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ABSTRACT
Many K-12 school science objectives include only the most basic astronomical concepts. Some ignore the subject altogether in favor of more traditional courses (e.g. math and reading) or Earth science based curricula such as weather and local ecosystems. In addition, most K-12 school teachers are unfamiliar with astronomical concepts and are poorly equipped to teach the subject. With teacher requirements increasing due to increasing class sizes, state competency exams, and a back to basics political climate, there is often little room to capitalize on the natural sense of curiosity children have about the universe during the normal school day. An after school astronomy club can provide a solution. 

This paper was written for space scientists interested in education and public outreach (hereafter called simply EPO) and discusses the elements involved in setting up and running an after school astronomy club. The model was developed at two Maryland schools, Sligo Creek Elementary and Holy Redeemer Elementary/Middle School and incorporates national education standards as well as NASA OSS guidelines for effective EPO programs. A Community Based Learning (CBL) approach is proposed with the goal of engaging multiple elements of the community in the learning process including local amateur astronomy clubs, industry, community colleges, parents, and teachers. Teaching methods are suggested and a check list provided for setting up the club and running the first meeting. Methods for integrating astronomy with other elements of the curriculum are discussed. Resources, teaching methods, preparation guidelines, discipline, and safety are also discussed and a list of  hands-on astronomy activities is presented. 

Introduction

A few years ago, I attended a workshop for scientists wishing to be involved in EPO at the Space Science Institute in Boulder CO.  Most of the attendees were astronomers who wanted to make a difference in the science education community. During the three day workshop, we were shown a video entitled “Personal Universe”. The video outlines in, what at the time I considered to be, horrifying detail the huge challenge that we have been given in teaching even the most basic astronomical / physical concepts to America’s students and general citizenship. Harvard graduates were interviewed regarding their understanding of what causes seasons. Many did not know at all. Some had an idea of the reason but no real understanding. After the workshop, when I returned home, I took my own poll of a few friends and family. Most didn’t know the answer. Some thought it was because the Earth was closer to the sun in the summer. A quick reminder that it is summer in the northern hemisphere when it is winter in the southern hemisphere left them without a clue. Some thought that since the Earth’s axis is tilted, one hemisphere is closer to the sun and therefore, hotter. Most simply didn’t know. This was a bit disconcerting for me. So, a while later, I went to our daughter’s elementary school and took another poll of the teachers there. To my surprise, the results were surprisingly similar. How is it possible that such a basic concept about our world regularly confounds even college graduates and teachers?

Across the country, little attention is paid to astronomy in our children’s schools. Most school districts do not require astronomy to be taught in any form through 12th grade. Some bury it within something called “Earth sciences”. Even fewer teach it as a separate course. In addition, the teachers who are called upon to teach astronomy, often, have no training whatsoever in this field. As an astronomer interested in education, I frequently give presentations on astronomy in schools, for community nights, and at star parties. Not long ago, I was asked by a Jr High School science teacher to speak in his classroom about cosmetology and the expansion of the solar system! Another time, I was contacted by a teacher who had heard that I was an astrologer (yes, I was tempted to play along and foretell their future in teaching but better judgement stepped in to stop me) . There are many other misunderstandings and myths that are held by the general public surrounding the nature of the universe. A few of these that I have witnessed are…

· The north star is the brightest star in the sky

· We have sent people to other planets

· Jupiter has a solid surface

· The sun burns – just like the wood in your fire place

· The moon is further from the Earth than the planets

· The sun goes around the earth

· We have seasons because the earth gets closer and further from the sun in its orbit

· Gasses are not effected by gravity

· The universe is thousands of years old

· There is no gravity in low earth orbit

· Aliens have landed on the Earth and NASA is hiding the evidence (OK, I can’t really dispute this)

The problem gets even more intractable when we realize that teachers have little time to develop and serve curriculum modules that are not mandated either by state standards or state aptitude tests and usually, astronomy isn’t. Also, Even if teachers can find time and want to teach astronomy, they are often poorly prepared to do so with little or no education in space or earth sciences or physics. Enter the after school astronomy club.

Determined to do something about this, at least in my children’s school, I started an after school astronomy club. This is a very realistic and doable strategy for infusing astronomy into the educational experience of school children, their families, and, to some extent, their teachers as well. It can also be a lot of fun and very fulfilling if a few preparations are made and a few rules are followed. 

WORKING WITH THE SCHOOL

Once you’ve decided that you would like to teach an after school astronomy club, you will need to work with the school to make it happen. There are a number of steps in this process and it is important that they be done in a rough sequence. First, check to see if your school has an active after school program. Often, this will be run by the PTA. Other times, the school principal or vice principal is the primary contact person for these activities. If after school activities are managed by the PTA, talk to them about becoming a part of their program. This is an ideal situation because the PTA will be equipped and ready to handle such things as advertising the club, taking registration, collecting any registration fees, setting up a schedule of classes for the semester, as well as communicating with the parents throughout the session regarding special events (field trips, etc.) or helping to cancel a class in an emergency. So, if at all possible, let the school/PTA handle the logistics. Your time is better spent developing the activities your club will be doing. If there is no formal after school program to work within, schedule a meeting with the school principal and (if applicable) the school science coordinator. Tell them what you want to do and work with them to schedule a room, time, and a registration process. Most schools have a monthly newsletter. This can be a great place to advertise your club. Also, some schools have very well developed internet email listserves that you can use to communicate with parents. Appendix 1 contains a checklist of many of the things you will need answers to before you begin your club. 

It is very important, at this time, to find out about school policies and procedures. Some schools require a teacher be present at all times. Some will delegate full responsibility for the safety and well being of the students to you. Other guidelines regarding fieldtrip authorizations, taking the students outside, making connections with parents, and what kinds of experiments are allowed are important to know up front. As an example, would the school let you build a “comet in a classroom” where students would play with dry ice? How about taking them outside to view a solar eclipse? Did you know some school systems cancel all outside activities during solar eclipses? Sadly, another issue to settle up front, is any concerns the school administration has regarding the teaching of science versus creationism. If you are uncomfortable with restrictions the school may want to impose on your ability to convey good science, you may want to consider another venue for improving science education in America such as forming a community astronomy club.

DESIGNING YOUR CLUB

Once you have the approval of the school or PTA and are aware of school regulations and procedures, you are ready to design your club and as will be discussed later, finding a teacher co-leader is a good first step. So your first step is to set up a preliminary meeting with your teacher co-leader to decide on club logistics. 

First, you will need to pick a time. If the school already has an after school activities program, you may want to align with that. I suggest beginning immediately after school ends and running for 1 ½ hours (2 hours, tops). Remember, your club members will not have eaten since lunch and probably have a fair amount of homework to do. In addition, you will need to decide how large you want the club to be and which, if any, special populations of students (e.g. girls) you want to market the club to. Club sizes can vary, of course and the presence of a teacher co-leader will allow you to manage more club members. I suggest cutting the club membership off at no more than 15 members, at least for the first couple of semesters. With 15, you may want to design some activities for three to four teams of students. 

For spring and summer club sessions, when it gets dark a bit later, you might want to consider meeting in the evening once a month for night time observing sessions. This will have to be coordinated carefully with both parents, who will have to arrange their schedules, and with the school (especially your teacher co-leader). The school, for example, may not consider activities off school premises as school related unless you go through all the hoops you would usually have to jump through for a full fledged field trip. 

You should design the first few sessions ahead of time, or at least have a few sessions developed that you can pick from. Let your teacher co-leader help you design the activities. They will feel more a part of the club if they play a role in its development. Also, kids love handouts! CDs, posters, bookmarks, pins, stickers, buttons, almost anything relating to astronomy can be a welcomed addition to your club. Contact a local NASA center, astronomy society, observatory, or NASA Educator Resource Center for some materials, ahead of time. Your school may also have materials you can use.
CLUB PREPARATION

In preparing for your astronomy club, there are a few things to keep in mind. Following the checklist below will help make it a more enjoyable and manageable experience for you and the club.

· Meet with your teacher co-lead before the first club session. Make sure you  have each other’s work and home contact information. Go over expectations and outline/refine at least the first few club projects. Let the teacher help you with the process of teaching such as grade appropriate projects/videos, safety, and presentation styles.

· Arrive early. You will need time, in most cases, to set up experiments and/or presentations. While you are using club time setting up a computer projector or positioning a video tape, the class can quickly become unfocussed. 

· Bring all materials with you. Don’t assume that the school will have materials such as paper, scissors, pencils, etc. They may or they may not have enough for all club members. 

· Check IT policies before trying to use school computer equipment. Many schools operate behind firewalls. My school did not allow “unauthorized” use of CDs. It’s better to check first or bring your own computer.

· If going outside to record observations, supply club members with clip boards.

· Try out all experiments BEFORE you demonstrate them in class. 

· Bring a list of student names, grades, and parent contact and student release information with you. 

· Have the kids make their own space name tags to wear during the club to help you remember their names. Collect them as the club lets out. Ten percent will bring them the next time if you don’t. In fact, any materials you want them to use the next time should be collected and kept at the school.

First Day – On the first day, you will spend some time with administrative matters and just getting to know each other. Plan a shorter activity on this day that is long on engagement and perhaps shorter on processing and analysis. Introduce yourself to the class and tell them about your interest(s) in astronomy, where you work, how you got started, etc.  Introduce your teacher co-lead and have them introduce themselves to the class as well. Always refer to what you and the teacher have planned or will be doing (not just what you have planned). Have your co-lead work with you to tell the club members what you expect they will be doing in the club. Then ask each student to give their name, grade, and tell something about their interest in astronomy. Some will have past experience and interest in astronomy. Some will not be even able to verbalize why they are there. Help each student to express an interest in something. Take notes on their interests and use the notes to help structure activities for the remainder of the semester. All this will take up a surprising amount of time. But make sure it doesn’t take up the entire class time. Prepare something fun for the last hour to ½ hour of the class that does not require much preparation nor previous knowledge of astronomy (e.g. the quiz show and chocolate pudding cratering experiment mentioned in the list of activities would probably not be appropriate here). One first day activity that I like is to show them pictures of galaxies and talk about their structure and evolution. Then have the class get up, push the tables and chairs to the side and have them build a Milky Way galaxy using themselves as different parts (core, spiral arms, globular clusters). Have someone be our solar system and assign students to each of the spiral arms. Then have them walk around in a circle while you talk to them about them about how the galaxy spins, what it looks like from space, and how it formed. You can use this dynamic model to explore galactic evolution and even, if you’re feeling brave, colliding galaxies (be prepared – this could easily turn into a slam dance session so I emphasize that in colliding galaxies, stars don’t actually “bump” into one another….usually).

TEACHER INVOLVEMENT

Working with a room full of elementary or secondary school students can be a humbling experience. All of your expertise and years of experience in detection of active galactic nuclei or probing of planetary atmospheres cannot prepare you adequately for what you are about to experience. Your successful history of enlightening talks at annual professional society meetings is equally insufficient. You are truly in uncharted waters. I remember, for example, the first time I took my elementary school astronomy club on an observing run. I had spent a few hours planning for this the week before. It was not so ambitious, really. The run consisted of going just outside the school building and setting up the telescope which I had in the trunk of my car, putting the solar filter on, and letting each student observe and record the location of the day’s sunspots. I would begin the session in the science lab where we met each week with some slide images of the sun and explain its internal structure and mechanisms that cause sunspots. I would then introduce the kids to their log book for recording the sunspots, do the observing, and then, if there was extra time, go back inside and watch a video on the sun.

It took a few minutes to call the class to order. Three students needed to go to the bathroom. Two of the boys were competing to see who could tip their chairs back the furthest before they would come crashing to the floor. Three students wandered in late. One wanted to be excused for a stomach ache and there were many requests from club members (gathered around me), no longer able to stay in their seats, for special activities that day. By the time I got everyone in their seats, back from the bathroom, chairs level on the floor, and some rough approximation of their attention, ½ hour of our 1 ½ hour club time had passed. I forged on. No time for slides, I drew some quick pictures on the blackboard explaining the internal structure and temperature of the sun and showing what they were likely to see that day. I explained what we were going to do outside (with the usual warnings about looking at the sun) and lined them up to go outside. Sadly, I did not bring pencils for them to draw with and many said they had lost theirs during the day.  I made a mad scramble looking through the teacher’s desk drawer and found enough to suffice, during which time, the line we had made disintegrated. The line back together, via some commandant style commands, we proceeded outside. Mistake number two – always count the number of students before they leave the classroom. 

Once outside, the boys immediately gravitated to a game of ice hockey in the school parking lot. Girls gravitated together too with somewhat less propensity for high sticking. Some of the more motivated students stayed with me and helped to set up the telescope. After a short while, the telescope was set up, solar filter attached and …….the sky was completely overcast. So, we defaulted to plan two (invented on the spot) – looking at license plates of cars at a distance and noticing what happens when we used different power eyepieces. There was of course no extra time for videos.

Not long afterwards, a second grade teacher poked her head in one of our club meetings and said she was interested in astronomy and asked if I would be interested in having some help with the club?  I enthusiastically accepted and her help as club co-leader since then has been invaluable in a number of ways. 

1. Teachers can help with discipline freeing you from having to juggle class content and student behavior.  Teachers are trained in classroom management and are generally given a level of respect by the students that makes them more effective in controlling or directing student behaviors.

2. Teachers have access to school resources that a visiting scientist will not have. This can include:                                          

· Access to materials such as pencils, scissors, paper, calculators, etc. 

· Access to other parts of the school such as classrooms and offices

· Authority to access school equipment such as TVs and VCRs, slide projectors and lab equipment

· School IT access authorities. Many schools operate within highly restrictive computer and internet access rules. Firewalls are the norm and you may even run into cases where non-internet access is highly regulated. I was surprised to find that the CD ROM I brought in for the class would not play on the school’s computer. I later learned that all removable media access was regulated. Only by giving the CD ROM to the school technology specialist (librarian) and waiting for its contents to be approved, then loaded onto the school’s server could I have access to it through the school’s computers. Teachers know about these rules and can help you navigate them.

3. Teachers understand school and county rules and guidelines. This can be very helpful for things like arranging field trips and many other club activities such as participation in science fairs.

4. Teachers understand grade level curriculum and learning goals. They can help you turn a science project into an activity that enriches the student’s experience across many disciplines addressing specific school learning objectives. For example, the alkaseltzer rocket experiment (see appendix 2) was retooled to address grade 4 and 5 math learning objectives by adding a graphing activity. An exercise to have the students create their own solar system was retooled to address grades 3-6 English objectives by having the students give oral presentations about their solar systems to the other club members.

5. A teacher co-lead can fill in when you are unable to attend club meetings. This can be especially helpful if you must travel to conferences or, of course, if you get sick or cannot attend for other reasons. For this to work well, plan ahead. Arm your co-leader with activities, films, etc. Once, when I could not make a class, I asked my co-leader to work with the students to put together lunar maps (appendix 2). Another time, she read a book on constellations to the class and had them draw some of them.

6. Teachers can be helpful in grant preparation and may know of grant vehicles available to the school for purchases of club equipment and materials.

7. Perhaps most importantly, teachers understand how to teach. They can help you select grade appropriate activities and can be of tremendous help assisting you with the communication of concepts. They know how to design activities to take into account student attention spans and conceptual abilities. They can also help you assess the needs and capabilities of the club as well as provide the option of team teaching. In the TV quiz show activity (appendix 2), my teacher co-lead helped set up the teams so that no team had an overwhelming advantage. She then worked with one of the teams that had some more reticent students, to help them find ways to participate.

In working with a teacher co-lead. It is important to remember that teachers are often terribly over committed.  A teacher’s day does not end with the last class, it begins there with homework to grade, classes to design, in services to attend, and administrative meetings, parent conferences, and a variety of other activities. A teacher that will agree to help you with your astronomy club is probably highly motivated. This is a precious resource to develop and treat with great respect and appreciation. You should adopt a posture of both teacher and student, respecting and showing your gratitude for the unique contributions your co-leader can bring to the club.

PARENT INVOLVEMENT

Parents are an often untapped resource when considering school programs such as an astronomy club. And why not? They aren’t the ones we are teaching. Our job is to excite and engage students, right? Yes, however, a closer inspection of the student’s learning environment would cause us to broaden our focus a bit. Parental involvement in schools has been shown to be a key indicator of the quality of education. Parental involvement in your astronomy club will also help to enrich and extend the learning experience of the club members. If parents are also engaged and included in club activities and communications, they will be more likely to view the club as a positive experience for their child and to reinforce student learning at home by asking questions and showing interest and enthusiasm. In addition, according to some surveys, parents can be afraid to show interest in astronomy fearing their child will ask them questions they can not answer. Including parents in your club activities can help to allay their fears.

A wonderful way to include parents in their children’s astronomy learning is to hold family astronomy nights. These are essentially mini star parties that invite the families of the astronomy club members or perhaps the entire school to observe the heavens. You can begin the event with a short lecture describing the evening’s agenda. Occasionally, I would preface a comment with “Now this is just for you parents” and then go on to describe concepts that might be too advanced for the students but which can also give the parent’s a more complete understanding. Another fun thing to do is have the students set up the equipment and even give some of the discussion at the observing site. 

Another way to include parents is to invite them to attend club meetings. Often, parents plan their week so that they do not have to be at the school until the club ends. But some times a parent will have time to sit in on the club. I even had a parent ask if I needed any help with the club. Finally, as parents gather to pick up their children at the end of the class, I always invite them in and talk to them about the day’s activities and their child’s participation. 

Beyond this, I suggest an “ask the astronomer” site off the local school web site or perhaps as a part of the club’s web site. This allows parents, teachers, and children to ask questions they may not be able to ask in person.

COMMUNITY INVOLVEMENT

Beyond the boundaries of the school is a large resource reserve within the community that is often equally untapped. Opportunities for field trips to observatories, amateur astronomer meetings and star parties, museums, planetaria and science centers, government, private sector, or university research centers are likely to be present somewhere near your school. Visits to such places can be an exciting addition to your astronomy club agenda and provide opportunities for learning difficult to get in the classroom. Partnerships with some of these groups can even involve teacher training programs and can form the basis for grant submissions. Before you begin your club, you should make a list of these resources and have an idea of how you might use them during the year.

Community astronomers, or planetarium or science center directors, may even be willing to come speak in your club. Inviting a guest speaker to one of your sessions can be a nice change of pace and allow you to view the club in a different, role, as facilitator.

Businesses within the community are often looking for effective uses not only for volunteer activities but also for philanthropy. Donations to local school science programs can be a very attractive vehicle for such programs. If you are looking for donations to your astronomy club, try contacting local research and development firms specializing in space, earth, or related physical sciences. It may also be possible to link up with boy/girl scout or other such community organizations that have established programs.

DIRECT OBSERVATION

In astronomy, nothing can compare to the thrill of viewing the heavens for yourself, firsthand through a telescope. When I give star parties, there is often a long line waiting to look through the telescope. I use a 4” refractor and a 10” SCT (Schmidt Cassegrain Telescope). Generally speaking, if someone steps up to the eyepiece and I don’t hear a “Wow, neat!” or “oh my, Mom, look at this”, I know something is wrong – either the image is out of focus or the image has slipped out of the telescope’s field of view. Direct observation can add a lot to any course on astronomy and give students a sense of proficiency at using the technology.

Depending on the season and your latitude, most after school programs will end before the sun sets far enough to allow for good night time observing. However, good day time solar observing is almost always available! A robust solar observing program can do much for teaching students about a variety of subjects such as solar rotation, sun spots, magnetic fields, data analysis, and how to use a telescope. Students can draw what they see in the eyepiece or you can use film or CCD techniques to record your observations for further analysis. To do this, it’s a good idea to meet with the students before the actual observing session. Talk to them and explore their knowledge or misperceptions about about the sun. As pointed out earlier, work with your teacher co-leader to assist the students in preparing for the session and in going outside to take the measurements/observations. 

Night time observing can be accomplished in a number of ways. You could schedule the club meetings later in the day or let one meeting a month run till 8pm or so. Also, a special “Family Astronomy” night once a month is a great idea to involve parents in their child’s learning. Here again, it is important to tie the observing sessions into the topic areas being explored by the club. Students, given a little training can also be responsible for set up, running, and teardown of the telescope. I have also tried letting the kids “teach” the star parties / family astronomy nights. This works well as long as there is some time to practice their “speech” ahead of time.

Another resource for direct observation is the growing number of on-line robotic observatories. These can house small or, in many cases, quite large telescopes that are fully controllable over the internet. A list of these facilities is provided in appendix 3 along with web addresses.

HANDS-ON ACTIVITIES – THE REAL ART OF TEACHING

Children (and adults for that matter) learn best when they are allowed to participate actively in the process of discovery and evaluation. Active learning has been shown to be more engaging and promote better memory retention than traditional lecture teaching methods. Therefor, hands-on science activities will be an important part of your successful astronomy club. Appendix 2 contains collections of some of the activities used in this paper’s two elementary school astronomy clubs. These activities have been “kid-tested” in the field and work reasonably well in the confines of a 1 and ½ hour afternoon astronomy club. When working with one of these projects, try to keep in mind that, as much as possible, you want the student to discover the nature of relationships. This means that your role will be mostly facilitator of learning and secondarily, provider of knowledge. Try asking questions that pose dilemmas.g for the child’s thinking. For example, most children beyond 4th grade, understand that a planet has gravity. But they are not as certain that liquids or gasses have gravity or are effected by the Earth’s gravitational field. So, you might ask them for proof of their theory. As a demonstration, you might simply pour a glass of water into the sink and ask them what’s happening. The idea is not to simply give them the answer but to engage them in finding the answer for themselves through critical thinking exercises. A very effective teaching model that I have used in my club for hands-on demonstrations goes like this:

Lecture: Tell them what they are going to do

Demonstration: Show them what they are going to do – hold up the equipment and/or other materials and show how they work.

Practice: Let them experiment and discover their own solutions to the given problem. As they experiment, you can ask them questions about what they are seeing and why things are behaving in a certain way.

Process: After the experiment, help them talk about what they did and discovered. Help them make sense of their learning and integrate it with what they already know by asking questions. After you have all their inputs,  you can confirm or validate their conclusions.

TRAINING

The communication of science to the public, teachers, and school students contains a number of elements and processes that may not be intuitive to even the most savvy space researcher. For example, in general, children under the age of about six can not conceptualize and really understand the idea of living on a spherical planet and not falling off. The teaching model I presented in the previous section was the result of years of research trying different approaches to ensuring the greatest degree of memory retention and creative/critical thinking development. In fact, most of the things presented in this paper from how to work with teachers to why it’s important to align your club activities with state curriculum standards is basically foreign material to most of us astronomers but is important in achieving the greatest impact for your efforts.

Believe it or not, there are resources to help scientists learn how to be more effective in science education classroom environments and you don’t have to enroll in an education degree program to take advantage of them. One of the most valuable to me has been the Space Science Institute “Workshops on K-12 Education for Scientists & Engineers” ( http://www.spacescience.org/Education/ResourcesForScientists/Workshops/1.html ). This three day workshop, normally held in Boulder Colorado, speaks directly to astronomers and space scientists and brings in some of the nation’s best experts on K-12 education and education outreach programs. As their promotional material states, “SSI is one of the few organizations in the country implementing workshops on K-12 science education for scientists, engineers, and the professionals who facilitate their involvement in Education and Public Outreach (EPO)”. I highly recommend it. While you’re at it, check out SSI’s “K-14 Education Workshop for Geoscientists, Engineers, and Education Managers” (http://www.spacescience.org/Education/ResourcesFor Scientists/Workshops/Four-Day_Geo/1.html ).

Another most valuable resource is your teacher co-lead. Even if you were to have no formal discussions with them regarding pedagogy (ped’e-go’je  n. the art, profession, or study of teaching)  you can gain some insight into effective teaching (communication) strategies simply by observing how they interact with your club’s students.

TYING IT TO THE CURRICULUM

Your goal is to have the greatest impact possible on the club members’ awareness, knowledge, and excitement of astronomy. But, as you go about engaging other groups to help you do this, you can improve the overall impact of the club by tying club activities to other formal school curriculum elements. Here is another area where your teacher co-lead can be very helpful. Ask them for a list of school education goals by grade as well as science curriculum modules for each grade. Using these lists, you can review the activities you have planned for the club and modify them to address other learning objectives the school may have. As an example, one of our club activities, after we had finished exploring the solar system, was to design a solar system of their own. Rather than simply have the students draw a picture of their personal solar system, I had the students write a story about it. The stories were to include: how their solar system formed, how many planets (and suns!), and physical conditions on each planet. They then presented their solar system to the club members, along with drawings, in five-minute oral presentations. By including the written and oral activities, we were able to address some of the school’s English learning objectives. In addition, after reviewing the school’s science objectives, I discovered that grade 5 was working on a solar energy curriculum module (they studied three different science topics each year). From this, I developed a presentation on Sun-Earth Connection (SEC) science, complete with cool NASA images and animations of the sun, solar wind, and earth’s magnetosphere, outlining the many ways the sun impacts our Earth and our daily lives. I gave this presentation to all three 5th grade classes. Sample science curricula for elementary, middle, and high schools in Montgomery County, Maryland is shown in appendix 4. It is probably similar in scope and structure to the elementary school science objectives in the school you will work with. You should be able to obtain a similar list from your school’s science coordinator, science teacher, or you astronomy club teacher co-leader.

DISCIPLINE

Something I was not fully prepared for in running my astronomy club was the issue of discipline. By this I mean, I expected to come into the astronomy club filled with highly motivated, bright students who were well behaved, attentive, and excited about learning. Some of this was true. Some of the club members were indeed bright and highly motivated and ready to learn without much provocation on my part. I remember one 5th grade girl who when asked what solar system object she would like to report on said, ““I think I’d like to explore the Oort cloud” (I had not even mentioned the Oort cloud to them at that time). But, the reality is that most elementary school kids have lots of energy to expend – especially at the end of the school day and may be tired of focusing on course work. They may also be a bit low blood sugar so snacks turned out to be an important part of the club activities. Some days, just getting their attention was a challenge. Fortunately, I remembered a sign (two fingers held up) that the teachers used to signal that it was time to be quiet and attentive. This helped a little but there is a lot more to teaching than that. I quickly found out that I needed to set up an environment for learning that was interesting, dynamic, and fun. Sure, I already knew this. But it is one thing to hear this at an education conference or read it in a paper and quite another to be faced with the challenge in real time. I had to keep things moving, assist them with focus on the project at hand, and ask a lot of questions to help them process what they learned. I also had to be willing to let go of my professional image at times, and just have fun or be silly myself.

In the area of discipline and behavioral expectations, my teacher co-lead was a huge help to me in running the club. She knew all about setting up environments for learning and just how far to let things go before corralling the students back. 

SUMMARY

Teaching astronomy to school children can be an incredibly enriching and rewarding experience with just a little foresight and preparation. The after school astronomy club provides the scientist with an opportunity to make a real and sustained impact on the science literacy of school age children, teachers, and, to the extent that school administrators are involved in the development of the program, schools and school districts. But most of all, it’s just a lot of fun! 

APPENDIX 1: Astronomy Club Checklist

· What are the students studying in science (by grade)?

· Is there a place to hold your club sessions?

· At what times and with what frequency will the club meet?

· What are the school policies regarding outside adults being with students in the classroom?

· Is there usually an activity fee charged for club activities?

· How long will your club run? One time? Each semester? For ever?

· What safety guidelines will you need to follow?

· What are the guidelines regarding student behavior and discipline?

· What are the guidelines regarding release of a student to a responsible adult and how will parents notify you if they can not pick up their child?

· What equipment/facilities does the school have to support your club (e.g. planetarium, computers, video projectors, TVs, telescope, lab equipment, etc.)

· What is the procedure if you need to cancel a class?

· What grade levels and abilities will be appropriate for your club?

· How many club members do you want to have?

· Is there a teacher or parent that can co-lead the club with you? What is their background/interest in science/astronomy?
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Hands-on Activities for
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After School Astronomy Clubs
Following are some sample activities that have actually been tried out in an after school astronomy club environment. For more complete descriptions as well as guidelines for effective presentation of these activities, contact the author: Lou Mayo (lmayo@pop600.gsfc.nasa.gov).

1.
Moon Map Jigsaw

Using the Lick Observatory Atlas of the Moon, a photographic survey on 50, 2x2-foot sheets, students can assembled moon image like a large jigsaw puzzle. 

2.
Moon Features Up Close

30 images of different parts of the moon are distributed to students. They classify the formations they see and compare and contrast different lunar geological features.

3.
How Telescopes Work 

A lesson about lenses and mirrors. How many different things in your home use lenses to magnify? Students experiment with a number of standard optical components noting the effect each as well as combinations of optics has on the final image.

4.
Building an 8-inch Telescope

Purchased an 8-inch reflector from Meade. The telescope was disassembled down to individual screws, parts put in plastic bags, and given to teams of students who figured out how to build each part. The telescope was assembled in under one hour.

5.
The Sun Up Close

Students use NASA images from SOHO, TRACE and ground-based observatories to measure the sizes of convection cells, sunspots, flares, and prominences using earth as a scale.

6.
Star Maps: Make Your Own Constellations

Students are given xeroxed portions of the Norton Star Atlas, and connect the dots to make their own constellations. We discuss how astronomers find things in the sky. Students identify symbols for various objects and create a legend for their part of the sky map.

7.
Atomic Fingerprints and Bar Codes

Using glow tubes filled with hydrogen, oxygen, neon, argon, and nitrogen,  and diffraction gratings, students observe first hand that atoms have unique spectral signatures or “bar codes”. Students then compare atomic bar codes with the ones on canned goods. A discussion of how astronomers can tell what stars and planets are made of follows.

8.
The IMAGE Satellite Model

Club members construct, from cardboard, a ¼ scale model of the IMAGE satellite from pictures, and draw exterior panel details. They then identify the different parts of the spacecraft and discuss their functions. 

9.
Sending and Receiving Images

From 5x5 and 25x25 grid paper, students color squares following a specific set of coded numbers that identify the color and location to mark. Pictures of simple ‘planets’ are constructed from this and the students identify land masses, oceans and vegetation. Discussion of how digital images from spacecraft are transmitted to Earth and reassembled into final images follows.

10.
Relative Sizes of Things

Students create a scale model of the solar system using everything from a basketball (for the sun) to M&Ms and seeds representing the approximate sizes of the planets. Students can walk through the solar system telling what they know about each object. An interesting addition to this is construction of a model milky way showing distances to some of the stars and clusters we see in the night sky.

11 Alka-Seltzer Rockets

Students build model rockets folding construction paper (they often like to color their rockets first) around 35mm plastic film canisters. They then take their rockets outside and experiment with different mixtures of rocket fuel (Alka-Seltzer and water) to see how high they can make their rockets fly. This is a great activity for teaching data recording, plotting, and analysis.

12.
The Spinning Sun

From telescopic observations of sunspots, backed up with web-based real-time data, students plot the location of sunspots over the course of two meetings and calculate how fast the sun rotates from the position shifts. Telescope eyepiece projection onto a white screen, can be used or direct observation through a suitable neutral density solar filter. Additionally, binoculars are very effective at showing sunspots when the image is projected into a box lined with white paper. 

13.
Space Art

Students are given many different Hubble Space Telescope photos, and encouraged to create their own space art using the archetypes they find for nebulae, planets, stars and galaxies.

14.
Watching the Sun on the Internet

Students visit several web sites where they can see what the sun and earth look like right now in real time.

15.
Chocolate Pudding Craters

Students fill aluminum trays with chocolate pudding then sprinkle with powered sugar. Gum drops or chocolate kisses are then dropped into the mix resulting in craters with powered sugar ejecta. Students draw what they see and compare with images of cratered bodies in our solar system. The lunar crater, Tycho makes a great comparison object.

16.
Stanford Solar Center Spectrometer and Gas Tube Observations

Similar to Atomic Fingerprints and Bar Codes activity. Students construct their own spectrometers from Stanford Solar Center kits. These spectrometers have scales showing wavelengths in angstroms. Students calibrate their spectrometers and are then able to accurately draw emission spectra from different gas glow tubes. Once it is clear that different gasses have different spectral signatures, students are challenged to figure out which gas tube is being used from its spectrum. 

17.
Magnetic Field Simulations 

A simple experiment involving magnets and iron filings. Students spread the filings on a piece of paper elevated off the table. A magnet is inserted under the paper showing magnetic field lines with the iron filings. Students can also make their own magnet with batteries, wire, and a nail, showing how magnetic fields are created from changing (rotating) electric current. A discussion of dynamos and the magnetic fields of the sun and planets follows.

18.
Quiz Show Game

This game generates a lot of energy and enthusiasm! Students divide into teams. Each team picks a name. Then the club leader asks a series of questions on astronomy topics they have already covered. Teams get points for correct answers. A variation on this is having the teams make up their own questions. Additionally, teams can be supplied with text on astronomy as references. (Students love to hum the “Jeopardy” quiz show theme and make “Who Wants to be a Millionaire” jokes while the other teams are working on their answers).

19.
Solar System Models out of Styrofoam Balls

Kits of styrofoam balls for solar system simulations, can be purchased through Edmund Scientific Company. Students can color the balls based on their knowledge of solar system objects (from Voyager, HST, etc, images) and assemble their solar system with wire. 

20.
Solar Cookies

Kids can make models of the sun using 4” sugar cookies, different colored icing (indicates different zones (core, radiative zone, convective zone, photosphere),  sprinkles (represents granularity of photosphere), and red (coronal loops) and black (delimits cutaway of sun) licorice.  

APPENDIX 3

Robotic Telescope Facilities

TELESCOPES IN EDUCATION (TIE)

http://tie.jpl.nasa.gov/tie/index.html
MICRO OBSERVATORY

http://mo-www.harvard.edu/MicroObservatory/
IOWA ROBOTIC TELESCOPE FACILITY

http://denali.physics.uiowa.edu/IRO/index.shtml
RIGEL PROJECT

http://denali.physics.uiowa.edu/rigel/
UCSB REMOTE ACCESS ASTRONOMY PROJECT

http://www.deepspace.ucsb.edu/rot.htm
BRADFORD ROBOTIC TELESCOPE

http://www.telescope.org/rti/
EYES ON THE SKIES: ROBOTIC  SOLAR TELESCOPE

http://sunmil1.uml.edu/eyes/index.html
LIVERPOOL TELESCOPE PROJECT

http://www.ast.cam.ac.uk/~baa/LT.html
INTERNATIONAL WORKING GROUP ON AUTOMATIC TELESCOPES (IWGAT)

http://gamma.bu.edu/atn/standards/
APPENDIX 4

Montgomery County, Maryland Public Schools 

Science Curriculum (K-5)

Grade
Session 1



Session 2


Session 3

Pre-K 
Weights and Measures 

Weights and Measures 
Underground Connections

K 
Living Things, Myself 

Myself and Others 

Balls and Ramps and

 

and Others







Myself and Others

1

Rocks, Sand, and Soil 

Constructions 

Weather

2

Life Cycle of Butterflies 

Balancing and Weighing 
Liquids

3

Crime Lab Chemistry 

Sound 


Plant Growth and

 










Development

4

Ecosystems 



Earth Materials 

Electric Circuits

5

Structures 



Magnets and Motors 
Solar Energy

IMAGES

 

The Author works with his elementary school astronomy club outside, studying the sun.


Dr. Sten Odenwald works with teachers and students on a lunar map puzzle in his after school astronomy club at Holy Redeemer School.


Astronomy Club can be lots of fun especially when you get to eat your experiments!


Scientists learn about effective education strategies at the Space Science Institute workshop.


Telescopes in Education, Mount Wilson Observatory

