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Introduction to Mathematical Modeling is the first mathematics course in the sequence of MCTP courses taken at Salisbury State University by prospective elementary and middle school teachers of mathematics and science.  It is taken concurrently with an interdisciplinary science course.  The following case report is based on our experiences in designed and teaching the course and on material in our Instructor’s Guide (Cathcart and Horseman, 1995), which is used to introduce other instructors to the MCTP philosophy and to provide a framework for the course.  We first taught two sections of this course during the spring semester of 1996.

We designed the course to focus on problem-solving processes used in mathematics and science.  It uses perspectives, knowledge, data-gathering skills, and technological tools relevant to those disciplines.  Our underlying principle was to integrate mathematics and science using a constructivist, activity-based approach.  Specific assignments are described herein, and one is covered in detail.

Students are required to use calculators, spreadsheets, and microcomputer-based laboratories (MBLs) for collecting their own data, generating graphs, and analyzing their results.  Working together, students are encourage to construct physical concepts from their observations and make connections between science and mathematics.  At no time are the students permitted to use the technology for a “black box” solution.  In other words, they are not permitted to use the curve-fitting capability of graphing calculators or spreadsheets.

Activities in the course focus on helping students to: (a) see connections between mathematics and other disciplines; (b) represent and analyze real-world phenomena using a variety of mathematical representations; (c) develop strategies and techniques for applying mathematics to solve real-world problems; and (d) explain and justify their reasoning, using appropriate mathematical and scientific terminology, in both oral and written expression.

The need to improve the mathematical preparation of pre-service elementary school teachers is well documented in recent report such as On the Mathematical Preparation of Elementary School Teachers (Cipra and Flanders, 1992), and Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989) and Professional Standards for Teaching Mathematics (NCTM, 1991) by the National Council of Teachers of Mathematics.   The NCTM Standards call for increased emphasis on thinking, reasoning, and problem solving.  The NCTM Board of Directors, in a 1995 statement on interdisciplinary learning, stated, “…the curriculum must encourage the use of the perspectives, knowledge, and data-gathering skills of all disciplines….” (NCTM, 1995, p.1)

Currently, the mathematics requirement for elementary education majors varies widely from college to college (Cipra and Flanders, 1992).  In many cases, prospective teachers take a single, one-year course covering a variety of topics such as number systems, a little number theory, a look at probability and descriptive statistics, and informal geometry.  While some colleges require more than a single, two-course, sequence, few prospective teachers are placed in situations where they are expected to discover and express relationships found in the world around them.  Moreover, few are currently exposed to course content that integrates mathematics and science while placing special emphasis on the concept of a “function as a model” and on “model building” as a process.

In our experience teaching upper-level mathematical modeling courses for mathematics majors, we faced tension between our wish to cover specific mathematical content and our desire to develop the students’ ability to solve real problems using mathematics.  Our typical approach was to state a problem in some quasi-realistic context, introduce a technique or algorithm for solving the problem, and then require students to employ the technique or algorithm in isomorphic contexts.

That is not the approach employed in this course.  We decided to focus on processes used in applying mathematics to address questions in other disciplines.  In our experience, we have found that students have difficulty focusing on problem solving as a process when simultaneously trying to understand mathematical techniques and concepts.  So, the course described here was not intended to serve as a vehicle for teaching specific mathematics or scientific content.  We assumed that pre- or co-requisite mathematical or scientific content had been, or would be, addressed in other courses.  

Primary Expected Outcomes

In completing the exercises and activities we expected that students would

· see and value connections between mathematics and other disciplines;

· represent and analyze real-world phenomena using a variety of representations;

· use their own observations, experimentation, computers or calculators, and references to find answers to questions; 

· develop strategies and techniques for applying mathematics to solve real-world problems;

· work with others while solving problems and learning;

· become skillful in explaining and justifying their reasoning, using appropriate mathematical and scientific terminology, in both oral and written expression; and

· critically evaluate their own work and the work of others.

Pedagogical Approach and Course Content

We are convinced of the validity of a constructivist approach for teaching integrated mathematics and science.  Therefore, as students were involved with activities in this course, they actively engaged in confronting their misconceptions and creating their own knowledge.  So, our role was that of facilitator or guide.  We determined the degree to which students met the expected outcomes and altered their preconceptions by examining their written work, listening to their oral explanations, and observing them during working sessions.

Our intent was to integrate mathematics and the sciences.  We selected applications from both physical and life sciences.  A few applications from sports and management science were included.  Some microcomputer-based laboratory (MBL) activities were coordinated with a companion integrated science course taken concurrently with this course.

A sample course syllabus (Appendix A) and two sample exercises are provided (one within the body of this paper and another in Appendix B).  The syllabus form is based on that of O’Haver (1994).  The guidelines for exercises are adapted from those of Shannon and Curtin (1992), and the portfolio guidelines from Abruscato (1993).  

Part I of this course focused on functions as models for phenomena and on the development of a repertoire of techniques to be used in modeling.  Functions are used to represent relationships of some particular interest: A change in the value of one variable causes change in the value of another variable.  Students investigated the manner of that change in both qualitative and quantitative ways.  Change and rate of change were illustrated and given meaning.  Additional mathematical topics addressed in exercises included the following: difference equations, difference tables, difference quotients, recursive functions, secants, least-distances criterion, and least-squares criterion.

The focus of Part II was on the concept of mathematical model and on mathematical modeling as the essential element in applying mathematics to real problems (e.g., studies of motion, heat loss, and light intensity).  The phrase “applications of mathematics” usually means useful connections between mathematics and other fields.  Although the application of mathematics in different fields requires a variety of different mathematical techniques, there is a common unifying element in applying mathematics to real-world problems.  Our view of the modeling process is based largely on that of Maki and Thompson (1973), Roberts (1976), and the Curriculum and Evaluation Standards for School Mathematics (NCTM, 1989).  This modeling process is illustrated in idealized form below (see Figure 1).
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Figure 1.  The Modeling Process

Step 1: Simplification/Idealization.  The modeling process usually begins when one is faced with a situation and is concerned about some aspect of that situation.  Often the situation is very “fuzzy” and the concern is vague.  So, the initial step in modeling is to define the situation or problem as carefully as possible.  The formulation of a specific problem is important, but often difficult, and sometimes requires creative effort.  Attempts at precision frequently involve making idealizations, simplifications, and approximations because most real problems are too complex or nebulous to be treated mathematically in a way that includes all real-world aspects of the problem (Maki, 1975).  In this problem formulation step essential variables are isolated and the critical questions identified.

Step 2: Mathematical Translation.  The real problem is translated into the language of mathematics.  Symbols and mathematical operations are used to represent real quantities and processes.  This process of mathematization produces a mathematical realization of the real problem called a mathematical model.

Step 3: Application of Mathematics.  Once the problem has been expressed in mathematical form, we study the resulting mathematical system using concepts and techniques of mathematics.  If we are skillful, persistent, or fortunate, we will produce mathematical conclusions of predictions.

Step 4: Interpretation.  Our mathematical conclusions or predictions must next be “translated back from the language of our model to the language of the real world and interpreted as real-world conclusions or predictions.”  (Roberts, 1976, p.8)

Step 5: Validation.  The conclusions and predictions are compared with the real-world phenomenon being considered.  Only rarely will our results from the mathematical theory agree completely with real-world outcomes.  Usually a mathematical model will not reflect some important aspects of the situation being studied.  Only when the results of our mathematical study compare favorably with real-world data will we have some confidence in our model.  Otherwise, we must either make do with a model we suspect is inadequate, or we must refine the existing model by retracing the modeling process until an acceptable model is found.  (Maki, 1975).

Prerequisite knowledge

The emphasis in the exercises and activities was for the students to use mathematics and science they already knew in approaching a task.  We would expect that students with two years of algebra, one year of life science, and one year of physical science would be able to perform and understand these activities and exercises.  Of course, some review and study of forgotten material was at times required.  The mathematical content required knowledge of the following terms and concepts: function; table of values for a function; graph of a function; inverse, linear, power, polynomial, rational, exponential, and logarithmic functions; ratio; proportionality relations; variation; slope, and average (mean).

Students’ Preconceptions

Students enter mathematics courses with many preconceptions concerning mathematics, its usefulness, and their own abilities.  Some student preconceptions that we needed to attend to are the following:

· Mathematics, beyond arithmetic, is of little value to me.

· There is only one correct answer to a math problem, and there is only one correct method for find that answer (the teacher’s).

· I can only solve easy math problems.

· The only important thing in solving a math problem is the answer.

· In functions, x and y are just numbers; not anything real.

· I cannot tell much about the graph of a function simply by looking at its rule.

· I cannot tell much about a function’s rule simply by looking at its graph or table of values.  

· We can easily tell who has the best answer to a math problem.

· In drawing a graph, I must use the same scale on each axis.

· Science is important, but lots of school math is not of much use in science.

· The math that is useful in science is beyond my capacity to learn.

· I don’t know enough math to be able to solve real-world problems using math.

Activities and Equipment

Many of the course’s activities required students to gather or develop their own data, display that data in tables and graphs, and then try to find a functional model fitting that data.  Some of the activities required specialized equipment.  In Part I for example, Cuisenaire rods were used for one activity, the Tower of Hanoi puzzle in another, and MBL or calculator-based laboratory (CBL) equipment (motion detector, photogate, and microphone) were used in several activities.  In Part II also, some activities required equipment usually available in a chemistry or physics lab and MBL or CBL equipment (light sensor, temperature probe).  We made graphing calculators and computers with spreadsheet software available to the students.  Also, students were encourage to use other resources that can be found in a library or on the Internet.

Case Report:  Summary of Some Student Work

Midway through the semester, we presented a population prediction problem (see Student Handouts to follow).  In one week, working in groups of two or three, the students completed the assignment.  By this time in the semester, the students were expected to solve the problem without the assistance of the instructor.  Since the students had progressed as anticipated, the following questions did not surface:

· What do we do?

· Where do we get the data we need?

· How much data do we need?

· Are we using the right procedures?

· How do we know when we have a right answer?

Students gathered and plotted their own data.  We expected that linear, polynomial, and exponential functions would be suggested as models for the data.  Consistent with an emphasis on intuitive understanding rather than just “plugging numbers into formulas,” we decided not to cover techniques of curve fitting such as least-squares in this course.  However, we expected that students had already developed heuristics and “best fit” criteria of their own in critiquing solutions discussed earlier in the course.

STUDENT HANDOUT #1

Population Prediction (Session 1)
Introduction:

We are interested in predicting what the US population will be by the year 2000, 2010, and 2020.

Personal Population Prediction:

Take about one minute to record your best prediction for what the population of the US will be by the year 2000.

Individual Plan:

Take about five minutes to record how you will attempt to solve this problem.

Group Prediction:

Take about five minutes to record the group’s best prediction. Compare the group prediction to your individual prediction.

Group Plan:

Take about fifteen minutes to decide how the group will attempt to solve this problem. Compare the group plan to your individual plan.

Individual Assignment:

Collect any data that will help to solve this problem and bring to the next class. Explain why the answer to this problem could be important. Send your explanation to your instructor by e-mail.

Results of Session 1

To follow are some student responses and instructors’ comments on the first session of this activity.

Personal Population Prediction.  This question was asked to encourage the students to draw on their preconceptions.  Sample student responses:

I don’t know what the population of the US is today but I would guess it to be 250 million-350 million.  I would guess that the population will at least increase by 25% so my approximate guess for the population in the year 2000 would be 380 million.

***

The number of people living in most US cities is at least 2,000,000.  I believe that the total US population would be in the billions and I’m going to guess 200 billion for the approximate number for the year 2000.

***

By the year 2000 the population of the United States will be around 290 million people.  I am not sure what the population of the United States is now, but I think that it is around 250 million.  I think that the population will increase, but not as rapidly as it has in the past because people are having fewer children than in the past.

Comments on responses:

All of the students were willing to make an estimate even if they had no clear preconception concerning the current population.  Misconceptions at the beginning of an activity are accepted without judgment so that students will take chances and not be embarrassed by their lack of knowledge.

How will you attempt to solve this problem?  Each student was expected to formulate a plan for solving this problem.  Sample student responses:

To solve this problem I will graph data points from about the year 1600, using increments of either 25, 50, or 75 years depending on how I space the graph.  I will next extrapolate that data to get the points for the years 2000, 2010, and 2020.

***

Go to the library and look at an almanac and find increases over last several years.  Look up articles in database and see if there are any predictions.

***

I plan on further investigating this problem in the library.  By looking in almanacs and other reference materials, I can gather some statistics from about the turn of the century.  I would gather a point for about every 10 years.  These points would be graphed and I would try and come up with a formula.  After I find a formula, I can find the values for the years in question.

Comments on responses:

The students have become independent enough not to be paralyzed by this problem.  They expect to find the data they need in the library and they have a plan for analyzing the data.

How will your group attempt to solve the problem?  This was an opportunity for the students to resolve their differences and arrive at a consensus.  Sample student responses:

We agree that the population in the year 2000 will be around 300-400 million.  We also agree that the best way to make our prediction more accurate is to look at previous year’s population and find the rate of increase between each year.  There are also materials which list predictions of the population—we think these would be helpful also.  After we have collected our data, we can graph our data and attempt to construct a formula.

***

Population for the year 2000 is predicted to be 260-300 million (range from group members).

1. We plan to go to the library and get census data (as far back as accurate, 1900??).

2. Graph the data with years after 1900 on the x-axis and population on the y-axis.

3. Find a model (function) for the graph using standard functions as a guide.

4. Put in 100 for x and find y.  This is the population prediction for the year 2000.  (110 for x for 2010, etc.)

Comments on responses:

The group estimates narrowed the range of predictions.  All three groups had definite plans for collecting data.  The particular years that they plan to use will probably need to be changed but that should not be a problem because flexibility in planning is stressed throughout the course.

Explain why the answer to this problem could be important.  This task required the students to reflect on the relevance of the problem.  Sample student response:

The answer to the problem posed could be important for various reasons.  First, it may be important to have an estimate of the population of the United States for future years to plan for an increased use of energy.  It is important to know how many people there will be so that we can estimate the amount of energy that will be needed in the future.  One question that depends upon the population is ‘When will our supply of fossil fuels run out?’  Another estimate for the future that depends on population is living space.  The more people, the more space is needed for living area and waste.  Our country needs this information for planning purposes.  In addition, the country needs to estimate future population for such issues as food supply, jobs, and government.  Almost every issue in our world is dependent upon the future population, and if we were not able to estimate this number we may not be able to provide for the needs of everyone in our country.  For these and many other reasons, predicting the future population of our country is extremely important!

Comment on response:

This student recognized the relevance of the problem.  The student’s response shows a concern for preparedness in many aspects of society.

STUDENT HANDOUT #2
Population Prediction (Session 2)
Group Revised Population Prediction:

Based on your data, revise your estimate of the what the US population will be by the year 2000.

Group Plan for Analyzing the Data:

Develop a plan for selecting the data you will use and how you will use this data to predict the population for the years 2000, 2010, and 2020. 

Group Summary and Discussion of Accuracy:

Explain the “best” way to solve this problem, and indicate your “best” estimates. Discuss your feelings about the accuracy of your estimates. Send your response to your instructor by e-mail.
Results of Session 2

Students collected data individually and used this session to compare data and form a plan for analyzing the data and for producing a group summary of their results.

Revise your previous population prediction.  This activity required students to reflect on the predictions they had made before they had collected data, and gave them an opportunity to address their prior knowledge and misconceptions.  Sample responses:

Our initial prediction for the year 2000 was 300 million to 400 million.  We based this on the fact that there were 250 million people in the US in 1990.  We felt that the population had been increasing at faster and faster rates.  Our data does not support the idea of an increasing rate.  We adjusted our prediction for the year 2000 to be between 270 million and 280 million.

***

After seeing the data that we have collected, we have changed our prediction quite a bit.  We do not think that the population increases by 5 to 10 million every year.  Lately, the population has been changing by approximately 2.3 million every year.  Our new prediction for the year 2000 is 270 million.

***

After briefly examining the data that was collected, our predictions were revised.  We had found census information from 1900 to 1990 and graphed it.  The graphed data reveals the data to be almost a straight line.  From this graph we realized that the US population increases by approximately 20 million people every ten years.  We also learned that there are about 2 million more births than deaths in the US each year, making an increase in population over a ten-year period about 20 million people.  Our new prediction, therefore, became 270 million for the year 2000.

Comments on responses:

New predictions were based on new knowledge of the situation.  Students analyzed the data intuitively.  Either linear or exponential models might have emerged following quantitative analysis.

What data will your group use, and how will you use it?  Since, at this point, data collected had been viewed only by individuals, it was important for the group members to agree on a strategy for analyzing the data.  Sample student responses:

We noticed that the population data for the last thirty years seemed to be a straight line.  We calculated the change in population for each of the ten-year periods from 1960 to 1990.  During this time the population has been increasing at approximately 2.3 million every year.  A closer look at the data suggests a slightly decreasing rate for each decade.  The trend seems to be that the change in population decreases by approximately one million each decade.  We will use the approach to make our final predictions.

***

With the gathered data, we decided to only use the known population for the years 1960 to 1990 because this information, when graphed, is almost a perfect straight line.  From this data we will determine an equation that fits the points for 1960 and 1990.  We can then use this line to predict the population for the years 2000, 2010, and 2020.

***

We will calculate the average percent growth per decade, and then use that value to develop a formula to predict the future population.

Comments on responses:

Each group developed a plan.  Linear models were likely to evolve from two of the plans.  An exponential model was likely to evolve from the other. 

Summarize your conclusions.  Sample student responses:

Since the data from 1960 to 1990 suggested a straight line, we determined the equation of the straight line using the data for 1960 and 1990.  The equation is y = 2,300,000x + 41,000,000 where x is the number of years from 1900 and y is the population for that year.  Using this equation we calculated the population for the years 2000, 2010, and 2020 to be respectively 271,000,000, 294,000,000, and 317,000,000.  Since our equation does not fit the data perfectly, our answers are only approximate.  For a problem such as this one, the ‘best’ solution is to find the model that best fits the known data points and use that model to predict the unknown data points.  We feel very strongly that our model will do this.

***

We developed two models—one linear and one exponential.  We found that the average population increase per decade from 1900 to 1990 was about 19.2 million, and the average percent growth per decade from 1900 to 1990 was about 14.1%.  The 1900 population was approximately 76 million.  We decided to let the population in millions t decades after 1900 be represented by P(t).  The equation for our first, linear, model is P(t) = 76 + 19.2t.  The equation for our second, exponential, model is P(t) = 76(1.141)t.  We compared the graphs of both equations to the actual data, and decided we liked the second (exponential) model better.  Substituting 10, 11, and 12 successively for t in that equation we determined that the population of the US in 2000, 2010, and 2020 will be about 284 million, 324 million, and 370 million respectively.  Since our equation’s graph seems to follow the actual growth graph for 1900 to 1990, we think our predictions are fairly good.  (The graph these students produced using a spreadsheet is shown below in Figure 2.)

Comments on conclusions:

Although students were able to develop a pair of models, linear and exponential, little consideration was given to the superiority of one model over another.  If the instructor had emphasized the importance of establishing both qualitative and quantitative criteria for goodness of fit before assigning this problem, students might have thought of a “compound interest” interpretation for the situation, and they might also compared deviations of the competing models’ estimates from the actual data.  (For these students, apparent geometric closeness in the graphs was sufficient evidence to accept a model.)  In the future, this problem will be assigned after the concept of best fit have been developed by the students.

Conclusions and Reflections

We attempted not only to address the expected outcomes discussed earlier but also to follow the guiding principles stated by Brooks and Brooks (1993) by (a) posing problems in such a way that kindle the students’ interests and therefore are made relevant; (b) presenting broad primary concepts that the students must “break into parts that they can see and understand;” (c) seeking, addressing, and valuing students’ point of view; and (d) adapting the learning environment to address the students’ preconceptions.  Our ultimate goal was to provide prospective teachers with an understanding of the problem-solving processes used in mathematics and science and a workable teaching/learning model for their own subsequent teaching careers.  By de-emphasizing the teaching of specific algebraic and statistical content, special emphasis was placed on allowing students to construct personal knowledge and understanding of the concept of a “function as a model” and on “model building.”

We found it very difficult at the beginning of the course to stay away from the lecture mode and to not answer questions that would have been answered in a traditional course.  The students were also unsure of themselves at the beginning.  Those who had previously completed other MCTP courses very quickly realized that they would have to accept the responsibility for their own learning.  Once the other students also accepted that responsibility for their own learning.  Once the other students also accepted that responsibility, the atmosphere of the course changed drastically.  We were able to avoid lecturing and instead became facilitators while the students took a larger part in directing the class activities.

One consequence of this new atmosphere was that unanticipated topics had to be addressed and additional assignments prepared.  The students were often too quick to generalize and consequently many of the classes ended with them possessing misconceptions.  When this happened we needed to scramble before the next class to come up with another assignment that contradicted their erroneous generalizations.  This approach worked; they quickly realized their misconceptions and modified their concepts.  This process of making mistakes, realizing that something is wrong, and then adjusting thinking may be a major strength of this new approach to learning.  It is very important to not penalize the students for their misconceptions.

It became apparent very early in the course that most of the students liked to work in groups.  Even though the group composition changed for each activity, the group dynamic became a compelling force.  The group activities allowed the students time to share ideas, preconceptions, and even their apprehensions about a particular assignment.  Once they realized that most of the assignments would be discussed in groups, the students demonstrated very positive attitudes toward the assignments.  The only detrimental aspect of the group work was that it became very difficult to get some of the students to do their individual activities before they started their group activities.  It was necessary at times to collect individual efforts before initiating group activity.

We are still struggling with the assessment aspect of the course.  Students need to be given a variety of activities to assess their progress in problem solving.  Utilization of an e-mail journal was an effective way to get immediate feedback from the students.  Misconceptions and even attitude problems were quickly revealed in journal entries.  The students were both serious and open with their journal entries.  In grading group reports, it was difficult to determine the amount and quality of individual contributions.  We still believe that a portion of the assessment should rely on traditional in-class examinations.

The students in this course recognized how the course differed from traditional mathematics courses.  Class discussions and course evaluations suggest that they hope to implement similar instructional practices in their own classrooms.  The intensity of their feelings and their confidence in their ability to teach in a different way was the most surprising aspect of this course.  These prospective teachers have the potential to be instrumental in transforming the way mathematics and science are taught in elementary and middle school.
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Appendix A

course syllabus: 

introduction to mathematical modeling
Objectives

To help prospective middle school teachers of mathematics or science (a) see connections between mathematics and other disciplines; (b) present and analyze real-world phenomena using a variety of mathematical representations; (c) develop strategies and techniques for applying mathematics to solve problems; and (d) explain and justify their reasoning, using appropriate terminology, in both oral and written expression.

Prerequisites 

Three or four years of college preparatory mathematics (including at least two years of algebra) and two or three years of college preparatory science (including a life science and physical science).

Course Outline

Part I.
Functions as Models—Curve Fitting


Development of a Repertoire of Techniques to Be Used in Modeling:

· Recognizing Some Standard Functions

· Qualitative Aspects of Graphs

· Change, Rate of Change

· Scales Used in Graphs

· Finding Perfect Fits

· Looking for Good Fits

Part II.
Mathematical Modeling

Focus on Modeling as the Process of Applying Mathematics to Solve Real Problems:

· Modeling Examples

· Modeling Activities

Activities

The course is built on a variety of activities, including classroom activities, laboratory experiments, group discussions and reports, and modeling projects.  Usually students will be working in groups.

Notes

Students are expected to take and organize class notes.  Since there is no conventional textbook for this course, students will need to take good notes when terms, techniques, and concepts are introduced during class discussions.

Journal

Each student will write a weekly e-mail message to the instructor based on the student’s reflections on the week’s activities in the course.  The instructor will reply to each student’s message by e-mail.  All messages and replies will be kept in an electronic journal.

Portfolio

Each student will develop a modeling portfolio providing (a) samples of the student’s best work in problem solving and mathematical communication, and (b) an indication of the range and quality of mathematical and scientific skills and concepts acquired.

Assessment 

Exercises, Group Activities, Reports

40%

Electronic Journal Entries


10%

Portfolio




10%

Examinations (2 @ 20% each)

40%

Calculators

Students are expected to bring calculators to class, the laboratory, and exams.

Appendix B
SAmple modeling problem: 

describing the motion of a bouncing ball
Develop a mathematical model to describe the motion of a bouncing ball. Create a model appropriate for considering questions such as the following:

· How high will the ball bounce on the nth bounce?

· What will be the ball's velocity at time t seconds?

· When will the ball stop bouncing?

· Do basketballs and volleyballs exhibit the same behavior?

· Of what significance is the type of surface upon which the ball is bouncing? 

Before starting on this task, take a moment right now to sketch a position versus time graph predicting the ball’s distance above the floor from the moment it is dropped until four or five seconds have elapsed. Also, sketch a velocity versus time graph predicting the ball’s velocity at any time from the moment it is dropped until four or five seconds have elapsed.

In writing up your solution, be sure your paper conforms to our guidelines by communicating your efforts in:

· Problem Formulation

· Mathematization of the Problem

· Solving Within the Model

· Interpreting Your Solution

· Validation of Your Model
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