The University of Akron – Program Development Plan for Ph.D. in Biology


1.  Designation of the new degree program, rationale for that designation, and brief description of its purpose.

The faculty of the Department of Biology at The University of Akron propose the development of a graduate program leading to the Doctor of Philosophy in Integrative Biology.  The proposed program is unique in the State of Ohio, preparing professionals to function at multiple levels of complex biological issues.  The program builds on a core faculty with recognized expertise in 1) cell and molecular biology; 2) organismal physiology; and 3) evolution/ecology.  The integrative nature of the program is ensured by having students complete courses in all three areas, completing additional advanced courses within a given specific area, and by having at least one faculty member from each area on the dissertation committee.  The student will build on this foundation by completing a dissertation that demonstrates his/her ability to tackle and solve a significant problem relating to biology.  The proposed curriculum is the logical outcome of a ten year focused effort by the Department of Biology to establish strengths in all three key areas and, through collaboration, enhance scholarly productivity in integrative biology.

The proposed PhD program is structured to meet the critical economic needs of the State of Ohio, especially in the Northeastern region which is the State’s largest urban area.  Economic development will be enhanced through advanced educational opportunities for Ohio’s citizens, increased responsiveness to the needs of employers, and direct scientific discoveries through research.  Enrollments in the biological sciences have increased dramatically since 1990, according to the National Science Foundation.  This increase is undoubtedly fueled by the realization that “the 21st century will be the century of biology in the way that the 20th century has been the century of physics and chemistry (Science’s Career Trends for the 90’s, 1990).  The State’s economy is affected by the human impact on our environment, population growth, advances in health care, and the current revolution in biotechnology.  Accordingly, Ohio needs to produce graduates trained to integrate information effectively from a variety of biological disciplines to address these complex issues successfully.

The proposed Doctoral Program in Integrative Biology is a direct response to The University of Akron’s recently stated aspiration to enhance “scholarly and creative activities that are recognized regionally, nationally, and internationally,” with the intent of becoming “a great metropolitan university of the twenty-first century” (Self-Study Report, Sept. 1997).  This graduate degree initiative will also enrich the Department’s accredited undergraduate four year degree program in biology.  This strengthened academic environment will lead to a better preparation of undergraduates for advanced study and employment in biology-related fields within Ohio.  It will also enhance one of the State’s largest public university’s ability to attract the best faculty and students in this vitally important area.

2. Proposed Curriculum for Doctor of Philosophy in Integrative Biology

A Ph.D. in Integrative Biology will require course work, a written comprehensive exam, a written research proposal, an oral defense of that proposal (the candidacy examination), original scientific research, a written dissertation, an oral defense of the dissertation, and presentation of the dissertation research to the Biology Department.  The dissertation is expected to be suitable for publication as one or more original papers in scientific journals in the field of study.  

The Ph.D. degree in this program is specifically designed to encourage an integrative approach to biology, such that all students will be initially exposed to all aspects of biology, from molecular through ecosystem-level processes.  After the initial coursework, the students will then specialize in their sub-discipline and original research.

During the first year, Ph.D. students will be required to enroll in the two introductory Integrative Biology core courses, which will teach them both research and quantitative techniques that will be useful across disciplines (e.g., DNA techniques, statistical analysis techniques, etc.). In tandem with this initial integrative approach, each student will be required to take at least one course in each of the three departmental specialty areas to broaden the student’s knowledge of biology at different levels of complexity.  This initial course work is expected to be completed within the first year of enrollment in the program.  In the semester following completion of the course work, students will take a written comprehensive exam to assess their ability to integrate their research interests with the other two specialty areas in the department.
To improve students’ communication skills, which are an essential requirement for most industrial, research, or academic careers, each Ph.D. student will be required to take an intensive teaching course the summer after completing the first academic year.  This course will teach students modern instructional techniques, such as web-enhanced multimedia presentations and collaborative learning, and provide feedback on their presentation style (e.g., via video taped presentations and peer-reviews).  The highest achieving students in this course will be allowed to enroll in a biology teaching certificate program, in which students get first-hand teaching experience by teaching smaller sections of Introductory Biology (Principles of Biology I & II).  Proof of the serious commitment to the scholarship of teaching by the Department comes from two recently-awarded NSF grants: “Graduate students in K-12” ($1.2 million over 3 years) and “Connecting research and teaching with inquiry-based biology laboratories” ($100,000 for 1 year).
Course Requirements

	Course
	Credits

	Bio 700 – Integrative Biology : Research techniques
	4

	Bio 701 – Integrative Biology : Quantitative techniques
	3

	Bio 702 – Biology Teaching Techniques
	3

	Bio 798 – Biology Colloquium (Seminar)
	8

	One Course in Each of the Following Specialty Areas:
	

	Genetics, Cellular, and Molecular Biology
	3

	Animal Physiology
	3

	Evolution and Ecology
	3

	Additional Biology Elective Courses:
	

	797 Graduate seminar courses
	8

	Bio 500-799 level courses
	6

	Bio 798/799 (Ph.D. research)
	40

	Additional Graduate Courses 
	9

	Total (minimum)
	90


After the first year, students will concentrate on their specialty areas.  Each student will take four semesters of specialty seminar courses, which can either be within or outside their own sub-discipline.  A total of two other biology graduate-level elective courses will be expected. The students will also attend four full years of biology colloquium (the departmental seminar).  The remaining 49 credits will be partitioned between Ph.D. research (40 credits) and other graduate level coursework (9 credits).  The latter is encouraged to be within the Biology Department, but can include other courses outside the department if the student’s Advisory committee deems the courses pertinent to the student’s field of interest.  No more than 6 credits of 500 level courses can be applied to the Ph.D. degree.

3.  Administrative arrangements for the proposed program: department and college involved.

The proposed Ph.D. program in Biology will be administered by the Department of Biology.  As a part of The College of Arts and Sciences, The Department of Biology is among the most active research and teaching departments at The University of Akron. The program will include a director and a committee of faculty, which will coordinate the program’s policies and curriculum and evaluate its results at periodic intervals.  Members of the committee will be drawn from the Department faculty members that hold graduate faculty status II.  To ensure an integrated approach, the committee will include faculty members that work in each major field of biology represented at the Department.

4. Evidence of need for the new degree program

There are currently eight Ph.D. programs in the biological sciences in the State of Ohio.  Because the Department of Biology at The University of Akron has not had a Ph.D. program, we have been supplying these other Ph.D. programs with our most promising students.  A Ph.D. program in Integrative Biology at the University of Akron will allow us to retain these students at Akron.  Since 1980 approximately 80 of our MS and BS students have left Akron to enter Ph.D. programs elsewhere, both inside and outside of Ohio. 

The University of Akron serves as a resource for the major industrial clusters of Northeastern Ohio, and is a major resource for the development, protection, management, and commercialization of intellectual property, as it has the second-largest intellectual property portfolio among Ohio’s public universities.

Although nearby universities offer traditional, specialty Ph.D. degrees in physiology, ecology and regulatory biology, no other program in Northeast Ohio, or anywhere else in Ohio, offers a Ph.D. specifically aimed at training all students with a comprehensive approach to biology, including a teaching component leading to a certificate.  The Ph.D. Program in Integrative Biology will provide training of students in the three areas of biology in which our department has established high profiles, both nationally and internationally.  These are 1) cell and molecular biology; 2) organismal physiology; and 3) evolution/ecology.  Because of our broad range of expertise, we are superbly positioned to train students to approach specific sub-disciplines using techniques ranging from molecular biology to community ecology. 

Biological science in the 21st century is increasingly becoming interdisciplinary.  This trend is reflected in the new series of initiatives from the National Science Foundation aimed at integrative approaches to large-scale biological problems (e.g., the $55 million per year Biocomplexity initiative). Therefore, graduates with an integrative background and a history of interacting with colleagues from a broad spectrum of biological sub-disciplines will be the most sought after in both private industry and in government in the 21st century. “Breadth and flexibility, rather than specificity and rigid tradition, are prized in much of the emerging job market” (Greenwood & North, Science Magazine, 2001).
An integrative approach will also benefit students planning on pursuing environmental careers in Ohio.  The loss of biodiversity due to human encroachment has been identified as one of the most serious environmental problems of our time.  For example in Ohio, ecosystem destruction has coincided with major changes in the fisheries and water quality of Lake Erie (Krieger et al. 1992  J. Great Lakes Res. Vol.18: p.525-528).  Given these destructive anthropogenic impacts, preserving the few remaining ecosystems is extremely important for maintaining healthy habitats. In these ecosystems, we must know their natural structure before we can define their capacity of sustainable development, since all life in such systems is interconnected, and, eventually, this interconnectedness determines the normal functioning of these invaluable natural resources.  Given the seriousness and complexity of environmental problems facing Ohio, it is critical to prepare a sufficient number of broadly trained biology professionals that will combine a deep understanding of biological complexity with state-of-the art research skills.  Ph.D. students are an excellent target audience for such integrative biological education because they will become the scientists, managers, and policy makers of tomorrow.

The Ph.D. degree is increasingly necessary for independent research and for advancement to administrative positions (Occupational Outlook Handbook, US Dept. of Labor, Bureau of Labor Statistics; http://stats.bls.gov/ocohome.htm).  Government agencies are increasingly requiring the doctorate for top and mid-level biological administrators and researchers.  Of approximately 112,000 biological and medical scientists employed in 1998, almost 40% were employed by Federal, State and local governments (Occupational Outlook Handbook, US Dept. of Labor, Bureau of Labor Statistics; http://stats.bls.gov/ocohome.htm)

Growth in the pharmaceutical/biotechnology industry is projected to be 10% annually for the next decade.  The demand for knowledgeable, properly prepared Ph.D. graduates in this field is growing (Genetic Engineering News, Vol. 20, No 21, p.8. Dec. 2000).  For example in 1999 alone, Procter & Gamble (based in Cincinnati, Ohio) hired more than 80 Ph.D.'s, including many life scientists.  Toxicologists, microbiologists and molecular biologists are also in demand, both here in Ohio and at other P&G locations overseas (American Chemical Society, Employment Outlook 2000 report, CENEAR Vol. 77, No. 46, p. 37. Nov. 15, 1999).  "More than 40 percent of all medicinals dispensed by pharmacies in the United States are substances originally extracted from plants, animals, fungi, and microorganisms" (Wilson, 1998).  Since only “a fraction of the species -- probably fewer than 1 percent -- have been examined for natural products that might serve as medicines" (Wilson, 1998) , the pharmaceutical/biotechnology industry will need broadly trained biologists to harness the potential for natural pharmaceuticals in understudied natural areas, such as the tropics.

Additionally, the medical profession is beginning to value a more integrative approach to medicine.  Genetics and molecular biology have made huge inroads into the medical profession in the last decade (“I used to think of genetics as a sub-specialty of medicine.  Now I think of medicine as a sub-specialty of genetics,” Fred Bieber, Harvard).  Furthermore, medicine is increasingly open to ideas derived from evolutionary biology, such as the coevolution of viruses and humans.  Evolutionary medicine is "possibly the most dynamically developing field of application" of the many ways that evolutionary biology is being used in applied science (Futumya 1995). In fact Nesse and Williams (1997) state, "there is no branch of medicine that cannot benefit substantially from an evolutionary approach in its research and, sometimes, its current clinical practice.". Examples include the evolution of disease virulence, somatic defense to disease, and aging.  Clearly, the medical profession will increasingly value individuals with a broad-based, integrative approach to biology in the 21st century.

5. Prospective enrollment

Funding for Ph.D. students will be three full-time students per year (see Budgetary Plan below).  Thus, we will enroll a minimum of 3 students but hope to enroll additional students through grant supported stipends.  At present 5 Ph.D. students are working with advisors in the Biology Department but enrolled at Kent State University (4 in the School of Biomedical Sciences; 1 in the Dept. of Biology).  Because the first enrollees will be M.S. graduates with two years of graduate education, it is assumed that at least two students will graduate in Year 3.  The enrollment plan will be reviewed at regular intervals to evaluate progress toward goals.

The market is expected initially to be our own pool of graduates.  Beginning in Year 1 we will also expand to recruit other students in Ohio and elsewhere.

Enrollment Plan

	
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	Ph.D. Enrollees
	3-6
	6-9
	9-12
	12-15
	12-15

	Anticipated PhD Graduates per year
	 
	 
	2
	3
	5


6. Special efforts to enroll and retain minority students and women.

The University of Akron is committed to the education of minority and women students, especially in the sciences.  The University's Office of Campus Diversity provides students with various support programs for women and minorities, such as Time Management, Stress Management, Dealing with Insensitive and Biased People, etc.  Additionally, this office provides academic and career development consultation services geared toward promoting minority and women student progress and success toward degree completion.

7.  Faculty and facilities available for the new degree and their adequacy.

As a result of ongoing expansion, there are currently 20 full-time faculty members in the Department of Biology (11 were hired in the last 9 years).  In addition, two endowed professorships in biology were just established and will begin Fall, 2003.  These faculty reflect a diverse educational background, receiving their doctoral degrees from 17 separate universities, including such prestigious universities as Cornell, University of California, University of Pennsylvania, and Rutgers University. The research and teaching interests of the faculty reflect this diversity, ranging from molecular biology to physiology to evolutionary biology and ecosystem dynamics.  The majority of the faculty has external funding for their research from sources such as the National Science Foundation, National Institutes of Health, American Heart Association, Environmental Protection Agency, National Geographic Society, and National Sea Grant. External funding for research and teaching by federal and state granting agencies is now approximately $500,000 annually, and grant submissions have risen dramatically in the past five years (see below).  In 2000, the department as a whole had 17 funded grants, submitted 28 grant proposals, published 27 peer-reviewed publications, reviewed 46 scientific manuscripts and books, evaluated 31 external grant proposals, presented 33 papers at meetings, and made 17 other scientific presentations off campus.  The research productivity per research faculty per year in 2000 was as follows: (a) an average of over three peer-reviewed publications (many of which are in the most prestigious journals in their respective fields), (b) an average of nearly five grant proposals submitted, and (c) over three papers or posters presented at regional, national and international meetings.  In 2000, Biology faculty members were invited to seven separate Universities (three in-state, three out-of-state, and one in Canada) to present their research.  Additionally, faculty research has been profiled on local and national public forums, such as CBS News Healthwatch and The Learning Channel, and in scientific periodicals, such as Nature and The Scientist.  Clearly, the Department has achieved a level of scholarship that will support the proposed doctoral program.
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Faculty in the Department of Biology are very effective in involving both graduate and undergraduate students in primary research.  In 2000, the research faculty had an average of over three graduate students per faculty member, and instructed and average of over four undergraduates in independent research in each of their labs.  Accordingly, the Department graduates over 15 Master’s of Biology students per year, on average.  Thirteen of the 18 faculty have served on over 70 Ph.D. committees, and five of the faculty have been major advisors for Ph.D. students (through adjunct appointments at nearby universities).  Additionally, various members of the Biology faculty have served on NSF, NIH, EPA, MRC (Canada) and American Heart Association grant proposal review panels, are associate editors for various scientific journals, are members of research and educational advisory boards, and have organized international symposia.
Given the above research productivity, it is clear that the Department is well equipped for conducting modern research in many areas of faculty specialization.  Research capabilities in the Department of Biology have been greatly expanded by the addition of a 14,000 square foot animal care and research facility. Currently, the Department of Biology occupies 73,000 square feet in the Auburn Science and Engineering Center (approximately 1,000 square feet of laboratory space per faculty member).  Available equipment includes personal computers, advanced digital microphotography systems (with DIC and epifluorescence), TEM, HPLC’s, thermocyclers for PCR, scintillation and gamma counters, ultracentrifuges, deep-freezers, a Hacker-Bright microtome cryostat, a Narishige microinjector, and an ABI automated DNA sequencer.  There is also a new 1,728 square foot greenhouse, a stockroom and a workshop.  Two vehicles and a boat are available for field work.  The University of Akron is developing a field station on a 400 acre nature preserve in Bath Township.  This preserve will provide an important additional resource for educational and research activities.

The University of Akron has excellent computing facilities.  The University has been recently outfitted with high-speed networking capabilities, allowing students and faculty to network locally, regionally, nationally, and internationally.  OhioLink allows access to all Ohio state university libraries, as well as over 3,000 electronic journals.  Additionally, the Department of Biology has 20 networked PC's in a student computer facility offering 24 hr. graduate student access.

8. Need for additional facilities and staff along with the plans for meeting this need.

The Department of Biology currently has adequate laboratory, classroom, and office space to accommodate doctoral students.  Therefore, there is no need for additional facilities or staff associated with the proposed Ph.D. program.  However, with the planned expansion of the faculty to a total of 23, we will likely need additional facilities.  This could easily be accommodated by the University’s current $200,000,000 campus development plan and renovation of the Auburn Science and Engineering Center’s West Tower, which is being funded by State appropriations.

9.  Projected additional cost associated with the program and adequacy of expected subsidy and other income to meet this cost.

There will be no new costs from outside the university associated with the proposed Ph.D. program in Biology.  If the program is approved, a shift in funding emphasis from M.S. to Ph.D. will occur over the next five years.  Currently the UA M.S. program in biology has 29 full-time students receiving financial support ($9,000/academic year, which will be increased to $12,000 in 2002/03).  This number of funded M.S. students will be reduced until it reaches ~13 (see enrollment plan in section 5).  At the same time, the number of funded Ph.D. students will start at three and increase until a total of 12 Ph.D. students are enrolled and receiving financial support ($16,000/year).  This number does not include any additional Ph.D. students supported by faculty research grants.  Thus, by phasing down the research master's program and simultaneously phasing in the Ph.D. program there will be no increase in the cost of graduate stipends.

Budgetary Plan

	 
	Year 1
	Year 2
	Year 3
	Year 4
	Year 5

	 
	MS
	PhD
	MS
	PhD
	MS
	PhD
	MS
	PhD
	MS
	PhD

	Funded Students per Program
	25
	3
	21
	6
	17
	9
	13
	12
	13
	12

	Total Funded
	28
	27
	26
	25
	25

	Total Cost (in 2002 dollars)
	$348,000
	$348,000
	$348,000
	$348,000
	$348,000
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AWARDS

A  & S

#

Biology

#

%$

%#

1995-96
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0.055248618784530384

SUBMISSIONS
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Degree recipients: Master’s

ffrom previous review:

years

papers
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N papers and book chapters
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3 year total

paradise

90-92

10.666666666666666

25.0

10.0

10.333333333333334

93-95

stinner

93-95

11.333333333333334

22.333333333333332

12.666666666666666

11.0

Stinner

96-99

17.0

33.75

15.25

16.75

135.0

68.0

61.0

67.0

per year

per year

per year

per year

figure above is from previous chair review (90-95) and from annual reports

I used means since the year classes are of different sizes

From Annual reports - showing more detail than figure 1
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AWARDS

includes all sources - federal, corporate, foundation….

A  & S

#

Biology

#

%$

%#

1990-91

0.018355340588735572

0.02962962962962963

1991-92

0.00930665794570549

0.013793103448275862

1992-93

0.1257584684648057
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1993-94
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1994-95
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SUBMISSIONS

A  & S
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