Astronomy Across the Curriculum: A Mini-Workshop for Teachers

a. Needs Assessment

In consultation with Michael Szesze, Program Supervisor for Science, Department of Curriculum and Instruction of Montgomery County Public Schools, it was determined that there was a great need was for an astronomy workshop for teachers was in grades 1-8. This workshop that would use the Science Blueprint and which is grade specific and aligned with the national standards that can be found at http://www.mcps.k12.md.us/curriculum/science/curr/blueprints.htm. The proposed workshop will provide templates and materials for writing lesson plans and includes some model lesson plans from the blueprint.
It is time to build on the astronomy part of the science blueprints in grades 1-8.  Teachers from other counties that are admitted to the workshop will also use these blueprints and will be expected to create lesson plans appropriate for their students. 

· Astronomy motivates the study of science.  Children in particular, but also members of the public at large, are fascinated by astronomy, the oldest and most inclusive of all sciences.  Astronomy is also one of the few sciences that welcome amateurs and in which some amateurs contribute in meaningful ways to fundamental research.  Many people become so interested in astronomy that they become amateur astronomers and some amateurs contribute in meaningful ways to fundamental research.  For instance, valuable work is done by the AAVSO (American Association of Variable Star Observers), IOTA (International Occultation Timing Association), and IAPPP (International Amateur–Professional Photoelectric Photometry), to name only three groups. Astronomy can be approached on many levels.  Every concept in astronomy has both a qualitative and quantitative description.  Astronomy and space science motivate students to become excited about learning math and science and help them learn to think critically.  For example, calculus was invented by Newton to solve orbital dynamics problems in the solar system using his universal law of gravity.  Much of the rest of mathematics was invented for similar reasons.  

Much astronomy is included in the AAAS Project 2061 and in NSTA Scope and Sequence Coordination Project, but it is poorly understood by many science teachers. One of NASA’s three themes is the Earth–Sun connection.  HESSI, the High Energy Solar Spectroscopic Imager, is the first device to image solar flares in the energies at which they emit most of their radiation—the hard-x-ray and gamma-ray spectral regions.  High-energy radiation and particles from the flares does millions and perhaps billions of dollars of damage to the power grid system of the world every solar maximum (every 11 years).  This mission and these solar flares will make a good subject for Events-Based Science, which has proved to be a popular and effective way to teach in middle school, grades 6-8, http://nasalearn.org/re_tornadomodule.htm.  An official NASA publication “HESSI Spacecraft model” which may be found at http://hesperia.gsfc.nasa.gov/hessi/hessi_model.pdf was made by Iya Massah, a former Federal Work Study Student who worked for Dr. Williams.  Iya helped us in a couple of the earlier  teacher workshops!   Elementary students build HESSI imaging demo may be found at http://scienceworkshop.freeyellow.com/page1.html. SOHO and TRACE are solar missions that would make even better events based science.  Students can down load real data from SOHO daily.  Some of the frequency bands observed in SOHO are near the visible, in the ultraviolet, and it is somewhat easier to understand what SOHO is actually looking at when it images the sun and how it actually produces an image with lens and mirror optics. HESSI does a Fourier  convolution to obtain an image and some astrophysicist have to think twice to understand how this is done,
· Most science teachers have been exposed to very little astronomy in a formal way.  The large lecture astronomy courses taught in most universities ill serve the few teachers that they reach.  These introductory astronomy courses are designed as the last exposure to a physical science for nonscience majors.  Although basic concepts are covered, most of the emphasis is on topic too advanced for grades 1–8. The few other astronomy courses are taught mainly to honors undergraduates students and are even less suitable for elementary school teachers.  If it were not for the great attraction that astronomy has for most people and the great amount of space that the media devote to it because of this interest (ten times the attention given to any other science except medicine) the general public would know very little about astronomy. Most science teachers know enough about astronomy to arouse their interest, but not enough to teach it comfortably.  There is, of course, no such thing as certification in astronomy teaching.  

· New technology is changing how we can teach.  The resources for teaching astronomy are changing; the falling price of extremely sophisticated, menu-driven, windowed, multitasking operating system computers is opening up new avenues for simulation and data interpretation and handling.  The computers can take care of the details of data handling and calculation while freeing people to be creative.  Within the last few years Learning Technologies, Inc. has produced inexpensive laboratory kits that teachers can use to teach astronomical and general scientific concepts in a hands-on way.  Spectrometers with 1-nm accuracy that once cost a few hundred dollars can now be purchased at ten for $70.  With prices like this we can afford to equip every student as a scientist.  In fact, with prices like this we cannot afford not to equip every student in the upper elementary grades with a spectrometer and a teacher who can teach him the significance and use of this useful devise.  A classroom spectrum projector capable of displaying continues spectra with variable temperature, discrete emission spectra, and absorption spectra will be provided to some teachers as grade appropriate. 
b. Project Goals and Outcomes

· Provide the teachers with simple tasks they can have their students do to enhance the students understanding of basic astronomical concepts. 

· Explain the early development of astronomy in the need for time measures and make several simple clocks. 

· Give the teachers a concept of the space and time scale of astronomical entities and demonstrate ways to convey this to their students.
· Continue with improving previous years successful summer workshop (1999, 1998 and 1997) done at Montgomery College and funded by MHEC and the one successful summer workshop 1998 done at Southeastern University in the District of Columbia and funded by the DC Human Services Department also with Eisenhower money.

· Promote professional growth by increasing knowledge of astronomy through interactive demonstrations in a planetarium.

· Explore techniques for integrating computers into science curricula by using computer planetarium programs, solar system tutorial guide programs.  Explore the world wide web starting with http://montgomerycollege.edu/Departments/planet/, the web pages of the Montgomery College Planetarium that have been up for many years now and won the astronomy web page of the day recognition in 1996.

· Expose teachers to the wealth of free or inexpensive materials that are available on the web and those such as NASA videos, ASP (Astronomical Society of the Pacific) slide sets, a basic personal astronomical library, and hand-held laboratory equipment.

· Encourage the participants to write astronomy modules and establish a medium that will encourage them to share these modules with other teachers.  Lesson modules will be posted within Montgomery College Planetarium's web pages. Lesson plans will be submitted with Blackboard, Internet course software.

· Show that astronomy is an especially cross-cultural and inclusive field. Astronomy has always included women, even when the discrimination barriers were very great—Hypatia (400 AD), Annie Jump Cannon (1920), and Nancy Roman (semi-retired, one of the instructors).  Astronomy, as compared with physics, has a much higher proportion of women in the field.   Benjamin Banneker, a free black Marylander, produced the first astronomical almanac in America, a task that today takes a whole section of astronomers in the United States Naval Observatory to do.  Astronomy is multicultural.  Most of the proper names for stars are Arabic.  Most of the constellation names are Latin and Greek; the origin of more than half of the constellation figures in the sky is Sumerian (2,500 BC).  The International Astronomical Union was one of the first international scientific organizations to be founded.  Astronomers have actually been looking for evidence of extraterrestrial intelligence for more than twenty years now, so astronomy's inclusiveness knows no bounds.

c. Plan of Operation

During the school year we will use Blackboard, an Internet course distance learning system on Bowie State University computer servers.  The two principle teachers, Drs. Williams and Roman, will provide model lesson plans, questions, and help by using Blackboard. Online interaction with the teachers will begin October 1, 2003, through Blackboard.
The project director also has many contacts in Prince Georges Public Schools from previous workshops and even a few from Howard County, Baltimore, Carroll County, and Harford County.
Saturday topics for all day session in the planetarium at Montgomery College at Takoma Park
Saturday, November 1: What's up? Using the planetarium we shall point out a few of the major constellations that are visible even near Maryland cities, such as Orion, the hunter, Cygnus, the swan or Northern Cross, and the Big Dipper. For those with a good view of the southern horizon, Scorpio should be visible. We shall also point out bright stars in constellations that may not be always visible such as Aldebaron, Altair, Vega, and Cappella. We shall point out planets visible in the next eight months and show teachers how to get this information on the web. Since some parents are concerned about having their children go out at night, we will describe and show pictures of phenomena visible in daylight. We shall provide a simple demonstration of the phases of the moon and why, even though we can never see the far side of the moon, it is no darker than the side that we can see. We shall demonstrate with the planetarium and with the teachers how the moon moves among the stars and why we see different stars at different times of the year. Finally, we shall relate the various astronomical objects to members of a family and where they live. This is an effective introduction to astronomy for early grades.
Saturday, November 22: What time is it? List all the ways one can think of to measure time. Make three simple clocks. Determine the length of the day light at different times of the year and in different latitudes and longitudes.  Demonstrate that when it is summer in Maryland, it is winter in Santiago. Using a globe with the paths of the sun in mid summer and mid winter, we will demonstrate the reason for these differences. We shall explain the fact that the earliest sunset is about four weeks before the latest sunrise. Each of the clocks will provide an introduction to other concepts. The difference between watch time and the time measured with a sun dial provides the basis for discussing the fact that earth is CLOSER to the sun in the winter and therefore moves faster. As a result, the earth gets ahead of our watches with the reverse in the summer. It may also demonstrate that the magnetic pole is not coincident with the geographic pole (depending on the type of sundial we make.) and provide the basis for discussing standard time zones. Measuring time with a sand clock will demonstrate the importance and value of calibrating our equipment. We will demonstrate the use of the nocturne (star clock) in the planetarium but also show how to do it with a transparency and overhead projector. 

Saturday, December 13: Space and time—they're astronomical!  Make scale models of the solar system, the planets, and the universe.  Construct a timeline from the big bang to the present. Including events such as the very bright big bang, the dark period after the bright big bang before the first stars formed, the first massive star formation era when the universe brightened the second time creating many heavy elements (so life could form latter), formation of galaxies including our Galaxy the Milky Way, the formation of the Sun and planets with the earth, the first life on earth chemosynthesis (life in the rocks) then photosynthesis (life in the oceans), first life on land, first primate, the first homo sapiens (first humans), Galileo and Newton, TV, and today.  We will take the “Walk of the Planets” to provide an impressive demonstration of the scale of the solar system and the relative sizes of the sun and planets.

One learns science by making measurements and observations, not by memorizing ``facts.''  Phillip Sadler in his paper on Astronomical Misconceptions says: 

Several researchers have found that people can abandon their misconceptions and learn scientifically correct ideas only with unusual teaching methods.  The key technique appears to be that students must elucidate their own preconceptions and then test them.  Only by realizing that their own ideas cannot explain the outcomes of experiments or natural phenomena do people realize a need for a different theory.  Educators can then present the scientifically accurate concept as a powerful idea that can predict and explain events.  One consequence of accepting these new ideas is, strangely enough, that the old conceptions are forgotten.  So, misconceptions appear to be erased from students' minds.  This makes it very difficult for experts to recall misconceptions from their own student days; they simply do not remember them.

The astronomy modules that the participants write will be posted on the world wide web pages of Montgomery College planetarium which start http://montgomerycollege.edu/Departments/planet/ so that we can share this information with ourselves and other teachers after the three-month workshop is over. 

d. Teaching staff

Dr. Harold Alden Williams 

Planetarium Director 

Montgomery College 

Takoma Avenue and Fenton Street 

Takoma Park, Maryland 20912 

[301]-650-1463 

Harold.Williams@montgomerycollege.edu

http://montgomerycollege.edu/Departments/planet 

 Director of the grant and instructor for 5 days. 

For qualifications see curriculum vitae enclosed.  Harold Williams is a full-time staff member at Montgomery College, where he is physics lab and planetarium coordinator.  As planetarium coordinator he has several thousand elementary school children visit his planetarium every year. In the summer of 1996, when he taught PH203 and PH204 physics labs, he revolutionized the teaching of physics labs at Montgomery College at Takoma Park by requiring TI graphing calculators of all of the students This semester, as an adjunct faculty member, he taught 5.25 equivalent semester hours (a full time faculty load at the college is 15 equivalent semester hours) and held an exempt 40-hour/week staff job that often required more than 40 hours/week.  He is vice-president of local 2380 American Federation of State County and Municipal Employees, AFSCME, a staff union at Montgomery College. 

Dr. Nancy Grace Roman 

Astronomy by Roman, Inc.

4620 North Park Avenue, Apt. 306W 

Chevy Chase, Maryland 20815 

[301]-656-6092 

Nancy.G.Roman@gsfc.nasa.gov 

Instructor for 4 days. 

http://www.montgomerycollege.edu/Departments/planet/Nancy/Activities.html 

For qualifications, see curriculum vitae enclosed. Nancy Roman is one of the most respected astronomers of her generation. Before she retired from NASA headquarters, she was the Hubble Space Telescope Program Scientist.  Scientific seminars and colloquia are always improved when Nancy is in the audience because of her insightful questions. 

For several summers, for three hours per day for two weeks, Drs. Roman and Williams conducted a course at the Montgomery College Planetarium titled Astronomy and Astrophysics for Gifted and Talented Overachieving, Driven, Intellectually Curious, Honors Students in junior high and high school.  This class was quite successful and appears to have motivated several students to undertake real astronomy science fair projects. For 15 months (three semesters) she has worked students at Shepherd school in DC (six one-hour sessions and a field trip with each of three fifth grade classes (one per semester)), basing four of each set of sessions on the material to be covered on November 22. She has also participated with the Challenger program (working with up to 20 classes in various grades in three underserved areas and up to 16 fifth and sixth grade classes in DC in each of four years). In each of these activities, she developed a number of activities that can be done by K-12 students. 
Williams has been a mentor to several individual students over the years who have done outstanding science fair projects.  The question to be answered was, can a similar type of mentoring be done with a larger group?  This ongoing experiment was also intended to give Roman and Williams more hands-on experience with middle school students in a quasi-class-room situation (of course no grades were given) and gave Roman and Williams more confidence and believability when they told teachers that they, too, could use the resources of the web resources.  Williams conceived this idea in part because he kept seeing successful science fair winners from the same math teacher at Springbrook High School in Montgomery County year after year when he judged the BESK, Blair Einstein Springbrook Kennedy, science fair.  If it could work in mathematics, why not astronomy?  It seems that it can work.  This is an on going educational experiment. 

In most classroom situations, even in graduate school, there is one and only one science authority and many learners (students), but in the world of peer-reviewed scientific journals, and in those scientific colloquiums where debate is encouraged, scientific argument is common.  With Nancy’s sharp mind and any other confident scientist in the room, scientific debate is bound to break out several time a day.  Most science teachers never get to see or experience this conflict, which is essential to real science.   This dynamism needs to be modeled in science classrooms. Sometimes astronomy is sufficiently complex or our measurements sufficiently fuzzy that authorities are not sure of the answer either.  An attempt this year will be made to let the teachers explore ideas in this spirit of debate and discovery.

e. Evaluation Plan

The best way to understand something is to teach it, so it is hoped that most of the teachers will continue learning astronomy. Participants will maintain an instructional log during the subsequent school year, which will evaluate the usefulness of the astronomy that they learned and the experience that they gained when they used the astronomy modules that they and others wrote in their class.  The instructional logs that the teachers maintain and turn into us will be available to the Maryland Higher Education Commission for that matter any other educational researcher who may wish to use them. Production of useful lesson plans will also provide an evaluation of the workshop.
f. Operation Plan

1. Ten participants will be paid stipends.

2. Participants will be science teachers in grades 1 through 8.

3. The primary contact area is schools in Montgomery County, Prince George's County, and Howard County, but any teacher in the state of Maryland is eligible. 

4. The selection process will be as follows:  Teachers who register over the Internet will be given some preference in selection; this preference will be stated on the web application, but registration over the Internet will not be required.

Selection of the participating teachers will be made by Dr. Harold Williams (Project Director) and the science supervisors from the Local Education Authority in the case of public school participants.

Preference will be given to teachers from schools, both public and private, with high minority populations.  The primary site of this workshop is the Takoma Park campus of Montgomery College, which has a minority student population of 63%. 
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