GUIDE TO INDEPENDENT STUDY
MAJOR IN MATHEMATICS

To meet the graduation requirements of The College of Wooster, the major in mathematics requires a two-
course Independent Study Project, which culminates in an Independent Study Thesis along with an oral
presentation describing the Thesis. The additional college requirement of one course in Independent Study is
satisfied by work in courses above 212 taken to fulfill the major. This Guide is intended to complement the
general regulations governing Independent Study as articulated in the College's Handbook for Independent
Study and to assist students in the planning, organization, and completion of the Independent Study Thesis.

Independent Study is of central importance in the mathematics major and in the entire academic experience of
the student. The ability to engage in independent study is one of the primary goals of the major, and the
successful completion of the I.S. Thesis represents the culmination of the student's academic program. To this
end we recommend that the student give serious thought to the Independent Study requirement and become
thoroughly familiar with the (http://www.wooster.edu/dof/docs/Section_3.pdf) Handbook for Independent
Study and this Guide. We reserve the right to make changes in future editions of this Guide.

Scheduling of Independent Study

Independent Study in mathematics is just that—an extended independent study in an unfamiliar area of
mathematics under the supervision of a faculty member. The Thesis project is usually conducted in two
consecutive semesters (Math 451, 452). The student will normally register for one semester of 1.S. Thesis
during each of the two semesters of the senior year. The I.S. Thesis project will constitute one-fourth of the
student's academic workload and the student should expect to devote a minimum of twelve hours per week to it.

Deadlines and Requirements

1) Early May — Proposed topic with sources submitted to Chair prior to the end of spring semester
2) October 1 — Sources acquired

3) Early December — Presentation of topic with “Powerpoint” to all senior math majors & math faculty
4) February — Proposed final draft submitted to advisor

5) March — Final draft submitted to Registrar the Monday after spring break

6) April & May —  Oral defense of thesis with “Powerpoint” 20-30 minute presentation
Electronic copy submitted to Department Administrative Coordinator

Advising

During the first week of the semester in which the student is registered for Mathematics 451 (I.S. Thesis) he/she
will be assigned an advisor who will supervise the project. The advisor will be assigned, in consultation with
the department chairperson, on the basis of student interest, faculty expertise, and teaching loads of faculty
members. To facilitate this assignment, each major in mathematics will notify the chair of the department
indicating his/her interests including potential I.S. topics. (Note the attached list of possible topics).
Conversations with faculty members during the last part of the previous term are greatly encouraged. Such
conversations may help to focus a major's interests and explore directions an 1.S. might take.

Once Senior L.S. begins, it is expected that the student will meet with the I.S. advisor at least once per week.



As stated in the Handbook for Independent Study, there are three elements of the I.S. Thesis that are evaluated:

1) content
2) method
3) form.
I. Content
CHOOSING A TOPIC

The Handbook for Independent Study states: "A well-selected thesis or project should be governed by such
consideration as the significance of the subject for personal intellectual development, the progress of
professional understanding, and the needs of society."

The range of topics in mathematics is very broad. Theoretical, applied, pedagogical (for those intending to be
certified to teach), and perhaps historical independent study topics are possible. The crucial question the
student must ask when evaluating a possible topic is: " Will there be a significant increase in my knowledge
of some area of mathematics or in mathematics education?" The previously mentioned conversations with
faculty members will be helpful in answering this question. Since Independent Study constitutes two courses in
the major, it is expected that about two courses worth of work in mathematics beyond that in previous courses
will be done.

The topic should be chosen on the basis of the student's total academic experience and personal interests.
Students are encouraged to develop projects that grow out of previous course work and related reading. Often
topics, which can be only surveyed briefly in a formal course, can be expanded into an appropriate 1.S. Thesis.
Some practical considerations that should be taken into account when choosing a topic:

1) Personal background and ability.
Be sure that the topic chosen is within the range of your abilities as determined by your previous
course work and reading. For instance, a student would be unwise to choose a topic in the area of
topology or probability if no formal courses have been taken in these areas. This holds true
especially in application-oriented topics from specific subject matter areas. For example, a student
should not choose a math modeling project in biology without demonstrable background in
biology as well as the formal course in mathematical modeling.

2) Manageability and available resources.
Be sure that the project is narrow enough in scope to complete within the time allotted for the 1.S.
Thesis. A student should be certain that there exists a sufficient bibliography to support the
project. Necessary materials that are not among the holdings of the Andrews Library can usually
be acquired through other Library services; although a considerable time lag might be involved.
Therefore, students should use existing resources available on campus as much as possible.

3) Limitations.
a. The project must expand the student's knowledge and demonstrate a synthesis of information on
a topic from many sources.
There must be resources available, or which can be readily acquired, for the project.
The student must have the appropriate mathematical background for the project.
A faculty member must agree to supervise the project.
Working selected problems from a single textbook on any topic will not constitute an
acceptable L.S. project.
The history of an area of mathematics is not acceptable in and of itself unless it
encompasses the learning of a significant body of mathematics.
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II. Method

The Handbook for Independent Study states: "Implicit in every inquiry is a method or plan which includes a
logic, a design, or a deliberate conception of what is being attempted. The method selected will determine the
techniques devices or tools appropriate for the project.”

Methodology:

Methodology is a specific plan by which the project will be developed, organized and presented. The
development of a general outline for the independent study project is the first task after selecting a topic. This
is to be accomplished in consultation with the faculty advisor. The details of the outline will be filled in as the
project unfolds. The organization of the written thesis and of the oral presentation is best left until the project is
almost complete. The focus of the I.S. project is on the independent acquisition of knowledge and not on the
summary oral and written presentations of that knowledge. The organization of these presentations must spring
from the work done and not dictate what is to be done.

Documentation:

An initial and continuing task in your I.S. project is preparing a detailed list of the primary and secondary
materials that you use as resources for your project. These must be included in your bibliography. When you
have used a book, be sure to record the author's or editor's full name, the full title, the edition (where relevant),
the place of publication, publisher, date of publication, and page numbers. Similar full references are expected
for materials from periodicals.

III. Form

The I.S. Thesis should be clear, self-consistent, and in conformity with the form approved for scholarly
mathematical writing. Most intermediate and advanced texts are good examples to model.

Bibliography:
Items in the bibliography should be listed in alphabetical order and numbered consecutively as illustrated
below.

17. Major, Ima Math, Topological Ringlets (fifth edition), Bones and Bones Press, Tombstone, AZ, 1998.
18. Proff, Some and Proff, Another, Ringlets from Rings, Southwest Journal of Math, 3 (1997), 356-368.

Citation:
In mathematical writing it is rare to see anything other than in-line citation. Examples of this are:

" ....in the analysis of Proff and Proff [18, p. 165] we see that ....",
" ....in the monograph of A. Wiles [23] is definitive in this regard.",
" ....alternate, equivalent definitions are found in [12], [7], and [25]."

Citation need not be given for theorems that appear in virtually every text on the subject. However, if you are
using a source heavily in a section of your thesis, you should give credit in the opening paragraph of that
section.

The L.S. Thesis should be printed and double spaced, except for extended quotations. Leave margins of one and
one-half inches on the left and one inch on all the other edges. The thesis should be bound firmly: loose-leaf
binders are not acceptable. Two bound copies and one unbound copy are to be submitted to the Registrar by
4:00 PM on the first day of classes following Spring Break.



IV. Oral Defense

The oral defense of the thesis will be scheduled for all senior majors at a mutually convenient time for the
student, advisor, and second reader during the period in the Spring Semester allotted by the registrar. All junior
and senior majors are invited to attend.

The student will be expected to present an uninterrupted 20-30 minute “Powerpoint” summary of his or her
senior thesis. This will be followed by questions on the thesis by the faculty readers. Students can also expect
general questions from the core material covered in the mathematics major.

V. Grading
The grading scale is H, G, S, NC which are described in the Handbook for Independent Study. The faculty

committee will consider the nature of the project, methodology, library research, knowledge of the subject, the
written thesis, and the performance on the oral defense in determining a final grade of:

H superior in all regards
G above average in all regards
S acceptable overall

NC  not acceptable



APPENDIX I
Possible L.S. Topics in Math [prerequisites]

Topics In Algebra

1) Diophantine equations - algebraic number theory up to and including the solution to Hilbert's 10th
problem

2) Galois theory for real and finite fields [Abstract Algebra]

3) Semi groups and groupoids [Abstract Algebra]

4) Class field theory and Fermat's Last Theorem for small exponents [Abstract Algebra]

5) Commutative Ring Theory [Algebra]

6) Finite Group Theory [Algebra]

7) Finite Simple Groups [Algebra]

8) Non-commutative Rings [Algebra]

9) Category Theory [Algebra and Topology]

10) Infinite Groups [Abstract algebra]

11) Quaternions and Cayley Numbers [Abstract Algebra]

12) Theory of Equations [Algebra]

Topics in Statistics

1) Stochastic processes [Probability]

2) Nonparametric Statistics [Probability and Statistics]

3) Probability measures and measure spaces [Probability]

4) Decision Theory [Probability and Statistics]

5) Author detection [Statistics]

6) DNA testing [Statistics]

7) The Bell Curve [Statistics]

8) Edward Deming and Total Quality [Statistics]

Topics in Analysis

1) Theories of integration: Riemann, Daniel, Stieljes, Lebesgue, etc. [Real Analysis]

2) Analytic number theory - the prime number theorem and its proof, Riemann Zeta function, and Riemann
hypothesis [Real Analysis]

3) Dirichlet problem - can one hear the shape of a drum? [Real Analysis]

4) The spaces lp, Lp, and Hp [Real Analysis and Complex Analysis]

5) Hilbert space - the history of the invariant subspace problem [Real and Complex Analysis]

6) The Spectral theorem in Hilbert Space [Complex Analysis]

7) Functions of several complex variables [Real Analysis and Complex Analysis]

8) Harmonic functions - theory and applications [Real Analysis and Complex Analysis]

9) Iteration of Complex functions and fractal sets [Complex Analysis]

10) Infinite Series [Real and Complex Analysis]

11) Partial differential equations [Differential Equations and Real Analysis]

12) Fourier Series and Fourier transform [Real Analysis]

13) The Gamma Function and other transforms [Real Analysis]

14) Fourier Series and orthogonal functions [Real and Complex Analysis]

15) Non-Standard Analysis [Real Analysis]

16) Riemann Surfaces [Complex Analysis]

17) Entire Functions [Complex Analysis]

18) Minimal Surfaces [Differential Equations]

19) Wavelets [Real Analysis]

20) Summability, Abel Summability [Real Analysis]

Topics in Topology

1) Algebraic topology [Topology and Abstract Algebra ]



2) The Poincaré Conjecture [Topology and Algebra]

3) Topology of Surfaces/Manifolds/Graphs and Trees [Topology]
4) Descriptive Set Theory [Topology]

5) Knot Theory

6) Differential Geometry [Topology and Real Analysis]

7) Wild Surfaces [Topology]

8) Gauss-Bonet Theorem [Topology]

9) Dimension

Topics in Applied Math

1) Mathematical programming: Nonlinear, Integer, Dynamic
2) Queuing Theory [Differential Equations and Probability]
3) Calculus of variations [Real Analysis]

4) Curve Fitting [Numerical Analysis]

5) CAT and PET scanners [Real Analysis]
6) Advanced Topics in Mathematical Modeling

7) Numerical Linear Algebra [Numerical Analysis]
8) Topics in Numerical Analysis [Numerical Analysis]
9) Simulated Annealing

10) Search Theory
11) Optimization
12) Operations Research

Topics in Discrete Math

1) The history of the 4-color problem, its solution, and other color problems

2) Applications of graph theory - network flow optimization, finitely progressive games, Ramsey numbers
[Discrete Mathematics]

3) Topics in combinatorics - Polya's theory of numbers, exponential generating functions [Combinatorics
and Graph Theory]

4) The coloring of graphs [Combinatorics and Graph Theory]

5) Complexity in graph theory-np complete problems [Combinatorics and Graph Theory]

6) Algebraic Graph Theory

Miscellaneous Topics
1) Set theory

2) Primality testing - probabilistic and number theoretic methods
3) Theory and application of error correcting codes

4) The Axiom of Choice and related Axioms

5) Recursion Theory

6) Mathematical Logic

7) Tilings, Tessellations, and Patterns

8) Catastrophe Theory

9) Fractal Geometry

10) Finite Geometries

11) Cryptography
12) Design Theory

13) Permutation Matrices
14) Tournament Matrices
15) Invariant Subspaces of Matrices

16) Triangle Geometry

17) Grobner Bases [Computational Algebra]

18) Sphere Packing

19) Evolutes and Singularities of Curves

20) Distribution of digits (initial digits of primes, etc.)



Math Education Topics

1)
2)

3)
4)
5)
6)
7)

8)
9)

Prepare and teach a two-week enrichment unit in the elementary or secondary mathematics curriculum
Compare two methods of presenting a significant topic in the elementary or secondary mathematics
curriculum

Prepare and teach a CAI version of a significant topic in the elementary or secondary mathematics
curriculum

Trace the evolution of modern geometry in the secondary mathematics curriculum including non-
Euclidean geometries and transformational geometry

Prepare and teach a unit on problem solving in the secondary math curriculum integrating the content of
algebra, geometry, trigonometry, functions, calculus, number theory, probability and statistics
Investigation into integrating computers into the high school math curriculum

Using LOGO to develop geometric concepts

Using the Geometry Symposer to develop geometric concepts

Innumeracy: popular misconceptions of probability and statistics
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