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This handout is intended for:

· College and university administrators responsible for ensuring institutional effectiveness in achieving student learning outcomes

· Administrators and course developers responsible for “hard to teach” courses

· Administrators and course developers responsible for basic skills development (such as literacy and math) and general education

· Administrators responsible for ensuring institutional effectiveness in serving student populations with special academic needs (e.g. low performing, learning disabled)

· Course developers, instructional designers and learning process specialists

Recommended Uses:

· Illustration of how one institution is incorporating instructional design concepts into re-working a previously “hard to teach” course

· Examples of instructional design concepts that may be helpful for developing courses or serving specific student populations at your institution

· Illustration of incorporating learning process knowledge into course development

· Sample course to use in discussing the pros and cons of using instructional designers and/or learning process specialists in course development

Math for Mathophobes is a course designed for a particular population of students enrolled at a particular institution at a particular time. It can serve as an example of course design and a source of ideas; but it should not be used as a prescriptive set of rules or best practices.

The author welcomes all queries, comments and other communication related to this presentation.
Math for Mathophobes - An Experiment in Bridging the Computational Divide: Fact Sheet
Course Title:   Mathematics 1 - Mathematical Thinking in Everyday Life
Course Length: 15 weeks


Contact Hours per Week: 2.5 hours
Intended Student Learning Outcomes:  

· Use mathematical methods to solve specific problems in everyday life.

· Improve algebraic & problem solving skills through increased mastery of strategies & heuristics 
· Apply specific mathematical methods and knowledge at a freshman college level.

· Largely overcome any discomfort with mathematics that you may initially feel

Pre-requisites for Admission to Course:
· Admission to Metropolitan College of New York
· Passing grade in course admission pre- test 

Requirements for Passing:
· Successfully completing all course assignments (all problems must be re-submitted until correctly solved)

· Passing final and mid-term (at a level where students are ready for all topics in math 2)
Student Needs Addressed:
· Competence with specific mathematical techniques applicable in everyday life

· Improved skill in using formal and informal problem solving methods
· Rudimentary understanding of what mathematics is and why many people consider it powerful

· Need to overcome psychological barriers to success in learning mathematics
Overall Pedagogical Strategy: 
A structured sequence of lectures, assignments and practicums designed to help students master practical everyday skills that involve mathematics and to gain a rudimentary sense of what mathematical knowledge is
Major Topics:
· Useful formulas in everyday life
· Problem solving
· Word problems

· Introduction to statistics

· The concept of proving a theorem
Special Features:
· Extra attention to practical relevance 

· Extra attention to affect
· Learning contracts

· Bottom up organization of course topics

· Extensive use of peer tutoring, study groups and other outside support

· Mastery learning model with emphasis on learning from mistakes

· Methods that cater to features of the local student culture (e.g. habit of mistrusting academic authority) 
MATH I - MATHEMATICAL THINKING IN EVERYDAY LIFE: SYLLABUS
Description
Virtually all well-paying jobs – the kind that most MCNY students want their education to earn for them – involve some (or a lot of) mathematics. Therefore, to the extent that you are knowledgeable of and comfortable with mathematical concepts and methods, the greater your potential for career success and job satisfaction. The main goal of this course is to shatter the barriers that keep so many students from understanding and liking mathematics while giving them experience applying college level mathematical knowledge and methods. Each session will focus on one powerful mathematical concept; we will expect you to understand the concept, know some of the reasons why it matters, see how to apply it, and solve problems that make use of it. Topics will include algorithms and formulas, problem solving heuristics, estimation, proofs, variables, translating between words and numbers, odds and probability, kinds of numbers, and the relationship among math, logic and common sense. We will present ideas in the context of problems and decisions that most people face in their everyday lives. We will provide one-on-one and small-group tutoring if you experience difficulty. There will also be a self-study option for many of the sessions if you are able to demonstrate in advance that you have already mastered a session’s main idea. 

Learning Outcomes


By the end of this course, you should be able to 

· Use mathematical methods to solve specific problems in everyday life.

· Develop improved algebraic and problem solving skills through increased mastery of strategies and heuristics 
· Apply specific mathematical methods and knowledge at a freshman college level.

· Largely overcome any discomfort with mathematics that you may initially feel


Requirements


Required Text

Bennett, J. (2004). Using and understanding mathematics: a quantitative reasoning approach (3rd edition). Boston: Addison, Wesley.

Tobias, S. (1993). Overcoming math anxiety (2nd edition).  New York: W.W. Norton.

Note:  Many sessions of this course borrow extensively from 

Burger, E.B. & Starbird, M. (2005). The heart of mathematics: an invitation to effective thinking (2nd edition). Emoryville, CA: Key College Publishing.


Burger & Starbird will be on reserve in the library. You should consult it if you would like to read about topics in greater depth. If you are very interested in course material, you may want to purchase this book, even though it is rather expensive.

Recommended Readings


Averbach, B. & Chein, O. (2000). Problem solving through recreational mathematics. Mineola, NY: Dover Publications.

Mason, J. (1985). Thinking mathematically (revised edition). Harlow England: Prentice-Hall.

Averbach & Chein and Mason are recommended for people who want to improve their skill in formal and semi-formal methods of problem solving. Both are quite readable.

Miller, J. L. (2005) Mind Magic. New York: McGraw-Hill.

This is a good source of methods for solving problems that require creativity.

Paulos, J.A. (1992). Beyond numeracy. New York: Vintage Books.

Paulos, J.A. (2001). Innumeracy: mathematical illiteracy and its consequences. New York: Hill and Wang.

These are great books for answering the question: what good is mathematics. Paulos feels passionately that millions of people suffer terribly because they do not appreciate what mathematics has to offer. His argument deserves serious thought.

Polya, G. (1945). How to solve it. New York: Princeton University Press.

This is the classic book on problem solving, a reference book well worth owning.

 Assessment

Attendance and Timely Submissions of Assignments  (20%)

(If you attend all classes and submit all assignments on time, including corrected assignments that require resubmission, you get a guaranteed A for this part of the course.)

Assignments are normally due the session after they were assigned.

Note: If you take personal credit for work done by another student or completed collaboratively, your grade on that assignment is an automatic F. Don’t risk it.

Grading of Assignments
(40%)

(You have to keep submitting each assignment until you figure out the correct answer. Of course, you are entitled to help at all stages from your instructor, your tutor and student services.)


Class Participation (15%)

Mid-term Examination (10%)

In Class Final Examination (15%)


(The purpose of the examination is to document, for your benefit and ours, how much you have learned from the course. It is a real examination – but we hope and expect you to do well.)
  

 Schedule


The class will meet for three 50 minute sessions per week. The first two sessions each week will consist of conventional instruction and the third session will provide an opportunity for special help, peer tutoring and small group work. 

SESSION 1 
WELCOME AND PRE-TEST

· Understand why this course will offer and begin to judge how it may be useful to you

· Enable the instructor to understand whether you have the necessary preparation  to benefit from this course and begin to judge what special help you may need to succeed.

Review the course goals as stated in the syllabus and take a short pre-test 

SESSION 2

OVERVIEW

· Know what you can expect to do for and gain from this course

· Share ideas about what makes math education succeed or fail and how to guarantee success here

Brief questionnaire about your perception of yourself as a math student. 

Discuss with your fellow students what math is and previous experiences of math Discuss major features of course organization 

See Course Requirements document for information about learning contracts and other

requirements.

Reading: Tobias Chapter 2

SESSION 3 

MATH ANXIETY

· Critically evaluate Tobias’s explanations of the causes of math anxiety

· Determine how we as students, tutors and instructors can conduct course sessions in such a way as to help fellow students who may sometimes suffer from some form of math anxiety

Group Discussion Session

Discuss what Tobias says about math anxiety.

Assignment 1: Statement of your goals for this course, how you think it should contribute to your future, what problems you anticipate in achieving these goals and what support you feel you will need in order to overcome these problems. This is a writing assignment and is part of the Writing Across the Curriculum program.

SESSION 4

WORKING WITH FORMULAS 1

· Distinguish simple and compound interest

· Understand the concept of APR (annual percentage rate)

· Memorize the formula for calculating compound interest

· Try out the formula

Look at a formula that is very important for all adults to understand, the formula for calculating compound interest. By the next session, you should be able to use this formula whenever you need it, and feel totally comfortable doing so.

SESSION 11
APPLYING FORMULAS IN REAL LIFE 2 – SAVING FOR YOUR RETIREMENT

· Be able to calculate your expected return at age 65 of retirement plan contributions at age 40

Learn how the formula for compound interest helps you plan for your retirement.

SESSION 14 
LOOKING FOR FORMULAS IN ALL THE RIGHT PLACES

· Be able to determine if a formula will help you to solve a specific real life problem

Learn to judge whether a formula will solve your problem or whether you need to think creatively. 

Assignment 9: Determining if a formula can solve a particular problem

SESSION 15
FINAL REVIEW – FORMULAS AND ALGORITHMS

· Feel sure that you have mastered the concepts of formula and algorithm, that you can evaluate one if necessary and that you can apply one productively


Peer tutoring session.

SESSION 16
HEURISTICS

· Distinguish between a heuristic and an algorithm as a problem solving method

· Familiarize yourself with some heuristic methods

Become familiar with the concept of a heuristic and some common heuristic methods

Handout: List of the most common problem solving heuristics

Reading: Miller, chapter 6

SESSION 17
THE REAL WORLD OF PROBLEM SOLVING 1

· Know what to do when you don’t know what to do

Problem solving by its nature involves feeling lost and confused a lot of the time. Begin to learn how to cope with these feelings by keeping busy and trying out a lot of methods.

Assignment 10: Problem solving assignment
Due: Session 18
SESSION 19
SPATIAL VISUALIZATION


· Test your skill in solving spatial reasoning problems

· Determine if you want to make greater use of spatial visualization (because you are good at it), work around it (because you find it hard), or improve your skill

Try a few spatial reasoning problems. Discuss how to solve them spatially and how to work around spatial solutions. 

SESSION 20 
NOTATION AND REPRESENTATION


· Gain practice in evaluating and selecting notation and representational format

Two examples of choice among representational systems: first a comparison of Roman numerals, Hindu-Arabic numerals and binary notation and second a comparison of three ways to represent an equation: x, y notation, functional notation and graphical representation.

Reading: Article on Arabic numerals http://en.wikipedia.org/wiki/Arabic_numerals
SESSION 25
WHEN THE PROBLEM IS IN THE WORDS, NOT THE NUMBERS

· Learn the problem solving technique of “unmasking” the question

· Distinguish between questions that can be answered and questions that need to be challenged

Practice telling the difference between legitimate and illegitimate questions.

SESSION 26 
RISK TAKING 

· Decide whether numbers can help you in deciding whether to take a risk

· See how some people use math for deciding what behavior is risky and what is safe

· Familiarize yourself with some common terms used in statistics such as sample, population, parameter and statistic

Some people fear that they take their lives into their hands when they get into an airplane. It’s a lot safer (and cheaper) to stay home and buy a big mac and fries at McDonald’s. Or is it? How do you know? Welcome to the wonderful world of statistics.

SESSION 34
LIES, DAMNED LIES AND STATISTICS

· Sharpen your skill at telling the difference between deceptive uses of statistics and fair use


Half the American population has an IQ over 100. Is that a reason for pride? Also the IQ of Americans is higher today than twenty years and much higher than fifty years ago. Does this mean that we are getting smarter? How do you know the difference between fair and unfair use of statistics?

Assignment 18: Deciding if the numbers are honest

Due: Session 35
SESSION 36
SEEING THROUGH DECEPTION

· See if you are getting better at distinguishing honest and dishonest use of numbers

Peer teaching session

SESSION 37
THE REVOLUTION OF PYTHAGORAS

· Determine if the kind of certainty that Pythagoras sought should matter (for us)

Evaluate Pythagoras’s idea that you can prove certain ideas to be true, not by observation or experiment, but by reasoning very carefully. 

Assignment 20: Short essay on whether it is worth it to improve your skill as Pythagorean reasoning. This is a writing assignment and is part of the Writing Across the Curriculum program.
SESSION 44
FINAL EXAMINATION

SESSION 45
POST-COURSE CONFERENCE

One-on-one meeting with the instructor to evaluate your success in achieving your learning goals and to determine whether you are genuinely prepared to take a more advanced math course or if you first need to either repeat this course or receive remedial help.


Math 1: Learning Enhancement Center Group Seminars

Session 1 
Math anxiety

· Critically evaluate Tobias’s explanations of the causes of math anxiety

· Determine how we as students, tutors and instructors can conduct course sessions to help fellow students who may suffer from some form of math anxiety

Group discussion - what Tobias says about math anxiety in Chapters 1 and 2.

Assignment: Statement of your goals for this course, what problems you anticipate in achieving these goals and what support you feel you will need in order to overcome these problems.
Session 2 
Personal Learning Plans

· Refine your learning goals 

Group discussion of Assignment 1 with the instructor and peer group

Assignment: develop a personal learning plan for the course as a whole

Session 3
Heuristics

· Distinguish between a heuristic and an algorithm as a problem solving method

· Familiarize yourself with some heuristic methods

Handout: List of the most common problem solving heuristics
Reading: Miller, chapter 6
Session 4
Textbook Word Problems – Trying it out

· Why are word problems sometimes hard and what you can do to overcome the difficulties?
Tobias (pp. 140-141). What makes speed problems hard and what can you do to cope?

Session 5
Another Look at Word Problems


· Form a judgment about how relevant word problems are to real life

· Diagnose any psychological barriers that may interfere with your success in word problems

Small group discussion to evaluate Tobias’ claims about the psychological roots of trouble with word problems. Review relevance of word problems to real life.
Reading: Tobias pp. 184-190

Session 6
Math Anxiety Revisited

· With wisdom of hindsight, figure out how you think colleges can best help students who suffer from math anxiety

Group discussion to evaluate the methods that Tobias (pp. 252-256) considers
Course description focuses on benefit to 


and expectations from students – it is not just a list of course topics.





We want students to feel that the Intended


Learning Outcomes are relevant to what 


they see as their real needs.





At the same time, we want them to 


appreciate that the academic content has


far more power than they probably realize.





Math anxiety is so common an obstacle to learning at our institution that we make overcoming it an explicit course goal. 





A strength of our students is their aptitude for 


working collaboratively. We include this warning


to ensure vigilance against positive collaboration


turning into unintended plagiarism. 





Our mastery learning model requires


a process of repeated resubmission. 





We limit session length to 50 minutes because many


students have trouble staying focused on math for


a longer time. Instructors find teaching more 


rewarding without bored or exhausted students.





Pre-test insures that all students have the 


necessary background. Unprepared students 


must take a remedial course.





The questionnaire gives the instructor information


about students’ interests. Combined with pre-test 


results, it helps make the course more relevant.





Most students arrive with uninformed conceptions of what mathematics is. We want these pre-conceptions to change. But first we need to hear exactly what they are.





Learning contracts make explicit the responsibilities of both 


student and instructor. They should also make clear that this 


course is a collaboration in which students and instructor 


must work together for students to achieve learning outcomes.





Homework problems are not the only way to learn math 


through activity. In class discussion is another.





Writing within a math course increases the comfort level for many


students who see themselves as more verbal. This assignment 


also helps us judge the fit between program goals and student goals.





Most math courses start with sequences and series and then use


compound interest as an application. But few students have any 


reason to care about sequences and series. Our students are 


old enough to care about retirement planning. So we start with what


interests them and then work inductively toward greater abstraction 


and generality.





We emphasize that learning to use what you are 


learning is at least as important as the content itself.





Advantages of Peer Tutoring





 Students learn though doing (not just listening to instructor)


 Need to teach forces peer tutor to face gaps in knowledge


 Increases time on task 


 Instructor can focus attention on students who need it most 





Students need to see feeling confused as a normal part of solving a hard problem, not a sign of failure or incompetence.





Our students are 75% female. Women often have 


trouble with spatial visualization and therefore this 


topic needs special attention at a college such as ours.





Students often complain about mathematical notation. The study of notation is a


legitimate mathematical topic. Studying the development of clear notation systems


improves the general skill of understanding unfamiliar notation. 





Showing that a question can be unanswerable is just as good as 


finding the solution. And trying to prove that it is unanswerable 


is often a good method for arriving at the right answer.





Our students are sometimes mistrustful – perhaps a consequence of life in New York.


And many take special delight showing legitimate authority to be deceptive. Rather 


than fighting them, we try to use their suspiciousness here as a learning resource. 





The concept of a valid proof is at the heart of mathematical literacy.


Although we start with practical techniques, the end point of the 


bottom-up process has to be access to the formal mathematics of 


the mathematician.





Promotion decision is made jointly by student and instructor. The 


basis is what best serves the intellectual development of the student, 


given what the final examination shows about his or her current knowledge.








