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BACKGROUND

The George Mason University College of Science and School of Management currently have independent programs that provide quality graduate education in either bioinformatics or bioscience management.  These programs prepare their students for careers as either practitioners of bioinformatics or as managers of bioscientists, and both programs successfully support these specific human capital needs in the public and private sectors.  However, currently there is no well-defined mechanism in place whereby students in the M.S. in Bioinformatics program can gain the necessary business background that would allow them to move into positions that require and reward management skills.  In a like manner the students in the M.S. in Bioscience Management program may find they lack technical credibility when they apply for management positions in bioinformatic companies if they do not have a strong background in the science and technology that underpins this new and expanding field.   

Therefore, to address these shortcomings, it is proposed that the two schools combine their considerable expertise and resources to create a degree that bridges this divide.  The new program would offer a Master of Science in Bioinformatics Management patterned after the A. P. Sloan Foundation’s Professional Science Masters initiative.  The curriculum will provide training in the technical aspects of bioinformatics, utilizing the expertise resident in the College of Science’s Department of Bioinformatics and Computational Biology, with the very specialized management-of-science techniques offered in the School of Management’s biosciences management program.

DESCRIPTION OF PROPOSED PROGRAM

Program Mission

The Master of Science offered here in the field of Bioinformatics Management addresses the regional and national need
 for a cadre of technically trained managers who will be able to lead teams of bioinformaticians in both the public and private sectors.  Local corporations expected to hire graduates of the program include Celera, TIGR, Human Genome Sciences, and Gene Logic, as well as many other firms in the region’s robust biotechnology community.  The proposed degree combines a solid foundation in the technical aspects of bioinformatics, including familiarity with bioinformatics research issues, tools and techniques, with a management curriculum that addresses the specialized skills necessary to meet the legal, ethical, managerial and business issues associated with bioinformatic programs and projects.  The proposed Master of Science in Bioinformatics Management is intended for:

· Students seeking advancement in their current bioinformatics careers that requires an advanced degree in bioinformatics combined with management expertise.

· Students with a general background in biological science or computational methods who are planning to enter the field of bioinformatics as managers and would like to strengthen their bioinformatics and managerial expertise.

All courses will be offered in the late afternoon or early evening to accommodate students with full-time employment outside the university.  Additionally, the capability to offer classes remotely to students inside and outside of Northern Virginia will be an important tool to grow the program, by making it easier for local students to attend classes, and by giving the program both a national and international footprint.  Success in recruiting student to the remote-learning track will be an important early goal for the program.

Program Objectives

Bioinformatics refers to the application of information technology to the storage, retrieval and analysis of information about biological sequences, structures and functions.  As such, bioinformatics is an inherently multidisciplinary specialty that requires a background in both biology and computing.  The management of a bioinformatics projects/programs requires a special set of capabilities that utilizes both technical and business-related aspects of the field.  These capabilities include an understanding of the tools, techniques, research questions and legal and ethical aspects of bioinformatics projects, combined with knowledge of the business tools and techniques necessary to successfully carryout the business objectives of a private sector or government entity.   At the time of completion, students should be able to:

· Demonstrate knowledge about the technology and research questions relevant to the fields of bioinformatics, biomedicine, and experimental pharmacology

· Successfully manage a team of scientists by understanding the unique needs and motivations of individuals who are in science-oriented careers.

· Use the appropriate tools and techniques necessary to manage the business aspects of a scientific project, to include proposal development, contract negotiations, and typical aspects of project management such as schedule, cost and performance.

· Lead interdisciplinary groups. 

Admission Criteria

To be considered for admission to the P.S.M. program in Bioinformatics Management, each applicant should have the following:

A baccalaureate degree in biology, computer science, or related science.

A grade average of B or better during the last 60 hours of the undergraduate program.

Three letters of recommendation, preferably from academic references or from references in industry or government who hold advanced degrees and are familiar with the applicant’s professional accomplishments.

A detailed statement of career goals and aspirations.

For a student whose native language is not English, a minimum score of 575 on the TOEFL. (A minimum score of 600 is required for applicants who wish to be considered for a graduate teaching assistantship.)

Submission of scores from the general Graduate Record Examination.

Candidates for admission are expected to have completed undergraduate courses in molecular biology, computer programming, probability and statistics, and calculus.  Students with deficiencies in one or more of these areas may be advised to take additional courses from the undergraduate curriculum, according to their intended areas of emphasis and specific backgrounds.

Satisfaction of the entrance requirements will be determined by the COS Graduate Program Coordinator in consultation with the M.S. Faculty Oversight Committee described below
Program Structure

The general academic requirements for completion of the Master of Science in Bioinformatics Management are organized into several areas:

· Bioinformatics Core Courses (15 credits) -- foundational courses in modern biotechnology, tools and method for bioinformatics analysis, and methods for creating customized bioinformatics tools.

· Bioscience Management Core Courses (12 credits) – foundational courses in management theory related directly to the management of scientific programs and personnel.

· Capstone project in either bioscience management or a bioinformatics research (3 credits).

Curriculum Requirements

Candidates for the P.S.M. in Bioinformatics Management must successfully complete 30 credit hours as follows:

15 credit hours of Bioinformatics Core Courses as follows:

· BINF 630 Bioinformatics Methods

· BINF 631 Molecular Cell Biology for Bioinformatics

· BINF 634 Bioinformatics Programming

· One of the following:

· BINF 633 Molecular Biotechnology

· BINF 636 Microarray Methodology and Analysis

· BINF 650 Data Modeling for Bioinformatics

· BINF 730 or above

12 credit hours of Bioscience Management Core Courses as follows:

· MSBM 650 Legal and Ethical Aspects of Bioscience Management

· MSBM 703 Best Practices in Research and Development Management

· MSBM 720 Analysis of the Bioscience Industries

· MSBN 745 Life Sciences Product Development and Risk Management

3 credit hours Capstone Course

· MSBM 735 Capstone Project or BINF 798 Research Project

Sample Course Schedule (based on full time student taking 9 credit hours per semester):

1st semester (fall)

BINF 630

BINF 631

MSBM 650

2nd semester (spring)

BINF 634

MSBM 745

MSBM 720

3rd semester (fall)

BINF 730 or higher 

BINF 633 or BINF 636

MSBM 703

4th semester (spring)

BINF 798 or MSBM 735

Relations to Other GMU Programs

The proposed program complements existing GMU graduate programs related to Bioinformatics.

Ph.D. in Bioinformatics:  The proposed P.S.M. in Bioinformatics Management program will serve students that are interested in a career in bioinformatics not as Ph.D.-level researchers, but rather as managers of those researchers.  As such it will complement rather than compete with the Ph.D. in Bioinformatics program

M.S. in Bioinformatics:  The M.S. in Bioinformatics combines a solid foundation in biotechnology with computational skills required for bioinformatics.  However, it does not provide the management tools for those individuals that would like to manage bioinformatics programs and projects rather than being bioinformatics practitioners.  Therefore the new program will not compete for the same student base.

M.S. in Biology:  The proposed program differs from the Biology M.S. by its primary focus on the management of bioinformatics programs and projects rather than the biological basis for the techniques used by bioinformaticians.  Therefore, the new program does compete for the same student base.

M.S. in Bioscience Management:  The current M.S. in Bioscience Management focuses on leadership; organizational, financial, and marketing management; and bioscience research and development management, product development, product commercialization, and entrepreneurship, however it does not give students who are interested in the technical aspects of bioinformatics an opportunity to take courses that will give them the background necessary for technical credibility.  As such the new program targets a different student population. 

Comparison with Other Programs in Virginia

The only other M.S. degree in Bioinformatics offered in Virginia is by Virginia Commonwealth University (VCU).  The VCU program does not have any of the management curricula being proposed here.  Currently, Virginia Tech only offers degree options in Bioinformatics in conjunction with existing Masters degree programs within several academic departments.  Therefore, the new program will be unique in the state, neither duplicating content of either of these programs nor competing for the same students.

Comparison with Other Programs in Washington, D.C. Region

The George Washington University College of Professional Studies offers a Masters of Professional Studies in Molecular Biotechnology that combines course work in science, technology and business.  However, it is much more general than the proposed program, offering bioinformatics-specific content only as one of several program areas.  GWU also offers an M.S. degree in Genomics and Bioinformatics. The GWU program combines a set of biology courses and computer sciences courses, but does not offer the specific bioinformatics courses available through our program, nor does it offer management training as part of the program.

Johns Hopkins University offers four programs with bioinformatics content: Master of Science in Bioinformatics; Master of Health Science in Bioinformatics; Master of Science in Biotechnology with a Concentration in Bioinformatics; Master of Science in Computer Science with an Option or Concentration in Bioinformatics.  In contrast to these programs, the proposed program is intended to serve students whose primary professional interest is in the area the management of bioinformatics programs and projects rather than as bioinformatics practitioners.  As such the proposed program serves a different student base than any of the JHU programs.

The University of Maryland University Center offers a Master of Science in Biotechnology Studies with a bioinformatics practice track that is designed for graduate students with interest in molecular biology and information technology. While the track covers a broad range of subjects (e.g., molecular biology, biostatistics, algorithms, bioinformatics, and visualization) it does not provide any management content.

American University offers a Professional Science Master’s in Biotechnology that includes bioinformatics-related coursework, however there is no management content.

Relevance of Proposed Degree for Northern VA

The Commonwealth of Virginia has a significant interest in increasing the number of skilled workers in bioinformatics in order to attract additional biotechnology companies to Virginia.  Recent examples include the American Type Culture Collection (ATCC), which moved to Prince William County in 1997, and on September 6, 2006 the Howard Hughes Medical Institute opened its Janelia Farm Research Campus, a computational biology center in Loudoun County that will ultimately employ approximately 300 scientists.  Such companies depend on the availability of highly skilled employees, as well as the availability of continued professional education opportunities at all levels.

The Fairfax County Economic Development Authority (FCEDA) opened a 7,500-square foot biotechnology incubator, called BioAccelerator
, in January 2003, with the goal of accelerating the growth of start-up companies involved in biosciences, including bioinformatics.  The incubator will be a catalyst for growth of the bioinformatics and biotechnology industry in Fairfax County and Northern Virginia and further diversify the Fairfax County economic base.  The proposed P.S.M. in Bioinformatics Management will directly support such economic growth in Northern Virginia.

Finally, this program will support the steady growth of the biotechnology industry in the Washington, D.C. region, and nationally
 as well.  

Faculty

Currently there are 10 BCB faculty members and 6 SOM faculty members already teaching all of the courses required for this program, therefore there will be no need for additional teaching staff.  One individual, to be designated Program Administrator, with expertise in both bioinformatics and management, will be necessary to oversee and guide this new program.  A candidate for this position has been identified.

M.S. Faculty Oversight Committee

A three-member Faculty Oversight Committee will review the progress of students towards the P.S.M. degree in Bioinformatics. They will also assist the Graduate Coordinator in the review of applicants to the program. An individual master’s degree advisor will be assigned to each student at the time of acceptance into the program based on the scientific interest the student indicates on the application.

External Advisory Board

It is intended that an external advisory board be formed of approximately 8 individuals from industry, academia and government that will provide guidance on issues related to curriculum, program structure, and professional development.  It is expected that the board would meet two times per year, such that their inputs will be available for the planning of the next semester.
Industry Projects

An outreach effort will be mounted to get a suite of industry projects that can form the basis for picking a project required for MSBM 735 or BINF 798.  This will create a connection with representatives from industry and give our students “real world” problem solving experience. Each project selected, whether a MSBM 735 or BINF 798, will have components relevant to bioinformatics and management, and faculty from both disciplines will be involved.

EVALUATION OF PROGRAM EFFECTIVENESS

Student achievement in the existing M.S program is measured in a number of ways, as is the overall quality of the program. Many of the same assessment tools would be used in relation to the proposed P.S.M degree in Bioinformatics Management. Existing assessment measures, along with their frequency of implementation and relevant benchmarks, include:

· Annual reviews of students’ academic progress.

· Annual review of graduates’ academic outcomes.

· Annual exit interviews with graduates to assess satisfaction with the program. This will be analyzed in conjunction with data collected during entrance interviews to gain additional insight into student satisfaction relative to expectations.

· Annual monitoring of rate of acceptance to P.S.M. program.

· Annual data collection regarding success in obtaining or enhancing employment.

· Annual alumni satisfaction surveys (at least 85% satisfied or very satisfied).

· Meeting enrollment targets (maintaining minimum of 12 students, beginning in the third year).

The M.S. in Bioinformatics program routinely reviews feedback from its program assessment tools and revises policies, curriculum, and recruitment efforts accordingly. This practice would continue with the P.S.M. degree in Bioinformatics Management. All data would be made available for incorporation into departmental and university-wide assessment documents.

JUSTIFICATION FOR PROPOSED PROGRAM

Student Demand

A survey (see APPENDIX E) to document student demand is currently underway using an Internet platform.  It can be reached from a hot-link on the GMU Bioinformatics web page at www.binf.gmu.edu.  Preliminary results (so far we have had 13 responses) suggest that the proposed program does fill an existing need.   Of the thirteen respondents, eleven (85%) said training in the management of scientific programs/personnel would be of interest to them, and 10 (77%) said they would be interested in the program being proposed.  A summary of the results from the thirteen respondents follows, and the detailed survey responses are available.  The survey instrument will remain on-line for the next month and the effort to get more participants continues.   
	What is your current title?
13 responses   


	Job Description:
11 responses    


	Do you manage other employees?
Yes

7
(54%)

[image: image1.png]



No

6
(46%)

[image: image2.png]



no answer
0
( 0%)




	If yes, what type of work do your subordinates do? (Check all that apply)
Technical

8
(62%)

[image: image3.png]



Managerial

4
(31%)

[image: image4.png]



Administrative

4
(31%)

[image: image5.png]



Clerical

2
(15%)

[image: image6.png]



other:

0
( 0%)




	Do you currently have responsibility, or would you like to have future responsibility, in any of the following areas? (Check all that apply)
Program / Product Management (Current)

7
(54%)

[image: image7.png]



Program / Product Management (Future)

3
(23%)

[image: image8.png]



Proposal preparation (Current)

6
(46%)

[image: image9.png]



Proposal preparation (Future)

2
(15%)

[image: image10.png]



R&D Management (Current)

5
(38%)

[image: image11.png]



R&D Management (Future)

5
(38%)

[image: image12.png]



Intellectual Property management (Current)

2
(15%)

[image: image13.png]



Intellectual Property management (Future)

3
(23%)

[image: image14.png]



Quality Assurance Management (Current)

4
(31%)

[image: image15.png]



Quality Assurance Management (Future)

1
( 8%)

[image: image16.png]



Product Development (Current)

5
(38%)

[image: image17.png]



Product Development (Future)

5
(38%)

[image: image18.png]



Intra/Entrepreneurial management (Current)

5
(38%)

[image: image19.png]



Intra/Entrepreneurial management (Future)

1
( 8%)

[image: image20.png]



Legal and Ethical Aspects of Bioscience Management (Current)

1
( 8%)

[image: image21.png]



Legal and Ethical Aspects of Bioscience Management (Future)

2
(15%)

[image: image22.png]



other:

0
( 0%)




	If you are now, or would like to become, a manager of bioinformatics personnel, would training in the management of scientific programs/personnel be of interest to you?
Yes

11
(85%)

[image: image23.png]



No

2
(15%)

[image: image24.png]



no answer
0
( 0%)




	Interest in a Professional Science Masters in Bioinformatics Management:

The George Mason University is developing an Alfred P. Sloan Foundation inspired Professional Science Masters in Bioinformatics Management. The program would combine courses in the technical aspects of bioinformatics with courses specifically related to the management of bioscience programs/projects/personnel. Would you be interested in such a program?
Yes

10
(77%)

[image: image25.png]



No

3
(23%)

[image: image26.png]



no answer
0
( 0%)




	What is the name of your firm?
9 responses    


	Would your firm provide financial support for current employees that undertook a Professional Science Masters in Bioinformatics Management?
Yes

3
(23%)

[image: image27.png]



No

3
(23%)

[image: image28.png]



Don't Know

6
(46%)

[image: image29.png]



no answer
1
( 8%)

[image: image30.png]






	Would individuals with a Professional Science Masters in Bioinformatics Management be desirable as new employees of your firm?
Yes

6
(46%)

[image: image31.png]



No

0
( 0%)

Don't know

6
(46%)

[image: image32.png]



no answer
1
( 8%)

[image: image33.png]






	Would your firm specifically recruit individuals with a Professional Science Masters in Bioinformatics Management?
Yes

4
(31%)

[image: image34.png]



No

0
( 0%)

Don't know

8
(62%)

[image: image35.png]



no answer
1
( 8%)

[image: image36.png]






	Where would you like to be in your career 5 and 10 years from now, and would
a Professional Science Masters in Bioinformatics Management degree
help you get there?
7 responses    


	Follow-up:

George Mason University is in the process of finalizing the details of its new 
Professional Science Masters in Bioinformatics Management.

If you would you like to be kept informed about our progress please provide your name and e-mail address:
9 responses    


Demand for Graduates

Interviews with local employers will be done over the next two weeks; however, preliminary conversations suggest that there is demand for this type of program.

CONCLUSION

Establishment of the proposed M.S. in Bioinformatics Management degree program would be advantageous to George Mason University, the Commonwealth of Virginia, and to the Washington, D.C. region. This program represents a consolidation of current resources devoted to the M.S. and Ph.D. programs in Bioinformatics and the M.S. in Bioscience management.  As such, George Mason has the resources in place to support this innovative, interdisciplinary degree, including faculty, library facilities, computer labs, networking, and general technology support. The proposed degree program is unique in Virginia and would expand the range of academic offerings in Bioinformatics at GMU.

It is anticipated that the M.S. in Bioinformatics Management will complement the already highly successful Bioinformatics M.S. and Ph.D. programs by providing those students with an interest in the management of bioinformatics programs and projects, rather than as practitioners, an opportunity to get an advanced degree. There is substantial evidence suggesting strong student demand for this new degree program. Sources of applicants will include graduates of Mason’s undergraduate programs in computer science and biology.  Graduates from other area schools with one of these majors may also find the M.S. degree in Bioinformatics Management an attractive degree in a region dominated by biotechnology-related industries and government facilities. Graduates from the proposed M.S. program will have many opportunities to seek or continue employment in the biotechnology field in the Northern Virginia region. As the only school in the state to offer this innovative degree, George Mason is well positioned to enjoy significant student demand and in so doing to prepare students for challenging and exciting careers.

APPENDIX A   

Summary of Projected Enrollments in Proposed program
State Council of Higher Education for Virginia

Instructions:

Enter the appropriate dates at the top of each column.

Provide fall headcount enrollment (HDCT) and annual full-time equivalent student (FTE) enrollment.  Round the FTE to the nearest whole number.

Note:  Target Year refers to the year the institution anticipates the program will have achieved

full enrollment.  The Council will review for possible closure any program that has not met SCHEV’s productivity standards within five years of the date of first program graduates.  Programs that do not anticipate meeting SCHEV productivity standards should not be proposed.

Projected enrollment:

	Year 1
	Year 2
	Year 3
	Year 4
	Target Year

	2007_ - 2008_


	2008_ - 2009_
	2009_ - 2010_
	2010_ - 2011_
	2011_ - 2012_

	HDCT

__6__
	FTES

__4__
	HDCT

_11__
	FTES

__9__
	HDCT

_15__
	FTES

_11__
	HDCT

_18__
	FTES

_13__
	HDCT

_19__
	FTES

_13__
	GRAD

__8__


The assumptions used in determining the above figures are as follows:

95% rate of retention

50% full-time students and 50% part-time students

full-time students take 9 credit hours per semester

part-time students take an average of 4.5 credit hours per semester

full-time students graduate in two years

Definitions:

HDCT—fall headcount enrollment

FTES—annual full-time equated student enrollment

GRADS—annual number of graduates of the proposed program

APPENDIX B

Catalogue Description of Existing Courses

BINF Course Descriptions: 

BINF 630 Bioinformatics Methods (3:3:0) Prerequisites: Graduate standing or permission of instructor. Introduction to bioinformatics methods and tools for pairwise sequence comparison, multiple sequence alignment, phylogenetic analysis, protein structure prediction and comparison, database similarity searches, and discovery of conserved patterns in protein sequence and structures. 

BINF 631 Molecular Cell Biology for Bioinformatics (3:3:0) Prerequisites: Undergraduate background in biochemistry or cell biology, or permission of instructor. Intensive review of aspects of biochemistry, molecular biology, and cell biology necessary to begin research in bioinformatics. Topics include cell structure and cell cycle; DNA replication, transcription, and translation; molecular structure of genes and chromosomes. 

BINF 633 Molecular Biotechnology (3:3:0) Prerequisites: Graduate standing or permission of instructor. Laboratory intensive course introducing the theory and practice of modern biotechnology. Includes study of recombinant DNA, gene expression, and genetic analysis and associated methods. Laboratory exercises change to reflect the more recent advances in the field. 

BINF 634 Bioinformatics Programming (3:3:0) Prerequisites: Graduate standing and computer programming experience or permission of instructor. Data representation, control structures, file input/output, subroutines, regular expressions, debugging, introduction to relational databases. An emphasis on bioinformatics applications including DNA sequence analysis, parsing FASTA and GenBank files, processing BLAST output files, SQL or equivalent query language. 

BINF 650 Data Modeling for Bioinformatics (3:3:0) (course currently being taught as BINF 739 Special Topics) Prerequisites: BINF 634 or an equivalent level of comfort with the Perl programming language. This course focuses on the basics of working with databases, with an emphasis on scientific biological databases. Students will gain practical experience working with database management systems and using SQL and other database tools. A particular focus will be using programmatic access to bioinformatics databases through ODBC, BioPerl, and the Perl DBI. Students will gain practical experience working with freely available database management systems. 

BINF 730 Biological Sequence Analysis (3:3:0) Prerequisites: BINF 702 or previous courses in programming, molecular biology, and probability, or permission of instructor. Fundamental methods for the analysis of nucleic acid and protein sequences, including pairwise alignment, multiple alignment, database search methods, profile searches, and phylogenetic inference. Development of probabilistic tools, including hidden Markov models and optimization algorithms. Survey of current software tools. 

BINF 731 Protein Structure Analysis (3:3:0) Prerequisite: Permission of instructor, or coursework in molecular biology, biochemistry, and computer programming. Computational methods for the analysis, classification and prediction of three-dimensional protein structures. The course covers theoretical approaches, techniques, and computational tools for protein structure analysis. 

BINF 732 Genomics (3:3:0) Prerequisites: BINF 730 or previous courses in biology, numerical methods, and programming, or permission of instructor. A survey of computational tools and techniques used to study whole genomes. The biological basis of genome analysis algorithms will be explored. Lecture topics include genome mapping, comparative genomics, and functional genomics. 

BINF 733 Gene Expression Analysis (3:3:0) Prerequisites: Programming experience and a course in molecular biology, or permission of instructor; S-Plus or Matlab experience may also be helpful. This course will focus on the analysis of gene expression data. Particular topics include: cluster analysis and visualization of expression data; inference of genetic regulatory networks; and theoretical models of genetic networks. 

BINF 734 Advanced Bioinformatics Programming (3:3:0) Prerequisites: BINF 634 or permission of the instructor. Selected topics including algorithm design, complex data structures, object oriented programming, relational databases, designing modules, graphics programming, web programming. Students will complete a bioinformatics programming project. 

BINF 739 Topics in Bioinformatics (3:3:0) Prerequisite: Permission of instructor. Selected topics in bioinformatics not covered in fixed-content bioinformatics courses. May be repeated for credit as needed. 

BINF 740 Introduction to Biophysics (3:3:0) Prerequisites: The students are expected to be familiar with basic physical concepts, calculus, and biology on undergraduate level. This graduate course is designed as a broad introduction into the field of biophysics for the students with the background in biology, chemistry, computer science, or physics. The goal of the course is to present basic concepts of physics and chemistry and map them on a rapidly expanding interdisciplinary interface, combining biology, chemistry, and physics. The course reveals multiscale nature of biophysics by exploring macroscopic and microscopic applications. The course aims to balance the need for rigorous mathematical treatment with the simplicity of presentation. 

BINF 741 Computer Simulation of Biomolecules (3:3:0) Prerequisites: Students are expected to be familiar, on an undergraduate level, with basic concepts in physics, calculus, and programming language suitable for numerical computations. Knowledge of biological aspects of simulations is not required. This course is intended to serve as an introduction to computational methods for simulating biological macromolecules, such as proteins, DNA and RNA. It is designed for the students who are interested in computational biology and whose background is in physics, chemistry, biology, computer science, or mathematics. 

BINF 751 Biochemical & Cellular Models (3:3:0) Prerequisites: Calculus and knowledge of a programming language. Knowledge of differential equations is helpful. A student in this course will learn concepts and techniques that will enable them study cellular and subcellular processes using computational and mathematical methods. They will learn to describe a cellular or subcellular process by mathematical equations and analysis this system using mathematical and computational methods in order to get insight into cellular function in normal and diseased organisms. 

BINF 798 Research Project (3:0:0) Prerequisites: Twelve graduate credits and permission of instructor. Project chosen and completed under the guidance of a graduate faculty member, which results in an acceptable technical report. 

MSBM Course Descriptions:

MSBM 650 Legal and Ethical Aspects of Bioscience Management (3:3:0) Prerequisites: Admission to the Bioscience Management Program or permission of instructor.  Introduces contemporary legal and ethical doctrines as applied to the life sciences organization and industry and examines how they can be applied to guide and enhance the decision-making processes of managers in a global economy. Intellectual property issues are discussed. Lecture, class discussion, cases, and projects.

MSBM 703 Best Practices in R&D Management (3:3:0) Prerequisites: Admission to the Bioscience Management Program or permission of instructor.  The course deals with both management of R&D within the corporation and dealing with outside funding agencies. Management of an R&D project portfolio, third and fourth generation R&D management practices, the climate for R&D funding, including government policy, both from the perspective of the firms and institutions receiving funding and the agencies funding projects. Corporate, institutional, and governmental perspectives are presented and studied.

MSBM 720 Analysis of the Bioscience Industries (3:3:0) Prerequisites: Admission to the Bioscience Management Program or permission of instructor.  Develops knowledge of the status of the bioscience and bioinformatics industry and its companies and segments. Students analyze bioscience companies using Porter’s Five Forces Model, examine industry segments, and create an electronic database with their findings and analysis.

MSBM 745 Bioscience Product Development and Risk Management (3:3:0) Prerequisites: Admission to the Bioscience Management Program or permission of instructor.  Explores best practices in product development in the life sciences (bioinformatics, bioscience, genomics, biotechnology, and pharmaceutical). Students analyze practices in terms of gaining competitive advantage in an industry where the new technologies and economic models for products are constantly being developed. Life science projects and product development efforts are categorized and analyzed with a view to develop and maintain the most favorable project/product asset portfolio to successfully carry out business goals and strategies. The effect of bioscience project investments on the financial worth and performance of an organization is analyzed. Bioscience industry segments and companies are analyzed from a perspective of choosing appropriate partnerships.

MSBM 735 Bioscience Management Capstone Project (3:3:0) Prerequisites: Admission to the Bioscience Management Program or permission of instructor.  Teams undertake a strategic evaluation and plan for bioscience driven business initiatives. Teams present their results including 1.) an analysis of competitive forces and the value chain, 2.) recommendations including changes in goals and organizational design, 3.) a plan of action integrating marketing, human resource development, organizational theory, finance, and bioscience product research and development, and 4.) an implementation plan using theories of communication and change management, to include the business case and a business plan.

APPENDIX C


Qualifications of M.S. Faculty

Dept. of Bioinformatics and Computational Biology

The following faculty members are actively participating in the BCB Masters and Doctoral programs in Bioinformatics.  As such, they are fully qualified to advise and instruct Master’s level students. 
John Grefenstette, Ph.D., Professor, Bioinformatics and Computational Biology. Dr. Grefenstette’s research focuses on the application of artificial intelligence methods, especially evolutionary algorithms, to problems in bioinformatics and computational biology.  He has published over 50 research papers, and is currently funded by the Office of Naval Research and the USDA. Dr. Grefenstette has taught graduate courses on machine learning, biological sequence analysis, and the analysis of gene expression data.

Web site: http://www.scs-pw.gmu.edu/people/faculty/cvs/gref-cv.html

Saleet Jafri, Ph.D., Professor, Bioinformatics and Computational Biology.  Research interests:  cellular signalling, cardiac physiology, protein structure, high-performance computing

Web site: http://binf.gmu.edu/jafri/
Jason M. Kinser, D.Sc., Associate Professor.  Research interests include image and signal processing, pulse image processing, image signatures, associative memories, and applications in bioinformatics.  Graduate level teaching has included biological sequencing, signal and image processing, and computer languages.

Web site: http://ib3.gmu.edu/kinser/Public/JMK-CV.html 

Dmitri Klimov, Ph.D., Assistant Professor, Bioinformatics and Computational Biology.  Research interests:  Computational study of protein aggregation and unfolding, and the computational investigation of forced (mechanical) unfolding of proteins.

Web site: http://binf.gmu.edu/dklimov/
Lakshmi Kumar, Ph.D., Research Assistant Professor, Bioinformatics and Computational Biology.  Research Interests: Bovine genomics. 

Donald Seto, Ph.D., Associate Professor, Microbial Genomics and Diversity, Bioinformatics. Research interests: Comparative genomics; comparative virology; tools for annotation; tools for data mining; cancer genomics; Gene expression. 

Web site: http://www.scs-pw.gmu.edu/people/faculty/dseto.html

Jeffrey Solka, Ph.D., Contract Assistant Professor.  Research interests: computational statistics.

Iosif Vaisman, Ph.D., Associate Professor, Bioinformatics and Computational Biology. Dr. Vaisman’s research focuses on developing computational methods for protein structure analysis and classification. Computational geometry algorithms are applied to identify and characterize sequence-structure patterns in known protein structures. Information derived from these studies is used for protein structure alignment, comparison, and prediction.

Web site: http://www.scs-pw.gmu.edu/vaisman/vaisman.html

Jennifer Weller, Ph.D., Associate Professor, Bioinformatics and Computational Biology.  Research interests:  Systematic investigation and evaluation of the behavior of the complex mixture of probes and targets on microarrays.

Web site: http://binf.gmu.edu/weller/
James Willett, Ph.D., Professor of Biology, Applied Cell Biology and Genetics.  Dr. Willett is developing a rapid assay for metabolic system effectors using the nematode Caenorhabditis elegans. Recording responses of biochemical pathways to physiologic state modifiers provides a means of studying the underlying mechanisms responsible for these changes. This is especially valuable in elucidating the mechanisms of action of neurotoxicants, and dietary supplements purported to have life extending properties. Willett’s interest in this approach arose as a result of his studies of alterations in signaling arrays in nematodes as a function of age.

Web site: http://www.scs-pw.gmu.edu/people/faculty/willett.html

School of Management

The following faculty members are actively participating in the SOM Master of Science in Bioscience Management.  As such, they are fully qualified to advise and instruct Master’s level students. 
Jean-Pierre Auffret, Ph.D., Assistant Professor of Technology Management and Bioscience Management.  He has research and professional interests in the areas of technology innovation and management, national competitiveness, R&D policy, and telecommunications.

Web site:  http://som.gmu.edu/web.asp?FacultyandResearch/FacultyBios&identifier=jauffret
John Crockett, Ph.D., Professor of Finance.  His expertise lies in the managerial application of economics and economic factors that influence company performance. He has taught programs led by the Economic Development Institute of the World Bank in Russian, Ukraine, Uzbekistan, and Kazakhstan.

Web site: http://som.gmu.edu/web.asp?FacultyandResearch/FacultyBios&identifier=jcrockett

Michelle Marks, Ph.D., Assistant Professor of management.  Her research on organizational behavior and leadership including how to enhance team effectiveness.

Web site: http://som.gmu.edu/web.asp?FacultyandResearch/FacultyBios&identifier=mmarks

Sarah Nutter, Ph.D., Associate Professor of Accounting.  Her research focuses on the impact of changing decision rules on individual and business behavior, including the impact of taxes and tax structures on individuals and businesses.

Web site: http://som.gmu.edu/web.asp?FacultyandResearch/FacultyBios&identifier=snutter

Gyan (John) Prakash, Ph.D., He currently serves as Senior Drug Development Expert & Team Leader for Drug Development at the National Institutes of Health-NIAID/DMID-Office of Regulatory Affairs.

Leslie Platt,  is a Principal in ITARIS LLC based in McLean, VA., providing  professional strategy and consulting services to the biotechnology, pharmaceutical and health care industries. Previously, Mr. Platt was a Principal at Ernst & Young LLP and has also served as Executive Assistant to the Director and Chief of Operations, Office of the Director, National Institutes of Health (NIH), and has been general counsel and a senior executive of two biotechnology organizations   Mr. Platt is Chairman of the Board of Trustees of the Biojudiciary Project and has served as a member of the Task Force on Genetic Technologies of the National Conference of State Legislatures.  Mr. Platt is a graduate of New York University School of Law and a member of the Bar of the District of Columbia.
APPENDIX D



Required Resources

Infrastructure
The proposed program will use existing classrooms, libraries, laboratories and computational resources, on the Fairfax and PW Campuses.

Course Design

The proposed program does not require any effort for course design, since the content of the core courses in this program is currently being offered as part of the BCB bioinformatics graduate programs and the SOM biosciences management program.  

Teaching Resources

At the anticipated level of enrollment, the proposed program is not expected to require additional teaching resources, since staff effort currently devoted to the M.S and Ph.D. programs in Bioinformatics and the M.S. in Bioscience Management will be available to support the M.S. in Bioinformatics Management.  

APPENDIX E


Survey instrument

Professional Science Masters in

Bioinformatics Management

George Mason University’s College of Science, Department of Bioinformatics and Computational Biology and School of Management currently have independent programs that provide quality graduate education in either bioinformatics or bioscience management.  These programs prepare their students for careers as either practitioners of bioinformatics or as managers of bioscientists, and both programs successful support these specific human capital needs in the public and private sectors.  However, currently there is no easy mechanism in place whereby students in the M.S. in Bioinformatics program can gain the necessary business background that would allow them to move into positions that require and reward management skills.  In a like manner the students in the M.S. in Bioscience Management program may find themselves without the necessary technical credibility when they apply for management positions in bioinformatics companies if they lack a strong background in the science and technology that underpins this new and emerging field. 

Therefore, to address this shortcoming, the two schools have decided to combine their considerable expertise and resources to create a degree that bridges this divide.  The new program will offer a Professional Science Masters (P.S.M.) in Bioinformatics Management, which is motivated by the Alfred P. Sloan Foundation program, and is targeted for students who are interested in science but are not working towards a Ph.D.-type academic career.  The curriculum will provide training in the technical aspects of bioinformatics, utilizing the expertise resident in the College of Science’s Department of Bioinformatics and Computational Biology, with the very specialized management-of-science techniques offered in the School of Management’s biosciences management program.

 

 In order to aid in the development to this new program, and to ensure that it fulfills the needs of both prospective students and the companies that will employ them, we would like to gather some information.  Therefore we would appreciate your inputs via a short survey.  If you would like to participate please click on Survey Button.

 

Thank you for your interest in George Mason University, and I hope to hear from you in the near future regarding this exciting educational opportunity. 

 

John J. Kopecky, Ph.D.

Program Development 

Bioinformatics and

Computational Biology

jkopecky@gmu.edu

Survey on Proposed

George Mason University

Professional Science Masters in Bioinformatics Management

What is your current title?   

Job Description:  

Do you manage other employees?

Yes

No

If yes, what type of work do your subordinates do? (Check all that apply)

Technical

Managerial

Administrative

Clerical

other: 

Do you currently have responsibility, or would you like to have future responsibility, in any of the following areas? (Check all that apply)

Program / Product Management (Current)

Program / Product Management (Future)

Proposal preparation (Current)

Proposal preparation (Future)

R&D Management (Current)

R&D Management (Future)

Intellectual Property management (Current)

Intellectual Property management (Future)

Quality Assurance Management (Current)

Quality Assurance Management (Future)

Product Development (Current)

Product Development (Future)

Intra/Entrepreneurial management (Current)

Intra/Entrepreneurial management (Future)

Legal and Ethical Aspects of Bioscience Management (Current)

Legal and Ethical Aspects of Bioscience Management (Future)

other: 

If you are now, or would like to become, a manager of bioinformatics personnel, would training in the management of scientific programs/personnel be of interest to you?

Yes

No

Interest in a Professional Science Masters in Bioinformatics Management:

The George Mason University is developing an Alfred P. Sloan Foundation inspired Professional Science Masters in Bioinformatics Management. The program would combine courses in the technical aspects of bioinformatics with courses specifically related to the management of bioscience programs/projects/personnel. Would you be interested in such a program?

Yes

No

What is the name of your firm?

Would your firm provide financial support for current employees that undertook a Professional Science Masters in Bioinformatics Management?

Yes

No

Don't Know

Would individuals with a Professional Science Masters in Bioinformatics Management be desirable as new employees of your firm?

Yes

No

Don't know

Would your firm specifically recruit individuals with a Professional Science Masters in Bioinformatics Management?

Yes

No

Don't know

Where would you like to be in your career 5 and 10 years from now, and would

a Professional Science Masters in Bioinformatics Management degree

help you get there?

Follow-up:

George Mason University is in the process of finalizing the details of its new 

Professional Science Masters in Bioinformatics Management.

If you would you like to be kept informed about our progress please provide your name and e-mail address:

or send an e-mail to that affect to:

Dr. John J. Kopecky

Program Development

Department of Bioinformatics and Computational Biology

College of Science

George Mason University

jkopecky@gmu.edu

APPENDIX F

Relevent Job Postings

Examples of positions that requires background provided by the proposed degree.

Posting 1

American Type Culture Collection (ATCC)
P.O. Box 1549
Manassas, VA 20108
USA

http://www.atcc.org/Employment/jobdetail.cfm?job_id=436

	Job Title:
	Director, Scientific Information Systems

	Job Code:
	IT057

	Department:
	Information Systems/ 

	Description:
	M.S. degree in a technical area with an understanding of biological sciences required. A minimum of five years proven experience with computer applications in research and management of staff in Bioinformatics is required. Specific experience needed in laboratory Information Management Systems (LIMS), database design, Systems Development Methodologies, and Project Management. Excellent interpersonal, oral and written communication skills required. Must be able to communicate/interact effectively with scientific staff. A background in the life sciences is desired. 

	Openings:
	1

	Date Posted:
	10/18/2006


Posting 2

http://bioinformatics.org/forums/forum.php?forum_id=4650

Posted By: David Mossburg
Date: 10/03/06 15:40
Summary:Opportunity: Director of Informatics--Austin, TX (US) 
COMPANY BACKGROUND: 
This company is a newly formed molecular diagnostic company that has spun off of their highly successful diagnostic research division. Their vision is to become a fully integrated diagnostic company focused on molecular oncology. 

It is comprised of Diagnostics and Services divisions, along with the formation of a new Discovery group charged with transforming cutting edge research into clinical products. They are committed to the quality, innovation and RNA expertise that customers have come to trust. 

Be a part of this exciting new venture in Austin, TX voted #2 in Money Magazines best big cities to live in. Apply today for Director of Informatics 

POSITION DESCRIPTION: 
- Lead the overall informatics requirements. 
- Lead discovery informatics for diagnostics development and tool development. 
- Responsible for discovery data and any necessary underlying databases required for marketing, manufacturing, and internal R&D 
- Lead the development of a broad strategy for informatics. 
- Participate in the development of capabilities to serve services customers, including work with marketing to identify and create tools, datasets, products, services, etc… 
- Participate in the budget process company-wide 
- Define and implement internal training programs 
- Participate in the development of marketing materials, including web portals, technical articles, seminars, etc… for customers, in combination with marketing department leads 
- Interact directly with R&D to provide support as needed 
- Define, implement, and maintain data systems and data analysis requirements company-wide 
- Responsible for leading the planning for any major genomics projects in the company, including the identification of required resources 
- Participate in the sales process 
- Other duties as assigned. 

QUALIFICATIONS: 
Ph.D. in a scientific discipline with a minimum of 5 years of industrial experience in informatics: or a M.S., B.S. or B.A. from a four-year college or university and 8 years of post-graduate experience. 

At least 3 years of experience leading the informatics efforts in a commercial setting is absolutely required. 

Significant managerial expertise is absolutely required. The ability to properly set deadlines, apply resource levels, and meet deadlines is crucial for this position. Travel up to 25% is required. 

PREFERABLE SKILLS AND ATTRIBUTES: 
The ideal candidate will have significant experience and internal drive to grow the genomics-based products and services. 

The ideal candidate will have experience with implementing and maintaining the architecture behind an informatics system that interfaces with manufacturing, marketing, and customers. 
Expertise in PERL, SQL, Java, and other common tools is preferred. 

SALARY AND BENEFITS: 
$125-175K 

HOW TO APPLY: 
Send resume to david.mossburg@discoverysolutionsllc.com. 
Contact information: 
David Mossburg 
Discovery Solutions LLC 

(410) 838-2110


PROJECTED RESOURCE NEEDS 

Institution: George Mason University
Program Title:  MS in Bioinformatics Management
Summary:

The available program resources include 10 BCB and 6 SOM full time faculty members, and 3 1st and 2nd year Bioinformatics Ph.D. students to help as GRAs in the core BINF classes.  The part-time faculty effort is expect to be 2 per academic year, which is the current level within the BCB department.  Currently there are two designated full-time classified people working at the administrative level and assisting with the existing BCB and SOM academic programs. There will be no anticipated financial aid available to the students at the departmental level.  The two libraries available as resources by the students are the Mercer Library on the Prince William campus and the Fenwick Library on the Fairfax campus.  The students are expected to use BCB and SOM designated classrooms already being utilized for existing classes. On the Prince William campus, there are two computer labs dedicated to students taking BINF classes.  The SOM has existing distance learning capabilities, which is incorporated into telecommunication technology and will be utilized for the MBSM courses.  Other resources that will be available include BCB and SOM conference rooms for committee discussions pertaining to student projects and research.

______________________________________________________________________________

Projected Resource Needs for Proposed Program

Part A:  Answer the following questions about general budget information.

Has or will the institution submit an addendum budget request


to cover one-time costs?  




      Yes_____   No__X__

Has or will the institution submit an addendum budget request


to cover operating costs? 



                   Yes_____   No_X__

Will there be any operating budget requests for this program 


that would exceed normal operating budget guidelines (for 


example, unusual faculty mix, faculty salaries, or resources)       Yes_____   No_X___

Will each type of space for the proposed program be within 

       projected guidelines?





        Yes_X__    No_____

Will a capital outlay request in support of this program be 

      forthcoming?
 





        Yes__X__ No_____


Part B:  Fill in the number of FTE positions needed for the program.  

	
	Program initiation year

2007__ - 2008__
	Total expected by 

target enrollment year

2011__ - 2012__

	
	On-going and reallocated
	Added (New)
	On-going and reallocated
	Added (New)

	Full-time faculty
	   16
	 0
	  16
	 0

	Part-time faculty
	    2
	 0
	   2
	 0

	Graduate Assistants
	    3
	 0
	   3
	 0

	Classified Positions
	    2
	 0
	   2
	 0

	TOTAL
	   23
	 0
	  23
	 0


Part C:  Estimated $$ resources to initiate and operate the program.  *

	
	Program initiation year

2007__ -  2008__
	Total expected by 

target enrollment year

2011__ - 2012__

	Full-time faculty
	0
	0

	Part-time faculty
	0
	0

	Graduate assistants
	0
	0

	Classified positions
	0
	0

	Fringe benefits
	0
	0

	Total personnel costs
	0
	0

	Targeted financial aid
	0
	0

	Equipment 
	0
	0

	Library
	0
	0

	Telecommunication costs 
	0
	0

	Other resource needs (specify)
	0
	0

	TOTAL
	0
	0


*  There are no expected incremental costs associated with this proposed M.S. program.  All personnel are currently in place and will be utilized at same capacity.

CERTIFICATION STATEMENTS

The institution will require additional state funding to initiate and sustain this program.


_____ Yes      _______________________________________________




                 Signature of Chief Academic Officer


__X__ No
_______________________________________________





     Signature of Chief Academic Officer

If “no,” please complete Items 1, 2, and 3 below.

1.  Estimated $$ and funding source to initiate and operate the program.    

	Funding Source
	Program initiation year

2007__- 2008___
	Target enrollment year

2011___ - 2012___

	Reallocation within the department or school (Note below the impact this will have within the school or department.)
	Utilizing already existing resources.  FTE for existing classes should increase accordingly.
	Incremental increase in class size due to anticipate student population growth. No new sections or classes are expected.

	Reallocation within the institution (Note below the impact this will have within the school or department.)
	   None
	   None

	Other funding sources

(Please specify and note if these are currently available or anticipated.)
	   None
	   None


2. Statement of Impact/Other Funding Sources.

The increased student enrollment anticipated by to this proposed program will create a more efficient use of departmental and institutional resources.  The student growth is expected to increase FTEs counts, while the current staff resources exist to handle the student issues and recruitment efforts.  

3.
Secondary Certification.      

If resources are reallocated from another unit to support this proposal, the institution will not subsequently request additional state funding to restore those resources for their original purpose.


_____ Agree      _______________________________________________




                 Signature of Chief Academic Officer


_____ Disagree _______________________________________________





     Signature of Chief Academic Officer

� US Department of Labor, “The field of biology has progressively transitioned from a bench-based skill to a computer-based science. The bioinformatics sector represents the technological future of the biotech industry. Utilizing sophisticated computer equipment for gathering and analyzing biological information, bioinformatics holds the promise of significant advancements in health care. The sector will grow exponentially over the next decade and provide us new intelligence about our genetic structure, how our genes shape who we are, and how we function. This tremendous growth has created a need for workers at all levels, from basic tasks like creating and maintaining databases that hold biological data to more advanced occupations the demand for computational and biological expertise continues to grow.”  (underscore added for emphasis)


(http://www.careervoyages.gov/biotechnology-processingandinformatics.cfm#bioinformatics).





� Fairfax County Economic Development Authority “Fairfax County EDA dedicates BioAccelerator to grow new bioscience companies” (January 24, 2003).  (http://www.fairfaxcountyeda.org/03releases/jan24-03.htm)


� Joseph Cortright and Heike Mayer, “Signs of Life: The Growth of Biotechnology Centers in the United States” The Brooking Institution Center on Urban and Metropolitan Policy, 2002 


http://www.brookings.edu/es/urban/publications/biotech.pdf
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