a. Results from Prior NSF Support


The PI and co-PI’s have not received any previous instrumentation NSF support.  However, T. Freeman held five NSF RUI grants, AST 0631407, AST 0549121, AST 0319005, AST 0219434, AST 0206177, and one DUE 0087815, all resulting in professional publications and considerable publicity. He is also Co-PI on two grants: DUE 0087815 where he was significantly responsible for purchasing, installation, and maintenance of Bevill’s NSF sponsored MathLab workstations; and DUE 0122762 (S-STEM) where he mentored several students. Freeman has good experience in administering or implementing grants. 

b. Research Activities

Senior Personnel, Graduate Students and Undergraduates: 

To assure the successful long term operation of the telescope plus its ongoing use by teachers, students, and mentoring astronomer, Tarsh Freeman, mathematics faculty member at Bevill State Community College (a two year community college) will be the local coordinator and PI of this grant. He will supervise the modification of the existing observatory and the installation of the telescope, its instrumentation, and computer facilities at Bevill. T. Freeman and co-PI G. Byrd have collaborated since 1990, and T. Freeman has a great deal of experience using the facilities at the University of Alabama (U of Al) and Bevill for both research and education. He has a well established record of grant management with the NSF. T. Freeman has many years experience in teaching and tutoring mathematics, physics, and astronomy at the undergraduate and graduate level, as does G. Byrd. Both of them also have many years experience in communicating these areas to K-7 and higher level students. As PI, T. Freeman also brings a vital connection to the area schools, particularly those with a large African-American population. T. Freeman was raised in a small town, Oakman, Alabama in the area the telescope will serve. He has many local connections including those who established the first local school serving African Americans. Via both sides of his family, T. Freeman is also part Native American.
Dr. Gene Byrd, Professor of Astronomy, and co-PI will serve as the U of Al coordinator in the teaching, outreach, and observational training of students in observational projects. The U of Al has an excellent machine shop that pledges its support. G. Byrd will also serve in outreach and communication to the numerous small rural schools across this West Alabama region. G. Byrd was raised on a small farm in Texas and was the first in his family to enter and graduate from college; therefore, his background will also help in the outreach effort. U of Al had a 1950’s refractor in the middle of a light polluted campus.  The refurbishment of our dome, the replacement of this telescope and its pier recently by a computerized 16( reflector gave G. Byrd substantial experience in astronomical equipment and installation. He, along with Freeman, has used computers, ground-based telescopes and the Hubble Space Telescope in his research. Working with astronomers at U of Al, they will design an integrated research based education system using the STAR Telescope, image processing, and computer simulations appropriate to the 24( aperture of the telescope and to the abilities of K-12 students and teachers. Five other astronomy faculty, plus graduate and undergraduate students will provide a technical and astronomical resource pool and help assure continued successful operation of the telescope. Observational astronomers William Keel and Ronald Buta at the U of Al have suggested observational research based education projects appropriate to the STAR Telescope which are described in the next section. The U of Al at Tuscaloosa will serve as an astronomical resource pool for the STAR Telescope. Both Bevill Community College and the U of Al have computer personnel to assist in all phases of the project. 

Dr. Barbara Rountree, retired Professor of Education of science at the U of Al has agreed to serve as K-12 educational co-PI for the project. She is a founder of the Children’s Hands-On Museum in Tuscaloosa, Alabama and is also the Director of The Capitol School in Tuscaloosa (an international school for preK-12 students). It is the only school in the state to earn International accreditation with CITA and accreditation with the Southern Association of Colleges and Schools (SACS). B. Rountree is also the co-founder of the Multiple Abilities Program in the U of Al’s College of Education, a teacher preparation program designed to give future teachers the training to teach a wide-range of students. She will assure that the training of the teachers and the observational training and projects further the content of the K-12 science curriculum and use the best educational practices for instruction. Sadly, the Alabama State Department of Education’s 4 by 4 high school curriculum does not include an astronomy course for Carnegie Unit credit. Astronomy topics are only listed as topics for the 5th and 7th grade curriculum. Many elementary teachers in other grades include astronomy related topics. 
Dr. Hazel Freeman has taught mathematics for 15 years in the ‘Black Belt’ counties located in West and Central Alabama. Serving as co-PI for the project, H. Freeman’s role encompasses creating and maintaining the STAR Telescope website and coordinating the software functions for its operations. She will work with the team of graduate students in creating lesson plans at the 5th and 7th grade levels, particularly in the areas of mathematics, statistics, elementary simulation programs, and technology. H. Freeman will be working with the STAR Telescope project in addition to her duties in the Computer Science Department of the College of Engineering. H. Freeman has many years experience creating and maintaining educational web sites and coordinating software development teams. She teaches courses on this at the U of Al. 

Undergraduate students from Bevill in particular but also undergraduates and graduate students from the U of Al system campuses will be identified to carry out grant funded activities. For the first two years, they will be involved in STAR teaching and  promotion ``out in the field” at West Alabama Schools, training teachers, and writing website curriculum units for 5th and 7th grade students. During this time the U of Alabama’s 16” telescope (although not capable of remote operation) and a 20 inch portable Dobsonian telescope will be instrument resources. For the final three years, after the telescope is fully “remotely” operational, they will be involved in assistance of teachers and students in West Alabama Schools, the operation of the STAR Telescope and in teaching/research activities. Astronomy students’ duties will include helping to set up and maintain the STAR Telescope, train teachers, and assist students with observations. These experiences will provide the graduate and undergraduates preparation to use major telescopes at national observatories for their thesis and dissertation research.  The experience will be good for any future job in science and industry. The U of Al graduate and undergraduate students benefit from participation in the teaching and operation of the STAR Telescope since “the best way to learn is to teach.”
Telescope Time: 

Besides K-12 outreach and education, we expect that the telescope will have time for research based education and collaborative projects. U of Al astronomers and collaborating astronomers at other institutions will be involved with students and teachers in research based education projects.  In regard to some astronomical events, such as the optical observations of gamma ray bursts or quasar outbursts, the telescope should provide exciting observations of targets of opportunity for students and teachers. Because this is a robotic telescope travel expense to observe can be avoided. U of Al is a partner in SARA. This may serve as a source of observational collaborators for projects with students or use of the SARA telescopes as part of the project. Training for users on remote telescope operation will be provided by Bevill students under the direction of the PI. Part of the web development will include instructional sites that cover the telescope operation and instrumentation. The PI’s and an appointed committee of mentors will schedule observing sessions and evaluate outside research proposals for access to the telescope.  
General Considerations for Imaging Projects: 


For imaging applications, we chose a medium-format CCD imager for the telescope. One can buy 2048x2048 COTS devices which can do H-alpha imaging on nearby galaxies. A usable filter set is available at the U of Al for 50mm fields. Sky background is not likely to be an issue for these narrow pass bands since statistical work can be done on galaxies that are within reach of a 24( telescope if one is patient about the total exposure times. Narrow-band imaging of emission-line objects such as planetary nebulae and HII regions can be completed by high school and undergraduate students.


Study of galaxy structure and interaction features may be feasible in the red bands since the sky isn’t much brighter than at ‘good’ sites. A key metric is how long it takes to go deeper for extended structures than the Sloan Digital Sky Survey (SDSS), roughly half an hour scaling on light grasp. This is a bit less than first considered since near the equator SDSS gets only about 50 seconds’ exposure per filter with a 2.5m telescope. We would get an equal number of counts for a point source with 16 times the exposure (the comparison for galaxies depends on the image scale).  For this point source, 55 minutes with a 24( would go twice as deep.  Although the 24( would not be as effective as, say, a 1 m telescope, with experimentation useful images should be obtainable depending on the object. 

The 24( STAR Telescope will be very effective for imaging surveys of nearby galaxies in longer wavelength passbands. For example, I-band imaging at 0.8-0.9 microns would provide information on the stellar component of many galaxies and would be less affected by dust and star formation than the blue and visual bands that are often used for galaxy morphological studies. The I-band is an optical/infrared band where even at a dark site the sky background is still bright. It is a good compromise between blue and visual bands, where a dark sky is needed, and longer wavelength near-IR bands, such as J and K, where the sky is always very bright. In principle, imaging of galaxies at blue and visual wavelengths could still be carried out against the brighter sky background that would be inevitable at our site. The bright inner parts of galaxies which show interesting structures could be usefully imaged for many nearby, bright galaxies.
Spectra of Individual Galaxies and Interacting Pair Members: 

We intend to purchase a spectrograph for the telescope. WWW material on the SGS (self-guiding spectrograph) and sample data are at http://www.sbig.com/sbwhtmls/spectrometer2.htm. The useful features of this specific device allow us to think about doing interesting spectroscopy with the instrument as it is delivered. It is designed to use one of the two-chip SBIG cameras to simultaneously guide and get the spectrum, using the tracking CCD to view the slit location for setup. The optical layout is thus unusually easy to set up and easily managed by the U of Al machine shop and Bevill personnel. U of Al astronomers have prior experience with the cameras and spectrograph on the new U of Al telescope. The choices of slit and gratings allow a number of interesting studies of galaxy redshifts, stellar spectral classification, and comet emission features. Operation of the instrument will be well within the capabilities of mentored students and teachers. This would give students hands-on exposure to one of the most neglected topics in introductory astronomy. The reason new redshifts are needed for pairs selected from the SDSS is that SDSS spectra are generally obtained for only one member of a pair. SDSS redshifts come from aperture plates with optical fibers inserted at galaxy locations. 
Educational Outreach to Underserved Areas


Education Training Activities: Construction of the STAR Telescope will provide an opportunity for astronomers and teachers to communicate the excitement, methods, and content of science to students in the West Alabama area to improve the low level of education in science. It will be exciting for the students to know that they are using the largest publicly available telescope in Alabama! In addition to the education/research and collaborative projects described below, we plan extensive education activities to underserved areas. As described briefly in the Summary and in the Impact section below, West Alabama is an extremely impoverished, isolated area populated by groups with minimal educational opportunities and the resulting economic improvement. How can teachers and students in these areas and groups be reached? In the course of hosting thousands of K-12 students to astronomical talks for almost 30 years at the U of Al, we have noted that student interest in astronomy is almost universal. We propose to use student interest in and excitement about astronomy for science teaching through astronomical research or STAR. Additional funding will be sought to develop and implement in-service training for elementary and middle school teachers. We must first reach West Alabama teachers through in-service programs with meaningful content and the technical knowledge for them to teach to their students. This approach provides opportunities for exciting active collaborative learning. In addition, the new science curriculum for the state of Alabama requires teaching about the Solar System at grade 5 and a nine week unit on planetary studies at grade 7. With these new requirements, teachers need opportunities to learn science content in these areas. With the pressure of curriculum changes, in-services scheduled by the public schools in West Alabama and East Mississippi could be the format for training by the astronomers to meet a real need while also providing a foundation of inquiry-based science for students in these rural counties. Today, astronomy can be brought to formerly isolated students and schools by the Internet. All Alabama schools are now ‘wired’ to access the many web sites devoted to astronomy. We intend to introduce teachers to these sites and use these electronic resources. In addition, teachers will bring their students to the new STAR observatory. We have observed thousands of students on field trips and their excitement in observing the sky with a real telescope and talking to a real astronomer. These field trips are a great start and provide needed motivation for classroom studies. However, they are of necessity brief, difficult, and expensive so that ‘follow-up’ observations are not practical. We want to combine the efficiency and ease of Internet connection with the use of an actual telescope to make actual observations. We also want to insure a continuum of learning from simple observations to possible participation in actual astronomical research with local astronomers. A network of participating teachers will communicate via the STAR website. Lesson plans, student work and research, schedules, fieldtrips, calendar, and downloads will be available for the school’s pc. To achieve these goals, we propose to construct the STAR Telescope in Fayette Alabama at Bevill State. This will be a telescope which can be used via the Internet for research and for education by students and teachers from their local schools. The telescope would be close enough for field trips to introduce students to the telescope plus summer in-service training of teachers about the operation and data processing software. We want students and teachers to learn the methods as well as the facts of science in planning and interpreting their observations. We want them to catch the excitement of science as they observe the sun, moon, and bright planets in the daytime along with the moon, planets, stars, nebulae, and galaxies at night. We also want the students to gain computer expertise processing their own images and data. Additional funding sources will be sought to develop plans to maintain interest and continued learning in science through the high school years. Besides the CCD camera and filters, we want to provide more advanced students in Physics courses with a spectrograph to greatly expand the range of projects. We hope to provide these students with opportunities to participate in research observational projects using the STAR Telescope with their local astronomical mentors and with international collaborators. Some of the teaching and research projects can involve computer simulations. Byrd and Freeman have, in the course of their research, developed computer simulations of multiple stars and galaxies which work well on an ordinary pc. In addition, web space will be provided by Bevill to house the STAR website. It will furnish up-to-date images of the moon, planets, nebulae and galaxies. All of these images will have been created by students. This unique aspect of the project provides the student with a visible end result of their work which can be shared with classmates, family and friends. It also gives them an opportunity to do the work that real scientists do and to be recognized for their efforts. The site will include suggested weekly activities for local clubs of ‘STAR Gazers’ (5th, 7th graders), ‘Proto STAR Gazers’ (K-4th graders), and a chat-room for students to discuss their studies and observations. Developing a 5th grade curriculum unit will be one of the first priorities during the planning time in year 1 while the telescope is being built. Year 2 allows time for the graduate students (a team of U of Al graduate students from Astronomy and Elementary or Secondary Education) to develop a 9 week unit on Planetary Studies for 7th graders.

Publicity: As another motivational tool, we have developed a comprehensive publicity plan. We have observed that TV stations include the moon in their image of the forecast sky at night. Invariably the moon is included as a constant generic image which is usually upside down from what one would see in the sky and is almost always pictured in the wrong phase. The latest and worst case recently observed was an image of the far side of the moon-- which is never visible from the earth! We will develop a series in which students from different schools observe the moon and other celestial phenomena and send the images to the area TV station covering the counties in this region of the state. The images would be shown separately with acknowledgement to the student(s), school, and the STAR Telescope. This would correct a science error and educate the public. We have discussed the idea with the meteorologist at a Birmingham Alabama station and she is very interested in the project. Also, local radio stations will air student-written announcements as part of their public service programming. In the rural area of West Alabama, we think we can improve scientific literacy by daily airing facts students learn from their studies and the STAR program. Teachers participating in the Summer STAR Workshops will be giving instruction on helping students write the short scripts used for the radio spots. Various schools and grade levels will submit their scripts on a rotating basis for broadcast. All radio spots will conclude with ...brought to you from the STAR Telescope at Bevill Community College in Fayette, Alabama and Funded by the National Science Foundation. Students will also share with their local communities by making presentations at PTA meetings, at community clubs, and centers. Computers in the school (possibly the school library) will be used for the students to log onto the STAR website so that their work can be shared with these other groups and to increase public awareness. It will be particularly exciting to actually use the telescope during such a presentation.
Educational Projects: We will emphasize during in-service training of the teachers and in the summer work shops that the STAR Telescope is only one source for astronomical projects and activities possible to learn about science and its methods. We will also discuss projects involving little or no purchase of equipment or using materials purchased for less than a dollar. Some examples which one of the co-PI’s has created are: e.g., Byrd, 2005, Astronomy Education Review, 4, Issue 1, Simulating Formation of Rifts on Saturn’s and Uranus’s Satellites versus Scarps on Mercury; Byrd and Graham (1999), dissecting a non-flash disposable camera to better understand optics and telescopes; Byrd and Dupke (1997) using a ‘pin-hole’ protractor to study angular size versus distance and how astronomical parallax measurements are made; Byrd (1998) on measuring the Earth’s circumference with a yardstick quadrant and Polaris in a way easier than Eratosthenes’ method. This method is nice for students who are taking vacation trips of only several hundred miles in north-south distances. When the STAR Telescope is installed, public Open Houses will be held on various nights during the week. In addition, students of teachers who have participated in the in-service training will be invited to a ‘STAR Snooze’. These will be hosted by Bevill State Community College on their campus. ‘STAR Snooze’ will involve an overnight fieldtrip to Bevill to view the telescope and spend Thursday night ‘camping’ on the campus. Students, teachers and chaperones will arrive on campus in time for dinner in a cafeteria. Four classes of 5th or 7th graders will pay a per pupil fee to see the STAR Telescope in action and met in small groups with an astronomer from Bevill or The U of Al. These ‘STAR gazers’ will sleep in sleeping bags in tents in an enclosed quad area of campus. Bevill campus police will provide supervision and security. Rest rooms are available in the adjacent building. Friday morning, students will eat breakfast before viewing daylight solar activities such as ‘Sunspotter’ in the Observatory. Last, they will take a tour of campus before returning to their school for lunch. This plan allows for the use of public school buses at times when they are available. A list of possible projects is given below which will use the STAR Telescope in whole or in part. We divide these into two categories “Teaching” and “Research”. The Teaching projects may be appropriate to all levels or to specific grade levels as indicated. The “Research” Projects will involve collaboration with astronomers and are real research projects that are already described. Teaching observational project examples: 
Bright time observations

Day and night images and phases of the moon 

The orbital motion of the moon and phases of the moon 

Sunspots and the rotation of the sun

Sunspot cycle (Long term)

Images of planets

Orbital motion and rotation of Mars

The yearly seasonal motion of the sun

Day and night observations of the phases of the planet Venus

The daily motion of the sun (K and early grades)

The angular size of the sun, its physical size & distance (Middle and High school)

Spectra and colors of bright stars (Middle and High School)

Heights of mountains on the moon (Middle and High School)

Multiple star images versus computer simulations of multiple stars (High School)

Algol and other eclipsing binaries (High School)

The spectrum of the sun, the moon and bright planets (High School)

Dark of moon (dark sky) teaching observations:

Images of nebulae

Images of galaxies

Spectra of brighter galaxies versus those of stars, planets, the moon and the sun

Spectra of galaxies and their motions

Nature of galaxies (Middle School and High School)

Images of brighter galaxies, the different types (High School)

Image of M51 galaxy and its companion vs. computer simulations (High School)

Spectra of nebulae versus those of stars and the sun (High School Physics)

Finding the expansion of the universe (High School)

Integrated Research/education programs

Educational Observational Research Projects and Collaborative Projects: 

Surprisingly a 24( telescope with sufficient instrumentation allows its use for professional astronomers (local and outside) collaborating with students and teachers who will be able to participate in several on-going research projects. The telescope with be of sufficient aperture and instrumentation to obtain images and spectra of faint stars, nebulae and galaxies. This grant would enable graduate students, undergraduates, high school students and their teachers to have opportunities to participate in international astronomical research projects. While there are many projects possible with the STAR Telescope, we list those projects that are in the research areas of Bevill and U of Al astronomers or their collaborators, will be managed by them, and are suitable for integration into educational outreach. The following research projects will involve student participation from high school through graduate school. Students will be involved at all stages from observation to reduction to preparation of the results for publication.
Imaging of Individual Galaxy Morphology: As part of this broad project there are several concomitant projects all suitable for students and teachers mentored by faculty.  

· Students can use the STAR telescope to extend the galaxy morphology atlas – an up-dated alternative to the familiar Hubble Atlas of Galaxies. R. Buta (U of Al) will mentor these students (see 2006 AJ, 131, 1377). 
· The STAR Telescope will be useful in surveying resonance ring galaxies. This survey of northern hemisphere ringed galaxies will be at near IR, I, as well as visual wavelengths. Images of barred and ringed galaxies are useful in understanding their dynamics (Buta and Block 2001). This survey will provide information on the frequency of secondary bars and nuclear rings in galaxies. These features always occur in the bright central regions of galaxies and would not be easily lost to light pollution. See Buta, Byrd, and Freeman (2004), Freeman, Byrd, and Buta (2003) and Byrd, Freeman, and Buta (2006) for their work on ring galaxies.  R. Buta will mentor these students.
· Previous work (Buta, Byrd, and Freeman 2003, and references therein) on the leading/trailing arm pattern in NGC4622, points the way to a broad project by the STAR Telescope on spiral arm sense in galaxies. Since Byrd’s discovery of the unusual arm pattern of this galaxy it has become clear that the sense and nature of spiral patterns are not yet totally understood. Buta and Alabama graduate student Becky Grouchy have recently discovered another two-way galaxy with two and three arm patterns in opposite senses, indicating that such two-way patterns may be more common than previously thought. Byrd and Freeman will mentor students using the STAR Telescope to survey northern hemisphere disk galaxies to search for other clear two-way patterns. Fourier analysis of the images will reveal spiral arm senses as well as pitch angles, arm-inter-arm amplitudes, and arm classifications.
Quasar Monitoring: G. Byrd has a long standing research collaboration with astronomers at Turku University in Finland and at the University of the West Indies (UWI). The STAR Telescope will complement the quasar/active galaxy monitoring project at UWI and Tuorla Observatory in Finland. The STAR Telescope would be larger than the one at UWI. Astronomers in these two institutions will help with observational training of undergraduate and graduate students. In particular, the STAR Telescope would be used for crucial monitoring of the BL Lac object OJ287 as well as other objects in the monitoring program. This object is unique in that it is periodic with outbursts every twelve years (Sillanpaa et al 1988). The predicted outburst was indeed observed in late 1995. The Finns would like to use a 24( inch telescope in the southern USA when Finland has 24 daylight/twilight hours during the summer. The Internet capable operation of the telescope will be very useful for these projects. In studies of QSO variability with a wide imaging field, local reference stars can be used which allow this program to continue even under less-than-photometric conditions. 
Imaging of Interacting Galaxies: The STAR Telescope will be able to image interacting galaxies. W. Keel, G. Byrd and T. Freeman have studied such galaxies via observation and simulation. See Howard, Keel, Byrd and Burkey (1993) for matches of simulations to observed interacting galaxy images. This article, its associated video, and the computer image file versions serve as a convenient dictionary to ascertain the dynamics of interactions. This approach could extend work which W. Keel started at the Lowell 1.1m on galaxy interactions and triggering of starbursts and AGN. Examples of reconstructing orbital parameters from the morphologies and limited velocity data are found in Keel (1993, 1996) and Keel and Borne (2003) which build on the simulation survey dictionary of interactions mentioned earlier. This work is ideal for student and teacher participation because the data reduction procedures are well established and easily adapted to student use. Keel is also interested in involving students and teachers in work on galaxy environments where there are environmental issues for active galaxies which remain unsolved. One obvious example is the influence of local galaxy and gas environment on giant radio sources. Simple considerations suggest that the largest double sources might lie in poor clusters for the requisite range of intra-cluster medium density. Archival x-ray data would play a role in this study as well. With this telescope long total exposure times can done sequentially and stacked to obtain deep images needed for computer simulation studies of the pairs or individual galaxies. High school students and teachers will be very helpful with the observations and processing as well as the computer simulations which are easily used by students and teachers. 
Supernova Observations with the STAR Telescope: Students and teachers can use the STAR Telescope for discovery and monitoring of supernovae. Many supernovae are discovered each year, but few receive serious monitoring. Buta, Byrd, and Freeman (2002) describe the serendipitous discovery of a supernova in NGC4622. The capability of the STAR Telescope provides important follow-up work, and the observatory could provide targets of opportunity for such events. Important bright supernovae can be given attention at a longitude where few significant observatories are found in the northern hemisphere. CCD imaging could provide multi-band light curves, maximum apparent magnitudes, color evolution, and location of supernovae for both individual studies and statistical studies. Type Ia supernovae may also provide distance estimates to some galaxies. The STAR Telescope also could be used with a well-organized plan to discover new supernovae. The system will be automated and could be programmed to image many galaxies in an efficient succession. The images would have to be inspected in real time by students and a data base of comparison images set up for automatic searches. R. Buta will mentor these students.  

Gamma Ray Burst Visual Observations: Gamma ray burst (GBR) follow up (improving the statistics of optical counterparts to be within hours after burst detection) will continue to be a major world-wide effort for years, spurred on by the operation of the Swift satellite observatory. The proposed Internet connection, remote/robotic operation and motorized dome features for the STAR Telescope will make it quite useful for optical follow-up of GBRs. The proposed STAR Telescope location is in a longitude gap of sizeable telescopes. Other available telescopes in this range are less equipped than we propose for the STAR Telescope. The STAR telescope can be important because many GRBs are detected in areas of sky which have only a few hours or nighttime accessibility from any one place since a burst may fade substantially before it gets dark in West Texas and Arizona, while being invisible from Chile. For this to work, we need a system for getting new coordinates to the telescope either manually or electronically and having quick pointing response because minutes matter in this important field of research. Kouveliotou and Fishman at the National Space Science and Technology Center (NSSTC) in Huntsville, Alabama, are interested in collaborating with the Bevill/Alabama group to perform follow up observations of Gamma Ray Burst (GRB) afterglows, using the STAR Telescope. The NSSTC team (C. Kouveliotou, and J. Fishman) has established a successful collaboration since 1998 between amateur and professional astronomers at AAVSO and the United States Naval Observatory (USNO, A. Henden), at Flagstaff, AZ to encourage, educate, encourage, and assist amateur observers in their search and monitoring of the optical counterparts of GRBs. GRB monitoring is a target of opportunity observation.

We emphasize that all these research projects will interest high and even middle school students and aid in maintaining their interest in science and further education. We plan to include them in all these projects.  
 (c)   Description of the Research Instrumentation and Needs 

The Proposed Location of the Telescope: 
Fayette Alabama is a small town in an underdeveloped part of the state. In contrast to metropolitan areas, local skies are dark. Modifications will be made so that the school’s parking area will have low light pollution lamps or can be turned off when possible. Nights with a bright moon in the sky will be used for teaching observations of moon, bright planets and stars. In West Alabama, the sun is observable at least 3 out of 4 days with 3 of those possible nights suitable for high quality research observations based on U of Al astronomers’ experience. The STAR Telescope would be the first and largest telescope in the state of Alabama. This site is located at 33 degrees latitude and 87 degrees longitude. The STAR Telescope will fill a void or ‘longitude gap’ for research grade telescopes. While the location does have drawbacks compared to a desert location in terms of the frequency of clouds, the location enhances the telescope’s value as a teaching tool which can be seen, touched, and actually looked through by students. The ease of robotic Internet access will greatly increase use of the telescope during suitable times. A number of robotic telescopes already exist but few are devoted to public outreach and education with excellent software and websites. We shall not attempt to ‘re-invent the wheel’ in ignorance of the progress and experience of others. We shall adapt others’ experience with equipment, software, and instructional activities to our goal of creating a motivating educational resource which will correlate with the K-7 Alabama Course of Study and benefit the students of West Alabama. Three robotic observatories and their sites which will serve as models are: the NSF sponsored Micro Observatory is online at Harvard (http://mo-www.harvard.edu/MicroObservatory/). This group of small inch telescopes has a world-wide reach for the general public. The Mount Wilson Institute Telescopes in Education site with a 24 inch telescope has an interesting set of exercises using the CCD camera of the telescope (http://www.telescopesineducation.com/program.html). Louisiana State University in cooperation with Baton Rouge parks has a 20 inch Optical Guidance System robotic telescope devoted to public outreach and education. Guzik, et al (1998) gives a very complete description of their experience and design. They have also been helpful to us in informal communications.  In connect with the University of Alabama’s membership in SARA, we have discussed and will have access to a practical body of expertise in remote operation of telescopes. The set-up, repair and modification costs are reduced because of its location on the Bevill campus with the U of Alabama within 1 hour driving distance. Introductory field trips and in-service teacher training are convenient for 109 schools in West Alabama plus many others located within 47 miles of the Mississippi border.
Present Facilities at Bevill and Plans to Modernize: 
An observatory building already exits in this small town. It has a 13.5 ft. diameter and 18 ft. high dome which currently contains an over 30 years’ old 14" reflector. The observatory is located atop the General Education Building and is secured by regular patrols of police. We propose to replace the present telescope with a modern larger telescope and motorize the existing dome. In addition to the capability for remote operation of the telescope and dome, a CCD camera, filters, and a spectroscope will be available along with the ability to observe the sun. Computer display and processing of images will be possible onsite and remotely. A possible telescope is Optical Guidance System’s 24( Telescope which the present dome can accommodate. The telescope should be of sufficient aperture to be useful for certain exciting research projects.  

G. Byrd and the astronomy group at the U of Al have considerable hands-on experience developing and installing what can be considered as a smaller version of the proposed Bevill telescope. In January 2005, the astronomy group in the U of Al completed installation of a DFM 16 inch computerized telescope. They oversaw removal of the old 1950 refracting telescope, refurbishment of the 1950's dome and construction of a new pier. Aside from the computerized operation, our department technicians have themselves installed encoders and computer control of the dome so that it turns with the telescope. Our 1950's dome cannot be fully modified for remote operation but many of the aspects of remote operation can be carried out from computers in the control room which is separate from the dome. The newer Bevill dome can be modified for truly remote operation along with a telescope designed for that purpose. The new membership with SARA will add additional invaluable experience in remote operation for the development of the modern, larger Bevill telescope on its dark site.

d. Impact of Infrastructure Projects 
The regional need: 
The broader impact of the STAR grant extends to participants of underrepresented groups including the predominately female teachers from K-12 rural schools in West Alabama, K-12 low-income students from six counties, a community college, and the general population of the area which has little access to scientific information. More than 50% of the residents in West Alabama are low-income, rurally isolated, African-American, Latino, and Native American or a combination of these factors. The Alabama State Board of Education reports 2002 data that 49% of this region’s school children qualify for free or reduced lunches.
The need among students: 

The STAR Telescope would become an important regional educational resource for science in an economically underdeveloped and poorly educated section of Alabama. The telescope will energize science teaching via students’ fascination with astronomy. Underdeveloped parts of West Alabama and groups of the population are held back by a lack of education, particularly in science. This is evidenced by test scores of the SAT, 9th edition. These tests are given to students at various grade levels in our public schools. While student scores vary at different grade levels, by school, and by county, they are universally low. Sadly, the science section of the SAT tests is even lower. These can be viewed at the state of Alabama’s website. We have included many of these charts of the SAT 9 scores at grades 4 and 8 and the graduation exam scores as supplementary materials. In some counties, 14% of juniors failed the science section of the Alabama Graduation Exit Exam.
The Need among Teachers: 
Almost all elementary teachers in the state of Alabama are required to take two college science courses for the BS degree in elementary education. About 87% of elementary teachers reported taking biology courses to fulfill the degree requirement. Thus, elementary faculty are expected to teach a science curriculum that requires life, physical, and earth sciences yet have only had college level science courses in one area. Surveys conducted by the West Alabama In-Service Learning Center show self-reported data from K-6 teachers that they do not feel prepared to teach science. 

Testing in Alabama schools concentrates on reading. The end result is that teachers spend more time teaching reading and far less time teaching math and science. Teachers need content knowledge with opportunities for students to participate in hands-on science experiences. Middle and high school science teachers are required to hold a degree in science education with a major in science. If they are teaching in-field with a science background, they are probably more prepared than the elementary teachers who must be certified to teach all content areas. However, few middle and high school teachers have had courses in Astronomy.  


Additional grant funds will be needed for K-12 teachers to gain much needed science content. Such training would have an immediate impact on students in West Alabama who would be taught by the teachers trained in the summer STAR Institute. The effectiveness and need for modification of the program will be evaluated using results of in-service training, questionnaires, standard tests and tests within the newly designed units of study at 5th and 7th grades. Specifically, we will seek additional funding to implement these educational goals: 

(1) to link schools with the ‘robotic’ Internet operable STAR telescope for astronomical observations by K-12 students from their own schools in 6 Western Alabama counties: Fayette, Pickens, Lamar, Marion, Walker, and Tuscaloosa 

(2) to improve test scores on the science section of the SAT-10 for students by year 2010 from the participating 5th and 7th grade classes from West Alabama schools

(3) to provide in-service training for 5th grade teachers to be held during the summer of 2008 and in-service for 7th grade teachers in 2009. This training will focus both on astronomical background, research methods, and use of technology to make the observations and process the data collected from the telescope. Training for Physics teachers in scheduled for 2010.
(4) to establish a ‘STAR Gazers Club’ or ‘Proto STAR Gazers Club’ at each participating school and to link them together via an Internet network between schools of ‘STAR Gazers’

(5) to assess effectiveness by obtaining base-line data on the students who are members of Star Gazers and who are 5th and 7th grade students of teachers trained in the summer STAR Institute as compared to students whose teachers did not receive training

(6) to provide research mentorship opportunities for high school Physics students and teachers with undergraduates and faculty at Bevill and The U of Al

e. Project and Management Plans:   
The PI and three Co-PIs form a united team dedicated to produce the highest quality education and training/research observations. T. Freeman will serve as Project Manager ably assisted by G. Byrd. Both have well established records in managing NSF grants. They both have the full support (secretarial, travel, financial, laboratory, machine shop, computers, etc.) of their respective schools. Bevill will provide a full-time secretary for project use.  The Project Manager will require quarterly progress reports from all participants with respect to the milestones listed below.  He will closely monitor the construction and operation of the telescope.  Beginning with the initiation of the grant, he and G. Byrd will consult managers of robotic telescopes to develop an implementation and operation plan for the STAR telescope. The individual research based education projects will be handled by the appropriate faculty member. Robotic telescopes require less support personnel than regular telescopes. T. Freeman will provide all local support for remote users assisted by Bevill students. Collaborative projects will be negotiated by G. Byrd. H. Freeman will manage all the Internet and computer resources. B. Rountree will coordinate and manage the education projects. The time line for action items follows. The proposal covers 5 years as a development project.
Time Line (assuming initial availability of funds during Fall term 2007):

Fall Semester 2007: 

Consult with collaborators on hardware questions

Consulting visits with operators of robotic telescopes (including SARA)
Order telescope and instruments with 25% down payment required. The telescope will take 24
     months from order to completed installation.  Dome renovations and weather station are part of the contract. 
Order telescope pier
Negotiate building permits and begin construction upgrades on Bevill Campus
Purchase of Internet server and system 
Identify students at Bevill and  U of Al schools  for program promotion in the field and to collaborate on 5th grade unit of study (B. Rountree and G. Byrd).
Begin grant writing and submission to find funding source for educational outreach to underserved areas. 
Spring Semester 2008: 
Practice trials on other remote telescopes (e.g., SARA) and develop implementation plan for STAR

Installation of server and software (H. Freeman)

Install new dome motors, robotics, and sensors

Contact all school systems through the NSTA ‘Point of Contact’ science teacher in each school 
     with ‘Presence in Science’ network (B. Rountree)
Initial trial field visits to schools and identification of pioneer mentor teacher candidates.
Meet with Alabama State Department of Education regarding curriculum requirements 

Summer 2008: 

Preparation of Internet server and system (H. Freeman)

Develop or obtain virtual telescope software for training

Begin training students in telescope operations both at Bevill and U of Al schools.
Graduate students hold in-service meetings with 5th grade teachers in a local school for field 
    testing curriculum unit.
Fall Semester 2008: 

Conduct telescope software trials on a virtual telescope and similar telescopes elsewhere 

Continue visits to regional schools to publicize the coming availability of the telescope and 
     to recruit the pioneer group of teachers for in-service training 

Brief in-service visits of the pioneer teachers to work with these exercises and learn about the 
     telescope

Spring Semester 2009: 

Continue work started in the Fall Semester 2008
Recruit next set of teachers for in-service training

Summer 2009: 

Continue training of personnel and work with a virtual telescope 

First in-services with 7th grade teachers to field test the nine week Planetary Studies curriculum 
     unit 

Fall Semester 2009: 

Complete installation of telescope, instruments and software

 “Shakedown” of telescope, instruments, server and Internet connection 

Testing operation of the weather station and the motorized dome

Finalize collaborative projects with external astronomers.

Spring Semester 2010: 

First introductory field trip visits 

School Star Gazers Clubs started 

First trial remote observations from schools 

Remote teaching observations in full operation

First full research observation trials for state and external collaborative astronomers
Summer 2010: 

Training second group of undergraduate STAR Telescope assistants

Begin research based education observations
Begin full fledged education/research observing

In-services with 5th and 7th grade teachers (B. Rountree)
Fall Semester 2010: 

Continue research based education observations

Continue outside education/research observing

Routine formal in-service training of teachers from nearby school 

Routine introductory field trip visits 

Freshman STAR Telescope assistants work with students and teachers on their observations.

Spring Semester 2011: 

Full operation 

Routine formal in-service training of teachers from nearby schools

Routine introductory field trip visits and STAR Snooze events 

Routine teaching observations by students

Research observations by students

Freshman STAR Telescope assistants work with students and teachers on their observations.

Summer 2011: 

Training third group of undergraduate STAR Telescope assistants 

If additional funding obtained, in-services with High School Physics teachers will be planned and
     held. 

Collect data from 6 counties of science SAT 10 scores from this past school year and compare to 
     previous years’ scores at the same schools.

Fall Semester 2011: 

Routine formal in-service training of teachers from nearby schools

Routine introductory field trip visits 

Routine teaching observations

Freshman STAR Telescope assistants work with students and teachers on their observations. 

“Lobbying” and solicitation to assure full operation beyond the end of the grant from state, regional, and
     local sources

Spring Semester 2012: 

Full operation: Routine formal in-service training of teachers from nearby schools. Routine introductory field trip visits. In-service training sessions with 5th and 7th grade teachers held for final Evaluations to be conducted. 

Routine teaching observations

Research observations by students 

Routine education/research observations by students with outside researchers

Freshman STAR Telescope assistants work with students and teachers on their observations.

Summer 2012: 

Training fourth group of undergraduate freshman STAR Telescope assistants

Continue “lobbying” and grant writing to assure full operation beyond the end of the grant. We will seek state, regional, and local funds. 

Teachers who have participated in the Summer STAR workshops will be conducting yearly in-
     services in their local school which will expand participation at each local school.

Evaluation:
(1) We will encourage middle and high school students to participate in science fairs at all levels.  Undergraduates will participate in research conferences.  We expect publication of papers in refereed journals and the resulting citation of these papers, assuring that proper credit is given to the NSF funding in acknowledgments. We will also participate in special sections of the American Astronomical Society meetings and other meetings with users of similar telescopes (e.g., U of Al, SARA). We also plan to present papers at meetings on robotic telescopes. 

(2) After the two year construction period, the internet operable STAR Telescope will be installed in the current Observatory of Bevill and ready for initial testing. Yearly reports will describe the work to link it to all systems and to create the web pages. Research efforts will be documented and data stored. Records will be kept of use of the telescope for astronomical observations by K-7 students from their own schools in 6 Western Alabama counties and by other schools in Mississippi or other states. Field trips from schools in Fayette, Pickens, Lamar, Marion, Walker and Tuscaloosa Counties will be logged each week. Each teacher who participates in the Summer Workshops will receive invitations for ‘STAR Snooze’ events. Funding will be sought from the West Alabama Economic Development Council and Industrial Development Council. The school systems are expected to budget the cost for a yearly field trip beginning during the third year to sustain the inclusion of the field trip as part of science instruction.

(3) We will document science test scores for students by year 2010 from the participating 5th and 7th grade classes where the Alabama Science curriculum requires solar system and planetary units be taught. We will compare scores from classes where teachers have been trained in the Summer Workshops to scores from classes in the same or similar schools within the county. 

(4) Additional grant proposals will seek funding for Summer STAR Workshops to provide in-service training for 30 teachers to be held during the summers of 2010-2012. This training will focus on astronomical background, research methods, and use of technology to make the observations and process the data collected from the telescope. The teachers will be selected through NSTA’s ‘Point of Contact’ with the Building a Presence For Science program. Consideration will be given to 5th and 7th grade teachers. Over 3 years, training will be provided for one teacher in every school in West Alabama (allowing for some additional spots due to attrition). Yearly reports will reflect dissemination efforts as participating teachers will be required to make two commitments to be accepted into Summer STAR: conduct an in-service at his/her local school to share the training and fieldtrip opportunities and write a proposal for the state science conference to present some aspect of their unit of study to teachers across the state. When possible, they will be expected to bring students to share their work. New grant proposals will seek funding for the $75 registration fee for 30 teachers to attend the Alabama Science Teachers Association annual meeting in Birmingham. Teachers will evaluate the 4 day summer workshops and participate in a Saturday In-service Refresher Course during the two academic years. A final evaluation of the workshops will be conducted at that time.

(5) Participating teachers will be encouraged to start a ‘STAR Gazers Club’ at their school. Yearly reports will count the number of clubs started and the website that links them together via the Internet will document activities of local chapters of ‘STAR Gazers’ 

(6) We will record base-line data on the students in each of the 109 schools. We will track the scores of the science section of the SAT 10th edition of students who are members of ‘Star Gazers’ and who are students of teachers trained in the summer STAR Institute. These will be compared to other students of the same grade level from non-participating teachers or from the same grade from previous years. We will also compare numbers of students who enter school science fairs with numbers of entrants from previous years. The telescope will be great for these!
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