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Executive Summary and Recommendations 
 
 
Complex scientific questions are increasingly being addressed through 
interdisciplinary approaches.  Biology and mathematics have historically 
benefited from exchange and collaboration, and they lend themselves to 
further integration and synergy today.  New advances in mathematics can 
grow from addressing the complexities of biological phenomena.  In turn, 
fundamental and emerging biological problems can be better understood 
and predicted with the aid of new mathematical, computational, and 
modeling tools and theories.  The time is ripe for accelerating progress in 
understanding and predicting important biological phenomena by using 
existing mathematical tools, by developing new mathematical approaches, 
and most importantly by forging new partnerships between 
mathematicians and biologists to investigate tough problems. 
 
The joint NSF-NIH workshop, “Accelerating mathematical-biological 
linkages,” was held in February 2003 to highlight the opportunities and 
intellectual challenges present at the mathematics-biology interface, and 
to challenge the institutional, cultural, and educational barriers to these 
essential and fruitful partnerships.    
 
The symposium at NIH’s Natcher Auditorium featured a plenary address 
by Dr. Joel E. Cohen and explored cutting-edge mathematical-biological 
work in three areas: conservation biology, cell structure and function, and 
bioinformatics and computational problems. This symposium highlighted 
the wealth of opportunities available at the math-biology interface, the 
need for mathematics in solving complex biological problems, and the 
enthusiasm of researchers from many disciplines to engage in this type of 
work.   
 
Participants in the ensuing half-day workshop joined one of three working 
groups:  Institutional Issues, Education and Training, and Strengthening 
Ties among the Researchers.  Each group was charged with developing 
and articulating critical actions needed to enhance the math-bio linkage.  
The rapporteur from each group compiled the emergent ideas of the 
discussion and guided the development of action items.  The three 
working groups represented areas in which bold initiatives and change 
could pave the way for new opportunities and results at the math-biology 
interface.  Many ideas were discussed and many recommendations made; 
some of the recommendations are directed at NSF and NIH while many 
others are directed at scientists and mathematicians or at academic and 
research bodies. 
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Institutional Issues Group Recommendations 
 

Institutional Action Item 1: Two large scale initiatives should be 
aggressively pursued by both NIH and NSF: 1) large competition(s) to 
foster new biological breakthroughs through high impact research made 
possible by mathematical applications and theory; 2) the creation of a 
national research center for Biological Research Interfacing with 
Mathematics, to review and fund proposals that would bring 
multidisciplinary groups of scientists from around the world to the center to 
work together on major unsolved issues in both fundamental and applied 
arenas.   
 
Institutional Action Item 2:  Establish and provide sustained support for a 
federated network of data resources for biological information from the 
genomic and proteomic levels through organismal organization and up to 
environmental information to better enable biomedical and biological multi-
scale integrative research. This initiative should build on existing 
community databases and resources to take advantage of investments 
and research in cyber-infrastructure, to create an integrated (but 
distributed) set of resource for the community.   
 
Institutional Action Item 3: Formalize publishing standards for model 
development to improve the quality and level of access to data and 
models. 
 
Institutional Action Item 4: Create a federation to coordinate Math/Biology 
societies, to provide a united voice for major funding initiatives, for 
enhancing cross-disciplinary interaction, and for interdisciplinary 
undergraduate and graduate education.    
 
Institutional Action Item 5:  Examine existing programs within NSF and 
NIH, and assess what changes could be readily achieved to improve 
research and education at the math-bio interface. Develop a subprogram 
within IGERT, focused on the issue of math-bio linkage training.  
 

 
Education and Training Group Recommendations 

 
Education Action Item 1:  Create new interdisciplinary postdoctoral 
programs at the interface between mathematics/statistics/computer 
science and biology/biomedicine. 
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Education Action Item 2: Convene a high level (e.g., NAS) workshop that 
attracts department chairs from biology, math, computer science and 
statistics departments to identify means to promote cross-disciplinary 
curricula and training appropriate for the kind of biological questions being 
explored, including support for double degrees in math and biology.  
Recommended for Fall 2003 (urgent). 
 
Education Action Item 3:  Create joint faculty positions at the interface 
between mathematics/statistics and biology/biomedical sciences, with 
appropriate mentoring and clear expectations for interdisciplinary work. 
 
Education Action Item 4:  Develop summer math/bio programs for high 
school math, computer science, and biology teachers and their students, 
to introduce them together to the interface between math and biology. 
 
Education Action Item 5:  Develop K-12 educational material for the 
math/biology interface. 
 
Education Action Item 6:  Develop a central website and a listserv to 
disseminate information on research and training opportunities at the 
math/biology interface.   
 

 
Strengthening Ties among the Researchers Group Recommendations 

 
Researchers Action Item 1:  Compile a list of the top ten most challenging 
and promising areas in mathematical biology, including modeling of 
multilevel systems, integrating probabilistic theories, data mining and 
inference, and computational tools. 
 
Researchers Action Item 2:  Organize a national meeting in Washington 
D.C. on Mathematical Biology, to showcase (over 3 – 5 days) successes 
where mathematics and computations have helped solve important 
problems in medicine and to motivate new directions and opportunities on 
all levels of biology from cells to organs to ecology to the biosphere. 
 
Researchers Action Item 3:  Develop a series of advanced ‘educational’ 
workshops for mathematicians and biologists to learn about the other 
discipline, to facilitate communication and interaction. 
 
Researchers Action Item 4:  Strengthen the publication ties between 
mathematics and biology, through merged databases online journal 
access, and foster the publication of interdisciplinary papers. 
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Motivation for the Workshop 
 

Complex scientific questions are increasingly being addressed through 
interdisciplinary approaches.  Interdisciplinary collaboration allows 
scientists to effectively apply a wider array of tools and theories in solving 
problems that bridge traditional disciplinary boundaries.  Each discipline is 
enriched by these collaborations:  new theories, new analytical tools, and 
new frontiers are developed.   
 
Biology and mathematics are two disciplines that have historically 
benefited from exchange and collaboration and that lend themselves to 
further integration and synergy today.  New mathematical approaches, 
aided by new computational and modeling tools, can be applied to 
fundamental biological problems (Hastings and Palmer 2003).  
 
The time is ripe for accelerating progress in understanding and predicting 
important biological phenomena by using existing mathematical tools, by 
developing new mathematical approaches, but most importantly by forging 
new partnerships between mathematicians and biologists to investigate 
tough problems.  The burgeoning base of theoretical and empirical work, 
made possible by new methods and technologies, in particular the 
advances in information science given rise to cyberinfrastructure (Aktins et 
al 2003; Wooley et al 2003), is providing the impetus to reach robust 
answers to the major integrative biological challenges faced by our 
society.  Meeting those challenges will require new efforts to train 
mathematicians and biologists to work at the interface of two disciplines 
and/or work collaboratively much more frequently (Levin et al. 1992, Levin 
et al. 1997, and Hastings et al. 2002).  
 
We need a new generation of empiricists with stronger quantitative skills 
and theoreticians with a detailed understanding of the empirical structure 
of biological processes.  It is very difficult for a single scientist – biologist 
or mathematician -- to develop the depth needed to address the questions 
at the frontiers. Instead, we must foster increased research collaboration 
among biologists and integrative biologists who are trained to understand 
the language of one another. The mathematical and statistical constructs 
used in much biological research come mostly from linear theory.  In 
contrast, many biological processes are governed by non-linear dynamics, 
threshold effects, and more complex relational structures.  Both the 
biological and mathematical sciences will benefit from additional 
collaboration (Hastings et al. 2002).  
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Workshop Purpose and Organization 
   

The purpose of this workshop was to highlight the opportunities and 
intellectual challenges present at the math-bio interface, and to challenge 
the institutional, cultural, and educational barriers to these essential and 
fruitful partnerships.   The workshop consisted of a day-long symposium 
(February 12) followed by a half day (February 13) in which small working 
groups identified key needs to move mathematical-biological linkages 
forward.  Linkages are defined broadly to include collaborations among 
mathematicians and biologists, educational and training (at all stages from 
graduate school to mid-career scientists) opportunities, new research 
initiatives, society and small group projects as well as other activities. 
 
More than 170 biologists, engineers, mathematicians, computer scientists, 
physicians, educators, and administrators attended the symposium on 
“Accelerating Mathematical-Biological Linkages,” held on February 12, 
2003, at the Natcher Auditorium on the National Institutes of Health 
campus in Bethesda, Maryland (Appendix 1).  More than 60 attendees 
participated in the ensuing half-day workshop by joining one of three 
working groups:  Education and Training, Institutional Action, and 
Collaborations.  Each group brainstormed throughout the morning to 
develop and articulate critical actions needed to enhance the math-bio 
linkage.  Reports were then made to all participants and discussion 
followed.  
 
Day 1: Symposium 
 
The auditorium was filled to capacity – registration closed at 150 but there 
were an additional 20 – 25 attendees.  The symposium was convened by 
Dr. Margaret Palmer, of the University of Maryland, who opened the 
meeting by highlighting the urgent need for accelerated linkages between 
biologists and mathematicians.  She then introduced the rest of the 
event’s organizing committee (Dr. Sam Scheiner and Dr. Mike Steuerwalt 
of the National Science Foundation; Dr. Jim Cassatt, Dr. Mike Marron, and 
Dr. John Whitmarsh, of the National Institutes of Health).   
 
Dr. Mary Clutter, Assistant Director of the National Science Foundation, 
offered her most enthusiastic support of the goals of the conference and 
discussed several areas in the life sciences in which exciting and 
fundamentally quantitative opportunities exist.  The areas she highlighted 
included topics from the environmental sciences as well as genomics and 
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proteomics.  Dr. Clutter called for a re-evaluation of cultural, educational, 
and disciplinary barriers that impede communication and interaction 
between disciplines.   
 
Dr. Mike Gottesman, Deputy Director of Intramural Research at the 
National Institutes of Health, followed by underlining the importance of 
mathematics in the development of ecological and biological theories, and 
emphasized that in the future, biological research would likely require a 
quantitative component to be relevant.  He expressed the strong support 
of the National Institutes of Health leadership for enhancing research at 
the mathematical-biological interface. 
 
Dr. Joel Cohen, of Rockefeller and Columbia Universities, presented his 
keynote address, "Mathematics Is Biology's Next Microscope, Only Better; 
Biology is Mathematics' Next Physics, Only Better."  Drawing from 
Descartes, Darwin, Harvey, and many other pivotal figures, Dr. Cohen 
provided a compelling overview of key historical contributions, both 
technical and conceptual, by which mathematics can contribute to the 
advancement of biological knowledge and theory.  He also discussed how 
complex biological problems, from molecular to global-level processes, 
have provided new topics for mathematical research and development.  
By summarizing both new opportunities for and potential impediments to 
these math-bio collaborations, Dr. Cohen generated enthusiasm and 
support for this burgeoning field of science. 
 
Following the plenary address by Dr. Cohen, the symposium turned to 
exploring mathematical-biological work in three areas: conservation 
biology, cell structure and function, and bioinformatics and computational 
problems.  These areas were not meant to be exhaustive of the many 
biological areas that are ripe for quantitative work, but simply meant to be 
illustrative. 
 
In the conservation biology session, Dr. Michael Neubert, of Woods Hole 
Oceanographic Institution, discussed his experience as an applied 
mathematician collaborating with a plant ecologist, and talked about his 
scientific findings in applying integro-difference equations to the dispersal 
of an invasive shrub species.  His insight into the cultural and disciplinary 
differences that arose during the course of the work was particularly 
valuable.  Dr. Leah Gerber, of Arizona State University, spoke about her 
work as an applied population biologist; she integrates cutting-edge 
epidemiological models into population viability analysis for management 
of threatened populations and to determine extinction risk.   Her talk also 
demonstrated the importance of complex mathematical models in defining 
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uncertainties in different conservation scenarios, particularly in 
understanding sea otter populations in California.  
 
The afternoon session began with presentations on cell structure and 
function.  Dr. Alex Mogilner, of the University of California, Davis 
presented, “Mathematics and a force balance model to understand mitotic 
spindles,” in which he integrated physics approaches and mathematical 
modeling to explain the role of microtubules in generating key forces that 
propel the mechanism of cell division.  He reported successful results from 
interdisciplinary training in his Cell and Computational Biology laboratory, 
which links theory and experimentation, and brings together 
mathematicians, cell biologists, and biophysicists.  Dr. Sharon Lubkin, of 
North Carolina State University, discussed her work in developmental 
biology, which uses mathematical models and experiments to understand 
and predict branching structures in tissues.  Her modeling work is also 
performed in collaboration with experimental biologists. 
 
The final session of the symposium highlighted research in bioinformatics 
and computational problems.  Dr. Chuck Delwiche, of the University of 
Maryland, spoke about his applications of bioinformatics to the study of 
gene transfers into plastid genomes in dinoflagellates.  His lab uses 
methods in molecular systematics and genomics, including cDNA 
screening and selective sequencing of genomic DNA, to understand the 
phylogenetic history of dinoflagellates.  Dr. Monica Hurdal, of Florida State 
University, rounded out the afternoon by discussing a medical perspective 
on the math-bio interface in her presentation, “Mapping the Human Brain 
with Mathematical and Computational Modeling.”  She is involved in the 
Human Brain Project and is using MRI (magnetic resonance imaging) 
scans and EEG (electroencephalography) data to understand human 
brain functions.  Innovative approaches to computer modeling and 
classical geometric theories are both key aspects of her work.  
 
The day’s talks were summed up by rapporteurs for each session:  Drs. 
Bob Holt (University of Florida), Zan Luthey-Schulten (University of 
Illinois), and De Witt Sumners (Florida State University).  A lively open 
discussion with audience participation was then led by the hosts and 
rapporteurs.  Members of the audience actively exchanged ideas during 
the discussion, asking questions and voicing opinions on a wide range of 
issues including curriculum development, national security, collaboration 
and data sharing, training of graduates and undergraduates, and how to 
best bring about the cultural and disciplinary changes that stand in the 
way of this new initiative.   
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Day 2: Working groups and recommendations 
 
The second day was quite informal, beginning with a charge to 
participants to develop break-out groups to focus on one of three areas, to 
generate ideas that could lead to concrete programs or initiatives:  
Education and Training, Institutional Issues, and Research Collaboration 
Issues.  Each group was led by a rapporteur who compiled the emergent 
ideas of the discussion and guided the development of action items. 
 
 
 

Institutional Action Items 
(Rapporteur:  Bob Holt) 

 
 
Institutional Action Item 1:  Joint NSF-NIH Initiatives  
1a. Concept:  Develop a plan for major programs deserving 
substantial new funding, specifically to target new biological 
breakthroughs made possible by mathematical applications and 
theory.  This initiative would move well beyond the current 
NSF/NIGMS Initiative in Mathematical Biology to a much broader 
programs jointly directed by NIH and NSF.  
 
Rationale:  There is an urgent need to solve a proliferating array of major, 
global scale problems, ranging from ecological and evolutionary 
dimensions of disease transmission and spread, to analyses of disruptions 
of neurological mechanisms and repair due to environmental factors, to 
the management of enormous, burgeoning genomic databases in an 
efficient fashion.   Addressing these problems is difficult (if not impossible) 
without the application of sophisticated theoretical, mathematical, and 
computational approaches.   
 
In principle, mathematical, computational, and statistical tools and theory 
(both existing and created) can be brought to bear in ways never before 
possible, and major breakthroughs are to be expected in dealing with 
these crucial problems.  But this requires substantial societal support in 
strengthening ties between the communities of the mathematical sciences 
and biology, well beyond that provided by existing governmental 
programs.   
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Educating a new generation of scientists specifically focused on this 
interface is essential, and requires substantial support.  Joint sponsorship 
by NSF and NIH of a major initiative funding research and education in 
this area would send a powerful message about the importance and 
urgency of this mission.  At a pragmatic level, a joint initiative would 
greatly enhance the synergistic and complementary kinds of science 
typically funded by NSF and NIH respectively, and help cut across the 
suture zones currently separating the relevant disciplines. 
  
Proposed Plan:  The need for funding for work at the math-bio interface is 
so urgent that we recommend a special joint NSF-NIH initiative that is 
extremely large in scope (hundreds of millions of dollars).  The planning 
for such an initiative should from the outset involve both agencies.   
 
If such an initiative were successful, it would specifically broaden the 
scope of the current NSF/NIGMS Math-Bio study section to include 
representation/funding from:  NIBIB (Bioimaging/Biotech), NHGRI (Human 
Genome Res. Inst.), NCRR (research resources), NIAID (infectious 
diseases) as well as many programs at NSF.  So rather than an ad hoc 
special study section, one could envisage a permanent chartered study 
section.  This new program should be explicitly charged with using a 
substantial portion of their funds for high-risk (but potentially high impact) 
research. 
 
 
1b. Concept:  Create a high visibility, national center specifically 
devoted to research at the interface between mathematics and 
biology. It should provide funding and logistical support for the 
national community of biologists and mathematicians (i.e., this 
should not be a center that primarily serves a few institutions or 
topical areas).  As a means toward this end, workshops should be 
held to call for proposals for such a center.   
 
Rationale:  Several existing centers provide models of highly effective 
mechanisms for fostering novel interdisciplinary approaches.  Within 
ecology, the National Center for Ecological Analysis and Synthesis 
(NCEAS, University of California, Santa Barbara) has provided an 
exemplary service, bringing together groups of scientists who historically 
had never worked together, so as to address major unsolved issues in 
both fundamental and applied arenas.  Many of the synthetic activities 
initiated at NCEAS have continued in ongoing collaborations, grant 
proposals and the like; in effect, NCEAS has created a large and growing 
web of interlinked research activity that is much larger in social scope than 
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was previously possible.  In like manner, a center specifically focused on 
cutting across the interface between mathematics and biology could act as 
a powerful catalyst for research and educational efforts. 
 
Proposed Plan:  National funding by a consortium of agencies (e.g., NSF, 
NIH) will be required for the creation of a center.  However, for a ‘think 
tank’ to work, there needs to be a mechanism ensuring the whole-hearted 
support of the concerned communities.  A “bottom-up” approach is to have 
a series of workshops aimed specifically at honing the mission and 
structure of a research center.  A concrete product of these workshops 
would be a statement of the content of a call for proposals from 
universities, existing research institutes, or consortia for housing a Center 
in Mathematical/Quantitative/ Computational/Theoretical Biology.      
 
 
Institutional Action Item 2:  Databases  
Concept:  Work to establish integrated data resources for biological 
information at levels building up from the genomic and proteomic 
levels, through functional aspects of organismal functioning, to 
higher levels of organization (including environmental information), 
building upon new tools and technologies that are creating the 
cyber-infrastructure.  Such federated resources should be developed 
with guaranteed support that permits it to integrate and make 
accessible data drawn from scientific efforts around the globe.  The 
multi-agency commitment should be such that investigators can be 
confident of the long-range durability of the resources. 
 
Rationale:  Many of the next generation’s advances in biological 
understanding are likely to involve the integration of vast bodies of 
information from many levels of biological organization, including 
information defining the context of environmental drivers of organismal 
functioning.  The existence of accessible databases can create the 
opportunity for unexpected, exciting developments in scientific 
understanding.  For instance, gene sequencing databases have permitted 
systematic evolutionary biologists to revolutionize understanding of the 
history of life for many organisms.   
 
The development, application, and evolution of sophisticated 
mathematical and statistical models of biological systems would be greatly 
facilitated were investigators able to draw on a reliable, carefully 
structured database spanning the biological sciences.  However, creating 
and managing such a synthetic data base system, covering not only 
human genomics, but the functional information on all aspects of 
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organismal functioning (the ‘physiome’ and ‘niche’ of each species under 
study) across the diversity of life is an immense, long-range effort.   
 
One of the great challenges is that the rapid development of technology 
inexorably makes a database created today into tomorrow’s potential 
electronic white elephant.  Broad national commitment would ensure the 
long-term viability and usability of these resources.  Furthermore, models 
are being built now by communities that take advantage of the new cyber-
infrastructure tools and reflect the need to have curation of the data done 
by experts at local levels.  One such example is the Biomedical 
Informatics Research Network (BIRN), funded by National Centers for 
Research Resources (see http://www.nbirn.net). 
 
Proposed Plan:  There are many agencies currently involved in issues of 
database creation and management.  An initial effort should be made to 
encourage natural moves to federate these already existing, ongoing 
activities.  This could be achieved by organizing workshops including 
NLM, NSF, NIH, ODD, DOE, the Smithsonian, NPS, NASA, EPA, and so 
forth.  These workshops should incorporate both agency representatives 
and working scientists.   
 
There are many crucial issues which could be addressed in these 
workshops, including metadata standards, national security concerns, the 
proprietary ‘ownership’ of data, problems of validation and accessibility, 
and interagency cooperation.  A long-term goal of these workshops and 
this initiative in general might be to make a proposal to Congress that 
would provide funding to coordinate the establishment of a sustained 
federation of strategic biological data in data resources and data bases, to 
better enable biomedical and biological multi-scale integrative research. 
This initiative should build on existing community databases and 
resources to take advantage of investments and research in cyber-
infrastructure, to create an integrated resource for the community.   
 
 
Institutional Action Item 3:  Publishing Standards  
Concept:  Call for the formalization of publishing standards by 
journals regarding model structures and specifications, and develop 
mechanisms for the maintenance of specified models on electronic 
databases.  The publishing standards should be complete, including 
equations, all parameters and units, initial and boundary conditions, 
and the information sources used to supply the data for parameter 
specification and validation. 
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Rationale:  It is difficult for investigators at present to rapidly compare and 
synthesize published models.  This slows progress in the field.  A 
systematic, formalized specification of model structures and information 
sources could greatly facilitate integration among models developed by 
different investigators, particularly working at different levels of biological 
organization.  
 
Proposed Plan:  The first step would be to have a workshop involving 
representatives of the major journals and societies in the field, to identify 
the major issues and plan a course of action.  Prior to such a workshop, 
an electronic call should go out to the community, soliciting input and 
suggestions.  This workshop should be jointly sponsored by NSF and NIH.   
 
 
 
Institutional Action Item 4:  Federation to Coordinate 
Mathematical/Biological Societies  
Concept:  Investigate the potential for a federation to coordinate and 
streamline functions of the many societies interested in our subject.  
 
Rationale:  Many societies are already involved in research and education 
at the math-bio interface.  A sampling of such societies includes the 
Society for Mathematical Biology, the Theoretical Ecology section of the 
Ecological Society of America, the 5MB Biophysical Society, ESMTB 
(European Society of Mathematical and Theoretical Biology, ISCB (Inti. 
Soc.Compo Bioi.) Japan Society, SIAM -Life Sciences, IEEE -EMBS and 
BMES.  A federation of societies could provide a united voice for major 
funding initiatives, for instance those aimed at enhancing cross-
disciplinary dimensions of undergraduate and graduate education.   A 
federation could also help legitimize work in this interdisciplinary field and 
thus provide support for young researchers. 
 
Proposed Plan:  Organize a workshop at a national venue, such as the 
annual AAAS meeting.  This could be coordinated with a symposium, 
focused on the math-bio interface (comparable in spirit to the recent NSF-
NIH workshop in Bethesda).  
 
 
Institutional Action Item 5:  Plan to Foster Support for 
Interdisciplinary Work at the Institutional Level  
Concept: Commission a study of universities where interdisciplinary 
work thrives. This study would identify “best practices” -structural 
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and administrative features that promote successful interdisciplinary 
ventures. This study would necessarily involve sociologists and 
historians of science and management experts.  
 
Rationale: It has long been recognized that interdisciplinary approaches 
are required to address many significant conceptual and applied 
problems, and numerous attempts have been made to foster 
interdisciplinary studies.  So it is likely that there is a great deal of 
accumulated wisdom about the nature of effective mechanisms 
(institutional and otherwise) that facilitate – or do not – such activities.   A 
clear understanding of effective organizational and management practices 
would greatly facilitate efforts to foster interactions among biologists, 
mathematicians, statisticians, and computational scientists. 
 
Proposed Plan: Analyzing organizational practices is itself a significant 
intellectual study.  One possibility would be for NSF and NIH to jointly 
propose to NAS that the NRC carry out a study on interdisciplinary “best 
practices”.   Another option would be to approach foundations such as 
Hughes and Sloan, which have considerable prior interest in biomedical 
research and related areas, to carry out such a study.   
 
 
Institutional Action Item 6:  Specific NSF-NIH Change 
Initiatives  
Concept:  Examine existing programs within NSF and NIH, and 
assess what changes could be readily achieved to improve research 
and education at the math-bio interface. Develop a subprogram 
within IGERT, focused on the issue of math-bio linkage training.  
 
Rationale:  Both NSF and NIH already have a wide range of existing 
programs that can be exploited to increase research and education.  The 
relevant community of scientists needs to become savvier in identifying 
and exploiting these existing programs, and the agencies need to do a 
better job of clearly advertising the existence of these programs to the 
community.  
 
Proposed Plan:  Program officers should address ways to make the 
relevant scientific communities more aware of the existence of programs 
relevant to the math-bio interface.  Beyond simply advertising existing 
programs, the agencies should seriously consider modifications to these 
programs to foster research and education across the math-bio interface.  
For instance, at NSF, within the IGERT program, develop an explicit, 
named program aimed at training that links mathematics and biology.  In 
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like manner, for both NSF and NIH, create then advertise targeted 
supplements to existing grants (e.g., for mathematicians to be added onto 
ongoing research projects).  This could be named CEMB, for 
“Collaborative Experiences for Mathematicians and Biologists,” provided 
as 1 semester of salary for release time, as a supplement to an existing 
grant. 
 
 

Education and Training Action Items 
(Rapporteur:  De Witt Sumners) 

 
 
Education Action Item 1: New Interdisciplinary 
Postdoctoral Programs 
Concept:  Outline a program for "group of postdocs" awards (rather 
than and in addition to individual postdoc awards), aimed at 
expanding the number of individuals at the interface between 
mathematics/statistics/computer science and biology/biomedicine. 
The group concept is meant to create a critical mass of postdoctoral 
scientists interested in a central question.  It is envisioned that this 
program would augment (not replace) other training activities such 
as graduate programs in interdisciplinary areas.  
 
Rationale:  Postdoctoral fellowships provide a unique opportunity for 
interdisciplinary training at the interface between the mathematical and 
biological sciences.  Moreover, postdoctoral researchers are valuable in 
the research enterprise.  They have demonstrated their ability to perform 
independent research at a significantly deep level. At the current time, 
most support for postdoctoral researchers is either through individual 
fellowships, associated with a specific research project, or in some cases 
associated with training programs for graduate students.  Some 
exceptions include institutes such as the mathematics research institutes 
or the National Center for Ecological Synthesis and Analysis.  There is 
evidence from programs such as the La Jolla Interfaces in Science (LJIS, 
http://ljis.ucsd.edu) program, DIMACS Special Focus in Mathematical 
Support for Molecular Biology (http://dimacs.rutgers.edu/SpecialYears/ 
1994_1995/index.html), and the Program in Mathematics and Molecular 
Biology (http://web.math.fsu.edu/~pmmb/) that postdocs can be provided 
opportunities to work at interface areas between the mathematical and 
biological sciences, learn a new discipline, and be productive in a 
relatively short period of time. 
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"The most effective way to encourage interactions between 
mathematicians and computer scientists on the one hand, and biologists 
on the other, is through direct co-involvement with a particular problem.  
This applies at all levels from undergraduate through senior scientist" 
(Levin 1992; Hastings et al. 2002).  In issues of training, one must look at 
the entire pipeline, not just the separate pieces of the educational system.  
Therefore, we need long-term result horizons and this should include 
postdoctoral training.  At this stage of the development of the interface, 
many of the resources should be directed towards groups and institutions 
where there is a critical mass of individuals to be engaged.  Resources 
should be used to build on existing strengths.  The critical mass argument 
applies as well as a rationale for having groups of postdocs working under 
a coordinated program and on the shared projects, allowing them to learn 
from each other and provide positive reinforcement through their 
interactions. 
 
Recommendation 1:  Programs should be developed to train postdoctoral 
students in a multidisciplinary setting in an environment of a critical mass 
of researchers as well as fellow postdocs.  Such groups should be 
supported at multiple sites. 
  
In particular, we expect that successful activities would:  
§ Provide the postdoc the opportunity to train in a new area.  

Explicitly, if the original training were in mathematics, computer 
science, or statistics, the new training would be in the 
biological/biomedical sciences, or vice versa. 

§ Have a critical mass of faculty or senior researchers and postdocs.  
This critical mass could be in interdisciplinary research centers or 
institutes, in interdepartmental or inter-institutional partnerships, 
etc. 

§ Have opportunities for interactions with graduate students in a 
project team setting.  Have clearly defined projects, in a team 
setting.  Indication of sample projects should be given.  These 
projects could be those that already exist and would serve as the 
integrative force for the postdoctoral students. 

§ Provide selection criteria for the postdocs.  In particular, some 
considerations would include the ability of the postdoc to interact 
with graduate students and form bridges between faculty in 
different disciplines. 

  
Projects involving postdocs who would work at more than one site during 
the course of their involvement could be especially inviting.  We hope that 
NIH and NSF would work together to define this program, and attract 
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Foundations such as Burroughs-Wellcome or Sloan to contribute.  
Furthermore, we feel that because of the nature of the award, a reduced 
overhead rate would be appropriate, and consistent with other such 
programs (e.g. in the range of 8 to 15%).   
 
Recommendation 2:  Postdoctoral Group Grants should be made to 
research groups or other infrastructure centers.  Integrative education 
research training:  we are proposing a vehicle that would couple together 
groups at undergraduate, graduate and postdoctoral levels.  We envision 
that one of the components would be in place, but additional support 
would be provided to expand an "adjacent" component.  We feel that by 
taking this holistic approach to research and training, each individual at 
one level will be able to see a possible career trajectory at the next.  
Furthermore, this could foster a type of mentoring that will last throughout 
a professional career. 
  
Recommendation 3:  Accept proposals that bring together students at 
different levels of training in a research project.  Successful proposals 
would track the students and assess the impact of the experience on the 
students’ careers. 
  
 
Education Action Item 2:  Mathematical – Biology 
Department Chairs' Conference 
Concept:  To hold a meeting of chairs (or their designates) from 
biology, math, computer science, and statistics departments who are 
interested in cross-disciplinary education for undergraduate 
students.  The goal would be to identify the means by which existing 
resources could be utilized most effectively to promote training of 
undergraduate students in quantitative biology and to begin 
discussion of other needed curricular changes.  Attendees would 
include chairs from universities, four-year colleges, and junior 
colleges.  Institutions would send cross-disciplinary teams with 
chairs from biology and from math and/or computer science to the 
meeting. 
  
Rationale and Proposed Program:  The conference could be a mixture of 
workshop and presentations, with a goal of quick-starting the development 
of programs in quantitative biology and development of model 
undergraduate curricula that would give students cross-disciplinary 
"literacy."  The meeting would showcase presentations from individuals 
and groups who have already developed curricula.  The MAA, in 
conjunction with AAAS, ASM and funded by NIH and NSF will be 
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releasing a report to help with this, based on outcomes of the February 27 
- March 1, 2003 NSF/NIH Symposium Meeting the Challenges in 
Emerging Areas: Education Across the Life, Mathematical, and Computer 
Sciences.  
 
The goal would be the identification of a list of courses from biology, math, 
statistics, and computer science appropriate for the kind of biological 
questions being explored (e.g., environmental biology, neuroscience).  
Many of these courses already exist at most undergraduate institutions.  
There would also be discussion of new kinds of coursework required for 
such curricula. 
1. Identification of mechanisms for optimum sharing of existing 

resources between institutions.  Institutions can learn much from 
math/bio programs already initiated at other institutions and 
centers.  Presentations would be made by faculty already involved 
in the teaching of innovative biology courses with strong 
quantitative components.  Presentations would involve both a 
sample of the course and a discussion of the process the faculty 
used to develop the course. 

2. Discussion of mechanisms for faculty development.  Training is 
probably required to prepare faculty both for teaching biology in a 
more quantitative manner and for initiating cross-disciplinary 
research.  A goal of the meeting might be to prepare some 
recommendations for teacher training programs appropriate for 
faculty interested in both classroom teaching and/or research. 

 
Venue: Washington, DC - possibly the National Academy of Sciences. 
Now that the NRC Board on Mathematical Sciences has cancelled its Fall 
Mathematics Department Chairs’ Colloquium series, this meeting could 
take its place, and is probably best done as a free-standing meeting 
because of the number of different departments that could participate. 
Time frame: Spring 2004 (urgent) 
 
 
Education Action Item 3:  Mathematics/Biology Joint 
Faculty Positions 
Concept:  Create programs for 3-5 years of infrastructure support 
(startup, postdocs, graduate and undergraduate RA/Fellowships) for 
beginning Assistant Professors jointly appointed in university tenure 
track Assistant Professor positions at the interface between 
mathematics/statistics and biology/biomedical sciences.  A 
university would propose a partnership between its 
mathematics/statistics department(s) and biology/biomedical 
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sciences department(s), create a new jointly appointed position 
between these departments, fund salary, and find office space in 
each department and lab space for this new appointment.  The 
Departmental partnership would propose a mentoring program for 
this new faculty member, and make clear in writing the expectations 
to be met for this person to achieve promotion and tenure. 
   
Rationale:  To increase the number of trained professionals in the cross-
disciplinary area of quantitative biology, there is a need for new curricula 
and courses, successful role models, and interdisciplinary research 
opportunities for faculty and students.  Faculty jointly appointed in two 
departments represent a unique opportunity to efficiently fulfill the needs 
of interface fields by making them a part of the job description.  In the 
existing departmental structure, it is often difficult to hire and nurture 
cross-disciplinary faculty since they often represent a new and perhaps 
unfamiliar area of teaching and research.  To the biologists, this person 
would be a "mathematician" and to the mathematicians, this person would 
be considered a "biologist.”   
 
Considerations for promotion, tenure, graduate student training, etc. for 
interdisciplinary persons are different from those in a classical "pure" 
discipline.  Consequently, an external funding program such as the one 
being proposed is needed in order for a new generation of interdisciplinary 
scientists to overcome existing institutional activation barriers.  These 
interdisciplinary scientists will play an important role in changing the 
culture of "pure" biology and mathematics departments. 
  
Proposed Program:  We propose a program to provide 5 years of 
infrastructure support (startup, postdocs, graduate and undergraduate 
research assistantships and fellowships) for Assistant Professors jointly 
appointed in university tenure track positions at the interface between 
mathematics/statistics and biology/biomedical sciences.  A University will 
propose a partnership between two of its departments, one from 
mathematics/statistics/computer science and the other from 
biology/biomedicine.  At least one of the partner departments must be 
outside of the university's medical school.  The departments will work as a 
team to provide the salary, office and lab space for a new position.  The 
proposal must clearly state the expectations required of the new appointee 
in the areas of service, teaching and research for promotion and tenure.  
In addition, the proposal should describe the role the new faculty member 
will play in developing the teaching and research interface between the 
two departments and disciplines they represent.   
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Education Action Item 4:  Summer Math/Bio Camp    
Concept: Summer math/bio programs for high school teachers 
and/or high school students.  The goals would be to introduce 
students and teachers to the interface between math and biology.  
Teachers would be introduced to specific topics that could be woven 
into existing courses in mathematics and biology whereas students 
would be introduced to ways to pursue these topics in their future 
studies.  NSF/NIH educational resources concerning curricula, 
course materials, and college and career paths would be advertised 
and utilized.   
 
An interesting option is to build programs for teachers around the 
preparation of teaching modules.  Educational materials developed 
through this program would be posted on appropriate websites at 
NSF and NIH.  Students could be given "research" activities and also 
given assistance in developing and preparing presentations aimed at 
junior high and elementary school students. 
 
Proposed Program:  These programs could take various forms:  a 3-week 
program for teachers and students together; a 3- or 4-week program for 
students alone; a 3- or 4-week program for students with teachers in 
residence for part of the time; a 1- or 2-week program for teachers alone. 
The teachers in these programs could be exclusively math/computer 
science teachers, exclusively biology teachers, or a mixed group.  
Teachers could apply individually to the program or as part of a team of 
math and biology teachers from the same school.  These are not new 
ideas.  In fact, various versions of these ideas have been used in "Young 
Scholars" programs and "Teacher Enhancement" programs for a long 
time.  What is new is the emphasis on mathematics/ computer science 
and biology together. 
 
The instructors in these math/bio camps would be university faculty, 
university students, and high school teachers.  Postdoctoral fellows who 
would be trained in math/bio topics through other programs (see action 
item 1) could also be involved by giving lecture(s) and/or acting as 
mentors in the summer camp programs. Time frame:  Run a number of 
such programs starting with one pilot program in summer 2004. 
 
 
Education Action Item 5:  K-12 Interface Educational 
Materials  
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Concept:  A symposium about developing educational material for 
the math/bio interface is urgently needed.   
 
Proposed Program:  The program should bring together a variety of 
people interested in developing education material at the math/bio 
interface.  Connections made at this symposium could lead to future 
collaborations/programs to develop educational material.  Participants 
would include K-12 educators, K-12 students, K-12 parents, 
undergraduate and graduate students, cognitive scientists, learning 
technologists, large companies or organizations with an innate interest in 
innovative approaches to education (Disney, Microsoft, Nova, National 
Geographic, Sea World, NIH, NSF, Biotechnology Institute, National 
Education Association, for example), advocacy groups such as BIO whose 
member companies would benefit from having math-bio professionals, 
and representatives from those companies themselves. 
 
Location: Possibly held in conjunction with FASEB EB 2004 conference, 
April 17 – 21, 2004 in Washington DC. 
 
 
Education Action Item 6: Central Math-Bio Website and 
Listserv 
Concept:  Create and maintain a central website with information on 
research and training opportunities at the math/bio interface.   
 
Proposed Program: This website would contain, for example, an archive of 
power point presentations from the series of NSF/NIH workshops related 
to math/computer science/physics/biology linkages. Get other websites 
(professional organizations, etc.) to point to this website.  Listserv would 
periodically be sent updates of interface activities or could serve as a tool 
to disseminate new information or to host ad hoc discussions. 
 
 
Education Action Item 7:  Double degrees in Mathematics 
and Biology 
Concept:  While it appears that there now are many more students 
who take double degrees at the undergraduate level in biology and 
computer science (although many still claim they are the first to do 
so in their schools), a similar trend for undergraduate double 
degrees in math and biology is rare.  We propose a program aimed at 
undergraduates to fund them for an additional time at university (up 
to 5 semesters) to complete a second undergraduate degree in the 
complementary field.  Such a program may also open the door for 
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students who did not enter college with sufficient AP credit to make 
a double degree feasible. 
  
Proposed Program:  A university will propose a partnership between its 
math/stats and bio/biomedicine departments to provide up to 5 fellowships 
for its students to pursue a second undergraduate degree in the 
complementary field.  The students will be chosen as rising juniors, and 
will be funded for up to 5 semesters (4 academic and one summer) with 
the goal of obtaining double undergraduate degrees at the end of the 
funding period. 
 
 
 

Strengthening Ties among the Researchers  
Action Items 

(Rapporteur:  Zan Luthey-Schulten) 
 
 
Researchers Action Item 1: Top Ten list of Problems at the 
Mathematics-Biology Interface 
Concept:  Much in the spirit of Hilbert’s famous list of unsolved 
mathematical problems and the less lofty list of the top ten 
algorithms that had the greatest influence in science and 
engineering in the last millennium (see Enquist and Schmid, 2001, p. 
950), a list of the top ten most challenging and promising areas in 
mathematical biology should be compiled.  
 
It is hoped that the following list will help focus attention on the 
mathematical and computational methods needed to answer important 
and pressing biological questions. Although still in a very preliminary form, 
it was also suggested that an article on the top ten list would be a useful 
pedagogical tool for teachers in both mathematics and biology.  All of the 
below would benefit from increased sharing of models and setting of 
standards for clarity, performance, publication and permanence of 
software and computational results.  This may require advances in 
database theory and development, as well as, library science 
  
1. Model multilevel systems: from the cells in people in human 
communities in physical, chemical and biotic ecologies - Models have 
been developed at many size scales, from molecular up to global.  It is 
difficult to make models at different scales interact appropriately in a way 
that is descriptive and accurate.  It is also difficult to apply the conclusions 
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of a model that was developed at one size-level to larger size levels or 
aggregates of smaller-size-level systems. Areas of mathematics and 
computational science that might contribute: dynamical systems, physics, 
statistics, probability theory, real and functional analysis. 
 
2. Network modeling of complex metabolic pathways, cell signaling, and 
species interactions - Although many of the parts have been elucidated, it 
is difficult to develop models of control, regulation, and complex 
interactions.  It is also difficult to connect multi-component self-organizing 
entities.  Contributing areas: dynamical systems, physics, computer 
science, chemistry. 
 
3. Integrate probabilistic theories: understand uncertainty and risk  - This 
requires  integration of frequentist, Bayesian, subjective, and other 
theories of probability.  Contributing areas: probability theory, statistics, 
real and functional analysis, ergodic theory, risk analysis and financial 
mathematics. 
 
4. Understanding computation: gaining insight and proving theorems from 
numerical computation and agent-based models - Many agent-based 
models and many numerical solution techniques rely on computations that 
do not necessarily reveal the mechanism by which certain outcomes are 
produced by certain inputs.  This indicates a lack of understanding of the 
system.  There is a need for algorithms and theorems that characterize 
output space and input space and that set up a correspondence between 
these spaces in a way that gives understanding of the system.  
Contributing areas: combinatorics, dynamical systems, theory of 
computation, number theory, computer science, finite automata theory. 
 
5. Data mining and inference - We need a better understanding of data 
mining and simultaneous inference (beyond Bonferroni).  Contributing 
areas: probability theory, statistics. 
 
6. Linguistic and graph theoretical approaches - There is a need for 
graphical approaches to represent gene and protein structures as well as 
super-tree models for evolution that take horizontal gene transfer into 
account.  Contributing areas: graph theory, linguistics, computer science 
 
7. Modeling of brain function - There is a continued need for modeling the 
mapping of neural function in the brain, particularly in connection with 
clinical use of functional MRI. Contributing areas: non-linear dynamics, 
emergent systems. 
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8. Computational tools for problems with multiple temporal and spatial 
scales - There is a need for further development of methods that allow 
modeling of biological processes at varying length and time scales.  
Improved Hybrid Monte Carlo/Molecular Dynamics Simulations are 
needed for a dramatic improvement in sampling at all length and time 
scales in cellular function.  Integro-difference equations have allowed 
large temporal jumps in spatio-temporal models of ecology.  Stochastic 
differential equations have been used to model cellular control and 
rhythms as well as for noise influenced behavior on larger biological 
scales.  There is a need for new methods to monitor and detect large 
deviations in living systems.  Contributing areas: statistics, statistical 
physics, stochastic calculus. 
 
9. Ecological forecasting: There is a need for improved modeling of the 
effects of combined exogenous factors (e.g., climate, land-use change) on 
large-scale population and community dynamics and our habitat.  Linking 
of multiple sub-models and scaling models up/down is particularly difficult.  
Contributing areas: environmental science; ecology; dynamical systems; 
frequentist, Bayesian and other theories of probability. 
 
10.   Effects of erroneous data on biological understanding - Erroneous 
data can be a problem in diverse biological disciplines.  In genomics and 
phylogenetics, gene sequencing systems can give wrong sequences, as a 
result of a small number of samples processed (which is often only 1 or 
otherwise low).  Conservation biology is another example in which we do 
not know enough about how faulty data lead to faulty understanding or 
mistaken decision making. Contributing areas: statistical models with 
measurement error, measurement error models, cross-validation 
techniques.             
 
 
Researchers Action Item 2: National Meeting in 
Washington D.C. on Mathematical Biology 
Concept: The national meeting should showcase successes where 
mathematics and computations have helped solve important 
problems in medicine and motivate new directions and opportunities 
on all levels of biology from cells to the organs to ecology to the 
biosphere.  
 
Possible hot topics include small interference RNAs, modeling of systems 
in molecular medicine such as membrane channels like aquaporin, 
network modeling of complex metabolic pathways and cell signaling, and 
models of the brain function.  It is important that speakers from all aspects 
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of the math-bio linkage be represented:  experimental biologist, biomedical 
researcher, mathematician, and computational scientist.  Most important 
would be to document a close link between experiment and modeling such 
as can be done for the aquaporin membrane channels that involved 
clinical researchers and modelers. 
 
 
Researchers Action Item 3: Meetings and Workshops  
Concept: In general, mathematicians need workshops to learn about 
the biology and the biologists, and biomedical researchers need 
workshops to learn about the mathematics and be able to talk with 
the mathematicians.  To accelerate the communication between 
mathematicians and biologists, interactions on several different time 
scales and formats will be required: 
 
Mathematics-In-Biology Workshops:  3-5 Days. The workshops are based 
upon similar successful workshops involving mathematicians and industry.  
The proposed format is the following: candidate problems will be solicited 
through advertising or a call for problems.  The problems will appear on a 
web site prior to the meeting.  For the initial meeting, a small number of 
problems would be solicited (say 2-4), but future meetings could present 
as many as 8-10 projects/problems.  On the first day of the workshop, 
biologists outline the projects and their objectives.  Mathematicians will 
then work collaboratively with the biology participants on the projects for 2-
3 days of brainstorming, collaboration and problem solving.  Participants 
are free to work on whichever projects match their interest and expertise.  
Results and recommendations are presented on the final day. 
 
Each project will be managed by a mathematics and a biology moderator 
whose role is to coordinate preliminary work including literature searches, 
keep the problem solving/modeling on track, elicit contributions from all 
present, provide summaries and assist in the preparation of a final 
technical report for the biology participants. Longer term goals would be to 
make this a leading forum for exchange between mathematicians and 
biologists that would become an annual problem-solving workshop that 
attracts leading university and government mathematicians to work with 
biologists.  
 
Workshops on Specialized Topics at the Interface of Biology, 
Mathematics, and Physics:  As many such activities exist already, the idea 
would be to build upon these activities and provide financial support rather 
than create new initiatives.  Meetings on multi-scale modeling, 
visualization, information theory and graph theory were repeatedly 
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suggested. It is important that trainees working at the interface of these 
fields, both postdoctoral researchers and graduate students, attend the 
meetings in addition to the seasoned scientists. 
 
Create a Think Tank dedicated to Problems at the Interface of Biology and 
Mathematics:  The community supports the creation of an institution that 
allows long-term collaborative activities along the lines of the existing 
NCEAS and recently funded NSF Biophysics center. This new Math-Bio 
Think Tank could find its home perhaps at Woods Hole or some other 
existing institute that could support long-term visitors.  
 
Researchers Action Item 4:  Strengthen Publication Ties 
between Mathematics and Biology  
 
Concept:  The collaboration between mathematicians and 
researchers in the biological and biomedical sciences and the use of 
mathematics in life sciences research would be advanced by 
providing easy access to the mathematical literature through Pub 
Med.  Likewise, it would be useful to give mathematicians easy 
access and guidance to the life sciences literature. 
 
The main database for mathematical research papers and books is 
Mathematical Reviews and its on-line version is MathSciNet.  Math 
Reviews is produced by the American Mathematical Society.  As the co-
chair of the AMS library committee Dr. Laubenbacher will explore the 
possibility of a linkage between these two databases.   

 
 
 
 

Closing Comments: Time to Act 
 
There appear to be two general roles that mathematics can play in the life 
and biomedical sciences.  The first is to provide off-the-shelf methods to 
solve problems, e.g., linear algebra methods, numerical solvers for 
systems of ODEs, etc. The second is to provide fundamentally new 
approaches to biological problems by formulating them in new ways, using 
new mathematical methods, with a new set of tools. The first role does not 
need Ph.D. mathematicians, because the challenge does not lie in the 
mathematics.  To decide whether a particular term should be part of an 
ODE model, all one needs is three semesters of calculus and a course in 
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differential equations.  Engineers do this all the time.  Biologists would 
benefit greatly from this kind of mathematical training as well. 
 
The second role is most appealing to the mathematicians.  At present we 
are using maybe 20-30% of known mathematics in the life sciences.  But 
there are plenty of examples of how quantum leaps in understanding have 
been achieved by a fundamentally new framework for a problem. In fact, 
this is probably the only way of achieving quantum leaps.  This is the 
essential role that mathematicians can play.  For this role we need 
mathematicians that are literate in the life sciences.  A great example is 
David Mumford who works in neuroscience.  To most mathematicians he 
is known as an outstanding algebraic geometer of the most abstract kind.  
He is now using this formalism to successfully approach some key 
problems in vision and other areas of brain function.   Lectures and 
workshops directed at the mathematics community at large would help 
familiarize it with the important biology problems that need to be solved.  
Then maybe more Mumfords would come out of the woodwork.   
 
To biologists, off-the-shelf mathematics has become an essential part of 
their work – indeed, competitive research programs in biology must have 
strong quantitative bases.  Increasingly, however theoretical work by 
biologists and/or work in collaboration with mathematicians is leading to 
fundamental insights on the part of biologists.  Biologists agree that 
progress in understanding biological problems will depend on fundamental 
advances in spatial dynamics, stochastic (nonlinear) dynamics, and how 
models are best fitted to data (Hastings and Palmer, 2003). 
 
This meeting and the related articles referenced below discuss the 
opportunities at the interface between mathematics and the biological and 
biomedical sciences. It is important to stress that there is an urgency to 
move forward.  Mathematics provides a unique and necessary lens 
through which to view the world. In the words of Richard Feynman, 
"People who wish to analyze nature without using mathematics must 
settle for a reduced understanding." Yet with the problems facing us today 
in our global society, we can ill afford to plan on a reduced understanding, 
in the face of SARS (or the next SARS) or in the impact of climate change 
on our environment.  Mathematics has a role to play, but we must begin 
today since it takes a long time to build up the human capital and the 
partnerships that are decidedly critical to bringing together these fields.   
 
We see the future, we can obtain it, but it will take an immediate, 
concerted and sustained effort across the two key agencies that took this 
first step.  Let’s begin now! 
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