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Abstract

This talk outlines the Proofs course as a survey of seven
different mathematical subfields. A striking result (among
many benefits): this design produces an increased number of
mathematics majors.

The choice of subfields includes mathematical logic, which
importantly begins the course and explains logic (1) as a
subfield of math, but also (2) as a foundation on which
mathematical proofs are be based.

The other subfields are abstract algebra, number theory, real
analysis, graph theory, probability, and complex analysis.

Overarching themes give segues from one subfield to the next.
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natural and rational numbers.

Introduction to Proofs as A Survey Course in Mathematics

William Johnston




Course Outline

Course Outline

1. Mathematical Logic
Sentential and Predicate Logic. Formal arguments. Equivalent
sentences. Types of proofs. Practice with theorems about
natural and rational numbers.

2. Abstract Algebra
Definition of a group. Modular addition and multiplication.
Work with Z, and U(n). Proofs that (G, o) forms a group.
Isomorphisms.

William Johnston Introduction to Proofs as A Survey Course in Mathematics




Course Outline

Course Outline

1. Mathematical Logic
Sentential and Predicate Logic. Formal arguments. Equivalent
sentences. Types of proofs. Practice with theorems about
natural and rational numbers.

2. Abstract Algebra
Definition of a group. Modular addition and multiplication.
Work with Z, and U(n). Proofs that (G, o) forms a group.
Isomorphisms.

3. Number Theory
V/prime is irrational. Algebraic vs. transcendental numbers.
Diophantine equations. Fermat and Wiles. Solutions to
quadratics, cubics, and quartic polynomials.

William Johnston Introduction to Proofs as A Survey Course in Mathematics



Course Outline

Course Outline (cont.)

4. Real Analysis
Proofs using Cauchy’s definition of a limit. The derivative.
Two infinities.
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Combinatorics and Pascal’s Triangle. Discrete and continuous
random variables—proofs of their basic properties.
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4. Real Analysis
Proofs using Cauchy’s definition of a limit. The derivative.
Two infinities.

5. Graph Theory
Definitions and basic algorithms.

6. Probability
Combinatorics and Pascal’s Triangle. Discrete and continuous
random variables—proofs of their basic properties.

7. Complex Analysis
Polar representation and complex number arithmetic. Single-
and multi-valued functions. Cauchy-Riemann equations and
harmonic functions. Power series for analytic functions.

William Johnston Introduction to Proofs as A Survey Course in Mathematics



Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

William Johnston Introduction to Proofs as A Survey Course in Mathematics



Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

William Johnston Introduction to Proofs as A Survey Course in Mathematics



Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

At Butler University, 83% over a three-year period (46 of 55
students enrolled).

William Johnston Introduction to Proofs as A Survey Course in Mathematics




Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

At Butler University, 83% over a three-year period (46 of 55
students enrolled).

Math minors turn into majors.

William Johnston Introduction to Proofs as A Survey Course in Mathematics




Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

At Butler University, 83% over a three-year period (46 of 55
students enrolled).

Math minors turn into majors.
At Butler, three students this fall (in a class of 11).

William Johnston Introduction to Proofs as A Survey Course in Mathematics




Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

At Butler University, 83% over a three-year period (46 of 55
students enrolled).

Math minors turn into majors.
At Butler, three students this fall (in a class of 11).

The result: more mathematics majors.

William Johnston Introduction to Proofs as A Survey Course in Mathematics



Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

At Butler University, 83% over a three-year period (46 of 55
students enrolled).

Math minors turn into majors.
At Butler, three students this fall (in a class of 11).

The result: more mathematics majors.
At Centre: from 41 (the four cohorts before the course
implementation) to 65 (the four cohorts after the implementation).

William Johnston Introduction to Proofs as A Survey Course in Mathematics



Increase in Majors

Increase in Majors

Students who take the Survey Transitions Course declare a
mathematics major.

At Centre College, 84% of those enrolled [2012 Primus report over
a five-year period)].

At Butler University, 83% over a three-year period (46 of 55
students enrolled).

Math minors turn into majors.
At Butler, three students this fall (in a class of 11).

The result: more mathematics majors.

At Centre: from 41 (the four cohorts before the course
implementation) to 65 (the four cohorts after the implementation).
At Butler: from 30 (the four-cohort total at January, 2011) to 60
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Details Needed for Maximum Increase.

The Course Must be Part of the Curricular Requirements.

It must be required for both the major and minor.

The only way for the course to produce more majors is to have
students motivated to take it. Then, minors turn into majors.

Combine High Standards with Successful Grade Outcomes.

We all want to teach students who work hard and responsibly fulfill
the course demands. Listing these details on the syllabus leads to
success.

Some Declared Majors Just Aren’'t Good Fits.

The survey course helps recognize this problematic situation early.
It identifies students who should not continue, and THEY also
realize math is a bad fit. The course instructor can then
successfully counsel and advise (it's not ALL about more
numbers): find a different major that fits.
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Students discover a Love for Mathematics. Why? Strategic Course
Goals match Students’ Motivational Needs.

1. Ability to prove theorems comes from understanding logic.

2. Students find a mathematical “niche” —particular areas in
which each student excels.

3. Students suddenly want to take upper-level courses—each
subfield study gives an introduction to basic definitions and
student confidence.

4. Students report they see and enjoy mathematics' beauty, how
“cool” it is, and how it has developed historically—across the
survey of subfields. Math is better than they realized from
calculus—it has a sense of discovery and many unsolved
problems. This good news is previously unrealized by almost
all these students.
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Reasons for Success

To read more: WJ and McAllister, Alex, A Survey Transition Course,
PRIMUS: Problems, Resources, and Issues in Mathematics Undergraduate Studies,
Volume 22, Issue 1, 2012.
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