These are the notes that I used to give the James Leitzel Lecture. They are not polished but represent my lecture notes. I hope to write an article on this topic in the future.

Slide 1: It’s an honor for me to be invited to give the James Leitzel address. Jim asked me to serve on the National Advisory Committee for Project NEXT when it started. As many of you know, Jim worked on many projects, Project Next was just one of the legacies that he left us. Just look at the number of Project NEXT faculty in the audience today to get a sense of the impact of Jim has left us. 

One of the goals of Project Next was to help new faculty better communicate mathematics to their students. In a way, the purpose of my remarks today follows this same goal. I want to describe how my own efforts to encourage minority students to pursue careers in mathematics educated me as to the importance of encouraging all students to pursue studies in mathematics. This work also provided me with the tools that I needed to expand this work to work with all students. 

The work that I, and many other minority mathematicians, have done to increase the number of minority mathematics majors should be viewed as an experiment. We have shown that it is possible. And if we can increase the number of mathematics majors among the minority community, we should be able to do this also among the general population.
Slide 2: I need to emphasize here at the very beginning that this talk is not about increasing minority representation, though I certainly think that there is a dire need to do so. What I want to emphasize today is the importance of encouraging all of our students to pursue more mathematical studies. 

I will be presenting some of the work that I have done to increase minority representation among our mathematics majors. I am also devoting a great deal of time to increasing the number of mathematics majors among our entire undergraduate student population. The other day I was complaining to one of our faculty that our department members were not doing enough to increase the number of math majors. This faculty member confided in me a sentiment that he had had about my work. Several faculty thought that I was “way over the top”.

From this I gathered that faculty thought I was devoting too much energy to students. I find it interesting that we never hear complaints about faculty spending too much time on their research. Do we complain about faculty doing too much research? Somehow working with students is not as highly valued. This is of course no surprise but perhaps we need to reevaluate the mathematical enterprise. It is important to create new mathematics. But it is just as important to use that mathematics to motivate our citizenry to pursue mathematics studies. 

Slide 3: How did I get started in working with minority students? You might find this to be an odd question, but to be honest I did want to become involved in these initiatives. I know how time consuming they are. I had other work that I wanted to do.

How did my interaction with these students change over time and how did it change me?

What can be learned from this experiment, an experiment that has had some success?

It is important to realize that if we all knew how to increase minority representation, we wouldn’t be talking about it. The work that I, and so many other dedicated individuals, have done to address these issues should be viewed as experiments. 

Slide 4: The real question now is: “Armed with the knowledge that minority representation can be increased, will the community take responsibility for seriously addressing this issue?”

One other important question to ask is: Do mathematicians and mathematics departments consider it desirable to increase the number of undergraduate mathematics majors? I wonder?

Let me get started. In the late 1980’s and it was one of my colleagues, Clark Benson (who moved to the National Security Agency) who prodded me into it. It was clear that there were a very small number of minority students enrolled in our first semester calculus classes. At that time we could only identify fewer than 25 minority students. I was very reluctant to become involved but he argued that if we could help these few students survive their first calculus course, we would perform a wonderful service to them.

So, we started very intense interactions. We held biweekly advising sessions with each student. These sessions lasted ½ hour and they were not like regular Office Hours. Other faculty, like Dan Madden, joined in helping to run evening tutoring sessions. We bribed students with pizza and it was a lot of fun.

The focus was entirely on getting the students to succeed in this one course, first semester calculus. Out graduate school training is focused on learning mathematics to create new mathematics, yet a great deal of our job is interacting with students. These advising sessions educated me as to the importance of talking to students, learning about their career goals and understanding how difficult it is for students to survive that first year of study.

Over the next few years we saw a tremendous growth in the number of minority students in first semester calculus. Fairly soon there were over 100 students and I simply could not keep up. Clark left to the NSA and it was becoming increasingly difficult for me to continue to ask faculty to volunteer their time in the evenings to hold workshops. I had to modify my interactions. But those early years provided me with important lessons. I learned several things from these students:

Slide 5: Good students need attention and advice. It is appalling how many outstanding juniors and seniors I have met that have not been encouraged by our faculty to pursue advanced degrees. Faculty think that good students understand the system, when in fact they do not.

I needed to focus my efforts and decide what I could do with the very limited time that I had and the increasing numbers of minority students enrolled in calculus. I should also point out that I had almost no resources. The department did not provide any kind of help for quite a while.

For fall 2005, there are over 375 minority students enrolled in the three semester calculus sequence at our university. How can I get them to understand the importance of the calculus course that they have elected to take? Given the limited time that I have to interact with so many students, I developed my “Minority Calculus Advising Program”, though giving it a name I find personally embarrassing since all I do is talk with students. 

I try to meet with as many of these minority students as possible beginning about a month before classes start and continuing for about month afterwards. I meet with each student for about 20 minutes. 

Here is a recent example of what I call my advising frenzy.

Slide 6: Notice that there is only one math engineering math major. This is all tremendously tiring. After two weeks of this kind of schedule I am really beat, but I find that my interactions with students to be extremely useful to them. I often hear from students that they never expected to get a call from a faculty member to come in and talk.

The first thing that I do is go over a student’s schedule. Just this is oftentimes a great help to students. 

Slide 7: I focus on the four points I made earlier, but over time I began to realize the importance of the fifth point.

The department for the last eight years has provided me with funds to hire a student to call calculus students and make appointments for me. In this phone call, my assistant obtains their email and sends them a document with some advice and some websites. Here is the document.

Slide 8: The structure of this document: I have broken up this document into two pages for presentation. This same document is being sent to all of incoming math majors.

The transition from high school to college is rough. Many students in engineering are expected to take a science, calculus, some introduction to engineering, and English. Most are not going to survive this schedule, and I have no idea who will or will not survive. I want students to begin preparing for their calculus course weeks before the semester begins.

Review algebra and trig

Begin looking at homework problems for the first chapter of he calculus course that they will be taking. Try to have all of the homework from the first chapter done by the time classes start.

Slide 9: For those students who have taken calculus in high school, it is difficult for me to realistically advise them to skip the first semester calculus and begin with the second semester. I suggest that they go to our website that contains all of the problems that have appeared on the common finals. If they can do those problems then they can proceed. My hope is that they are making a decision based on information, rather than just hope or fear.

Introduce them to our departmental resources.

Have them think about being math majors.

I am trying something new this year. I have asked our advanced math majors to volunteer to tutor two hours the week before classes start to help these students with their homework before the semester begins. I want students to know that there is help available and also to meet some of our outstanding mathematics majors.

My assistant also begins scheduling appointments for me and I begin seeing students in my office. I wish I could package students, see them in groups, but each student is different. 

I go over the following document with them:

Slide 10: I only have 20 minutes to meet with students. 

The document hits on survival skills, academic resources. I will go over the document point by point.

Slide 11: Review your algebra and trig skills before you begin classes. 

Students fail calculus not because calculus is hard but because

a) Their algebra and trig skills are not good.

b) They never learned to study, and this is particularly applicable to very good high school students.

Slide 12: 

Slide 13: Working with other students is very helpful. Students can take a three unit course and become preceptors in the math courses that they are taking.

I devote some time to resumes. I want students to have resumes ready. For mathematics majors, I collect resumes and send them to contacts that I have in industry. I also do this for outstanding engineering students. For the last two summers we have had about 30 mathematics majors supported over the summer in various positions. I also think that students should begin viewing themselves as professionals and having a resume is part of being a professional.

Here is a sample resume that I created and send out to students to copy.

Slide 14: Resumes are important for obtaining internships. I also think that students should think of themselves as being professionals and part of being a professional is having a resume.

Slide 15: I attend career fairs on campus and meet with recruiters.

I want students to also recognize local resources. Here are but two. This last summer we had 6 math majors supported through UBRP and several more during the academic year through NASA. 

There is another aspect to our conversation that I want to stress. I want students to start thinking about graduate school. I want students to learn early that there are funds available to support their graduate study. Establishing a relationship with the calculus instructor provides that students with someone who is willing to write letters of recommendation. I think that students should start thinking about graduate and professional school when they arrive on campus. 
Slide 16: I believe that by including more mathematics in your undergraduate curriculum, you open up more doors, more possibilities. 

My final remarks

Slide 17: If a student comes into my office, enrolled in calculus, not having declared a major, then I believe that my hands are tied. I have no choice but to suggest (Suggest is too mild a word to use here) to that student to become a mathematics major. Very likely by the time the student leaves my office, our office assistant will have taken their picture, an appointment with the Math Center coordinator will have been made and their picture as a math major will go up the next day.

Reactions?

Slide 18: OK, so they don’t say that I am nuts, but I can certainly sense their apprehension.

My reaction: Yes, I know your grades and I still want you to become a math major. Further, I want to be your advisor. It will be my responsibility to develop a program of study that will be challenging and open up many doors for you. If you work hard and get good grades, I will do my best to find you internships. 

Let me tell you a little secret. In my first semester in college I took calculus and I had to drop it. I could not understand a word that calculus teacher was saying to me. I dropped back to college algebra and trig. That first semester I got 9 units of Ds, five in math and four in chemistry. In my second semester I took calculus again and I earned a C. I went on to earn a BS with a major in math and a minor in physics in less than four years and then a PhD in math. Compared to me, at your stage in your career, you look absolutely brilliant.

I can’t tell by looking at a student who is going to succeed and who is going to fail. If a student wants to pursue mathematical studies I am more than happy to work with them to help them achieve their goal. 

I am now using these ideas to work with all of our students.

Slide 19: I have avoided becoming an administraitor. Two years ago I accepted the position of Head of Undergraduate Affairs. I am realizing that being a lone ranger does not lead to sustainability. I wanted to see if I could use the last years of my career to incorporate my concern for increasing minority representation into the structure of the department. This also necessitated that I extend my efforts beyond the minority community and dedicate myself to working with all of our students.

So two years ago I accepted the position of Director of the Math Center. The Math Center had been in existence for more than 10 years, and its existence and organization was greatly impacted by Bill McCallum, whom many of you know. 

My position is full time Director.

Chris Mikel is the Coordinator of the Math Center

Terri Croteau is the Administrative Assistant

To me this represents a tremendous allocation of departmental resources and it represents the commitment that the department has made to support our mathematics majors.

Slide 20: In the last two years, we have seen an almost 50% growth in the number of math majors. We ended up the year with 456 math majors, of whom a 1/3 are female. 

Slide 21: Of the 456 mathematics majors in the department, 86 of them are minority students. For the last few years the number of minority students has been around 15-20%. Of the 65 undergraduate degrees this past year, 13 Bachelor’s degrees were earned by minorities, four of them being Native Americans. The number of minority degrees is a record number for the department.

Slide 22: In looking at these numbers I again have to stress that many of us in the minority community have shown it is possible to increase the number of minority students. If departments were serious about increasing minority representation then they would invite these individuals on campus to give colloquium talks, to advise their faculty. I want to mention that the White House recognizes individuals and organizations who have excelled in this arena. Why aren’t these individuals invited to give advice and colloquium talks at our institutions? 

It is certainly possible to increase minority representation. I think that mathematicians and mathematics departments simply don’t care.

I want to return to this growth in the number of mathematics majors in our department.

It would be silly to be to think that I am responsible, but I want to mention a conversation that I had with a student from my very first year. I asked this student why he was so successful. He told me something that I never forgot: “I take advantage of all opportunities.”

I suggest that departments take this same approach, that they take advantage of every opportunity. Here is an example.

Slide 23: Our College of Science increased its efforts to recruit talented students two years ago. That first year they sent me a spreadsheet with a list of high school students they were trying to recruit and they asked if I would be willing to write to the handful of students who had indicated an interest in mathematics. I said I would be delighted, but I told them that I would write to all of them? 

To me this is a typical example of an Outreach program, one that reaches out to students to attract them to the study of mathematics. 

When many of us think of increasing the number of mathematics majors, OUTREACH comes to the forefront. Outreach is important, but it is expensive.

Our department does an incredible amount of outreach, but because of limited time I just want to discuss one of these.

Slide 24: The faculty/post-doc or graduate student gives a talk about calculus and the undergraduate student gives a talk about their experiences of being a math major and the summer internships that they have held.

Overhead of math major program

Slide 25: 

Slide 26: I want students to know tat there is such a thing as a mathematics major and that you can also complete this major while at the same time enjoying other courses.

Slide 27: When the team goes out we also provide them with schedules for double majors in math and X.

Slide 28: These high school calculus classes represent a goldmine of future mathematics majors, one that we have ignored. How is the high school calculus teacher going to motivate his/her students to become mathematics majors if we don’t provide them with information as to the opportunities that exist? I think that this is such a goldmine that the mathematical societies should develop materials specifically aimed at this teaching population, perhaps even a special journal specifically aimed at applications of calculus, aimed for calculus students.

I thought I would also mention one other Outreach project. When I learn that one of my advisees has had a baby, I send that baby a math book, and write in the book that I am making the baby an honorary math major. 

Slide 29: I created this T-shirt to encourage our students to think of their siblings as math majors

Slide 30: My grandsons modeling the Future Math Major T-shirts. 

Slide 31: My calculus advising program is one example of an INREACH activity. 

Slide 32: Here is my attitude in teaching any mathematics class. I want to emphasize that this is a new attitude for me. I didn’t do this 10 years ago, but based on my work with minority students, I have changed.

I tell students on the first day that the purpose of this course is not to teach them the material. They have purchased a good book for the course. Read it. Study it. The real purpose of this course is to convince each and every one of them that they should become mathematics majors. And it is not I who will convince them. The students are going to find the subject so interesting, so germane, that they are going to come to me to inquire as to the possibility of becoming a math major.

Imagine for a moment how different the landscape would be if every mathematics class taught in this country could convince just one student to become a math major.

How do we get our faculty to do this?

Slide 33: Here is just one example: At the end of each semester I send out an email message to all our teaching staff. I suggest that they send a message to those students whom they think would benefit from being a math major. This email has two attachments. One letter is meant to go from the instructor to the student, and the other letter is from me to the student.  

A Letter to the Student 

I have been under whelmed in the interest that faculty have shown, but I do believe that faculty are beginning to show more interest in this.

Slide 34: The last year has seen a tremendous increase in the number of mathematics majors, so much so that this increase has begun to place a strain in our resources. Except for our sophomore level course in differential equations, all of our courses are taught in classes of size < 35. I saw a tremendous strain on our senior level courses this year. Most of our senior level courses are now at their maximum size. Like many mathematics departments, we have a transition course to help students understand proof. We are running three sections of this course in the fall. We had to open two sections of abstract algebra, advanced calculus and applied analysis. Our math majors were not getting into their appropriate courses. This gave me another opportunity  So, I went through the enrollments of all of our senior level math courses and looked at each student in that class. I have access to student records.

I looked at their background. If they didn’t have the prerequisites, I sent them a message telling them that I would be removing them from this course. But I used this opportunity to advise them. 

This increased the number of mathematics majors even more. But it also opened up the space that was necessary to allow our math majors to proceed along their career path.

Once I completed this overview of our senior level math courses, I thought, “I wonder if I could find prospective math majors in out lower division math courses.” I looked at the sophomore level course in differential equations. I went through the 300 or so students and I focused on those students who had earned an A and by looking at their schedule it appeared that they had enough time to complete a math major in the time required.

I sent out the following kind of messages:

Examples of messages.

Slide 35: 

Slide 36: I picked up more math majors.

I thought, I wonder how third semester calculus and linear algebra look?

In particular, I looked a first year students in third semester calculus. I found amazing students, truly amazing students. I picked up even more math majors.

Slide 37: I created templates for math and X

Slide 38: 

Slide 39: Could we have said this any better than this sophomore level student?

Slide 40: This student wasn’t sure how to contact the teacher who is standing in front of him/her for three hours a week. How can this be?

Slide 41: Isn’t this what our courses should be doing, enticing students to continue their studies in mathematics? 

Slide 42: 

Slide 43: I met Sara, a Chicana student, in my calculus advising program. Her major was engineering and had no intention of going to graduate school. Sara came from one of our border towns (bordering with Mexico). She had taken first semester calculus in high school and was enrolled in second semester calculus in her first semester. She appeared to be very promising. I told her that if she got good grades in her first semester, I would try to get her an internship. She had a great first semester. I sent her resume to a contact that I have at IBM. At the end of her first year she had a summer internship with IBM. In her next summer she had an internship at INTEL. In her junior I heard about the MIT Converge program. This program is meant to increase diversity at MIT. She applied and was accepted and attended a workshop at MIT in October. She came back from that workshop a changed person. She now wanted to go to graduate school. In the summer after her junior year she went to MIT for a summer program. I did not convince Sara to major in math.

I met Yuri the year after Sara. Yuri came from the same high school as Sara, was also an engineering major, and had also taken first semester calculus in high school. Like Sara, Yuri did amazingly well in her first year of studies, but Yuri ignored my email messages. I looked at her schedule and I saw that she took calculus from one of our faculty that I call a Terminator. When a student takes a math course from this person, their interest in mathematics is usually terminated. I lost track of Yuri, but her name resurfaced as I went through the list of students in math 254. I again sent her a message telling her how great she was doing and perhaps she could come in to see me about internships. I didn’t hear from her until June and then I got this message that she was interested in talking. I got her to write a resume and I sent it to IBM. IBM immediately contacted her and she will most likely be working for them as an intern. I also got her to apply to the MIT Converge program and she was accepted. Yuri also added math as a major.

Persistence pays off. 

Slide 44: We have failed to communicate to these students the importance of mathematics and its wide applicability.

Slide 45: Faculty need to wake up to the importance of mathematics around us. We need more double majors, and not just in the traditional disciplines:

math and journalism

math and creative writing

math and psychology

Part of our responsibility is to produce a mathematically literate society, one that will not necessarily go to graduate school in math. Faculty are not going to volunteer their time, there has to be a structure to support a department to achieve this increase.

Slide 46: Mathematics departments are not just solely for the creation of new knowledge. We should use the results of that knowledge production and our own knowledge about the educational system to help students understand the necessity of including more mathematics in their undergraduate curriculum.

Slide 47: The Bachelor’s degree in mathematics can lead to employment. You don’t need to earn a PHD in mathematics. In fact, a very common reaction that I get from mathematicians when I mention that I am trying to increase the number of math majors is that we don’t need more PhDs in math.

My conjecture about mathematicians is that they don’t view mathematics as being useful. I believe that one of the reasons that there are so few math majors is that mathematicians believe that the only reason to earn a BS degree in math is to earn a PhD degree in math. This same attitude is reflected in our mathematics meetings. Why aren’t our major companies here recruiting our BS, MS and PHD students? I just don’t think that our mathematical organizations have placed enough emphasis on the employment opportunities for our graduates. Not only is this bad for our graduates, but we also lose an opportunity to educate our faculty as to the employability of our graduates.

I don’t find the publications of the AMS, MAA to be of much use to me as I work with incoming students. I find Science to be much more useful. I do have to admit that like many faculty members, I am overly committed and I don’t have time to go out and investigate the materials that are out there. I simply use the stuff that arrives in my office and Science has great articles.

Slide 48: 

Slide 49: OK, so the Vice Mayor was my mother.
Slide 50: Let me make a radical suggestion to you.

Slide 51: 

Slide 52: I added this slide after I received several email requests for articles that I use from Science.
: 
