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Our nation is in dire need of greater scientific literacy and an influx of scientific and engineering professionals and scientifically skilled technicians. To address these needs, the National Science Foundation has a competitive grant program called S-STEM Scholarships. The S-STEM goal is to increase the number of American scientists and engineers. 

The ASU Department of Physics applied in August 2010 for a five-year grant of S-STEM scholarships in the MNS degree program. We expect to learn of acceptance in early February 2011. If we are funded, we will award scholarships in spring 2011 for Summer Session 2011.

The foundation of the ASU MNS degree in physics is Modeling Instruction. Modeling Instruction is fully aligned with the S-STEM goal; many high school teachers who use Modeling Instruction report that a much larger percentage of their students choose STEM majors in college than before they began using Modeling Instruction. Modeling Instruction is of proven effectiveness for high school physics (including 9th grade physics) and is enthusiastically accepted by teachers. It brings together sound scientific practice and sound pedagogy

To help meet the S-STEM national goal and Arizona needs in physics, our objectives are to offer renewable scholarships of up to $10,000 per summer (out-of-state; up to $5000 in-state) for up to three summers for four consecutive cohorts of eight academically talented but financially needy teachers who are students in the ASU Master of Natural Science (MNS) degree program with concentration in physics. (Fifty teachers have earned the MNS degree since inception in 2001; 60% of them were out-of-field teachers.) Physics Modeling Instruction Scholars will be accepted in two categories: nationwide and Arizona. Dissemination expectations for out-of-state teachers are greater than for Arizona teachers. For details, see the S-STEM application guidelines and form at http://modeling.asu.edu/MNS/MNS.html .

Essential components of the MNS degree program: 

• a complete graduate curriculum of courses designed expressly for in-service teachers, offered in 3- or 4.5-week sessions in summer, providing extended intensive peer interaction,

• core courses that model ideal high school courses (i.e. Modeling Workshops) in workshop format that integrates pedagogy and content, taught by experienced in-service teachers (not university professors!), providing teachers with instructional materials and course designs ready for immediate implementation, (The courses are ideal for pre-service science education majors.)

• engagement of university research faculty in teaching advanced physics and chemistry courses aimed at educating teachers about current developments in science, linking research faculty to high school students through their teachers,

• an integrated program of interdisciplinary courses, especially in chemistry and introductory physical science as well as physics, since many participants teach all these subjects.

Details and how to apply to the MNS degree program: http://modeling.asu.edu/MNS/MNS.html. 
Mechanisms and guidelines for S-STEM scholarship selection and continued eligibility.

The mechanism by which S-STEM scholarships are determined at ASU includes submission of the FAFSA (by February 15, if possible). FAFSA results are described as follows: “estimated family contribution number (EFC), which is a dollar amount the FAFSA concludes the student can contribute to a year’s educational expenses. The scholarship office takes that number and subtracts it from the student’s one year cost of attendance (COA) to get the amount of need the student has, if any.”  Drs. Culbertson and Jackson will select scholars, determine the dollar amount less than or equal to the FAFSA-determined amount of need, and work with the designated staff person in the Department of Physics to submit a Scholarship Award Authorization (SAA) form to the Scholarship Office. The office deposits the money in the student’s account ten days prior to the beginning of the term. (If a student drops the course or withdraws from ASU, the financial aid office has a procedure for withdrawal calculation and payback by the student.) The Summer Session is at the end of the respective academic year, for FAFSA purposes.

ASU Summer Session is considered to be one term.  A graduate student must take nine or more credits at ASU in summer to be considered full-time, since that is the minimum number of credits that the Federal government defines as full-time graduate enrollment in a term. 

In selecting scholars and determining scholarship amounts, we intend to use the following three guidelines unless advised differently or unless experience provides better policies. 

1.  Top priority for scholarships is to pay ASU tuition, and for local teachers it is the only allowable use. For teachers who live farther than 50 miles from ASU: if a teacher's school (or other source) pays for all or part of ASU summer tuition, and the FAFSA indicates a need greater than what their school (or other source) pays, then the S-STEM scholarship can be used to help meet their financial need, after all ASU summer tuition is paid, for their housing and/or travel (only!), subject to written approval by S-STEM P.I. and Co-P.I., Drs. Culbertson and Jackson. 

 2.  Since S-STEM grant funds are limited, if not enough funds are available in a certain year to pay ALL of what the FAFSA-determined financial need is, for ASU tuition, we will prorate each scholarship down, fairly by dollar amount (not percentage of tuition, since some students are non-resident and some are resident). 

3.  If a teacher is eligible for a forgivable Stafford loan and/or a TEACH grant, both of them take

precedence over the S-STEM. 

Criteria for retention/renewal of a scholarship include, besides satisfactory GPA and continued eligibility by NSF S-STEM criteria, written recommendation(s) to Drs. Culbertson and Jackson by the expert teacher(s) who mentor and coach the student during that academic year. Students will demonstrate their continued eligibility each year also by submitting a written update of their local dissemination plan and the required student pre-test and post-test data, to Dr. Jackson.

S-STEM Physics Modeling Instruction Scholars’ Support Services.

The following two services are provided in addition to current summer support by Drs. Culbertson and Jackson, faculty who teach contemporary physics and integrated science courses, peer instructors of Modeling Workshops, students who are further along in the MNS degree program, and help with procedures and forms by the General Studies Coordinator in the Department of Physics who is the designated liaison between MNS degree students and the ASU Graduate College.

1)  Peer mentoring and coaching during the academic year for two purposes: to assist teachers in implementing Modeling Instruction in their classrooms, and to help them develop and begin to implement their plans for local and regional instructional leadership. Larry Dukerich will do this. He has extensive experience in teaching Modeling Instruction in the classroom, mentoring teachers, building professional learning communities (inquiry groups), working with principals, school district leaders, and university faculty to organize teacher professional development in Modeling Instruction. Larry will devote a day each month for each cohort of eight teachers, increasing up to three days per month in Years 3 and 4; he will continue to guide scholars for a year after they earn their degree.

2) Academic year guidance in Action Research, which all MNS degree students do in their classrooms in one year (or longer, if they wish) for their culminating professional experience. Team projects begin in summer, with PHS 598: Leadership Workshop, instructed by Jim Archambault, J.D., an experienced physics teacher and graduate of the MNS degree program. Students learn how to do action research; they decide on a team project and write a proposal that they submit to the ASU Institutional Review Board (IRB). What’s new is that Jim will guide S-STEM scholars in their action research during the academic year, for one day each month. This includes phone calls and collection of monthly progress reports and records of time on research.

Benefits for S-STEM Physics Modeling Instruction scholars.

S-STEM scholars will associate as physics majors, sharing classes as a natural cohort and a learning community. They will be encouraged to achieve their best academic performance by courses that are relevant to their school teaching assignments, by supportive faculty (including teams of peer instructors who are of proven effectiveness in high school teaching), by reasonable class sizes of less than 28, thus ensuring individual attention by instructors and ample practice in leading model-centered discourse, and by academic year mentoring by expert peer teachers.

Most accepted S-STEM scholars will already be in the workforce as in-service high school teachers of physics, mathematics, biology, and/or chemistry. For those who are beginning a career in high school physics teaching, assistance in finding a physics teaching position is available informally on the nationwide Modeling listserv, which has 2300 subscribers, most of who are high school physics teachers who use Modeling Instruction. Teachers post job openings in their school or in other modeling-friendly schools. All Arizona physics teachers and prospective physics teachers are invited to subscribe to a statewide listserv (650 subscribers) for high school and post-secondary physics and chemistry faculty. Numerous Arizona physics job openings and queries by teachers who seek a position are posted each year by subscribers and by Jane Jackson, co-manager of the listserv.  Dr. Jackson manages the modeling listserv, too.

Long-term benefits for our nation, due to Physics Modeling Instruction Scholars.
The S-STEM goal is to increase the number of American scientists and engineers. Modeling Instruction is fully aligned with the S-STEM goal; many teachers who use Modeling Instruction report that a much larger percentage of their students choose STEM majors in college than before they began using Modeling Instruction. Reports by teachers are at http://modeling.asu.edu/SuccessStories_MI.html. For example, a teacher in Hawaii wrote: “I have several [former] students who are majoring in science related fields largely due to the implementation of Modeling Instruction in my classroom.  The percentage has gone up from 13% (pre-modeling) to 51% in more recent years.”

We have quantitative data on this issue. In 1999, Modeling Instruction was one of six NSF-funded high school physics “reform” programs evaluated by TIMSS (Gonzalez 2000). The report documents that the reform programs greatly increase the percentage of students pursuing STEM careers. In particular, 40% of 12th grade students in reform programs intended to major in physics, math, engineering or computer information sciences in college, compared to 25% in non-reform programs.
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