II. Project Description

“We are responsible for producing students who can read and write but these students also must be able to analyze data, solve problems and communicate effectively.”

West Virginia Superintendent of Schools, Steven Paine, November, 2005

Scientists and technical staff at the National Radio Astronomy Observatory (NRAO) in Green Bank, WV, in partnership with physics, computer science, and science education faculty at West Virginia University (WVU) propose a Comprehensive ITEST project that will improve rural teachers’ knowledge of the nature of science and the importance of information technology to scientific discovery. The project, called the Pulsar Search Collaboratory (PSC), will help them transfer that knowledge to teaching practices consistent with the nature of scientific inquiry (AAAS, 1989; NRC, 1996) and provide a mechanism whereby teachers infuse information technology (IT) into their physical science and earth science courses.  We will accomplish these goals by involving teachers and students in astronomical research: the search for new pulsars.

Pulsars are rotating neutron stars, the densest known form of matter, with strong magnetic fields which generate radio waves. As a pulsar spins, it flashes radio waves into space like a celestial lighthouse. Pulsar research has blossomed with the construction of the Robert C. Byrd Green Bank Telescope (GBT), putting West Virginia at the forefront of international research.   The GBT has discovered over 60 pulsars in the last five years, including the fastest known pulsar which rotates an astonishing 716 times per second. These discoveries, some of which were made by Co-PIs Maura McLaughlin and Duncan Lorimer at WVU, have provided some of the best tests of aspects of Einstein's Theory of general relativity, and have constrained the properties of super-dense matter. Pulsar astronomy contributes directly to our understanding of many areas of   physics and astronomy.

Pulsars are discovered by detecting their periodic signals above the noise.   The first pulsars were found through visual inspection of chart recordings, but most pulsars’ signals are faint and require innovative data processing techniques.    Astronomers have developed sophisticated algorithms to maximize the efficiency of the pulsar search process and these algorithms can actually be adapted for use by high school students. Preliminary work with local high school students near WVU shows this to be feasible.

An international team of scientists, that includes PSC Co-PIs, has been granted an unprecedented 900 hours of observing time during summer of 2007 to use the GBT in a search for new pulsars.  For the first time, NRAO will make GBT data available to high school students. High school students who join the  Pulsar Search Collaboratory will assist astronomers in analyzing this 80 Terabyte data set. Without doubt, some of these students will discover new pulsars, and also add to our knowledge of previously known pulsars.

Although the inspiration for this project comes from the success of SETI@Home and other distributed computing projects, the PSC will be much more interactive for students than the screen-saver approach of SETI@Home. Students will perform the tasks associated with pulsar data analysis and will have the responsibility of returning results to the home repository of the PSC. They will document their work, share results with other students around the state, and have the opportunity to present their work at an annual symposium.  By analyzing proprietary data from the GBT, students will contribute to the advance of science and experience the thrill of scientific discovery firsthand. We expect the PSC to inspire a new generation of scientists and lead many students into the information technology fields so crucial to West Virginia’s economy.
A. Need.

While high school teachers may agree with tenets of the “theoretical” nature of science, few  have  experience conducting scientific research, and most don’t adequately understand the nature of science (NRC, 1996, 2003).  Large gaps exist between the standards and what teachers actually do: the implemented curriculum (Lederman, 1992; Lynch, 1997; Bybee, 2000). There is a vital need to make school science more like the practice of science.  Further, there is a need to increase students' competency with information technology, particularly in West Virginia. While the state’s economy has relied on “legacy” industries to support its workforce, that is changing rapidly. West Virginia workers of the future will need to have advanced reasoning and communication skills especially as it applies to scientific and technical competitiveness (WV Jobs Cabinet, 2006).  

West Virginia students comprise an under-represented group targeted by this proposal. Because of its low population density, West Virginia joins other Appalachian states in the lowest tier of broadband access, and even where available, many families cannot afford it, as West Virginia has the lowest per capita income in the nation. Consequently, broadband internet access is present in only 17.3 % of West Virginia homes according to the U.S. Department of Commerce (2004). This lack of access means that students in the state are unable to acquire information technology (IT) skills through free-will learning opportunities on-line.

West Virginia schools are in better shape, however: all public K-12 schools in West Virginia are connected to the Internet via direct frame relay technology. In fact, over 92% of classrooms are networked, making the PSC a viable school-based project.

The timing of this proposal could not be better. The state recognizes the need to better prepare students to participate in a global economy that relies on competence in information technology. West Virginia recently joined the “Partnership for 21st Century Skills” organization (http://www.21stcenturyskills.org) to develop a state-wide strategy for improving IT skills education. West Virginia University now has a strong connection to radio astronomy, having hired two astronomers to their physics faculty who will be conducting a large pulsar search using the GBT. These events have combined synergistically in the creation of the PSC.

B. Goals and outcomes.

Through summer field experiences and academic year activities, the Pulsar Search Collaboratory project will impact 60 West Virginia high school science teachers and their students. The ultimate aim of the PSC is to engage students with information technology through the conduct of scientific research.  Our main goals and outcomes are to:

1. Advance high school science teachers’ and students’ understanding of the nature of science and the relationship between science and technology. 

Outcomes: PSC participants will:

a. gain first-hand experience in conducting useful scientific research by using radio telescopes including the largest steerable telescope in the world;

b. experience ways in which some information technologies can have negative effects on scientific research through exploration of Radio Frequency Interference and its undesirable presence in astronomical data.

2. Prepare teachers to implement authentic research with students. 
Outcomes: Teachers will:

a. acquire expertise in information technology resources that their students will use;

b. collaborate in the development of a curriculum sequence and implementation plan that incorporates national and state content standards.

3. Promote student use of information technologies. 

Outcomes: Students will:

a. acquire and reduce large datasets with specialized pulsar  processing algorithms  and will make use of state-of-the art computing power at WVU;

b. analyze and interpret data, research existing databases, and return results to the PSC database;

c. learn to write scientifically by documenting their findings via online communication tools.

4. Build collegial scientific partnerships between schools around the state.

Outcomes:
a. Student PSC teams will corroborate the findings of teams at other schools in order to verify results before new discoveries can be “announced” to PSC scientists. Teams will use online tools to discuss and debate possible detections and other features in a data set and must reach a consensus.

b. Teachers will form collaborative groups to share implementation problems and successes, resources and solutions with each other and PSC staff.

5. Increase student interest in and awareness of STEM career pathways.

Outcomes:
a. PSC teachers, students and guidance counselors will interact with NRAO and WVU faculty and visit NRAO and WVU facilities.

b. Students will be supported via online contact and opportunities throughout their high-school years as members of the PSC.

C. Description of project activities.

Through summer institutes and academic year activities, project staff will prepare 60 teachers and 90 students to become team leaders for the PSC.  We anticipate that 600 students will join the PSC over the lifetime of the grant period. The project will make use of the following Information Technology applications:

· Simulations: Project CLEA “Radio Astronomy of Pulsars” software will be used to simulate pulsar observing sessions with a radio telescope (http://www3.gettysburg.edu/~marschal/clea/CLEAhome.html).

· Online collaboration and documentation tools: Students will use Northwestern University’s “Collaboratory” online resources (http://collaboratory.nunet.net).

· Custom data reduction software and databases: developed by pulsar astronomers (http://www.sigproc.sourceforge.net).

· Virtual Environments Laboratory: Based at WVU, the VEL will provide the use of its computing clusters for data reduction.

Professional development for 20 teachers will take place each year during online sessions and 12-day residential institutes at the NRAO in Green Bank, WV.  Thirty high school students will join staff and teachers for a 5-day student-mentor institute each summer.

1. Preliminary online introduction to the PSC.

Once teachers have been selected to participate, project staff will lead online activities to:

· Introduce them to radio astronomy, and the discovery of pulsars.

· Introduce them to the Collaboratory.

· Assess their readiness to incorporate IT into their core courses.

· Research and document national and state standards applicable to the PSC.

These activities will be published and implemented within the Collaboratory’s website. The Project Director will act as instructor and ensure that teachers have completed these tasks prior to the summer institute. This phase will require 10 contact hours between staff and teachers.

2. Summer Activities: PSC Research Institutes for Teachers at the NRAO.

PSC Research Institutes will involve teachers in pulsar research projects, instruction in relevant physics and astronomy content, and classroom applications.  The institute provides 110 contact hours with scientists and IT professionals. Teachers will be immersed in the research environment of the NRAO, interacting with astronomers, engineers and computer scientists as they learn how pulsar data are collected, analyzed, and reported. They will participate in many facets of pulsar research, help astronomers use the GBT to collect data and conduct data reduction and analysis using the IT tools developed for the PSC.

The Institute's activities can be broken down into 3 categories: team research projects (45 hours or 41%); astronomy concepts and research skill (40 hours or 36%); pedagogy and classroom application (25 hours or 23%). 

a. Team Research Projects.  A central theme for the PSC Research Institute is radio astronomy research with extensive, supporting exposure to topics in information technology and engineering fields that enable basic research.  Research teams of five teachers will be created, each supported by a teacher-mentor and an NRAO staff scientist. 

To introduce teachers to the world of radio astronomy research, teams will initially use a working 40-foot diameter radio telescope to investigate simple research questions.  Following a brief “driving lesson”, participants will be given free access to telescope for observing and collecting data.  Each team will determine the procedures by which data will be collected and will execute their plan for analyzing and interpreting the data.  NRAO scientists will act as advisors to research teams, guiding participants by asking questions, rather than by giving answers. This approach has been successful during previous Green Bank teacher workshops and reflects the way science is done.


Teacher-mentors-- exemplary teachers who have successfully implemented research projects with their students-- will help group members work together. Teachers experience anxiety and frustration during the research process as they learn to evaluate their data and take control of their project.  Teacher-mentors will mediate the group dynamic and will model the role our participants will later assume when implementing PSC activities with their own students. In year-one, teacher-mentors will be selected from a pool of talented teachers who have participated in previous teacher workshops at the NRAO. In subsequent years, teacher-mentors will be selected from the growing pool of PSC members.

Midway through the first week, each group will present the results of its study in an informal colloquium.  Project staff will comment on their methods and interpretations. Teachers will then continue their research with a more advanced instrument, and will, with assistance from project scientists, devise strategies to search for new pulsars, or to characterize known pulsars. Teams will use the GBT to collect data, and then learn how to analyze it, much as their students will during the academic year.  NRAO has agreed to grant 10 hours of observing time on the GBT to teacher teams (two hours per team) for these observations. Given the highly competitive nature of GBT observing time, this is an extremely valuable resource.

Finally, teachers will participate in studies of Radio Frequency Interference (RFI), radio  signals generated by transmitters on earth that interfere with our ability to detect the extremely weak radio signals from space.  RFI is a serious problem for all radio astronomy and for pulsar searches in particular.  Students involved in the PSC must learn to recognize RFI. Indeed, they will “discover” sources of interference far more often than they discover real pulsars. Characterizing and reporting RFI to the PSC database will be enormously useful to future pulsar scientists.

b. Astronomy Content and Research Skills.  People learn best when they need to know. Hence, we will present teachers with research problems at the beginning of the PSC Research Institute, and subsequently introduce necessary background content.  While this may not be the typical model for classroom instruction (i.e. background first, experiment second), it is frequently the strategy that a scientist or engineer uses when approaching a new problem. This approach provides a context for learning and shares similarities with problem-based learning.
Relevant content will be delivered through an Astronomy mini course and research talks given by astronomers. Core concepts related to pulsar science including stellar evolution, conservation of mass/energy, and the theories of gravitation and electromagnetism will be addressed through a combination of lectures and activities during seven 3-hour sessions.  Activities will involve teachers in using an interactive software simulation to model pulsar observing techniques and to investigate properties of pulsars. Developed by Dr. Larry Marschall at Gettysburg College, “Radio Astronomy of Pulsars” was created for the NSF-supported model program: Contemporary Laboratory Experiences in Astronomy (CLEA). Teachers will use this program in their schools to provide students with a simulated observing experience. These sessions will be led by Co-Is Duncan Lorimer and Maura McLaughlin.
c. Pedagogy and Classroom Transfer. The entire Research Institute, and particularly the research experience, is a model for inquiry-based teaching and learning which requires the use of IT.  The participants assume the role of student in this model.  They must work cooperatively in groups to investigate research questions; planning experiments, collecting and analyzing data, interpreting that data and communicating with others. In this model, project staff and teacher-mentors assume the role of teacher as facilitator, rather than teller.  


WVU education staff will help participants recognize this model and apply it.  Each morning of the Institute and during several afternoon sessions, participants will regroup to design activities and a sequence of instruction for the PSC that  will preserve inquiry and  promote scientific rigor, while addressing core content standards.


Teachers will become proficient users of Northwestern University’s online collaboration site known as the “Collaboratory”.  This remarkably comprehensive suite of online resources allows members of a project to communicate with one another, access resources, collaborate on documents and publish their work. Project managers can create calendars of activities, add resources to a project, and communicate with students and teachers on all aspects of their published work. The Collaboratory will be used as the primary online communication tool for staff, teachers, and students members of the PSC.  During the institute, teachers will learn to use the Collaboratory tools in the context of their research projects. PSC tools and resources will be modeled after those developed for the START Collaboratory-- an astronomy project dedicated to measuring properties of quasars (NSF 0537460).  To view the prototype PSC project within the Collaboratory, reviewers can log in to the Collaboratory website (http://collaboratory.nunet.net). Use “SHeatherly” and “pulsars” as username and password respectively.

The last two days of the research institute will be devoted to intense planning for the 

Student Institute. Teachers will create a developmentally appropriate sequence of activities to introduce the PSC to these students. These activities will be placed into the Collaboratory. 


Teachers who complete the Research Institute will be awarded three hours of graduate credit in Physics from WVU. Teachers will also be eligible to receive 3 hours of graduate credit in Curriculum and Instruction after completing academic year activities.  Tuition will be waived.

3. Summer Activities: Research Institutes for Students at the NRAO. 

After a weekend break, our 20 participating teachers will return to NRAO with students for a five-day orientation to the PSC. Replacing the teacher-mentors will be four undergraduate students recruited from NRAO and/or WVU summer student programs who will assist as chaperones to the students.  As with the teacher institute, students will be organized into 5-member research teams at the beginning of the week, and given the PSC research problem--the task of assisting researchers in their search for new pulsars.

 PSC teachers will assume many of the roles which had been modeled by project staff and teacher-mentors during the previous Research Institute for Teachers. They will provide instruction on the use of PSC IT tools and will mentor student teams as they go through the process of analyzing and interpreting pulsar search data. 

Student teams will also receive observing time (~12 hours, two hours per team) on the GBT to work alongside our Co-PIs. First, teachers will present their work with data collected during the previous two weeks and assist students in determining ways to extend that research. Students will prepare and submit short abstracts justifying their request for telescope time, just as successful professional astronomers do. A local “time allocation committee” comprised of NRAO staff and the Co-PIs will review and critique these abstracts. After some iteration, observing time will be approved and allocated to the teams. Student teams will analyze this data and present their results on the final full day of the student institute.

The NRAO is a small but diverse technical “village” of 120 people dedicated to keeping the GBT at the forefront of astronomical research. STEM disciplines are applied in all NRAO departments from the machine shop to scientific support. While on campus, students will tour the GBT and the lab areas including engineering, computer science and central shops.  They will also participate in seminars delivered by NRAO staff and summer undergraduate students. 


Because students who join the PSC during the following school year will not necessarily have an on-site experience at the NRAO, PSC students attending the summer institute will produce a web-based introduction to the Observatory that profiles the people who work there, how they contribute to the operation of the GBT and support the scientists who use the telescope. These profiles will be integrated into a PSC website as required by the ITEST program.

In addition to providing a test group for teachers to work with in honing their PSC teaching skills, students who participate in the summer institute will become peer leaders-- academic year mentors to students who join the PSC in their schools. During the student institute, PSC education staff will prepare students through role-playing sessions and discussions on leadership and mentoring in a collaborative environment.  

Sample institute schedules can be found in the Supplementary Documents Section.
4.  Academic Year Activities.

Unlike many ITEST projects, our proposal does not leave the specific methods of IT integration into science courses up to individual teachers.  Students must manifest scientific rigor in order to provide scientists with reliable results.  The results returned by the PSC are cutting-edge scientific research. Student reports on the RFI environment at the GBT will be of tangible value to future pulsar scientists. Some students will ultimately be co-authors on papers describing pulsar detections, or detections of other phenomena. Teachers and PSC staff will collaborate to determine a sequence and timing of activities.  

Once the project begins, an initial set of activities will be undertaken by an entire class:
· An RFI study of local communities. Activities associated with the RFI study will introduce students to the electromagnetic spectrum with emphasis placed on the radio regime. NRAO will send RFI kits home with every teacher. These kits include classroom sets of EM spectrum and spectrum allocation posters, AM radios and two sensitive RFI detectors designed and built at NRAO.

· Radio Astronomy of Pulsars using the aforementioned CLEA software.

· Pulsar searching activities. Teachers will supply students with sample data which they will analyze. These data will be pre-selected by PSC staff and will contain examples of known pulsars and RFI. Students will interact with these data sets to learn the techniques used in searching for pulsars.

Only a subset of students (those truly interested) in a class will join the PSC. Students wishing to join will apply; we envision that 5 students from each school will become full members. PSC members will have access to proprietary GBT data which will be accessed online at WVU and then searched for new pulsars. Once students have confirmed a new pulsar they will estimate its distance, measure the spin-down rate to estimate its age and magnetic field, measure its position and correlate it with catalogs from other telescopes and establish whether the pulsar has an orbiting companion. Re-discovering known pulsars will lead to comparisons of pulsar properties from past to present.  Students will also diagnose and report patterns of RFI at the GBT.  

Roughly 200 hours of GBT pulsar search data taken over the summer of 2007 will be reserved specifically for analysis by the PSC. These 200 hours translate to over 5000 individual sky pointings. We expect there to be tens of new pulsars and roughly one hundred known pulsars in the data set, in addition of course to numerous sources of RFI. Because multiple teams will analyze each data set, every student working on the project is virtually guaranteed detection of a new pulsar. Data will be processed via an online interface at a student’s request at the VEL. The software for processing the data already runs under the Linux platform used by the VEL computers. Diagnostic plots and candidate lists will be served to the students at the end of processing. During the student selection period, students will learn how to discriminate real pulsar signals from RFI (by searching for frequency-dependent delays introduced by interstellar material and making lists of typical RFI periodicities). New pulsar candidates and flagged RFI signals will be posted by students to the Collaboratory website. 

While each dataset will be assigned primarily to one team, multiple PSC teams will analyze it, thereby fostering interschool collaboration. Only positive results confirmed by multiple teams will be flagged for examination by PSC staff.  In addition to creating an online community between students across the state, this process will ensure rigorous confirmation of any discovery. Student teams will be responsible for communicating their results via scientific “papers” published in the Collaboratory.

Teachers will form collaborative groups within their teaching disciplines. Each group will participate in weekly online Collaboratory forums to discuss issues related to day-to-day implementation of PSC activities.  In addition, the Project Director and PI will hold teleconferences with teachers to provide help and guidance. The PSC Project Director will be the point of primary contact with students during the academic year and will communicate with them regularly via online chats and Collaboratory forums. The Project Director will act as scientific mentor to the student teams and guide them through the scientific process from data analysis to communication.  These ongoing activities constitute an additional 20 hours of contact time with teachers and students. 

5. Capstone Activity—Annual PSC Seminar.
Each spring the PSC will convene a 3-day seminar at WVU. PSC teachers, students and school guidance counselors will be invited to attend. During the seminar, PSC student members will share their research via oral papers or posters. Professional astronomers will also be invited to report on their work. WVU undergraduate and graduate physics, computer science and engineering students will deliver short presentations on projects they are working on.

PSC students and guidance counselors will broaden their awareness of IT career pathways through tours of University science and engineering schools, and through participation in activities at the WVU Virtual Environments Laboratory (VEL).  These activities will be based on the VEL’s outreach program for teenagers called Creativity and Computing. (http://wvvel.csee.wvu.edu/creativity/)

Teachers, staff, evaluator and Advisory Committee members will participate in a capstone feed-back meeting at which the entire PSC community can reflect on successes and failures over the past year and share solutions with one another.  During years two and three of the project, a limited number of teachers/students from prior years may elect to return and participate in subsequent seminars. These teachers/students will be selected based on interest and sustained (multi-year) involvement in the program.

6. Opportunities for Sustained Support of PSC Teachers and Students. 

Long-term participation by teachers and students in the PSC will be encouraged. In addition to sustained support delivered online via the Collaboratory:

· Newly discovered pulsars will be re-observed with the GBT.   Students who were part of both the discovery team and the confirmation teams will be invited to participate in the follow-up observations. They can participate either at the Green Bank Observatory or online.

· Teacher-mentors, selected from the pool of active PSC teachers, will assist new teachers during our Research Institutes

· PSC symposium—teachers and students who remain active will be eligible to participate in all PSC symposia.

· Mentorships at NRAO—exceptional students may apply to participate in 40-hour (one-week) career mentorships at NRAO. The Observatory hosts mentorships for students interested in exploring engineering, physics and computer science careers.

7.  Relevance of the PSC to National and State Science Education Standards.
The Pulsar Search Collaboratory targets a subset of key science content goals and objectives:

a. Nature of Science/Science as Inquiry.  As stated earlier, a large disparity exists between teachers’ professed support for teaching science as inquiry and what they do.  This stems, in part, from a misconception that inquiry teaching is somehow divorced from the teaching of content. Teachers who successfully facilitate scientific inquiry in their classroom must learn science through inquiry (Mercer, 1992; NRC, 2000; Roth, 1994; Ritchie and Rigano, 1996). The PSC provides teachers with experience in conducting scientific research, and collaboration in designing a classroom project that models scientific processes. At the same time, core content will be introduced within the context of scientific research. The PSC integrates the teaching of the facts of science with the practice of scientific research.

b. Content. Pulsars, rapidly spinning highly magnetized neutron stars, are fascinating objects for study. Research into their extreme properties has impacted most areas of fundamental physics. The PSC will allow students to gain first-hand insights into several areas of the NSES Physical Science Content Standards: 

· Motions and forces: Pulsars produce strong gravitational, electric and magnetic forces which impact their immediate surroundings. The most readily studied force within the framework of the PSC is gravity. Pulsars in binary or multiple systems produce a gravitational force and move as a result of the force produced by other bodies in the system. Exploiting the clock-like properties of pulsars, we can measure the Doppler shifts in a pulsar’s signal as it moves in a binary orbit. The orbital motion of binary pulsars found by PSC students can be precisely measured and permit measurements of the masses of the pulsars and orbiting bodies and, in some cases, direct tests of gravitation theories with basic physics accessible to high-school students.

· Conservation of energy: Pulsars radiate electromagnetic waves at the expense of rotational kinetic energy. This energy balance is measurable over time and is seen as a secular increase in the rotational period. By measuring this, and the intensity of the radio emission from pulsars detected by the PSC, students can calculate what fraction of the pulsar's rotational kinetic energy is converted into radio emission. The period change also indicates that an external force is present, gradually braking the star over time. The dominant braking force is the pulsar’s magnetic field. Students will be able to use their measurements to calculate the size of this magnetic field and the braking torque that this produces, again using basic physical principles. Such strong magnetic fields are far beyond anything that could be produced or investigated in a laboratory on Earth.

· Interactions of energy with matter: From their data, PSC students will be able to study the propagation of radio waves from pulsars as they traverse the interstellar medium, an ionized plasma of free electrons which exists throughout our Galaxy.  The effect of this interaction is to slow down radio waves emitted at lower frequencies relative to ones emitted at higher frequencies. Students will be able to directly measure this delay and use it to infer properties of the interstellar medium and estimate the distance to the pulsar. 

c.  Information Technology.  Meeting the goals of the WV Curriculum standards and the NSES requires WV students to use technology to improve their ability to do science. Last year, West Virginia published a detailed report about the state-of-the-state with regard to creating 21st century learners (WVBE, 2006). The outcome of this report is a call to integrate meaningful IT standards into all core subjects at all grade levels.  This change in standards will take effect in September, 2009. The PSC will be a valuable IT application for science that will meet the new standards for IT integration.
D. Participants and Recruiting.

Over the course of the project, 60 high school science teachers will participate in the PSC. With only 170 high schools in WV in total, this project will therefore have a far-reaching impact on scientific literacy throughout the state.  

To ensure that the PSC will be of use in addressing core content standards at the high school level, we will target West Virginia educators teaching Physical Science, Earth Science and Physics. We are especially eager to recruit Physical Science teachers.  Physical Science will replace the current integrated science course in 2008, enabling us to integrate the PSC into that curriculum at the ground level. Also, as Physical Science is a freshman level course, we hope to support these students as PSC members throughout their high school careers. 

1. Teacher Recruitment. Several strategies will be used to recruit teachers to the PSC.

a. Networking. West Virginia Science educators enjoy a well-developed communication network which includes member lists maintained by the state Education Science Coordinator and Science Teachers Association, regional Science-Mathematics-Technology consortia, professional development providers (e.g. NASA Teacher Resource Centers) and project directors of  complementary programs (e.g. the CITERA ITEST, HSTA and GLOBE programs). 

b. Direct mailing to every state high-school science teacher, guidance counselor and principal.

c. Presentations and dissemination of project literature at state-wide conferences including the annual West Virginia Science Teacher’s conference, Principals’ Leadership Academy, and Governor’s Academies for Teaching Excellence.

d. Targeting “high-need” schools. Out of 55 county school districts in West Virginia, 38 have been identified as “high need” in that they have the highest numbers or percentages of children from families below the poverty line, and serve one or more schools that have a substantial need for assistance in acquiring and using technology (WVDE, 2006). These districts tend to be hard to reach using direct mail or online recruiting techniques. We will liaise with the former co-director of the Coalfield Systemic Initiative project to assist us.

e. Press-releases to small county weekly newspapers around the state.
2. Student Recruitment. Successful teacher applicants will identify one to two students from their schools to participate in the one-week student institute.  Teachers will invite students to apply and will select them based on their interest, aptitude in science, and maturity. These students will mentor students who join the PSC during the following and subsequent years. 
3. Retention. Teachers and students who join the PSC will retain membership in the PSC after their initial year of joining. They will continue to receive sustained support during following years through regular online discussion forums, teleconferences, and opportunities for interaction with subsequent cohorts of teachers and students. In years two and three we will select five exemplary teachers to become teacher-mentors during our summer institutes. Secondly, teachers and students who remain active in the PSC may continue to participate in the annual Pulsar Symposium at WVU.

E. Key Staff, Consultants and Advisors.

Principal Investigator: Sue Ann Heatherly, NRAO Education Officer at Green Bank, will supervise the proposed program.  She will assist the Project Director in recruiting participants, organizing summer and academic year activities and preparing NSF and ITEST reports.  She will organize the advisory committee meetings, and work closely with the project evaluator.
Co-Principal Investigators: Maura McLaughlin and Duncan Lorimer, Assistant Professors of Physics at WVU, will supervise the development of PSC data reduction software and delivery of pulsar datasets. They will organize the participation of WVU faculty in the summer institutes and will provide much of the content instruction during these institutes to PSC teachers and students.
Project Director: Post Doctoral Fellow to NRAO will organize summer Institute activities and coordinate academic-year meetings as well as the development and dissemination of instructional materials. He/she will be the primary expert-mentor to students--developing expertise through online group form and one-on-one email interactions. The project director will collaborate with the PI to prepare annual reports to the NSF and to ITEST centers.

WVU Educator: Patricia Obenauf is a Professor of Science Education at WVU.  She is an experienced coordinator of science education and NSF funded programs and has expertise in inquiry-based curriculum development and program evaluation.  She will be in residence during each summer Institute to organize and lead the education activities.
WVU Graduate Student:  A masters-degree level graduate student in computer science, working with NRAO and WVU faculty, will continue to develop and improve the web-based software PSC members will use to select and access data. 

Collaboratory Expert: Bonnie Thurber is in charge of programs and professional development with Northwestern’s Collaboratory. She will join the PSC Research Institute each summer to provide hands-on training in the use of the Collaboratory online resources.

External Evaluator: Rose Shaw, Ph.D., Applied Statistics, M.S., Mathematics and B.S., Mathematics and Composite Science has extensive experience evaluating NSF professional development and student content STEM projects including GK12, Team 2000, LSC, CETP, IGERT and RII using both qualitative and quantitative methods.  She was a member of the NSF site-visit team that evaluated the UNC-Chapel Hill MSP (2004).  She is experienced in evaluating NSF projects with equitable-access components including CO LSAMP (Phases I, II and II) and ADVANCE.  She is contracted to develop an evidence-based evaluation framework for NSF’s EPSCoR program.  She taught university mathematics for 20 years and is the owner of Metrica, a company that specializes in evaluation, statistics and assessment.  
Advisory Committee: Brenda Williams, Mike Kees, Office of Instructional Technology, Science Coordinator, WVDE, will assist us in recruiting teachers from high-need districts, and will help ensure that the PSC is integrated into the emerging state-wide program to improve 21st century skills.  Frances Van Scoy, Associate Professor, Computer Science, WVU will manage the data archive and coordinate student activities at WVU during the annual Seminar; Nancy Sturm, Education Technology Advisor to the Governor; Tim Spuck, Astronomy Educator; Carol Christian, NVO, Space Telescope Science Institute.  In addition, several NRAO staff members are advising the project including astronomers and computer scientists.
F. Evaluation.

The purpose of the external evaluation is to carefully assess the overall effectiveness of the project in accomplishing the national ITEST goal to increase the opportunities for students and teachers to learn about, experience, and use information technologies (IT) and to provide opportunities for middle and high school students and teachers that build the skills and knowledge needed to advance their study.  The project’s activities and anticipated outcomes will provide the framework for the external evaluation.  The evaluation will provide data for the Resource Center’s evaluative research of the impact of the ITEST program.

The formative evaluation will collect a combination of qualitative and quantitative measurements and judgments during project implementation to improve the quality of performance, processes, and outputs (NSF, 1997).  Some of the formative evaluation findings (short-term outcomes, effective strategies, strengths and weaknesses of materials and activities, lessons learned) will inform the summative evaluation. The summative evaluation will determine the overall project effectiveness and attainment of outcomes.  Formative progress evaluation will assess the project's progress toward meeting its annual goals and work plan and will evaluate unexpected developments as well as the project’s strengths and weaknesses (NSF, 2002). Recommendations for project improvement will benefit from an external view strengthened by adherence to the four evaluation standards: utility, feasibility, propriety and accuracy (Joint Committee on Standards for Education Evaluation, 1994).  Standard qualitative methods (organization, meaningful reduction, cross-case analysis, themes, and trends) will be used to analyze the qualitative data.  Quantitative data will be analyzed using descriptive statistics and frequency distributions charts (with bar and line graphs illustrating disaggregated data) and association tests (e.g., Chi-square and correlation).  Formative evaluation feedback will be reported to the Principal Investigator through emails, phone calls and written quarterly reports.  

Horizon Research Inc.’s protocol will be used during observation of professional development sessions.  Formative and summative evaluation will include the use of Attitudes toward Science, Image of Science and Characteristics of Good Science to assess teachers’ ideas about the nature of science, and teaching as inquiry, and measure changes as the result of participation in the PSC.  Dr. Pat Obenauf, West Virginia University, will be responsible for collecting the teacher and student assessment data with formative and summative analysis by the External Evaluator.  The seven evaluation instruments used by the West Virginia Governor's School for Mathematics and Science will be adapted to assess students’ overall evaluation of the components of the project in which they participate.  Additional formative evaluation surveys, questionnaires and interview protocols will be developed by the External Evaluator and the project’s management team.  Annual stakeholder (partners, instructors, PI, co-PIs) interviews will help assess project strengths, weaknesses, obstacles, and solutions.  A continuous loop of evaluation inquiry and feedback to the PI will help refine and improve the project.  The evaluation will be embedded in the project and there will be evidence that project improvements and refinements use evaluation qualitative and quantitative results.  The External Evaluator will oversee the evaluation and will communicate results quarterly to the PI.  
The outcome evaluation design is a quasi-experimental pretest-posttest matched comparison group design using validated assessments.  Since well-matched studies are most likely to generate valid conclusions about an intervention’s effectiveness, treatment and comparison group teachers will be matched on academic majors, demographic characteristics (gender, ethnicity/race, teaching experience).  The appropriate Misconception Oriented Standards-based Assessment Resources for Teachers (MOSART) assessments that cover three grade bands (K-4, 5-8, 9-12) and five separate topics within those bands (physical science, earth science, chemistry, physics and astronomy) will be used to assess teacher science content knowledge.  A two-way repeated measure design with one between-subject factor (GROUP: treatment or control) and one within subject-factor (TIME: pretest-posttest) will be used.  If the F-test for the GROUP*TIME interaction is significant then this result will be studied using a means-plot.  The following tables summarize formative evaluation designs and timeline and outcome evaluation designs for the project goals.

	Formative Evaluation Alignment with the Goals and Anticipated Outcomes

	Outcome
	Formative Evaluation Methods
	Timeline

	Goal 1:  Advance teachers’ and students’ understanding of nature of science & its relationship to technology

	a: Gain 1st-hand experience in research
	Teachers: Attitudes toward Science, Image of Science and Characteristics of Good Science; focus group. Students: Attitudes toward Science. Instructors’ feedback on participants’ knowledge.
	Teachers: Pre and at the end of each year; Students: WV Gov’s School instruments each year

	b: Explore RFI 
	Participants’ short essays on value of experience
	End of experience

	Goal 2:  Prepare teachers to implement authentic research with students.

	a. Acquire IT expertise
	Instructor designed assessment; scored by instructor, scores collected by internal evaluation; analyzed by external evaluator
	Pre/post 

	b: Develop SB- curriculum
	Review of sequence and implementation by panel of experts selected by PI/PD; teachers’ feedback about use
	End of development; use feedback at end of school year

	Goal 3:  Promote student use of information technologies.

	a. Pulsar algorithms
	West Virginia Governor's School for Mathematics and Science (WVGSMS) assessments adapted for content
	End of experience

	b. Data analysis and PSC database
	Facilitator’s feedback on quality and quantity; lessons learned obtained through interviews; students’ feedback using WVGSMS 
	After results entered into the PSC database

	c. Scientific writing
	Improvement in writing as assessed by facilitators and teachers; portfolio of examples over time
	Beginning and end of participation

	Goal 4:  Build collegial scientific partnerships between schools around the state.

	a. Student PSC team collaborations
	PSC team reporting out using structured protocol that will be developed prior to collaboration processes.
	Retrospective view of prior skills; end of process

	b. Teacher collaborations
	Teachers observe one another in coaching teams in which they report back to the collaborative groups
	Ongoing

	Goal 5: Increase student interest in and awareness of STEM career pathways

	a. Field trips to NRAO and WVU
	Teachers, students and guidance counselors: survey adapted from VOST (Adapted Views on Science, Society and Technology) 
	Pre and post

	b. Ongoing student support
	Short surveys of students’ career interests; tracking of seniors into college STEM majors; enrollment of advanced STEM courses
	Annually; tracking will occur for four years after completion.


	Outcome Evaluation Design Summary

	Target
	Outcome Evaluation Design
	Assessment
	Analysis Methods
	Assessment Description

	Teachers 
	Matched comparison
	MOSART
	Pretest-posttest
	Valid & reliable

	Participating Schools
	Matched comparison
	WV State 
	Longitudinal comparisons
	State-approved assessment


G. Dissemination and Sustainability.


As the project gains maturity, PSC staff and members will disseminate the program through workshops and presentations at the state and national level. Each year, two teachers will be selected to present the PSC at the National Science Teachers Association Conference.  Project staff will present the PSC program and evaluation results at national meetings of the American Astronomical Association, the American Association of Physics Teachers, and the Astronomy Society of the Pacific. 

During year three, staff and participants will focus on making the instructional materials, software and data functional for students and teachers without the need for face-to-face training. Online tutorials and certification “tests” will be developed. PSC project tools and data will ultimately become integrated into the National Virtual Observatory, making pulsar research available to students across the nation. Carol Christian, the director of EPO for the Virtual Observatory will assist us in developing a turn-key project that can be used by students and astronomers alike.  The PSC will coordinate its efforts with those of other NSF projects, particularly the START Collaboratory. 

H. Project Activity Milestones.

	Dates
	Milestones

	January-May 2008
	PSC project announcement, teacher recruitment begins—2/01.

Recruit project director—3/01.

Finalize evaluation plan—3/31.

Cohort I Teachers selected—4/01.

Teacher-mentors selected—4/01.

Advisory committee meets to evaluate plans. 5/10.

Teachers complete online intro. to the PSC—6/01.

	June-August 2008
	Research Institutes for teachers and students held—8/10.

Modifications to Collaboratory Project activities—8/31.

Modifications to PSC data GUI—8/31.

	September-December 2008
	Cohort I teachers selected to present PSC at NSTA—9/01.

Monthly teacher teleconferences—9/10.

Launch PSC with all students—9/30.

PSC Project activities begin—10/01.
PSC student members form research teams—10/30.

PSC Data analysis begins—10/30.

Advisory Committee meets—11/01.

Online mentoring of student teams begins—10/30.

	January-June 2009
	PSC Presentations at National Meetings--1/01-5/01.

Cohort II teacher recruitment begins—2/01.

Teachers selected, online materials distributed. —4/01.

Teacher-mentors selected from Cohort I—4/01.

PSC Seminar at WVU—6/01.

Cohort II Teachers complete online intro. to the PSC—6/01.

	June-August 2009
	Research Institutes for teachers and students held—8/10.

Modifications to Collaboratory Project activities—8/31.

Modifications to PSC data GUI—8/31.

	September-December 2009
	(repeat 2008 milestones for PSC project--Cohort II).

Cohort II teachers selected to present PSC at NSTA—9/01.

PSC workshops at state science teachers conference—12/01.

Begin development work for integration into the VO—12/01.

	January-June 2010
	(repeat 2009 milestones for PSC project--Cohort III).

PSC Presentations at National Meetings-1/01-5/01.

Second Annual PSC seminar--6/01.

	June-August 2010
	Research Institutes for teachers and students held—8/10.

	September-December 2010
	(repeat 2009 milestones for PSC project--Cohort III).

Cohort III teachers selected to present PSC at NSTA—9/30.

PSC workshops at state science teachers conference—12/01.

Integration into the Virtual Observatory—12/01.

	January -June 2011
	PSC Presentations at National Meetings-1/01-5/01.

3rd annual PSC Symposium—6/01

	June-November 2011
	Prepare evaluation report for NSF—11/30.


I.
 Institutional Capability.

NRAO is a national research facility of the National Science Foundation, operated under a cooperative agreement by Associated Universities, Inc. The NRAO’s scientific mission is to provide state-of-the-art radio telescope facilities for use by the scientific community.  The NRAO’s educational mission is to support the development of a society that is both scientifically and technically literate.  In Green Bank, the NRAO hosts formal programs for teachers and informal programs for school children. NRAO teacher institutes aim to change the practice of science teaching by involving teachers in a real-world research experience. Rigorous published evaluation studies have shown that the NRAO institutes significantly increase teachers’ understanding of the nature of science in ways that translate into classroom practice (Obenauf, et.al., 1997). Over 1000 teachers have participated in NRAO institutes. NRAO also conducts the West Virginia Governor’s School for Math and Science for sixty 8th grade students each year. 
WVU is a land-grant institution located in Morgantown, WV. WVU maintains a strong and continuing commitment toward educating rural students from West Virginia and neighboring states. Both the Physics and Computer Science Departments have been partners in the PSC project since its inception. Physics Department faculty McLaughlin and Lorimer are leading pulsar astronomers and will provide much of the oversight for the project.  WVU is also home to the West Virginia Virtual Environments Laboratory (VEL). The VEL was established by WV EPSCoR in 1998 —to conduct research in virtual environments, assist faculty and students in West Virginia higher education in applying virtual environments technology in their research and teaching and promote economic development activity in West Virginia by producing WVU graduates with specialized skills and by partnering with industry to develop new technologies.
The VEL operates four computational clusters to support scientific and development projects.  They range in scale from the fifty-six processor “Energy” cluster to the twelve processor visualization cluster known as “Castor”.  While these clusters are maintained and operated to support the research programs of the VEL, they also serve computational science needs of other faculty within WVU.   The VEL is committed to providing data archiving and data reduction services to PSC members.
