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INTRODUCTION
Hello! I am Joe Kolecki, and I will be your scientific consultant for this year’s Science Through ARts (STAR) project. Let me tell you about myself.

To begin, I am a physicist and Digital Learning Network mentor at the NASA Glenn Research Center (GRC) in Cleveland, Ohio, U.S., where I have pursued my lifelong interest in Mars through research into Earth orbital science and spacecraft-environment interactions, and, finally, actual experiments flown on the Pathfinder, MER-1 and MER-2 missions. I have uncovered probable evidence of electrostatic charging in the Martian environment and proposed a mechanism for lightning and other types of electrical discharge in Martian weather systems.

I have also been interested in astronomy since I was about seven years old. Quite possibly like you, I built imaginary scenarios that involved interplanetary flight and exploration. I also read about the planets and stars and did my best to imagine what it would be like to travel to them. I discovered that, if anything, the cosmos is bigger and holds more surprises than even my wildest imaginings. Niels Bohr, famous atomic physicist of the early 20th century, once said, “Your idea sounds crazy—but is it crazy enough to actually be true?”
Perhaps the message in Dr. Bohr’s statement is that it is permissible to let our imaginations “out for a romp” every now and then, provided that we do not stray too far from established scientific principles. During our STAR program this year, we are going to “romp” on the moon. I learned something about the moon when I researched issues of electrostatic charging there many years ago. At that time, I learned that the Apollo astronauts acquired evidence that Moon dust becomes charged photoelectrically from solar ultraviolet light. Charged dust is levitated on electric fields to 10's of kilometers above the lunar surface; the dust clouds are most prominent at the morning terminator, the sunrise line between night and day. 
Of course, we will look beyond electrostatic charging on the moon. Our objective will be to learn as much as we can about our nearest planetary neighbor—including why it is considered by some to be a planet—and to think about building habitats and doing research there. One idea is to design a telescope on the lunar far side—the side of the moon that always faces away from the earth. Building a telescope there has the advantage that the entire body of the moon shields the telescope from earth shine, glare from the earth that otherwise interferes with the telescope’s operation. 

But this is just one idea. The sky’s the limit – figuratively and literally! As you learn, you will be asked to express your newly acquired knowledge through various forms of art. You might choose to write a story or make a picture or set of pictures; you might write music or present a play; you might design and build a moon base. Your approach to “Eye on the Moon” will be up to you. You will be guided by teachers and NASA scientists and engineers. You will also be guided by members of the Cleveland Museum of Art (CMA). But YOU will supply the creative energy necessary to carry the program forward. What you get out of STAR depends on you.
This introductory document is a tutorial that covers many of the more important aspects of your STAR activity: 

• Part I presents facts about the moon that represent our current state of knowledge as obtained from NASA’s various space faring technologies. You will use these facts as a springboard to learn even more via the Web and direct videoconferencing interviews and e-mails with me and other NASA scientists.

• Part II presents a synopsis of the STAR program that describes how your newly acquired scientific knowledge can be used as a basis for producing stories and other works of art based on that knowledge. Please read it carefully and remember that learning science is the primary objective of STAR. 

• Part III presents a sample story at two grade levels, to demonstrate how scientific concepts can be placed into phrases, or even single words or images.  Pull out as much science as you are able from the story and prepare to discuss your findings with me during one of our videoconferences. 

When you have completed the tutorial, you are ready to begin. I hope that you will enjoy your STAR experience and learn a great deal. Remember, as with all learning, to have fun. You are looking into a new and unknown realm. The process is not unlike what we do at NASA—experience the excitement of discovery and self-expression as you learn. 

Best wishes! I’ll be talking to you soon!!! 

PART I:  
LUNAR HIGHLIGHTS
[image: image1.png]


The moon—it’s ancient as earth, as exciting today as tomorrow! From earliest times, people have marveled at the moon’s light as it moved through the sky from night to night. Artists have painted it or used it to highlight landscapes, cityscapes, or romantic summer nights. Musicians have written music about it. Scientists and philosophers have studied the moon and speculated whether or not it might possess life, or whether we would ever be able to travel there someday. Astronomers trained their telescopes onto its battered surface and mapped its craters and maria (once thought to be oceans, now known to be ancient lava flows). And in the 20th century, the U.S. mounted the greatest exploration program to date in human history:  Apollo, the program that first landed humans on the moon.
Apollo 12 astronaut visits Surveyor 3.

The first words ever spoken from the moon were: “That’s one small step for man, one giant leap for mankind.”
· Do you know who spoke those words and what he was doing at the time he spoke them? If not, here is your first research question. This one will give you some historical background!
Now, let’s look at the moon as we know it today. I will tell you some basic facts that all lunar scientists and would-be scientists ought to know.
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Earth and moon as seen by Galileo spacecraft: When Galileo made its final flyby past earth on its way to rendezvous with Jupiter, it captured several images of earth and its moon. Notice the difference in size and color

Motions of the Moon

The moon revolves around our earth, just as our earth revolves around our sun. In the case of earth, the sun’s gravity keeps the earth from flying off into space. For our moon, the gravity of the earth does the same. An object’s path through space is called an orbit. Objects move in orbits when they are acted upon by gravity. And every object in the universe exerts gravity and is acted upon by gravity.

The gravity at the surface of the moon is 1/6 what it is at the surface of the earth. Your weight is a direct measure of gravity acting on you. What do you weigh on earth? What would you weigh on the moon?
It was the gravity of the moon that kept the Apollo orbiter going around the moon while the astronauts went down to explore its surface.

When we talk about orbits, we quickly get involved in talking about time. Earth goes around the sun once every year. The moon goes around the earth once in just under 28 days (27 days, 7 hours, 43 minutes). Because the earth also moves relative to the sun, the time between successive full moons is about two days longer—just over 29 days (29 days, 12 hours, 44 minutes). The 29 day period is called a lunation.

Our calendar is based on the sun not the moon. Some cultures base their calendars on the moon rather than the sun. Our calendar is called a solar calendar. The moon-based calendars are called lunar calendars.
· Learn about the calendars of different cultures using the Web. How many are lunar and how many are solar? Are there other types as well? Name some advantages and disadvantages of each. You might start here:  http://www2.worldbook.com/wc/popup?path=features/calendars&page=html/ancient.htm&direct=yes
Our year is divided into 12 months. These months are roughly based on the moon, but do not keep exact track of the moon’s motion.

· Check your calendar. Some months have 30 days; others have 31; one has 28 or 29 days. Draw a moon face on every day of the year that has a new moon and a full moon. Use a lunation period of 29 days. How well does the lunation period follow the months of your calendar?
If months and years are determined by motions of the earth and its moon, we might ask, is there a motion that determines the length of day? And, are there days and nights on the moon as there are on the earth?

Although you might have a good idea about days and nights on earth, it is worthwhile to review this knowledge before we turn to the moon. Let’s think about earth for a minute; we’ll bring the moon back into the discussion shortly.
Three facts are important:
1. Earth is a ball, a sphere. Most objects in the universe are spheres or very nearly so for reasons of gravity. Imagine a perfect sphere of water – a water ball – “floating” in space far away from everything else in the universe. Now, try to raise a water mountain on the water ball. What do you think might happen? The mountain is higher than the rest of the ball and its weight will tend to pull it down. But weight is a direct measure of gravity—so we are seeing gravity at work. Next, make a depression, or a valley, in the water ball. This time, the surrounding water quickly flows into the depression, filing it up again until once more we have a perfect sphere. It does so because its weight pulls it down. Again, gravity is at work.

No matter what we do to the water sphere, it always returns to being a sphere because of its own gravity. Conclusion: Nature favors spheres. Hence we see spherical stars, planets, and moons.

If there were no gravity, we could have square or triangular planets and stars, or planets and stars with huge spikes sticking out of them, and the universe would look very different. But gravity imposes some severe constraints on what is possible and what is not. And gravity is everywhere.

· Picture a world without gravity. Could such a world exist? Could you walk on it? What would keep the world from simply falling apart – breaking into pieces that are free to float away at will? How important is gravity? How do you use gravity in your everyday life?

· What about mountains on earth? Why do they not sink back into the earth? Or do they? Compare the Rocky Mountains and the Appalachian Mountains by age. What do you conclude?
· Consider the icy moons of Jupiter, Ganymede, and Callisto. What has happened over time to their crater rims? Their peaks?

2. Sunlight shines on the earth from one direction only—the direction of the sun. Half of the spherical earth is in sunlight while the other half is in darkness. If you are not immediately convinced of this idea, take a baseball or a basketball outside and hold it up in sunlight. Do you see that half the ball is lit while the other half is not? Also, refer back to the Galileo spacecraft image on Page 3. You probably already know that the lit side is called the daylight side and the dark side is called the night side.
· On the Web, find pictures of the planets taken by NASA spacecraft. Notice how sunlight illuminates their surface.  You might start your search here:  http://hubblesite.org/newscenter/newsdesk/archive/releases/category/solar%20system/.
· Do the earth and moon cast shadows in space? Draw a picture of what happens during a solar eclipse. Draw a picture of what happens during a lunar eclipse. How long is the earth’s shadow? What is its shape?
3. Earth rotates on its axis once every 24 hours. The axis of the earth is an imaginary line extending from pole to pole. The entire earth turns around this line carrying you, me, and everybody else around with it. We pass from light to dark to light to dark, and so on. The light is called day; the dark, night. Night is nothing more than our being in the shadow of the earth. So day and night ARE due to a particular motion of the earth—not the revolution of the earth this time, but rather its own rotation around an imaginary line through its poles.

· Write a brief sentence or paragraph explaining the difference between revolution and rotation. Do all bodies in the universe revolve in some way? Do they also rotate?
It turns out that the earth has not one but two motions:
· The earth revolves around the sun once every year; and

· The earth rotates on its axis once every day.

All bodies in the universe appear to undergo both kinds of motion. This idea might seem commonplace today, but there was a time when it was not. The Italian astronomer Galileo was actually arrested and put in prison for saying that earth had two different kinds of motions! 
· Go to the Web and learn more about Galileo and what he contributed to our knowledge of astronomy.  You might start with this site:  http://es.rice.edu/ES/humsoc/Galileo/
· What famous coincidence occurred between the death of Galileo and the birth of Newton?
Now, let’s return to the moon. We know that the moon revolves around the earth once every month. We also know that the moon keeps one face always pointed toward earth (keeping the other face always pointed away). With these two facts, can you determine whether the moon also rotates; i.e., whether there is day and night on the moon as there is on earth? Think about this for a moment or two before reading further.
OK. Now that you have thought a little, let me answer the question. The moon keeps one face always pointed toward the earth. On a sheet of paper, draw a solid blue circle to represent earth. Next, draw an open circle around the earth to represent the orbit of the moon. Now, draw the moon at four different positions in its orbit. Choose the positions to be well spaced and number them counterclockwise 1-4.
Got it? Now, in each position of the moon, draw a dot on the side of the moon facing earth. This dot represents a permanent feature on the moon, such as your summer lunar cottage or a prominent crater. Study your picture. Does the moon rotate? Is this how you got your answer?

Here is my drawing. 
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Earth and moon together: Imagine that you have taken a rocket to a point in space high above the North Pole. You look down on the earth and moon to see them as drawn to the left. The following observations can be made: From this vantage point: 
1. The earth rotates counterclockwise; 
2. The moon revolves in a counterclockwise direction; and 
3. The moon rotates counterclockwise. 
· If you did not come up with something similar, please study this picture carefully. As the moon revolves around the earth, it moves from position 1 to position 2 to 3 to 4 and back to 1. This cycle represents approximately one month. Look at the dot. The dot demonstrates rotation. How many times does the moon rotate in one revolution? What can you say about the length of the lunar rotation as compared with the length of the lunar revolution?
If you said that the lunar rotation and the lunar revolution both take the same amount of time, you would have been correct. The moon turns once for every revolution it makes around the earth. This situation has a special name in astronomy: We say that the moon is tidally locked to the earth. This situation arises for a complex series of reasons which will not be addressed here. But you can certainly guess who the culprit is that causes tidal locking. That’s right, it’s gravity.
Boy! Gravity sure causes some weird stuff to happen, doesn’t it?

If rotation causes day and night to occur on earth, does rotation also cause day and night to occur on the moon? It certainly does. Remember that the moon is a sphere just as the earth is a sphere. Both earth and the moon bask in the light of the sun. Both earth and the moon have one side lit and one side dark. Both rotate. Therefore, if you were standing on the moon, you would experience day and night.
· How long would your day be on the moon? Your night?
On the moon, would you see the earth rise and set in the lunar sky? Surprisingly, the answer is, “No.” Because the moon is tidally locked to the earth and always keeps one face pointed toward the earth, you would always see the earth at the same place in the lunar sky. As the moon carried you around the earth you would see more of the daylight side or more of the night side—that is, you would see the earth go through moon-like phases—but you would not see the earth move across the sky as we are accustomed to seeing the moon move when we look at it from our back yard on earth. In short: Earth rise and earth set do not occur for an observer on the moon.
Features on the Moon
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Moon as seen by Clementine spacecraft.

Carefully study this image of the moon. You should notice several striking features.
1. The lunar surface has brighter regions and darker regions. The brighter regions are generally at a higher elevation than the darker regions and are referred to as the lunar highlands or highlands of the moon. The dark regions represent ancient lava fields called maria. The term maria is a Latin word meaning sea. When first observing the moon through his telescope, Galileo mistakenly believed that he was observing large bodies of water. If you look at the picture for a moment, you might see how easy it would be to make such an error. It was only later that more precise instruments allowed astronomers to conclude that they were seeing lava fields not seas. But the name maria has been retained for historical reasons. Some famous names are: Mare Tranquilitatis, Mare Imbrium, the Sea of Storms, and so on.
· Carefully draw a picture of the moon and label several prominent regions. Use your map for future reference in your STAR project.
2. There is a very bright spot near the “bottom” of the moon. This spot, which is similar to the naval of an orange, is the rayed crater, Tycho, named for Tycho Brahe, the great Danish observer. Tycho is a recent crater—meaning that it is only a few million years old. It is even brighter than the surrounding highlands because of the relative freshness of the exposed materials. Over long periods of time, the bright lunar surface becomes darkened by the sun. The effect is much the same as when fabric fades or turns brown in sunlight: in each case, solar ultraviolet light causes chemical reactions that produce a change in color. The bright rays that point outward from Tycho are materials that were thrown outward by the impact of whatever hit the moon to produce the crater. Other rayed craters have been seen on the moon and on Mercury, but Tycho is by far the most outstanding example. We can only imagine the violence of the Tycho collision and its aftermath.
· Go outside during the next waxing moon  (passing from new moon to full moon) and find the crater Tycho. It is a feature on the moon that can be seen by the naked eye!

· Draw a picture of what you would have seen if you had been present on the moon when Tycho was formed.
· The moon reflects only 7% of the sunlight falling on its surface. Why do you suppose that the moon still appears so bright in the night sky?
3. Rills on the moon give further evidence of lunar volcanism.
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Hadley Rill, as seen by Apollo15.
If the maria tell astronomers a story of large scale volcanism on the moon, then the rills allow them to fill in many additional details. Rills are believed to be collapsed lava tubes. A lava tube forms when a river of molten lava runs beneath the already hardened surface of a fresh lava flow. The subsurface river of lava often runs dry in time, leaving behind an open tube or lava cave. Lava tubes are seen in many places on earth; some are even tourist attractions, such as the Thurston Lava Tube on the Main Island of Hawaii. When the roof of a lava tube collapses, a rill, such as the one seen above, is formed.
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Artists’ rendering of future astronauts exploring a lunar lava tube.
4. The lunar far side (never seen from earth) is surprisingly different from the lunar near side (the side we see). The far side is a showcase of gigantic craters and no maria whatsoever. The two hemispheres of the moon are also very different. Why they are so different is one of the major questions in lunar astronomy. The far side of the moon was not seen until spacecraft carried cameras into orbit around the moon. Needless to say, astronomers were quite astonished by what those photographs revealed! Here are some lunar far side pictures.
[image: image7.jpg]



Picture taken during the Apollo 16 mission. It shows the Moon's eastern limb (edge as seen by observer) and far side. The lower left part of the image shows a portion of the moon visible from Earth. The dark area at the 8:00 position on the edge is Mare Crisium. To the right of that is Mare Smythii. The upper right area shows the heavily cratered lunar far side.
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Picture taken during the Apollo 11 mission. Here we see the roughness of the lunar far side. By comparison, the near side of the moon is relatively smooth. The far side highlands are older than the near side maria. A thinner crust on the near side allowed for extensive lava flows. The cause of these crustal differences is still being investigated.
5. The moon’s surface is pock marked with craters, which are due to volcanism (volcanic vents) or to impact. By far, the majority of craters on the moon are due to impact by debris left over from the formation of the solar system almost 5 billion years ago. Such craters are seen not only on the moon but on all solid surfaces throughout the solar system. Not all impacts are ancient ones; impacts still occur in more recent times, although at a much reduced frequency. Even today, instruments left on the moon by the Apollo astronauts record occasional moonquakes, suggesting that the moon is still struck from time to time.
· In the 19th century, many observers reported a flash on the moon. Many believe that the flash was caused by the impact of a large object on the lunar surface. Can you guess the type of object that could have been involved and its makeup?
· What do you think causes the moonquakes to occur?
Study the Apollo 11 picture shown above. The large crater can teach us much about cosmic impacts and their effects. Notice that the crater has several prominent features:

· It has a flat floor.

· It has mountains near the center called central peaks.

· It is surrounded by a circular mountain range called a crater rim.

· The crater rim has several levels called terraces.

Such features tell scientists:

· The total energy of the impactor before impact.

· The angle at which the impactor struck the moon.

· The overall structure of the surface upon which the impact took place.

Craters are studied in nature; they are also studied on earth in laboratories equipped with specially designed guns used to fire projectiles into various types of surfaces. Large guns are located at NASA Johnson Space Center in Houston, Texas, and NASA Marshall Space Flight Center in Huntsville, Alabama.
[image: image9.emf]Crater distribution on earth.
· The earth has many craters on its surface. Can you guess why we cannot see them as easily as we can see the craters on the moon?
· Find a site that describes Meteor Crater in Arizona. Draw a picture or write a paragraph about how this crater might have been formed.
· Find a picture of Lake Manicouagan in Quebec, Canada. (http://www.solarviews.com/eng/tercrate.htm) What does the shape of the lake suggest about its origin?
6. Mascons tell a deeper story about lunar impacts. Imagine driving your car over a smooth road. Now imagine that the road becomes bumpy. How would the feel of the ride change? Now imagine being in orbit. If the universe were perfect, the orbit ought to feel smooth “as silk.” But satellites placed in lunar orbit by NASA have shown that there is a definite bumpiness in the lunar gravitational field. The conclusion is that the moon is not uniform, but has numerous large mass concentrations buried below its surface. The shorthand for mass concentration is mascon. These mascons are believed to be remnants of rocky or metallic objects that struck the moon once-upon-a-time to produce craters. From a careful study of mascons, scientists are able to gain valuable additional information about lunar crater formation.

· Use your browser to do a search on the keyword mascon. Write down as many pertinent facts regarding mascons as you are able to discover.
· Impactors are believed to be either rocky or metallic. If the asteroid belt is made of the debris from an earthlike planet that was pulled to pieces by Jupiter’s gravity, what can you suggest about the source of at least some impactors and why? (Hint: What is the interior structure of the earth or Mars?)
7. The moon has no discernable atmosphere. Like Mercury and many of the moons of the outer planets, our moon has no air. An astronaut standing on the lunar surface would see the sun (and the earth) shining in a sky of pitch black and filled with stars. Because there is no air, there is no temperature regulation on the moon. Sunlit areas are apt to be very hot while shadowed areas are very cold. There is no wind erosion on the moon because there is no atmosphere to move material about. Thus, very old surface features are preserved on the moon far more perfectly than they are on earth, where wind, water, and rain are constantly wearing things away. On earth, the oldest craters have long been worn down so that they are difficult for anybody but a professional geologist to recognize. 
· What do you suppose has happened to the astronaut footprints that were left behind on the moon by the Apollo astronauts or the wheel marks of the lunar rovers?
Is the Moon a Planet?
Our moon is about 3,200 km (2,000 miles) in diameter, compared to our earth, which is about 12,960 km (8,000 miles) in diameter. Thus, the moon is roughly ¼ the size of earth. How does this ratio compare with ratios for other planets and their moons throughout the solar system? Other planets have moons ranging in size from less than 1/10 to 1/200 of their primaries (the planets they travel with). The relatively large ratio associated with our moon has lead some scientists to suggest that earth and its moon are really a double planet and should exist in a separate category from other planet-moon systems in the solar system. The interest in this suggestion is that you can begin to wonder whether scientists will one day find other double planets or triple planets associated with other star systems throughout the galaxy. And also whether there are different fundamental mechanisms at work when forming a planet with moons versus forming a multiple planet system. This question is certainly not at the forefront of modern astronomy; but it is worth thinking about since it might hold important clues to potential future discoveries.
· Draw a scale model of earth and our moon, Mars and its moons, Jupiter and Europa, Saturn and Titan.
· How large is Titan? How does Titan compare in size with earth? How many earths could fit inside a hollow ball the size of Saturn, Jupiter, or the sun?
· Draw an imaginary multiple planet system. If one or more of the planets were inhabited, jot down what you think their interplanetary relations might be like, including:  economy, war, travel, and vacation spots.
Will We Return to the Moon?
When the Apollo program came to an end in the 1970’s, lunar exploration became focused almost exclusively on the rock and “soil” samples brought back by the Apollo astronauts. A return to the moon was not seriously considered again until the early 1990’s when President Bush (Sr.) announced his Space Exploration Initiative. Although the initiative was never funded, it prompted NASA and other institutions throughout the U.S. and the world to seriously consider a return to the moon and a voyage to Mars.
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Apollo astronaut by lunar rock massif.

In these scenarios, the moon was visualized as a training ground for future Mars astronauts, much as it is being visualized again today under the new initiative of President Bush (Jr.). Several possibilities for a return to the moon are being considered.
Almost certainly, a return to the moon will involve building human-tended laboratories and habitats on the lunar surface. (The term, human-tended refers to the astronauts staying at the lunar facilities only during local lunar day and returning to earth during local lunar night.) In an earlier exercise, you should have determined that the lunar day is roughly as long as 15 earth day-night cycles (15 ( 24 hr). The lunar night is equal in length to the lunar day. During the day, sunlight is available to provide electrical power and solar heating. During the night, heat and power from the sun become unavailable, and living conditions on the moon become stressful, almost to the breaking point.
Astronauts on the moon would not only practice for longer stays on Mars, they would also carry out lunar research and exploration. Apollo has barely scratched the surface of all that the moon can teach us. We might learn more of lunar geology and deep interior structure; we might further explore the possibility of water at the lunar poles in those deep craters into which the sun never shines; and we might refine our understanding of earth and the moon as a coupled system traveling through space and time.
We might also use the moon as a platform to explore the cosmos at large. One possibility would be to establish a ground station on the lunar far side designed around a telescope facility. Such a telescope would have the advantage of:

· Being outside of the earth’s atmosphere, whose constant motion limits telescope usefulness at the surface;
· Being screened off from the glare of earth shine and, therefore, having excellent viewing conditions for faint objects;
· Having a stable surface on which to mount a telescope mirror and all of its attendant apparatus;

· Having a lower gravity to contend with especially in assembling the telescope and its supports; and

· Having the slow lunar rotation, which makes tracking objects of interest somewhat simpler on the moon than on earth.
· There are many other advantages to building a telescope on the moon. There are also some disadvantages. Compile a list of advantages and disadvantages and be prepared to discuss the list. 
Since astronauts on the far side will be out of direct contact with earth, a series of ground communications stations and orbiting relay satellites would be necessary for earth-moon communications. And there would have to be habitats, life support, electrical power, surface rovers, surface to orbit vehicles, and much more to adequately provide for human life, comfort, and safety on the moon. Only when this entire infrastructure has been set up will the moon have been made ready to receive astronauts.
Moon Data
Finally, for those of you that enjoy numbers, here are some facts on the moon:
· Mean earth-moon distance: 385,000 km (231,000 mi)

· Lunar diameter: 3,476 km (2086 mi)

· Rotation relative to stars (sidereal period): 27 da 07 hr 43 min

· Rotation relative to earth (synodic period): 29 da 12 hr 44 min

· Lunar mass: 0.0123 ( (mass of earth) = 7.4 ( 1022 kg

· Lunar mean specific gravity (water = 1): 3.36

· Lunar mean density: 3,369 kg/m3
· Lunar surface gravity (earth = 1): 0.16 ~ 1/6 earth gravity

· Lunar surface gravity: 1.57 m/s2
· Albedo (reflectivity): 0.056

· Inclination of orbit to equator: < 7(
· Angular diameter as seen from earth: 9.03  10-3 rad ~ ½(

PART II: 
SCIENCE THROUGH ARTS (STAR) 
by Joe Kolecki, Ruth Petersen, and Lawrence Williams 
appeared in 
British Council’s Science Education Newsletter, Issue #158, November 2002. 
In general, secondary schools today teach a variety of subjects, each to the relative exclusion of the others. For example, classes in history are taught with little or no reference to the sciences, mathematics, or the arts. Classes in mathematics and/or physics are taught sans history. Similar statements hold true for most subject areas. 

The traditional or standard method of teaching and learning might be thought of as being vertically aligned. Thus, if the titles of the individual subject areas were written across the top of a page, their corresponding activities would fill the respective narrow subject columns below with little or no overlap. This practice involves serious omissions. Example: The equation E = mc2 is taught as Einstein’s equation in physics classes. The word “Einstein’s” is an adjective modifying the word “equation.” The equation is taught merely as an algebraic structure, with minimal reference to the individual (Einstein), and no reference to the historical context in which the equation was developed. And yet, the individual and the context are both essential to understanding the true meaning and impact of this important equation. 

When education is vertically aligned, important connections between individual subject areas are lost. Since the world at large is an integrated system with minimal partitioning between individual disciplinary areas: 

• Relevance of the individual subjects to the world at large is lost; and 

• Students advance through school with their knowledge highly partitioned, rather than integrated into a single world picture. 

Science Through Arts (STAR)* is a new educational initiative that will horizontally integrate a set of student science activities in a given topic area across the vertically aligned subjects taught in schools. Not only will it provide a multidisciplinary environment, it will be a multilingual, technology-rich learning experience in which students can integrate their creative arts skills with current space science exploration. 
Selection of a Topic Area 
The initial step in STAR is to select a topic area. In the pilot project, STAR will use Mars exploration as the topic to be integrated. From the Internet, students will be exposed to current knowledge of Mars and its exploration, then will be challenged to develop everything from real-life mission scenarios to stories, plays, pictures, music, etc. 

Mars exploration is a worthwhile area because: 

• It is current. – Mars missions are being planned and launched by the National Aeronautics and Space Administration (NASA) and the European Space Agency (ESA). 
• It is historically relevant. – Mars has been a subject of human interest from the Ancient Roman Empire to the present century. 
• It provides extant prototypes for STAR-type activities. – There is a wide range of human artifacts including myths, stories, novels, radio broadcasts, television and movie casts on the topic. 

Mars exploration will involve many people in many disciplines in the future. Astronauts will travel to Mars for scientific research and exploration, map-making, picture-taking, and so on. Mars exploration will also involve activities on Earth, ranging from mission support to written and oral broadcasts and updates, from assembling historical records to writing popular books and building public expositions. In short, Mars exploration provides the perfect context for trial and development of new ideas in and for the STAR concept. 

A Body of Known Facts 

In order to initiate student activity in Mars exploration, a variety of extant facts must be provided. The students will discover these facts for themselves via web-based materials (especially from NASA’s Jet Propulsion Laboratory, which currently runs the Mars missions), published materials, and live videoconferencing interaction with a NASA Mars-Pathfinder scientist, Joe Kolecki. Kolecki will provide guidance for the students in accumulating pertinent information. Actual lecturing will be held to an absolute minimum. 

The Formulation of a Question or Questions 

The quintessential step now follows: The students will evaluate the information they have gathered, and attempt to formulate pertinent questions. The basis of all good science is the formulation of questions. If someone were to say, “You’re scientists, you ought to know,” their answer would be, “We’re scientists because we don’t know…but we know how to find out.” 

A pertinent or well-formed question is a question that contains enough information to imply some means for obtaining its own answer. With well-formed questions, scientists are prepared to develop theoretical and/or experimental scenarios to obtain new information. It is anticipated that the formulation of a question will be one of the most challenging and rewarding exercises of the STAR activity. 
Mission Scenario 

Part of the formulation process will be to develop a Mars mission scenario to answer the students’ questions. The mission scenario must be as realistic as possible, and must have a sound basis in science, mathematics, and engineering. 
Interdisciplinary Extension 

The extension from the mission scenario to an interdisciplinary, horizontal activity may now begin. In the pilot project, a method adapted from the theory of science fiction by British author, H. G. Wells, is suggested. 

Wells wrote science fiction by postulating an extraordinary “what if” element, and then recording people’s responses. The extraordinary element could be anything the author pleased; it did not have to be explained or justified on any grounds. Once introduced, however, it was to be pretty much left alone. The writer’s focus had to be directed to how people responded, and the responses had to be as realistic as possible. As an example: “Suppose pigs could suddenly fly,” Wells wrote in the introduction to his Seven Famous Novels [Knopf Publishing, 1934], “and one suddenly came hurtling over a hedge and into a group of people?” 
The students, accordingly, will be asked to introduce an extraordinary element into the Mars scenario they have developed. The extraordinary element will be something that the students invent, something that must be realistically dealt with in some way. Mathematics students might try to develop models or logic chains for dealing with the extraordinary element. Authors and playwrights might develop descriptive scenarios to be read or acted out on stage. Music students might provide music for plays or original compositions akin to Gustav Holst’s Mars from the orchestral suite The Planets, and so on. 

This activity is the heart of STAR. From a scientific point of view, it is not unlike the scenarios made up for mission practices at NASA. In a practice session conducted prior to the Pathfinder landing, a group was given the challenge of working out what to do if a rose bush were found growing on Mars near the landing site! 
Finale 

When everything has been completed, the students will be given the opportunity to revise their original works in appropriate formats. They will use PowerPoint to present their work in simple language for younger readers, using lively graphics, animation, and music files (perhaps created by the original school, or sent to a partner school for development). The PowerPoint presentation will then be translated into a second language (by the originating school or a partner). Art work, mathematical calculations, posters, pamphlets, travel brochures, leaflets on health issues in space—these are all possible creative outcomes, provided that they are securely based on accurate scientific data from NASA web sites. It is hoped that the schools will work collaboratively through email or videoconferencing connections to accomplish some of these tasks. 

The pilot project will include schools in the UK, Japan, and the U.S; completion is planned for April 2003. All pilot project schools have IP H.323 or ISDN H.320 videoconferencing equipment. The schools will be provided with Guidelines, and each school will be asked to submit one winning work to be posted from a NASA website created for the STAR Project (http://www.grc.nasa.gov/WWW/K-12/STAR/index.html). 

The work created during the STAR pilot project will provide a model, or point of reference, for other schools to use when offering further contributions to the global, multilingual website showcasing the students’ winning creations. By the start of the 2003-2004 school year, the STAR project will be available for participation by schools worldwide. The directors of the project believe that through the horizontal integration of science with the arts in this new educational initiative and others like this, students will begin to see the relevance of science to the world at large and knowledge will be integrated into a single universal picture. 

*The STAR Project, which targets middle grades students, is co-directed by Joe Kolecki, Pathfinder scientist (Joseph.C.Kolecki@grc.nasa.gov) and Ruth Petersen, Educational Coordinator, Learning Technologies Project, NASA Glenn Research Center, Cleveland, Ohio, USA, (Ruth.Petersen@grc.nasa.gov), and Lawrence Williams, the Holy Cross School, Surrey, UK (LawrenceHX@aol.com). The idea was developed by Williams following the successful completion of an on-line collaboration during the “Japan 2001 Science, Creativity and the Young Mind Workshop” held at Bristol University, July 2001, and sponsored by Eric Albone, Clifton Scientific Trust, UK. Highlights of that collaboration and its outcomes are available online at www.grc.nasa.gov/WWW/K-12/MarsV/index.htm. 

PART III:  A SAMPLE STORY
Four Vignettes
Grades 9-12

Written by Joseph C. Kolecki

Edited by Ruth Petersen

September 2004

Pull out as much science as you are able from the story and prepare to discuss your findings with your teacher
1.

I stood in the warmth of a Florida night in early December and tensely watched the rocket standing poised in the crossed beams of multiple search lights. The countdown had reached t-minus ten, nine, eight…launch was imminent.

Then the engines lit and night was turned into day as an aura of light literally expanded around the launch complex and the rocket ascended skyward in a cloud of white vapor. Inadvertently, I let out a primal cry and bid the Pathfinder on its way. Pathfinder – and the first of my own experiments ever to leave planet Earth for Mars.

The rocket swept a great curve across the sky, diminishing quickly in size until it was no more than a bright star. It passed the moon, and modernity fused with antiquity as though the eye of time had momentarily blinked. It was an illusion of place, of course, for in actuality, the rocket was nearly a quarter million miles from the moon. But the mind leapt none the less, and the image of a flag standing evermore in the silent, ancient sands of Tranquility Base came sharply to mind.

“That’s one small step for man, one giant leap for mankind,” the words had gone.

 “We’re on our way to Mars, Joe,” my friend said behind me, bringing me sharply back to the reality of the moment. I felt the tears grow hot in my eyes…

2.

The hunter stood silently, rigidly in the warmth of a Pleistocene summer night. His spear was up and poised in the crossed shadows of the trees. The lithe little mammal had finally reached the clearing, cautious but still unaware of the hunter’s presence…a kill was imminent.

It stepped again…and the hunter’s muscles instantaneously released their pent-up energy. The silence was turned into a momentary rustle of hoofed feet and a small vocalization as the spear found its mark and the small mammal turned and fell. Inadvertently, the hunter jumped up and let out a primal cry; he ran forward – and the first kill of the night insured that his little hunting band would not go hungry.

As he crouched down to shoulder his kill, the moon cleared the trees and shone brightly down. The hunter paused, turned his face skyward, squinted, then took up his spear and raised it to the full extent of his massive arm, closed one eye, and with the other, beheld the scarred, ancient moon-face against the spear point’s serrated edge.

He rose, took a small step forward…looked more closely – and something akin to a thought flickered through his mind. “In one giant leap,” he imagined, “I could reach that.”

Then he heard other dusky voices approaching out of the gloaming, and, immediately returning to the reality of the moment, he hailed them and held up the still warm carcass…

3.

Pharaoh stood in the warmth of an Egyptian eve and, from his elevated dais, critically observed the archers assembled below, standing poised in the low-angle light of the evening sun. They were the best in the kingdom, and this demonstration of their skill was part of an important periodic ritual. They awaited his command—bows taut, muscles tense…the moment of truth was imminent.

Pharaoh’s voice cut the air in a quick staccato.

The bows snapped in synchrony and the arrows arched skyward toward the wooden targets that had been set up down range. To the last man, they found their mark! Inadvertently, the archers let out a primal cry then turned in unison to bid homage to their Pharaoh, whom they regarded as a man-god and ruler of the world. One young man in their ranks breathed relief for his success, for to miss would have meant instant death. This was his first time before Pharaoh.

Pharaoh turned his gaze from the archers toward the sky, and reached two hands out toward the moon. He cupped his hands to make the moon appear to rest in his grasp. It was an illusion of place, of course, for in actuality, Pharaoh was nearly a quarter million miles from the moon.

“I am lord of the earth, sea, and sky,” he proclaimed.

The crowd below cheered loudly.

Then he dropped his hands and returned to the reality of the moment.

“Feast and drink for all!” he proclaimed. “Tonight we celebrate the greatness that is Egypt!”

4.

Gracefully, the space station moved in its orbit around the Earth, completing one revolution every 90 minutes. The men and women aboard represented a broad crosscut of humanity.

One young astronaut stood at the view port and admired the sleek new spacecraft – MARS 1 – that was parked near the assembly bay. She sighed. Soon, she would be living on board that beautiful ship, joining seven other people for humanity’s first great voyage to another world. The countdown was proceeding “nominally;” launch was still several weeks away. 

Her companion, a young male of slender military posture, pointed to a smaller ship just below.

“Watch,” he said.

Then the smaller ship’s engines lit and an aura of plasma streamed gracefully outward. The little ship moved forward as smoothly as molten glass.

“They’re going to the moon for the conference,” remarked the companion. “They’ll be aboard MARS 2 two years from now. Remember when we had our conference?”

She nodded, a little tear starting in her eye.

As the little ship moved away, rapidly diminishing in size, finally becoming no more than a bright star, it passed the moon, and the young astronaut and her companion marveled at the glow of lights from Tranquility Habitat sprawling across a wide swath of the ancient lunar landscape. Construction had begun just before 2010; the habitat had taken almost two decades to become operational.

She reflected for a moment on all that had transpired since Neil Armstrong first set foot on the moon and spoke those immortal words, “That’s one small step for man, one giant leap for mankind.”

Then her companion’s voice snapped her back to the reality of the present moment.

“Soon, we’ll be on our way to Mars,” he said. For a second time, she felt the tears grow hot in her eyes…

Four Vignettes
Grades 5-8

Written by Joseph C. Kolecki

Edited by Ruth Petersen

September 2004

1.

I stood in the warmth of a Florida night in early December and anxiously watched the rocket lit by the crossed beams of many search lights.  The countdown had reached t-minus ten, nine, eight…launch was a GO.

The engines lit and night was turned into day at the launch complex.  The rocket lifted skyward in a cloud of white mist.  Involuntarily, I let out a triumphant cry.  For Pathfinder—the first of my own experiments ever to leave planet Earth for Mars—was on its way!

The rocket curved upward across the sky, growing smaller and smaller until it was no larger than a bright star.  I saw it pass the moon, and today fused with yesterday as though the eye of time had momentarily blinked.  It was an illusion of place, for the rocket was nearly a quarter million miles from the moon.  But in my mind I pictured the image of a flag standing forever in the silent, ancient sands of Tranquility Base.

“That’s one small step for man, one giant leap for mankind,” the words had gone.

 “We’re on our way to Mars, Joe,” my friend said, bringing me sharply back to the reality of the moment.  I felt the tears grow hot in my eyes.

2.

The hunter, stood silently, stiffly in the warmth of a long, long ago summer night.  His spear was up and poised in the crossed shadows of the trees.  The quick, small animal had finally reached the clearing, cautious but still unaware of the hunter’s presence…a kill was at hand.

The animal took another step…and the hunter’s muscles immediately released their built-up energy.  The silence was turned into a momentary rustle of hoofed feet and a small cry as the spear found its mark and the small animal turned and fell.  Involuntarily, the hunter jumped up, let out a triumphant cry; and ran forward.  The first kill of the night meant that his little hunting band would not go hungry.

As he crouched down to gather his kill, the moon cleared the trees and shone brightly down.  The hunter paused, turned his face skyward, squinted, then took up his spear and raised it to the full extent of his massive arm.  He closed one eye and with the other saw the scarred, ancient moon-face against the spear point’s jagged edge.

He rose, took a small step forward, and looked more closely.  An idea flashed through his mind and he wondered, “In one giant leap, could I reach the moon?”

Suddenly he heard voices approaching out of the twilight, and returned to the reality of the moment.  He hailed the approaching band of hunters and held up the still warm bounty of the hunt.  

3.

Pharaoh stood in the warmth of an Egyptian twilight and, from a high platform, critically observed the archers assembled below.  They stood poised in the low-angle light of the evening sun.  They were the best in the kingdom, and this demonstration of their skill was part of an important, seasonal ritual.  They awaited his command, bows taut, and muscles tense.  The moment of truth was at hand.

Pharaoh’s voice cut the air in a quick rhythm.

The bows snapped in unison, and the arrows arched skyward toward the wooden targets that had been set up down range.  To the last man, they found their mark!  The archers let out a triumphant cry, then turned as one to bid homage to their Pharaoh, whom they regarded as a man-god and ruler of the world.  One young man in their ranks breathed a sigh of relief for his success, for to miss would have meant instant death.  This was his first time before Pharaoh.

Pharaoh turned his gaze from the archers toward the sky, and reached two hands out toward the newly risen moon.  He cupped his hands to make the moon appear to rest in his grasp.  It was an illusion of place, for in actuality, Pharaoh was nearly a quarter million miles from the moon.

“I am lord of the earth, sea, and sky,” he proclaimed.

The crowd below cheered wildly.

Then he dropped his hands and returned to the reality of the moment.  “Feast and drink for all!” he proclaimed.  “Tonight we celebrate the greatness that is Egypt!”

4.

The space station moved in its orbit around the Earth, completing one revolution every 90 minutes.  The men and women aboard represented many nations.

One young astronaut stood at the view port and admired the sleek new spacecraft—MARS 1—that was parked near the assembly bay.  She sighed.  Soon, she would be living on board that beautiful ship, joining seven other people for humanity’s first great voyage to another world.  The preparations toward countdown were proceeding as planned; launch was still several weeks away. 

Her companion, a young, slender male of military posture, pointed to a smaller ship just below.

“Watch,” he said.

The smaller ship’s engines lit and a cloud of white mist streamed outward.  The ship moved forward as smoothly as molten glass.

“They’re going to the moon for the conference,” remarked her companion.  “They’ll be aboard MARS 2 two years from now.  Remember when we had our conference?”

She nodded, a small tear forming in her eye.

As the ship moved away, rapidly diminishing in size, finally becoming no more than a bright star, it passed the moon.  The young astronaut and her companion marveled at the glow of lights from Tranquility Habitat sprawling across a wide expanse of the ancient lunar landscape.  Construction had begun just before 2010; the habitat had taken almost two decades to complete.

She reflected for a moment on all that had transpired since Neil Armstrong first set foot on the moon and spoke those immortal words, “That’s one small step for man, one giant leap for mankind.”

Then her companion’s voice snapped her back to the reality of the present moment.

“Soon, we’ll be on our way to Mars,” he said.  For a second time, she felt the tears grow hot in her eyes.
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