the percentage of good blackboard talks is much
higher than the percentage of good computer (or
overhead projector) talks.

What Can Be Done to Rescue Conferences?

This is a tough question. My opinion is that only
the blackboard should be used for mathematical
talks. I know that some mathematicians will call
me an extremist. However, even if the mathemati-
cal community is not ready to get rid of computer
presentations, there are several steps that can be
taken.

First of all, I think mathematicians who use
computers to give talks should ask themselves
why they do it. Perhaps they have no reason other
than that it is more convenient for them to prepare
a computer presentation. If this is the only rea-
son, they should think about the audience rather
than their own convenience. If they do it because
otherwise they will not be able to cover all the
material, they should understand that by using
a computer they can increase the speed of the
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presentation, but they cannot increase the speed
of comprehension.

I think it would be a good idea for Ph.D. advi-
sors to teach their students how to give talks and
to explain to them that if they learn how to give
good talks at the blackboard, they will produce a
much better impression on the audience, which
will help their career.

Finally, I believe that the mathematical com-
munity ought to agree on a strict rule: organizers
of conferences must provide several blackboards to
each lecture room. Also, the organizers of confer-
ences should by no means encourage participants
to give computer presentations.
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Minority

—doceamus . . . let us teach

The typical comment when someone discovers that
you are a mathematician is either “I was horrible
in math” (the most common one) or “I wish I had
taken more mathematics.” For many it may not
be too late.

All students start learning mathematics at
an early age and those who typically succeed in
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[sIt Too Late to Learn Mathematics?
and Nontraditional
Students Show Therels aSecond
Chance

Estela A. Gavosto

mathematics-intensive careers complete their
formal math education while they are young too.
Mathematics is the most commonly accelerated
science subject during the K-12 years and the
students who are talented in mathematics advance
quickly in an intellectually nurturing environ-
ment. A common belief is that those who have
mathematical talent will “display” it early in their
lives and they will be properly tracked. Interna-
tional studies [10], however, show that in other
countries a larger percentage of students than in
the United States is identified as mathematically
talented. That is, there is potentially a larger seg-
ment of the U.S. population with mathematical
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talent than the one that we currently identify and
train.

America’s prosperity in the twenty-first century
is often linked to the capability of maintaining a
leadership role worldwide in science and technol-
ogy (see [4] and [12]). This matter brings to the
forefront the need for improving K-12 science
and mathematics education. In this article we will
address the issue of students who at some point
showed mathematical talent but either left math-
ematics or never pursued a career in mathematics-
intensive majors. Should they resume their math
studies later in their lives? We believe they should,
and demographics and the math pipeline show that
we need them to do so. Moreover, we will describe
one approach that we have been developing to ad-
dress this challenge.

Not Enough STEM Students Overall,
Especially from Underrepresented Groups

According to the National Science Board’s Science
and Engineering Indicators 2012 ([8]), the percent-
age of science and engineering degrees (excluding
social and behavioral sciences) among the degrees
in all fields granted to U.S. citizens and perma-
nent residents did not change during the decade
2000-2009. During this period, the percentage of
bachelors' degrees in all fields earned by Ameri-
can Indian/Alaska Native, African American, and
Hispanic students (URMs) increased slightly from
17 percent to 19 percent, while their percentage of
science and engineering degrees remained steady
at approximately 15 percent. However, these
percentages could be misleading and show that,
despite efforts to increase their involvement, the
participation of underrepresented groups in STEM
disciplines is not growing fast enough. This data
does not reflect the changes in demographics,
since the percentage of these underrepresented
groups among the population in the eighteen- to
twenty-four-year-old group has increased to 33
percent (2008 statistics, [9]). In particular, the
data corresponding to Hispanics could be easily
misinterpreted. The number of degrees awarded
to Hispanics has increased substantially but their
representation in science and engineering has not
changed. The work in [6] states that underrepre-
sented minorities, or URMs, are only two-thirds as
likely as whites to earn bachelors' degrees in STEM
within six years, despite similar interest when
they enter college. In mathematics the situation is
even worse. The percentage of degrees awarded
to URMs among those who have completed bach-
elors' degrees in the subject has decreased from
14 percent in 2000 to 12 percent in 2009. In ad-
dition, Bressoud [1] points to the recent alarming
decrease in the number of bachelors' degrees in
mathematics that are being awarded to African
American students.
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The analysis of this data is complex and poses
many questions and challenges. We should also
look at the numbers in mathematics not in iso-
lation from other disciplines, but rather in the
context of all the programs and opportunities that
exist for underrepresented minorities in the sci-
ences and engineering. Examples of these opportu-
nities are the programs of the Division of Training,
Workforce Development, and Diversity from the
National Institute of General Medical Sciences [2].
These programs promote research training and the
development of a strong and diverse biomedical
research workforce. In general, the mathematical
community does not have as many resources as
other disciplines to recruit URMs. It is well known
that other science and engineering programs wel-
come students with mathematical talent. These
students often receive degrees in areas where they
are recruited early on in their careers with offers
of undergraduate research experiences and other
resources. Many other socio-economic factors play
a role, too, and steer students to other fields. In
fact, during the period 1989-2008, the greatest
increase in science and engineering bachelors' de-
grees earned by underrepresented minorities has
been in the fields of social, computer, and medical
sciences; see [9].

Tapping into Nontraditional Students

Demographics show that current attempts to
modify our pipeline are not producing changes as
fast as they are needed. As we improve the cur-
riculum paths for the future, we must also find
alternative new models and strategies that provide
reentry points for the wide portion of the popula-
tion for whom the mathematics pipeline has not
functioned.

The most common definitions of nontraditional
students (see Kim [5]) include considerations of
age, background (such as socio-economic status,
ethnicity, first generation, and employment sta-
tus), and at-risk characteristics. The nontraditional
population forms the largest subset of students
in the nation according to a recent report to the
U.S. Congress and Secretary of Education by the
Advisory Committee on Student Financial Assis-
tance [11]. In particular, this report recommends
a federal initiative to generate projects examin-
ing how to educate older adults in the sciences,
engineering, technology innovation, and applied
mathematics. Another report from the National
Academy of Sciences [12] advocates that the
federal government should give tax credits to
employers who help their employees pursue con-
tinuing education in science and technology. The
students included in these reports have a wide
range of educational needs. A disproportionately
high number of underrepresented minorities could
be labeled as nontraditional students according
to [5]. They often first enroll in public two-year
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colleges after high school [9], resulting in a longer
path to a degree with lower chances of succeeding.
Any well-thought-out project would have to target
a subset of the students and address common
circumstances.

Among all minority and nontraditional stu-
dents, we want to focus here on the group of
students who took more than one calculus course
(in high school, community college, or college),
succeeded in them, and stopped studying math-
ematics at a later point. This is a large number of
students; see [6] for a complete profile. Later in
their lives some of these students see the need for
a stronger background in mathematics and regret
not having it. We will not discuss in detail how they
arrive at this situation, but one common path is
through AP Calculus in the high school. The high
school instruction may not always provide formal
mathematical depth, but very often the delivery
is engaging. When the students come to a typical
university, they commonly encounter the reverse
situation: the instruction requires a much higher
level of symbolic and conceptual skills but does
not engage them enough. Another similar path oc-
curs when students transfer between institutions
with different expectations. As already mentioned,
a large percentage of minority students start
their college education at a community college or
similar institution and, when they transfer, they
often encounter mathematics curricula with a dif-
ferent structure of courses than at their original
institutions.

How Can We Train Nontraditional
Students?

For the past three years we have been teaching the
experimental course Transitions in Mathematics,
which addresses this challenge, at the University of
Kansas. We originally designed a course for minor-
ity students who either transferred or decided late
in their training to pursue a math-related major or
a research career that requires significant use of
mathematics. We soon found out that the course
was also very suitable for a wider range of nontra-
ditional students. The project is supported by the
National Institutes of Health and the University
of Kansas through KU Initiative for Maximizing
Student Development (IMSD).!

Nontraditional students have a myriad of previ-
ous experiences and often are highly motivated to
learn. They like to know “the why” or the meaning
of a new topic and prefer to learn in task-oriented
ways. Their drive gives them the focus and desire to
control their learning. These attributes are assets
for the learning process according to the theory
of learning described by Donovan and Bransford
[3]. In fact, the characteristics of nontraditional

YIMSD at Kansas University is funded by National Insti-
tutes of Health grant #R25GM62232 from the National
Institute of General Medical Science.
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students can be mapped into this theory’s learning
principles: engaging prior understanding, provid-
ing learning opportunities for factual knowledge
and conceptual understanding, and stimulating a
metacognitive approach.

The design of Transitions in Mathematics is
based on the above learning principles and it is
taught in a studio format. Instead of starting over
and taking sequences of courses with content
that the students partially know, our course as-
sists the students to fill the main “holes” in their
background and teaches them how to gain the
necessary knowledge to tackle new mathematical
challenges in the future. The course starts with
a math assessment, surveys, and interviews with
each of the students. Based on the collected infor-
mation, an individualized project grounded in the
student's prior mathematical knowledge and life
experiences is designed. The project outcomes are
in tune with the future needs of the student. Par-
allel to the project, a concept map is constructed
representing the connections between all the top-
ics that the student will need to learn to complete
the project. The students do worksheets in these
topics to master the necessary skills and concepts.
They are also introduced to a range of mathemati-
cal software and their proficient use is encouraged.
The class meets at a media room or at a computer
lab. The students work on their projects or work-
sheets individually and we foster collaboration
among them. There is no formal lecture and the in-
structor and a graduate student assistant interact
with the students giving feedback on their work. In
every class period, the students give oral presenta-
tions on their current work and receive comments
from the rest of the class on their conceptual
understanding. The training in career develop-
ment tools (library/databases search skills, public
speaking, etc.) also increases long-term learning
autonomy. The projects completed by the students
cover a wide range of subjects. For example, they
have included both applied and theoretical topics
such as numerical solutions of diffusion equations
for drug delivery, wavelet-based characterization
of vertebral trabecular bone structure, and ap-
proximation theory in Lipschitz spaces.

Teaching the course has provided us with a col-
lection of projects and a complex and interesting
educational landscape. We are noticing patterns of
topics and paths and eventually we could develop
course material to be shared with others. Collabo-
rating with faculty mentors in other departments
is essential in developing meaningful applications.
We have observed that traditional placement mea-
sures, like previous courses and their grades, do
not dictate as much as in other settings what the
students end up doing. Motivation is the most im-
portant factor in determining the students’ prog-
ress, so having clear individualized goals in terms
of aresearch project or more advanced courses is
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key to the mathematical growth of the students.
Overall, the students are very appreciative of the
opportunity that Transitions in Mathematics gives
them. Often they expressed that they have never
learned so much mathematics in a course before.
The ultimate goal of the initiative is to prepare stu-
dents to complete a Ph.D. in a biomedical research
area (which includes mathematics) and we track all
the students after they have taken our course. Up
to this point, two-thirds of the students who have
completed our course and graduated have been
admitted to graduate programs.

Transitions in Mathematics provides a reward-
ing and engaging experience where we challenge
the students and ourselves to learn mathematics
and its applications in alternative ways. Different
backgrounds and experiences are equalized when
we have to learn something that we do not know.
As the median age of the population in the U.S.
and in many regions of the world increases, older
students, striving to learn the mathematics that
they did not learn in their first college experience,
inspire us to reach for new frontiers in areas of
mathematics outside our comfort zone. Certainly,
there is a second chance to learn mathematics at
a higher level.
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