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· “Why is math so important? Some of it we don't need to know in the real world so why do they teach us things we won't need to know?”

· “When am I ever going to use this?”

· “What good is this doing me if I want to major in English?”

I am confident that there is not a mathematics teacher around who has not heard such questions in one form or another from frustrated students, especially from high school students who are required to fulfill mathematics requirements in order to receive their diplomas.  Even college professors who teach general education mathematics courses continue to attempt to give answers to such inquiries: “It is true that not everything you learn will be used directly in your future but the more you know the better off you will be (“Why Study Math?”, 2006)” or “Learning to solve mathematical problems will help with problem solving in other disciplines.” Whether such responses serve as motivation depends on the particular recipient of the response, but, in my experience, the recipient does not change his or her attitude that easily.  It seems that those of us who have a natural inclination towards mathematics like it for its own sake and may not need external motivation.  Unfortunately, we are in the minority and consequently the following quest falls on those of us who have chosen to become mathematics educators: to find the best process for motivating our students to learn and, dare we hope, appreciate mathematics.

My first teaching experience as the “instructor of record” (as opposed to being a teaching assistant) was teaching “Basic Algebra” as a night course during the summer at a local community college.  I was twenty-five years old, had recently finished my Master’s Degree in mathematics and was starting work on my Ph.D. in mathematics, so my days were spent in a research setting surrounded by colleagues and students who enjoyed mathematics as much as I did.  This night class, however, consisted of an entirely different audience.  Most of the students were older than I and would not accept a trite “you’ll need this information in the real world” response as to why what I was teaching them was important.  My motivation process in this class was to attempt to highlight the specific relevant applications which appeared in our textbook such as “The cost y in dollars of mailing a FedEx Priority Overnight package weighing 1 lb. or more is given by the equation 
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where x = the number of pounds.  Graph the equation and then use the graph to estimate the cost of mailing a 
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pound package (Bittinger, 1999, p. 181).”  In retrospect, I am not sure my students truly were motivated by what was essentially, in their minds, yet another dreaded word problem.

Such real world examples cause most people to concur that somebody needs to be knowledgeable about mathematics but they would prefer that the burden would fall on somebody other than themselves.  As I continued to mature as a teacher, I realized that the process of motivating students to learn mathematics needs to be more personal, especially when dealing with students for whom the beauty of mathematics is not obvious or even fathomable.  In my own experience as a student of mathematics, it was very rare to get a glimpse of the people behind the mathematics.  It seemed as if the ideas and concepts had appeared as a result of some divine creation rather than through human enterprise.  If you would approach someone on the street and ask, “Can you name a mathematician?”, I am sure that nine times out of ten you would get a blank look in response.

Several years ago, I started asking my students on the first day of a general education mathematics course to name a mathematician.  The most frequent responses were Pythagoras, thanks to the theorem bearing his name that most high school students memorize, and Albert Einstein, who technically was a physicist, not a mathematician.  Recently I had a student give the name of Fibonacci but mostly I received the usual blank stares and shoulder shrugs.  Such reactions have motivated me to delve deeper into the lives of the people who have influenced the history of mathematics and to incorporate anecdotes about them into my teaching.  In particular, I have focused on a little-known group: women mathematicians.  I have found that students are more inspired by stories of women who have overcome social and personal obstacles in their mathematical endeavors rather than stories of men who were talented mathematicians and did what was expected of them.  While I am unable to discuss the technical details of the mathematical works of such women, I have introduced them in courses where I am teaching mathematics related to their fields of interest.  For example, when I am teaching geometry, I will discuss Hypatia of Alexadria who was known for her work with conic sections.  This could be done when teaching geometry at any level because it is her life story that I use as motivation not her specific mathematical contributions.  Even children in elementary school can enjoy hearing of her accomplishments while having a sense that what they are learning about basic geometric principles is related to the work of this inspiring woman.  The table at the end of this paper gives a list of mathematicians along with the course topics related to their fields of study.  Many of these topics are studied throughout the K-G curriculum and thus the ideas presented here can be adapted for all age groups.  

The following are some examples of female mathematicians that I have used to successfully motivate my students in a variety of different courses.

Hypatia of Alexandria

Hypatia of Alexandria is the first known woman to make mathematical contributions.  As mentioned above, I talk about her when teaching geometry.  She lived from approximately 370-415 AD, but her year of birth has been questioned (Richeson, 1940).  Her father, Theon, was both a mathematician and an astronomer which always leads into a lively discussion about “nature verses nurture” as far as the possibility of mathematical talent being inherited.  I can relate to this because my father was a mathematician and many times I will have students in my classes who are the children of mathematics teachers.  While my father did not pressure me into studying mathematics, it has been suggested that Theon wanted to mold Hypatia into the “ideal human” by prescribing daily exercises, both mental and physical, for her (Osen, 1974).  Many students who are living overscheduled lives can relate to this kind of parental pressure.  Recently I had a student who was a full-time college student, a member of the track and field team, a leader in several student organizations all while working for her family’s business.  Even young students in elementary school can become overscheduled when parents feel the need to arrange multiple enrichment activities and thus will be able to discuss and appreciate how Hypatia might have felt.

Most notably, Hypatia was a charismatic teacher who was able to convey the current scientific, philosophic and mathematical ideas to her students.  My students and I usually discuss the difference between being a brilliant intellectual and being able to communicate such intellect effectively.  Many students seem to have stories about former teachers who were clearly outstanding scholars yet were unable to convey fundamental concepts to their students.  Unfortunately, many of my students have such stories about their former mathematics teachers.  I personally witnessed this on many occasions in graduate school.  As a result of these experiences, my students are impressed to learn about Hypatia’s captivating mathematics lectures that were attended by bright young people from Europe, Asia and Africa (Osen, 1974).

Hypatia was such an eloquent and inspiring speaker that she became a focal point of riots between Christians and non-Christians which eventually led to her tragic death at the hands of a fanatical sect of Christian monks (Rogers, 1996).  As an extra credit assignment or just as an interesting trivia question, I ask my students to research the circumstances surrounding Hypatia’s death: some sources (Osen, 1974) claim she was dragged from her chariot while she was on her way to the university and was stripped naked and tortured to death.  Others (Rogers, 1996) claim she was seized on the street and dragged into a church where, after pulling out her hair, the mob skinned her alive with broken shells and burned her remains.  I have found that, despite its tragic nature, this dramatic information lends intrigue and interest to mathematics in general; however, I make sure that my students understand that she was murdered for her religious views and not because she was a female mathematician.

Sonia Kovalevsky
Russian born Sonia Kovalevsky lived during the mid 19th century.  When she was eight years old, her parents moved to a new home but failed to order enough wallpaper to cover all of the walls so Sonia’s bedroom walls were covered with the pages of an old calculus notebook.  She claims to have studied them as a child (Osen, 1974).  Her father, unlike Hypatia’s father, did not like the fact that his daughter wanted to study mathematics so she was forced to smuggle mathematics books into her bedroom and teach herself (Rappaport, 1988).  There are always students in a class who make the claim that their parents were never good at mathematics and hence they are destined to fail and, unfortunately, feel justified in doing just that.  I try to counter that attitude with examples of students, such as Sonia and Sophie Germain (see below), who were successful despite discouragement from family members.

Sonia’s father eventually allowed her to travel to Petersburg to finish the equivalent of a high school education but the Russian universities did not admit women as students.  Her only chance for a formal college education was to travel abroad to Switzerland but her father would not allow his daughter to travel alone.  At the time, there was a feminist group that advocated higher education for women and would encourage a woman to create a “fictitious husband” because a married woman did not require her father’s signature on her passport and thus could travel freely.  Sonia found a young paleontology student who was willing to marry her and she was able to travel to Heidelberg to study (Rappaport, 1988).  Among other accomplishments in writing and politics, she would eventually publish ten papers in mathematics and physics.

My students enjoy hearing about this woman who was willing to marry a man she did not love just so she could study mathematics–the subject she truly loved. I also ask them to research what happened to this “fictitious husband” (he committed suicide) which, like Hypatia’s death, is a tragic circumstance that adds drama to a subject that is perceived by many students as being dry and boring.  Women such as Sonia Kovalevsky certainly were anything but dry and boring.  I have had interesting comments from students hypothesizing that perhaps Sonia’s accomplishments in mathematics were fueled by the tragic events in her life and one student even admitted to seeking solace in her mathematics homework during stressful times.  I myself have found this to be true; working through a set of integration problems for my Calculus II class has been known to calm my frazzled nerves.

I have discussed Sonia’s life in both trigonometry and differential equations courses as those subjects are directly related to her mathematical works.  On several occasions, however, I have found myself discussing her in other courses when I sense that my students need some inspiration.  They especially enjoy trying to imagine teaching themselves whatever topic we are learning by reading their bedroom wallpaper.  Students also have asked about Sonia upon hearing about a Sonia Kovalevsky High School Mathematics Day which is a program of workshops, talks, and problem-solving competitions for high school women students and their teachers sponsored by the Association for Women in Mathematics.  Such events have been held at colleges and universities across the country since 1985 (“AWM Kovalevsky High School Mathematics Days”, 2006).

Sophie Germain

Sophie Germain was born in Paris in 1776 and her interest in mathematics began during the French Revolution when she was confined to her house.  She read a story about the death of the mathematician Archimedes who apparently was so engrossed in a mathematics problem that he did not answer the questions of a Roman soldier who proceeded to spear him to death (Martinez, 1946).  Sophie figured that a subject that was so fascinating that one would die for it must be worth studying.  Like Sonia, Sophie was forced to hide her study of mathematics from her family because of her father’s disapproval.  Her family went even further than Sonia’s in that when they discovered she was studying in secret at night, they took away her clothes once she was in bed and deprived her of heat and light so she would be forced to stay in bed in the dark (Smith & Lleaud, 1998).  Sophie did not give up easily and fought back by wrapping herself in heavy quilts and using smuggled candles for light so she could continue to teach herself mathematics at night.  Her parents would come into her room in the morning and see Sophie asleep at her desk with the ink frozen in her ink horn and her slate covered with calculations (Osen, 1974).  Finally they relented and allowed her to study.

When Sophie was eighteen, she was able to obtain lecture notes from the scientific academy École Polytechnique but was not able to enroll as a student.  She was interested in studying under the mathematician J. L. Lagrange but knew that he would not take her seriously because she was female.  To gain access to Lagrange, she submitted her work under the name of a male student, M. LeBlanc, who had dropped out of the school, and she continued to use this pseudonym for many years (Throm, 1996).  She eventually made some important discoveries in the field of number theory that led to the proof of Fermat’s Last Theorem and she has a type of prime numbers, called Germain primes, named after her (Dubner, 1996).

One of the appealing aspects of number theory is that many of the ideas, while difficult to prove, are relatively easy to understand, even for secondary school students.  Such is the case with Germain primes and Fermat’s Last Theorem and, as a result, these ideas can be introduced to a variety of different age levels when discussing prime numbers.  A Germain prime is a prime number p for which 2p+1 is also prime (Dubner, 1996).  Fermat’s Last Theorem states that the equation 
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has no solutions in the positive integers for n greater than 2 (Throm, 1996).   Around 1825, Sophie proved that Fermat’s Last Theorem is true for Germain primes and this result was extended by others (Smith & Lleaud, 1998).
The principles of number theory can be discussed in virtually any mathematics course that involves the natural numbers.  When discussing this in my classroom, I first introduce the definition of a prime number and we construct a Sieve of Eratosthenes to find the primes between 1 and 100 (Weisstein, 2006).  To construct this sieve, arrange the integers from 1 to 100 in rows of 10.  The number 2 is the smallest prime number so it gets circled and all multiples of 2 are crossed out because they cannot be prime.  The next prime number is 3 so it gets circled and all multiples of 3 are crossed out because, like the multiples of 2, they cannot be prime.  Find the smallest remaining number and repeat this process until all numbers divisible by 
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have been crossed out (or in the general case, when finding all primes between 1 and n, repeat this process until all numbers divisible by 
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 is the greatest integer less than or equal to x.)  After finding the prime numbers between 1 and 100, I give them the definition of a Germain prime and break them into small groups.  Their task is to find as many Germain primes as possible in a 5-10 minute time frame.  The first few Germain primes are 2, 3, 5, 11, 23 and 29.  We also discuss whether or not there are infinitely many Germain primes and I ask them to research this on the Internet.  As of 1999, the largest known Germain prime had 5,847 digits (Indlekofer & Jarai, 1999).

Conclusion

In conclusion, I have found that the process of motivating my students involves sharing stories of some of the people behind the mathematics they are learning, especially women who battled against their families and, despite the lack of formal training, became successful in their study of the very subject that my students are facing.  My students are able to put their struggles with mathematics in perspective; after all, they are not being hunted by radical monks, being forced into arranged marriages, or attempting to learn mathematics by themselves with only their wallpaper to guide them.  They are fortunate to have teachers who care enough to want to motivate them to be the best students of mathematics they can be.


Table of Mathematicians and Related Subject Areas

	Woman
	Mathematical Subject

	Hypatia of Alexandria
	Geometry

	Maria Agnesi
	Algebra 

Calculus 

	Sonia Kovalevsky
	Trigonometry

Differential Equations

	Sophie Germain
	Number Theory

	Emmy Noether
	Algebra
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