a	 model	 and	
readopted	 it	 in	 fall	 2015	 with	 a	 community	 in	 Flint,	 MI;	 a	
colleague	will	adopt	 it	 in	2016	with	a	community	 in	Seattle	
for	a	new	engineering	ethics	undergraduate	 class	at	 Seattle	
University.	

Assessment	information:	Our	ultimate	goal	is	to	facilitate	a	
change	 in	 how	 students	 see	 themselves	 and	 their	
professional	 responsibility	 in	 relation	 to	 the	 safety,	 health,	
and	welfare	 of	 the	public.	Although	we	 lack	 long‐term	data	
on	 whether	 our	 activity	 (and	 course	 more	 broadly)	 is	
meeting	this	goal,	we	have	some	evidence	that,	at	least	in	the	
short‐term,	 it	 helps	 shift	 students’	 thinking	 in	 fundamental	
ways.	We	draw	on	two	assessment	questionnaires.	The	first,	
administered	at	the	end	of	fall	2012,	solicited	student	views	
about	 the	 main	 components	 of	 the	 course	 (e.g.,	 lectures,	
readings).	 Student	 comments	 on	 the	 L2L	 unit	 revealed	 the	

following	emerging	themes:	(a)	12	of	15	students	noted	that	
their	 exposure	 to	 real‐world	 unfolding	 cases	 and	 the	
perspectives	 of	 marginalized	 stakeholders	 rendered	
engineering	 ethics	 “real,”	 “meaningful,”	 and	 “personal”	
because	it	gave	“a	face”	to	the	ideas,	concepts,	and	principles	
taught	 in	 class,	 making	 them	 more	 understandable	 and	
memorable,	and	inspiring	self‐reflection;	(b)	9	of	15	students	
noted	 that	 their	 newly	 acquired	 ability	 to	 investigate	 a	
controversy	 ethnographically	 empowered	 them	 to	 uncover	
important	 dimensions	 of	 the	 case	 that	 were	 absent	 from	
official	 reports,	 and	 “brought	 the	 case	 home”	 on	 a	 deeper	
level	than	a	literature	review	alone	would	have	allowed.	The	
second	questionnaire,	administered	in	fall	2013,	was	used	to	
compare	 students’	 pre‐	 and	postinstruction	understandings	
about	 key	 ideas,	 concepts,	 and	 principles	 introduced	 in	 the	
course.	A	 qualitative	 analysis	 of	 responses	 revealed	 several	
shifts,	 three	 of	 which	 pertained	 directly	 to	
engineers’/scientists’	 relationship	 with	 “the	 public”:	 (a)	 At	
the	 beginning,	 students	 associated	 engineering/science	
ethics	 with	 abstract	 rules.	 At	 the	 end,	 their	 understanding	
revealed	a	shift	to	how	engineers/scientists	operate	in	real‐
world	 contexts	 and,	 more	 specifically,	 to	 their	 relationship	
with	 the	 diverse	 publics	 affected	 by	 their	 work.	 (b)	 At	 the	
beginning,	 students	 characterized	 “the	 public”	 as	 different	
and	 separate	 from	 engineers/scientists	 (e.g.,	 general	
population,	 “herds	 of	 sheep,”	 organizations/companies).	 At	
the	 end,	 numerous	 students	 described	 it	 in	 relation	 to	
engineers/scientists,	 focusing	 on	 the	 power	 differential	
between	 the	 two	 (i.e.,	 the	 public	 being	 affected	 by	
engineers/scientists	 but	 having	 limited	 control	 over	 their	
work).	 (c)	 At	 the	 beginning,	 students	 tended	 to	 view	
engineers’/scientists’	 interactions	 with	 the	 public	 as	 risky	
because	 they	 felt	 that	 individuals	who	 lack	 proper	 training	
can	misunderstand	or	misinterpret	technical	information.	At	
the	 end,	 students	 added	 to	 these	 risks	 that	 the	 information	
communicated	by	 engineers/scientists	 can	 sometimes	 itself	
be	inaccurate,	incomplete,	or	even	deceptive.	Some	students	
also	asserted	that	engineers/scientists	should	not	hesitate	to	
communicate	 technical	 information	 to	 nonexperts	 because	
the	 public	 has	 a	 “right	 to	 know”	 and,	 when	 treated	 with	
respect,	 can	 be	 a	 “powerful	 ally.”	 These	 responses	 suggest	
that	 the	ethnographic	 component	of	our	class	helps	expand	
how	 students	 see	 engineering/science	 ethics	 and	 inspires	
them	to	 reimagine	 (a)	who	 “the	public”	 is,	 (b)	who	 they,	 as	
engineers/scientists,	 are,	 (c)	 what	 the	 power	 differential	
between	experts	and	nonexperts	might	be,	and	(d)	how	they	
can	 relate	 to	 the	 publics	 they	 might	 one	 day	 affect	 in	
collaborative	 and	 empowering,	 rather	 than	 paternalistic	 or	
exploitative,	ways.	

	

	
Additional	resources:	

L2L	assignment:	https://www.filesanywhere.com/fs/v.aspx?v=8b6f6a895c6072aca8	
2012	Syllabus:	https://www.filesanywhere.com/fs/v.aspx?v=8b6f6a8b595e6fab72a2	
ASEE	paper	2014:	www.asee.org/public/conferences/32/papers/10155/view	
2012	student	blogs:	https://blogs.lt.vt.edu/vt5804ethicsandpublic2012/	
Video	excerpt	of	student	presentation:	https://vimeo.com/138734465
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professional	 and	 ethical	 responsibility;	 and	 the	 broad	
education	necessary	to	understand	the	impact	of	engineering	
solutions	 in	 a	 global,	 economic,	 environmental	 and	 societal	
context.	 This	 education	 includes	 the	 ability	 to	 conduct	
research:	to	find	and	evaluate	a	variety	of	sources	in	order	to	
help	make	important	decisions.	The	method	of	the	course	is	
to	 assign	 roles	 based	 on	 real	 19th‐century	 people	 and	
activities	and	objectives	for	each	role.	Students	must	conduct	
research,	 find	 potential	 allies,	 identify	 foils,	 and	 negotiate	
tradeoffs	 in	 order	 to	 realize	 their	 goals	 and	 objectives.	 In	
many	 cases	 they	 have	 a	 specific	 objective	 but	 their	
characters	are	 indeterminate	on	some	ethical	 issue,	 so	 they	
must	think	through	their	positions	and	later	reflect	on	their	
ethical	 choices.	 Activities	 include	 combinations	 of	 research,	
hands‐on	 experiments,	 and	 scientific	 and	moral	 arguments	
using	 both	 quantitative	 and	 qualitative	 data.	 For	 instance,	
after	 examining	 19th‐century	 water	 quality	 sets	 and	
mapping	them	against	city	maps	that	reveal	economic	status,	
players	 deliver	 arguments	 (informed	 by	 data	 as	 well	 as	
economic,	environmental,	and	moral	values)	about	policy.		

In	 the	 last	 half	 of	 the	 semester	 students	 work	 in	 teams	 to	
identify	 and	 design	 engineering	 solutions	 to	 water	 and	
sanitation	problems	in	the	developing	world.	Here	they	must	
once	 again	 consider	 the	 tradeoffs	 between	 economic	
strength,	social	well‐being,	and	environmental	sustainability.	
A	 team	 of	 faculty	 advisors	 including	 engineers	 and	
nonengineers	 works	 with	 these	 students	 as	 they	 learn	 to	
define	 a	 problem	 and	 propose	 a	 solution.	 For	 instance,	 a	
team	of	students	might	design	a	sanitation	station	(laundry,	
toilets)	 for	 a	 Namibian	 village	 that	 combines	 engineering	
technology	for	sanitary	conditions	with	sensitivity	to	cultural	
practices,	so	that	the	women	of	the	village	are	most	likely	to	
value	and	use	the	station.	

Assessment	 information:	 To	 understand	 their	 roles	 and	
meet	 their	 objectives,	 students	 playing	 the	 game	 identify	
primary	 and	 secondary	 sources	 that	 were	 available	 in	 the	
1890s	and	provide	a	list	of	the	sources	consulted.	To	assess	
their	 information	 literacy,	 we	 review	 these	 sources	 and	
analyze	 them	 for	 quality	 and	 variety	 based	 on	 assessment	
methods	 reported	 in	 a	 number	 of	 studies	 completed	 in	
recent	years	focusing	on	ways	to	assess	information	literacy	
skills	 outcomes	 of	 undergraduates	 (see	 Boudreau	 and	
Hanlan	 2014).	 Interdisciplinary	 teams	 of	 faculty	 review	
student	 posters	 for	 engineering	 content.	 Here,	 students	

present	 their	 final	 projects	 and	 are	 evaluated	 according	 to	
the	 extent	 to	 which	 they	 have	 identified	 an	 answerable	
question	 and	 evaluated	 and	 selected	 a	 suitable	 solution	
through	 the	 application	 of	 multiple	 perspectives	 and	
disciplines.	Communication	is	evaluated	by	reviewing	essays,	
visual	 displays	 (posters,	 slideshows,	 graphics),	 and	
presentations	 for	 clarity,	 effectiveness,	 and	 sound	 use	 of	
evidence	 to	 support	 conclusions.	 Qualitative	 assessment	 of	
information	literacy,	ethical	reasoning,	and	creative	thinking	
is	done	by	assigning	and	 reviewing	 reflective	essays,	which	
provide	 insights	 into	 how	 students	 use	 and	 interpret	 these	
sources.	 This	 assessment	 was	 inspired	 by	 the	 work	 of	
researchers	 investigating	 professional	 competencies	 in	
engineering	 education	 through	 assessment	 of	 student	
portfolios	 and	 reflective	writing	 (see	Boudreau	 and	Hanlan	
2014).	 At	 the	 end	 of	 the	 role‐playing	 activity,	 students	
submit	 an	 essay	describing	 the	 interplay	between	 technical	
and	 nontechnical	 concerns	 and	 reflecting	 on	 their	 ethical	
choices.	At	the	end	of	the	second	term,	after	completing	the	
team	project,	students	again	reflect	on	how	their	awareness	
of	 different	 experiences	 of	 the	 problem	 guided	 their	
problem‐solving	 process.	 While	 we	 have	 not	 yet	 assigned	
these	reflective	essays	 to	game	players,	we	did	assign	 them	
to	 the	 game	 developers	 (also	 students)	 who	 were	
responsible	 for	 creating	 authentic	 historical	 roles	 with	
complex	ethical	content.	Here	are	the	words	of	one	of	these	
students:	“I	needed	to	know	more	than	the	basic	facts	of	my	
characters’	 identities.	 I	 was	 looking	 to	 learn	 about	 their	
ethics,	their	morals,	and	their	intrinsic	motivation,	especially	
in	 relation	 to	 the	 pollution	 caused	 by	 the	 sewage	 in	 the	
Blackstone	River.	 I	 found	myself	asking	questions	about	my	
characters	 that	 were	 sometimes	 difficult	 to	 answer.	 Who	
were	 they	 mentally	 and	 emotionally?	 What	 was	 their	
attitude	about	 their	community?	What	did	they	want	 to	see	
happen	in	order	to	fix	the	sewage	problem?	What	didn’t	they	
want	 to	 see?”	 In	 a	 pilot	 study	 of	 this	 role‐playing	 game,	
students	were	asked	two	additional	questions	as	part	of	their	
end‐of‐term	course	evaluations:	How	much	have	you	learned	
about	 ethics	 in	 this	 class?	 and	 How	 much	 has	 the	 work	
you’ve	done	in	this	seminar	kindled	your	interest	in	thinking	
about	 the	 ethical	 dimensions	 of	 science,	 engineering,	 or	
business?	The	average	score	on	a	Likert	scale	of	1	(not	very	
much)	to	5	(very	much)	was	4	for	the	first	question	and	4.6	
for	the	second.	

	

Additional	resources:	

Bordoloi	LM,	Winebrake	JJ.	2015.	Bringing	the	liberal	arts	to	engineering	education.	Chronicle	of	Higher	Education,	April	27.	
Available	at	http://chronicle.com/article/Bringing‐the‐Liberal‐Arts‐to/229671/	

Boudreau	K.	2015.	To	see	the	world	anew:	Learning	engineering	through	a	humanistic	lens.	Engineering	Studies	7(2‐3):206–
208.	Available	at	www.tandfonline.com/doi/full/10.1080/19378629.2015.1062506	

Hanlan	LR,	Boudreau	K.	2014.	A	game‐based	approach	to	information	literacy	and	engineering	in	context.	IEEE	Frontiers	in	
Education	Conference,	October	22–25,	Madrid.	Available	at	http://digitalcommons.wpi.edu/gordonlibrary‐pubs/4/	
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introduced	 to	 STS	 theories	 and	 methods	 as	 a	 means	 to	
prepare	them	for	their	STS	research	paper.		

STS	 4600:	 The	 Engineer,	 Ethics,	 and	 Professional	
Responsibility	–	This	course	on	ethical	issues	in	engineering	
challenges	students	to	analyze	ethical	 issues	in	a	systematic	
way.	Much	of	the	course	is	also	devoted	to	completion	of	the	
STS	research	paper	on	an	ethical,	 social,	or	policy	aspect	of	
the	technical	project.		

STS	4500	and	4600	are	taught	in	classes	with	approximately	
30	students.	We	offer	over	20	sections	of	each	course.		

The	 four‐course	curriculum	 is	based	on	 the	premise	 that	 to	
effectively	 teach	 engineering	 ethics,	 students	 must	 be	
exposed	 to	 the	 subject	 matter	 more	 than	 once	 in	 their	
curriculum,	 and	 the	more	 often,	 the	 better.	 Hence,	 the	 first	
course	 introduces	 ethics	 and	 the	 second	 courses	 address	
ethics,	values,	and	decision	making	in	a	more	specific	area	of	
specialization	 (e.g.,	 information	 technology	 or	
nanotechnology).	 The	 two‐semester	 senior‐level	 courses	
allow	 students	 to	 do	 research	 on	 a	 topic	 of	 their	 choice	 as	
long	as	it	addresses	an	ethical,	social,	or	policy	issue	related	
to	a	technical	project	they	are	working	on	with	an	advisor	in	
their	major.	A	second	premise	of	the	UVa	senior	thesis	is	that	
it	 recognizes	 that	 ethical	 issues	 in	 engineering	 practice	 do	
not	arise	abstractly	or	theoretically	or	in	a	vacuum.	They	are	
embedded	in	social	contexts	and,	to	come	to	grips	with	these	
issues	 and	 figure	 out	 whether	 and	 how	 to	 take	 action,	
engineers	need	concepts	and	language	with	which	to	analyze	
social	 context.	 The	 field	 of	 STS	 provides	 concepts	 and	
methods	that	help	to	do	 just	 this.	Students	use	STS	to	think	
about	 the	 social	 and	 technical	 together.	 This	 culminates	 in	
writing	the	STS	research	paper.		

The	 four‐course	 and	 senior	 thesis	 requirements	 fulfill	 at	
least	 three	 of	 ABET’s	 student	 outcomes	 criteria:	 an	
understanding	 of	professional	 and	 ethical	 responsibility,	 an	
ability	 to	 communicate	effectively,	 and	 the	broad	education	
necessary	to	understand	the	impact	of	engineering	solutions	
in	a	global	and	societal	context.	The	courses	also	ensure	that	
students	produce	a	portfolio	of	work	that	can	be	and	is	used	
in	the	ABET	assessment	and	evaluation	process.	

Assessment	 information:	We	know	we	have	 achieved	our	
goals	 when	 we	 see	 our	 students	 writing	 and	 speaking	
competently	 and	 confidently	 about	 the	 social	 and	 ethical	
implications	 of	 technology	 and	 engineering,	 using	 language	
and	 concepts	 from	 the	 social	 sciences	 and	 humanities	 in	
relation	 to	 technologies,	 engineering	 challenges,	 and	

engineering	 endeavors.	 We	 use	 a	 variety	 of	 assessment	
resources.	Because	 the	senior	 thesis	experience	 is	managed	
through	 the	 two	 fourth‐year	 STS	 courses,	 student	
evaluations	of	 these	courses	provide	short‐term,	 immediate	
feedback.	 For	 longer‐term	 feedback,	 we	 pay	 attention	 to	
surveys	 of	 alumni	 undertaken	 by	 SEAS,	 for	 example,	 about	
the	influence	of	curriculum	experiences	on	current	work	life.	
We	rely	most	heavily	on	an	examination	of	the	STS	research	
papers.	Each	year	after	 the	 final	 thesis	portfolios	have	been	
submitted,	faculty	who	have	taught	the	senior	thesis	courses	
engage	in	a	joint	assessment	activity	by	examining	and	rating	
a	 sample	 of	 the	 STS	 research	 papers	 on	 a	 specified	 set	 of	
criteria.	The	criteria	used	for	this	assessment	vary	somewhat	
each	 year,	 but	 they	 are	 targeted	 to	 connect	 to	 the	 ABET	
student	 outcomes	 (mentioned	 above).	 [We	 use	 materials	
from	this	assessment	during	ABET	reviews.]	This	assessment	
process	 reveals	 to	what	 extent	 students	 are	 able	 to	 do	 the	
kind	of	analysis	we	aspire	for	them	to	do.	We	identify	what	is	
lacking	 in	 the	 lower‐quality	papers	and	what	 is	exemplified	
in	 the	 best	 papers	 and	 use	 this	 information	 to	 guide	 our	
teaching.	 In	 addition	 to	 assessment,	 this	 activity	 helps	 the	
faculty	to	develop	shared	standards	for	grading.		

Another	kind	of	feedback	on	how	we	are	doing	occurs	when	
STS	faculty	evaluate	STS	research	papers	for	presentation	at	
an	 annual	 SEAS	 event	 recognizing	 excellence	 in	
undergraduate	 engineering.	 Each	 year	 SEAS	 holds	 an	
Undergraduate	Research	and	Design	Symposium	to	celebrate	
students	who	achieve	excellence	 in	their	 technical	research,	
design,	 and	 STS	 research.	 This	 past	 year	 approximately	 30	
students	were	nominated	by	their	STS	instructors	to	present	
at	 the	symposium,	a	dozen	were	selected,	and	two	received	
special	awards.		

Other	 signs	 that	we	 are	 achieving	 our	 goals	 come	 from	 the	
achievements	 of	 our	 students.	 For	 example,	 this	 past	 year	
three	 students	 were	 invited	 to	 present	 their	 STS	 research	
projects	 at	 the	 Science	 and	 Technology	 Global	 Conference	
hosted	 at	 the	 National	 Academy	 of	 Sciences	 in	 April	 2015.	
The	 conference	 allowed	 the	 students	 to	 interact	 with	
graduate	 students	 and	 faculty	who	 focus	 exclusively	on	 the	
ethical,	social,	and	policy	aspects	of	science	and	technology.	
Faculty	also	work	with	students	who	want	to	have	their	STS	
research	 papers	 published.	 In	 summer	 2015	 a	 student	
published	 his	 paper	 in	 Intersect:	 The	 Stanford	 Journal	 of	
Science,	Technology,	&	Society.	
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the	kinds	of	situations	practicing	engineers	might	face.	In	any	
case,	 stories	 are	 to	 be	 in	 the	 present	 tense	 and	 in	 the	 first	
person,	 and	 they	 should	 be	 open‐ended	 and	 ethically	
complex,	even	messy.	At	the	culmination	of	the	project,	each	
group	presents	the	situation	and	responses	to	the	class	 in	a	
creative	format	(often	a	skit	or	short	video)	and	facilitates	a	
class	 discussion	 of	 the	 ethical	 implications.	 Each	 student	
then	writes	an	“individual	consideration,”	which	begins	with	
the	problem	situation	from	the	student’s	working	group	and	
one	of	the	options	from	the	presentation.	The	student	adds	a	
new	 option	 of	 her	 or	 his	 own	 devising,	 then	 considers	 the	
implications	 of	 each	 option	 following	 the	 outlines	 of	 the	
provided	 scaffolding,	 but	 in	 paragraph	 rather	 than	 tabular	
form.	 The	 goal	 of	 the	 consideration	 is	 to	 indicate	 the	 basic	
values	 that	 are	 in	 play	 in	 each	 option,	 for	 good	 or	 for	 ill,	
without	coming	to	conclusions.	

Assessment	 information:	Design	 research	 proceeds	 by	 an	
ongoing	 process	 of	making	 incremental	 improvements	 of	 a	
course	 design,	 accompanied	 by	 a	 more	 formal	 assessment	
using	 qualitative	 data,	 quantitative	 data,	 or	 both.	 An	
important	 first	 step,	 though,	 is	 to	 arrive	 at	 a	 course	 design	
stable	enough	to	lend	itself	to	repeated	rounds	of	assessment	
over	a	period	of	time.	My	project	has	 just	reached	the	point	
of	having	a	stable	course	design.	Significant	revisions	before	
the	spring	2015	term	and	additional	refinements	just	before	
the	 fall	 2015	 term	 have	 yielded	 a	 design	 that	 promises	 to	
function	well	for	the	foreseeable	future	with	relatively	minor	
modifications.	 This	 is	 to	 say	 that	 I	 have	 not	 yet	 begun	 the	
systematic	 collection	 of	 data	 on	 the	 effectiveness	 of	 the	
course	 design.	 I	 can	 offer	 some	 observations,	 though,	 that	
suggest	 the	 PBL	 approach	 in	 practical	 ethics	 is	 especially	

promising	 and	 that	may	 provide	 some	 basis	 for	 the	 formal	
assessment	still	to	come.	When	I	started	to	implement	PBL	in	
practical	 ethics	 courses	 in	 fall	 2012,	 the	 impact	 on	 student	
engagement	 was	 immediate	 and	 dramatic,	 especially	
compared	 to	my	 previous	 lecture‐and‐discussion	 approach.	
Attendance	improved	markedly,	and	students	were	generally	
active	participants	 in	 group	work.	The	 current	design,	with	
its	 high	 degree	 of	 student	 control	 over	 problem	 situations	
and	 presentation	 formats,	 seems	 even	 to	 make	 the	 course	
enjoyable	 for	 students.	 The	 one	 learning	 outcome	 that	 has	
been	most	 elusive	 has	 been	 theoretical	 understanding,	 and	
many	of	the	recent	revisions	to	the	course	design	have	been	
aimed	 at	 bringing	 that	 more	 within	 students’	 reach.	 The	
current	term	is	 the	first	 in	which	I	have	given	over	the	 first	
third	 of	 the	 course	 to	 preparatory	 readings	 and	 exercises,	
and	early	signs	are	promising	that	students	will	more	quickly	
gain	 competence	 and	 confidence	 in	 using	 the	 scaffolding	 to	
identify	basic	values.	Anecdote	is	problematic	as	evidence	for	
the	 success	 of	 a	 design,	 but	 there	 have	 been	 a	 number	 of	
instances	 in	 each	 term	 in	 which	 I	 have	 used	 PBL	 when	
students	have	written	to	me	or	told	me	that	being	in	my	class	
has	begun	to	change	the	way	they	perceive	various	situations	
in	which	they	find	themselves	at	school,	at	work,	listening	to	
the	news,	or	even	 just	spending	time	with	 friends.	They	tell	
me	 they	have	started	noticing	 the	values	 that	are	 in	play	 in	
such	situations.	They	sometimes	ask	me	questions	aimed	at	
helping	them	to	clarify	the	ethical	aspects	of	such	situations	
One	student	even	claimed	I	had	“ruined”	things	by	making	it	
impossible	to	ignore	values	in	everyday	life!	

	

	
Additional	resources:	

PHIL	3109:	Engineering	Ethics	–	Syllabus,	fall	2015:	
https://drive.google.com/file/d/0B1n5fQEuOtUxQldlLUEySURRd1U/view?usp=sharing	

PHIL	3109:	Engineering	Ethics	–	Evaluation	Rubric,	fall	2015:	
https://drive.google.com/file/d/0B1n5fQEuOtUxQTNPNGdNSDZIb0E/view?usp=sharing	
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(2)	 Evaluate	 the	 effectiveness	 of	 these	 materials	 through	
robust	 educational	 assessment	 while	 improving	 student	
learning;	and		

(3)	 Engage	 other	 secondary	 school	 and	 college/university	
instructors	 through	 demonstration	 and	 provision	 of	
instructional	 guides	 and	 resources	 to	 accompany	 the	 case	
study	and	workshop	materials.		

The	 overall	 purpose	 of	 the	 project	 is	 to	 enable	 engineering	
students	 and	 the	 general	 public	 to	 have	 an	 understanding	
and	 meaningful	 discussions	 of	 indirect	 impacts	 of	 their	
activities,	 and	 how	 to	 balance	 direct	 benefits	 and	 indirect	
impacts.	 Our	 life	 cycle–oriented,	 case‐based	 approach	 to	
engineering	 ethics	 education	 will	 fill	 gaps	 in	 case	 study	
resources	by	addressing	 fundamental	ethical	principles	and	
macro‐ethical	 issues	 on	 sustainability	 topics,	 developing	
novel,	 robustly	 assessed	 educational	 materials	 where	 few	
currently	exist.	

Assessment	 information:	Our	case	studies	and	workshops	
are	being	piloted	in	engineering,	business,	and	public	policy	
classrooms.	We	have	also	been	working	with	the	Center	 for	
Advancing	 Teaching	 and	 Learning	 through	 Research	 at	
Northeastern	 and	 our	 external	 assessment	 advisor,	 Dr.	
Michael	 Loui,	 to	 develop	 assessment	 instruments	 and	
evaluation	schemes	that	can	be	used	across	all	of	 the	cases.	

We	 now	 have	 a	 scheme	 that	 covers	 the	 common	 ethical	
concepts	 introduced	 in	 the	 cases—distributive	 justice,	
weighting/balancing	 risks,	 moral	 status,	 the	 precautionary	
principle,	 responsibility	 to	 report,	 and	 exploitation.	 The	
evaluation	scheme	is	based	on	the	framework	presented	by	
the	 Ethical	 Reasoning	 Value	 rubric	 published	 by	 the	
Association	 of	 American	 Colleges	 and	 Universities	 and	 will	
be	 applied	 to	 five	 separate	 classes	 of	 students	 over	 the	
coming	year	in	order	to	test	learning	outcomes.	This	project	
grew	out	of	 the	team’s	experience	with	trying	to	fit	existing	
engineering	 ethics	 cases	 into	 a	 life	 cycle–based	 framework.	
To	provide	a	baseline	for	evaluating	the	new	case	studies,	a	
review	 of	 learning	 assessments	 was	 carried	 out	 in	 spring	
2015	for	a	mechanical/industrial	engineering	course,	which	
currently	 uses	 a	 case	 study–based	 ethics	module	 about	 the	
Bhopal	 chemical	 disaster,	 and	 retrospectively	 for	 the	 150+	
students	who	have	passed	through	the	course	over	the	past	
several	 years.	 Review	 of	 assignments	 and	 responses	
informed	 the	 creation	of	 case	 study	 teaching	notes	 and	 the	
draft	 evaluation	 scheme.	 Continuing	 assessment	 will	 allow	
the	project	team	to	adjust	the	cases	and	teaching	materials	as	
necessary	 and	 add	 further	 instructional	 guidance	 where	
learning	objectives	are	not	being	met.	

	

	
Additional	resources:	

Devising	State	Policy	on	Compact	Fluorescent	Lamps:	https://drive.google.com/open?id=0B79qckAaBoroZFBQcUNGRF84Z1E	
MechE5645	syllabus:	https://drive.google.com/open?id=0B79qckAaBoroa00weHQ1dUFmSUU		
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Assessment	 information:	 The	 reflective	 writing	
components	 (pre‐	 and	 postsession)	 are	 the	 primary	 tool	
used	 to	 assess	 student	 learning	 and	 therefore	 students	 are	
required	to	complete	them	individually.	Based	on	the	inquiry	
rubric	 presented	 above,	 students	 are	 given	 at	 least	 a	week	
before	 the	participatory	 session	 to	complete	 the	presession	
reflection;	 they	 are	 advised	 to	 complete	 the	 postreflection	
section	 on	 the	 day	 of	 the	 session,	 and	 to	 submit	 the	 entire	
report	 within	 a	 day	 after	 the	 session.	 This	 report	 provides	
qualitative	 evidence	 of	 each	 student’s	 learning	 from	 the	
UnLecture,	 which	 accounted	 for	 4%	 of	 the	 course	 grade,	
including	 attendance	 and	 participation	 in	 the	 learning	
session	 and	 the	 reflective	 writing	 components	 before	 and	
after	the	session.	Aside	from	minor	criticism	on	the	amount	
of	 writing	 an	 UnLecture	 entails,	 students’	 reactions	 were	
highly	 positive	 and	 appreciative.	 Following	 are	 some	
excerpts	 from	 student	 feedback:	 (1)	 “The	 UnLectures	were	
really	fun.	I	really	enjoyed	talking	about	and	hearing	others’	
[ethical]	 perspectives	 from	 industry.”	 (2)	 “This	 was	 a	 very	
informative	course	and	I	learned	a	lot.	I	could	relate	a	lot	of	
what	 I	 did	 in	 co‐op	 to	 this	 course.”	 (3)	 “These	
[questions/ethical	 issues	discussed	in	UnLecture]	also	came	
up	 in	several	of	my	co‐op	 interviews	this	year	and	I	believe	
that	 the	 background	 information	 I	 learned	 in	 this	 class	
played	a	major	role	in	some	of	the	jobs	I	was	offered.”	(4)	“I	
thought	that	the	UnLecture	sessions	were	a	good	addition	to	

the	 course.”	 (5)	 “I	 didn’t	 expect	 to	write	 [reflective]	 essays	
for	an	engineering	class.”		

Broader	Applicability:	The	UnLecture	method	and	rubrics	can	
be	tremendously	valuable	to	software	engineering	educators,	
particularly	 at	 institutions	 that	 have	 integrated	 cooperative	
education	 or	 internships	 in	 their	 academic	 programs.	With	
careful	planning	and	rubric	design,	UnLectures	on	ethics	can	
also	 be	 integrated	 into	 other	 electrical	 and	 computer	
engineering	 courses	 and	 courses	 in	 other	 engineering	
disciplines.	 Detailed	 methods	 and	 results	 have	 been	
presented	 and	 published	 in	 the	 Proceedings	 of	 the	 2014	
Annual	American	Society	 for	Engineering	Education	 (ASEE)	
conference.	

	

	

	

	

	

	

	

	

	

Additional	resources:	

Course	Schedule	(please	see	week	#12	and	#13):	http://secs.ceas.uc.edu/~subbiavh/EECE3093_schedule.shtml	
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uncertainty	as	a	fact	of	life	and	as	a	reality	of	their	faith.	This	
internal	 acceptance	 of	 ethical	 standards	 implants	 within	
oneself	what	has	traditionally	been	called	the	conscience,	the	
essence	of	personal	integrity.		

There	 remains	 the	danger	of	 overconfidence.	 Specifically,	 if	
one	 cannot	 allow	a	 level	 of	 ignorance	 to	 exist	 in	 one’s	 own	
views,	 however	 slight,	 and	 thereby	 accept	 the	 uncertainty	
advocated	 by	 Richard	 Feynman	 as	 a	 precondition	 for	
progress,	 one	 may	 abandon	 the	 difficulty	 of	 striving	 for	
virtue	and	either	seek	what	 is	most	appealing	materially	or	
succumb	to	what	is	most	powerful	ideologically.	The	caution	

urged	 by	 G.K.	 Chesterton	 during	 any	 search	 for	 an	 ethics	
based	on	reason	alone	should	be	taken	to	heart:	“Wherever	
the	 people	 do	 not	 believe	 in	 something	 beyond	 the	 world,	
they	will	worship	the	world.	But,	above	all,	they	will	worship	
the	strongest	thing	in	the	world.”	

Assessment	information:	Assessment	of	the	team	project	is	
done	 by	 the	 clients	 and	 by	 the	 professor.	 We	 also	 collect	
individual	 essays	 in	 the	 first	 week	 about	 ethical	 issues	 in	
software	design	and	compare	them	with	essays	done	 in	 the	
last	week.	

	
Additional	resources:	

Ethics	as	Philosophical	History	for	Engineers	(paper	accepted	at	ASEE	conference	in	Seattle,	June	10,	2015):	
https://peer.asee.org/ethics‐education‐as‐philosophical‐history‐for‐engineers		
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issues	 [B‐type	 questions]	 that	 a	 practicing	 engineer	 might	
face.	For	examples:	[A]	When	US	companies	work	in	a	global	
marketplace,	whose	laws	prevail?	Who	takes	responsibility?	
[B]	How	can	safety/ethics	be	communicated	across	cultural	
and	 socioeconomic	divides?	 [A]	How	 can	 ethical	 and	 safety	
standards	 keep	 up	 with	 a	 rapidly	 advancing	 scientific	
forefront?	[B]	How	do	engineers	best	approach	the	unknown	
unknowns	of	new	technologies	used	 in	consumer	products?	
The	 success	 of	 such	 discussions	 and	 directed	 writings	
require	 the	 students	 to	 have	 reasonably	 well	 developed	
ethical	analysis	skills.		

First‐year	 students	 experience	 difficulty	 in	 objectively	
assessing	the	events	leading	up	to	these	incidents	with	their	
hindsight	 and	knowledge	of	 the	 consequences.	Therefore,	 a	
framework	 using	 a	 risk‐benefit	 analysis	 (with	 which	 the	
students	 are	 somewhat	 familiar)	 and	 an	 ethical	 audit	 are	
used	 to	 give	 the	 students	 some	 constraints	 with	 which	 to	
approach	 their	 exploration.	 Students	 are	 instructed	 to	
evaluate	 hazards	 both	 in	 and	 out	 of	 the	 technical	 realm.	
Discussion	 of	 uncertainty	 in	 engineering	 design	 and	
operation	 is	 balanced	 with	 estimation	 of	 nonroutine	
operation,	historical	 failures,	managerial	 complications,	 and	
consequence	 potential.	 Hazards	 are	 then	 folded	 into	 a	 risk	
profile	with	sufficient	resolution	for	the	students	to	capture	
the	most	important	and	provocative	hazards.	Special	detail	is	
given	 to	 the	 quantification	 of	 personal/public	 risk	 and	 risk	
perception	(as	often	the	mere	hint	of	a	catastrophic	risk	in	an	
engineering	 project	 can	 seal	 its	 fate).	 Finally,	 the	 original	
risk‐benefit	 analyses	 of	 each	 catastrophe	 are	 outlined	 such	
that	 the	 students	 can	 appreciate	 that	 well‐developed	
foresight	 in	 a	 large,	 complex	 system	 is	 very	 difficult	 to	
achieve.	With	additional	evaluative	tools	students	discover	a	
greater	 ability	 to	 personally	 relate	 to	 complex	 ethical	
decisions	 inherent	 in	 the	 more	 complicated	 case	 studies.	
They	 find	 comfort	 in	 defending	 their	 risk	 profiles	 and	
analyses	 rather	 than	 relying	 on	 and	 upholding	 their	 own	
personal	 opinions.	 Using	 these	 tools,	 their	 discussions	 and	
papers	present	a	more	nuanced	and	enlightened	approach	to	
the	 discussion	 of	 the	 acceptability	 of	 risk.	With	 this	 better	
understanding	 of	 risk,	 students	 have	 a	 larger	 appreciation	
for	the	difficulties	of	the	ethical	decision	making	process.	

Assessment	information:	Assessment	of	this	course	is	done	
through	student	surveys	(using	a	typical	Likert	scale)	and	by	
evaluating	student	work	from	the	earlier	and	 latter	parts	of	
the	semester.	Students	report	high	levels	of	satisfaction	with	

the	 class	 discussions	 (4.6/5),	 their	 ability	 to	 consider	
multiple	sides	of	an	issue	(4.7),	and	their	engagement	(4.7).	
Because	 introduction	 of	 first‐year	 students	 to	 college‐level	
academics	 is	 also	 an	 important	 goal,	 survey	 questions	 are	
targeted	 toward	 the	 students’	 engagement	 with	 the	
discussion	 process	 and	 their	 level	 of	 comfort	with	 the	 new	
intellectual	 material.	 Students	 report	 that	 the	 course	
inspired	 them	 to	 think	 in	 new	 ways	 (4.6)	 and	 to	 ask	
questions	 and	 express	 ideas	 (4.3),	 engaged	 them	with	 new	
ideas	 (4.8),	 and	 was	 a	 positive	 learning	 experience	 (4.6).	
Assessment	 of	 written	 student	 work	 is	 performed	 using	 a	
rubric	that	evaluated	their	early	in‐class	writing	assignments	
and	their	final	risk	assessment	papers.	The	seminar	is	a	one‐
unit	 course,	 so	 the	 number	 of	 out‐of‐class	 writing	
assignments	 is	 kept	 to	 a	 minimum.	 The	 initial	 writing	
assignment	 is	 geared	 toward	 a	 risk	 assessment	 analysis	 of	
cheating	on	exams	at	the	college	level.	A	short	lecture	in	the	
introductory	 class	 introduces	 the	 students	 to	 the	 tenets	 of	
risk	 assessment.	 Students	 are	 tasked	 with	 explaining	 the	
ethical	concerns	by	viewing	the	risks	and	benefits	from	many	
perspectives	 (their	 current	 standing,	 their	 future,	 parents,	
professors,	 school	 administrators,	 future	 employers,	 and	
alumni).	 Their	 papers	 are	 evaluated	 on	 the	 depth	 of	 their	
exploration	of	the	ethics	of	professionalism	and	their	ability	
to	 identify	 motivations	 of	 each	 of	 the	 stakeholders.	 On	
average,	 students’	 early	 understanding	 of	 ethical	 concepts	
was	 scored	 at	 2.1	 out	 of	 5	 and	 their	 ability	 to	 apply	 risk	
assessment	tools	to	ethical	problems	was	scored	at	1.6	out	of	
5.	The	final	risk	assessment	paper	is	a	detailed	examination	
of	a	catastrophe	that	was	related	to	one	examined	during	the	
seminar	 but	 not	 specifically	 discussed.	 Example	 subjects	 of	
final	 student	 papers	 are	 typhoons	 in	 the	 Philippines,	
postearthquake	 structural	 failures	 in	 China	 and	 Haiti,	
vaccinations	and	the	swine	flu	pandemic,	and	drone	aircraft.	
Students	are	asked	to	analyze	these	(potential)	catastrophes	
in	 light	 of	 the	 historical	 case	 studies	 presented	 in	 class,	
applying	 the	 risk	 assessment	 tools	 developed	 during	 the	
seminar.	 Final	 papers	 are	 judged	 using	 the	 same	 rubric	 as	
the	 initial	 writing	 assignment.	 On	 average	 students’	
understanding	of	ethical	concepts	more	than	doubled	to	4.3	
out	of	5	as	did	their	ability	to	apply	risk	assessment	tools	to	
ethical	problems	(4.1	out	of	5).	

	

	

	
Additional	resources:	

Ethics	for	First‐Year	STEM:	A	Risk	Assessment–based	Approach:	www.asee.org/public/conferences/56/papers/11730/view	
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keep	 them	 relevant,	 and	 include	 a	 variety	 of	 perspectives.	
Students’	 final	 research	 paper	 draws	 on	 all	 this	 work	 to	
interpretively	 understand	 and	 express	 the	 essences	 and	
meaning	of	what	it	is	to	be	an	ethical	engineer.	There	are	no	
“right”	or	“wrong”	answers;	each	student’s	work	is	personal	
and	 unique.	 Additionally,	 I	 meet	 twice	 with	 each	 student	
individually	 to	 monitor	 his/her	 progress	 and	 address	
questions/concerns.	 These	 meetings	 are	 instrumental	 in	
generating	students’	affective	engagement	with	the	class.		

Notably	 absent	 from	 this	 curriculum	 is	 the	 traditional	 case	
study	ubiquitously	 used	 to	 teach	 engineering	 students	 how	
to	 apply	 ethics	 knowledge.	 A	 serious	 but	 unheeded	 charge	
against	 the	 case	 study	 is	 that	 it	 creates	 a	 myth	 of	 the	
engineer	as	the	“individual	actor	who,	alone,	must	make	the	
ethical	 decision	 between	 ‘personal	 sacrifice’	 or	 doing	
nothing”	 (Conlon	 and	 Zandvoort	 2011,	 p.	 220).	 My	 own	
students	 express	 this	 fear	 but	 report	 that	 their	 research	
interviews	 usually	 reveal	 the	 myth	 is	 unfounded	 and	 not	
representative	 of	 actual	 engineering	 practice.	 A	 better	
approach	 to	 case	 studies	 is	 needed,	 especially	 when	
engineering	 problems	 with	 ethical	 implications	 cannot	 be	
solved	by	science	alone.	My	students	consider,	 for	example,	
how	 ethical	 engineers	 could	 use	 rhetorical	 deliberation	 to	
reveal	otherwise	unconsidered	options	in	these	cases.		

On	completion,	my	students	are	affectively	engaged	 in	their	
work	and	demonstrate	improved	ethical	reasoning	skills	and	
understanding	 of	 their	 professional	 and	 ethical	
responsibilities.		

Assessment	 information:	 I	 assessed	 student	 learning	
outcomes	for	3	years	using	both	quantitative	and	qualitative	
methods.	 Quantitatively,	 I	 used	 the	 Defining	 Issues	 Test‐2	
(DIT‐2),	a	measure	of	ethical	reasoning	skills	frequently	used	
in	 engineering	 ethics	 education	 research.	 It	 is	 a	 multiple	
choice	 test	 with	 five	 nonengineering‐specific	 scenarios	
presenting	 various	 ethical	 dilemmas.	 My	 students	 took	 the	
test	 in	 week	 1	 and	 after	 week	 14.	 In	 2011	 mean	 N2	 test	
scores	 increased	 23.40%	 (from	 28.59	 to	 35.28);	 in	 2013	
scores	increased	26.62%	(from	26.82	to	33.96);	and	in	2014	
scores	increased	38.38%	(from	34.08	to	47.16).	These	scores	
compare	 to	 (1)	 those	 from	 an	 NSF‐funded	 study	 of	 ethical	
skills	of	undergraduate	engineering	students	(“SEED” study),	
where	mean	N2	scores	for	Michigan	Tech	students	and	those	
from	17	other	 institutions	were	29.7	 and	32.4	 respectively,	
and	 (2)	 the	 DIT‐2	 national	 norms	 for	 college	 seniors	 in	 all	

majors	 and	 graduate	 students	 in	 all	 majors	 of	 36.04	 and	
41.33	 respectively.	 My	 students	 usually	 started	 the	 course	
with	 mean	 test	 scores	 lower	 than	 their	 peers,	 but	 their	
scores	 improved	 significantly	 each	 year	 to	 exceed	 those	 of	
their	 engineering	 peers	 and	 to	 approximate	 their	
nonengineering	 peers.	 In	 2014	 their	 post‐test	 scores	
exceeded	 not	 only	 their	 engineering	 and	 nonengineering	
peers	 but	 also	 national	 norms	 for	 graduate	 students.	 This	
increase	 may	 be	 attributable	 in	 part	 to	 the	 individual	
meetings	I	added	to	the	curriculum	in	2014.	These	meetings	
promote	student	affective	engagement,	a	known	contributor	
to	 improved	 student	 learning	 outcomes.	 Thus,	 the	
combination	 of	 a	 phenomenological	 approach	 to	 ethics	
education	 and	 attention	 to	 affective	 engagement	 enables	
students	 in	 this	 one‐credit	 course	 to	 significantly	 improve	
their	ethical	reasoning	skills.	Although	the	student	numbers	
are	small	(20,	20,	13),	 the	annual	 improvement	in	results	 is	
consistent.		

These	students	are	not	self‐selected	for	their	commitment	to	
ethics.	 Annual	 surveys	 show	 that	 nearly	 all	 take	 this	 class	
because	they	need	one	credit	to	graduate,	not	because	of	the	
ethics	content.	I	used	a	qualitative	philosophical	hermeneutic	
approach	 (which	 looks	 for	 evidence	 of	 understanding)	 to	
assess	whether	my	students	expressed	an	understanding	of	
their	 professional	 and	 ethical	 responsibility	 in	 their	 final	
essays	 and	 found	 that	 each	 student	 has	 a	 personal	 view	 of	
what	it	is	to	be	an	ethical	engineer.	They	are	more	confident	
about	facing	ethical	problems	because	they	understand	that	
experienced	 people	 are	 available	 as	 resources	 and	 that	
ethical	 decisions	 needn’t	 be	 career‐ending.	 They	 appreciate	
and	 understand	 the	 complex	 nature	 of	 ethical	 decision	
making	and	that	it	often	involves	tradeoffs	in	values,	not	tidy	
win‐win	 solutions.	 They	 remain	 ambivalent	 about	 the	
relationship	 between	 technology	 and	 being	 an	 ethical	
engineer,	 but	 they	 do	 understand	 that	 engineering	 practice	
and	 ethical	 decision	 making	 occur	 in	 and	 are	 relevant	 to	
broader	 social	 contexts	 beyond	 the	 laboratory.	 These	
students	will	be	 less	surprised	by	the	ethical	problems	they	
encounter	in	practice	and	better	prepared	than	most	of	their	
peers	to	deliberate	them.	These	findings	were	reviewed	and	
affirmed	by	a	panel	of	practicing	engineers.	

	

	

	
Additional	resources:	

Conlon	E,	Zandvoort	H.	2011.	Broadening	ethics	teaching	in	engineering:	Beyond	the	individualistic	approach. Science	and	
Engineering	Ethics	17(2):217–232.		

Sadala	MLA,	Adorno	RF.	2002.	Phenomenology	as	a	method	to	investigate	the	experience	lived:	A	perspective	from	Husserl	
and	Merleau‐Ponty’s	thought.	Journal	of	Advanced	Nursing	37(3):282–293.	

Teaching	Engineering	Ethics:	A	Phenomenological	Approach:	
http://ieeexplore.ieee.org/xpl/mostRecentIssue.jsp?punumber=44	

A	phenomenological	approach	to	teaching	engineering	ethics:	
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6893434&url=http%3A%2F%2Fieeexplore.ieee.org%2Fxpls%2F
abs_all.jsp%3Farnumber%3D6893434	
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C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/21889
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work.	They	explore	how	 the	 rise	of	offshore	oil	production,	
for	example,	has	affected	corporate‐community‐government	
relations	 in	Africa	 and	 the	North	 Sea,	 or	 how	 the	design	of	
open‐pit	 mines	 engenders	 chronic	 injuries	 among	 miners.	
CSM	alums	visit	 to	share	how	their	work	 is	both	 influenced	
by	and	contributes	to	their	companies’	community	relations	
efforts.	 These	 perspectives	 examine	 the	 implications	 of	
technical	 design	 and	 decision	 making	 for	 social	 and	
environmental	 justice,	expanding	engineering	ethics	beyond	
the	microscale	to	encompass	pressing	macro‐level	concerns.		

The	 final	week	 invites	 students	 to	 consider	 and	 share	 how	
CSR	 lives	 in	 their	 own	 disciplines	 and	 future	 careers,	
investigating	 how	 the	 particular	 material,	 social,	
environmental,	 and	 economic	 elements	 of	 nonextractive	
industries	 create	 different	 sources	 of	 conflict	 as	 well	 as	
potential	 tools	 for	 resolution.	A	 series	of	 small	assignments	
culminate	 in	 student	 groups	 producing	 an	 original,	
researched	 stakeholder	 engagement	 strategy	 for	 a	 real‐
world	 engineering	 project.	 Using	 environmental	 impact	
assessments,	social	science	research,	news	articles,	and	other	
sources,	 students	 identify,	 prioritize,	 and	 analyze	 the	
project’s	stakeholders	and	their	needs;	design	methods	that	
meet	 global	 performance	 standards	 for	 engaging	
stakeholders;	and	identify	the	place	of	engineering	solutions	
in	 larger	 social	 responsibility	 efforts.	 They	 then	 link	 their	
project	 with	 course	 readings	 to	 write	 an	 essay	 addressing	
the	 following:	 Was	 it	 possible	 to	 craft	 a	 stakeholder	
engagement	 plan	 that	 fully	 reconciled	 the	 needs	 and	
interests	 of	 the	 corporation	 and	 its	 stakeholders?	 Why	 or	
why	not?	What	does	your	answer	to	those	questions	suggest	
about	the	strengths	and	limitations	of	CSR?	What	does	your	
experience	suggest	about	the	role	engineering	should	play	in	
CSR	 or	 other	 frameworks	 for	 corporate‐community	
engagement?		

The	 final	 project	 challenges	 students	 to	 apply	 course	
concepts	to	novel	contexts	and	create	new	knowledge	about	
engineering	and	social	responsibility	in	relation	to	corporate	
programs,	 professional	 codes	 of	 conduct,	 government	
standards,	 international	 conventions,	 and	 community	
organizing.	 The	 questions,	 activities,	 and	 discussions	
throughout	 the	 course	 provide	 a	 foundation	 for	 future	
engineers	to	navigate	the	ethical	challenges	underlining	even	
the	most	vexing	of	wicked	problems.	

Assessment	 information:	 The	 newness	 of	 the	 course	
precludes	 long‐term	 assessment,	 but	 initial	 student	
outcomes	 and	 the	 growing	 reach	 of	 the	 course	 indicate	
positive	 results	 in	 student	 learning	 and	 engagement.	 In	
addition	to	the	final	project,	student	 learning	is	assessed	on	
Analytic	Reading	Memos,	which	challenge	students	to	distill,	
critique,	 and	 extend	 the	 main	 argument	 of	 a	 scholarly	
reading;	 oral	 presentations;	 a	 synthesizing	 midterm	 essay;	
and	an	in‐class	debate.	Progress	over	the	course	as	a	whole	is	

measured	 through	 pre‐	 and	 postessays	 in	 which	 students	
respond	 to	 the	 following	 questions:	 Do	 corporations	 have	
responsibilities	to	society?	Why	or	why	not?	If	you	think	they	
do,	 what	 are	 those	 responsibilities?	 What	 role	 does	
engineering	 play	 in	 relation	 to	 fulfilling	 those	
responsibilities?	 Comparing	 the	pre‐	 and	postcourse	 essays	
reveals	 significant	 expansion	 in	 what	 students	 view	 as	 the	
domain	 of	 CSR;	 increased	 complexity	 in	 defining	 and	
critiquing	the	term;	and	more	sophisticated	understanding	of	
its	 relationship	with	engineering.	For	example,	 the	majority	
of	students	initially	flag	only	environmental	performance	as	
a	 contribution	 of	 engineering	 to	 CSR,	 leaving	 aside	
community	development,	but	end	the	course	identifying	how	
even	 the	 most	 minute	 engineering	 decisions	 impact	 the	
wider	well‐being	of	communities.		

Student	 response	 to	 the	 course	 was	 overwhelmingly	
positive;	 students	outlined	 the	value	of	 the	 course	 for	 their	
engineering	careers,	and	one	said	 it	was	 the	 “most	relevant	
Liberal	 Arts	 and	 International	 Studies	 class	 offered	 at	 this	
school.”	 Students	 report	 that	 they	 introduce	 the	 topics	 and	
debates	 of	 the	 course	 in	 later	 ones.	 Perhaps	 the	 strongest	
testament	 to	 the	 course	 is	 the	 expansion	 of	 its	 core	 topics	
throughout	CSM.	The	course	links	the	school’s	Humanitarian	
Engineering	program	and	its	Social	Justice	curriculum	to	the	
school’s	historic	strengths	in	the	extractive	industries,	which	
were	 previously	 outside	 the	 scope	 of	 the	 Humanitarian	
Engineering	 program.	 Professor	 Smith	 gives	 an	 invited	
lecture	on	CSR	each	semester	to	Nature	and	Human	Values,	a	
required	first‐year	ethics	and	writing	course,	and	will	lecture	
in	 the	 senior	 seminars	 in	 both	 Mining	 and	 Petroleum	
Engineering.		

The	success	of	 the	course	has	resulted	 in	 the	creation	of	an	
additional	 upper‐division	 course	 that	 addresses	 social	
responsibility	 and	 engineering	 for	 natural	 resource	
development	 in	 indigenous	 communities.	 The	 course	 also	
laid	 the	groundwork	 for	Smith’s	 recent	$450,000	NSF	grant	
in	 the	Cultivating	Cultures	 for	Ethical	 STEM	program	 (“The	
Ethics	 of	 Extraction:	 Integrating	 Corporate	 Social	
Responsibility	 into	 Engineering	 Education,”  Award	
1540298),	 which	 will	 ethnographically	 investigate	 how	
engineers	 working	 in	 the	 mining,	 oil,	 and	 gas	 industries	
understand	and	practice	social	 responsibility	and	what	role	
particular	undergraduate	educational	experienced	played	in	
preparing	 them	 (or	 not)	 to	 navigate	 the	 social	 and	
environmental	 challenges	 of	 their	 professional	 practice.	 It	
will	then	use	these	data	to	integrate	a	critical	perspective	on	
CSR	into	engineering	as	well	as	social	science	and	humanities	
courses	 at	Mines,	 Virginia	 Tech,	 and	Missouri	 University	 of	
Science	 and	 Technology.	 Finally,	 the	 course	 inspired	 the	
vision	 for	 the	 ongoing	 planning	 of	 a	 new	 institute	 at	 CSM	
dedicated	 to	 socially	 responsible	 engineering,	which	would	
be	the	first	of	its	kind.	
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dilemma?	 Is	 there	 any	way	 to	prevent	 this	 sort	 of	 dilemma	
from	happening	again?		

Tips	 on	 the	 Presentation	 Itself:	 Distribute	 the	 work	 evenly.	
Break	 up	 the	 work	 reasonably	 so	 that	 everyone	 has	
something	 valuable	 to	 say,	with	 roughly	 equivalent	 time	 to	
say	it.	Time	your	team	members	and	keep	your	own	team	on	
track.	Visuals	should	follow	our	guidelines	for	strong	visuals.	
Powerpoint	 is	 allowed	 to	 help	 your	 team	 anchor	 the	
discussion;	 be	 sure	 we	 understand	 the	 background	 on	 the	
case,	 your	 options,	 your	 analysis,	 and	 your	 solution.	 The	
maximum	 number	 of	 slides	 for	 this	 presentation	 is	 seven,	
including	 the	 title	 slide.	 Delivery	matters—we	do	 not	want	
you	to	read	to	us.	Talk	to	us	and	use	effective	emphasis	and	a	
natural	style—use	this	experience	to	grow	more	effective	as	
a	speaker	in	front	of	the	class.		

Q&A:	 Ask	 useful	 questions	 of	 your	 audience	 at	 the	 end	 of	
your	 presentation,	 to	 ensure	 that	 they	 are	 thinking	 about	
your	solution	and	to	get	their	feedback	on	the	solution.		

Assessment	 information:	We	 use	 a	 rubric	 to	 ensure	 that	
students	are	meeting	the	goals	described	above,	based	on	the	
following:	(1)	Clarity	of	the	context/background	information.	
(2)	Complexity	of	 the	options/solutions	or	 consequences	of	
the	 solutions.	 Are	 assumptions	 carefully	 analyzed?	 Are	
reasonable	 negative	 ramifications	 anticipated?	 (3)	 Ethical	
reasoning	 skills:	 What	 systems	 were	 used	 to	 arrive	 at	
conclusions?	Was	the	NSPE	Code	appropriately	applied?	the	
Ethical	Decision‐Making	System	used,	with	 insightful	use	of	
moral	 tests?	 (4)	 Further	 development	 needed	 for	 any	
particular	idea	or	option?	(5)	Teamwork:	Well	organized	and	
fluid	 functioning	 as	 a	 unit?	 Reasonable	 management	 of	
ethical	dissent?	(6)	Class	discussion	moderated	with	fairness	
and	strong	critical	thinking?	
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their	views	may	be	coming	from	and	helps	them	to	anticipate	
these	differences	and	not	be	surprised	by	them	in	the	future.		

The	 class	 follows	 the	 Stanford	 process	 closely	 but	 is	
differentiated	 by	 the	 fact	 that,	 before	 commencing	 the	
designing	 itself,	 the	 GEE	 team	 members	 reflect	 on	 and	
articulate	what	 each	 of	 them	 personally	 cares	 about	 in	 the	
challenges	faced	by	the	underserved	community.	This	serves	
as	 their	 point	 of	 view	 for	 the	 remainder	 of	 the	 design	
process.	 It	 becomes	 a	 method	 for	 balancing	 the	 need	 to	
provide	immediate	assistance	with	the	ability	to	thoughtfully	
create	 breakthrough	 engineering	 solutions	 collaboratively	
with	 the	 community.	 The	 care	 statements	 are	 individually	
created	 as	 a	 combination	 of	 visuals	 and	 text.	 The	 process	
does	not	require	building	consensus	or	arriving	at	one	point	
that	the	GEE	team	collectively	cares	about;	rather,	individual	
members	 of	 the	 ecology	 are	 responsible	 for	 ensuring	 that	
what	they	care	about	is	represented	in	their	design	solution.	
The	 ecology	 collectively	 agrees	 to	 create	 a	 solution	 that	
embodies	 what	 each	 member	 cares	 about.	 This	 approach	
ensures	that	the	community	continues	to	stay	engaged	in	the	
process.	 It	 also	 prevents	 reducing	 the	 input	 received	 from	
the	community	to	mere	facts	and	instead	ensures	continuity	
of	 community	 engagement	 as	 they	 continue	 to	 share	 what	
they	care	about	and	why.	By	sharing	stories	and	their	 lived	
experiences	 they	 contribute	 to	 coming	 up	 with	 design	
requirements,	constraints,	and	ideas.		

The	 course	 has	 served	 as	 a	 starting	 point	 for	 a	 sustained	
dialogue	and	inquiry	into	how	to	be	a	good	engineer	and	how	
to	 navigate	 the	 complex	 and	 often	 burdensome	 ethical	
situations	 that	 one	 encounters	 in	 engineering	 practice.	 The	
discourse	 of	 care	 and	 reflecting	 on	 care	 statements	 has	
proven	to	be	an	effective	means	for	students	to	persevere	in	
their	reflections	and	develop	a	personal	sense	of	ethics	that	
is	 consistent	 with	 the	 global	 ethics	 of	 engineering.	 The	
course	also	allows	students	to	appreciate	the	 importance	of	
research	in	improving	engineering	practice.	Several	students	
from	 the	 class	 have	 continued	 working	 on	 their	 inquiry,	
developed	 research	 projects,	 and	 coauthored	 papers	
presented	at	the	ASEE	conference.		

Assessment	 information:	To	measure	 the	 effectiveness	 of	
the	curriculum,	a	metric	called	Global	Preparedness	Efficacy	
(GPE)	 is	 being	developed	 (see	 link	below).	This	metric	was	
developed	 in	 response	 to	 measuring	 whether	 the	 course	
would	 satisfy	 ABET	 criterion	 3h,	 which	 is	 “the	 broad	
education	necessary	to	understand	the	impact	of	engineering	
solutions	 in	a	global,	 economic,	 environmental,	 and	societal	
context.”	 The	 metric	 is	 built	 on	 recognizing	 the	 challenges	
that	 can	 prove	 overwhelming	 when	 working	 with	 global	
communities;	 these	 include	 the	 diverse	 cultural,	 social,	
political,	 economic,	 and	 linguistic	 contexts	 and	
accompanying	ethical	dilemmas.	Viewed	through	the	lens	of	
discontinuity	theory	these	circumstances	can	be	disorienting	
and	restrict	students’	ability	to	learn.	By	bringing	a	Deweyan	
lens	we	can	see	these	moments	as	opportunities	for	learning	
provided	 there	 are	 means	 to	 restore	 active	 engagement	
(active	 doing)	 by	 the	 students.	 The	 measurement	 scheme	
analyzes	 students’	 reflection	 journals	 to	 take	 note	 of	
discontinuity	 events	 and	 examine	 how	 many	 resolved	 and	
unresolved	discontinuity	events	occurred.	GPE	is	the	ratio	of	
resolved	to	total	discontinuity	events	and	reflects	the	ability	
to	navigate	the	complexity	and	novelty	of	the	problem	space	
and	 to	 create	 solutions	 to	 the	 problem	 at	 hand	 consistent	
with	 the	 global	 socioeconomic,	 political,	 and	 cultural	
realities.	 In	 addition	 to	 the	 metric,	 the	 fact	 that	 students	
engage	with	the	course	contents	for	several	years	after	they	
have	 taken	 the	 course	 is	 a	 significant	 indicator	 of	 having	
achieved	 the	 goal:	 Students	 have	 shared	 anecdotes,	written	
conference	 papers,	 added	 minors	 to	 their	 engineering	
degrees,	 and	 write	 their	 undergraduate	 thesis	 on	 subjects	
that	they	care	about,	articulating	how	their	exposure	to	using	
the	 discourse	 of	 care	 to	 develop	 a	 personal	 sense	 of	 ethics	
has	 served	 them	 in	navigating	 their	 undergraduate	 life	 and	
studies.	

	

	

Additional	resources:	

Developing	Global	Preparedness	Efficacy:	https://circle.ubc.ca/handle/2429/53819	
	 	

I n f u s i n g  E t h i c s  i n t o  t h e  D e v e l o p m e n t  o f  E n g i n e e r s :  E x e m p l a r y  E d u c a t i o n  A c t i v i t i e s  a n d  P r o g r a m s

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/21889


Terr

Insti

Facu

Exem
proje

	

Why	
issue
the	 s
ethic
they	
requi
the	 w
learn
proce
oppo
durin
other
at	som

Prog
comm
which
radic
settin
uppe
teach
facult
educa
probl
facto
stude
stude
durin
unde
their	
stude
proje

In	the
in	wh
that	t
be	“D
North
invol
selec
trade
invol
probl
team
facilit
requi
comp
that	
deliv
defen

rascope	

tution:	Massa

ulty/contribu

mplary	featur
ects	

it’s	 exempla
es	 is	 “baked	 in
students’	work
al	practices	 a
take	 on,	 ra
irement.	 Anot
way	 it	 empo
ning	 process,	
eed.	 Finally,	 t
ortunity	 to	 w
ng	 their	 first	
r	classes	focus
me	future	tim

gram	 descrip
munity	 at	 the	
h	 students	 ta
cally	 studen
ng.	The	prima
erclassmen	 co
hing	 fellows	
ty,	 teaching	 s
ational	 goals	
lems	that	invo
rs	as	well	as	s
ents	to	take	ch
ents	the	oppo
ng	 their	 firs
erstand	the	soc
more	 techn

ents	 with	 the	
ects.		

e	fall	semeste
hich	they	are	
they	have	a	se
Devise	a	plan	t
h	 America	 fo
ve	 issues	 be
ted	 such	 th
eoffs,	 with	 no
ve	 environm
lems	that	mu

ms	around	diffe
tation	 by	 und
ired	from	libra
prehensive	 so
describes	 the
erable	 is	 a	 p
nd	their	soluti

achusetts	Insti

tors:	Ari	Epst

res:	Use	of	alu

ary:	 Learning
nto”	 the	 prog
k.	Alumni	of	T
and	 issues	as	
ather	 than	 a
ther	 exempla
owers	 studen
shaping	 go

the	 program	
work	 on	 rea
year	 at	 MIT,
s	on	acquiring
e.		

ption:	 Terrasc
Massachuset

ake	 on	 comple
t‐driven,	 pr
ary	participant
ontinue	 to	 pa
and	 mentors
staff,	 librarian
are	 to	 prepa
olve	ethical,	p
scientific	and	
harge	of	their
rtunity	to	do	
t	 year	 of	 c
cial,	ethical,	an
nical	 work	 w
tools	 to	 wor

r	students	tak
given	one	big
emester	to	solv
to	provide	ade
or	 the	 next	
eyond	 scienc
at	 any	 solut
	 “right”	 or	 “p
mental	 quest
st	be	address
erent	compon
dergraduate	
arians	and	alu
lution.	Their	
ir	 solution	 in
public	 event	
on	before	a	pa

itute	of	Techn

tein,	David	Mc

umni	mentors;

g	 about	 ethica
gram	 as	 a	 core
Terrascope	 th
fundamental	
an	 afterthoug
ry	 aspect	 of	
nts	 to	 take	 c
als	 and	 pro
provides	 stu

al‐world,	 com
	 a	 time	 when
g	the	tools	to	

cope	 is	 a	 fres
tts	 Institute	 o
ex,	 real‐world
roject‐based,	
ts	are	first‐ye
articipate	 as	
.	 Other	 parti
ns,	 and	 alumn
are	 students	
political,	econo
technological	
	educational	e
important	an
college;	 enab
nd	political	co

will	 take	 plac
rk	 in	 diverse	

ke	Solving	Com
g	problem,	as	a
ve	it.	A	typical
equate	fresh	w
century.”	 Pr

ce	 and	 techn
tion	 must	 in
perfect”	 answe
tions	 and	 a
sed	by	society
ents	of	the	pro
teaching	 fello
umni	mentors
first	deliverab
	 technical	 det
in	 which	 the
anel	of	global	

nology	

cGee,	Charles	H

;	integration	w

al	 practices	 a
e	 component	
hus	 come	 to	 s
to	any	proble
ght	 or	 extern
the	 program	
control	 of	 the
blems	 as	 th
udents	 with	 t
mplex	 problem
n	 most	 of	 the
do	great	thin

shman	 learni
f	 Technology	
d	 problems	 in
team‐orient

ar	students,	b
undergradua

icipants	 inclu
ni	 mentors.	 T
to	 take	 on	 b
omic,	and	soc
ones;	empow
experience;	gi
d	creative	wo
le	 students	
ontexts	in	whi
e;	 and	 provi
teams	 on	 lar

mplex	Problem
a	class,	and	to
l	problem	mig
water	to	weste
roblems	 alwa
nology	 and	 a
nvolve	 multip
er.	 They	 alwa
are	 real‐wor
y.	Students	 for
oblem	and,	wi
ows	 and	 aid	
,	they	work	on
ble	 is	 a	webs
tail.	 Their	 oth
ey	 present	 a
experts.		

32	

Harvey	

with	engineeri

nd	
of	
see	
em	
nal	
is	
eir	
hey	
the	
ms	
eir	
ngs	

ng	
in	
n	 a	
ted	
but	
ate	
ude	
The	
big	
cial	
wer	
ive	
ork	
to	
ich	
ide	
rge	

ms,	
old	
ght	
ern	
ays	
are	
ple	
ays	
rld	
rm	
ith	
as	
n	a	
ite	
her	
nd	

In	 the
Enviro
hands‐
the	 ye
solutio
of	the	s
“bazaa
membe
gives	 s
implem
and	 al
proces
provid
which	
interna
in	 the	
they	cr
year’s	
decide,
magazi
how	 to
aspects
particu
also	 de
proble
field	 t
proble
their	p
that	 t
provid
learnin

Assess
progra
year	 th
and	tho
is	 the	q
hours	
panelis
aspects
genera
the	 stu
progra
and	 br
countr
have	 le
public.
studen
which	
on	com
buildin

ing	

e	 spring,	 stu
onmental	 Issu
‐on	research	a
ear’s	 topic.	
ons	to	specific	
semester	stud
ar,”	 during	 w
ers	 of	 the	 pu
students	 the	 o
menting	 solut
so	 to	 particip
ss.	[Note:	Som
ded	below	desc
students	 dev
al	 reasons,	 th
spring	 may	
reate	a	radio	p
topic.	 The	 fo
,	 and	 shows
ine‐style	 prog
o	 use	 this	 e
s	 of	 the	 yea
ular	technical	
evelop	 a	 deep
m	and	its	con
trip	 to	 a	 plac
m;	 students	 m
proposed	solut
they	 might	 p
des	deeper,	co
ng	done	back	o

sment	 infor
am’s	success	is
he	 expert	 pan
oroughness	o
question‐and‐
(following	 an
sts	 grill	 the	 f
s	 of	 their	 w
ally	amazed	at
udents	 have	 a
ams	produced
roadcast	 by	m
ry,	 testifying	 t
earned	 to	com
.	In	addition,	w
nts’	 experienc
the	program	
mplex	problem
ng	and	projec

udents	 may	
es,	 in	which	
and	developm
Often	 proje
aspects	of	the
dents	present	
which	 they	 de
ublic	 and	 to	 a
opportunity	 t
tions	 to	 the	 p
pate	 in	 a	 form
me	of	the	pape
cribe	an	older
veloped	 intera
is	version	 is	n
also	 take	 “Te
program	for	t
rmat	 and	 con
s	 have	 range
grams	 to	 rad
evocative	 med
ar’s	 problem
expertise.	In	p
per	 sense	 of	
ntext.	Every	ye
ce	 deeply	 re
meet	 people	
tion	and	see	d
previously	 ha
ntextualized	l
on	campus.	

rmation:	 Th
s	the	quality	o
nel	 is	 deeply	 i
f	the	students
‐answer	perio
n	 hour‐long	 p
freshmen	 on	
work.	 Student
t	 the	depth	of
acquired	 in	 ju
d	in	Terrascop
more	 than	 a	 h
to	 the	 effectiv
mmunicate	 th
we	conduct	a
e	 every	 year,
has	helped	th
ms,	the	progre
ct	managemen

take	 Design	
they	 split	 int
ment	on	proble
ects	 involve	
e	year’s	probl
their	prototy
escribe	 their	
an	 expert	 pan
to	 take	 part	 im
problems	 they
mal	 design	 a
rs	to	which	li
r	version	of	a	s
active	museum
no	 longer	 tau
errascope	 Rad
the	general	pu
ntent	 are	 up	 t
ed	 from	 docu
dio	 dramas.	 S
dium	 to	 com
m	 to	 an	 audi
producing	the
the	 broader	
ear	there	is	al
elevant	 to	 the
who	 would	 b
details	and	hu
ave	 overlook
learning	to	co

he	 first	 mea
of	the	student
impressed	by
s’	solution.	Esp
od	of	 the	defe
presentation),	
both	 general
ts	 and	 panel
f	knowledge	a
ust	 one	 semes
pe	Radio	have	
hundred	 statio
veness	with	w
ese	 importan
a	detailed	asse
,	 focusing	 on	
hem	learn	to	w
ess	they	have	
nt,	 and	 the	de

for	 Complex
o	 teams	 to	 do
ems	related	to
technologica
em.	At	the	end
pes	in	a	publi
work	 both	 to
nel.	 This	 clas
mmediately	 in
y	 have	 studied
nd	 fabrication
nks	have	been
spring	class,	in
m	 exhibits;	 fo
ught.]	 Student
dio,”	 in	 which
ublic	about	th
to	 students	 to
umentaries	 to
Students	 learn
mmunicate	 key
ience	 withou
e	program	they
aspects	 of	 th
lso	an	optiona
e	 year’s	 topi
be	 affected	 by
uman	element
ked.	 The	 trip
omplement	th

asure	 of	 th
ts’	work.	Every
y	 the	 creativity
pecially	tellin
ense,	usually	2
during	 which
l	 and	 detailed
lists	 alike	 ar
and	sensitivity
ster.	 Similarly
	been	licensed
ons	 across	 th
which	 student
t	 issues	 to	 th
essment	of	th
the	 degree	 to
work	in	team
made	in	team
egree	 to	which

x	
o	
o	
al	
d	
c	
o	
s	
n	
d	
n	
n	
n	
r	
s	
h	
e	
o	
o	
n	
y	
ut	
y	
e	
al	
c	
y	
s	
p	
e	

e	
y	
y	
g	
2	
h	
d	
e	
y	
y,	
d	
e	
s	
e	
e	
o	
s	
m	
h	

Infusing Ethics into the Development of Engineers: Exemplary Education Activities and Programs

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21889


33	

the	 program	 has	 deepened	 their	 appreciation	 of	 their	 own	
potential.	 (Anecdotal	 evidence	 agrees	 with	 students’	
responses:	one	of	us	teaches	a	project‐based,	team‐oriented	
class	for	sophomores	and	has	found	that	he	needs	to	be	sure	
former	Terrascope	 students	who	 take	 the	 class	 are	divided	
equally	 among	 teams,	 since	 they	 are	 so	 far	 ahead	 of	 their	
peers	in	group	work	and	project	management.)		

Perhaps	most	importantly,	we	observe	the	work	students	do	
in	 later	years,	after	having	participated	 in	Terrascope.	They	
tend	 to	 be	 campus	 leaders	 in	 big	 projects	 that	 take	 on	

difficult	 societal	 problems,	 eagerly	 seeking	 out	 challenging	
issues	to	address.	Details	are	given	in	some	of	the	papers	to	
which	 we	 have	 provided	 links,	 but	 examples	 include	
development	 of	 earthquake‐tolerant	 housing	 that	 can	 be	
built	 with	 local	 materials	 in	 mountainous	 regions	 of	
Pakistan;	 detailed	 analysis	 of	 the	 effectiveness	 of	 MIT’s	
recycling	 program;	 and	 plans	 for	 ecologically	 sustainable	
temporary	housing	of	refugees.	For	these	students,	prepared	
by	 their	 Terrascope	 experience,	 ethical	 and	 societal	 issues	
are	 at	 the	 core	 of	 their	 objectives	 and	 practice,	 motivating	
and	shaping	the	work	they	do.	

Additional	resources:	

Team‐Oriented,	Project‐Based	Learning	as	a	Path	to	Undergraduate	Research:	A	Case	Study:	
https://www.dropbox.com/s/pzbz0c7kx2n57wi/CUR‐ResearchSupportive‐Ch5.pdf?dl=0		

Building	a	Freshman‐Year	Foundation	for	Sustainability	Studies:	Terrascope,	a	Case	Study:	
https://www.dropbox.com/s/1yvw2o3ehdz9qkh/Sust.Sci.‐Epstein%2CBras%2CBowring.pdf?dl=0	

Helping	Engineering	and	Science	Students	Find	Their	Voice:	Radio	Production	as	a	Way	to	Enhance	Students’	Communication	
Skills	and	Their	Competence	at	Placing	Engineering	and	Science	in	a	Broader	Societal	Context:	
https://www.dropbox.com/s/h2jtoguwjefqdjz/TerrascopeRadio‐ASEE2010.pdf?dl=0							
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36	

review	relevant	case	studies,	and	present	 their	 findings	
to	 the	 class.	 Following	 are	 samples	 of	 2015	 case	 study	
presentation	topics:	
o Ensuring	 the	 safety,	 health,	 and	 welfare	 of	 the	

public,	 investigated	 in	 reference	 to	 ASCE	 Canon	 1:	
“Engineers	 shall	 hold	paramount	 the	 safety,	 health,	
and	welfare	of	the	public	and	shall	strive	to	comply	
with	 the	 principles	 of	 sustainable	 development	 in	
the	performance	of	their	professional	duties.” 

o An	 engineer’s	 misrepresentation	 of	 credentials	 or	
dishonesty,	 in	 reference	 to	 ASCE	 Canon	 2:	
“Engineers	 shall	 perform	 services	 only	 in	 areas	 of	
their	competence.” 

o Engineers	who	gave	 false	geotechnical	 information,	
ASCE	 Canon	 3:	 “Engineers	 shall	 issue	 public	
statements	 only	 in	 an	 objective	 and	 truthful	
manner.” 

o The	 proper	 use	 of	 professional	 credentials,	 ASCE	
Canon	4:	“Engineers	shall	act	in	professional	matters	
for	 each	 employer	 or	 client	 as	 faithful	 agents	 or	
trustees,	 and	 shall	 avoid	 conflicts	 of	 interest”  and	
ASCE	 Canon	 5:	 “Engineers	 shall	 build	 their	
professional	 reputation	 on	 the	 merit	 of	 their	
services	and	shall	not	compete	unfairly	with	others.” 

o Fraud,	ASCE	Canon	6:	“Engineers	shall	act	in	such	a	
manner	 as	 to	 uphold	 and	 enhance	 the	 honor,	
integrity,	 and	 dignity	 of	 the	 engineering	 profession	
and	shall	act	with	zero	tolerance	 for	bribery,	 fraud,	
and	corruption.” 

o Employer’s	responsibility	to	employees,	ASCE	Canon	
7:	 “Engineers	 shall	 continue	 their	 professional	
development	 throughout	 their	 careers,	 and	 shall	
provide	 opportunities	 for	 the	 professional	
development	 of	 those	 engineers	 under	 their	
supervision.”	

Assessment	 information:	 USCGA	 has	 established	 a	 set	 of	
shared‐learning	 outcomes	 (for	 all	 academic	 programs)	 that	
include	 leadership	 abilities;	 personal	 and	 professional	
qualities;	 the	 ability	 to	 acquire,	 integrate,	 and	 expand	
knowledge;	effective	communication;	and	the	ability	to	think	
critically.	The	shared‐learning	outcomes	are	aligned	with	the	
ABET	 Student	 Outcomes,	 with	 specifically	 developed	
performance	 indicators	 related	 to	 ethics.	 Faculty	 members	
have	 created	 assignments	 and	 rubrics	 to	 assess	 student	
progress	 and	 improve	 student	 development	 in	 professional	
ethics	 for	 each	 performance	 indicator.	 By	 integrating	
professional	 ethics	 development	 and	 assessment	 in	 the	
existing	 civil	 engineering	 assessment	 model,	 faculty	 have	
successfully	 threaded	 this	 competency	 into	 the	 curriculum	
using	 a	 sustainable	 and	 effective	 framework.	 For	 example,	
the	performance	indicators	for	two	ABET	student	outcomes,	
3f	and	3h,	are	used	to	assess	ethics	and	professional	issues	in	

the	civil	engineering	curriculum.	ABET	3f,	“an	understanding	
of	 professional	 and	 ethical	 responsibility,”  is	 evaluated	 by	
the	following	specific	performance	indicators:	

• 3f‐1:	 “articulate	 importance	 of	 professional	 code	 of	
ethics” 

• 3f‐2:	 “identify	 ethical	 dilemmas	 and	 propose	 ethical	
solutions	 in	 accordance	 with	 professional	 code	 of	
ethics.”	 

ABET	3h,	“the	broad	education	necessary	to	understand	the	
impact	 of	 engineering	 solutions	 in	 global,	 economic,	
environmental,	and	societal	contexts,”	is	addressed	with	two	
performance	indicators: 

• 3h‐1:	“explain	the	economic,	social,	and	global	aspects	of	
engineering	solutions” 

• 3h‐2:	 “discuss	 the	 environmental	 implication	 of	
engineering	solutions.”	

Faculty	 members	 have	 crafted	 assignments	 and	 rubrics	
related	 to	 these	 performance	 indicators	 to	 ensure	 student	
development	 in	 ethical	 and	 global	 issues	 relating	 to	 civil	
engineering.	 Thresholds	 and	 performance	 targets	 were	
established	 for	 the	 successful	 achievement	 of	 the	
performance	 indicators,	 with	 different	 performance	 targets	
for	exams	and	nonexam	activities	(e.g.,	projects,	homework,	
reports,	 technical	 paper,	 oral	 presentations).	 Students	 are	
considered	 to	 have	 demonstrated	 satisfactory	 achievement	
of	 a	 performance	 indicator	 if	 their	 score	 (grade	 on	 a	
particular	assessment	tool)	meets	or	exceeds	70%.	A	course	
is	 classified	 as	 producing	 satisfactory	 student	 achievement	
on	 a	 performance	 indicator	 if	 it	 meets	 one	 or	 both	 of	 the	
following	performance	targets:		

• Exams:	 At	 least	 70%	 of	 students	 must	 exceed	 the	
performance	indicator	score	of	70%	(C	grade).		

• Nonexam	 assignments:	 At	 least	 85%	 of	 students	 must	
exceed	 the	 performance	 indicator	 score	 of	 70%	 (C	
grade).		

This	 well‐established	 ABET	 assessment	 system	 is	 used	 to	
evaluate	student	progress	throughout	the	academic	year	and	
monitored	 at	 the	 end	 of	 course	 review,	 when	 assessment	
data	on	student	performance	are	discussed	for	each	course.	
To	ensure	continuous	 improvements,	 recommendations	are	
documented	 for	 implementation	 during	 the	 next	 cycle	 of	
course	offerings.	Graduates	of	USCGA	receive	a	degree	and	a	
commission	 as	 a	 Coast	 Guard	 officer:	 We	 are	 preparing	
students	to	provide	engineering	expertise	while	serving	their	
mandatory	5‐year	commitment	to	the	Coast	Guard,	and	their	
ethics	 and	 leadership	 are	 continually	 service	 tested	 for	 a	
minimum	of	5	years	after	graduation.	

	

	
Additional	resources:	

American	Society	of	Civil	Engineers	Code	of	Ethics:	www.asce.org/code_of_ethics/		
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averaged	4.55/5.00	 for	 the	 junior‐year	course,	compared	to	
4.13	and	4.15	average	scores	for	all	civil	engineering	courses	
and	 all	 university	 courses,	 respectively.	 The	 junior‐year	
course	in	our	ethics	program	has	a	significantly	higher	rating	
for	this	and	other	metrics.		

In	addition	to	the	numerical	metrics,	the	following	comments	
are	typical	of	end‐of‐semester	course	evaluations:		

o “The	course	provided	us	a	great	opportunity	to	have	
a	better	understanding	of	our	careers	 in	the	 future.	
It	is	more	like	a	training	class	than	a	lecture,	which	is	
really	good	for	engineering	students.”		

o “The	 case	 study	 approach	 was	 very	 useful	 and	
brought	to	light	how	many	different	ways	problems	
can	be	viewed.”	

o “Probably	one	of	the	most	useful	classes	I’ve	taken.	I	
feel	like	I	actually	have	a	resource	to	go	to	and	useful	
lessons	learned	that	I	can	apply	to	real	life.”	

o “The	discussions	were	all	 good,	 thought	provoking,	
and	 kept	 the	 class	 involved.	 The	 group	 activities	
were	 fun	 and	 made	 the	 classwork	 relevant.	
Important	 information	 on	 how	 to	 handle	 problems	
in	the	workplace.”	

o “This	 class	 was	 very	 helpful	 and	 informative	 in	
regards	to	how	to	best	handle	and	go	about	dealing	
with	 future	 problems	 and	 ethical	 decisions	we	will	

encounter	later	in	our	careers.	The	case	studies	and	
examples	were	particularly	helpful.	Overall	this	was	
a	very	effective	and	positive	class.”		

For	 the	 second	 method	 of	 evaluation,	 we	 consider	 the	
Fundamentals	of	Engineering	(FE)	examination,	which	is	the	
first	 stage	 assessment	 for	 an	 engineer’s	 certification	 as	 a	
licensed	Professional	Engineer.	The	FE	exam	includes	several	
questions	 on	 the	 combined	 topic	 of	 ethics	 and	 business	
practices,	 and	 a	 separate	 score	 in	 this	 topic	 is	 provided	 as	
part	of	the	institutional	reporting.	While	no	examination	can	
accurately	 measure	 an	 engineer’s	 capacity	 for	 ethical	
behavior	 in	 confronting	 real‐world	 problems,	 historic	 data	
from	 this	 section	 of	 the	 FE	 exam	 provide	 an	 independent	
assessment	 of	 our	 students’	 aptitude	 for	 thinking	 through	
ethical	dilemmas	and	applying	rules	of	professional	conduct.	
During	the	period	from	October	2005	to	October	2013	(until	
the	 recent	 change	 to	 a	 computer‐based	 examination),	 400	
Northeastern	University	civil	engineering	majors	took	the	FE	
exam	(about	half	of	the	students	who	graduated	during	this	
time	 period)	 and	 scored	 1.6%	 higher	 than	 the	 national	
average.	 On	 the	 Ethics	 and	 Professional	 Practice	 section,	
however,	our	students	scored	4.7%	higher	than	the	national	
average.	
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content	expert	to	facilitating	coach	as	the	module	progresses	
to	 discussion	 and	 analysis	 of	 more	 complex	 ethical	 issues.	
The	 final	 stage	 of	 meta‐reflection	 challenges	 students	 to	
reflect	 on	 what	 they	 have	 learned	 and	 how	 their	 ethical	
reasoning	process	developed	 throughout	 the	case.	The	 final	
stages	of	the	module	challenge	the	student	to	higher	levels	of	
ethical	 reasoning	 consistent	 with	 those	 measured	 by	
validated	ethical	reasoning	assessment	instruments.		

As	 the	 foundation	 to	 the	 SIRA	 pedagogical	 system,	 we	
formulated	 Reflexive	 Principlism,	 an	 ethical	 reasoning	
approach	 that	 is	 particularly	 applicable	 in	 engineering.	 It	
leads	 the	 decision	 maker	 to	 internalize	 a	 reflective	 and	
iterative	process	of	specification,	balancing,	and	justification	
of	four	core	ethical	principles—beneficence,	nonmaleficence,	
justice,	and	respect	for	autonomy—in	the	context	of	specific	
case	 constraints,	 much	 like	 an	 engineering	 design	 process.	
Reflexive	 Principlism	 also	 addresses	 a	 pressing	 need	 in	
engineering	ethics	for	a	coherent	ethical	reasoning	approach	
that	is	applicable	to	complex	cases	in	an	engineering	context.	
This	approach	provides	structure	to	ethical	reasoning	while	
allowing	 the	 flexibility	 for	 adaptation	 to	 varying	 contexts	
through	 specification	and	balancing	of	 the	principles.	As	an	
example,	in	the	context	of	the	Deepwater	Horizon	case	study,	
when	considering	the	ethicality	of	deeper	and	riskier	drilling	
in	 the	 Gulf	 of	 Mexico,	 Reflexive	 Principlism	 challenges	
students	 to	 integrate	 stakeholder	 perspectives	 (e.g.,	 of	 BP	
executives,	 local	 business	 owners,	 marine	 life)	 in	 their	
decision‐making	process;	this	adds	richer	specification	to	the	
principles	in	the	case	context.		

Last,	 we	 developed	 and	 validated	 an	 Ethics	 Transfer	 Case	
tool,	 an	 innovative	 rubric‐based	 assessment	 that	 evaluates	
students’	 transfer	 of	 the	 Reflexive	 Principlism	 approach	 to	
ethical	 issues	beyond	 the	 course.	The	 tool	 evaluates	 ethical	
reasoning	 along	 four	 core	 components	 of	 Reflexive	
Principlism:	 (1)	 identification	 and	 implications	 of	 the	 four	
ethical	principles,	 (2)	specification	of	where,	when,	how,	by	
what	 means,	 and	 to	 whom	 the	 principles	 apply,	 (3)	
justification,	or	 coherence	between	 the	ethical	decision,	 the	
principles,	 and	 codes,	 and	 (4)	 reflectivity,	 the	 conscious	
deliberation	 on	 the	 process	 of	 reasoning	 and	 decision	
outcomes.		

The	 PRIME	 Ethics	 learning	 system	 develops	 ethical	
reasoning	 skill	 using	 complex,	 realistic	 ethical	 cases	 that	
address	 both	 micro‐	 and	 macroethical	 issues	 relevant	 to	
engineering	practice	and	professional	leadership.	

Assessment	 information:	We	have	continually	refined	and	
evaluated	our	PRIME	Ethics	learning	system	using	a	strategy	
of	 both	 quantitative	 and	 qualitative	 instruments	 to	 assess	
students’	 ethical	 reasoning	 skills	 and	 their	 satisfaction	 and	
engagement	 with	 engineering	 ethics	 education.	 To	 assess	
impact	 on	 students’	 ethical	 reasoning	 development	 we	
triangulated	 results	 among	 three	 quantitative	 assessment	
measures:	 (a)	 the	 well‐established	 and	 regularly	 applied	

Defining	 Issues	 Test‐2	 (DIT2),	 (b)	 the	 newly	 developed,	
engineering‐specific,	 moral	 development	 assessment	 tool,	
the	 Engineering	 Ethical	 Reasoning	 Instrument	 (EERI),	 and	
(c)	 our	 novel	 Ethics	 Transfer	 Case	 method.	 The	 DIT2	 and	
EERI	 assessment	 tools	 measure	 developmental	 stages	 of	
ethical	reasoning	(based	on	Kohlberg’s	schemas)	in	a	general	
and	engineering	context,	respectively.	Higher	scores	indicate	
a	 greater	 tendency	 toward	 postconventional	 thinking.	
Analyzing	changes	in	the	pre‐	and	postcourse	measures	with	
the	 EERI	 taken	 by	 more	 than	 60	 students	 indicated	
significant	increases	in	their	ethical	reasoning	levels.	Similar	
but	 less	 significantly	 positive	 changes	 were	 observed	 with	
the	pre‐	and	postmeasures	with	the	DIT2.	To	provide	a	more	
granular	 assessment	 of	 the	 specific	 elements	 of	 ethical	
reasoning	changes	 in	students,	we	used	our	Ethics	Transfer	
Case	 tool	 for	 the	 three	 most	 recent	 semesters.	 Initial	
evaluation	 of	 differences	 between	 pre‐	 and	 postcourse	
scores	 indicated	 a	 significant	 increase	 in	 students’	 ethical	
reasoning	using	Reflexive	Principlism,	 specifically	 along	 the	
components	of	identification,	specification,	and	justification;	
however,	reflectivity	indicated	a	slight,	albeit	nonsignificant,	
increase.	To	assess	 the	 impact	on	students’	 satisfaction	and	
engagement	 with	 engineering	 ethics	 education,	 we	 used	 a	
mixed	 methods	 approach	 with	 quantitative	 and	 qualitative	
measures:	 (a)	 a	 subset	 of	 items	 extracted	 from	 the	 Student	
Engineering	 Ethical	 Development	 survey	 to	 assess	
satisfaction	and	engagement;	(b)	a	new	survey	instrument	to	
assess	 the	 efficacy	 of	 our	 SIRA	 pedagogical	 approach;	 (c)	 a	
quantitative	assessment	of	components	perceived	to	be	most	
effective	 by	 students	 along	 dimensions	 of	 engagement,	
providing	 new	 information,	 understanding	 ethics,	
developing	 critical	 thinking,	 and	 guiding	 decision	 making;	
and	(d)	a	semistructured	interview	with	students	at	the	end	
of	 the	 course.	 Preliminary	 findings	 indicate	 that	 students’	
satisfaction	 with	 their	 ethics	 education	 increased	 in	 all	
measures	 after	 completing	 the	 learning	 system.	 Two	
components	 were	 repeatedly	 ranked	 most	 effective:	 (1)	
multimedia	 case	 videos	 were	 highly	 effective	 for	 engaging	
students	 and	 providing	 new	 information,	 and	 (2)	 videos	 of	
interactive	 student	 deliberations	 were	 most	 important	 to	
understanding	 ethics,	 developing	 critical	 thinking,	 and	
guiding	decision	making.		

These	 findings	provide	empirical	 support	 for	 the	efficacy	of	
Reflexive	 Principlism	 combined	 with	 a	 SIRA	 pedagogical	
framework	as	an	innovative	approach	to	successfully	engage	
engineering	 students	 in	 ethics	 education	 and	 enhance	 their	
ethical	 reasoning	 skills.	 The	 PRIME	 Ethics	 learning	 system	
contains	 highly	 interactive	 media	 and	 deliberations	 that	
encourage	 active	 engagement	 with	 learning,	 uses	 complex	
ethical	 cases	 that	 connect	 directly	 to	 engineering	 practice	
addressing	both	micro‐	and	macroethical	issues,	provides	an	
innovative	 theoretical	 approach	 and	 structure	 to	 enhance	
the	 level	 of	 ethical	 reasoning,	 and	 can	 be	 delivered	 in	 a	
hybrid	online	and	in‐class	format	as	a	stand‐alone	course	or	
embedded	in	a	curriculum.	

Additional	resources:	

PRIME	Ethics:	https://engineering.purdue.edu/BME/PRIMEEthics	 	

Infusing Ethics into the Development of Engineers: Exemplary Education Activities and Programs

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21889


Nan
Hea
Lead

Insti

Facu
Tyler
Dutta

Exem
instit

Why	
We	 d
cours
and	
unde
The	
from	
mech
engin
techn
impo
and	e
group
nano
instit
Tyler
collab
two	 o
cours

Prog
the	w
team
and	e
civil	e
and	
They
West
team
Tyler
State
Tyler
modu
curri
taugh

Our	c
unde
socia
focus
Anoth
stude
caree
nano
resea
short
scien

noTRA:	Tex
alth,	and	Sa
ders	

tution:	Texas

ulty/contribu
r;	Walt	Trybul
a;	Fritz	Alhoff,

mplary	featur
tutional	facult

it’s	exempla
developed,	 im
ses	 that	 inclu
safety	 issu

ergraduates	 in
courses	 were
academia	

hanical	 and
neering,	electr
nology,	 physi
ortant	 goal	 of	
encourage	stu
ps	to	careers	i
technology.	 T
tution	 (HSI),	 a
r),	 whose	
borated	 on	 th
online	 course
ses	for	the	firs

gram	descrip
work.	Member
m	 brought	 exp
expertise	in	m
engineering,	e
technology,	 p
y	are	from	thr
tern	 Michigan
m	members	affi
r	 as	 well	 as	 s
e.	 Two	 full‐sem
r,	each	with	th
ules	 have	 bee
culum,	 at	 all
ht	by	13	facult

central	goal	 is
erstood	 to	 in
al	 dimensions,
s	 on	 emerging
her	 goal	 is	 to
ents	 from	 tr
ers	 in	 scienc
technology.	 A
arch	 suggests	
tfall	 of	 US	 en
nce	or	enginee

as	Regiona
fety	Aware

s	State	Univers

tors:	Craig	Ha
a,	Texas	State
,	Western	Mich

res:	Collabora
ty	collaboratio

ary:	The	exten
mplemented,	
de	 societal,	 et
ues	 related	
n	 engineering	
e	 developed	 i
and	 industry
d	 manufact
rical	engineer
ics,	 biology,	
the	project	 is
dents	from	tr
in	science	and
Texas	 State	 U
and	 the	 Univ
student	 pop
he	 project.	 W
es	 and	modul
st	through	fou

tion:	A	multi
rs	of	the	devel
erience	 in	 ind

mechanical	and
electrical	engi
physics,	 biolo
ee	universitie
n.	 The	 implem
iliated	with	Te
some	 addition
mester	 online
he	same	instr
en	 infused	 in
l	 levels	 from	
ty	members.		

s	to	help	foste
clude	 safety,	
,	 in	 the	 next	
g	 technologies
o	 recruit,	 eng
raditionally	 u
ce	 and	 engi
A	 third	 goal	 i
that	many	 st
gineers—who
ring	switch	to

al	Alliance	t
eness	in	To

sity	

anks,	Jitendra	
e	University	an
higan	Univers

tion	with	acad
on;	integration

nt	of	this	effor
and	 assessed
thical,	 environ

to	 nanot
and	engineer
in	 consultatio
y	 who	 have
turing	 engi
ring,	 industria
philosophy,	
s	 to	 recruit,	 e
aditionally	un
d	engineering,
niversity,	 a	 H
ersity	 of	 Texa
pulation	 is	
When	 fully	 dep
es	 infused	 in	
rth	years.	

idisciplinary	 t
lopment	and	
dustry,	 policy
d	manufacturi
ineering,	indu
ogy,	 philosop
es:	Texas	State
mentation	 tea
exas	State	Uni
nal	 teaching	 f
e	 courses	 are
uctor.	At	Texa
n	 18	 courses	
first	 to	 last

er	ethical	awa
health,	 envi
generation	 of
s,	 especially	 n
age,	 prepare,	
underrepresen
ineering,	 wit
s	 to	 keep	 stu
tudents—enou
o	 originally	 in
o	nonscientific

to	Foster	N
morrow’s	E

Tate,	Dominic
nd	the	Trybula
sity	

demia	and	ind
n	of	ethics	con

rt	 is	exemplar
d	 two	 modul
nmental,	heal
echnology	 f
ring	 technolog
on	 with	 leade
e	 expertise	
neering,	 ci
al	education	a
and	 ethics.	 A
engage,	 prepa
nderrepresent
,	with	a	focus	
Hispanic	 servi
as	 at	 Tyler	 (U
60%	 wome
ployed,	 we	 h
18	 face‐to‐fa

team	 conduct
implementati
y,	 and	 academ
ing	engineerin
ustrial	educati
hy,	 and	 ethi
e,	UT‐Tyler,	a
am	 includes	
iversity	and	U
faculty	 at	 Tex
e	 offered	 at	 U
as	State,	proje
in	 the	 existi
t	 semester,	 a

areness,	broad
ronmental,	 a
f	 engineers.	 W
nanotechnolog
and	 encoura

nted	 groups	
th	 a	 focus	
udents	 engage
ugh	 to	 stem	 t
ntend	 to	 purs
c	fields.		

41	

Nanotechno
Engineerin

ck	Fazarro,	Un
a	Foundation;

dustry;	multid
ntent	in	both	te

ry:	
lar	
th,	
for	
gy.	
ers	
in	
vil	
nd	
An	
re,	
ted	
on	
ng	
UT	
en,	
had	
ace	

ted	
on	
mia	
ng,	
on	
cs.	
nd	
all	
UT‐
xas	
UT‐
ect	
ing	
nd	

dly	
nd	
We	
gy.	
age	
to	
on	
ed:	
the	
ue	

Our	 a
project
nanote
into	 e
module
includi
technic
Studen
throug
studen
moral	
respon
situatio
interpr
signific
creativ
leads	 t
Moral	
action.
dimens
act.		

To	 dev
sensitiv
proces
multip
lecture
questio
group	
integra
relatio
active	
part	of
for	eng
of	stud
by	dev
skills,	
publica
presen
ethical
is	 sub
public	
the	 mo
module

The	
freshm
nanote
securit

ology	Envir
ng	and	Tech

niversity	of	Te
	Robert	McCle

isciplinary	an
echnical	and	n

approach	 diff
ts	 addressin
echnology	 in	 t
existing	 cours
es	 are	 infuse
ing	 a	 require
cal	 courses	 f
nts	 engage	 th
gh	multiple	me
nts	in	developi
sensitivity.	

nsible	 profes
ons	where	exi
retation.	 As	 M
cant	in	scienc
vity	 not	 only	
to	 more	 creat
sensitivity	 is	
	 One	 must	
sions	to	a	situ

velop	 moral	
vity	and	help	
ss	and	educati
le	 and	 vari
es	 are	 punctu
on	 and	 answ
assignments,	
ated	 lessons,	
nship	 of	 conc
learning	 is	 r
f	the	mandato
gineering	and	
dents	select	a	
veloping	a	case
including	 cr
ations,	 prac
ntations,	and	d
l	dimensions	o
mitted	 to	 W
knowledge.	A
odules	 and	 ce
es.		

first	 set	 o
man/sophomo
echnology,	nan
ty	 implication

ronment,	
hnology	

exas	at	
ean,	Satyajit	

nd	multi‐
nontechnical	c

fers	 from	 m
ng	 social	 an
that	we	are	se
ses	 across	 t
d	 in	 nontech
ed	 core	 cour
from	 sophom
he	 material	
ethods.	The	ce
ing	moral	crea
These	 are	
sionals	 and	
isting	rules	ar
Mike	 Martin	
e	and	enginee
supports	 mo
tive	 and	 bett
a	 preconditi
recognize	

uation	before	o

creativity,	 m
students	stay
ion	more	gene
ied	 teaching
uated	 by	 sho
er	 discussion
with	an	emph
simulations,	
cepts	 to	 the	 r
esearching	 an
ory	philosophy
engineering	t
topic	and	exp
e	study.	Stude
ritical	 engage
ctice	 worki
draft	articles	e
of	their	topic	t

Wikipedia	 to	 c
Analysis	of	cas
entral	 to	 the	

of	 eight	 co
re	 level,	
nomaterials	a
ns,	 and	 socie

courses	

most	 previous
nd	 ethical	 d
eamlessly	 infu
the	 curriculu
hnical	 introdu
rse	 in	 philos
more	 through
in	 multiple	
entral	ethics	m
ativity,	moral	
characteristic
necessary	 f
re	silent,	uncle
argues,	 mora
ering,	and	dev
rally	 respons
ter	 science	 an
on	 of	 moral	 r
the	 possibili
one	can	evalu

moral	 judgmen
y	engaged	wit
erally,	the	pro
g	 approaches
ort	 videos	 a
n,	 and	 short	 i
hasis	on	activ
or	 projects	 t
real	 world.	 On
nd	 writing	 ca
y	course,	in	a	s
technology	stu
plore	the	ethic
ents	hone	scho
ement	 with	 p
ng	 in	 gro
explaining	the
to	the	public.	
contribute,	 if	
se	studies	is	p
work	 of	 the	

ourse	 modu
introduces	
and	manufactu
etal	 and	 eth

s	 NSF‐funded
dimensions	 o
using	module
um.	 Curricula
uctory	 courses
sophy,	 and	 in
h	 senior	 leve
contexts	 and
modules	assis
judgment,	and
cs	 of	 morally
for	 navigatin
ear,	or	requir
al	 creativity	 i
veloping	mora
sible	 work	 bu
nd	 technology
reasoning	 and
ity	 of	 mora
ate,	judge,	and

nt,	 and	 mora
th	the	learnin
oject	team	use
s.	 Traditiona
nd	 film	 clips
individual	 and
ve	learning	and
that	 show	 th
ne	 example	 o
ase	 studies.	 A
special	section
udents,	group
cal	dimension
olarly	research
peer‐reviewed
oups,	 creat
e	technical	and
The	best	work
approved,	 to

part	of	many	o
second	 set	 o

ules,	 at	 th
students	 to
uring,	nationa
ical	 issues	 o

d	
of	
s	
r	
s,	
n	
l.	
d	
st	
d	
y	
g	
e	
s	
al	
ut	
y.	
d	
al	
d	

al	
g	
s	
al	
s,	
d	
d	
e	
of	
s	
n	
s	
s	
h	
d	
e	
d	
k	
o	
of	
of	

e	
o	
al	
of	

Infusing Ethics into the Development of Engineers: Exemplary Education Activities and Programs

Copyright National Academy of Sciences. All rights reserved.

http://www.nap.edu/21889


42	

nanotechnology.	 After	 completing	 this	 course	 students	 will	
be	able	 to	 (a)	understand	 the	ethical	and	societal	 impact	of	
nanotechnology,	 (b)	 understand	 fundamental	 concepts	 in	
sustainable	 nanotechnology,	 and	 (c)	 understand	 the	 nature	
and	development	of	nanotechnology.	The	modules	introduce	
a	method	for	ethical	reasoning	that	is	modeled	on	the	design	
process	 to	 help	 engineering	 students	 think	 about	 ethical	
problem	 solving	 as	 similar	 in	 structure	 to	 engineering	
problem	solving.	The	second	set	of	nine	modules,	an	upper‐
level	 course,	 addresses	 ethical,	 health,	 and	 environmental	
risks	 of	 nanotechnology.	 After	 completing	 this	 course,	
students	will	 understand	 (a)	 the	 health	 and	 environmental	
risks	 of	 nanotechnology,	 (b)	 how	 to	 work	 in	 a	 group	 and	
conduct	 systematic	 research	 to	 write	 a	 group‐based	 term	
paper	 on	 case	 studies	 and/or	 research	 topic,	 and	 (c)	
approaches	 to	 assessing	 lifecycle	 risk	 assessment	 of	
nanotechnology.	As	we	go	forward,	we	will	develop	separate	
module‐packets	for	students	and	instructors.	The	instructor	
information	will	be	more	detailed,	with	additional	references	
and	 suggestions	 for	 integrating	 the	 module	 into	 existing	
courses,	 to	 ensure	 that	 instructors	who	 are	 not	 part	 of	 the	
development	team	have	the	resources	necessary	to	lead	the	
modules.	Student	packets	will	include	less	detailed	write‐ups	
but	 additional	 links	 to	videos,	background	 information,	 and	
reference	 materials.	 Both	 institutions	 are	 committed	 to	
continuing	 to	 offer	 these	 modules	 and	 courses.	 We	 will	
follow	up	with	students	to	assess	long‐term	impacts.	We	are	
also	 initiating	 an	 ancillary	 project	 developing	 materials	 to	
assist	 technically	 trained	 faculty	 members,	 who	 may	 not	
have	 a	 strong	 background	 in	 the	 formal	 study	 of	 ethics,	 to	
master	 the	 material	 and	 infuse	 active‐learning	 modules	 in	
their	courses.		

Assessment	 information:	 The	 modules	 were	 evaluated	
according	to	how	well	we	met	the	learning	outcomes.	There	
are	many	components	 to	the	evaluation	process:	evaluation	
of	 module	 design	 by	 the	 academic	 and	 industry	 advisory	
council,	 assessments	 of	 learning	 outcomes	 through	 in‐class	
assignments,	 student	 evaluations	 of	 each	 module	 when	
offered,	 interval	 evaluations,	 site	 visits	 by	 an	 external	
evaluator,	 and	 follow‐up	 evaluations	 by	 the	 academic	 and	
industry	 advisory	 council.	 Ongoing	 assessments	 during	 the	
fall	 2013	 and	 fall	 2014	 courses	 at	Texas	 State	were	 largely	
positive,	and	assessments	of	the	summer	2013	online	course	
were	 quite	 positive.	 These	 assessments,	 both	 interval	 and	

end‐of‐term,	focused	on	student	understanding,	engagement,	
and	satisfaction	(the	 latter	two	are	strongly	correlated	with	
positive	 learning	 outcomes).	 At	 UT‐Tyler,	 87–93%	 of	
respondents	rated	the	course	good	or	excellent	on	a	5‐point	
scale;	 there	were	no	 ratings	of	 fair	 or	poor.	At	Texas	 State,	
evaluations	 ranged	 from	 a	 high	 in	 which	 93%	 of	 students	
rated	 the	 modules	 good	 or	 excellent	 and	 none	 rated	 them	
fair	or	poor,	to	a	course	in	which	11%	rated	the	modules	fair	
or	poor.	This	feedback	helped	project	leaders	focus	on	better	
integrating	 instructors	 not	 originally	 part	 of	 the	 project	
team.	In	November	2013,	six	focus	groups	were	conducted	at	
Texas	 State	 by	 Dr.	 Rita	 Caso,	 an	 expert	 in	 program	
assessment	 and	 academic	 evaluation.	 Participants	 were	
students	 enrolled	 in	 courses	 in	which	 project	modules	 had	
been	presented	during	the	fall	2013	term.	On	April	23,	2014,	
Dr.	 Caso	 conducted	 three	 focus	 groups	 with	 students	
enrolled	 in	 courses	 at	 Texas	 State	 that	 incorporated	
modules:	PHIL	1320:	Society	and	Ethics	for	engineering	and	
engineering	 technology	 majors	 (A‐Modules);	 TECH	 4380:	
Industrial	 Safety	 for	 concrete	 industry	management	majors	
and	 construction	 science	 &	 management	 majors;	 and	 IE	
4380:	Industrial	Safety	for	industrial	engineering	majors	(1A	
and	 B‐Modules).	 On	 April	 24,	 2014,	 she	 conducted	 a	 focus	
group	with	students	at	UT‐Tyler	who	had	completed	the	B‐
Module	whole	course.	They	reported	a	high	level	of	 interest	
in	 nanotechnology	 and	 in	 its	 ethical	 implications,	 and	 said	
that	 outside	 of	 class	 they	 had	 encountered	 issues	 and	
information	relevant	to	the	material	in	the	modules.		

Our	 assessments	 show	 that	 students	 are	 excited	 about	 the	
possibilities	 of	 nanotechnology	 to	 solve	 problems	 and	
promote	better	standards	of	 living.	Students	 tell	us	 that	the	
modules	have	helped	them	understand	the	important	ethical,	
sustainability,	 and	 social	 dimensions	 of	 emerging	
technologies,	especially	nanotechnology.	Student	feedback	is	
guiding	 revisions	 of	 all	 modules	 for	 future	 semesters.	
Student	 retention	 is	 high,	 and	 enrollment	 in	 the	 Ingram	
School	of	Engineering	at	Texas	State	continues	to	set	yearly	
records.	

	

	

	

	
Additional	resources:	

Project	web	page:	http://nsf‐nue‐nanotra.engineering.txstate.edu/home.html	
HSI	Research	Day,	Texas	State	University,	San	Marcos,	March	20,	2013:	http://gato‐docs.its.txstate.edu/nanotechnology‐

undergraduate‐education/poster.pdf	
Micro	and	Nano	Technology	Conference:	http://gato‐docs.its.txstate.edu/nanotechnology‐undergraduate‐

education/Nanotechnology‐Safety‐Education‐Dr‐Trybula‐As‐Presented/Nanotechnology%20Safety%20Education‐
Dr%20Trybula%20As%20Presented.pdf	

Infusing	Ethical,	Safety,	Health,	and	Environmental	Education	in	Engineering	and	Technology	Curricula,	New	Horizons	in	
Texas	STEM	Education	Conference:	http://nsf‐nue‐
nanotra.engineering.txstate.edu/publications/conferences/contentParagraph/0/content_files/file3/document/Infusing+E
thical%252C+Safety%252C+Health%252C+and+Environmental+Education+in+Engineering+and+Technology+Curricula+‐
+SA+STEM+Conference.pdf	
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The	Continuing	Shock	of	the	New:	Some	Thoughts	on	Why	Law,	Regulation,	and	Codes	Are	Not	Enough	to	Guide	Emerging	
Technologies,	121st	ASEE	Annual	Conference	and	Exposition:	http://nsf‐nue‐
nanotra.engineering.txstate.edu/publications/conferences/contentParagraph/0/content_files/file0/document/Continuing
+Shock+of+the+New+‐+ASEE+presentation.pdf	

We	Are	Seed	Planters:	A	Look	at	Teaching	Students	Nanotechnology	Environment,	Health,	and	Safety	Awareness,	Association	
of	Technology,	Management,	and	Applied	Engineering:	http://nsf‐nue‐
nanotra.engineering.txstate.edu/publications/conferences/contentParagraph/0/content_files/file6/document/2014+ATM
AE+CONFERENCE+_Fazarro_.pdf	
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macroethical,	 social	 justice–related	 questions	 described	
below.		

Courses	 in	 the	 humanities	 and	 social	 sciences	 place	 these	
macroethical	questions	in	the	context	of	actual	case	studies.	
For	 instance,	 in	 LAIS	 478:	 Engineering	 and	 Social	 Justice,	
students	 learn	 to	 identify	 and	 challenge	 the	 engineering	
mindsets	 and	 ideologies	 that	 get	 in	 the	 way	 of	 engineers	
becoming	 agents	 for	 social	 justice.	 They	 also	 question	 how	
these	mindsets	 contribute	 to	 the	 exclusion	 of	macroethical	
concerns	 in	 problem	 definition	 and	 solution.	 In	 LAIS	 425:	
Intercultural	 Communication,	 students	 learn	 to	 identify	
nuanced	 assumptions	 embedded	 in	 EPDS	 as	 they	 emerge	
from	 national,	 ethnic,	 ethical,	 and	 other	 normative	
frameworks.	 In	 LAIS	 377:	 Engineering	 and	 Sustainable	
Community	 Development,	 students	 learn	 to	 move	 beyond	
the	 limitations	 of	 existing	 engineering	 problem‐solving	
methods	 and	 apply	 criteria	 for	 sustainable	 community	
development	to	engineering	projects	in	order	to	assess	how	
they	contribute	to	communities’	well‐being.		

In	 the	 IFCS	design	course	sequence	and	 in	 the	HSS	courses,	
we	aspire	to	have	students	explore	as	many	of	the	following	
Enacting	Macroethics	initiative	questions	as	possible:	

• In	talking	with	your	clients	or	community	partners,	what	
forms	 of	 listening	 enabled	 you	 to	 understand	 their	
needs,	 desires,	 and	 aspirations?	 How	 did	 this	 listening	
impact	 your	 process	 of	 defining	 and	 later	 solving	 the	
problem?		

• What	social	structural	conditions	maintain	conditions	of	
inequality,	 and	 how	 might	 your	 design	 address	 such	
conditions?		

• How	 have	 you	 understood	 a	 community’s	 political	
agency	and	 the	 resources	 the	 community	members	 can	
leverage	 to	 carry	 out,	 develop	 ownership	 of,	 and	
maintain	the	project	over	the	long	term?		

• What	 resources	 and	 opportunities	 has	 your	 design	
helped	create	or	could	it	help	create?		

• What	 risks	 and	 harms—technical,	 social,	 cultural,	
ethical—has	 your	 design	 intentionally	 sought	 to	
preclude?		

• And	most	 importantly,	what	human	capacities	has	your	
design	endeavored	to	enhance?		

These	 questions	 act	 as	 heuristics	 to	 guide	 the	 analysis	 of	
engineering	 case	 studies	 and	 of	 student	 EPDS	 design	
activities.	The	final	question	builds	primarily	from	the	work	
of	 Nussbaum,	 which	 provides	 a	 clear	 end	 goal	 for	
macroethical	work.		

Assessment	 information:	 Quantitative	 and	 qualitative	
educational	 research	 methods	 have	 facilitated	 student	
learning	 assessment	 across	 multiple	 curricular	 spaces.	 For	
instance,	 in	 EENG	 307:	 IFCS,	 student	 surveys	 helped	
establish	 a	 baseline	 on	 students’	 prior	 exposure	 to	
macroethical,	 social	 justice	 issues	 and	 their	 preclass	
understanding	of	 the	meaning	of	 social	 justice.	Quantitative	
analyses	have	 shown	 that	 a	majority	 (71%)	of	 respondents	
report	having	been	exposed	to	social	justice	in	their	courses	

at	 CSM.	 Also,	more	 than	 80%	 of	 respondents	 considered	 it	
somewhat	or	very	appropriate	for	professors	to	teach	social	
justice	 concepts	 in	 both	 technical	 and	 nontechnical	 classes	
and	 for	practicing	engineers	 to	consider	social	 justice	when	
designing	 engineering	 solutions.	 Qualitative	 research	 using	
grounded	 theory	 methods	 includes	 semistructured	 focus	
groups	 and	 interviews.	 Findings	 of	 the	 initial	 qualitative	
analysis	 (fall	 2014)	 indicate	 that	 some	 students	 report	 a	
need	to	switch	mental	gears	when	moving	between	technical	
and	 social	 factors	 in	 engineering;	 that	 the	 professor’s	
attempts	 to	 connect	 course	 material	 to	 real‐world	
applications	may	be	too	abstract	for	some	students;	and	that	
many	 students	 appreciated	 the	 efforts	 to	 integrate	 social	
justice	 into	 the	 course,	 partly	 because	 they	 felt	 it	 would	
provide	 leverage	 for	 learning	 technical	 elements.	 The	 fall	
2015	 IFCS	 iteration	 aims	 to	 directly	 address	 these	 issues;	
using	 wind	 energy	 and	 active	 prosthetics	 as	 recurring	
examples	 across	 the	 course,	 we	 are	 assessing	 degrees	 of	
improved	 learning	 of	 multiple	 technical	 and	 macroethical	
course	concepts.		

Across	 courses	 in	 the	 Enacting	 Macroethics	 initiative,	
evidence	 of	 student	 learning	 includes	 cognitive	 and	
attitudinal	 dimensions.	 Several	 courses	 include	 pre‐	 and	
postcourse	evaluations	measuring	student	understanding	of	
key	 complex	 concepts	 and	 interrelations	 (e.g.,	 between	
engineering	 and	 social	 justice,	 their	 willingness	 to	 engage	
social	 justice	 through	 engineering	 practice,	 and	 how	 after	
courses	they	see	their	career	alternatives	in	a	different	light).	
Each	course	has	final	projects	and/or	presentations	that	act	
as	 summative	 assessment	 mechanisms.	 For	 instance,	 in	
EEGN	307:	 Introduction	 to	 Feedback	 Control	 Systems,	 final	
projects	 involve	 an	 investigation	 of	 a	 real‐world	 control	
system	 and	 its	 broader	 social	 justice	 implications.	 In	 LAIS	
425:	 Intercultural	 Communication,	 students	 complete	 pre‐	
and	 postcourse	 video	 self‐interviews	 using	 the	 same	
question	 prompts;	 in	 a	 final	 paper,	 students	 identify	 the	
differences	between	the	two	self‐interviews,	particularly	key	
cognitive	and	attitudinal	shifts.		

Beyond	 course‐level	 assessment,	 evidence	 of	 the	 Enacting	
Macroethics	 initiative’s	 impact	 also	 emerges	 through	
institutional	 support	 for	 the	 HE	 program	 in	 which	 it	 is	
housed.	Evidence	suggests	shifts	in	our	institutional	culture,	
in	a	university	with	deep	connections	to	extractive	industries	
and	fossil	 fuels.	Thanks	to	the	HE	program,	we	now	enjoy	a	
regular	 and	 well‐funded	 lecture	 series	 (4–6	 lectures	 per	
year)	 that	 engages	 corporate,	 NGO,	 and	 academic	 actors	 in	
analyzing,	 for	 example,	 the	 social	 justice	 dimensions	 of	
mining	 on	 nearby	 communities.	 Furthermore,	 career	
services,	 fund	 raising	 initiatives,	 and	 recruitment/retention	
programs	 have	 begun	 to	 focus	 on	 the	 HE	 program	 as	 an	
instrument	 for	 progressive	 institutional	 change.	 This	 has	
resulted	in	more	than	$500K	in	gifts	from	donors	who	realize	
the	potential	of	the	HE	program	for	the	ethical	education	of	
engineering	graduates.	

	

	
	 	

I n f u s i n g  E t h i c s  i n t o  t h e  D e v e l o p m e n t  o f  E n g i n e e r s :  E x e m p l a r y  E d u c a t i o n  A c t i v i t i e s  a n d  P r o g r a m s

C o p y r i g h t  N a t i o n a l  A c a d e m y  o f  S c i e n c e s .  A l l  r i g h t s  r e s e r v e d .

http://www.nap.edu/21889


46	

Additional	resources:	

Johnson	K,	Leydens	JA,	Moskal	BM,	Silva	D,	Fantasky	JS.	2015.	Social	Justice	in	Control	Systems	Engineering.	Presentation	at	
the	ASEE	Conference,	June	14–17,	Seattle.	Available	at	https://peer.asee.org/social‐justice‐in‐control‐systems‐engineering	

Leydens	JA,	Lucena	JC.	2014.	Social	justice:	A	missing,	unelaborated	dimension	in	humanitarian	engineering	and	learning	
through	service.	International	Journal	for	Service	Learning	in	Engineering	9(2):1–28.	Available	at	
http://library.queensu.ca/ojs/index.php/ijsle/article/view/5447	

Leydens	JA,	Lucena	JC,	Nieusma	D.	2014.	What	is	design	for	social	justice?	Presentation	at	the	ASEE	Conference,	June	15–18,	
Indianapolis.	Available	at	https://peer.asee.org/what‐is‐design‐for‐social‐justice	

Lucena	JC,	Leydens	JA.	2015.	From	sacred	cow	to	dairy	cow:	Challenges	and	opportunities	in	integrating	of	social	justice	in	
engineering	science	courses.	Presentation	at	the	ASEE	Conference,	June	14–17,	Seattle.	Available	at	
https://peer.asee.org/from‐sacred‐cow‐to‐dairy‐cow‐challenges‐and‐opportunities‐in‐integrating‐of‐social‐justice‐in‐
engineering‐science‐courses	

Lucena	JC,	Schneider	J,	Leydens	JA.	2010.	Engineering	and	sustainable	community	development.	Synthesis	Lectures	on	
Engineers,	Technology,	and	Society	5(1):1–230.	Available	at	
www.morganclaypool.com/doi/abs/10.2200/S00247ED1V01Y201001ETS011	
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Requirements		
 Groups	of	6	or	7	participants	are	required	for	this	

exercise.	It	is	recommended	that,	for	a	free‐standing	
workshop,	7	participants	be	scheduled	in	advance;	that	
way	if	there	is	a	cancellation	or	no‐show	on	the	day	of	
the	event,	the	workshop	can	take	place	without	need	for	
recruiting	a	substitute	on	short	notice.		

Options	and	Flexibility	Personnel	
 The	character	Carlson,	concerned	parent,	may	be	

included	or	excluded,	allowing	a	±1	extent	of	flexibility	
in	number	of	participants	per	group.	

 Participants	may	be	engaged	in	the	study	of	any	STEM	or	
STEM‐related	field	(e.g.,	philosophy	of	science,	science	
policy).	

 Participants	may	be	from	the	same	or	different	fields.	
 Participants	may	be	at	different	levels	of	study;	this	

experience	was	designed	with	STEM	graduate	students	
at	any	level	or	year	of	study	in	mind,	but	may	also	be	
appropriate	for	advanced	undergraduates.		

 Participants	may	know	one	another	well,	or	not	at	all,	
prior	to	the	workshop.		

 Characters’	assignments	may	be	determined	by	random	
draw,	by	the	workshop	leader,	or	by	the	participants.		

Time		
 Running	time	may	be	adjusted	through	time	allotted	for	

reading,	accordingly	adjusting	the	amount	and	difficulty	
of	readings	selected	or	assigning	readings	in	advance.		

 Electronic	highlighting	can	be	applied	to	readings	before	
printout	to	draw	out	the	most	pertinent	passages,	thus	
reducing	reading	time	and	volume	while	maintaining	the	
original	document	context.		

 Time	allotted	for	discussion	is	flexible,	and	can	be	used	
to	adjust	total	running	time.		

 The	length	and	nature	of	the	break	is	flexible.		

Content		
 Selection	of	readings	by	the	workshop	leader	allows	

flexibility	with	regard	to	(a)	level	of	difficulty	and	(b)	
subject	matter	emphasis.		

Materials	Checklist		
 Informed	consent	form,	if	applicable		
 Identical	initial	packets	for	each	participant,	with	case	

plus	selected	readings		
 Slides	with	character	identities	and	student	photos	

(prepared	while	participants	are	in	common	learning	
phase);	template	provided	in	Power	Point	file		

 Character	nametags		
 Character‐specific	packets,	with	character	information	

and	selected	readings		
 Discussion	questions/slides	(Power	Point	file)		
 Assessment	forms		
Assessment	information:	(1)	Quantitative	and	(2)	written	
responses	on	assessment	instrument,	(3)	external	evaluator	
Michael	Loui	(formative	and	summative	involvement),	and	
(4)	focus	group.	(1)	On	a	5‐point	Likert	scale,	where	5	is	

strongly	agree	and	4	is	agree,	graduate	student	participants	
across	four	cohorts	(n=26)	agreed	with	the	following	
statements:	I	would	recommend	this	experience	to	other	
STEM	graduate	students	(4.69),	This	experience	makes	me	
more	aware	of	my	own	values	as	they	pertain	to	science	and	
engineering	applications	(4.62),	This	experience	was	a	good	
use	of	my	time	(4.58),	and	This	experience	makes	me	more	
aware	of	the	values	of	other	people	as	they	pertain	to	science	
and	engineering	applications	(4.5).	Where	5	is	highly	
satisfied	and	4	is	satisfied,	students	were	satisfied	with	the	
realism	of	the	hypothetical	case	(4.69)	and	the	
appropriateness	of	readings	for	character	(4.42).	(2)	In	
answer	to	the	question:	What	was	the	most	surprising	thing	
you	learned	from	the	workshop?,	one	student	said	“Most	of	
the	characters	had	a	bias/motivation	to	be	biased	to	benefit	
themselves	in	the	situation.	I	think	this	highlights	the	need	
for	ethical,	unbiased	work	to	represent	
truth/underrepresented	populations.”	Some	of	the	insights	
shared	in	response	to	this	question	were	fundamental:	“Grey	
things	can	be	‘made’	completely	black	or	completely	white	
depending	on	how	you	want	to	use	the	information”;	
“Making	decisions	in	the	‘real	world’	is	not	as	black	and	
white	as	I	had	initially	thought.	Much	more	goes	into	
everyone’s	decisions.”	For	the	question,	What	event	during	
the	workshop	changed	your	thinking?	In	what	way	did	your	
thinking	change?,	one	student	replied	“When	we	were	
speaking	about	the	responsibilities	of	the	small	community	
to	make	decisions	that	impacted	the	future	of	the	
community/larger	scope	society	with	limited	representation.	
It	is	hard	to	understand/think	about	this,	since	in	a	way,	it	
makes	us	all	responsible	for	each	other,	even	though	we	
don’t	act	like	it.”	Other	responses	to	this	question	included:	
“Thinking	about	stakeholders	not	represented	in	the	
workshop	then	discussing	who	they	were/possible	pros	and	
cons	that	could	impact	them.	Usually	this	isn’t	discussed,	and	
thinking	about	it	is	important!”	and	“Discussion	of	our	
responsibility	as	scientists	to	be	ambassadors	to	the	general	
public.	I	have	a	responsibility.	I	need	to	do	my	due	diligence	
as	an	academic.”	(3)	Excerpts	from	the	external	evaluator’s	
report:	“The	positive	comments	from	the	focus	group	
indicate	that	the	current	version	of	the	workshop	is	engaging	
and	appropriately	challenging.”	“Overall,	I	believe	you	have	
designed	an	intellectually	challenging,	emotionally	engaging,	
and	likely	enjoyable	experience	that	teaches	students	to	
consider	the	variety	of	stakeholder	viewpoints	in	making	
ethically	difficult	decisions	about	technology	and	society.”	
(4)	Feedback	from	focus	group	participants,	as	reported	by	
the	external	evaluator:	“Students	strongly	agreed	that	this	
workshop	format	was	far	superior	to	the	one‐day	all‐campus	
RCR	training	because	the	content	was	more	useful,	practical,	
and	directly	relevant	to	science	and	engineering,	and	
because	the	workshop	required	active	participation:	it	
required	more	thinking	about	the	challenging	ethical	issues.”	
	
	
	

Additional	resources:	

Ethics	when	Biocomplexity	meets	Human	Complexity	Role	Play	Workshop	and	Nanosilver	Linings	Case:	
https://nationalethicscenter.org/resources/7811	 	
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feedback	 from	 the	 Center	 director,	 peer	 workshop	
participants,	 and	Dr.	 Bertram	Gallant	 via	 video	 chat.	 At	 the	
end	of	the	following	academic	year,	faculty	participants	meet	
again	 to	 report	 and	 evaluate	 their	 implementation	 of	 the	
teaching	plan.		

In	 fall	 2014	 the	 Leonhard	 Center	 and	 Rock	 Ethics	 Institute	
began	 a	 new	 initiative	 focused	 on	 ethics	 education	 for	
graduate	 students,	 jointly	 employing	a	postdoctoral	 scholar	
in	 engineering	 ethics	 to	 expand	 ethics	 education	 in	 the	
College	of	Engineering,	beginning	with	an	assessment	of	the	
challenges	 and	 needs	 of	 ethics	 education	 at	 the	 graduate	
level.	 In	 spring	 2015	 the	 postdoc	 interviewed	 graduate	
coordinators	 and	 faculty	 representatives	 from	 all	 but	 one	
graduate	 program	 in	 the	 College	 of	 Engineering.	 The	
interviews	explored	current	approaches	 to	ethics	education	
in	 each	 graduate	 engineering	 program	 and	 examined	 the	
advantages	 and	 challenges	 of	 the	 approaches	 and	 needs	 of	
different	programs.	As	Penn	State	University	 requires	all	 of	
its	graduate	students	to	complete	Scholarship	and	Research	
Integrity	 (SARI)	 training,	 the	 interviews	 also	 inquired	 into	
the	 status	 of	 this	 training	 in	 each	 program.	 Findings	 of	 the	
current	approaches,	challenges,	and	needs	of	graduate	ethics	
education	 have	 been	 summarized	 and	 reported	 to	 the	
associate	dean	of	 the	 college.	The	Leonhard	Center	and	 the	
Rock	 Institute	 are	 scheduling	 a	 meeting	 with	 all	 the	
engineering	graduate	coordinators	to	present	these	findings	
and	to	propose	collaborative	projects	to	build	resources	(e.g.,	
online	learning	modules)	to	assist	graduate	ethics	education	
in	engineering.	An	initial	activity	of	the	team	was	to	create	a	
4‐hour	ethics	workshop	for	graduate	students	involved	in	an	
NSF	ERC	on	medical	devices.	In	this	workshop,	the	students	
were	 asked	 to	 create	 visual	 representations	 (“connections	
maps”)	 of	 the	 many	 connections	 of	 their	 particular	
research—e.g.,	 developing	 a	 new	 biosensor—to	 other	
researchers,	users,	and	patients	that	might	one	day	use	or	be	
affected	by	their	devices.	Students	also	considered	aspects	of	
the	production	of	medical	devices	and	impacts	on	people	and	
the	environment.	These	diagrams	were	then	used	to	explore	
different	 ethical	 issues	 involved	 in	 human‐human	 and	
human‐environment	interactions.	

Assessment	 information:	 Over	 the	 years	 of	 our	 work	 on	
ethics,	our	assessment	has	improved	in	sophistication.	Early	
on,	 we	 used	 surveys	 of	 participants	 and	 asked	 about	 the	
effectiveness	 of	 the	 workshops	 and	 whether	 they	 were	
meeting	the	needs	of	the	participating	faculty.	Survey	results	
provided	 a	 basis	 for	 improving	 the	workshop	 design.	 After	
offering	 the	 “Learning	 and	 Teaching	 Ethics”	 workshop	 for	
several	years,	we	interviewed	past	participants	to	learn	what	

they	 found	most	useful	and	what	they	were	still	using	 from	
the	workshops.	Most	were	still	using	what	they	had	learned	
in	 the	 workshops;	 the	 specific	 tools	 they	 were	 using	
depended	on	the	way	they	had	decided	to	integrate	ethics	in	
their	 courses.	 For	 example,	 some	 participants	 had	 their	
students	study	the	 introduction	to	ethical	 frameworks	 from	
the	workshop	 and	 use	 the	 frameworks	 to	 analyze	 codes	 of	
ethics.	Others	used	models	 for	ethical	analysis	of	cases	 that	
were	presented	and	used	in	the	workshop.		

Our	assessment	of	 “Creating	an	Ethical	Classroom”	 involves	
pre‐	 and	 postworkshop	 surveys	 and	 interviews	 of	 the	
participants	 as	 well	 as	 surveys	 and	 short‐answer	
assessments	of	 their	students.	Data	 from	these	assessments	
show	 that	 the	workshops	 are	 seen	 as	 very	 valuable	 by	 the	
participants,	 changing	 their	 perspectives	 on	 academic	
integrity	 from	 compliance	 to	 a	 perspective	 of	 trying	 to	
inspire	 students	 to	 act	 with	 integrity.	 Conversations	 with	
faculty	 about	 the	 workshops	 indicate	 that	 beginning	 with	
academic	 integrity	and	bridging	 to	professional	 ethics	 is	 an	
intellectually	 comfortable	 way	 for	 them	 to	 engage	 ethics.	
Postworkshop	interviews	showed	that	participants	felt	more	
confident	discussing	academic	integrity	topics	with	students	
after	 the	workshop;	participants	also	reported	 instructional	
changes	 to	 integrate	 academic	 integrity	 in	 a	 variety	 of	
ways—syllabi,	 class	 discussion,	 course	 assignments,	 and	
exams.		

To	 assess	 the	 outcomes	 of	 the	 faculty	 development	 on	
students’	 ethical	 learning,	 pre‐	 and	 postsurveys	 were	
conducted	in	faculty	participants’	classes.	Published	research	
outcomes	 show	 that	 students	 developed	 deepened	
understanding	 of	 academic	 integrity	 and	 its	 importance	 for	
engineering	 professional	 development.	 Students	 also	
acknowledged	 the	 effectiveness	 of	 class	 discussion	 of	
academic	 integrity	 and	 clearly	 perceived	 the	 instructional	
changes	compared	with	other	courses.		

Since	 2013	 the	 assessment	 for	 the	 “Creating	 the	 Ethical	
Classroom”	 workshop	 has	 evolved.	 For	 the	 summer	 2015	
workshop	 faculty	 participants	 are	 interviewed	 three	 times:	
before	 the	workshop,	 immediately	afterward,	 and	one	after	
the	 faculty	members	 have	 implemented	 the	 ethics	 teaching	
in	 their	 courses.	 Feedback	 generated	 from	 the	 more	
comprehensive	 assessment	 will	 be	 used	 to	 continuously	
improve	 the	 faculty	 development	 initiative.	 The	 new	
initiative	for	expanding	ethics	education	at	the	graduate	level	
is	still	at	an	early	stage,	but	the	interview	data	for	the	current	
ethics	 education,	 strengths,	 and	 limitations	 in	 the	
engineering	graduate	programs	will	serve	as	a	“benchmark”	
for	comparison	once	new	ethics	programs	are	implemented.	
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actions	 by	 the	 main	 actors,	 and	 imagine	 possible	
consequences.	 (3)	 Evaluate	 actions	 and	 consequences	
according	 to	 basic	 ethical	 values—honesty,	 fairness,	 trust,	
civility,	 respect,	 kindness,	 etc.—or	 the	 following	 tests:	 (a)	
Harm	 test:	Do	 the	benefits	 outweigh	 the	harms,	 short	 term	
and	long	term?	(b)	Reversibility	test:	Would	this	choice	still	
look	good	if	I	traded	places?	(c)	Common	practice	test:	What	
if	everyone	behaved	in	this	way?	(d)	Legality	test:	Would	this	
choice	 violate	 a	 law	 or	 a	 policy	 of	 my	 employer?	 (e)	
Colleague	 test:	What	would	professional	 colleagues	 say?	 (f)	
Wise	relative	test:	What	would	my	wise	old	aunt	or	uncle	do?	
(g)	Mirror	test:	Would	I	feel	proud	of	myself	when	I	look	into	
the	mirror?	(h)	Publicity	test:	How	would	this	choice	look	on	
the	 front	 page	 of	 a	 newspaper?	 Each	 student	 received	 the	
Association	for	Computing	Machinery	code	of	ethics,	a	book	
chapter	 on	 ethics	 for	 computing	 professionals	 by	 Deborah	
Johnson	and	Keith	Miller,	 and	a	copy	of	 the	 third	edition	of	
the	booklet	On	Being	a	Scientist,	an	overview	of	RCR	by	 the	
National	Academies	of	 Sciences,	Engineering,	 and	Medicine.	
Students	 were	 not	 tested	 on	 these	 readings,	 however,	 and	
they	 were	 not	 assigned	 any	 other	 ethics	 homework.	 As	
learning	objectives,	through	the	ethics	sessions,	we	expected	
students	 to	 learn	 to	 identify	 the	 ethical	 problems	 or	
dilemmas,	 recognize	 the	 people	 affected	 and	 understand	
their	 perspectives,	 identify	 a	 comprehensive	 list	 of	 actions,	
and	provide	a	justified	action	to	resolve	the	ethical	problem	
or	dilemma.	

Assessment	information:	To	assess	the	effectiveness	of	the	
ethics	 sessions,	 we	 asked	 students	 to	 analyze	 two	 short	
cases.	 Case	 A	 highlighted	 ethical	 issues	 in	 computing	
technology,	 and	 case	 B	 raised	 ethical	 issues	 in	 conducting	
research.	 The	 students	 were	 randomly	 assigned	 to	 two	
groups	 in	 a	 counterbalanced	 pre‐/post‐test	 design.	 One	
group	 received	 case	 A	 for	 the	 initial	 assessment	 at	 the	
beginning	of	the	summer	and	case	B	for	the	final	assessment	
at	the	end	of	the	summer;	the	other	received	case	B	initially	
and	case	A	at	the	end.	For	each	case,	students	responded	to	
four	 questions,	 which	 corresponded	 to	 the	 four	 intended	
learning	 objectives:	 (1)	 What	 ethical	 issues	 does	 this	 case	
raise?	 (2)	 Who	 is	 affected	 by	 this	 case?	 What	 are	 their	
perspectives	 on	 the	 case?	 (3)	 What	 actions	 might	 the	
characters	consider	to	resolve	the	ethical	issues?	(4)	Among	

these	actions,	which	should	the	characters	choose?	For	what	
reasons?	 These	 questions	 followed	 our	 general	 approach	
described	 above.	 For	 each	 assessment,	 students	 were	
expected	 to	 take	 30–60	 minutes,	 working	 individually	 and	
without	consulting	any	references.	There	was	no	limit	on	the	
lengths	of	their	responses,	which	were	independently	scored	
by	 two	 evaluators	 using	 a	 common	 rubric	 that	 specified	
three	performance	levels	for	each	of	the	four	questions.	They	
compared	 their	 scores	 and	 discussed	 any	 differences.	 After	
discussion	and	reconciliation,	the	scores	differed	by	at	most	
one	 point	 on	 each	 question.	 The	 scores	 were	 combined	 to	
obtain	a	cumulative	score	for	each	student.	In	the	summer	of	
2009,	we	had	 initial	 and	 final	 responses	 for	17	students.	 In	
the	 summer	 of	 2010	we	 had	 initial	 and	 final	 responses	 for	
eight	students.	Because	the	numbers	of	students	were	small,	
we	aggregated	the	2009	and	2010	data	by	case.	We	used	the	
Mann‐Whitney	U	test	for	independent	samples	to	analyze	the	
differences	 between	 the	 initial	 and	 final	 responses	 because	
the	 data	 did	 not	 pass	 the	 Shapiro‐Wilk	 normality	 test	 or	 a	
test	of	homoscedasticity.	We	found	no	significant	differences	
between	the	initial	and	final	scores	for	case	A	or	for	case	B.	
We	 suspect	 that	 there	 was	 essentially	 no	 difference	 in	 the	
initial	 and	 final	 scores	 because	 the	 content	 of	 the	 ethics	
sessions	was	not	formally	reinforced	outside	of	the	sessions	
through	 additional	 academic	 work.	 In	 addition,	 the	 ethics	
sessions	might	not	have	added	significantly	to	the	knowledge	
and	 skills	 of	 the	 students	 who	 had	 previously	 taken	
computer	 ethics	 courses	 that	 were	 required	 in	 their	
undergraduate	computer	science	programs.	At	the	end	of	the	
summer,	 the	 students	 probably	 put	minimal	 effort	 into	 the	
post‐test.	Finally,	our	intended	learning	outcomes	may	have	
been	 too	 ambitious,	 and	 thus	 the	 assessment	 task	 was	 too	
difficult.	As	a	consequence,	students	might	have	been	unable	
to	demonstrate	what	 they	had	 learned.	We	believe	 that	our	
assessment	 method	 can	 be	 applied	 broadly.	 As	 our	
experience	suggests,	however,	even	when	the	ethics	sessions	
are	 taught	 with	 appropriate	 pedagogies,	 and	 when	 the	
assessments	 are	 aligned	 with	 the	 learning	 objectives,	
students	might	not	demonstrate	improved	skills	in	analyzing	
ethics	cases.	

	

	
Additional	resources:	

Cooperative	Learning	and	Assessment	of	Ethics	Sessions	in	a	Summer	Undergraduate	Research	Program:	
https://uofi.box.com/s/h350iv2mn2p4m9o0blbxls0o6hzjcw6h		
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Appendix	A:	Thank	You	to	All	the	Contributors	

The	Selection	Committee	acknowledges	the	work	of	the	following	individuals	and	their	activities.	

A	Course	on	“Social	Media	and	Public	Health”	at	SUNY‐Albany:	Ricky	Leung,	SUNY‐Albany	
A	Graduate	Course	Using	a	Conceptual	Model	to	Identify	the	Linkages	among	Technology,	Economics,	and	Societal	

Values:	Otto	Loewer,	University	of	Arkansas	
Anticipatory	Engineering	Ethics:	Richard	Wilson,	University	of	Maryland–Baltimore	County	
Case	Studies	for	Engineering	Ethics	across	the	Product	Life	Cycle:	Matthew	Eckelman,	Northeastern	University	
Corporate	Social	Responsibility	Course:	Jessica	Smith,	Colorado	School	of	Mines	
Creating	a	Community	of	Ethics	Educators	in	Engineering:	Thomas	Litzinger,	Penn	State	University	
Cyber	Aggression	and	Cyber	Warfare:	An	Anticipatory	Ethical	Approach:	Richard	Wilson,	University	of	Maryland–	

Baltimore	County	
Enacting	Macroethics:	Making	Social	Justice	Visible	in	Engineering	Education:	Jon	Leydens,	Colorado	School	of	Mines	
Engineering	a	Catastrophe:	Ethics	for	First‐Year	STEM:	Tobias	Rossmann,	Lafayette	College/Rutgers	University	
Engineering	Ethics	in	Context:	Brent	Jesiek,	Purdue	University	
Ethical	Autobiography:	Sandra	Woodson,	Colorado	School	of	Mines	
Ethical	Issues	in	Software	Design	Course:	Chuck	Huff,	St.	Olaf	College	
Ethics	Activities	in	the	Civil	Engineering	Curriculum	at	the	United	States	Coast	Guard	Academy:	Hudson	Jackson,	United	

States	Coast	Guard	Academy	
Ethics	and	Engineering	for	Safety:	Nancy	Leveson,	Massachusetts	Institute	of	Technology	
Ethics	as	Philosophical	History	for	Engineers:	Daniel	Biezad,	California	Polytechnic	State	University	
Ethics	Sessions	in	a	Summer	Undergraduate	Research	Program:	Michael	Loui,	University	of	Illinois	at	Urbana‐Champaign	

and	Purdue	University	
Ethics	When	Biocomplexity	Meets	Human	Complexity	(Role‐Play	Workshop)	and	Nanosilver	Linings	Case:	Kathleen	

Eggleson,	Indiana	School	of	Medicine–South	Bend	and	University	of	Notre	Dame	
Foundations	of	Global	Leadership	Course:	Gregg	Warnick,	Brigham	Young	University	
Global	Engineers'	Education	Course:	Bhavna	Hariharan,	Stanford	University	
Global	Trends:	Strategic	Analysis	and	Systems	Thinking	for	Leadership:	Darryl	Farber,	Penn	State	University	
Graduate	Course	in	Research	Ethics:	Carl	Mitcham,	Colorado	School	of	Mines	
Humanitarian	Engineering,	Past	and	Present:	A	Role‐Playing	First‐Year	Course:	Kristin	Boudreau,	Worcester	Polytechnic	

Institute	
Introduction	to	Software	Engineering	Ethics:	Irina	Raicu,	Santa	Clara	University	
Learning	to	Listen:	A	Tool	for	Morally	Engaged	Engineering	Practice:	Yanna	Lambrinidou,	Virginia	Tech	
Line	Drawing	Technique:	Ashraf	Ghaly,	Union	College	
Mock	Internship	Hiring	Activity:	Matthew	Jensen,	Florida	Institute	of	Technology	
Multiyear	Engineering	Ethics	Case	Study	Approach:	Daniel	Saulnier,	Northeastern	University	
NanoTRA:	Texas	Regional	Alliance	to	Foster	Nanotechnology	Environment,	Health,	and	Safety	Awareness	in	

Tomorrow’s	Engineering	and	Technology	Leaders:	Craig	Hanks,	Texas	State	University	
Nature	and	Human	Values	Course:	Sarah	Jayne	Hitt,	Colorado	School	of	Mines	
Partnership	for	Global	Health	Technologies:	Katie	Clifford,	Boston	University	
Phenomenological	Approach	to	Engineering	Ethics	Pedagogy:	Valorie	Troesch,	Michigan	Technological	University	
PRIME	Ethics:	Purdue’s	Reflective	&	Interactive	Modules	for	Engineering	Ethics:	Andrew	Brightman,	Purdue	University	
Problem‐Based	Learning	in	a	Professional	Ethics	Course	for	Undergraduate	Engineering	Students:	Robert	Kirkman,	

Georgia	Institute	of	Technology	
Professional	Aspects	of	Engineering	(Graduate	Course	EGR	602):	Nael	Barakat,	Grand	Valley	State	University	
Responsibility	of	Engineering:	Codes	&	Professionalism	(3‐hour	university	course):	Steve	Starrett,	Kansas	State	

University	
Student	Ownership	of	Ethics:	Sundararaj	Iyengar,	Florida	International	University	
Team	Ethics	Assignment:	Based	on	Engineering	Student	Co‐Op	Experience:	Laura	Grossenbacher,	University	of	

Wisconsin–Madison	
Terrascope:	Ari	Epstein,	Massachusetts	Institute	of	Technology	
The	Ethics	of	Engineering:	A	Discussion:	Barry	Belmont,	University	of	Michigan	
The	Golden	Heart	Program:	Malini	Natarajarathinam,	Texas	A&M	University	
The	University	of	Virginia	SEAS	Senior	Thesis:	A	Culminating	Activity:	Deborah	Johnson,	University	of	Virginia	
Three	Course	Sequence	in	Medical	Device	Commercialization:	Deborah	Munro,	University	of	Portland	
UnLecture	on	Software	Engineering	Ethics:	Vignesh	Subbian,	University	of	Cincinnati	
Using	Student‐Authored	Case	Studies	to	Teach	Bioengineering	Ethics:	Rosa	Lynn	Pinkus,	University	of	Pittsburgh
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