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December 24, 2007

Institution_____GCSU________________________Date___December 24, 2007_______________________
School/Division____Liberal Arts & Sciences___________Department_Chemistry & Physics_______________
Name of Proposed Program__________Bachelor of Science, major in Physics__________________________
Degree _______B.S._________Major _____Physics_________________ CIP Code__40.0801____________
Starting Date __Fall 2009_______
The Department of Chemistry & Physics wishes to re-establish the Bachelor of Science in Physics degree program.  The department proposes a fresh approach to developing a greater interest in physics.  We propose to apply many of the same techniques that have worked for our chemistry program.  This letter outlines some of the past success of the chemistry program as well as some of the unique features associated with the proposed physics program that will make it viable for reinstatement.  This letter will also identify the critical shortage of physics teachers in the state of Georgia and the US, and how only a small number of additional degrees conferred in physics will have a large impact.
Institutional Mission

  In the early 1970s Georgia College’s mission was not supportive of the physics program, and the long-existing major was discontinued and relegated to the status of a minor.  Today, Georgia College & State University has a new mission and a new student body.  As Georgia’s Public Liberal Arts University the mission of the university clearly supports a vigorous physics program at the level of a major.  The student body has the third highest average SAT scores in the state behind UGA and Georgia Tech.  Our student population is not deterred by the math and science requirements of a physics major, and in many cases new students have been surprised and disappointed to discover we did not have one.  
Our proposed physics program will have the following characteristics:
· It will not require the addition of a new organizational unit to the university.  It will be housed in the Department of Chemistry & Physics. 

· It will not require a SACS visit

· It meets the state goal of increasing Science, Technology, Engineering, and Mathematics (STEM) graduates.

· GCSU has been awarded the (STEM) special initiative funding from the state to support the teacher shortage in STEM fields.  FY08 funds will be used to purchase the necessary equipment to teach upper division physics classes.  FY09 funds will be employed to hire another physics faculty member, and it is expected that FY10 university funds will fund another physics faculty member.
· The program will not require more than 120 credit hours to complete. 

· Traditional delivery formats that are compatible with science classes already taught at GCSU will be incorporated.
Need
Our proposal for the re-established physics major is patterned on our highly successful effort begun four years ago to increase the number of students majoring in chemistry. The Department of Chemistry & Physics has made great strides in increasing the number of degrees conferred in chemistry at GCSU. This can be attributed, in part, to making undergraduate research a central theme of our program. This would not have been possible if it were not for a faculty who support the belief that undergraduate research is key to maintaining student and faculty excitement about chemistry. To support this endeavor, the department initiated a Chemistry Scholars Program in fall 2003 (FY04). The program was designed so that each faculty member could award a four-year research/travel scholarship to an incoming first-year student. Not only would this ensure that each faculty member would mentor a freshman, sophomore, junior, and senior chemistry major in their research group, but more importantly, it would also expose first-year students to the culture of science alongside upper-class peers. 

The number of degrees conferred (and predicted) in chemistry has been on a steady and remarkably fast rise as depicted in Figure 1. It should be noted that the first big increase occurred in FY07, four years after the creation of the Chemistry Scholars Program. In FY07, we graduated our first group of seven Chemistry Scholars (out of 13 chemistry graduates).  The number of degrees conferred for the University System of Georgia (USG) did increase in FY06 (Figure 2); however, the percent increase was not as dramatic as that experienced by GCSU in FY07 through FY09. 
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We have also witnessed an increase in retention rates for first-year chemistry students; the retention rate of the 2002 incoming class was 40% while that for the 2005 incoming class is 81%. For the same time period, the five year graduation rate jumped from 19% to 39%. It is anticipated that this trend will continue. Given our current resources (7 tenured/tenure track faculty) and capacity to maintain a high quality scholarly environment for our chemistry majors, our target graduation number by the year 2013 will be 15-20 majors each year (not including transfer students).

The department has also recognized that there is a critical shortage of qualified chemistry teachers statewide and in the nation. To this end, we have developed a solid infrastructure that promotes the Master of Arts in Teaching (MAT) as a pathway to a very rewarding career in pre-college education. In fact, GCSU has the highest percentage of chemistry graduates that pursued an MAT in the state; in FY06, 5.3% of Georgia’s chemistry graduates pursued an MAT while that same year, 22.2% of GCSU’s chemistry graduates pursued the same degree. 

	B.S. Physics Degrees for FY06

	Institution
	Degrees Conferred

	Georgia Institute of Technology
	28

	Georgia State University
	6

	University of Georgia
	6

	Georgia Southern University
	6

	Armstrong Atlantic State University
	4

	Augusta State University
	3

	North Georgia College & State University
	8

	Southern Polytechnic State University
	2

	University of West Georgia
	4



The same infrastructure at GCSU is in place to address the shortfall of physics educators in the state. This shortfall has long-reaching ramifications. For example, studies on the condition of education in the nation revealed that, overall, out-of-field teachers were more common in physical science than in any other regular subject both at the middle (42%) and high school grades (18%)
. Monk (1994) and others
 found that students learn more from teachers who majored in the mathematics and science fields than from those who did not. The notion that physics is difficult is ubiquitous throughout education and creates a self-fulfilling prophecy that many students will not succeed. Therefore, it should not be surprising that only 30% of high school seniors had taken physics in 2001
 (American Institute of Physics, 2005). This number is too low for the nation. Unfortunately, many high schools in Georgia do not even offer physics as part of the curriculum. Statewide, only three teachers were prepared by the entire University System of Georgia to teach high school physics in FY06. Given the woefully limited number of qualified secondary-level physics teachers, it is clear that our state cannot possibly meet the need for physicists or qualified physics educators and, that Georgia is lagging far behind the remainder of the country in producing a workforce with adequate STEM preparation. Students who attempt to major in Physics are in general unprepared for the math and problem skills necessary to succeed.  This then creates a very limited number of successful physics majors, and even a more limited number of qualified physics teachers.  The result is a downward spiral of poorly prepared students, and smaller and smaller number of qualified physics teachers. In FY06, for example, only one USG school, Georgia Institute of Technology, conferred more than 10 Bachelor of Science degrees in physics. The Institute awarded 28 of the 67 degrees in physics conferred statewide.  It should be noted that only one of these graduates matriculated to the MAT.  

Georgia must not only produce more highly qualified physics teachers but also provide more high school students with quality physics experiences. Our proposed program will be a significant effort towards addressing these critical state needs.
Curriculum and Delivery


The National Science Education Standards
 proposed several critical components required to foster good science teaching and learning.  These include (a) creating active/collaborative working environments for students; (b) providing opportunities for students to continuously expand theoretical and practical knowledge about science; (c) using assessments to drive instruction; and (d) building strong, sustained relationships with students that are grounded in the diverse ways that they learn.  Therefore, we propose to create a novel physics program with a mission to demonstrate that physics is not for a select few but can be enjoyed and understood by all that truly have an interest. We are not proposing a “dumb-down” curriculum.  Rather, we intend to create a program that covers all the typical introductory courses generally found in physics programs such as mechanics, electricity and magnetism, thermodynamics, and quantum theory.  Traditional physics programs would have freshmen registering for Calculus-based Principles of Physics I during their first semester, along with calculus I or II. Attempting to reverse the high attrition rate found in most such traditional programs,  our program will operate under the assumption that most incoming  students are not prepared with proper math and science skills to succeed in this manner.  Instead, we propose to start students in an innovative integrated calculus sequence that combines pre-calculus and calculus I in a two semester sequence.  The GCSU Mathematics Department introduced this calculus sequence for both chemistry and math majors with a great deal of success.  In addition, during the freshmen year we will have students register for a two semester sequence of techniques in physics I and II to focus entirely on problem-solving skills associated with physics.  This approach will ensure that students continuously revisit principles fundamental to physics, thereby, deepening their understanding as they transfer this knowledge to new contexts.  Courses will be designed to also incorporate the mathematics encountered throughout physics. It may be argued that the additional semesters proposed here will come at the expense of physics electives generally found in traditional physics programs, but the proposed program will still have many opportunities for physics electives that are specific to the direction the student wishes to pursue.  The proposed program will adapt to the students’ needs.  This pedagogical approach opposes the “mile wide, inch deep” syndrome that has been implied to be the key factor for the poor performance of U.S. students in the STEM area. Additionally, students will be introduced to such elective topics through a proposed Physics Scholars Program, similar to that of the Chemistry Scholars Program described above. The Physics Scholars program will also expose students to careers in physics/physics education as each scholar would be mentored by a physics faculty member. As such, students enrolled in the proposed physics program will be well prepared to matriculate to MAT programs as well as to enter and succeed in graduate programs in physics.
Budget

	 
	FY08
	FY09
	FY10

	Faculty Position (STEM)
	 
	$65,000
	$65,000

	Start-up Equipment (STEM)
	$43,000
	
	 

	Departmental Lab Budget
	$20,000
	$20,000
	$30,000

	Second position (GCSU)
	 
	 
	$65,000



GCSU is well suited for this degree in physics. Over the past several years, we have steadily been expanding our physics course offerings to meet student demand. Most of the required courses for a physics major have already been developed and are being taught as part of the current physics minor.  We currently have 3 physics faculty and could offer all of the necessary courses by displacing courses taught as part of the core curriculum (e.g., Astronomy).  To offer these courses with greater frequency and to give the program greater probability of success would require two additional faculty lines in physics. GCSU has been awarded the STEM special initiative funding from the state to support the teacher shortage in STEM fields.  FY08 funds will be used to purchase the necessary equipment to teach upper division physics classes.  FY09 funds will be employed to hire another physics faculty member, and it is expected that FY10 university funds will fund another physics faculty member.  This will bring the total number of physics faculty to the five necessary for a successful program.  In addition, we will be moving into a new 16,000 square foot facility in the summer of 2009, just in time for the freshmen class of new physics majors.  This facility has office and laboratory space for the increased numbers in the physics program.
Students


The number of degrees conferred from this program would certainly be a function of the number of physics faculty in the department.  As a minimum each faculty member will be responsible for mentoring one student per year to graduation.  Assuming five physics faculty, each with their four funded undergraduate research students, the department would be able to confer a minimum of 5 degrees per year.  The maximum is approximated by the assumed number of unsolicited students that would join the program as a result of transfer from other institutions, changes of major within the university, and self-selection.  Assuming the physics program would have the same retention rate as the chemistry program, the department would need to recruit at least 15 freshmen to the program each year and by the forth year would house between 38 and 75 physics majors (see table).  Given this scenario the above classes would have between 5 to 20 students registered per year.  This a typical class size for a liberal arts school such as GCSU.    

	Class/Year
	Max
	Min

	Freshman
	30
	15

	Sophomore
	20
	10

	Junior
	15
	8

	Senior
	10
	5

	Total
	75
	38


Collaboration


The proposed physics major has many opportunities for collaboration.  The proposed integrated calculus course has already been developed for chemistry and would clearly be a collaboration that we would extend to physics.  In addition, we plan to develop several degree paths outside the department.  Given the significant number of math classes required of physics majors, a double major in math is common.  We also intend to create similar collaborations with chemistry and biology.  Following the successful chemistry scholars’ model with a Physics Scholars’ Program will also present many opportunities for research collaboration with chemistry as well as other undergraduate research programs.  The most critical collaboration will be with the GCSU School of Education to develop a clear track for the MAT.  It is expected that master’s level classes in education can be dual listed with capstone classes in physics to make a smooth transition to the MAT program.  

Given that undergraduate research is the central theme of the program, there will be many other ways to collaborate with partners outside of the university.  We already have collaborations in place with California Institute of Technology and University of Alabama analyzing data on isolated galaxies from other infrared observatories.  Our physics minors have been involved in collaborations with North Georgia CSU, Duke University, University of Connecticut, and University of Hartford at the Triangle Universities Nuclear Laboratory at Duke University  and have collaborated with the same institutions as well as the Universite Catholique de Louvain-la-Neuve in Belgium, and the Weizmann Institute in Israel, at the High Intensity Gamma Source at the Duke Free Electron Laser Laboratory.  The collaborations involved funding undergraduate student research over the summer.

The Council on Undergraduate Research (CUR) was founded in 1978 by a group of chemists from private liberal arts colleges. CUR believes that faculty members enhance their teaching and contribution to society by remaining active in research and by involving undergraduates in research.  There are some schools that have successfully applied undergraduate research in physics programs through a supported scholars approach similar to what we have created in chemistry at GCSU (e.g. University of California at Berkley http://research.berkeley.edu/otheropps/physicsunder.html).  It may seem like a simple idea, but at its center is an excited and energetic faculty.  Without the dedication of the faculty it can not work.  The concept of improving teaching and retention through undergraduate research has been proven by GCSU’s chemistry program.  Physics programs have been under attack, and have been traditionally ensconced in “stand and deliver” philosophies.  We have the advantage of starting anew with a successful working model in a similar science (chemistry).  Our target numbers are low, 5 to 10 graduates per year, but they are realistic.  And, given the number of current physics graduates in the state of Georgia these low numbers will have a large impact.  The success of this program may even act as a model for other universities of similar size and scope as GCSU, causing a new movement in physics education.  For this program to be successful, we must begin recruiting students as early as the next fiscal year. As we develop this program, we will disseminate our findings of this concept statewide while encouraging students to become a part of a new movement in physics.

Sincerely,
Ken C. McGill
Chair Department Chemistry & Physics
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