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Abstract - One tactic that has not been effectively
evaluated to increase the numbers and the involvemeof
women and underrepresented minorities in engineerim
is the incorporation of a socially and ethically réevant
framework in the teaching of engineering at the
undergraduate level. In this research, we are
characterizing the efforts currently utilized in
universities to integrate social relevance and enggering
in the curriculum. We are conducting a pilot studyto
evaluate the effects of these efforts on overallugtent
interest in the field and retention, women and mindty
student interest and retention, and students’ awaneess
of the overlap between society and technology. Thisudy
involves a pre- and post-semester survey of studenn
engineering courses that incorporate ethics and siat
responsibility to a greater or lesser degree. Wplan to
make suggestions for the most effective strategies
currently used and to recommend new strategies to
incorporate these issues in the engineering curridum,
with a focus on the attitudes of women and
underrepresented minorities.

the representation of any students who value social
responsibility, engineering itself will become a mmo
socially-aware field.

BACKGROUND

Our assertion is that underrepresented minoritigsveomen
may be drawn to an engineering curriculum thatgrates
social and ethical dimensions of engineering. Theye
evidence to suggest that, in general, women and
underrepresented minorities are more likely to peirsareers
that emphasize helping others and social concern3]2
Elaine Seymour attributes this difference in career
motivation to varying socialization of boys and Igiin
Western society [3]. Based on this precedent, we haason
to believe that by incorporating such elementsaetion and
retention of females and underrepresented minsritie
engineering could improve.

Attempts to incorporate ethical or social dimensiorio
the science and engineering curriculum are abundarit
few of these attempts have shown clear data thaposts
their effectiveness in terms of student retentiorerall,

Index Terms - diversity, engineering ethics, evaluation of attraction and retention of underrepresented ntiesriand

ethical curricula, social responsibility.

INTRODUCTION

There has been much discussion in recent yearst abou

expanding the ethical training of engineers, anthenous
departments focused on the intersection of teclyyoknd
society have developed in response.
engineering departments themselves, a greater amspba
the incorporation of social elements of technologyo

technical coursework has been encouraged by

Accreditation Board on Engineering and Technolody. [
The long-term goal of our proposed research iseterthine
whether the incorporation of ethical and socialiéssinto the
engineering curricula affects the way engineeriagboth

practiced in the outside world and/or attracts etisl from

underrepresented populations. Though one goal ef th

current research is to determine whether the nunufer
women and underrepresented minorities interestecdrin
remaining in engineering increases when issueshidseand
social justice are incorporated in the curriculuve, urge that
the sheer increase of students in these groupst ithe only
goal of this research. Ultimately, we hope thatrmreasing
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Within some

the

the way students view their career choices. Exasnple
courses and curricular methods to incorporate athand
social dimensions include the following:

(@) A thermodynamics course at Cornell University
focuses on the workings of the combustion engine.
Within the system of study, atmospheric effects are
also incorporated [4].

A thermodynamics course at Smith College is
taught using a “Pedagogies of Liberation”
technique. Briefly, this teaching style emphasiaes
cooperative approach to learning, rather than amor
traditional top-down approach. The students are
encouraged to teach one another, to relate
thermodynamics to their everyday lives, and to
complete an ethics group problem in the course. At
the heart of this pedagogy is an examining and
questioning of corporate or military values, thus
placing engineering within a social construct. An
example of a topic discussed in class is non-
Western thermodynamic technologies [5].

A thermodynamics, separations, and material
balance course at Worcester Polytechnic University
introduces culturally and globally- sensitive

(b)

(©
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material along with technical information. Topics rate (84%) after five years versus those who did(62%0)
include global energy distribution and consumption[10]. Such data provides support for the hypothekist
and power plant design and construction inintegrating social and technical issues increadesent
Southeast Asia [6]. interest and retention in engineering.

Some of the engineering departments at Texas We have expanded on this prior research by dewgdopi
A&M require a formal engineering ethics course ofa new analytical survey tool to gauge the effectbss of
all graduating engineers. This course is co-listed ethical interventions in the classroom. Though mégpes
Philosophy and Engineering Departments and isuch as the DIT have proven effective in a numbker o
largely taught by a philosophy professor [7]. educational settings, because it tracks broad stafjenoral
The Electrical and Computer Engineering development, it has not illustrated sensitivity
Department at the University of Puerto Rico atdevelopmental changes over a short time frame. [ahls of
Mayaguez incorporates an ethics module within thesensitivity could be due to the design of the eathtun
capstone design courses. This module addressesheme, or it could imply that such developmentsdoet
issues such as: the difference between ethics, laveccur over the short term. As this study took plager the
and morality; the need for and characteristics oftourse of a semester, a different tool was required
professional integrity as an engineer, and a brieFurthermore, because we were concerned with ethicdl
discussion of ethical frameworks. Case studiesocial issues that are particularly relevant toimeering-
relevant to the technical course material arespecific situations, an entirely new tool for etiliceasoning
presented; for example, in “Communication Systenthat emphasizes case studies and situations imesiig
Design,” a case study about the health impact ofvas needed. The work presented here is also neoglulse
high power radio transmission towers waswe have applied this new survey tool to a greaseiety of
considered. Overall, UPRM utilizes an Ethics ethical curricular approaches than has been dopeewious
Across the Curriculum strategy, which emphasizesesearch. The survey was conducted using student
integrating ethics exercises and modules withinrespondents from nine different universities irotalt of 16
engineering courses rather than as a stand-alorseparate classes.

ethics course [8].

(d)

(e)

to

METHODS
Engineering professors interested in incorporating

social, ethical, and global issues in their clasdten do not
have the time, training, or resources to effectivevaluate
the effectiveness of these efforts. There are, kiewea few
researchers who have attempted to analyze thesetseff
DiBiasio, et. al., who implemented example (c) ahdeund
in his course that while the students’ understagdai
cultural issues related to engineering improvedeirth
integration of these considerations during caldotat
intensive activities was inconsistent. The inclasiof
cultural and global topics did not impede studeatting of
the technical concepts, however. Females were filaly
than males to incorporate ethical and social camaitbns
within their engineering coursework both in the rshand
long-term, which again supports our hypothesis tatnen
may be more attracted to engineering if social viaaiee
were consistently emphasized [6].

Drake, et. al. evaluated the impacts of two diffiere
types of ethical interventions in the classroom: [@]full
semester ethics course versus an engineering coitfsan
ethics module. No statistically significant difface in moral
reasoning abilities between students in the twasasiwas
found, utilizing the Defining Issues Test (DIT).dDPIT is a
popular measure of ethical and moral reasoningisbdsed
on Kohlberg’s cognitive theory of moral developmenhe

researchers also concluded that there was no gend@e

difference in moral reasoning abilities.
Old. et. al. evaluated the impact of the Connestion
Program at the Colorado School of Mines on graduati

I. Current Ethics Effortsin Undergraduate Courses or
Curricula

The first portion of this research involves catégjog
efforts currently undertaken to introduce ethicsl aocial
responsibility into the undergraduate curriculumnda
specific examples of current efforts were discussedhe
previous section. We will generalize the types tbfaal and
social interventions undertaken by engineering depnts
after exploring numerous specific examples hereme&o
engineering departments choose to largely keep the
ethical/social component separate from the technica
component through separate courses or distribution
requirements. Some schools choose to introducé stiocs
modules that take up one or two course periods smgle
class that is otherwise purely technical in natutgher
efforts may include introducing socially relevaetchnical
problems within individual classes (for example,
incorporating the environment at large in modelsduso
evaluate the products of a chemical reactor omgme) [4].
Still others may choose to change the way engingeis
traditionally taught altogether and have ethicatl @wocial
issues inherently imbedded throughout the currioyltather
than simply in individual courses. One could coneeof
se as four different methods of introducingashar social
responsibility within the engineering curriculum.eVrgue
that, from more to less ‘“integrative,” these methaebuld
be: (I) separate humanities and technical couf$@ssthics

by

rates. This first-year program integrated courséwiorthe _modu!es_ none or two teChF"Ca' COUrses, ()
humanities, social sciences, physical sciences, adate_rdlsmpl!nary courses  integrating techmca_\l and
engineering. The researchers found that those wh thical/socially-relevant material, and (IV) enticeirricula

participated in the program displayed a higher gasidn
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that integrates technical and ethical/sociallysrafe
material. We hope to group results from our surlamsely
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by these categories. We have also developed acrtitai
“ranks” the ethical/social treatment in the courses have

survey was administered with responses receivedhirwit
three weeks of the first day of class, and the -pesdt was

studied based on course content and pedagogy. Secawdministered within the last two weeks of clas§dwe 850

many of the courses we included in this study fall
Category Il (which is perhaps the most common metbf

the four), this rubric helps delineate the diffares between
the courses in this study more effectively. Thisrimwill be

discussed in detail in the following section.

I1. Survey Development and Discussion

The broad concept of “effects” of this ethical cgework can
be broken into a variety of different questions:

e What impact does such coursework have on

students invited to participate in the study attend of nine
universities. Four universities are major publistitutions,
and five colleges are smaller private schools. Semrgeys
were administered via pen and paper, but most gsrwere
administered online. All the post-tests were adstéred
online. For the pre-test administration, about 28§ponses
were received. We anticipate between 115 and 15fforeses
to the post-survey. Students who complete bothsectvill
be entered into a lottery for one of two I-Pod N&no

enrollment numbers in technical disciplines, innumbers of respondents, to obtain statisticallyuahle

general, and those from

minorities, in particular?

underrepresentednformation from the study, we grouped the coursde

different categories. The rubric we developed ®&sasn this

« Do we retain those from diverse backgrounds in th&ategorization evaluates the courses in three pyiraeeas:

field?

content, pedagogy, and total time devoted to dthica

« Does it impact how engineering students view theisocially-relevant material. Each course was rarded scale

career choices?

of 1 to 5 in each of these categories. The contatggory

« Do certain tactics to incorporate these issues intéanks the course’s overall innovation in linking ttechnical

coursework work better than others?
e Do students show

after exposure to this coursework?

* Is there a correlation between a student’s gener
(i.e
thei

and awareness
engagement) and

involvement
social

social
volunteerism,

awareness of engineering-specific social or ethic

problems?

Our study attempts to address these issues using

survey technique. The survey we have developeceseaas
an analytical tool to evaluate students’ ethicalsgévity,
generally, and in an engineering context, spedifica his
survey also gauges whether the students’ desinesrtain in

the engineering field have changed as a result hef t

introduction to social responsibility in engineeyithrough
their coursework.

The survey consists of four primary question sestio
() demographic data, (II) general interest in abéssues,
(Il specific awareness of ethical and social &sun an
engineering context, and (V) students’ reasonsséecting
engineering as a field. Some questions in Partelewbased

on work done by Schwartz in his work on human value

increased sensitivity an
awareness to ethical and social issues in engimgeri

material with its social relevance. The more indtgd the

gmaterial, the higher the value that was assignedei@ourse.

The pedagogy category examines how the course ialater
delivered and assessed; for example, the classbmayrely

A(]ecture-based, or it may include in-class group kwand

iscussion, etc. A more student-centered or sdpatst

rpedagogy would elicit higher rankings. Finally, tbeerall
a]ime spent on discussion of socially or ethicatjerant

Issues in the classroom was considered.
We anticipate that all data taken during this seenes

jll be analyzed and ready for presentation in tiorel CEE
2007. We are using the statistics package SPSSaloate
the impacts of different course types on studesthical
reasoning skills, the effects of such course malteoin
students’ interests in remaining engineers, anddiffigring
impacts on women and underrepresented minoritiée T
survey will also allow us to comment on whether dierall
social engagement of students will impact theipoese to
this coursework.

CONCLUSIONS AND FUTURE DIRECTIONS

We hope that the research presented here wilé fitbid in
the current literature in engineering ethics. Theah survey

wherein he concluded that asking people to rank th@nalysis tool and its application to a wide varietycourses

importance of seven major values serves as a gabdaior
of social awareness and action [11]. In this sectim
addition to “values” questions, we also asked djmeci
“action” questions about the students’ social ineohent
(through volunteerism, donating blood, etc.) A briase
study in Part Il was adapted from the Online Eth@enter
[12]. Otherwise, Part Ill consists of novel enginieg-
specific questions related to ethical and sociles. Part IV
asks students to select important factors in ttegisions to
become and
professional engineers. The survey was administared
“pre-“ and “post-“ test fashion during the wintgmg
semester of 2007, in order to evaluate the impatteoclass
on student attitudes and ethical awareness. The-tgst”
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remain engineering majors and, perhaps

at nine separate universities is one of the mogtnsive
evaluative studies of engineering ethics courseviorilate.
Though this research is a pilot study, we hopeilltprovide

valuable preliminary information about how effeeti such
courses impact students’ desires to remain enginaed
their awareness of ethical and social issues innergng

and technology. In particular, we anticipate sonteresting
results about how these courses impact the atsituafe
women and underrepresented minorities.

of this study that the 1-Pod Nano lottery did nabyide
students with a great enough incentive to partieipdn
future iterations of this study, we hope to useaxgtedit in
the course as an incentive that could potentiadlyntore
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Because some of the courses we investigated halll sma

Practically-speaking, we learned through the a®urs



enticing. Because of the nature and time-consiaiitthis
project, only a semester-long study was feasiblecaBse
some research indicates that impacts of singlesesumay
be short-lived or negligible, a longer-term studguld be a
next useful step [6]. For similar reasons, a loftgem study
to evaluate long-term curricular
approaches would be useful. Finally, we hope terkithis
project to include a focus-group or interview comeot with

2 No

15D Donated blood?

1 Yes

versus single-seur 2 No

15E Written a letter to any public officials, gig them your

both students and professors to allow a more itkdep opinion about an issue?

understanding of the impacts of these interventionsall
parties.
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APPENDIX A: SAMPLE QUESTIONS FROM PARTS II, Ill, AND
IV OF SURVEY

PART Il

Q11

How many days in the past week did you read abewsror
current affairs on the internet or in a newspaper?

0. None

. One

Two

. Three

Four

Five

Six

. Seven

NooTAwN e

Q15

During the past 12 months, have you done any of the
following?

[RANDOMIZE QUESTION ORDER]

15A Have you signed a petition?

1Yes
2 No

15B Attended a political meeting or rally?

1 Yes
2 No

15C Participated in any demonstrations, protestggditts, or
marches?

1 Yes

Coimbra, Portugal

1. Yes
2. No

15F Attended a meeting of a social organizatioalaln?

1. Yes
2. No

Q18

Please rate the importance of each of the followalges as
a guiding principle in your life. (-1) representpposed to
my principles,” (0) represents “not important,” af7)
represents “of supreme importance.” [ROTATE OPTIQNS

BENEVOLENCE (that is, helpfulness, forgivingnessda
social justice)

101234567

ACHIEVEMENT (that is, success, wealth, and ambifion
101234567

UNIVERSALISM (that is honesty, broadmindedness,
protecting the environment, and meaning in life)
-101234567

POWER (that is, social power and authority)
-101234567

SELF-DIRECTION (that is, creativity, freedom,
independence, ability, wisdom)

-101234567

SECURITY (that is, family security, national se¢yriand
social order)

101234567

PART IlI

Q19

Different factors influence students' decisionsniooll in an
engineering field as undergraduates. In this eegilease
indicate the TOP THREE factors that influenced your
decision to enroll in your current degree program.

1. Interest in math and science

2. Natural ability in math and science

3. Participation in science fairs and science @uatne
programs

. Encouragement of parents/family members

. Encouragement of teachers or other mentors

. Potential for excellent salary

. Potential for excellent job security

. Desire to be challenged

. Potential to make a difference in the world

OO |N(O|O >~
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| 10. An interesting major |

Q25A-G [ROTATE Q25A-G]

HOW IMPORTANT do you think each of the following
factors is in adequately fulfilling your responéiti@s in the
workforce as an Engineer?

Q25A
Loyalty to your employer?

1. Veryimportant

2. Somewhat important

3. Not very important

4. Not at all important
Q25B

Loyalty to your clients (that is, the people or gamy
paying you for your professional services)?

1. Veryimportant

2. Somewhat important

3. Not very important

4. Not at all important
Q25C

Reporting to your manager any activity that seenethical?

1. Veryimportant

2. Somewhat important

3. Not very important

4. Not at all important
Q25D

Doing no harm to society?

1. Veryimportant

2. Somewhat important

3. Not very important

4. Not at all important
Q25E

Doing no harm to the environment?

1. Very important

2. Somewhat important
3. Not very important
4. Not at all important

Q25F
Helping to improve society?

1. Very important

2. Somewhat important
3. Not very important
4. Not at all important

Q25G
Helping to preserve the environment?

Coimbra, Portugal

1. Very important

2. Somewhat important
3. Not very important
4. Not at all important

Q26

Engineer A has been hired by a corporate exectdidesign
a certain project. The client would like the desig be
simplified, but Engineer A believes a simpler desiguld
be less structurally or mechanically sound. Engifiebas
agreed to finish the design to the client’s likifidpe client
asks Engineer A to give the drawings to Engineso Bhe
project can be finished. The client will pay Enginé for
his work up to this point.

Do you think that Engineer A is obligated to givediheer B
the drawings?

1. Yes
2. No

Please explain your choice.
[WRITE IN BOX]

Q28
Which statement comes closer to your opinion:

1. Engineers must first create new technologiestiae find
ways they can be used in society.

2. Engineers must first identify social needs drahtcreate
new technologies to address them.

Part IV

Q30

Do you intend to graduate from the program/majowiirich
you are currently enrolled?

1. Yes

2. No [SKIP TO Q32]

Q31
Why? Please select top THREE answers. [RANDOMIZE,
SKIP to Q33]

. | enjoy engineering, math, and science coursewor
. | am good at engineering, math, and sciencesestark
. | feel I will be able to find a high-paying job

. | feel I will be prepared for a good graduatiecssd

. | enjoy the faculty in my department

. I will be able to contribute to society greadly an
engineer

7. | enjoy the students in my department

8. | am stubborn and wouldn’t want to quit

9. My family expects it

10. Other (Please specify) [FILL IN]

U WNPF

Q32
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Why not? Please select top THREE answers.
[RANDOMIZE]

1. I don't enjoy engineering, math, and sciencasswork
2. 1 am not good at engineering, math, and science
coursework

3. I don't think | will be able to find a high-payg job

4. | don’t think | will be adequately prepared fogood
graduate school

5. I don't think the department provides adequaidance to
students

6. | feel | could contribute more to society witldifferent
career choice

7. | dislike the students in my department

8. I don'tfitin

9. | like another major better

10. | want to have a life, and the time demands of
engineering are too great

11. Other (Please specify) [WRITE IN]
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