ROWAN UNIVERSITY




Date: May 14, 2003

COURSE PROPOSAL

COURSE TITLE: Introduction to Mathematical Reasoning.   (3 semester hours – 2 hours of lecture and 2.5-hour laboratory each week.  Note: The faculty member teaching this course will receive 4 semester hours.)

ENROLLMENT: Capped at 24 due to laboratory component of the course, which requires the use of a computer classroom.  These classrooms have a maximum capacity of 24 students.

SPONSORS: Drs. Christopher Lacke, Hieu Nguyen, Christopher Simons (Math Department)

COURSE LEVEL: Undergraduate 1701.2XX

PREREQUISITE: 1701.131 Calculus II and 1703.150 Discrete Math (or by permission of instructor).

SUGGESTED TIME, IMPLEMENTATION: Three sections of the course to be offered each year.  This estimate is based on the current number of math majors being 229 and a projection of 250 within the next five years, which is equivalent to 55-65 majors per year.

CURRICULAR EFFECT: This course will be required for majors in the B.A. and B.S. math degree programs.  Moreover, this course will be a prerequisite for the following upper-level math courses offered by the Department: 

(a) College Geometry (1701.310)

(b) Introduction to Real Analysis (1701.330)

(c) Modern Algebra (1701.340)

Since this course is an addition to the B.S. and B.A. math degree programs, no courses will be dropped as a result of it being approved.

RESOURCES:

(a) Faculty Resources (attach letter from Math Department Chairperson):

The following faculty members have committed to teaching this course if it is approved: Drs. Abdul Hassen, Chris Lacke, Hieu Nguyen, and Chris Simons.  This should allow the Department to offer three sections of the course each year.  

(b) Library Resources (attached form to be completed by the Rowan Library):

i. Textbooks:

Aigner, Martin, 1942- Proofs from the book / Martin Aigner, Günter M. Ziegler ; illustrations by Karl H. Hofmann. 
QA36 .A36 2001 

Gerstein, Larry J. Introduction to mathematical structures and proofs / Larry J. Gerstein. 
QA9 .G358 1996

Lakatos, Imre. Proofs and refutations : the logic of mathematical discovery / by Imre Lakatos ; edited by John Worrall and Elie Zahar.

QA8.4 .L34 1977

Loomis, Elisha S. (Elisha Scott), 1852-1940. The Pythagorean proposition; its demonstrations analyzed and classified, and bibliography of sources for data of the four kinds of proofs. 
QA460.P8 L6 1968

Nelsen, Roger B. Proofs without words : exercises in visual thinking / Roger B. Nelsen. 
QA90 .N385 1993

Solow, Daniel. How to read and do proofs : an introduction to mathematical thought processes / Daniel Solow.

QA9 .S577 1990

ii. Undergraduate Math Journals

American Mathematical Monthly (Rowan Library subscription)

The Mathematical Intelligencer (Rowan Library subscription)

Math Horizons (Math Department subscription)

Mathematical Spectrum (Math Department subscription)

iii. On-line Resources

JSTOR Database (Rowan Library subscription)

MathSciNet Database (Rowan Library subscription)

MacTutor History of Mathematics (free access)

http://www-groups.dcs.st-andrews.ac.uk/~history/
Mathworld - Wolfram Research (free access)

http://mathworld.wolfram.com/
RATIONALE: This course covers material deemed important but not covered in other major core courses.  First of all, many math majors at Rowan have difficulty transitioning from lower-level math courses such as calculus to upper-level ones, e.g. real analysis and modern algebra, due to the leap in abstraction and rigor that occurs.  Secondly, many of these students do not see connections early on between the various fields of mathematics until their last semester when they enroll in the senior-level Math Seminar course.  To bridge these gaps, we propose a sophomore/junior level ‘proofs/bridge’ math course that will expose students early on to those concepts and techniques deemed important but that students find difficult in abstract upper-level courses, e.g. logical reasoning, mathematical induction, group symmetry, and epsilon-delta arguments.  Moreover, the laboratory component of this course will allow students a large block of time each week to investigate and reflect on problems in-depth, a practice vital in their mathematical development.  Students will also learn how to use a computer algebra system to help them conduct numerical experiments and search for patterns.  Lastly, this course will connect ideas from various branches of mathematics, which will help students to see the ‘big’ picture and appreciate the material in their more abstract courses.

(a) National Standards

This course addresses “A Call for Change” recommendations put forth by the Mathematical Association of America on the preparation of math teachers.  We quote from http://www.maa.org/guidelines/guidelines.html, Appendix C:

· Standards common to the preparation of mathematics teachers at all levels. 

a. Standards in this section encompass the preparation recommended for mathematics teachers in order that they: 

i. view mathematics as a system of interrelated principles; 

ii. communicate mathematics accurately, both verbally and in writing; ; 

iii. understand the elements of mathematical modeling; 

iv. understand and use calculators and computers appropriately in the teaching and learning of mathematics; 

v. appreciate the development of mathematics both historically and culturally.

We also quote from The Mathematical Preparation of Teachers, Chapter 9: The Preparation of High School Teachers (http://www.cbmsweb.org/MET_Document/chapter_9.htm):

“Many mathematics programs also have a sophomore-level course with a title like Foundations of Higher Mathematics that focuses explicitly on developing mathematical thinking, especially skill in reading and writing proofs. These courses were popular in the 1970s as the level of theory in the mathematics major was being raised. Then in the 1980s, many of the courses were dropped as attention focused on adding breadth in the mathematical sciences. In the past 15 years, in response to serious deficiencies in mathematical thinking among students in junior-level courses such as Abstract Algebra and Introduction to Real Analysis, many departments have reinstated or started such courses. The decision by so many mathematics departments to offer such a course is a strong argument in favor of its value. There are now several well-received texts for this course, although some faculty like to fashion their own individual course from selected readings. Some of these courses and texts focus on mathematical foundations in set theory, logic, relations, and number systems. Others cover number systems and some foundations material and then move on to selected problems in linear algebra, analysis and geometry”. 

Here are some colleges and universities that offer such a sophomore-level transition course:

The College of New Jersey, NJ – Math 200 Principles of Mathematics (3 s.h.)

http://www.tcnj.edu/~mathstat/outlines/200Syllabi/200Syllabi.htm
Keene State College, NH – Math 225 Introduction to Abstract Math

http://www.keene.edu/catalog/courses.cfm?disc_id=17
University of Georgia, GA – Math 390 Introduction to Higher Mathematics

http://www.math.uga.edu/~curr/Major.quarters.html
University of Wisconsin – Math 371 Basic Concepts of Mathematics

http://www.math.wisc.edu/~schwantz/undergrad/guide.htm#descriptions
(b) Prerequisites:

Since this transition course is intended for sophomore math majors, the only prerequisite for the course will be Calculus II, a freshmen-level course.  Moreover, this course will be a prerequisite for abstract core math courses listed under the ‘Curricular Effects’ section.  Because of this, it is therefore necessarily a required course for the B.A and B.S. math degree programs.  This course will also be required of transfer students.

(c) Laboratory Component

The course involves a 2.5-hour laboratory each week inside a computer classroom.  The need for a laboratory component stems from the fact that mathematics should be treated as a science.  Students need to be trained to investigate mathematics from a scientific point of view and to use scientific methods, e.g. through numerical experimentation, scientific induction to discover patterns and formulate conjectures, and by questioning assumptions and conclusions.  In particular, students will develop effective habits that are to be found in any successful mathematician, albeit an applier of mathematics or a teacher of mathematics.

Also, the laboratory component will allow students the opportunity to learn how to use technology to help them investigate mathematics, a skill that is becoming more and more vital in our society.

(d) Semester Hours

The assignment of earned semesters hours for students and faculty in this course is similar to many chemistry and physics courses currently offered at Rowan that have laboratory.  For example, Table 1 compares the distribution of semester hours for this proposed course with that of Physics I (1902.200):

	
	Mathematical Reasoning (Proposed)
	Physics I

(Currently Offered)

	Lecture Hours
	2
	3

	Lab Hours
	2.5
	2.5

	Total Contact Hours
	4.5
	5.5

	Student Semester Hours Earned
	3
	4

	Faculty Semester Hours Earned
	4
	5


Table 1. Distribution of Semester Hours

DESCRIPTION: This course will introduce students to higher mathematical reasoning by exposing them early on to those concepts and techniques deemed useful in upper-level math courses.  In addition, this course will encourage students to investigate, discover, and think rigorously about mathematics on their own and in collaboration with others.  Students will learn methods of proof, approaches to creating new mathematics, modeling techniques, and the interplay between various branches of mathematics.  In addition to two hours of lecture each week, there will be a two and half-hour laboratory where students will solve problems in teams and be able to use the computer algebra system to perform mathematical investigations and numerical experiments.

COURSE CONTENT:

(a) Course Outline

Below is a 14-week outline of the course.  The 15th week is reserved for exams.  Subject areas listed in parenthesis indicate source for material exercises, problems, and laboratory projects.

1. Methods of Proof (6 weeks time)

1.1 Motivation for Proofs: Revisiting problems with different levels of proof, role of a mathematician, CAP Center - audio interviews of working mathematicians.

1.2 Induction (number theory, complex numbers)

1.3 Proof by contradiction (number theory)

1.4 Contra-positive (number theory)

1.5 Proofs without words: exercises in visual thinking, Roger B. Nelson, MAA, 1993.

1.6 Counting arguments (number theory, group theory)

1.7 Epsilon-delta, Epsilon-N (calculus – sequences)

1.8 List of specific topics to draw from in applying the above methods of proof: irrationality, cardinality (one-to-one mappings), binomials, divisibility and modular arithmetic, factoring polynomials, complex numbers and roots of unity using Euler’s formula for 
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, binary operations, symmetric and reflection groups, matrix multiplication (2 x 2 rotation matrices and stochastic matrices).

1.9 Additional list of topics to draw from if time permits (discretion of the instructor): infinite series/generating functions, Chinese Remainder Theorem, irreducibility (mod p), cubic polynomials, algebraic numbers and Fundamental Theorem of Algebra, Gamma function (factorials), DeMoivre’s Theorem, hyperbolic versus trig (elliptic) functions (conic sections)

2. Creation of New Mathematics (2 weeks time)

2.1 Lakatos flowchart model: conjecture, testing, proof or refutation, generalization or reformulation

2.2 Experimental mathematics – investigations using a computer algebra system

2.3 List of possible topics: recurrence relations, simulations and central limit theorem

3. Modeling (3 weeks time): Instructor will select two topics from the following:

3.1 System type problems (2 x 2 and 3 x 3 matrices – Markov chains)

3.2 Zero-sum two-player game (game theory)

3.3 Least squares (calculus, probability and statistics)

3.4 Difference/differential equations – List of possible topics: predator/prey models, environmental problems (spread of epidemics), length of a coastline (fractals)

3.5 Discussion of contest problems from Putnam Competition and/or COMAP’s Math Contest in Modeling (Note: Students will not be entered into these contests 

4. Interplay Between Different Branches of Mathematics (3 weeks time): Instructor will select two topics from the following: 

4.1 Distribution of primes (number theory, probability)

4.2 Newton’s Identities (roots of polynomials, symmetric functions) – based on references [9] and [10]

4.3 Elliptic curves (algebra, groups, and calculus) – based on reference [11]

4.4 Elliptic integrals

4.5 Hyper-geometric equation and the Kummer group (second-order differential equations, Gamma function, group theory) – based on reference [12]

4.6 Fractional linear transformations (basic introduction to complex functions, 2 x 2 matrix groups, and conformal geometry, i.e. lines/circles get mapped to lines/circles)

(b) Possible textbooks and reference materials:

1. “How to Read and Do Proofs: An Introduction to Mathematical Thought Process”, Daniel Solow, John-Wiley-and-Sons-Incorporated, 1990.

2. “How to Prove It: A Structured Approach”, Daniel J. Velleman, Cambridge University Press, 1994.

3. “Introduction to mathematical structures and proofs”, Larry J. Gerstein, Springer-Verlag, 1996.
4. "Discovering Higher Mathematics: 4 Habits of Highly Effective Mathematicians", Alan Levine, Academic Press, 2000.

5. “Proofs and refutations: the logic of mathematical discovery”, Imre Lakatos, Cambridge University Press, 1977.
6. “A Transition to Advanced Mathematics”, D. Smith et al., Brooks/Cole, 2001.

7. “Proofs from the book”, Martin Aigner and Günter M. Ziegler, Springer-Verlag, 1999.
8. “Proofs without words: exercises in visual thinking”, Roger B. Nelsen, MAA, 1993.
9. A Proof of Newton's Power Sum Formulas
J. A. Eidswick

American Mathematical Monthly, Vol. 75, No. 4. (1968), pp. 396-397 

http://links.jstor.org/sici?sici=0002-9890%28196804%2975%3A4%3C396%3AAPONPS%3E2.0.CO%3B2-J 
10. Newton's Identities
D. G. Mead

American Mathematical Monthly, Vol. 99, No. 8. (1992), pp. 749-751
http://links.jstor.org/sici?sici=0002-9890%28199210%2999%3A8%3C749%3ANI%3E2.0.CO%3B2-R 
11. Elliptic Curves from Mordell to Diophantus and Back, Ezra Brown and Bruce T. Myers, American Mathematical Monthly, Vol. 109, No. 7 (Aug. – Sept., 2002), pp. 639-649.

12. On the Kummer Solutions of the Hypergeometric Equation 
Reese T. Prosser

American Mathematical Monthly, Vol. 101, No. 6. (Jun. - Jul., 1994), pp. 535-543.

http://links.jstor.org/sici?sici=0002-9890%28199406%2F07%29101%3A6%3C535%3AOTKSOT%3E2.0.CO%3B2-I 
LETTERS OF CONSULTATION: (Letters of consultation from the following departments will be obtained):

(a) Computer Science

(b) Secondary Education
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