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General Description
Type of program: Facilitated Activity
Nano Around the World is a card game designed to get participants to reflect on the potential uses of nanotechnology across the globe. Players each receive three cards: a character card, a current technology card, and a future technology card. They are asked to assume the role of their character to find nanotechnologies that might benefit them. After game play there is a facilitated discussion to help players reflect on the choices they made, the difficulty in finding appropriate technologies for many of the characters, and the possible nanotechnologies that could benefit a wider array of people than current nanotechnologies do.

Program Objectives

Big idea: 

Our values shape how nanotechnologies are developed and adopted.

Learning goals:

As a result of participating in this program, visitors will be able to: 

· Think about the applications of nanotechnology outside their immediate experience

· Describe some of the current uses and future visions of nanotechnology

· Recognize that the majority of nanotechnologies are created for and will be used by the world’s wealthiest populations

· Realize that nanotechnology could benefit the developing world, but only if we take active steps to develop technology with a wider range of uses than we currently have

NISE Network content map main ideas:

[ ] 
1. Nanometer-sized things are very small, and often behave differently than larger things do.

[ ] 
2. Scientists and engineers have formed the interdisciplinary field of nanotechnology by investigating properties and manipulating matter at the nanoscale.
[x]
3. Nanoscience, nanotechnology, and nanoengineering lead to new knowledge and innovations that weren’t possible before.
[x] 
4. Nanotechnologies have costs, risks, and benefits that affect our lives in ways we cannot always predict.

National Science Education Standards:

5. Science and Technology

K-4: Abilities of technological design
K-4: Understanding about science and technology
5-8: Abilities of technological design
5-8: Understanding about science and technology
9-12: Abilities of technological design
9-12: Understanding about science and technology
6. Personal and Social Perspectives

K-4: Types of resources
K-4: Science and technology in local challenges
5-8: Populations, resources, and environments
5-8: Science and technology in society
9-12: Population growth
9-12: Science and technology in local, national, and global challenges
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5 minutes
20 minutes
5 minutes
Background Information
Definition of terms

Nano is the scientific term meaning one-billionth (1/1,000,000,000). It comes from a Greek word meaning “dwarf.”

A nanometer is one one-billionth of a meter. One inch equals 25.4 million nanometers. A sheet of paper is about 100,000 nanometers thick. A human hair measures roughly 50,000 to 100,000 nanometers across. Your fingernails grow one nanometer every second.

(Other units can also be divided by one billion. A single blink of an eye is about one-billionth of a year. An eyeblink is to a year what a nanometer is to a yardstick.)

Nanoscale refers to measurements of 1-100 nanometers. A virus is about 70 nm long. A cell membrane is about 9 nm thick. Ten hydrogen atoms are about 1 nm.

At the nanoscale, many common materials exhibit unusual properties, such as remarkably lower resistance to electricity, or faster chemical reactions. 

Nanotechnology is the manipulation of material at the nanoscale to take advantage of these properties. This often means working with individual molecules.

Nanoscience, nanoengineering and other such terms refer to those activities applied to the nanoscale. “Nano,” by itself, is often used as short-hand to refer to any or all of these activities.

Program-specific background
There are numerous current uses of nanotechnology and many promises of future uses as well. Nanotechnologies are, however, largely being developed in wealthy countries, especially for the wealthy people in those countries and their militaries. But nanotechnology holds the promise of being able to help a much broader array of people, including people in the developing world. This will only happen, however, if people take active steps to assess local needs, engage with local people, and develop systems of distribution and maintenance for new technologies. 

References:

Noela Invernizzi and Guillermo Foladori, “Nanotechnology and the Developing World: Will nanotechnology overcome poverty or Widen Disparities?” Nanotechnology Law & Business 2 (3), September/October 2005: pp. 294-303.
Susan Cozzens and Jameson M. Wetmore (eds.), Nanotechnology and the Challenges of Equity, Equality, and Development, Springer 2010. 
 Materials
Deck of 60 game cards:

· 20 character cards (green)

· 20 current technology cards (blue)

· 20 future technology cards (yellow)

The number of cards can be adjusted based on the number of participants. One deck is adequate for 10-20 players/teams. Two decks can be used for 30-40 players/teams.
Set Up
Time: Less than 5 minutes. 
Prior to playing the game, it can be helpful to prepare three-card sets ready to use during play. Each player or team receives one character card (green), one existing nanotechnology card (blue) and one future technology card (yellow). 

You can create sets of three cards ahead of time, so that you can quickly distribute cards to players. Alternately, you can put the cards in three piles (green, blue, and yellow) and have each player take one card from each pile.

Program Delivery
Time: 

Program timing depends on number of participants. With 20 participants/teams, 10 minutes of negotiation followed by 10 minutes of discussion should be about right. With fewer people it may go a bit faster. With a more engaged and enthusiastic group the follow up discussion could last longer.
Safety

Players can sometimes get quite excited during game play and may not pay attention to their surroundings. Make sure that there is enough space for the players to move around and clear the ground of low objects that players could trip over.
Talking points and procedure
The game is ideally suited for 20 participants. It is possible to distribute fewer cards, but that limits the variety. With only 10 people it might be preferable to double the number of technology cards for each player. For more than 20 people it is possible to have players work in teams of two. The game can also be played by 30-40 people with two decks of cards. The usual distribution is that each person/team is given three cards: one character card (green), one existing technology card (blue), and one future technology card (yellow). 

The game should be introduced with a brief explanation of what nanotechnology is for those who don’t know. Participants should be told that the game introduces a wide variety of existing nanotechnologies and future nanotechnologies, and that they will play as the character they are given. They should read their character card and think about the needs and desires of their character. They should then read the nanotechnology cards they have been given and consider whether these technologies would benefit their character. 

Then, the facilitator should set the players loose to engage with the other players/characters in the room to seek out nano-enabled technologies that would benefit their character in a significant way. The length of time of this exercise can vary based on time available and the engagement of the players. 10-15 minutes for the participant interactions is usually enough. The facilitator should pay close attention to make sure to end the interactions before the engagements begin to drop off. Giving players a one minute warning can allow them a chance to conduct last minute negotiations.

Participants may ask specifics about the rules of the game. It’s best to simply tell them that there are no rules. Let the players decide how to exchange, trade, give away, or even steal technologies. After all, the real world doesn’t have strict rules about this. Letting players negotiate this on their own opens a space for talking about how technologies really do get exchanged and distributed. Some players may express frustration at the lack of rules. Simply tell them that they have the opportunity to create their own rules as they see fit.

The key to the game is the discussion at the end, where the facilitator asks a number of questions to get the audience to reflect on what they have just done. This can easily last another 10-15 minutes. The following questions and potential responses should help in shaping this conversation. Not all of the suggested questions need to be used. Sometimes a participant’s response will lead directly into one of the other issues the game can explore. Facilitators should take advantage of these opportunities where possible.

Questions for Discussion

1. Did anyone find a technology that would help them?

This is a good opening question. It gives the players a chance to tell “their story.” Often players will explain their thought process and how they further developed their ideas about their character. 

One goal of the game is to demonstrate that the majority of nanotechnologies are being developed for a very small percentage of the world’s population. The hope is that participants will reflect on whether this is an equitable arrangement. Participants will often be creative in justifying what they think will work for them, which can add a bit of humor to the discussions. 

2. Did anyone not find anything that would help them?

Sometimes players are bashful about answering this question. But the facilitator can 

encourage players to share their sad stories. This question can further emphasize the issues noted above in Question 1.

3. Were the characters the types of people you think of as nanotechnology users?

When people design technologies they explicitly or implicitly imagine the eventual user of the technology. It is easiest to imagine our own needs, and this is usually the default way in which we approach design. It takes extra work to imagine ways in which nanotechnology can help people other than ourselves. This game is an attempt to get players to think about the needs and abilities of people around the world. 

4. What types of nanotechnologies could be developed that would benefit your character?

Many nanotechnologies are designed for the Western world. But that doesn’t mean they couldn’t be helpful in the developing world. Usually, however, technologies succeed only when they’ve been adapted to local context, infrastructure, and needs. 

This question gets the participants to reflect on ways to reimagine nanotechnology to benefit the disadvantaged. Encourage participants to think up brand-new nano applications or adapt technologies on the cards in ways that would be more beneficial to disadvantaged people. There are also a handful of technologies in the deck that are intended for the developing world.

5. Why did you end up with less/more than two technology cards?

Because there are no rules about how technology cards can be obtained, there will likely be a number of players who end up with more or fewer technology cards than they started with. Players who find little use in their technologies may be tempted to just give them away. This is not so dissimilar to how technology transfer to the developing world happens in real life. Frequently high-tech equipment is just thrown away in the developing world because the local people can’t find a use for it. 

Players who are particularly rich often end up with more technology cards than they started with. This is also reasonably similar to the way that technology works in the real world. In some games, players may steal technologies from others—after all there aren’t any rules about how one is to obtain technologies! Again, this happens in the real world on a regular basis. 

6. Did anyone form a community or a partnership?

Sometimes during the play of the game players will form partnerships (some may even claim that they “got married”). This can be done to just add to the fun, but sometimes it is because players recognize that sharing technologies can give them an advantage. The idea of forming communities rather than just facing the world as an individual is something that very frequently happens in the real world. 

7. If you did find something… How easy do you think it would be for your character to find and/or use in real life?

The interactions between the participants are a very artificial way of obtaining technologies. By asking this question you encourage participants to role-play at a deeper level. How would a sheep farmer get one of these technologies? One of the most difficult parts of helping the developing world is actually getting the right technologies to the right people. In many cases the characters wouldn’t have enough money to purchase the technologies. 

This question probably should be used only with advanced audiences.

8. If you did find something… How long do you think it would benefit your character?

Most technologies created specifically for the developing world by westerners have failed. Sometimes they never worked, but sometimes there simply isn’t the infrastructure to keep them running. 

This may take some moderating to help people to realize that the fundamental things we take for granted—reliable electricity, repair shops and mechanics in close driving distance, mail that arrives in a timely manner—are unimaginable luxuries for a lot of the world’s population. There are thousands of tractors abandoned in fields in the developing world because no one knows how to fix them and it’s difficult to get gasoline to fuel them.

Conclusion of Activity

As with most games, it is possible to have a winner of Nano Around the World. The game, however, does not prescribe who the winner is. We suggest leaving it up to the audience to decide who is the winner. That seems the most equitable way to do it! 

In previous games winners were decided as follows:

· The Iraqi soldier accumulated four or five technologies, all of which increased his ability to do his job. The rest of the group decided they did not want to mess with him and awarded him the win.

· The Indian cricket star managed to get better eyesight as well as a set of nano-enhanced golf clubs that he said could be adapted to his sport. With a $3 million salary, the group decided he was the winner.

· The Chinese baby once accumulated a handful of future technologies and the player argued that she was set up to be ready for a powerful and productive adulthood. In another case, the baby won because she got Benny the Bear and water purification—two things that seemed very appropriate and useful for the character. And the crowd couldn’t resist her cuteness.

· The Malaysian tea plantation owner once amassed the climate control nano disks as well as limb regeneration technology. The player argued that the ability to control the weather made him all-powerful and the ability to regenerate body parts made him indestructible. The group found this argument compelling.

Other possible ways to win:

· The win could be awarded to whichever player comes up with the most ingenious argument for why a nanotech product could be useful to his/her character.

· The win could be given to a person who envisions an especially useful nanotechnology that was not present in the game. 

Encouraging creativity in how players award a win can help the group see a variety of techniques people use to get ahead, and how nanotechnology can play a role in that process.

Debrief the Design of the Game

In addition to the questions and deciding a winner, many of the lessons of the game can also be stressed by debriefing the participants on how the game was initially designed. The following couple paragraphs can be used to inform the players how the game was created in an attempt to reflect what is happening around the globe. 

Facilitators should use discretion as to when and whether to discuss these things. With younger audiences it might not work as well. Older audiences may begin to ask questions that compel the facilitator to discuss them sooner rather than later.

The character cards are loosely based on the distribution of people around the world. As such there is only one character from North America, which has 5% of the world’s population. 60% of the world’s population lives in Asia, so there are 12 characters from Asia. 10% of the world’s population lives in Europe, so there are two European character cards. Africa, with 15% of the world’s population gets three cards. South America (10%) gets two cards. Oceania, with 0.5% of the world’s population, doesn’t get a card. 

The character cards are meant to get the participants to realize that there are a lot of very poor people in the world. The average wage of all the characters is likely much higher than the average age of the world’s population, but the game attempts to show some of the diversity, noting, for instance, that there are wealthy people in developing countries as well.

The existing technology cards are drawn from two major sources. The first is the Woodrow Wilson Center’s Nanotechnology Consumer Products Inventory which is available at: 

www.nanotechproject.org/inventories/consumer. The second are a series of websites created over the last several years of the top nanotechnology products launched each year. These sources aren’t representative of all existing nanotechnologies. Technologies that have received more public attention than most are more likely to be included here. Because consumer technologies are the most visible, the list is not representative of nanotechnologies used in industrial applications. And while there are quite a few military technologies in the deck, they are still underrepresented overall compared to the attention that has been paid by researchers and government funders. 

There is one confusing aspect to the existing technology cards that might be useful to address. While nanotechnology is new, it is not brand-new. As a result, some of the existing technologies are no longer being manufactured. For instance, Benny the Bear, the Samsung washing machine, and the NanoCotz fertilizer have been discontinued. None of these products were banned by the government. In the case of Benny the Bear and the washing machine, the technologies were discontinued in part because there was some public concern about the environmental and health and safety effects of the technology. There is no hard evidence that demonstrates these products might be unsafe, but the manufacturers chose to avoid any negative public discussion by pulling the products. We have left these cards in the deck for two reasons: 

1. While those specific products no longer are being built, the technologies that enabled them are certainly still available and will be put in other products elsewhere.

2. They can open up an interesting discussion about how the public can influence which nanotechnologies get created.

The future technology cards are drawn from four major sources. The first are scientific articles that look beyond the basic science presented to the potential long term applications. Second, the game draws on a 2005 article by Dr. Fabio Salamanca-Buenetello et al. that looked for ways in which nanotechnologies could be used to help achieve the UN’s Millennium Development Goals. Third, a few of the technologies were discovered by a Center for Nanotechnology in Society-Arizona State University research team during a research trip to South Africa. Finally, the list is rounded out using a number of websites that offer visions of the future. Because the game is focused on asking questions about developing countries, the future technologies are disproportionately targeted to those populations.

Summary of lessons to learn from the game design:
1. The characters loosely represent the demography of the earth. Most of the characters in the game and most of the population of the earth are unlikely to benefit from nanotechnology in the near future. 

2. Most nanotechnologies target the needs and desires of the wealthy, but there are some nanotechnologies that are being designed with the intent of helping the disadvantaged.

3. Our values and goals dictate what technologies we use. We as a society decide which values and goals are most important and promote the development of nanotechnologies that will meet them.

Tips and troubleshooting

This game works best with 20 people, but can be adjusted to accommodate different numbers.

The game is most appropriate for audiences in middle school and older. A related game, “Exploring Nano & Society—You Decide” is appropriate for younger audiences.
Common visitor questions

Are these all nanotechnologies that exist today?

All the “current technology” cards are nanotechnologies that have been developed. A handful of technologies are no longer for sale, but the nanotechnologies that enabled them are still being used. 

Are these nanotechnologies really predicted for the future?

Yes. All the future nanotechnologies are ideas that have been discussed seriously by scientists and engineers. Not all of them may ultimately be possible, but there are serious efforts to create them. Some may be developed in the next few years, while others may be decades (if not further) away.

Why are there so many poor people in the deck?

The character cards were developed to represent the diversity of people around the globe today. (See “Debrief of Game Design” explanation above.)
Why are there so many military technologies?

Powerful countries like the United States spend a great deal of money on the development of military technologies. The promises of nanotechnology were very exciting to people who fund military technologies and a lot of money was put into their development. If we were to closely analyze the distribution of investment in nanotechnology today we’d likely find that military technologies are actually underrepresented in the game.

Can nanotechnology ever help poor people?

There are certainly a number of opportunities where nanotechnology could help poor people. But scholars have found that it is rarely a lack of technologies that hold back the less advantaged; instead, it is social and political structures. Attempts to sidestep these social and political programs using technologies occasionally work, but not often. Nanotechnology should be seen as one piece of a very complicated puzzle of helping those disadvantaged. 

Going further…
Here are some resources you can share with your visitors:
http://whatisnano.org/
http://cns.asu.edu/nanoquestions/
Clean Up
Time: Less than 5 minutes.
Gather up the cards and reorganize them.

Universal Design
This program has been designed to be inclusive of visitors, including visitors of different ages, backgrounds, and different physical and cognitive abilities. 

The following features of the program’s design make it accessible:

[x] 
1. Repeat and reinforce main ideas and concepts

[x] 
2. Provide multiple entry points and multiple ways of engagement

[x] 
3. Provide physical and sensory access to all aspects of the program

To give an inclusive presentation of this program:
Presenters and visitors can help make the program accessible to participants who are blind, have low vision, or are not strong readers by describing the card contents to each other as they play the game. 

Visitors with limited mobility can remain in one place while other visitors circulate. Other participants will be moving around looking for new characters to interact with, and will approach stationary players.
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