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Abstract - Nanotechnology has recently emerged as an[5] seem out of line with realistic assessments of
exciting new arena of scientific research and technological nanotechnology, at least in the next few decades. However,
innovation. At the same time, concerned citizens, there can be little doubt that the ability to create nanoscale
prominent technology leaders, nanotechnology boosters, materials and devices will generate new ways for people to
science fiction authors, policy officials, and environmental understand nature, to act, and to interact, in turn gaisin
organizations have raised important questions about the complex and important questions about who will have access
technology’s potential social, ethical, and environmental to these new capabilities, how they will be applied, bpmwh
implications. We have developed teaching modules as welland with what consequences for individual lives and the
as full courses that offer students from engineering as well organization of social relationships [6].
as other disciplines from across campus an opportunity to It is incumbent on science and engineering educators to
engage in discussions about the interaction between newpartner with social science and policy educators to bring the
technologies and modern society. Our nanotechnology and conversation about the connections between science,
society educational materials range from short teaching technology and society to undergraduate and graduate students
modules exploring the impact of a new technology on across campus. At the outset of our project, we foundathat
different social groups using a role-playing exercise, to curricular gap exists in nanoscale science and engineering
complete courses at the undergraduate and graduate levelseducation at the University of Wisconsin-Madison (UW), as
that focus on theories and approaches to understanding the well as elsewhere across the country. Nanotechnology
social dimensions of technology, applied to the case studyeducation has primarily focused on the field’s technical
of nanotechnology. The courses have drawn students from aspects, placing little emphasis on issues such as the social and
a wide range of disciplines, including the life, physical,ral  ethical implications of design choices, public attitudes tdwar
social sciences, humanities, and engineering. new technologies, nanotechnology and risk, or nanotechnology
policy.
Index Terms — Interdisciplinary education, Nanotechnology,
Societal implications, Undergraduate and graduate education. EPD 690:A GRADUATE SEMINAR IN. NANO & SOCIETY

INTRODUCTION |. Background

Nanoscale science and engineering (NSE) has recently order to develop an effective undergraduate course in
emerged as an exciting new arena of scientific research amahotechnology and society, we needed to begin by educating
technological innovation. At the same time, concernetie educators — both at the faculty and the graduate student
citizens, prominent technology leaders, nanotechnolodggvels. To this end, we created a seminar for advanced
boosters, science fiction authors, policy officials, andraduate students in the sciences, engineering, humanities, and
environmental organizations have raised important questiomscial sciences to explore questions about the connections
about the technology’s potential social, ethical, anbetween nanotechnology and societal issues and to reflect on
environmental implications. Individuals, including scistsj the broader place of technology in modern societies. The
engineers, and members of the general public, must consiftestructors for this effort came from backgrounds in
the interactions between nanotechnology and society. engineering, policy, and the humanities. Additionally, to

Public officials and research funding agencies argevelop, implement, and evaluate this program, we initiated a
increasingly acknowledging the societal, ethical, legal, anthique partnership between the UW Materials Research
policy implications of NSE as an important aspect oScience and Engineering Center (MRSEC) on Nanostructured
nanotechnology research and education [1]-[3]. To be suteterfaces [7] and the Robert and Jean Holtz Center for
recent hype and concern about “nanobots” and “grey goo” [4]-
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Science and Technology Studies, a newly established foeal Prepares students in all fields to make informed choices as

point for research and teaching in the history, sociglagyl consumers and citizens about technology and provides
philosophy of science, technology, and medicine at UW [8]. them with greater literacy in the technological foundations

Our goal in developing the EPD 698eminar in of modern societies, as well as how choices about
Nanotechnology and Society: Analytical & Pedagogical technology shape their own lives and the lives of others

Approaches course was to educate students at the graduate around the world.
level and to create exciting undergraduate curriculum iln .

nanotechnology and society for first-year students froerdib I. Course Details

arts, science, and engineering fields. To do this, we éocusThe graduate-level seminar was offered to graduate students

on creating a curriculum that: for either one or three credits through an Engineering
+ Explores, in-depth, the social, ethical, legal, and policProfessional Development course (EPD 690) tiSedinar in
implications of nanoscale science and engineering. Nanotechnology and Society: Analytical & Pedagogical

» Enables students in the sciences and engineering to leApproaches. Students who chose the one-credit option were
about what happens when science and technology leaupected to attend the seminar's first hour, read and discuss
the laboratory and get taken up into society, to understaolhss materials, and write a one-page response essay each
ethical issues in science and engineering research, andveek. This part of the seminar, attended by 10 graduate
communicate about such issues with others who do msttidents and post docs in the Fall 2004 semester,cfthcus
have substantial technical training or skills. theories and approaches to understanding the social

« Exposes students in the humanities and social scienceslimensions of technology, applied to the case study of
the ways in which social, political, economic, and culturatanotechnology. A brief outline of the seminar is prodide
factors shape the design and organization of technologidaible I. More detailed course information is provided an th
systems and, in turn, how these systems help to steuctfWW MRSEC website under “Nanotechnology Courses” [9]
social interactions and human well-being. and in a book chapter [10].

TABLE |
OVERVIEW OF COURSE TOPICS AND DISCUSSION QUESTIONSED IN
EPD690SEMINAR IN NANOTECHNOLOGY AND SOCIETY: ANALYTICAL & PEDAGOGICAL APPROACHES

Week Topic Classroom Discussion
1 Course Introduction
2 What is Nanotechnology? Why Do We
Care about Its Societal Dimensions?
3 What is Progress? What does Leo Marx’s arguifiBates Improved Technology Mean Progress?”) imfilgut

current discussions of the societal benefits obtechnology? Can we think of ways in which
nanotechnology innovations might not necessarihtrdoute to progress?

4 Technologies as Forms of Life Find a news artigscribing an application of nanotechnology. Eibsca form of life that might
emerge involving this application, addressing whghnsee it as progressive and who might not.

5 Social Choices and Technological Are there other examples that you can think of lmiclv users are shaping current technologies?

Change What does this mean for how we think about theetataspects of nanoscience and

nanotechnology?

6 The Politics of Technological Change Is technplpglitical? What does this imply for how we thiakout technological design?

7 The Military and New Technologies What is thetieinship between the military and new technoldgi®ghat interests does the military
have in nanotechnology?

8 Technological Accidents What is a “normal accitfenDo Charles Perow’s concerns (“Normal AccidahThree Mile
Island”) apply to nanotechnology?

9 Technology, Risk, and Society Why do expertslaggublics sometimes arrive at different reasomegarding the risks of
technologies?

10 Environment and Health Impacts How should wea@ggh questions of environment and health risksc@ated with nanotechnology?

11 Nano-Critics What social groups care about rexiotology? What reasons do they give for their eors?

12 Government Assessments

13 Science Fiction Consider the advantages andwisgages of science fiction as a medium for ingginto and
communicating about the societal aspects of nahotdogy.

14 Technology and the Future Why is projecting thifuture of technologies so hard? How imporisiittto try anyway? If it is

important, how should we approach the uncertairmiesived?

The three-credit option of EPD 690 focused on thdimensions of NSE. As such, this portion of the seuwwvas
development of teaching skills and the creation of a teachidgsigned for future educators who want to teach
portfolio, as is indicated in Table Il. Students whosghthis nanotechnology and society topics, either as stand-alone
option attended a second hour of the seminar in addditimet courses or as part of another course. This second par® of th
first, and developed an annotated syllabus and teachisgminar introduced approaches, materials, and skills for
materials for an undergraduate seminar in nanotechnology aedching undergraduates how to think critically about the
society that would integrate the technical and sociabcial aspects of technology.
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TABLE Il

TEACHING TOPICS COVERED INEPD 690 SEMINAR IN NANOTECHNOLOGY
AND SOCIETY: ANALYTICAL & PEDAGOGICAL APPROACHES
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and the potential developments in
nanotechnology.
* Investigating why people sometimes come to fear new

technologies, including studies of technological utopias

impacts  of

Week Teaching topic > .

1 Course introduction and dystopias, accidents, and concerns about loss of
2 Leading discussions control.

3 Active learning

4 Selecting course materials

2 E?;L”S"S'};ﬂ“;‘f,'ijjg;{:g portfolios | Dr. Charlie Tahan was one of the graduate student TAs
7 Classroom and writing problems who taught an undergraduate STS 201 course in spring 2005.
8 Informal writing assignments Tahan describes his seminar as “introduce[ing] the emerging
20 ';?szfgs‘?gg'g?develo e bortfolios I and ill-defined field of nanotechnology to a diverse,
1 Grading wiiting ping p nontechnical audience and explorfing] nanotechnology's
12 Asking for feedback economic, historical, societal, political, and environmental
13 Course framework implications and origins” [10]. Approximately 25

14 The first day undergraduates ranging from first-years to seniors drew

heavily from engineering, science, and business majors
Four graduate students completed the three-credit versigarticipated in the course.
of the course and developed their own annotated syllatd fo More detailed course information about Tahan’s course,
three-hour (per week) undergraduate nano and society semiggrwell as the other five courses that addressed nano and
that discussed both technical and social dimensions of NSfociety, is provided on the UW MRSEC website under
These students also created supporting materials, includitdanotechnology Courses” [7].
course assignments (exams, formal writing assignments,
quizzes, informal writing assignments, and/or problem set f;Amt Results
class lesson plans, and mid-term evaluation forms. Th@han heavily evaluated his seminar with several surveys
teaching assistants (TAs) for the undergraduate versidmeof given at intervals throughout the semester. He evaluated the
seminar to be held in the spring used the second howlgo hstudents’ knowledge gains by asking a variety of questions,
them to prepare for the up-coming semester and to develgpluding definitions and open-ended responses, and he
their syllabi. solicited the students for feedback on the course by @skin
guestions about its structure and content. A more detailed
description is provided in a journal paper [11] and akboo
chapter [12].
. Background In general, the pre- and post-assessments showed that the
During the Spring 2005 semester, two of the graduattests enrolled ;tudents foun'd thg course valuable and that many of
who developed syllabi in the EPD 690 course were employfif 1€arning goals outlined in the syllabus were met. Ower th
as teaching fellows to teach their own undergraduate cour&@4/rse of the semester there was a general increase in comfort
on nanotechnology and society. These courses meet 1@l across all topics surveyed. By the end“ of the semester,
sections of a Science and Technology Studies course (S32¢ Of the class reported that they were “comfortable” or
201), Where Science Meets Society. STS 201 is regularly “ver_y comfortable” with the subject of nanotechnology and
taught as a small first-year seminar and satisfies eitherSaCI€Y- _ _ _
humanities or social sciences requirement within the Additionally, clear improvements in understanding of
university’s core liberal arts curriculum. It is well knovay NSE and N+5 terms and concepts we“re achieved. In }he pre-
first-year advisors in the College of Letters and Science aRgSessment, student definitions of “nanotechnology” used
the College of Engineering and has proven successful hsStract terms as technology that was “tiny,” “microscopic,” or
drawing students from humanities, science, and engineering. @dvanced.” The most common answers were variations on
The undergraduate seminars were developed with tH8€ Study of small particles or very small technology,”twit

goals of: o_nly one student'cmng 1 x fometers as a benchmark. The
- Introducing students to various social theories dfnal éxam provided a venue for post-assessment, where

technology, such as technological determinism and tP(gn_Ja_‘l!y all of the students were able to fo_rmulate a wagki
social construction of technology. definition of NSE on par with or surpassing the stajus

. Exploring the wider social, historical, and culturg@€finitions found in the research literature. The studests

contexts in which nanoscale science and engineering 51]89 aware of new phenomena that occur at the nanoscale, such
embedded. as increased reactivity and quantum confinement effects, and

o . . . : ere able to give three correct examples of specific
e« Examining, in an integrated fashion, the technical an :
. . nanotechnologies.  Moreover, the students were able to
social elements of nanotechnological systems.

., . . . formulate three meaningful questions about the societal
e Providing students with skills and resources for learning g q

about the technological infrastructures of modern societies
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implications of NSE, a question that was left mostly blank ACKNOWLEDGMENT

the pre-assessment. , .
We would like to thank the EPD 690 students for thelpfin

EPD 160: NANO AND SOCIETY IN AN |NTRODUCTORY thinking about the complex issues surrounding nanotéayo
ENGINEERING COURSE and society. In particular, we would like to thank Anne

. . Bentley and Adam Creuziger for participating in the second
While ~stand-alone ~ courses obviously offer the greategption of the course and creating syllabi and otherrseou

opportunity for engaging with nano and society iSSes aterials.

depth, it is equally important to incorporate nano aowlesy We are grateful to the National Science Foundation

issues into traditional engineering courses. During @ Fiyough the Materials Research Science and Engineering
2004 training and syllabus glevelopment process of EPD 6Q9anter (MRSEC) on Nanostructured Interfaces (DMR-

the graduate student teaching fellows developed modules §§79983 and DMR-0520527) and through the Nanotechnology
nanotechnology and society tea_chlng to test in eX'St”lgndergraduate Education (NUE) grant, “An Integrated

courses. One such module was implemented in a freShmi\'E)'proach to Teaching Nanotechnology and Society” (DMR-

level Introduction to Engineering course (EPD 160) where the 0407075). Both programs are at the University of Wisicens
topic of technology and society is traditionally introducedyadison.

After an introductory lecture providing an overview of
nanotechnology, the undergraduate students were divided into REFERENCES

teams, assigned a NanoCommunjty, presented with the. idea of Winner, Langdon, Testimony to the Committee on Sieof the U.S

a neW, UItra'SFron,g nanocomposﬂe, and asked t9 bramsw House ;)f Represéntatives on The Societal Implinatiuf -
potential applications of this technology for their assigned Nanotechnology, Wednesday, April 9, 2003.

NanoComr'nunlty.. After the brainstorming aCtIVIty’, eaqh tearﬁ] Wood, Stephen; Jones, Robert; and Geldart, Alihe Social and
presented its top idea. The range of the students’ coitynu Economic Challenges of Nanotechnology, Economic and Social
relevant ideas clearly illustrated the interaction between Research Council, 2003. Available at

technology development and societal needs. After these brief http://www.esrcsocietytoday.ac.uk/ESRCInfoCentrefies/Nanotechno
presentations, students spent a few more minutes with thej '09Y-cm6-5506.pdf.

teams to discuss the future ramifications of their top idethy [3] National Science Foundation, Societal Implicatiohslanoscience and
positive and negative. The class concluded with a shortéectu  Nanotechnology, edited by Mihaiil C. Roco and Vifti Sims

on policy issues that arise with the development of a new 5anbridge, 2001 Available at o .

technology. One student commented in a course journal that MW//www.wiec.orgfloyola/nano/societalimpact/nanpdt

the activity “reminds us that we are working for and withi4] Joy, Bill, “Why the Future Doesn’'t Need Us\fred 8, 4, 2000.
people Sometimes | think we get [so] caught up ir[5] Crichton, MichaelPrey, Harper Collins, 2002.

calculations and budgeting that we forget that our actiors W[Ié]

» Arnall, Alexander H, “Future Technologies, Todaghkoices.
affect others. 9 ¢

Nanotechnology, Atrtificial Intelligence, and Rolasj A Technical,
Political, and Institutional Map of Emerging Teclhogies”, Greenpeace
CONCLUSIONS Environmental Trust,2003. Available at

. . . http://www.greenpeace.org.uk/MultimediaFiles/LivellReport/5886.pd
This curriculum development effort has resulted in both ¢

graduate and undergraduate-level interdisciplinary semini;rf
that address the issues surrounding nanotechnology d
society, and in seven tested syllabi for leading such sesninar
These courses have attracted students from diverse fielf,
including social sciences, life and physical sciences, _ _ o
engineering, and humanities. Both the undergraduate dfb gzﬂf’e‘fcﬂ2i‘\’/'g%Cg?@‘?sscvo":']:itﬁ”al'\jafﬁ;;?mh Scemg&ngineering
graduate students who participated in the seminar completed http://v&ww.mrsec){wisc.edu/Edetc/courses/i’ndex.htm.
assessments and displayed a greater and more sophisticated ) .
appreciation for the social aspects of nanotechnology after i@ Zenner, Greta M, and Crone, Wendy C, “Introduciraibtechnology

" . . and Society Issues into the Classroohghoscale science and
course. In add_mon, the undergraduates in pamCl_Jlar engineering education: Issues, trends and future directions, American
demonstrated an increased knowledge of nanoscale science Scientific Publishers, forthcoming.

and engineering.

UW Materials Research Science and Engineering €ente
http://www.mrsec.wisc.edu/Edetc.

Robert F. & Jean E. Holtz Center for Science anchfielogy Studies,
http://www.sts.wisc.edu.

[11] Tahan, Charlie, “Nanotechnology and Society,”
http://www.tahan.com/charlie/nanosociety/course201/

[12] Tahan, Charlie; Leung, Ricky; Zenner, Greta. Mlisgh, Karin. D.;
Crone, Wendy C.; Miller, Clark A., “Nanotechnologgd Society: A
Discussion-based Undergraduate Course,” Americamabof Physics,
74,4, 2006.
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