Macro, Micro and Nano Stretch-Ability
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Organization: Children's Museum of Houston
Contact person: Krystal Willeby
Contact information: 713-535-7232 or 








       kwilleby@cmhouston.org
General Description

Facilitated Activity
“Macro, Micro and Nano Stretch-Ability” is a fun, hands AND feet on game which explores objects on several different scales. This activity teaches visitors about the macroscale, microscale and nanoscale, the objects within those scales and the way we measure these objects.
Program Objectives

Big idea:  Size matters: things in the world come in different sizes.
Learning goals:

As a result of participating in this program, visitors will be able to:  
1. Distinguish between the macro-, micro- and nanoscales.

2. Discover what types of objects are found in each scale.

3. Understand the units of measurement which are used for each scale.

4. Understand that there are many scales in the world, some which we can’t see with our eyes.
NISE Network Main Messages:

[    ] 
1. Nanoscale effects occur in many places.  Some are natural, everyday occurrences; others are the result of cutting-edge research.

[    ] 
2. Many materials exhibit startling properties at the nanoscale.
[ x ]
3. Nanotechnology means working at small size scales, manipulating materials to exhibit new properties.
[    ] 
4. Nanoscale research is a people story.
[    ]  5. No one knows what nanoscale research may discover, or how it may be applied.
[    ]  6. How will nano affect you?
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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. A line of ten hydrogen atoms is about 1 nm long.

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

Things in the world come in different sizes. Three of the main scales in the world include the macroscale, the microscale and the nanoscale. The macroscale is used to describe objects that are measurable and observable with the naked eye. Generally, the macroscale includes anything from 1 millimeter to 1 kilometer in size.
The microscale includes objects that are harder to see with the naked eye and require the use of a lens or microscope to see clearly. Objects on the microscale are usually measured in micrometers, also known as microns (µm). A micrometer is one-millionth of meter.
The nanoscale refers to objects which can not be seen with the naked eye and require a specialized form of microscope to view.  Objects on the nanoscale are measured in nanometers (nm). A nanometer is one-billionth of a meter. The nanoscale usually encompasses anything from 1 to 100 nanometers in size.
References
Williams, Linda and Dr. Wade Adams. 2007. Nanotechnology Demystified. The McGraw-Hill Companies.

Fritz, Sandy. 2003. Nanotechnology: Invisible Machines. Smart Apple Media.

Wikipedia 

“Macroscopic Scale”: en.wikipedia.org/wiki/Macroscopic_scale
“Microscopic Scale”: en.wikipedia.org/wiki/Microscopic_scale
“Nanoscopic Scale”: en.wikipedia.org/wiki/Nanoscopic_scale

Materials

Macro, Micro and Nano Stretch-Ability Mat
Macro, Micro and Nano Stretch-Ability Spinner Board
Lego® tower (or similar)
Meter Stick
Set Up

Time:  5 Minutes
Step 1:

Bring out and set-up board and spinner. Prep a Lego® structure to help introduce the concept.
Program Delivery

Time: 20 Minutes
Safety:

Very Safe.
Procedure and Discussion:
Game Introduction:

Have you ever built a really tall tower of Lego® bricks? Here’s one I made [show Lego® tower]. When put together, a Lego® tower looks like one big structure. However, you have to use a whole lot of smaller Lego® bricks to build each layer, then several layers to make the tower. The whole world is like that - all big things we can see with our eyes are made out of smaller parts, like the levels of the Lego® tower or the individual Lego® bricks. Scientists have created different scales which help us measure objects on different levels. For our Stretch-Ability game, we are concerned with three levels:  the macroscale, the microscale and the nanoscale.

The macroscale includes objects that we can see with our eyes, like the full Lego® tower. You, me, this board, this museum – we are all on the macroscale. It can be as tiny as something as a flea or something as big as a cruise ship.  There are a lot of ways to measure objects on the macroscale, but we will focus on meters and centimeters, or 1/100th of a meter (show meter stick – point out centimeters). On our board, we have things that are measured in both meters and centimeters. Can you find an object on the Stretch-Ability board which is on the macroscale? What color circle is it in? All macroscopic objects are in purple circles.
The next scale down is the microscale. Things on the macroscale are made up of smaller parts that exist in the microscale. Think of it like the individual levels of the Lego® tower. To see objects clearly on the microscale, we need special tools like microscopes or hand lenses. Objects on the microscale are measured in micrometers or microns. A micrometer is one-millionth of a meter. The average six or seven year old is one meter. That means a micrometer is about one-millionth of you (point to someone of like height in the group or show meter stick). A short way to write micrometer is a weird u with a long front (which is the Greek letter “mu”) and an m. Can anyone find an object with the micrometer symbol on the board? What color circle is it in? All objects on the microscale are in green circles.
But there are things EVEN SMALLER - atoms and molecules! These things make up the stuff on the microscale which, as you recall, makes up things on the macroscale. Think of these like the Lego® bricks on the tower; the bricks make up the levels (microscale) that makes up the whole tower (macroscale). Structures, devices and systems made of atoms and molecules are measured on the nanoscale. They are so tiny that we can’t see them with our eyes, and we need really special microscopes to view them. Things on the nanoscale are measured in nanometers. A nanometer is one-billionth of a meter – 1,000 times smaller than the microscale! That means it one-billionth of you. Another way to think of it is this – things on the nanoscale as compared to you (point to the same child) is like one single tiny ant as compared to the entire state of TEXAS! Who can find an object on the mat at the nanoscale? What color circle is it in? Nanoscale objects are in orange circles.
Okay, let’s play a Stretch-Ability game and learn a little more about objects on the macro, micro and nanoscale.  

Try This! 

1. Take off your shoes.

2.  Spin the spinner board and call out the appendage-scale combination. All the scales are color-coded to help, but try to get them to use the scales – only use the colors if they are lost.

3. The last person to remain up, wins!
Tips and Troubleshooting:

All the scales have an assigned backdrop color, and all of the objects have the corresponding color. For younger participants, it may be necessary to highlight this color code system during the game. For older participants, the color-coding system can be an unspoken, visual clue. Participants can also call out the name of the object they land on – Macro, whale – for added reinforcement.
Depending of the amount of children participating, it may be necessary to allow the children to shares circles when needed. This is acceptable as long as one child does not himself use the same square twice concurrently. The game should be limited to 5 players.
The game can be played two ways depending on the number of participants and time allotted. For quicker games, all children will respond to every spin. This keeps the children fully engaged and should result in a shorter game. The game can also be played where each participant gets a separate turn and responds to a separate set of instructions.

Full-scale circles are provided if you need to create a stretch-ability board. Print, cut and laminate the circles. Follow the mat graphic to place the 28 circles in semi-random pattern across your chosen surface. An editable, layered circle template for all scales is also provided in the following formats: Photoshop, InDesign, tiff, pdf. This will allow you to make custom circles if you wish.
At the end of the game, have the kids all jump on a circle with an object they don’t recognize. The presenter can than give the participants a brief run-down on that object. Connections can also be made between some of the objects on the board such as the soccer ball and bucky ball or gecko and hair on gecko’s feet.

Common Visitor Questions

What is a…?

Here is a list of all the objects in the game, their exact sizes (or average size), and what they are:
	Object
	Size
	Description

	Cruise ship
	271 m
	The Costa Fortuna, a sailing hotel

	Tree
	20 m
	Oak tree

	Humpback Whale
	14 m
	Large whale species

	You
	1 m
	Size of an average six to seven year old

	Soccer Ball
	70 cm
	Ball used for the game soccer or in Europe, football

	Butterfly
	15 cm
	Blue Morpho Butterfly, found in Central and South America

	Gecko
	13 cm
	Lizards who are excellent climbers

	Chicken
	31 cm
	Bird commonly raised for eggs and food

	Raindrop
	0.25 cm
	Water vapor in the air cools and condenses around a small particle of dust. As it gets larger and larger, it eventually falls to the ground.

	Amoeba
	750 µm
	Average length of Amoeba proteus, one-celled creature that moves by distorting itself

	Dust mite
	300 µm
	Arachnid that eats flakes of dead skin

	Hair Detail
	50 µm
	Average diameter of human hair

	Pollen
	50 µm
	Flowers reproduce by spreading pollen, which fertilizes other flowers

	Dust mite poop
	17 µm
	Tiny feces from a dust mite

	Red blood cell
	7 µm
	Carries oxygen to our bodies from our lungs

	Yeast
	7.5 µm
	A fungus that eats sugar and produces alcohol and carbon dioxide, used to make breads rise.

	Chloroplast
	5 µm
	Organelle responsible for photosynthesis in plants

	Bacteria
	2 µm
	E. coli Bacteria. A bacteria normally found in our intestines.  Some varieties make people very sick.

	Butterfly Wing Microribs
	400 nm
	The tree-like structures in this SEM image of a cross section of a butterfly wing are on the undersides of the Blue Morpho's wing scale ridges. These microribs reflect light to create the blue iridescent color you see in the butterfly picture.

	Hair on Gecko’s Feet
	200 nm
	Tiny split-hairs called spatula located on slightly bigger hairs on gecko feet. Make them really good climbers.

	Virus
	80 nm
	Diameter of Ebola - Virus which causes a bleeding disease

	Cholesterol molecule
	16 nm
	Soft, fat-like, waxy substance that helps cells produce membranes and other bodily functions. Important to have some, but can have too much.

	Quantum Corral
	14 nm
	A ring of 48-iron atoms arranged by scientists on a copper surface

	Carbon Nanotube
	10 nm
	Nanostructures made of carbon and built like a straw. Special properties include extreme strength and conductivity

	DNA
	2.5 nm
	Width of DNA molecule, Genetic code present in all life

	Buckyball
	1 nm
	A molecule of 60 carbon atoms, shaped like a soccer ball.  It can be used as a very low friction lubricant.

	Water molecule
	.278 nm
	Two hydrogen atoms bonded to one oxygen atom

	Atom
	.1 nm
	Generally measured in picometers or angstroms, the largest naturally-occurring atom is uranium which has an atomic radius of 175 pm or .175 nanometers.


Going Further…

Recommended Children’s Books on Scale:

Wells, Robert E. 1995. What’s Smaller Than A Pygmy Shrew? Albert Whitman & Company.
Bourne, Marlene. 2007. Mems and Nanotechnology for Kids. Bourne Research LCC.

Maddox, Dianne Maddox. 2005. Science on the Edge: Nanotechnology. Blackbirch Press.
Nise Product: How Small is Nano:Measuring Different Things http://www.nisenet.org/catalog/assets/documents/how-small-nano-measuring-different-things
Recommended Websites on Scale:

http://invsee.asu.edu/Modules/size&scale/scale.htm
http://www.cellsalive.com/howbig.htm
http://www.nikon.com/about/feelnikon/universcale/index.htm
http://www.nanomission.org/index.php?option=com_content&task=blogcategory&id=22&Itemid=57
http://learn.genetics.utah.edu/content/begin/cells/scale/
Clean Up

Time:  5-10 minutes
1. Fold up the mat and put away. For added protection of your board, make sure not to fold directly over the images. 
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.
· Explicitly state overarching main idea and supporting concepts visually and aurally.

· Actively engage visitors with the content visually, aurally, and tactilely.

· Deliver one core concept at a time.

· Repeat core concepts frequently during the program.
[  x  ] 2. Provide multiple entry points and multiple ways of engagement.

· Actively engage audience members in the program.

· Ask questions that encourage visitors to relate the content to their everyday life.

· Connect the content to a range of prior experience and everyday life examples.

· Engage more than one sense when delivering jokes and special effects.
[ x ]
3. Provide physical and sensory access to all aspects of the program.

· Speak slowly and provide extra time for people to process important ideas.
· Provide auditory descriptions of models and images.

· Use color and/or tactile designs to impart meaning on models and images.

· Use large, high contrast, easy to read text and images for all graphics.
To give an inclusive presentation of this program:
· Ask the audience questions, and check in with them along the way to make sure they’re engaged and with you.

· If a participant cannot actively engage in the game, it is possible to hang the board on a wall at eye level and describe the scales verbally.
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This project was supported by the National Science Foundation under Grant No. ESI-0532536.  

Any opinions, findings, and conclusions or recommendations expressed in this program are those of the author and do not necessarily reflect the views of the Foundation.  
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