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Course Title: Introduction to Mathematical Proof

Course Number: Math 299

Rationale for
Course level

Date Of Initial Offering: Spring 2009

Semester year

It is a bridge course designed to prepare students for
the transition from computation-oriented 100 and 200
level math courses to proof-oriented 300 and 400 level
math courses.

Credit Hours: 3 Format: B lecture [0 lab O other:
Frequency: B annual [ each semester Calternate years

Prerequisites: Math 221 or permission of the instructor

Rationale for
pre-requisites
(if pre-
requisites

are listed)

Catalog
Description
(50 word
maximum)

Similar
Courses being
offered at the
University

Discuss
Extent of
overlap with
existing
courses

The bridge course should be taken at the end of the sophomore
year, after most of the 100-200 level math courses and before the
300-400 level courses. As some students may take Math 222 in the
same semester it can be taken concurrently. There are no content
prerequisites, so permission of the instructor will also be
allowed for exceptional students.

Math 299

(Q,W) Introduction to Mathematical Proof

A writing intensive introduction to the construction,
and methods of mathematical proof. Topics include propositional
and predicate logic, sets, relations, functions, recursion,
mathematical induction and counting arguments with the emphasis on
writing and analyzing mathematical proofs about these topics.

Staff
4 credits
analysis,

The topics overlap with many of the topics in Math 142 (Discrete
Structures) but the emphasis is quite different. The goal of this
course is for the students to learn to write and analyze
mathematical proofs. Math 142 emphasizes mastery of the
computational aspects of similar topics.

Many of our upper division courses require the student to write and
understand mathematical proofs, but no single proof-oriented course has
to be taken before the others for every student. Thus most upper
division classes have a mixture of students who have taken one or more
proof-oriented courses and those who have not. This course bridges that
gap and will allow all students in our upper division courses to have a
solid background in mathematical proofs, and eliminate the existing
overlap of introductory material in those courses.





[image: image3.png]Special

Resources
Required
(e.g. library,
equipment,
materials/
facilities)

Characteristics (check any/all that apply):
Major: B Required O Elective
GE: B submitted to CCC [ will be submitted to CCC // 1 [ Area Free only
ate

OO Humanities (CA) O S/B Sciences (S) O Cultural Diversity (D)
O Humanities (CH) [J Natural Science (E) B Writing Intensive(W)
0O Humanities (CL) O Theology/Phil (P)

O Humanities (CF) B Quantitative Reasoning (Q)

Interdisciplinary: OO YES BNO  Team Teaching: [0 YES ®NO

Exclusively For Special Programs/Concentrations: [ NO BYES (Name) Math and Math Ed
Home College: B CAS O PCPS O KSOM 0O GRAD

Required Attachments:
B Syllabus with student learning objectives, assessment/evaluation mechanisms, and outline of topics
B Description of, or example of, readings/papers/projects/examinations
B Assessment/evaluation based course improvement mechanisms
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1. Course Title and Brief Description

Course: Math 299

Credits: 4

Prerequisite: Math 221 or permission of the instructor
Title: Introduction to Mathematical Proof

Catalog Description:

Math 299 Staff
(Q,W) Introduction to Mathematical Proof 4 credits
A writing intensive introduction to the construction, analysis, and methods of
mathematical proof. Topics include propositional and predicate logic, sets, relations,
functions, recursion, mathematical induction, and counting arguments with the
emphasis on writing and analyzing mathematical proofs about these topics.

Purpose: to provide a thorough introduction to writing, reading, constructing,
understanding and analyzing mathematical proofs.

Student Outcome Objectives: Students should exit the course with the ability to read,
write, and analyze mathematical proofs. In addition, students in the course will be
expected to master the concepts listed in the outline of topics (see Section 3 below) and
any other related topics chosen by the instructor.

3. Outline of Toj

The primary outcome of this course for students will be for them to become fluent in
reading and writing mathematical proofs.

For each topic, definition, or property listed below, the students will learn two things:
1. How to prove theorems with the property in the conclusion.
2. How to prove theorems with the property in the hypotheses.

For example, for the property injective, the students will learn both how to prove a
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other things.

1. Basic Concepts: Statements, Expressions, Variables, Constants, Equations, inequalities,
truth values, solve, solution set, Definitions, Axioms, Theorems, Conjectures, Lemmas,
Corollaries, Notation, Rules of Inference

2. Propositional Logic: Truth tables, tautologies, Conjunction, Disjunction, Proof by Cases,
WLOG proofs, Proof by contradiction, DeMorgan’s Laws, Conditionals, Inverse,
Converse, Contrapositive, Proof by contrapositive, Modus Ponens, TFAE proofs

3. Predicate Logic: Quantifiers, quantified variables, free variables, universal quantifier,
existential quantifier, counterexamples, DeMorgan’s Laws for Quantifiers

4. Equality: Definitions and notation, chains of equalities, substitution, uniqueness, proving
identities

=

1. Basic definitions: sets and elements, empty set, vacuously true statements, set notation,
membership, subset, set equality, cardinality

2. Set operations: intersection, union, disjoint unions, partitions, difference, symmetric

difference, complement, DeMorgan’s Laws for sets, indexed unions, indexed

intersections, Cartesian product, power set

3. Some Famous Sets: Natural numbers, Integers, Rationals, Real numbers, and Complex
numbers

1. Relations on Sets: binary and #-ary relations

2. Properties of Binary Relations: reflexive, irreflexive, symmetric, asymmetric,
antisymmetric, transitive

3. Equivalence Relations: equivalence classes, quotient sets

4. Order Relations: partial order, total (linear) order, inequalities, chains of mutually
transitive operations

1. Definitions: function, graph, domain, codomain, range, f{x), total functions, partial
functions, function equality

Composition: commutative diagrams, associativity, inverse functions, identity maps
Properties of functions: injective, surjective, bijective

2

3

4. Functions acting on sets: image, range, inverse image
5 via functions

1. Mathematical Induction: Well Ordering principle, weak vs. strong induction
2. Recursion: recursive formula vs. closed formula
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1. Additional topics of the instructor’s choosing will be covered if time permits.

Assessment Mechanism: The primary mechanism for assessment will be substantial
and numerous assignments that require the student to write mathematical proofs. These
proofs will be given feedback from the instructor on both (a) style and (b) content, and
the students will be expected to be able to revise proofs in accordance with the
feedback. Students will also be assessed on their mastery of the topical content and
definitions used in the course.

Approximately 40% of American Universities have a mathematical bridge course in
place. As a result numerous textbooks have been written for a course such as this. We
list a few here:

e Velleman, How to Prove It, Cambridge University Press
Garnier and Taylor, 100% Mathematical Proof, Wiley

Eisenberg, The Mathematical Method: A Transition to Advanced Mathematics, Prentice
Hall

Krantz, The Elements of Advanced Mathematics, CRC Press

Gerstein, Introduction to Mathematical Structures and Proofs, Springer
Banks, A Primer for Modern Mathematics, Brown

Solow, How to Read and do Proofs, Wiley

Morash, Bridge to Abstract Mathematics: Mathematical Proof and Structures, Random
House

The purpose of the bridge course is to prepare the students for proof-oriented upper
division mathematics courses. Thus, the primary evaluation mechanism for this course
will consist of both measured student performance and faculty assessment of
effectiveness in those courses for which the bridge course is a prerequisite. This will
guide the bridge course committee in making improvements to the syllabus and
methods used to teach the course. Student feedback via course evaluations and senior
exit surveys will also be taken into account.
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of the course is to provide a thorough introduction to writing, reading, constructing,
understanding and analyzing mathematical proofs, perhaps no course offering in the
catalog can make a better claim to being a (Q) course than the one being proposed.

In particular, the course will meet the goals and objectives of the (Q) designation by
requiring the students to construct statements about quantities, which are valid under
the standards of logic and mathematics. Similarly, students will be able to identify
logical and mathematical flaws in their own proofs and others, as a result of significant
feedback received on their proof writing assignments.

Students will use mathematics to communicate ideas, as this is one of the main goals of
reading and writing valid mathematical proofs. All students in the course will use
mathematical models (i.e., ones based on an axiomatic system) for concrete or abstract
problem solving in the branch of mathematics formalized by the given axioms and
_definiti b tructi fs of iti

The primary student activity in the course will be to write mathematical proofs. The
instructor will strive to teach the students both the technical skills needed to understand
and construct a logically valid mathematical proof, but also the writing conventions and
style that is unique to, and commonly used in mathematical exposition.

All students will write a minimum of 4000 words on assigned written proofs, and a
typical student will write far more than that during the course of a semester. In existing
proof based courses in our department it is not unusual for an instructor to assign
between ten and thirty proofs per week, each of which may be typically a half a page to
several pages long. Thus, in a writing intensive course whose focus is to teach the
students how to read and write mathematical proofs, it will not be unusual for
instructors to assign at least that many.

As mentioned above, the students will be required to write using the techniques and
conventions used by professional mathematicians. They will demonstrate through
writing of proofs their comprehension, analysis, and synthesis the important concepts of
mathematics listed in Section 3 above.





