
Workshop and Module Design—Part 1—Nature and Human Values, 

Freshman Ethics Module on Nanotechnology 

NSF Nanotechnology Undergraduate Education grant  (#EEC-1138257) focused on creating 

interdisciplinary modules about the social, ethical, environmental, and economic impact of 

nanotechnology for all students at the Colorado School of Mines. (For an overview of the 

project plan, see NanoSTEP: Nano-Science, Technology, Ethics and Policy  Poster Presentation 

to NSF EEC conference March 2012 )  Dr. Corinne Packard, a professor in the department of 

Metallurgical and Materials Engineering who works with solar cell nanomaterials, was the PI.  

The team of Co-PIs and Senior Personnel were drawn from the multidisciplinary Liberal Arts and 

International Studies department which is responsible for delivering core courses in humanities 

and social sciences.  The first part of the project was a module for the freshman ethics and 

writing course, Nature and Human Values, which included a common lecture and reading 

assignments and different course activates and discussions about the risks and benefits of the 

technology.  (See Workshop and Module Design—Part 1—Nature and Human Values).  The 

second part of the project was a module for the sophomore-level course, Human Systems, a 

history of sociological, religious, political, and economic systems.  For this course, the focus of 

the module was on policy and international relations in technology development.  (See 

Workshop and Module Design—Part 2—Human Systems).  We disseminated our work at 

several conferences and to universities in China and Spain, but most notably contributed a 

panel discussion with several team members at APPE 2013 in San Antonio (See Association for 

Practical and Professional Ethics 2013 Conference Presentations).  We have written two 

papers about the results (See Nanotechnology Ethics and Policy Education:  Learning and 

Sharing Across Boundaries) and another forthcoming.   

 

Workshop and Module Design—Part 1—Nature and Human Values, 

Freshman Ethics Module on Nanotechnology 

First, we trained all faculty on definitions, applications, and implications of 

nanotechnology.  Then faculty developed a learning module and incorporated it into 

their courses.  Finally, we assessed students and faculty and continued to meet as a 

faculty to improve the implementation of the module.  See an outline of these efforts 

and the materials used below.   



NanoSTEP Faculty Workshop Agenda  
Day One – Friday, January 6 

9 – 9:30 am  Introductions to Project & Personnel 

   (Corinne Packard, Carl Mitcham) 

9:30 – 10:45  “Emerging Technologies, Ethics, and Public Perceptions” 

   (Christopher Preston) 

11:00 – 11:45 pm Communicating Scientific Uncertainty to the Public 

    (Jen Schneider) 

11:45 – 1:00  Lunch – on your own 

1:00 – 2:15  “Debating Science”: A different model for ethics and policy instruction 

    (Christopher Preston) 

2:15 – 3:15  Discussion: What are/should be the aims of science & engineering ethics  

   instruction? What are some of the different methods of instruction? 

 

Brief summary of the current status of science & technology policy/ethics   

 instruction (i.e. what is being done in science & engineering education)                                 

(Carl Mitcham, Jason Delborne) 

Followed by discussion of above questions & readings: 

“Can Instruction in Engineering Ethics Change Students’ Feelings About     

 Professional Responsibility?” (Hashemian & Loui ) 

“Ethics Instruction in Engineering Education”   (David R. Haws) 

“Broadening Ethics Teaching in Engineering: Beyond the Individualistic     

 Approach” (Conlon & Zandvoort) 

3:30 – 4:00  NHV seminar instructors:  initial drafting of possible objectives &   

   outcomes for nano-module and/or NHV     

4:00 – 5:00*  Continued discussion of science & technology policy issues with Christopher  

  Preston 

Recommended reading: “Value Sensitive-Design and Nanotechnology” (Ronald Sandler); From 

Debating Science: Deliberation, Values, and the Common Good (ed. Scott and Francis, 2012) 

Day Two – Monday, January 9 



9:00 – 10:15 Introduce hypothetical                                                                                                             

Lecture on Nanotechnology (Corinne Packard)                                                                                   

Feedback & questions for Corinne 

10:30 – 12:00pm Evaluating possible readings for NHV students 

Small group discussion assigned readings (two-three readings per small group)  

   30 min. to discuss in small groups 

   10 min. for each group to present & recommend 

   30 min. for discussion of options & voting 

Assigned readings: see Blackboard folder for readings for your group 

   Group One: Rose, Jim, Seth, Toni, Laura 

   Group Two: Sarah, Michael, Doug, Cortney 

   Group Three: Paula, Steve, Brian, Sandy 

      

12:00 – 1:30  Working lunch 

Meet Neil Sullivan & graduate students, tour CFCC 

   Q & A for Corinne, Neil, & grad students 

1:30 – 2:45  Social implications of nanotechnology for vulnerable populations 

   (Derrick Hudson) 

   Recommended reading: “Nanotechnology And The Developing World: Will  

   Nanotechnology Overcome Poverty or Widen Disparities?”    

   (by Invernizzi & Foladori)  

3:00 – 4:00  The precautionary principle – definition, practice, benefits, and drawbacks 

   (Jason Delborne) 

  Assigned reading: “Beyond the Precautionary Principle in Progressive Politics:  

   Toward the Social Regulation of Genetically Modified Organisms”     

   (by Kleinman, Delborne & Autry) 

4:00 – 5:00  NHV instructors: Refinement of hypothetical and continued drafting of  

   outcomes for students 

Day Three – Tuesday, January 10 



9:00 – 9:30  Teaching with case studies   (Laura Heller)  

9:30 – 11:30  Intro to Ethical Theories (with new material on Rawls & Locke) 

   Application of specific ethical theories to GMO case 

   (Sandy Woodson) 

  Discussion of assigned reading: “Introduction To Ethical Reasoning”  

  (Donaldson & Werhane) 

11:30 – 1:00  Working lunch: Identifying and agreeing upon important content- and skills- 

  based outcomes for students for NT module (and possibly for NHV in general) 

1:00 – 3:00  Crafting effective objectives and outcomes 

   Discussion of objectives/outcomes materials 

   Get back into groups to draft possible o/o 

   Groups share o/o    Finalizing objectives & outcomes for module  

  

3:00 – 5:00  Developing potential seminar assignments & common assessments   

  (lesson plans for classroom activities, new short papers, test questions) 

     

 

NanoSTEP: NHV Workshop Reflection for Instructors 

 
In order to give you credit for a full day's participation in workshop, we need you to spend some time 

reflecting on our project: its purpose, objectives, methods, materials, and outcomes. Please be aware 

that this is voluntary (in the sense that the only consequence for not doing it is that you won't get the full 
stipend) and confidential. That is, if you do not wish to do this, you are under no compulsion to do so. 

Likewise, if there are questions that you do not wish to address, feel free to skip those questions. If you 
would like your answers to be anonymous, simply print a hard copy without your name on it and leave it 

in the envelope that we will provide for that purpose. 
 
With that in mind, we would love to have your feedback on the questions below. Please be as specific as 

you can be without going overboard; the more detail that you can give us, the more responsive we can 
be to your concerns and suggestions. You needn't feel constrained by the order of the questions either; 

feel free to deviate from the script and share whatever thoughts arise during your writing. Think of the 

questions below simply as prompts to guide your thinking. We'd like to  see 2-3 pages, single-spaced 
(please either indent paragraphs or space between them). 

 
Questions: 

 
In general, what are your feelings/thoughts/reactions to the NanoSTEP project as a whole? What do you 



think about the purpose of the project? Any reactions to the methods used during the workshop or to the 

format of it? What did you think of the content of the workshop? 
 

What was the most helpful or effective part of the workshop for your learning about the implications of 
nanotechnology? The least helpful or effective? Please explain your answers. 

 

What aspect of the workshop was most helpful for your instruction on nanotechnology?  The least 
helpful? Please explain.   

 
Considered along with the topics we usually cover in NHV, discuss where you would rank the 

nanotechnology module (top 3, bottom 3, somewhere in the middle) in the following respects: relevance 
or importance, student engagement, your comfort with the subject matter, and your interest in the 

subject matter. Please explain your ranking. That is, where there are other topics that you rank higher, 

what are they (list one or two), and what makes them better or more effective/compelling? What was it 
about the nanotechnology module that causes you to rate it this way? 

 
Describe any activities or materials that you created or used during the nanotechnology module. (These 

do not have to be materials that came from the workshop.) Please include an explanation of your purpose 

for using the activity/material, your objectives for students, and the results, including how students 
responded to the activity and how effective you thought it was for your purposes or for the overall 

purpose of the module. 
 

How did students react to the components of the module (readings, lecture, class discussion, activities)? 
If student response was lacking, what would you suggest be altered to improve the module and why? 

 

Did any students express interest in pursuing the subject matter further (by staying after class to talk, or 
by writing about nanotechnology for a paper, for instance)? 

 
Is there anything we did in workshop that you would like to continue (e.g., a particular discussion) or to 

repeat for another subject matter (e.g., discussion of readings)? Please explain. 

 
 

What questions do you have about the module, the subject matter, or the grant project? If necessary, 
please explain what motivates the question. 

 

 
What would you like to accomplish at our last day of the workshop? What suggestions do you have for 

improving the module? What would you suggest we do differently for Human Systems? What would you 
suggest we keep, delete, or modify? Please explain. 

 
 

Do you have any questions that you are interested in having the student interviewees consider? Please 

explain what motivates your interest in the question and/or what you hypothesize for an answer. 
 

Classroom interventions 

Module 
The Nature and Human Values module consisted of a course-wide lecture (300 students) and reading 

assignments and class activities in each seminar section of 20 students.   



Lecture 

 

 



Actual & Potential Applications

Medicine 
• Optics/Imaging
• Drug Delivery
• Genetic 

Engineering
• Biosensors
• Cell Repair
Industry
• Aerospace
• Automative
• Construction
• Oil & chemical
• Military

Food
• Smart food
• Diet shakes
• Canola oil
• Food storage
Consumer Goods
• Clothing & other 

textiles
• Cosmetics & 

sunscreens
• Tools
• Paint & sealants
• Appliances

Children’s items
• Wet wipes
• Sippy cups & 

bottles
• Plush toys
• Pacifiers
• Toothbrushes

Heller

HEALTH CONCERNS

NIOSH Report (March 2009)
engineered nanoparticles – intentionally produced 
ultrafine particles (or incidental) – byproducts 

Uncertainties due to gaps in knowledge:
-routes of exposure
-translocation of materials once they enter the body,
-interaction of the materials with the body’s systems

Animal & cell studies
-nanoparticles have greater toxicity; more biologically 

active
-penetrates cells & tissues; observed even in nucleii
-could cross blood/brain barrier
-cytotoxic, inflammatory
-mesothelioma

Heller



ENVIRONMENTAL & ETHICAL CONCERNS
EXPOSURE ROUTES:

WASTE DISPOSAL
RECYCLING
INADVERTENT RELEASES
HUMAN WASTES

POTENTIAL IMPACTS:
FOOD CHAIN
ANTI-MICROBIAL
CATALYZE OTHER REACTIONS
ALTER pH OF STREAMS

ETHICAL CONCERNS:
UNINTENDED CONSEQUENCES
LACK OF OVERSIGHT
TRANSPARENCY
PUBLIC PARTICIPATIN
SOCIETAL EFFECTS
SANCTITY OF LIFE
RADICAL TRANSFORMATIONS
PRECAUTIONARY PRINCIPLE

Heller

Forbes India Magazine June 2010



Nanotechnology

• What is it? 

– Nanotechnology is the understanding and control 
of matter at the nanoscale, at dimensions 
between approximately 1 and 100 nanometers, 
where unique phenomena enable novel 
applications.

Definition according to the National Nanotechnology Initiative

3 Generations of Photovoltaics

Crystalline Silicon

Thin Film Technologies

Based on nanotechnology



Nanomaterials
What are they?
• Materials that are 1-100 nm in >1 dimension that are manufactured/engineered

What does this definition exclude?
• Materials that are the same size, but exist in nature or are unintentional by-

products of some process (natural or manufactured)

H. Fangohr F. Frenkel

Fullerines Carbon Nanotubes Quantum Dots

Pollen

Volcanic Ash

Machinery Dust

The Allure of Nanotechnology
Nanotechnology will produce 

materials that are stronger, 
lighter weight, more efficient, 
healthier, cleaner….

NANOTECHNOLOGY IS 
GREAT!!!

The Nano Song
http://www.youtube.com/watch?v=LFoC-uxRqCg

http://www.nano.gov/sites/default/files/pub_resource/nanot
echnology_bigthingsfromatinyworld-print.pdf



Companies using Nanomaterials in 
Photovoltaics

• Nanoparticles embedded in plastic film

• Copper-Indium-Diselenide semiconductor ink 

• Organic solar cells 

• Silicon nanocrystalline ink

• "Nano-cables" grown on a thin film material 

• Nanocrystals embedded in a thin film material 

• Nanoparticles in plastic solar cells 

• And others…



Miller-McCuneBBC News

“Process outside 
of the US”

“Bring to Recycling Collection”



Experience with E-waste provides an example

Urban Times

Run-Off  Rivers & Streams Wildlife & Drinking water supply

“Dispose”



PV Recycling

PV Recycling LLC

Nanomaterials target power loss mechanisms 
and improve efficiency in Solar Cells

Light absorber

Bottom Electrode

Transparent Electrode

Antireflection Coating

Nanoparticles
Nanotubes

Quantum dots

Fullerines

Nanowires



Who Stands to Benefit?
(and do they all benefit equally 

or in the same way?)

J.P. Benner 20th NREL Industrial Growth Forum



Off-Grid PV Power: Rural 
Electrification

IT Power

PV in Africa (NASA)

Grid-connected PV

Waldpolenz Installation, Germany 40 MW

Energysavers.gov

Residential PV

PV Power Plant



End-of-Life for a PV module

• When does it happen?

– Before a PV module ever sees the light of day

• Manufacturing defect

– Days to Months

• Shipping or installation damage

– 1 yr. to 20+ years

• When the module no longer produces ‘enough’ power

• What happens to the modules? (and who 
does it affect?)

How small is a nanometer?

1 nm = 10-9 m

1 nm  : :: :



Overview of today’s lecture

• Background

– Nanotechnology & Nanomaterials

– Opposing views on Nanotechnology

• Nanomaterials in photovoltaics

– How solar cells work

– Nanomaterial-based efficiency improvements

– Environmental and Ethical Issues

• PV Installations, manufacturing, & end-of-life

• Who stands to benefit? Who bears any consequences?

Solar
Cell

How Solar Cells Work

e-
Within the absorber, energy from the 

incoming light frees an electron.

The electrons are conducted out of the solar 
cell and passed through a circuit to do work.



Power loss mechanisms in PV cells

Light absorber

Bottom Electrode

Transparent Electrode

Antireflection Coating

•Resistive losses

•Reflection of light
•Light scattering

•Electrons get trapped in defects
•Not all light is absorbed
•Energy dissipated as heat

A terawatt is a difficult number to get a handle on-
let’s scale it down

Assumes current panel efficiencies of 20-25%



Nanomaterials exhibit unique phenomena due 
to their small dimensions 

• Quantum effects dominate properties of materials

• Much of biology occurs at this scale

• Surfaces and Interfaces dominate material behavior

National Nanotechnology Initiative

Opposing viewpoint extremes

• Nanotech is the greatest thing!

• Nanotech is the worst thing!

Both views are sensationalist

Underlying arguments fall across the spectrum



The Threat of Nanotechnology

Eric Drexler Engines of Creation 1986

NANOTECHNOLOGY IS DANGEROUS!!!

Grey Goo theory-
Self-replicating nano-bots 

will consume the world

Nanotechnology will produce 
materials that are toxic, 
harmful, uncontrollable….

Manufacturing
Differences in risks at different scales?

NIST

Lab-scale

•Small quantities
•Isolation
•Limited personnel



Manufacturing
Differences in risks at different scales?

Industrial-scale (paint factories for comparison)

Emirates 24/7 News•Large quantities
•Exposure risk amplified
•Training & term of personnel may vary 

Nanomaterials in photovoltaics
Nanomaterial-based efficiency improvements
Numerous Environmental and Ethical Issues

PV Installations, manufacturing, & end-of-life
Who stands to benefit? Who bears any consequences?

Do the benefits out-weigh the risks?



Experience with E-waste provides an example

Experience with E-waste provides an example



Benefits & Drawbacks

• Human Health- Antibacterial properties vs. 
Toxicity

• Environmental Impact- Oil spill clean up vs. 
Bioaccumulation

• Social Impacts- Improve quality of life vs. 
Increasing gap 

http://www.youtube.com/watch?feature=player_embedded&v=DdYf-UQ_hd8

View on nanosilver-

 

Readings 
Faculty studied and discussed the following readings and students were assigned to read the two in bold 

Conlon, Eddie and Henk Zandvoort. “Broadening Ethics Teaching in Engineering: Beyond the 
 Individualistic Approach”. Science and Engineering Ethics, June 2011, Vol. 17, Issue 2, p. 217-32. 

Hashemian, Golnaz and Michael C. Loui. “Can Instruction in Engineering Ethics Change Students’ Feelings 
 about Professional Responsibility?” Science and Engineering Ethics, 2010, Vol. 16, pp. 201-215. 

Haws, David R. “Ethics and Instruction in Engineering Education: A (Mini) Meta-Analysis.” Journal of 
 Engineering Education, April 2001, pp. 223-229. 

Invernizzi, Noela and Guillermo Foladori. “Nanotechnology and the Developing World: Will 
 Nanotechnology Overcome Poverty or Widen Disparities?” Nanotechnology Law & Business 
 Journal, 2005, Vol. 2, Issue 3, Article 11. 

Kleinman, Daniel Lee, Jason A. Delborne, and Robyn Autry. “Beyond the Precautionary Principle in P
 rogressive Politics: Toward the Social Regulation of Genetically Modified Organisms.” Tailoring 
 Biotechnologies. Fall 2008, Vol. 4, Issue 1/2, pp. 41-54.  

Kuzma, Jennifer. (2010) “Nanotechnology: Piecing Together the Puzzle of Risk.” In Daniel Lee 
 Kleinman, Jason Delborne, Karen A. Cloud-Hansen, and Jo Handelsman, eds., Controversies in 
 Science and Technology, vol. 3: From Evolution to Energy. (New Rochelle, NY: Liebert), pp. 243-
 262.  

Preston, Christopher J. “Overcoming Philosophobia: A Few Ethical Tools for the Science Debates.” In 
 Scott, Dane, and Blake Francis (eds.). (2012). Debating Science: Deliberation, Values, and the 
 Common Good (Amherst, NY: Prometheus Books), pp. 49-68. 



Priest, Susanna Hornig. (2012). Nanotechnology and the Public: Risk Perception and Risk 
 Communication. (Boca Raton, FL: CRC Press). 

Sandler, Ronald. “Value-Sensitive Design and Nanotechnology.” In Scott, Dane, and Blake Francis, eds. 
 (2012) Debating Science: Deliberation, Values, and the Common Good (Amherst, NY: 
 Prometheus Books), pp. 205-225. 

---. (2009). Nanotechnology: The Social and Ethical Issues. Project on Emerging Technologies (Report 16) 
 (available online). 

Websites 

Nanoscale Informal Science Education (NISE) Network, nisenet.org       
 “Same Sides.”   http://vimeo.com/11306181 

Project on Emerging Nanotechnologies, www.nanotechproject.org     
  Consumer Products Inventory, www.nanotechproject.org/inventories  

National Nanotechology Initiative , www.nano.gov  

 

Class Activities 
Class Exercise—Nanotechnology   

"Precautionary Principle in Practice" 

Your company has designed an innovative nanotechnology product--say, a paint that lasts longer, is self-

cleaning, and uses less material to produce. Your supervisor has asked you, an engineer, to form a risk 

assessment team, and to design a program to implement the precautionary principle. 

In groups of three or four, refer to the Kuzma article and identify possible risks of this product and list 

them. Then, come up with an action plan to develop the product with the precautionary principle in 

mind. For instance, what sorts of tests would need to be performed, and what results would you need to 

show before releasing your product to market? 

Class Exercise—Nanotechnology   Expanded 

Background Information: 

Suppose that you are part of an engineering team that has done research, development, and design (it’s 

a small company!) for a nanofilter to be used in water bottles and ‘Jerrycans’.  The nanofilter is a 

membrane with pores of only 15 nanometers. Since viruses and bacteria are larger—around 25 

nanometers—your filter purifies all sorts of nasty, murky, disease filled water into clean drinking water 

in seconds, without the use of iodine or other chemicals. 



Your supervisor has asked you to form a risk assessment team for the new filter.  In groups of three or 

four: 

(a) Identify and list as many of the possible benefits of this technology. Try to be thorough (e.g., 
benefits to the poor? Military?). 

i. Try to think about the likelihood of these benefits coming to fruition. Are they certain 
(Probability=1) or just a daydream (Probability=0)? Or somewhere in between? How 
would you know the likelihood? (Recall that we spent some time talking about different 
interpretations of probability—the frequency interpretation and the subjective 
interpretation). Try to assign a subjective probability value based on your collective 
knowledge. 

ii. Try to rate the benefits on a scale from 0-100—0 meaning not beneficial (but not 
harmful) and 100 meaning extremely beneficial, perhaps world changing.  

(b) Refer to the Kuzma article to identify the possible hazards and risks (costs) of this product and 
list them. Again, try to be thorough, and think widely (e.g., hazards to the public? The 
assemblers of the filter?). Refer to your lecture notes and Kuzma for possible harms and risks of 
nanotechnology. 

i. Try to think of the likelihood of these costs. Are they certain, or just the worry of 
extremely risk adverse people? Try to assign a subjective probability value based on 
your collective knowledge.  

ii. Try to rate the costs on a scale from -100-0—0 meaning not harmful (but not beneficial) 
and -100 meaning extremely harmful, perhaps catastrophic.  

(c) Finally, come up with an action plan to develop the product. Given the benefits and costs that 
you’ve listed, would the world be better off with or without this technology? Should you 
implement the precautionary principle, and thus, not release this technology until further 
research has been done? If so, what sorts of tests would need to be performed, and what results 
would you need to show before releasing your product to market? 

 

Marketing Nanotechnology   

This brief assignment asks you to consider the marketing of nanotechnology products from the 

perspectives of different stakeholders: the company that sells the product, the advertiser/marketer of 

the product, and the consumer who might purchase the product.  

First, visit the consumer inventory on the Project for Emerging Nanotechnology website: 

http://www.nanotechproject.org/inventories/consumer/ 

Then, select one of these products. Do some other targeted web research to see how this product is 

marketed to consumers. For instance, visit the company website, see if it is sold on Amazon or by other 

online vendors, Google consumer reviews, find examples of advertisements, etc. Investigate how, if at 

all, the nanotechnology in the product is discussed in these different forums. Try to determine the 

marketing strategy for the product as related to nanotechnology and how the company hopes 

consumers will respond to this.  

Consider the following questions: How is nanotechnology discussed with the consumer (if at all)? Why 

do you think this strategy was chosen? What values or principles does the company or the advertiser 



appeal to and in what way do they do this? Is nanotechnology a part of that? Why or why not? What 

issues or concerns might the consumer have (if any) about the use of nanotechnology in the product? 

What are some of the broader implications of marketing nanotechnology in this way? 

Write a short (500 word) essay that reflects upon these questions.  

Cost-Benefit Analysis versus Precautionary Principle 

Using the case of solar panels with nanoparticles or another application of nanotechnology, students 

work in groups to apply cost-benefit analysis, then precautionary principle to the particular case.  

Students grapple with how to define and quantify risks of new technologies, and how to balance that 

with potential benefits and financial gain.  Large group discussion follows, comparing the two 

approaches and applying ethical theory and environmental ethics terms to discuss risks and their 

complexities.  

Examples of how knowledge was assessed 
 

Pre- and Post-module surveys 

Nanotechnology PRE Survey 
 
Please answer the following questions by marking the appropriate oval on the Scantron sheet: 
 
1. What is your primary race/ethnicity? 
A.  Asian 
B.  African-American 
C.  Caucasian 
D.  Latino 
E.  Other 
 
2. Are you: 
A. A native English speaker 
B. Not a native English speaker 
 
3. Class year at CSM? 
A. Freshman 
B. Sophomore 
C. Junior 
D. Senior 
 
4. What is your major? 
A. Engineering (civil, mechanical, etc) 
B. One of the sciences or pre-med 
C. Mathematics 
D. Computer science 
E. Other or Undecided 
 



5. Besides this course (NHV), how many courses have you had, in either college or before, where issues of ethics or 
professional responsibility were discussed? 
A. None 
B. One 
C. Two or more 
D. Not sure 
 
Nanotechnology questions:  
 
6. How much have you heard or read about nanotechnology? 
A. Nothing or very little 
B. Some  
C. A moderate amount 
D. A lot 
E. Not sure 
 
7. If you have heard or read anything about nanotechnology, what is the main source of your information?  
A. Friends and family 
B. Television, print, or online news sources 
C. Science fiction 
D. Trade or professional journals 
E. Course work, either at Mines or elsewhere 
 
8. What is your initial impression of the risks of nanotechnology? 
A. Benefits will outweigh risks 
B. Benefits and risks will be about equal 
C. Risks will outweigh benefits 
D. Not sure 
 
9. If there are risks associated with nanotechnology, what, if anything, should be done to prevent them? 
A. Nothing. If there are problems, we will figure out how to handle them. 
B. Research should be limited until we know what the risks are and how to prevent them. 
C. Research should be unlimited, but mainstream production of nanotechnologies should be tightly regulated. 
D. Not sure. 
 
Please answer the following questions: 
 
10. What ideas, images, words or phrases do you associate with nanotechnology? 
 
11. Regardless of what you have heard about nanotechnology, what do you think it is? 
 
12. Please list up to 10 important issues or topics that you think the use of nanotechnology involves or raises.  
 
13. In your opinion, what, if any, role should scientists or engineers play with regards to issues related to 
nanotechnology research and applications? 
 

 
Nanotechnology POST-Survey 
 
Please answer the following questions by marking the appropriate oval on the Scantron sheet: 
 

1.  How much have you heard or read about nanotechnology? 



A. Nothing 
B. A little 
C. A moderate amount 
D. A lot 
E. Not sure 

 
2. How could you see nanotechnology impacting your life in the future? 

A. significantly 
B. not very much 
C. not sure 

 
3.   If there are risks associated with nanotechnology, what, if anything, should be done to prevent them? 

A. Nothing. If there are problems, we will figure out how to handle them. 
B. Research should be limited until we know what the risks are and how to prevent them. 
C. Research should be unlimited, but mainstream production of nanotechnologies should be tightly 
regulated. 
D. Not sure. 

 
4. Whom do scientific breakthroughs benefit the most? 

A.  Everyone in a society where the scientific breakthroughs occue 
B. Everyone in the world 
C. Only the inventors or owners 
D. Only the more powerful or wealthy people 
E. Mostly the poor and less wealthy 
F. It is different for different breakthroughs 
G. Not sure 

5. Is nanotechnology something you feel you’d be interested to research more closely in the future? 
a. Yes  B. no   C. not sure 

 
6.  Rate your interest level in the subject matter of the nanotechnology lecture: 

A.  Highly interested 
B. Neutral 
C. mildly interested  
D. Not very interested 
E. Strongly not interested 

 
7. Would you be interested in learning more about the social, economic, environmental or ethical 

implications of nanotechnology? 
A.  Yes, I’m very interested. 
B. Yes, I’m somewhat interested 
C. No, not very interested. 
D. No, not interested at all. 

 
8. What is your initial impression of the risks of nanotechnology? 
A. Benefits will outweigh risks 
B. Benefits and risks will be about equal 
C. Risks will outweigh benefits 
D. Not sure 
 

9.  If your feelings about nanotechnology have changed since taking the pre-module survey, which of the 
following most affected your position? 
A.  The lecture 
B. The assigned readings 



C. Classroom discussion 
D. Talking with friends, colleagues, or family about it. 
E. Not sure 

 
Please answer the following questions: 
 
10. What ideas, images, words or phrases do you associate with nanotechnology? 
 
11. What are some ideas for ways in which nanotechnology could be applied to other disciplines/institutions? (e.g. 
biomedical, engineering, aviation, defense). 
 
12. Please list up to 10 important issues or topics that you think the use of nanotechnology involves or raises.  
 
13. In your opinion, what are the proper roles for scientists or engineers with regard to the research, development, 
and/or regulations of nanotechnology?  
 
14. How (if at all) has this module altered your view of technology and its associated benefits and risks in areas 
outside nanotechnology? 

 

Interview Protocol for selected students—12 students interviewed after pilot version of 

the module 

Introduction: Please read and sign this consent form. If you have any questions at any time, please 

feel free to ask. If you feel uncomfortable or wish to stop at any time during the interview, please 

feel free to say so, and the interview will end. 

 

First, I’d like to ask you some preliminary questions.  

 (note: questions 1-5 were not asked verbally; students wrote the answers on a separate 

 sheet of paper) 

 

 

1) What is your major and Why did you choose your engineering major? 

2) When did you take NHV? 

  

3) How do you feel NHV has influenced your understanding of science and engineering ethics?  

4) How do you feel NHV has influenced your understanding of the implications of nanotechnology?  

5) What applications do you think nanotechnology will have for your future career field?  

6) Are you concerned at all about the implications that nanotechnology has for your future career 



field? Please explain. 

7) You were asked on the pre- and post-module surveys whether you thought the benefits of 

nanotechnology outweighed the risks of it. What was your answer and why? 

8) Is there anything you might learn about nanotechnology that would change that answer? Please 

explain. 

NISE Network video – “Same Sides” 

We would like you to watch a short video and then ask you some questions about it. The video was 

created by the Nanoscale Informal Science Education Network, which describes itself as “a national 

community of researchers and informal science educators dedicated to fostering public awareness, 

engagement, and understanding of nanoscale science, engineering, and technology.”  The video is 

about 11 minutes long and features two actors discussing the implications of nanotechnology. You 

may take notes if you wish, but you do not have to do so. 

9) What is your initial reaction to the issues raised in the video?  

 10) Were any issues raised that particularly interest or concern you? Please explain. 

11) Did you agree with one character more than the other? If yes, which one and why? 

12) One of the characters was a scientist working for a lab using nanomaterials. Do you feel that she 

made an ethical choice? Why or why not? 

13) If you were in the scientist’s position, what would you do? Why? 

14) As a citizen, what do you think scientists like the one depicted should or should not be doing 

with regards to the use of nanomaterials? 

15) Is there anything that society should or should not be doing with regards to nanomaterials? 

16) How has what you learned in NHV this semester influenced the answers you gave today? 

17) What aspect of the NT module was the most influential or helpful for your answers today?  

18) What aspect of the nanotechnology module was the least influential or helpful? 

19) Did anything you heard in the video make your reconsider your position on the benefits versus 

the risks of nanotechnology? If yes, please explain what and why. 

20) Any other thoughts or observations? Anything we could do better? Add? Remove? 

21) Of the topics we studied this semester, how would you rank the nanotechnology module? Top 3, 

Bottom 3, or in the middle? Would you like to share why you ranked it there?                                                                    

22) Rate your interest in nanotechnology as a result of this class: more interested, less interested, 

or unchanged. Please explain. 


