
Developing a Mathematics Curriculum for the Biosciences
Background  Thirty years ago, Long Island’s economy was dominated by a handful of large defense contractors such as the Grumman Aerospace Corporation.  Since then, the region’s driving economic force has changed to a large number of relatively small to medium sized high-technology corporations, particularly in the biosciences. Over the last two decades, Farmingdale State College of New York has itself undergone a total change in its mission from a two-year agricultural and technical college into a four-year college of technology with programs in the applied sciences and technologies relevant to the new Long Island economy.  The College also offers a limited variety of technically-oriented masters programs. Most of the almost 10,000 students are first generation college students. The undergraduate mathematics program consists of an Applied Mathematics major with about 60 majors, many of whom are joint majors with some other field.  Farmingdale State is home to the Broad Hollow Bioscience Park, a collaborative project between the college and Cold Spring Harbor Laboratories that is viewed by local, regional, and the state governments as the centerpiece for the many high tech firms (particularly those in the biosciences) that are found along Long Island’s Route 110 corridor.  Suffolk Community College is a very large comprehensive two-year school with about 28,000 students; its main campus is 20 miles east of Farmingdale State. Suffolk CC faces the same challenge of preparing its graduates to function in the new high-tech economy, especially the increasing number who transfer to Farmingdale State to complete their undergraduate education.
As at most colleges, the mathematics programs at both schools have the traditional focus of supporting the physical sciences. As a result, we typically produce biology graduates who know biology but little mathematics, or mathematics graduates who know little, if any, biology. As emphasized at the invited conference Meeting the Challenges: Education across the Biological, Mathema​tical, and Computer Sciences [20], rapid advances in the biosciences that are mathematical in nature have created an educational crisis due to a lack of programs and courses that educate students in both fields. Cohen [5], Jungck [16], Katz [17], Pollack [22], Chang [4], and Ravinderjt [24] all pointed out the important role that mathematics now plays in biology, and vice versa. It has been said that “biology will do for mathematics in the twenty-first century what physics did for mathematics in the twentieth century”.  Perhaps the best and most comprehensive resource for linking mathematics and biology education is the Project BioQuest [23] website that runs an annual Biology and Mathematics Educators (BIOME) summer workshop and provides all manner of publications, projects, Excel simulations, and a wealth of other items and information to spur interdisciplinary efforts connecting the two fields.
All contacts with the regional bioscience industry have stressed the need for more quantitative skills than are traditional in the biological sciences. In response to this challenge, the two schools came together some years ago to work on an NSF-funded project to begin developing mathematics curricula that would be directed at the biosciences.  For the math departments at both Farmingdale State and Suffolk CC, the need was to develop courses that focus on and support the biological sciences just as the present programs support the physical sciences. For both biology departments, this requires increasing the level of mathe​matics used in most bioscience courses, although the mathematics needed is not traditional algebra. The initial step in this effort would be to create alternate versions of our precalculus and college algebra/trigonometry courses.  These are the first (and all too often the last) math courses taken by most students in the biological sciences and so should provide the quantitative skills that both biology departments needed to build on in their introductory courses for non-majors and in their more advanced courses for majors. 
Farmingdale State’s bioscience BS program requires several core and support courses, with flexible technical electives that can be geared to students’ professional goals. Most of the core courses and many of the technical electives involve lab  sections, ensuring that graduates of the program are technically skilled in bioscience laboratory techniques.  In both lecture and lab courses, students need to master the mathematical tools that will enable them to create, use, and interpret mathematical models to solve biological problems and to predict and plot the behavior of cells, molecules, etc. under different conditions in the upper division courses.  
All of these curricular ideas are very much in the spirit of the changes suggested for the interplay between mathematics and biology in the four-volume MAA Notes volume [18], which likely launched much of the subsequent changes at many institutions around the country.  In turn, it likely set the stage for the publication of many textbooks linking math and biology, among which are [2, 3, 10 and 21]. 

In this article, we will discuss the new courses that we planned to develop and implement in both math and biology, as well as a discussion of what actually happened and why.  We discuss details on the important lessons we learned from our efforts in the hope that our experiences will help faculty at other institutions successfully develop and implement collaborative programs across discipline lines.

Changes in the Mathematics Curriculum  All Farmingdale State math courses – developmental mathematics, college algebra, precalculus, calculus, and post calculus courses – have a major emphasis on conceptual understanding and realistic applications via modeling, along with more student-centered classroom environments and the use of technology throughout.  These philosophies have transformed the entire math program to directly support the mathematical needs of most other departments.  Simultaneously, the courses not only better prepare students for courses in other fields, but also are far better attuned to the abilities and interests of our students, most of whom would be considered poor math students in traditional courses. In turn, these courses provide the other fields with a strong quantitative foundation on which to build the use of mathematics in their courses.  This is quite unlike the traditional, skills-oriented math courses we used to give that never seemed to connect to the other disciplines in students’ minds.  Specifically:

( Our developmental mathematics sequence is based on the text Mathematics In Action [6] that was developed by the NSF-supported Consortium for Foundation Mathematics.   Arlene Kleinstein, one of our mathematics faculty, is a member of the project writing team. 
( Our precalculus offerings are based on Functioning in the Real World [12], which was developed by the NSF-supported Math Modeling/PreCalculus Reform project.  This project was headed by Sheldon Gordon, the principal author of the text.

( Our calculus offerings have all been reformed based on texts that were developed by the NSF-supported Calculus Consortium based at Harvard, including Calculus [15] in our mainstream track and in our alternate track for (non-majors” (biology, economics, business, etc.), and Multivariable Calculus [19] in Calculus III. 

( Our differential equations courses emphasize a qualitative approach to the subject and the modeling of real-world phenomena and incorporate appropriate software.  The ODE course has featured a workshop for students in which they visit a physics laboratory each week to conduct an experiment to obtain empirical data with which to verify the analytical results obtained in the classroom.  This highly successful collaboration with physics faculty was the model for the present project with the biology department. 
( Technology is integrated into all math offerings.  All students in developmental math, precalculus, calculus, and above are required to have and use graphing calculators on a routine basis in class, for homework, and on exams.  All students in introductory statistics, finite mathematics, multivariable calculus, differential equations, and linear algebra utilize appropriate computer software packages in addition to calculators to explore the concepts and apply the techniques.
( The math department has received several grants to examine the implications of hand-held computer algebra systems on the entire math curriculum.  The faculty have worked with colleagues from almost every other quantitative discipline to implement a comprehensive strategy to either use such technology in courses or to adjust the content of other courses to reflect the existence of CAS technology even if it is not actually used in a course.

( Writing and communication skills are another important dimension of many mathematics courses.  Students are expected to conduct and write individual and/or small group projects and to make presentations based on their projects, something that takes place in courses at all levels from precalculus and introductory statistics up through advanced offerings for the majors.

In the process of making all these changes, Farmingdale State’s mathematics program has been named by both the MAA and AMATYC as a national model for our successful efforts at instituting a complete reform curriculum and linking the mathematics to other disciplines [11, 27].
Changes in Biology at Suffolk CC  Prior to this project, the biology department at Suffolk Community College developed a series of active learning modules in anatomy and physiology that use an investigative-based approach to data collection and analysis in student designed experiments. Working in small groups, students develop experimental protocol, collect and organize data using computer software and post data to a course web site. The availability of class data on the web enhances statistical analysis and student involvement in collaborative projects, something that otherwise would be very difficult to accomplish in a commuter college. An integral part of the efforts involved professional development workshops that enabled the biology faculty to observe direct applications of pedagogy in their discipline and provided a mentoring system that expanded the approach to two additional biology courses.

The Suffolk CC biology department has since broadened the mathematical analysis and the focus on group learning to include the morphology component in biology courses by using computer-based digital imaging equipment and measuring software. A subsequent NSF grant allows students in anatomy and physiology and four other biology courses to record morphological measurements for statistical and graphical analysis.

The collaboration between the two institutions would allow us to combine the strengths and experiences of both schools and so provide the advantages outlined in [20]. Since Farmingdale State and Suffolk CC have previously collaborated, we were well aware of the synergistic effects of collaborative efforts – we could offer mutual support with respect to solving problems, use the course materials developed with a wider spectrum of students, share experiences, and obtain administrative attention at a time when there are many competing sectors vying for local administrative support. Moreover, we expected that the project would capitalize on the pioneering efforts of the math department at Farmingdale and of biology at Suffolk to stimulate related efforts in Farmingdale’s biology department and Suffolk’s math department.

Connections With Business, Industry and Government  Farmingdale State has established substantial connections with local and regional business, industry, and government.  In all of these contacts, a recurring conclusion is that, to maintain our students’ long-term employability, broad multi-disciplinary programs that emphasize flexibility in thinking and quantitative reasoning are essential to prepare the future workforce. In particular, the message we got both locally and nationally is that today’s employees, both in the biosciences and in other areas, need higher levels of quantitative skills, especially the ability to:  
(1) See the mathematical component in a situation (be it a set of data or a graph or a description of a process); 
(2)  Understand the mathematical ideas that arise and how those ideas naturally lead to mathematical problems that require solutions; 
(3)  Know how to create a mathematical model to represent the situation;

(4)  Be comfortable with a variety of mathematical tools (pencil-and-paper, calculators, software packages, etc); 
(5)  Be able to interpret the reasonableness of the solution and to realize that, if a solution is not reasonable, it may be necessary to reformulate one’s assumptions to create a more accurate or more sophisticated model; and 
(6) Communicate their findings to others, either in writing or orally.  
And, if our students are to do that on the job eventually, they need to develop the same skills in their coursework in all disciplines.  

Original Project Goals and Objectives  As Long Island’s economy rapidly moves to one in which the biosciences will be most important, the biology departments at both schools have been coming to grips with the need to increase the level of quantitative emphases in their courses.  This must be accompanied by a strong biological focus in the math courses taken by bioscience and other students.  In response to this challenge, our NSF project was intended to develop the first stage of a comprehensive mathematics program to support the biosciences that we envisioned as leading to a true symbiotic relationship between the two fields. Furthermore, the Biology Department received guidance from its industry advisory board that potential employers very much wanted students to have considerably tighter integration of the mathematics and the biology.

This first step involved our precalculus and college algebra/trigonometry courses, which are the first math courses taken by most bioscience students at both schools.  They are also the courses required by most other departments as a terminal course, as well as the course taken by students who have not yet declared a major.  At both schools, we created alternative versions intended to serve the needs of the biology departments and the bioscience majors. At Farmingdale State, we expected that our new course would be a better offering for students from a variety of other disciplines (such as business and the social sciences) than the existing courses and also would likely be of greater interest to students who have yet to declare a major.  The course would not only feature biological models, but also a biology lab component in which students would perform experiments that reflect the applications in the course.  In turn, the biology faculty would build on these efforts to increase the level of mathematics in their classroom and lab offerings.  Finally, we recognize the need for significant levels of faculty training and development– the mathematics faculty have little or no formal training in biology and many of the biology faculty likewise have relatively little mathematical training.  
Eventually, based on the experiences we would gain in this project, we expected that we would eventually make similar changes to Farmingdale State’s college algebra, calculus, differential equations, statistics, and mathematical modeling courses to create a complete math program that would focus on the needs of the biological sciences.  In addition, we expected that the bioscience offerings, particularly those at Farmingdale State, would become more quantitative as a result of these changes. This would likely be most apparent in the biology laboratories, where students would be expected to function at a more mathematically sophisticated level in terms of analyzing, interpreting, and applying their experimental data. Comparable quantitative activities already were in place in biology at Suffolk CC and, if anything, those should expand as well.
Details of the activities and experiences at Suffolk CC are described by Fulton and Sabatino in [8].  In this article, we focus on what happened at Farmingdale State.
What We Originally Did At the time this project was being initiated, Farmingdale State’s precalculus course focused on mathematical modeling – given a situation (often a set of data), one must identify the mathematical component, create a function to model the situation, use the model to answer predictive questions, and check the results for reasonableness.  To do this, students must develop deep levels of conceptual understanding.  But the realistic applications serve to bring the concepts to life in students’ minds in ways that connect with their experiences.  For instance, x and y are never used as names for variables in any contextual situation; rather, letters that suggest the variables under consideration are used.  This helps the students in their other courses where they typically face formulas with other variable names.   The applications in the existing courses were drawn from the physical, biological, and social sciences.  Topics included the behavior of functions (increasing, decreasing, turning points, concavity, inflection points, etc.), families of functions (linear, exponential, logarithmic, power, logistic), fitting functions from each family to data, the behavior and applications of polynomial and other functions, and modeling periodic phenomena with sinusoidal functions. The course meets four hours a week. Suffolk CC’s regular precalculus course was, and still is, relatively traditional in comparison.  Under our NSF project, trial sections would be given with the same modeling philosophy as at Farmingdale State, but with biological applications.
The mathematical content and approach in Farmingdale State’s precalculus course matched the needs of other disciplines nationally [9] and recommendations from the MAA CUPM Curriculum Guide 2004 [7] and the AMATYC Crossroads Standards [1].  However, the course was designed primarily for students in technical fields and the social sciences, and the applications reflected this audience. The new course to be developed under the grant replaced most physical applications with biological applications chosen in conjunction with the biologists to reflect both the needs of the biosciences and the precalculus topics that are needed to prepare biology students for subsequent mathematics.  For instance, the Haldane function
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, which is used in genetic mapping (where CAB is the recombination fraction between loci A and B in a gene and xAB is the map distance between the loci), would be introduced, as would be the relationship in biogeography between the number of species in a habitat and the size of the habitat.  These are among what Jungck [16] identifies as “the ten equations that changed biology”. Matrix and probabilistic models and their biological applications, such as the Hardy-Weinberg law in genetics, would be introduced. To add these topics, the current level of emphasis on algebraic manipulation would be reduced.  For instance, discussion of trig identities would be eliminated entirely and a significant amount of attention normally given to factoring polynomial expressions would be reduced.

In addition to the biological focus in precalculus, we developed a separate one-credit lab course that would be taught by biology faculty and would be required of any declared or potential biology major, even if they do not need to take precalculus.  The weekly lab experiment would be geared directly to the mathematical topic being covered in the class. To reflect the high-tech nature of today’s biosciences, some experiments would involve data collection from the Web.  All of the data analysis would be done using a combination of graphing calculator and spreadsheet technologies.  The direct linkages between the precalculus course and the biology lab are described below in terms of the mathematical topics and the associated lab experiments that would be covered.  However, there are times when the precalculus class would be a week or so ahead of the lab and there are many other topics that would be covered in the math class beyond those listed here.
· Week 1:  In the precalculus course, the students are introduced to the concept of function from graphical, numerical, and symbolic perspectives and the behavior of functions in the sense of increasing or decreasing, concave up or concave down, turning points, and inflection points.  In the lab, the students are introduced to measurements and measuring: including a review of the metric system, scientific notation, and proportions; different types of glassware and pipetting instruments, especially micropipetors; introduction to error and how it can be minimized during measurement; sampling, coefficients of variation, and standard deviation.  (This lab would serve as a basis for all subsequent labs. Although many students have had exposure to these concepts, they need to be reinforced, especially the need to understand how errors in measurement occur and how they can affect the accuracy of calculations. The idea of doing lab experiments in duplicate, triplicate or even quadruplicate needs to be stressed. This is particularly important in biology where living organisms differ, which adds extra variability to measurements.)
· Weeks 2-3:  In the precalculus course, the students learn about using linear functions as models for phenomena that grow or decay by a fixed amount. They are also introduced to the notion of fitting a linear function to a set of data, estimating the equation of that line, and using the resulting equation to answer predictive questions. In the lab, the students conduct experiments such as:  (1) Students will be given a set of data that falls into a linear pattern and asked to find the equation of a line that fits the data and use it to answer predictive questions. (2) Students conduct a Bradford assay experiment in which dye is bound to a protein and they measure the optical density of the protein (albumin) vs. the concentration of protein using a spectrophotometer.  The data fall into a roughly linear pattern and students have to estimate the linear equation by eye and then use technology to get the regression equation for comparison.  The linear equation is then used to determine the concentration of an unknown protein. This is a fundamental aspect of biology that many students in cell biology, for instance, have a difficult time grasping.  Two experiments on linear functions are needed since most students pay too much attention to the data collection and not enough to the analysis. 
· Week 4:  In the math class, the students learn about exponential growth functions as models for phenomena that grow by a fixed percentage each time period, such as the growth of a population.  In the lab, the students conduct an experiment involving the collection of data on population growth of a bacterial culture that doubles every 20 minutes using a spectrophotometer.  Students find the exponential function that fits the data and use it to make predictions about the population. 

·  Weeks 5-6:  In the math class, the students study exponential decay functions and their applications, including the decay of the level of a drug in the bloodstream.  In the lab, students measure the temperature of a probe that is first heated and then placed into cold water (using the CBL data collection unit).  The data fall into an exponential decay pattern whose limiting value is the water temperature.  They need to shift the data since the limit is not 0; they then fit the transformed data with an exponential function; finally, they have to undo the original transformation to create the required function for the temperature. A second experiment involves determining the concentration level of a substance in water that mirrors the drug concentration model that is used heavily in the math class to motivate exponential decay processes. 
· Week 7: In the precalculus class, the students learn about power functions, their applications (particularly allometric applications involving the relationships among different aspects of living things – like height vs. weight or height vs. running speed), and their behavioral characteristics. In the lab, the students collect data (using calipers) on allometric measurements of mussel shell size and thickness, which typically fall into a power function pattern.

· Week 8:  In the math course, the students study the properties and behavior of logarithmic functions.  In the lab, the students collect data on the pH values of various solutions, which fall into a logarithmic function pattern.

· Week 9:  In the precalculus course, the students learn about logistic, or inhibited growth, functions and the notion of the limit to growth.  In the lab, the students collect data from bacterial cultures, as with the exponential growth experiment. However, bacteria actually go through three standard phases, which biologists term lag, log, and stationary, and so fall into a logistic (sigmoidal) pattern.  The doubling time is 20 minutes and it takes 12 to 20 hours for the bacteria to reach the maximum sustainable population level, or the stationary phase. 

·  Week 10:  In the math course, the students study surge functions and their use in modeling the concentration levels of a drug in the bloodstream over time.  In the lab, the students collect data on drug response curves (available from pharmaceutical companies’ web sites) and create a function to fit the data.  Since the surge function is not built into the existing technologies (graphing calculators or Excel), a spreadsheet was developed to facilitate the students’ work at creating such a function experimentally.
·  Week 11:  In the precalculus course, the students learn about the behavioral characteristics of polynomial functions, most notably the relationships among the degree, the number of turning points, the number of inflection points, the real roots and the complex roots.  In the lab, the students collect data where a polynomial pattern might be appropriate – for instance, it might be data based on the spread of AIDS, which follows a cubic polynomial pattern.
·  Week 12:  In the math course, the students study sinusoidal functions as models for periodic behavior.  In the lab, the students collect and analyze data that fall into a sinusoidal pattern, such as the life cycle of the seven year cicada, the temperature of the ocean over time, or the Hudson’s Bay Company data on the numbers of pelts of foxes and lynxes caught by trappers from 1810 to 1930 (which provided the basis for verifying the Lokta-Volterra predator-prey model).
· Week 13:  In the math course, the students learn about probability models and using them to assess the likelihood of complicated events, as well as the Hardy-Weinberg law in genetics.  In the lab, the students conduct a series of experiments based on various inherited traits, such as the presence of a widow’s peak hairline, whether they can taste a substance (using phenylthiocarbamide), and whether they have a free ear lobe or an attached lobe.  The students use the percentage of those who are Successes in each as an estimate of the proportion p of the entire population having that characteristic, then use the Hardy-Weinberg law to estimate the percentages in subsequent generations having that characteristic. 

In addition to the mathematics topics listed above, we also incorporated units on fitting both linear and nonlinear functions to data in the regression sense, shifting and stretching functions, operations on functions (such as sums, differences, products, constant multiples, and composition), and matrix models including the development of matrix growth models for populations.
If giving the course today, the first author, for one, would extend the treatment of the surge function mentioned for Week 10 to model the spread of the COVID-19 pandemic.  The equation of a surge function is y = At p b -t, whose graph is shown in Figure 1.  The power term tp, with p > 0, provides the initial surge up toward the peak.  The decaying exponential term, b -t, with b > 1, eventually drives the function back down to 0.  While one could undoubtedly draw a curve with the same general shape that is not exactly a surge function, presumably any such function could be reasonably well approximated by a true surge function.
The first author typically extended the discussion of fitting linear functions to data to the problem of fitting a linear function of two variables to a set of bivariate data that falls into a roughly linear (i.e., a planar) pattern.  This usually took about 20 to 30 minutes of class time.  To fit a surge function to a set of data, one would observe that if y = At p b -t, then 
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which is a linear function of log (t) and t.  Therefore, given daily totals on the number of COVID-19 cases (or deaths or hospitalizations) in any nation, state, or county, one merely needs to add an extra column for log t to the t and y data (t > 1) in a spreadsheet that performs multivariate linear regression to get
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The resulting surge function is obtained by using the fact that 
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A corresponding virtual lab  (see the discussion later) would have each student or group of students pick a locality of interest for which data is available, create the surge function, use it to answer predictive questions they pose, compare the predictions to actual results beyond the data used, and discuss the accuracy of the results including interpreting the value for the coefficient of multiple determination, R2. 
What Actually Happened  We expected that it might be a tough sell to get students to take a new course that involved an extra credit and extra time, not to mention the possibility of extra effort.  In an effort to attract students to the new course, we arranged for a letter describing the advantages of the new course and urging them to take it, which was signed jointly by the Dean of Arts and Science and the chairs of the biology and mathematics departments and sent personally to each of the 150 or so students who had already declared themselves Bioscience majors.  We made a pitch in the different sections of our college algebra course to explain the new precalculus course and to strongly recommend that any student interested in the biological sciences or even in the social sciences would be better off with the project course.  We also sent information on the new course around to all of the faculty at the College who serve as advisors, particularly to students who have not declared a major.

Despite all of these efforts, the students basically voted with their feet not to register for the course, almost certainly because of the additional credit and the associated hour for the laboratory component so long as the regular precalculus course was available.  In part, this is likely due to the fact that that some in the biology department at the time were likely uncomfortable with the notion of making this new course a requirement.  Also, we believe that many of the biology advisors did not exactly urge their advisees to take this version of precalculus.  Perhaps, had we made a stronger pitch to the advisors about the value of the course in terms of better preparing the students for their laboratory courses in biology and other fields, they might have made a greater effort to encourage their advisees to take the course, although this is pure speculation.  The fact remains that the students seemingly were not at all interested.

Unfortunately, at the same time, a number of unforeseen circumstances hit the biology department rather hard and totally distracted them from participating in or advancing this project.  For one, they had to move all of their offices and laboratories due to the need for asbestos remediation in an older building, which morphed into a multi-year total renovation project.  This entailed having to figure out ways in which they could use lab facilities already dedicated to other departments in a variety of different buildings.  This proved far more challenging than a math instructor picking up several pieces of chalk to carry to a different classroom.  The stress of keeping their lab courses running reasonably smoothly, with different equipment and supplies needed for each lab experiment left little time or energy to become involved in something new and different.  This dislocation had a completely devastating impact on the bio faculty.  From a mathematician’s perspective, a classroom is a classroom;  all we need is a blackboard and chalk, a whiteboard and some markers, or a computer and a projector, and we are ready to go.  For faculty in a laboratory science, the primary focus is on the particular lab for each course, along with all the associated equipment and supplies.  Each specific experiment in a course requires set-ups for perhaps as many as two dozen individual students.  Thus, having to relocate in a rush involves not just going to a different facility, but carefully packing all the likely very delicate equipment for the lab, all the supplies, moving all of that across campus, and then finding places to store it all in an organized fashion that permits everything to be found and put in place for each experiment, many of which are conducted for a variety of courses in a single lab each day.  It is bad enough if a department is moving into a brand new facility, but when they are moving into a number of existing labs being used by different departments that now becomes shared facilities, without a lot of advanced planning, it truly becomes overwhelming.  
Simultaneously, the biologists had to focus on shepherding several department proposals for new degree programs through the college-wide and state-wide approval process and then implementing those programs, and much of the responsibility for this fell on the junior faculty who were also the key individuals involved in the math-bio project.  Also, a number of retirements added to the pressures, since the same junior faculty had to assume many of the day-to-day responsibilities that kept the biology offerings and labs running to have the time or energy to devote to innovative activities.  

Another unanticipated issue we faced came from some members of the administration at the time who were not willing to innovate in how courses could be cross- listed and how two faculty could share the contact hours of a single course, particularly between two departments. While we could have used the NSF support as leverage to force the issue (since, by accepting the grant, the College was obligated to allow certain things to happen), we did not want to alienate them and potentially lose all good will and support.

In any event, the lab approach for our precalculus course simply would not work in our circumstances and we decided we had no choice but to drop that plan altogether.

What We Did Instead  Despite the disappointments and delays involving our original plans and efforts, much has actually achieved.  Although we had to relinquish the notion of a precalculus course having the attached lab component, we did create a new four-credit precalculus course for bioscience students that essentially covers all of the topics listed above other than the probability models and which attempts to integrate a significant amount of statistical reasoning and techniques into the course. We offer about 10 sections a year with roughly 30 students per section. This course is required for students majoring in medical laboratory sciences, biosciences, applied economics, business management, and global business management, unless they opt for a more advanced course.  The course is currently based on the Larson precalculus textbook.   In reading through the recommendations and discussion on the mathematics needed by the other disciplines involved in CRAFTY’s Curriculum Foundation’s project [9], it is very clear that the overriding need in virtually every other field is for their students to have a greater degree of knowledge about statistical ideas and methods.  An article [13] provides the full rationale for why it is desirable to integrate these ideas into precalculus and college algebra courses and details and examples of how this can be accomplished in a natural way that reinforces the mathematical topics otherwise covered in the courses.
A complete set of text materials were developed for use in the precalculus course that included a set of Virtual Labs for each chapter.  These Virtual Labs allow the instructor the ability to assign a series of individual or small group projects throughout the semester.  In each, the students are either provided with a set of data or are asked to find an appropriate data set (on the web or in some reference books or text books); either way, the data used are typical of what one would collect in a lab experiment and the students are asked to essentially write a lab report based on their analysis of the data.  The instructions for the Virtual Labs are available from the first author.  The text materials developed for the course were eventually incorporated into a textbook published by the MAA [14].


In addition, a comprehensive collection of almost 100 Dynamic Investigatory Graphical Display (DIGMath) spreadsheets in Excel were written that allow either the instructor to demonstrate virtually all of the mathematical ideas in the course in an interactive mode in a classroom setting or allow the students to investigate the ideas and methods on their own.  These spreadsheets are all available gratis; simply contact the first author.  


Furthermore, as mentioned previously, our precalculus project was envisioned as the first step in the creation of a comprehensive mathematics curriculum at Farmingdale State to support the biological sciences.  We anticipated eventually expanding on the project to encompass the mathematics courses both below and above precalculus.  At the lower level, we expected to transform introductory statistics into biostatistics, and emphasize biological models in college algebra.  At the upper level, we planned to revise the calculus course taken by biology students to one that mirrors the mathematical needs of the biosciences.  In addition, for our applied math majors, we planned to 
(1) focus our differential equations courses heavily on biological models instead of primarily on physical models, 
(2) revise our mathematical modeling course to reflect the new biological focus in the previous courses, and 
(3) balance our senior projects course for applied mathematics majors on biological as well as physical projects.  
The original precalculus project, however, stimulated many of the mathematics faculty to launch a variety of these efforts almost immediately.  
For instance, we subsequently built on the beginnings in the new precalculus course to develop and implement a new two semester calculus sequence (MTH 131 – 132), designed primarily for students in the biosciences.  These courses focus heavily on conceptual understanding and on mathematical modeling rather than on manipulations, draw almost exclusively on applications drawn heavily from the life sciences, and will feature the routine use of technology.  A major emphasis in the courses is on modeling via differential equations.  Another emphasis in the second semester is on the calculus of functions of several variables.  As part of this effort, a package of DIGMath spreadsheets in Excel (also available from the first author) was developed to provide both instructors and students the ability to investigate all aspects of the calculus concepts and methods.

Similarly, in our ordinary differential equations course (which is primarily intended for students majoring in applied mathematics and related fields), the students learn how to create a mathematical model, and how to use the model to understand the long-term behavior of solutions based on examples from biology. In the very beginning of the course, first order differential equations are introduced from the point of view of single-species population models (exponential, logistic, and logistic with harvesting), and the rate of memorization model.  While modeling with systems of first order differential equations, the students learn the Lotka-Volterra predator-prey model, the competitive and the cooperative species population models, as well as the traditional (for an ODE course) physical model of mass-spring oscillations.
 As an example of the type of homework question assigned to promote student understanding and the modeling process, the students are told to “Use the Predator-Prey Population Model and write a paragraph explaining why the decrease in fishing in the Mediterranean Sea brought on by World War I, caused an increase in the percentage of the catch that was shark.”  This example is based on the lab 21 from [25]. 
The modeling of allergy relief is used as an example in the topic of the Laplace transform method for second order differential equations with impulse forcing. The further study of this model is suggested to the students as one of the topics for the class project. 

Finally, an introduction to chaos and bifurcations is taught using discrete population models as examples. 

Our upper division mathematical modeling course, Mathematical Modeling in the Biological Sciences, was offered both for students majoring in Applied Mathematics and for students majoring in the biosciences, although very few of the latter took it; however, the numbers did seem to increase slowly.  (A similar course had only been offered on an "independent study" basis in the past.) The course is designed in such a way that students do not need an extensive background in mathematics (we use discrete rather than continuous models) and, in fact, the students' background varies from precalculus up to differential equations; no background in biology is required, though it is assumed that the students have had a high school biology course. The mathematical topics are introduced in a related biological setting to highlight the connection between the disciplines. The list of the topics covered is as follows. 
· Modeling with difference equations, with emphasis on eliminating drugs from the body and the Fibonacci growth model), 
· Modeling with systems of difference equations (such as the spread of an epidemic), 
· Matrix Models (such as the Leslie matrix population growth model), 
· Probability Models (including the Hardy-Weinberg law and the laws of Mendelian genetics).
As part of the course requirements, each student works on a class project based on an article such as "Poisoning by Tuna" from the Wall Street Journal, August 1, 2005. The article described a sudden academic setback of a fifth grader who used to excel in school, but currently labored at basic addition. He was diagnosed as having a case of mercury poisoning, which was attributed to tuna. For a year or so, the boy daily ate three to six ounces of white albacore tuna. The article indicated that “he was consuming a daily dose of mercury at least 12 times what the Environmental Protection Agency considers a safe level for a 60-pound child”. The doctor simply told the boy to stop eating tuna. The students are first asked to calculate the approximate amount of mercury the boy ingested every week, and to compare the mercury ingested with the EPA’s recommended level to verify the statement from the article that the level was “at least 12 times a safe level”.  Second, the students are asked to develop a difference equation to model the elimination of mercury from the boy’s bloodstream, and to use the model to check how long it will take for the boy’s level of mercury to drop significantly after the doctor’s advice was implemented.  This project not merely gives the students the opportunity to reinforce the mathematics, but also serves to demonstrate to them that mathematics can, and does, play an important role in our lives.
This course was eventually replaced by one entitled Mathematical Modeling in Applied Sciences to appeal to a wider variety of students and to fulfil a new college requirement for a course in applied learning that is needed for graduation.

In our senior-level projects course, Seminar in Applied Mathematics, the students studied some applications of Dynamical Systems to Biology. Before seeing any of the biological applications, they first read various papers and parts of textbooks to learn the fundamentals of Discrete Dynamical Systems. This is a topic that is not the subject of any of our courses (though it does arise informally in a variety of our classes), so that was a good addition to these students’ mathematical backgrounds. The course is structured in such a way that almost all lectures were given by the students.  To facilitate the learning and the lecturing process, the students were divided into three groups and each group studied in depth one of the following topics:

· Difference equations in general: Linear and non-linear.

· Fixed points and bifurcations.

· The logistic equation and other applications of discrete linear systems to biological systems. 

Throughout the semester, the students in each group had to give lectures to the rest of the class explaining the results of their research. The instructor helped them organize these lectures and helped them find ways to express their mathematical ideas in a rigorous and logical manner. These lectures gave the students much needed experience in oral presentation of mathematical reasoning. Also, at the end of the semester each group was required to write a separate chapter of a 50-page expository paper containing the results of their studies. The students then presented a synopsis of this paper to the mathematics faculty and to the other students in the mathematics department. 

Since the end of the project, the Bioscience program has come a long way in strengthening the mathematical sophistication of the Bioscience curriculum. Among the dramatic changes made was a major revision to the program itself; originally, the Bioscience program was designed with fixed concentrations (Bioinformatics, BioPharmaceuticals, Forensic DNA Technology, and Bioresearch). The concentration structure proved to be far too rigid and did not serve the diverse needs of the Bioscience student population. As such, the restrictive concentration structure was removed and replaced with a set of core Biology and support courses required by all Bioscience students (including Biological Principles I & II lecture and lab, Introduction to Bioscience lecture, Principles of Genetics lecture and lab, Cell Biology lecture and lab, Microbiology lecture and lab, Molecular Biology lecture and lab, General Chemistry I & II, at least one semester of Organic Chemistry, and more), as well as a set number of technical elective credits at different required levels that could be chosen from a large number of courses. Relevant to this article, the math requirement for Bioscience program was made more rigorous: originally, Bioscience students were required to take any two math courses, which often meant that students elected to take the most basic math courses available to fulfill their requirement. Bioscience students are now required to take Statistics and Precalculus. Often students need to take a prerequisite course before enrolling in precalculus, or they may choose to take more advanced math courses (e.g. Calculus I, Calculus II, or Mathematical Modeling in the Biological Sciences); these courses and others serve as technical elective options. 

Another change that resulted directly from the efforts of the original grant was the strengthening of the lab section of BIO 130 Biological Principles I, which is the first core course that Bioscience students take in their freshmen semester. The course was previously taught as a concepts course, with some of the practical lab skills taking a backseat to imparting an appreciation for the science. We could not, for various reasons, throw out all the labs and start from scratch. Rather, we decided which of the current exercises were worth keeping in their present form, which needed minor revisions, and finally which needed to be completely revised or replaced. Emphasis was placed on making the course more structured and increasing its quantitative nature, as well as standardizing the exercises since the lab portion is taught mainly by adjuncts. We removed one lab, and twice combined two lab exercises into one. This gave us space to add four new lab exercises: 

(1) Scientific Method: While the scientific method is discussed in lecture, there was previously no formal lab exercise on the scientific method. The exercise we chose emphasizes: making an observation, defining the independent versus the dependent variable, proposing a hypothesis, designing an experiment, and graphing the data both by hand and by computer (MS Excel). Students start by making an observation regarding forearm circumference and grip strength. They then generate a hypothesis and propose an experiment, and finally graph the resulting data. 

In addition, there is also an exercise in reading a scientific journal article that is done in conjunction with this lab. In this exercise, the different types of articles (review vs. primary) and parts of an article are explained to the class. They are then given a very simple article and asked to answer questions about the article. They then must go to the library and find another article and answer additional questions. 

(2) Bradford Protein Assay: This is nearly identical to the experiment described for Week 2-3 in the outline of the proposed one-credit lab course. Special emphasis is placed on the idea of performing lab experiments in triplicate, as well as averaging and obtaining standard deviations of the data. We also added topics such as the equation of the line that fits the data and interpretation of the R2 value. Due to various logistical issues, this lab was later moved to a different course, specifically BIO 349L Cell Biology Laboratory. 

(3) Population Genetics/Hardy-Weinberg Law: This is nearly identical to the experiment described for Week 13 in the outline of the proposed one-credit lab course. This lab contains additional exercises examining mono- and dihybrid genetic crosses, which incorporate the concepts of ratios and probability. 

(4) Micropipetting: This exercise incorporates the ideas of measurement and error which would have been discussed in Week 1 of the one-credit lab course. The course already incorporates an exercise similar to the rest of the Week 1 exercise at the beginning of the lab schedule. This lab was designed to focus on micropipetting and serves as a lead-in for a molecular biology exercise which requires the use of micropipettors. 

We also modified a lab exercise studying enzymes to make use of the spectrophotometer for the measurement of enzyme activity, which is then graphed. We did not adopt the entire proposed schedule of the one-credit course outlined above due to the fact that approximately half of the exercises do not correspond to lecture material and that there were current BIO130 exercises that we wished to keep. The revision process is on-going, however, and we are evaluating additional exercises and revising still others.  Many other changes to the BIO130 lab curriculum were also made, but they did not directly involve mathematics. The materials developed under the project for the biology component are available to interested readers;  contact the second author.
However, while firming up the curriculum of BIO 130 was an important first step in strengthening student skills, members of the department realized that additional measures needed to be taken towards increasing the quantitative reasoning and laboratory analysis skills of Bioscience majors. BIO130L typically enrolls 300 students and runs 10-15 lab sections per semester. Only a small fraction of these students go on to be Bioscience majors (~30 per semester). Therefore, the Biology Department determined that a lab course restricted to Bioscience majors would be more appropriate for extensive curriculum modifications. This led to the creation of a two-credit lab course restricted to Bioscience majors called BIO 212 Bioscience Lab Practices, which was first offered to Bioscience students in 2009. This course incorporates the changes sought by the BIO-Math collaboration, and has been extremely successful in preparing Bioscience majors for upper-level courses in Genetics, Cell Biology, Microbiology and Molecular Biology. 

BIO 212 is a laboratory course designed to develop student expertise in a range of basic bioscience laboratory techniques and calculations, as well as laboratory safety standards. Students are re-quired to maintain a laboratory notebook, analyze and display data in tabular and/or graphical form, report results using a standard format, analyze their data, and come to a conclusion in the context of the stated purpose of the experiment/exercise. The vast majority of the experiments/exercises requires a working knowledge of basic algebra, statistics, graphing and other mathematical skills. Below is a detailed description of some of the exercises that are conducted in BIO 212: 
1. Metric measurements and the use of scientific notation: Despite the fact that the majority of students have been exposed to the metric system and the use of scientific notation prior to entering college as well as in BIO 130, they struggle with metric conversions, comparisons between metric and American standard conversions, the consistent use of scientific notation and inclusion of appropriate unit abbreviations in their calculations and data presentation. In this lab, students take measurements of distance, mass and volume using both metric and non-metric instruments. They are then required to perform conversions of metric units and conversion within the non-metric measurements and compare the differences in consistency of the conversion factors in each system. This lab also allows students to develop skills in using/reading scales, graduated cylinders etc. and experiencing the limitations of the equipment. 

2. Volume measurement and Gravimetric Procedure calculations for determination of accuracy and precision of multiple volume measuring devices: Few students have had the opportunity to use laboratory quality devices to measure small volumes, nor understand the mechanical limitations of serological pipettes versus micropipettes. Unlike serological pipettes, micropipettes lose accuracy with use/abuse over time. In this experimental exercise, students are instructed in the proper use of serological pipettes, pipetting aids and micropipettes, fac-tors that affect accurate volume measurement, including both technique and calibration of the instrument, and how to select the most appropriate device to measure a given volume. They then compare the accuracy of various devices (both calibrated and non-calibrated instruments) using Gravimetric Procedure, are introduced to the need for replicate measurements, and how to present the data in table and graphic formats. Students calculate percent accuracy and error and standard deviation (indicative of outliers/ lack of reproducibly). They then compare their results to the manufacturer’s specification limits. In their data analysis, they must take into account the condition of the instrument and level of expertise/difficulty in using the instrument in determining which is the most appropriate instrument to use in measuring a given volume and whether the instrument needs to be recalibrated. 

3. Preparation of solutions: Despite the fact that students have used numerous solutions in chemistry and biology labs, they rarely are required to make these solutions. This is understandable given the number of students in a course, the time restrictions on completing the lab, and the potential consequences of using improperly prepared solutions on a given experiment. In this lab, students are introduced to (a) the numerous ways of denoting concentration including percent (w/v%, v/v% and w/w%), mass/volume, molar solutions, parts per million and billon (ppm, ppb), etc.; (b) the concept that mass has volume and consequently how to properly make solutions using BTV (bring to volume) or QS (quantum sufficient) techniques; and (c) the use of stirring plates and bars and reiterating the importance in the use of accurate volume measuring devices. Students are required to prepare numerous solutions where they must first calculate the amount of solute to use in the making a solution of a given volume and prepare that solution selecting/using the best suited equipment available. 

4. Dilutions: While the majority of students are familiar with the formula C1V1=C2V2, few understand how to use it in the context of performing independent or serial dilutions in the laboratory. In this lab exercise, students are taught alternative approaches by calculating a dilution factor and determining the amount of stock and diluent required to make a set volume of diluted solution. Using either the familiar formula C1V1=C2V2 or the alternative approach, they prepare stock solutions and then perform both independent and serial dilution. They are required to generate a table showing the source of the solute, the dilution factor, and how much solute and how much diluent is required to make each dilution, as well as the final dilution of the resulting solution as compared to the stock. This table serves as a cheat sheet in preparing the dilutions and can then be used as part of the protocol recorded in the lab notebook. 

5. Quantitative spectrophotometry: Students determine the concentration of four unknown solutions of colored food dye using a standard curve. Concepts integrated into the experiment include the importance of determining the optimal wavelength to use (peak absorption wavelength) for a sensitive quantitative assay, reinforcement of serial dilution skills (preparation of standards from stock solutions), the mathematical relationship between absorbance, transmittance and concentration, the generation of a standard curve and its limitations (linear versus plateau, why a standard curve might plateau, why extrapolation of the curve is inappropriate), data presentation in tables and graphics, and data analysis. 

6. Quantitation of organisms using counting chambers: Counting chambers are a quick and relatively easy way to enumerate organisms/cells, and with the introduction of viability stains can discriminate live cells from dead ones. There are many counting chambers, each holding a defined minute volume and etched with a unique counting grid. Extrapolation of the number of organisms per larger total sample from the count based on a volume as small as 10-4 ml, requires mathematical manipulation. Variables that affect the accuracy of the count include uniform resuspension of the sample, introduction of a viability stain, even distribution over the counting grid, counting multiple grids to attain more accurate results through increased sample size, etc. Students are required to use two counting chambers (a hemocytometer with Neubauer grid and a Sedgwick Rafter chamber) to determine, organisms/ml, total organisms in the original sample, percent viability, etc. 

7. Quantitation of organisms using turbidity measurements: Organisms may be quantitated using turbidity (spectrophotometer measuring a decrease in transmitted light) or nephelometry (nephelometer measuring intensity of scattered light) protocols. In this lab, students use a spectrophotometer. The amount of light scattered is dependent on the number and size of the organism (biomass). Students use a hemocytometer to determine the concentration/ml of the original sample of yeast and then create a set of standards by serial dilution and generate a standard curve for yeast plotting absorbance versus cells/ml as determined by the original count and subsequent dilution. 

8. Calibration of microscope ocular micrometers: The ocular micrometer (reticle) unit of measurement changes with changes in magnification. Students are asked to calibrate the reticle using a stage micrometer with defined units of measurement (in mm), for multiple micro-scope objectives. They then are asked to make microscopy-based observations for multiple biological specimens including size/length/width, shape, arrangement, staining properties etc. as part of a lab to improve microscopy skills and recording detailed descriptive information of biological samples. 

9. Basic Descriptive statistics for data presentation in table format, population frequency distribution and t-test for comparison of two experimental populations based on a single variable.

BIO 212 was designed to address the student’s lack of hands-on experience in using laboratory equipment and skill in maintaining accurate records of why and how an experiment was done, as well as the presentation and interpretation of the data. Inherent in the course is the need for a defined set of math skills and how to apply them. Despite the likelihood that students have been exposed to basic algebra, statistics, dilutions etc. prior to taking a lower level biology course, a disproportionate amount of student stress and poor performance centers around the lack of understanding of how to employ these math skills in the context of the lab exercise/experiment. A concept driven math course centered on applied learning in the sciences, such as the original course proposed (above), would alleviate many of the students’ problems and allow for more time for the instructor to focus on fine tuning of technical skills, application of experimental protocols, and interpretation of data. This course certainly lays a critical, mathematical foundation for the more advanced BIO labs, including chi-squared analysis, and probabilistic and logical reasoning in Genetics lab, and serial dilutions, solution making, and plot analysis of electrophoresis data in Cell Biology and Molecular Biology.

Lessons Learned/Lessons to be Shared 
1.  In any curricular reform project, there is a strong temptation to focus on developing the exciting new materials and implementing them in the classroom as quickly as possible.  However, based on our experiences, it is also critical to focus on all the different stakeholders and background issues.  This includes all individuals who have what may seem to be only peripheral concern with the course(s) being developed – these are the counselors and advisors, as well as  other faculty who are not directly concerned with the project but who may have influence on students who could be talked into taking it.  They may also be key decision-makers who are in a position to impose or to vote on imposing requirements mandating that students take these courses as part of degree requirements.  These people need lots of attention to help them understand the underlying philosophy of the project and its importance to the education of the students, both in terms of preparing them for subsequent curses and for employment after graduation.  We did not develop effective mechanisms to convince the students that the extra time involved would be highly desirable, especially in terms of building a much firmer foundation that would make subsequent courses more understandable and would probably increase their chances of success in those courses.   
2. It is really hard to coordinate a project that spans two or more departments.  It is much harder still to coordinate a project that encompasses two or more institutions, especially if the goal is to get department-wide acceptance in each location.  Even coordinating with individuals from different institutions is difficult in terms of being able to schedule mutually convenient meetings.  Perhaps the most important concern is assessing the dynamics of faculty involved.  In our case, the mathematics department had been totally committed to the principles of the math reform movement and the need to link the mathematics to the needs of the other disciplines.  However, the majority of the biology faculty were “old-timers” who were very comfortable in giving their courses in their usual ways. In principle, they were willing to endorse the importance in modern biology of increasing the level of mathematical sophistication, but were rather reticent about actually implementing these ideas in their own courses.  As a consequence, the project devolved into something that only a handful of junior biology faculty became actively involved in.  
In contrast, the situation at Suffolk Community College was essentially the flip side of this.  The biology faculty there had been integrating a more quantitative approach in their courses for many years and had integrated the use of technology, particularly spreadsheets.  The mathematics department was primarily composed of older faculty who were strongly opposed to any reform in their courses and only a small handful were willing to try something new.  In order to get department approval, it had to be clear that this would not impact any of the central courses (algebra, precalculus, calculus, and post-calculus), so something that served only students in biology was sufficient tangential to the department goals to be acceptable. 
3. One cannot overestimate the importance of timing.  On the one hand, it makes little sense (it can even be counter-productive) to implement a project when some of the key elements are not in place, as we discovered.  On the other hand, it can be equally counter-productive to delay implementing a project when the key individuals are ready, as we also learned.  As we mentioned previously, when it became clear that we would not be able to develop our plans with the biology department fully, some people in the mathematics department began to look for other curricular challenges.  One outcome was to develop several joint programs with the economics department to introduce a new mathematics option in the Mathematics of Finance that has grown very rapidly. In turn, when some senior math faculty who were involved in the biology project retired, the math department’s search committee sought out and hired people whose expertise was in the mathematics of finance.  Unfortunately, as a consequence, the math and biology collaboration effectively stopped developing any large-scale cooperative efforts.
4. It is essential to develop plans to “indoctrinate” brand new faculty into the philosophy of the project and the importance of doing what we want to accomplish.  All too often, new degree recipients show up at their first academic position with little, if any, practical experience dealing with the kinds of students we have learned to accommodate after years of teaching experience.  These new faculty often have been highly successful in traditional educational settings and they prize the value of the skills they learned that got them to where they are.  They often have been isolated from the general run of students who usually fill our classes and so do not appreciate the difficulties that these students have learning what seemingly are very basic ideas and methods.  They likely have not been exposed to the kinds of interdisciplinary connections we seek to sponsor, so courses and programs that involve teaching material and ideas from other disciplines can be very foreign to them and, worse, makes many of them very uncomfortable.  If we are cognizant of these potential complications, it makes sense to craft mentorship programs in which each new faculty member works directly with a more experienced member of the department to assist with the transitions  It is not terribly helpful just to hand such a person a textbook and say this is how we teach this subject; that neither to the benefit to the new instructor nor to the students.

5. The comments made above about brand new faculty also apply to the graduate TA’s in university settings where a major curriculum project is being developed.  Most of the lower division introductory courses are taught by these individuals and they require a tremendous amount of guidance and support.  

6. Similarly, at most two- and four-year colleges, the majority of the introductory courses are taught by part-time faculty who often have to teach one or two courses at several different schools.  It is reasonable to expect such people to feel overwhelmed without the added burden of teaching material from a different discipline with which they are likely unfamiliar as well as adopting new methodologies in their own field.  Again, such individuals require lots of guidance and support to help them.

7. One of the major issues facing most institutions over the past several decades has been financial and administrators respond by trying to increase the enrollment in every class, replacing full time faculty with part time instructors, and cutting back on targeted courses for individual departments (as with statistics for business, statistics for economics, statistics for psychology, and so forth) that can be replaced with a single course that more or less addresses the needs of all departments.  As a result, it may be difficult to convince them to support innovative projects, especially if there is no funding or after the initial funding ends.  
8. Mathematics – in the sense of a way of looking at and interpreting the world – has become increasingly important to biology, as well as presumably many other disciplines.  The presents mathematics departments with both a challenge and an opportunity.  Left to their own devices, biology (and other disciplines) will have to find ways to integrate these mathematical concepts and techniques into their courses that involve expending lots of time and effort to teach the mathematics.  Alternatively, if mathematics departments develop and offer appropriate introductory-level courses that focus on data-driven topics using both mathematical modeling and statistical themes, biologists will be able to build on that focus to include even more mathematically sophisticated ideas, which likely will lead to their having their students take additional, and more sophisticated, math courses.  This kind of symbiotic relationship is definitely in the best interests of both departments.  
One need only look at the comparable situation with statistics over the past 60 or so years.  Those mathematics departments that accepted the challenge of developing and offering introductory statistics courses typically find that this course now represents by far the largest number of sections and the greatest enrollment across their offerings.  In contrast, those departments that passed on the opportunity now see huge numbers of students taking introductory statistics in courses such as biostatistics, business statistics, econometrics, statistics for political science, statistics for psychology, and so on, that are given by the other departments.    

Our intent is not to discourage or dishearten those who want to introduce curriculum reforms, particularly those that span several disciplines or even several institutions.  Rather, our hope is that by alerting such individuals to the many challenges that need to be overcome, we can help them better prepare to overcome those challenges by 

· focusing attention on the individuals who need to be thoroughly convinced of the value and importance of the innovation, 
· focusing attention on those who will be expected to participate in the activities who may require initial or on-going training and support, and 
· making them aware of how underlying conditions can change in unexpected ways, so that they are ready to move ahead whenever the opportunity presents itself without delaying waiting for a better moment. 
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