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II. Project Activities and Findings

Research and Education Activities

The DIMACS Conference on Linking Mathematics and Biology in the High Schools was held April 29-30, 2005, on the Rutgers University campus in Piscataway, New Jersey. The conference explored methods to establish connections between these disciplines, bringing together those who have tried it, those who have made it work on the undergraduate level, and those who know how to get new programs into the schools. Topics at the conference included availability and development of materials that will assist the development of linkages. There were sessions on what is happening at the undergraduate level that could be adapted to the high school level and on what changes in the undergraduate curriculum have implications for high school education. Alternative models for teacher training at the interface between the biological and mathematical sciences were also discussed.  There were both invited talks and contributed papers and poster sessions. A high school student paper session was a highlight. There were also discussion sessions devoted to issues involved in linking the biological and mathematical sciences in the
high schools and reports to the entire conference by discussion session leaders. Below is the conference program.

Friday, April 29, 2005

Introductory Remarks

Philip Furmanski, Executive VP for Academic Affairs, Rutgers

Jean Vanski, Deputy Director, Division of Elementary, Secondary, and Informal Education, National Science Foundation

Margaret Cozzens, Conference Co-Chair and President of Colorado Institute of Technology

Fred Roberts, Conference Co-Chair and Director of DIMACS

Keynote: The Interdisciplinary Scientist of the 21st Century

Eric Jakobsson, Ph.D., Director, NIGMS Center for Bioinformatics and Computational Biology at NIH, and Chair, NIH Biomedical Information Science and Technology Initiative Consortium

Topics in Mathematics and Computer Science that Could be Included in High School Biological Sciences Courses and Topics in Biology that Could be Included in High School Mathematical Sciences Courses:

Learning Science/Mathematics by Doing Science/Mathematics: Genuine Research Projects for High School Students

William Sofer, Genetics, Rutgers University

Biomathematics: Using Graph Models for High School

L. Charles Biehl, Math teacher and administrator, Charter School of Wilmington

Concurrent Sessions for Bio and for Math Teachers, Part I

Bio Session 

Probability and Betweenness of Points: The Genetic Ruler

Kevin DeVizia, Math Teacher, and Mark Nebzydoski, Delaware Valley High School

Math!? Why Do I Need That? The Biology Student's Dilemma with a Problem-based Solution

Tom Fleetwood, Charter School of Wilmington

Math Session

Waiting Time and Seed Selection for Homology Search

Gary Benson, Bioinformatics and Biology, Boston University

Co-Evolution

Robert Hochberg, Computer Science, East Carolina University

Materials: Availability and Development

Using Bioinformatics to Make the Bio-Math Connection

Kathleen Gabric, Biology Teacher, Hinsdale Central High School

Mathematics in Service to Biology and Vice Versa

Sol Garfunkel, COMAP 

Concurrent Sessions for Bio and Math Teachers, Part II

Bio Session

Publishing Bioinformatics in a Well Established Biology Program  

Linda Lundgren, Glencoe McGraw Hill

Interactive Modeling Environments: Sources and Resources for Quantitative Reasoning in Biology

Robert Panoff, Shodor Education Foundation

Math Session

Games, Metaphor, and Learning

Mjumbe Poe, Computer Science, Harvey Mudd 

Teaching Mathematical Biology in High School

Joseph Malkevich, CUNY

Teacher Training

The Role of Teacher Training in Overcoming the Inertia of the Status Quo

Bro. Pat Carney, Math teacher, De Paul Catholic High School 

Changing the Culture: Professional Development for the 21st Century Teacher

Valerie DeBellis, Shodor Education Foundation 

Cross-Disciplinary High School Teacher Professional Development

Linda Morris, Jefferson County, Colorado School District

Discussion Groups: Where to Go from Here?

Topic 1: Bringing Cutting Edge Math-Bio into Urban Schools
Moderator: Jerry Goldin, Rutgers University

Topic 2: How does Technology Play a Role in the Bio-Math Interface?
Moderator: Kathy Shay, Middlesex County College 

Topic 3: What Role Does a Research Experience Play in the Bio-Math Interface?
Moderator: Jean Vanski, NSF

Topic 4: Implementing BIO2010: Practical Strategies
Moderator: Eric Marland, Mathematical Sciences, Appalachian State University

Topic 5: Mathematical Manipulative Models: Kinesthetic Learning
in Mathematical Biology

Moderator: John Jungck, Biology, Beloit College

Posters and Demonstrations

Demonstrations

Building DNA models with K'NEX

Gary Benson, Bioinformatics and Biology, Boston University

BLAST Your Way into Bioinformatics using Biology Student Workbench

Kathleen Gabric, Biology Teacher, Hinsdale Central High School

Posters

Science Informatics at Montclair State University

Katherine G. Herbert and James H. Dyer, Montclair State University

Reaching the Community with Mathematical Biology

Olgamary Rivera-Marrero and Brandilyn Stigler, Virginia Tech

Saturday, April 30, 2005 

The DIMACS Bio-Math Connect Institute: An overview of the DIMACS program and three presentations by high school teacher participants to describe how they brought the bio-math interface into their classrooms.

Overview

Rochelle Leibowitz, Wheaton College

Reverso: The Exciting Game of Genetic Inversion. A Reflection on Teaching a Biomathematics Unit to High School Students

Kathy Erickson, High School Teacher, Monument Mountain Regional High School

Applications Several Dynamic Programming Techniques

Lou Giglio, High School Teacher, Riverdell Regional High School

Researching the Superstring Problem

Charles Mullins, High School Teacher, Arkansas School for Math, Sciences and Arts

Keynote Lecture for Student Session

Randomly Dealing with Biological Strings by Embeddings

S. Muthukrishnan, Computer Science, Rutgers University

Contributed Papers Session: High School Student Presentations

Algorithms for Genetic Inversions

Jess Platt and Riley Baldwin, Monument Mountain Regional High School

Under the direction of Kathy Erickson, Monument Mountain Regional High School, BMCI 2004 Participant

Comparison of the Cytochrome Oxidase subunit I Gene in Soldier and Non-soldier Aphids

Christina Sartorio, Seton Catholic High School and Zachary Brady, Wyoming Area High School

Under the direction of Jim Kupetz, Seton Catholic High School, BMCI 2004 Participant

Effectiveness of the Greedy Algorithm in DNA Sequencing

Johnson C. Wong, Arkansas School for Math, Sciences and Arts

Under the direction of Charles Mullins, Arkansas School for Math, Sciences and Arts, BMCI 2004 Participant

Applying Abstract Algebra and Graph Theory to Model Flu Seasons

Ben Hughes, Galileo Magnet High School

Under the direction of Olgamary Rivera-Marrero, Virginia Tech

What is Happening at the Undergraduate Level that Could be Adapted to the High School Level? What Changes in the Undergraduate Curriculum Have Implications for High School Education in Bio-Math?

A Biology and Engineering Cooperative Project

James Stevens, University of Colorado, Colorado Springs

Developing the new Biomedical Mathematics Major at Florida State University

DeWitt Sumners, Math and Molecular Biophysics, Florida State

Concurrent Sessions for Bio and Math Teachers, Part III

Bio Session

Quantitative Courses and Training in Mathematical Biology, particularly ecology

Alan Hastings, UC Davis

Valuing Voronoi Visualization: Patterns in Nature for Art, Biology, and Mathematics

John Jungck, Biology, Beloit College

Math Session

Bioinformatics? One Minute and One Hour at a Time

Laurie Heyer, Mathematics, Davidson College

Bridge Courses for Cross-Training between Biology, Computer Science, and Mathematics

Steve Billups, Center for Computational Biology, University of Colorado

Contributed Papers

An Angiogenesis Model using Graph Theory and the Generalized Ballot Problem

Mike Gargano, Pace University (with Lorraine Lurie, Lou Quintas, Eric Wahl)

Dynamic Web Tools for Biomathematics: Bringing Realistic Models to Secondary Education

Michael Martin, Johnson County Community College and University of Kansas

Panel: Assisting Teachers who Want to Get Involved: Math Teachers who Have Never Experienced Interdisciplinary Points of View; Bio Teachers Uncomfortable with Math; Ways that Bio and Math Teachers can Partner

Moderator: Deborah Cook, NJ Math Science Partnership

Partial List of Participants: 

Nkechi Agwu, CUNY

Jerry Goldin, Rutgers University

Consuelo Rogers, Maryknoll School, Honolulu, and NSTA District XVI Director

Project Findings

Findings

The speakers and discussion groups highlighted some of the important issues facing us as we discuss how and whether to develop interfaces between the biological and mathematical sciences in the high schools. Their ideas and recommendations have led us to define both a research and an implementation agenda.

Keynoter’s Questions:

The keynote speaker, Dr. Eric Jakobsson, Director of the NIGMS Center for Bioinformatics and Computational Biology at NIH, and Chair of the NIH Biomedical Information Science and Technology Initiative Consortium, highlighted some of the issues by discussing influenza vaccination and last year’s shortages. He said that everyone needs to understand the issues involved in what flu vaccine does, why there were shortages, and the protocols/algorithms for determining who gets the vaccines. This is a natural bio-math topic. He listed some of the standard objections to discussing this topic in class and his answers:


1) It takes too much time. 



Does it really?


2) I have too much content to cover.



Is “coverage” more important than “learning”?


3) It doesn’t fit my curriculum.



How about more problem-based learning?


4) What do the national associations say?



What can we get them to say?

Some Questions and Partial Answers:

1. Why is it important to integrate mathematics and biology in the high schools?

For the most part, the participants took it as a given that it is important. Perhaps this is because the audience consisted mostly of those who were already excited about the idea. A brief summary of the answers given, however, is the following. Biology has become very much an "information science." The mathematical sciences are playing a central role in modern biological thinking, have played a crucial role in such dramatic biological developments as the sequencing of the human genome, and are of fundamental importance in the "systems biology" that is a major new focus. In the past decade, the integration of mathematics and biology at the undergraduate and graduate level and the research level has really taken off, with new majors, new graduate programs, and many mathematics and biology departments seeking to hire researchers specializing in this field. New career and educational opportunities exist and students in high schools should be exposed to them. Finally, exploring the interface between the disciplines can stimulate excitement about each one.

The closing summary by one of the discussion groups summarized the importance of this integration as follows: 

· This is an emerging interdisciplinary area.

· It is driven by fundamental changes in the biological sciences.

· There are important workforce issues involved.

2. How does one deal with the process of integrating the biological and mathematical sciences? What about teachers and administrators who are resistant to change?

Experimenting with both teacher professional development and module development programs in areas at the interface of biology and mathematics will be important. Initial experiments reported on at the conference indicate that both types of programs provide methods for engaging teachers in the efforts that work well with committed teachers. A research challenge is to determine just how hard it is to engage teachers in true interdisciplinary activities where content knowledge must be delivered to these teachers upfront.  Change is difficult enough at the college level and will surely be harder at the precollege level. There was discussion of likely resistance from biology teachers who do not feel comfortable with the mathematical sciences, and from mathematics teachers who have inadequate biological background. Having ideas for integration imposed "from above" is likely to be resisted. Some participants argued that in order for teachers to start integrating math and biology, we need to develop teacher/leaders who will do it in their own classrooms and then become ambassadors to other teachers for the idea of combining math and biology. Thus, the idea could be to start slowly, emphasizing small units that are relatively self-contained and not heavily dependent on major expertise in the opposite discipline. It will be important to develop appropriate materials for these teachers and others to use. 

3. To what extent should teachers themselves be involved in preparing appropriate materials for the bio-math interface?

This question of course arose naturally in the context of the description of DIMACS’ module development programs, which start with teachers being exposed to bio-math topics through an educational program and evolve to teachers preparing first drafts of classroom modules that are later piloted and then developed further in collaboration with more experienced writers. There was considerable discussion of the perception that teacher-prepared materials are “idiosyncratic.” To avoid this, teachers should work in groups and, from the beginning, under the guidance of experts. Modules will reflect the group's views, no one participant's. One can also address the "idiosyncracity" issue by having individuals other than the materials writers do the pilot testing. There is a large amount of literature on teaching and learning, professional development, and the development of instructional materials.  There is not much in the literature on teaching and learning cross-disciplinary topics, however.  There is even less literature on how one creates materials as part of professional development that can ultimately be mainstreamed into other curricular materials. All of these issues need to be researched.

4. How should one assess new interdisciplinary materials?

It is important to distinguish questions aimed at assessing the teacher, assessing the student, and assessing the materials. Good materials should include an assessment of student learning. One can seek to find out if the students have learned the material. But what do we mean by “material” here? Is understanding the interface more important than the specific material? The questions for assessment of materials need to be made more specific and precise. We need to assess how the teachers deal with new materials. Do they feel prepared when teaching from the material? How clear was it? What is their perception of student response, degree of difficulty, etc.?  New survey instruments must be developed that focus on interdisciplinary materials and address the special issues and somewhat different goals of this type of material.

5. To what extent does teacher training in the bio-math interface require a new model for teacher training?

To some extent, participants felt teacher training in this area, as contrasted with teacher training in traditional disciplines, requires more involvement between teachers and those actively working in research in the field or bringing its pioneering new ideas into college-level classes. Others felt that an emphasis on interdisciplinary teacher groups was essential. It is not good enough to run separate programs for math teachers and biology teachers. However, bringing teachers of different backgrounds together into one program requires careful attention to appropriate background required and careful mentoring during the program to make sure that neither side is intimidated by the background knowledge and experience presumably held by the “other side.” New models for interdisciplinary teacher training are required. For different models, one can then ask: How well does the model work?  Does the transmission of ideas through the teacher remain faithful to the original?  How does teacher learning in this context compare with teacher learning in more traditional contexts?  Does the experience affect teachers' pedagogy as well as their content knowledge?

6. How does one evaluate the success of programs to introduce bio-math interface into the schools?

There was considerable discussion about how one would evaluate the success of programs at the interface between the biological and mathematical sciences in the high schools. Is success in the classroom a measure? Do we want to measure the impact on student learning? Is it success in the biology or the mathematics classroom that we are trying to measure? How do we trace improved performance in mathematics to the introduction of bio-math topics? Or are we trying to measure successful mastering of bio-math topics? Are we trying to measure the impact on teachers? How do we measure the success of different teacher training programs? Are teacher training programs more important/effective than materials development programs? 

One can try to ascertain student response to interdisciplinary materials and their ability to learn two fields in a mixed environment.  For example, if the students rebel at the idea of biology in a math class, we want to know that.  One should also try to determine the willingness of biology (mathematics) teachers to work with the mathematics (biology) teachers in their school to make the materials more effective. Do they talk about what is happening in math (bio) classes as they teach biology (mathematics)? How easy is it for mathematics (biology) teachers to place these materials in their day to day lesson planning?  How amenable are math (bio) teachers to learning enough new science (math) to make the mathematics (biology) more interesting? 

In assessing materials, one can ask whether one will look for a better appreciation of subject matter? A change in teaching style, effected by deeper content knowledge?  Some other aspect of the material's impact?

7. What is the role of research experiences for teachers and students in bringing about involvement in bio-math?

There was a great deal of discussion of the role of research experiences in bringing the bio-math interface to the high schools. It was recognized that the success of programs aimed at providing such experiences might be hard to evaluate. However, there is anecdotal evidence that such experiences are invigorating for teachers and, in turn, invigorating for their students, even some previously low-achieving students. Among the research challenges mentioned were: Is it possible to effectively provide mathematical-biology research experiences for biology teachers with not much background in mathematics and vice versa? Are the problems doable at that level? Is it possible to translate the problems to a level manageable by high school students in the teachers' classrooms?  Again, participants reported on initial experiments that show that the answers to all of these questions are “yes.” However, we need more research into these questions and the most effective ways to achieve successful results in these directions.

Other Issues/Ideas Briefly Mentioned:

1. Math clubs and other after-school programs have an important role to play here. Parents can see how exciting the area is. 

2. We should think of involving community college teachers since many teachers and future teachers go through community colleges.

3. We need to concentrate on the role of administrators and the role of parents. They provide two of the major barriers to the success of interdisciplinary efforts in the schools.

4. The integration of math and bio in the high schools cannot be accomplished without teacher involvement at early stages. 

5. The focus on the importance of the integration should be on intangibles.

6. In analyzing issues of transferability into classrooms, it is important to focus on what is most important.

7. As we develop connections between cutting-edge biological advances and mathematics, it is essential that teachers and students in major urban school districts benefit fully from the resulting educational opportunities.

8. Technology can be used in enhancing the bio-math interface. There is already some very good software available to illustrate bio-math topics and software that allows students to do “virtual” biology lab experiments to illustrate mathematical concepts. 

Experiences of High School Teachers

In rough drafts of papers prepared for the book that conference organizers Cozzens and Roberts are preparing, high school teachers Consuelo Rogers and Charles Mullins had some very interesting things to say about their experiences in interdisciplinary education in the high schools. On Rogers’ part this involved math and physics/chemistry rather than math and biology, but the challenges and issues are quite similar and appropriate. Rogers’ comments offer very interesting insights into the challenges for teachers in interdisciplinary education. Mullins’ comments are based on his experiences following the DIMACS Bio-Math Connect Institute program in summer 2004 and are especially relevant for the light it casts on the role of research experiences for both teachers and students, which was a major topic of discussion at the conference. It also gives some background on the paper presented by his student, Johnson Wong, at our conference. Here are some excerpts that, we feel, reflect very well both the opportunities and the challenges facing us.

Some Comments from Consuelo Rogers, Maryknoll School, Honolulu, and NSTA District XVI Director

“Administration assigned science and math teachers to ‘link.’  This means that a pair of math and science teachers shared the same two classes of students. And that they were expected to work together to help the students succeed in their classes, and to involve the students in common experiences that help them realize and understand the relationship between mathematics and science.  Students put together a final exhibition of their math-science linked work.

“In this arrangement the freshmen studied Physics (Modeling), the sophomores studied Chemistry A.   Because the students have different backgrounds in mathematics, the registrar made every effort to schedule students with the same math class together in the same physics class.  For example:  a class of Physics students may all be in a Geometry class.   Or they could all be in Algebra I.   The chemistry students could be studying Algebra II, or Geometry.  

“At the beginning, it was understandable that we were anxious and nervous about the ‘linking.’ There was practically no professional training provided to the teachers to help them work well together.  We were doing this by instinct, by common sense.  We were heavily dependent on our sense of professionalism.   In hindsight, the teachers have to be commended for doing well under the circumstances.  

“Science teachers could go and take professional development courses on their specific disciplines (e.g. biology, chemistry, physics) or, attend sessions at an NCTM conference.    Mostly, professional development opportunities were available for separate teachers.   My math partner and I attended both national conferences of the NSTA and NCTM.   It is interesting that while my math partner was excited about the exhibits at the NSTA convention, I found my first NCTM conference unexpectedly drab, and unexciting.   Although I have noticed an increasing trend in sessions at these conference that claim to integrate math and science, there are none that train teachers together. Which is why the BMCI (DIMACS’ Bio-Math Connect Institute) is so unique and particularly special.  The program gets the math and science teachers together, learning about each other’s subject and work, understanding how the other teacher thinks, and learning to think together and work well together. They form strong and lasting bonds that are important in the professional relationship between them.  They help in making them inspired and more creative with their work.

“If you ask the math and science teachers at school how the ‘linking’ is working out, you would get the range of responses from “It’s a pain in the neck.” to ‘Its going quite well.’ Certainly, the personalities can’t be avoided.  Some teachers just work well together, while some feel that they are being forced to work with someone they have very little rapport with.

“Over the years I have seen how math and science teachers work together (at school).   Neither the math department nor the science department would give up their agendas.  We worked our way around this nagging but important issue.  Did what we could.

“Science teachers do not feel intimidated by the mathematical material which is part of their courses.  Although there are some areas they may have misconceptions about mathematics. They seem to take it as a natural aspect of science.  On the other hand, many math teachers seem uninformed, unsure about science and its simple theories. 

“The math teachers gradually invaded our territory!  They are now into ‘Discovering Math’!   And ‘inquiry’ has become a part of their vocabulary.   They started ‘stealing’ our ‘experiments’ and carrying them out in their classrooms.  For example, our Motion Ranger is now ‘standard’ equipment in the math classes.   A math teacher borrowed thermometers from our lab and used them for an activity in class.  When one of the thermometers broke, the teacher panicked!   He got worried over a Mercury ‘spill.’   If he only knew that we no longer use mercury thermometers and that mercury is not a red liquid… On another occasion, a math teacher asked me for Litmus paper.  Being curious, I asked which one he needed.  I was shocked to realize that he did not know that litmus paper came as either Red or Blue.   I then gave a short lesson on how to use litmus paper. I am aware that these may be isolated and rare cases.  I hope they are.” 

Some comments from Charles Mullins, Arkansas School for Mathematics, Sciences and the Arts

“At the 2004 DIMACS Connect Institute on Biomaths we were given the opportunity of doing research on a topic related to Biomathematics.  I worked on the Superstring problem with several other high school teachers under the tutelage of Elizabeth Z Sweedyk.  From my experience at the previous institutes on Graph Theory, I was well aware of the level of research we would be doing and was sure that it would be accessible to my students at ASMSA (Arkansas School for Mathematics, Sciences and the Arts). Since ASMSA requires all students to complete a year and a half research project in the spring of their senior year, I saw the Biomaths Institute as yet another wonderful opportunity to do research on an open problem that would be suitable for high school teachers and students.  

“To elaborate on the research component of our curriculum at ASMSA, students choose their projects from a list of topics compiled by the Mathematics and Science teachers.  Then, the potential mentors for their projects meet with the students to evaluate the likelihood that they will be able to complete the project at an acceptable level in the allotted time.  Once the teacher and the student agree on the project, the student meets weekly with his/her mentor during a scheduled class period called FIRM (Fundamentals of Research Methods).  Successful completion of FIRM is a requirement for graduation.  Each project is entered into competition at a regional Science Fair and, if successful, it moves on to the State Science Fair.  

“The problem that my group at DIMACS researched was the Superstring Problem.  The human genome consists of over 3 billion bases and the Human Genome Project was trying to sequence this genome.  However, there is no method currently for reading the billions of digits encoded in the DNA molecule.  Instead the most common method used for reading the genome required cutting the DNA molecule into short strands. It was then necessary to ‘reassemble’ these small strands into the original larger strand. The challenge to find a shortest superstring that contained a given set of strings was called the Superstring Problem.  One attempt to solve this problem was to apply versions of the GREEDY Algorithm, which is used in all sorts of optimization problems, such as, the Traveling Salesman Problem. With her (DIMACS mentor, Z Sweedyk) guidance our research group studied a type of superstring consisting only of 0’s and 1’s.  We all felt that we had a good research experience, and I was sure that some of my students would be able to use some form of the Superstring Problem as their FIRM project.

“Upon my return to ASMSA one of ASMSA’s best students, Johnson Wong, read my description of the Superstring Problem and was quite keen on doing his FIRM project on it.  Needless to say, I was delighted to encourage him to do so.  Johnson presented his final project to the BIOMATHS follow-up conference at DIMACS in April 2005 and it was clear that it was well received, justifying my view that he did an outstanding job.  In addition to an overview of his project, he produced some marvelous animation that illustrated his work. I am proud to mention that he took second place in the Mathematics section at the Arkansas State Science Fair in March.

“I was particularly pleased to see that right from the very beginning of the FIRM class, Johnson took the basic problem and transformed it into a project that interested him and used some of his strengths to good advantage.  Not only was he able to explore the problem from the mathematical perspective, but he was also brought his programming experience to bear on the problem.  It was not surprising then that he came up with his own unique approach to the problem and put the problem into a context totally different from what we did at DIMACS since none of our team was interested in an approach that involved programming.

“While Johnson was certainly a very strong student, I feel that most mathematically mature students in our school would be able to undertake a project on this topic.  By mathematically mature I mean a student who would take our AP Calculus course or one beyond that.  At our school, that would include most of the students.  I believe that the project can be adapted to many different levels depending on the student’s background.  Even an average student should be able to understand the background to the problem without a great deal of Biology.  No doubt I would have to spend more time helping some students understand the setup of the problem.  Initially, the student could investigate many different examples of combining strings and looking for a best superstring. I can envision the research going in many different directions and expect that in the future more students will work on various aspects of the Superstring Problem not necessarily related to Johnson’s work.

“Johnson’s approach to this project turned out to be primarily mathematical with a fairly small amount of Biology needed although he was an excellent student in Biology (he is currently majoring in Bioengineering at Johns Hopkins University).  I do think that it caused him to learn more about the genome project, especially some of the mathematics associated with it.  I doubt that he would have become aware of some of these links otherwise.  I think that would be the case for any student who works on a similar project. It was an absolute pleasure to mentor Johnson in his project and I’m sure I will enjoy working with other students on this problem in the future.  I think the problem has many levels of difficulty and isn’t only appropriate to someone of Johnson’s ability and it certainly doesn’t require a programming approach.  For example, an average student could investigate superstrings for various alphabets.  A student with a stronger mathematical background could certainly follow the approach our DIMACS group took and perhaps extend it.  In fact, there are certain aspects of our research that could be done in a different and probably better way by a good high school student.

Opportunities for Training and Development

One of the key components of the conference was the strong participation of students and high school teachers. There were ten presentations by high school teachers.  These presentations are listed below.

Biomathematics: Using Graph Models for High School

L. Charles Biehl, Math teacher and administrator, Charter School of Wilmington

Probability and Betweenness of Points: The Genetic Ruler

Kevin DeVizia, Math Teacher, and Mark Nebzydoski, Delaware Valley High School

Math!? Why Do I Need That? The Biology Student's Dilemma with a Problem-based Solution

Tom Fleetwood, Charter School of Wilmington
Using Bioinformatics to Make the Bio-Math Connection

Kathleen Gabric, Biology Teacher, Hinsdale Central High School

The Role of Teacher Training in Overcoming the Inertia of the Status Quo

Bro. Pat Carney, Math teacher, De Paul Catholic High School
Cross-Disciplinary High School Teacher Professional Development

Linda Morris, Jefferson County, Colorado School District
BLAST Your Way into Bioinformatics using Biology Student Workbench

Kathleen Gabric, Biology Teacher, Hinsdale Central High School

Reverso: The Exciting Game of Genetic Inversion. A Reflection on Teaching a Biomathematics Unit to High School Students

Kathy Erickson, High School Teacher, Monument Mountain Regional High School
Applications Several Dynamic Programming Techniques

Lou Giglio, High School Teacher, Riverdell Regional High School

Researching the Superstring Problem

Charles Mullins, High School Teacher, Arkansas School for Math, Sciences and Arts
There was a session of presentations by high school students who have been exposed to or experimented with topics at the interface between the mathematical and biological sciences. 

The student talks are listed below:

Algorithms for Genetic Inversions

Jess Platt and Riley Baldwin, Monument Mountain Regional High School 

Comparison of the Cytochrome Oxidase subunit I Gene in Soldier and Non-soldier Aphids

Christina Sartorio, Seton Catholic High School and Zachary Brady, Wyoming Area High School

Effectiveness of the Greedy Algorithm in DNA Sequencing

Johnson C. Wong, Arkansas School for Math, Sciences and Arts

Applying Abstract Algebra and Graph Theory to Model Flu Seasons

Ben Hughes, Galileo Magnet High School

Outreach Activities

The conference included participants who were not teachers or students but can make significant contributions to forging the links between mathematics and biology in the high schools.  This includes publishers, administrators of research centers and education foundations, and consultants.  Below is a quote from one such participant.

“I'd like the record to show that I think the DIMACS Conference on Linking Mathematics and Biology in the High Schools is terrific. My interest in the conference differed from that of most participants.  Rather than being a teacher, student or mathematics professor, I am a bioinformatics consultant with the campus information technology organization at Indiana University.  We are interested in developing outreach programs that are associated with computing, and I attended the conference to find out what others are doing and to look for ideas.  In that regard the conference broadened our horizons, and it was extremely useful. I could not help but notice that students and teachers who presented projects that they developed after previous DIMACS events benefited greatly from their projects, valued their work and enjoyed the whole experience.  It was wonderful to see education at its best, and it is a shame that DIMACS can't reach everybody.”

Dick Repasky, Center for Computational Cytomics, Indiana University

III Products
Papers/Books

Cozzens, M. and Roberts, F.S, Biomathematics in the Schools, DIMACS Volume Series, American Mathematical Society, in preparation.

This will be a book of refereed papers on the linkages between the mathematical and biological sciences in the high schools. The book will explore methods to establish connections between these disciplines, reflecting the experiences of those who have tried it, those who have made it work on the undergraduate level, and those who know how to get new programs into the schools. The book will explore topics in mathematics and computer science that could be included in biological sciences courses and topics in biology that could be included in mathematical sciences courses. Topics will also include availability and development of materials to assist the development of linkages; what is happening at the undergraduate level that could be adapted to the high school level; changes in the undergraduate curriculum that have implications for high school education; and alternative models for teacher training at the interface between the biological and mathematical sciences. This book will produce recommendations concerning ways to make the interface between biology and mathematics accessible to high school students and inform future curriculum development and teacher training projects. The time is ripe for exploring the issues involved in bio/math interdisciplinary educational activities in the schools, and this volume will direct the attention of many in the education community to the exciting opportunities and challenges that lie ahead. 

Expected Contributors (high school teachers are indicated by a *):


Nkechi Madonna Agwu, Borough of Manhattan Community College, City University of New York (CUNY)
Gary Benson, Boston University
*L. Charles Biehl, Charter School of Wilmington
*Bro. Patrick Carney, De Paul Catholic High School
Midge B. Cozzens, Colorado Institute of Technology
Valerie A. DeBellis, Shodor Education Foundation
*Katheleen Gabric, Hinsdale Central High School
Sol Garfunkel, COMAP
Katherine G. Herbert, Montclair State University
Laurie Heyer, Davidson College
Eric Jakobsson, National Institutes of Health
John Jungck, Beloit College
Rochelle Leibowitz, Wheaton College
Linda Lundgren, Glencoe McGraw Hill
Lorraine L. Lurie, Pace University
Joseph Malkevitch, CUNY
Eric Marland, Appalachian State University

Mike Martin, Johnson County Community College
Linda Morris, Jefferson County, Colorado School District
*Charles Warren Mullins, Arkansas School for Mathematics, Sciences and the Arts
Robert Panoff, Shodor Education Foundation
Fred Roberts, DIMACS, Rutgers University
*Maria Consuelo Rogers, Maryknoll School, Honolulu, and NSTA District XVI Director
Asamoah Nkwanta, Morgan State University
Tony Lawson, Arizona State University
M. Karen Newell, University of Colorado at Colorado Springs
Isabel Darcy, University of Iowa

Internet

http://dimacs.rutgers.edu/Workshops/Biomath/

Main web site for DIMACS Conference on Linking Mathematics and Biology in the High Schools.
Other Products

IVa Contributions within Discipline

The "discipline" in question is both math and science education and "bio-math". The conference contributed to the discipline of math-science education by bringing together teachers and administrators from both the biological and mathematical sciences. One goal of the conference was to stimulate mixing of people/questions/ideas from various disciplines and backgrounds. According to the results of our conference questionnaire, this mixing really took place. 100% of the respondents said they had made new contacts with researchers in bio-math and/or math-science education. 60% said they had made new contacts with students, including graduate, undergraduate, and high school students. Contacts were made with high school teachers, book authors, and government administrators. Also, 100% of the respondents indicated that they are
anticipating following up with the contacts that they made.

A side benefit of the conference was the new contacts between researchers in the biological and mathematical sciences with resulting benefits for college education. An example is given here.

“I found it very profitable to interact with the biologists who attended this meeting. I have been in contact with several of them, which led me to papers of considerable interest. On the basis of this I am in the process of preparing several talks for the Mathematics/CS Club at my college.”

Joseph Malkevitch, Department of Mathematics, York College (CUNY)

IVb Contributions -- other Disciplines

This conference was interdisciplinary by definition.  Therefore it seems appropriate to report contributions to teaching as an interdisciplinary outcome.  Teachers attending the conference were inspired by the faculty talks but perhaps even more importantly, had evidence for the success of interdisciplinary projects by the very fact that students were at the conference making presentations on interdisciplinary topics. Math teachers went back to their schools to talk to their biology counterparts and biology teachers to their math counterparts.  An example of the resulting enthusiasm is given below.

“Because I have taught physics and chemistry much more, and longer than I have taught biology, the Conference in April was an eye-opener for me.  I found out that HS Biology (and math) teachers have engaged in designing HS activities that are meaningful in terms of collaboration and in their applications to contemporary research in biology.   The students' reports encouraged me to try their ideas. I have become more interested in the area of genetics.  In addition I am appreciative of the fact that biological knowledge is based firmly on mathematical models.  I am convinced that more people (need to) be educated about this.  We ought to start with our students. I have also been more conversant with the ‘real’ biology teachers in my school, and sharing with them the work that is being done at the BMCI.  I am hoping that sometime soon, our teachers and students at school would participate in the exciting activities coming out of BMCI.  I am trying to spread the word to our local math and biology teachers.”

Consuelo Rogers, Maryknoll School, Honolulu, and NSTA District XVI Director

IVc Contributions -- Human Resource Development

.

One of the primary goals of this conference was to give high school students the opportunity to present their research findings and be exposed to areas of science and technology that they might not yet have encountered.  The best indication of success in meeting this goal is the response from one of the high school student participants.

 “I was one of the youth participants in that program.  I was a freshman at the time.  I attended both days and I presented about abstract algebra, graph theory, and influenza. I feel that this event was one of the more important things to happen that year to me (other than being a page for the House of Delegates and passing ninth grade.)  I learned an amazing amount of stuff about

a lot of things there and I enjoyed myself.  It also made me more interested in the biotech aspect of things.  I am avidly interested in just hard math and true computer science (the theory side), but this program helped to show me how all of that is linked to biology and really got me interested.  It also didn't hurt the strength of my resume. Interestingly enough, this year, through a scheduling error, I was thrown into an upper level biotech course at my school.  I have had no classes in biology past seventh grade life science and I am thriving in that class.  A lot of the things I heard at the program are finally becoming useful.  It was certainly interesting when I used biology workbench for the first time and found myself finally understanding the function of the tools that were discussed from an algorithmic perspective in some cases.  It was certainly a good use of my time and it has really helped me a lot in many things”

Ben Hughes, Galileo Magnet High School

IVd Contributions to Infrastructure for Research and Education 

This conference laid the groundwork for collaborations between the disciplines of mathematics/computer science and biology at the high school level and between high school teachers and college faculty.  It serves as a prototype venue for reporting on pedagogical innovations, development of cross-disciplinary classroom material, and practical strategies for implementing educational directives. It is hoped that a follow-up conference can be arranged in a few years.

IVe  Contributions to Public Welfare Beyond Science and Engineering
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