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1. Background Science

Cosmologists have found that ordinary matter (e.g., protons, electrons, neutrons) accounts for only a small fraction of the total mass of galaxies. Galaxies, like our Milky Way, contain mostly dark matter, a mysterious, unknown substance which does not interact with light. Although we cannot see dark matter, and we have not yet detected it in a lab, its presence is made known through gravitational effects. For instance,
1. Gravity bends light. As the light from distant galaxies travels to us, it must pass through the gravitational fields of other galaxies, and hence we see distorted images of the distant galaxies. Ordinary matter does not account for the amount of distortion that astronomers observe.
2. Dark matter alters the way that galaxies move. For instance, it causes the edges of galaxies to rotate more quickly than we would expect if galaxies contained only ordinary matter. Dark matter also acts like “gravitational glue.” It keeps clusters of galaxies, which would otherwise break apart, bound together.

3. Astronomers have various ways of weighing the entire Universe. When they do, they find that the amount of matter in the Universe is far greater than the amount that we can see.

2. Basic Idea for an Exhibit
Present two transparent containers, each containing a handful of pennies. One of the containers should also be filled with water (with no bubble). There are several ways to detect the presence of the water although it is invisible. These ways correspond to the ways that astronomers have detected dark matter (see above).
1. Water bends light – we know that there is water because it distorts the way the pennies look.

2. Shake the containers or flip them over – the pennies in the container of water don’t move like they do in the empty container.
3. The container of water is heavier than the container of pennies alone.

The exhibit should be designed so that a museum visitor can observe each of the effects described above. Mineral oil or some other clear, viscous fluid can be substituted for the water. Instead of pennies, other sparkly objects like metal washers can be used. The objects should not float or rust, and they should not conflict with the three effects of the water (e.g., it would be difficult to see how water affects the motion of, say, ball bearings).
3. One Possible Version of this Exhibit
Two clear plastic containers—larger than a can of soda but smaller than a 2-liter bottle—sit on a kiosk. Perhaps each container rests in its own slot or niche. If the containers were slightly colored black, blue or purple, it could remind children of outer space. The kiosk is decorated with astronomy pictures pertaining to dark matter.
Signage tells children that one container has water and that they must figure out how they can tell (as opposed to simply figuring out which one has water). Children must pick up the containers and decide how they are different (apart from the fact that one has water and the other doesn’t).  The answers are located underneath panels:
1. They look different (water bends light)

2. The motion of the pennies is different

3. They weigh differently

Each answer also draws a parallel to how astronomers have found dark matter. For instance, “Just like water changes the motion on the pennies in a way that you can see, dark matter changes the motion of galaxies in a way that we can see.”
4. Evaluation of the Prototype
A prototype of this exhibit was briefly evaluated at SciTech. Two clear plastic bottles were each given a handful of pennies, and one bottle was then filled with water. The bottles were placed on a movable cart so it could be shown to visitors throughout the museum. Also on the cart was a large sign showing the exhibit’s title, some instructions, and three panels which linked the differences between the two bottles to dark matter. The sign was handwritten in colored marker and contained no pictures.
The exhibit was shown to a few people (less than 10 – it was a slow day) at SciTech, including some staff members.

· Children did not seem interested in the prototype – they didn’t read the signage, and they were not sure what the exhibit was about.

· One child (roughly age 6) thought the exhibit was about the difference between “empty” and “full.” He was excited about the pennies.

· One parent was clearly intimidated by the idea of dark matter.

· One staff member simply read the sign without interacting with the exhibit.

The children’s level of interest in this exhibit cannot be fairly judged because the prototype was very “bare-bones” and did not contain anything fun (like astronomy pictures) to hold their attention. However, a few things were learned:
· It was assumed that people have at least heard of dark matter. Our brief experience showed that this was not the case. Heather Hudec’s front-end evaluation showed that only 1 in 30 kids have even heard of the Big Bang, dark matter is more esoteric than the Big Bang. Thus the exhibit loses some allure.

· It was assumed that kids would read the signage. SciTech’s visitors seem to be mostly 10 and under, and many of them can’t read or don’t want to read. They won’t understand the exhibit’s analogy just by playing with the exhibit.

· Clearer instructions may be needed to get people to interact with the exhibit.

Conclusions
· Dark matter may be too abstract a concept for a children’s museum exhibit, especially because we can’t put dark matter on display.

· We can’t expect the fact that dark matter is “cutting-edge research” to impress anyone.  The exhibit needs its own fun-factor especially because it’s an esoteric topic.

For the Future?

· The “dark matter in a jar” idea may be put to better use as part of a live astronomy demonstration. We are considering SciTech, the Museum of Science and Industry, and the Adler Planetariums as venues.
· It was also suggested that this idea may be used by K-12 school teachers to explain astronomy concepts.  It might be worthwhile to put together a cosmology primer for teachers.
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Testing the Dark Matter Exhibit Prototype at SciTech Hands-On Museum. Images courtesy of SCOPE.
