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The INTERNATIONAL MATHEMATICAL UNION
in the DEVELOPING WORLD: Past, Present and Future

[Commission for Developing Countries, International leliaidtical Union]

This paper o ers a broad view of the role of the Internatiodathematical Union (IMU) in sup-
porting the progress of mathematics and advanced matheataducation in developing nations {
its purpose, history, current activities, and some optfonguture action. In doing so, the document
seeks to make three primary points:

(1) Vibrant communities of mathematical research are vibathte scienti c, technological, social,

and economic development of every nation. Because muchatfmdthematicians do may not

be understood by the general public, the IMU and its corsiities seek to enhance this vitality
through broadly communicating the bene ts of mathematics.

(2) Quality mathematics education for all is the foundation stronger mathematics worldwide
{ and a principal goal of the IMU. To strengthen this foundati the teaching and learning of
mathematics should keep pace with the needs of modernissciespecially those in the developing
world.

(3) The IMU and its more than 70 member countries are comuhitteexpanding mathematical

capacity that is based on three platforms: access to qualdyhematics education for all; an

emphasis on nurturing mathematical talent and rewardirgp@aplishment wherever they appear,
especially in developing countries; and provide opensataebe full richness of historical and
current mathematics literature.

This white paper is intended for policy makers, funding ageaciconstituencies of the IMU and ICMI, and for
others who would like to learn more about the activities and okijezs of the IMU. It was written for theFriends of
the IMU (FIMU) by editorial consultant Alan H. Anderson, after extemsidiscussions with members of the Executive
Committee and of other IMU committees, the IMU constituencies, antiers, and has been approved by the Board
of FIMU.



Executive Summary

The International Mathematical Union (IMU) is an interai@l non-governmental, non-pro t sci-
enti ¢ organization. It is a member of the International @oill of science (ICSU), an umbrella
organization for all scienti ¢ unions. IMU was created i2d,9nd its members are countries. The
main objectives of IMU are:

To promote international cooperation in mathematics;

To support and assist the International Congress of Mathieraas (ICM) and to award the IMU
Prizes: the Fields medals, the Nevanlinna and Gauss Faimtshe Chern medal. These quadren-
nial activities celebrate the major achievements in mastieal sciences;

To encourage and support other international mathemaécavities considered likely to contribute
to the development of mathematical sciences in any of iteasyd pure, applied, or educational;

A special focus is to support the development of mathenlatgsearch and education in the
developing countries, by helping training of high qualpedsonal, networking and capacity building
both in education and research.

The IMU has four commissions:

The Commission for Developing Countries (CDC),

The International Commission for Mathematical Instrutt{tCMI),

The Committee for Electronic Information and Communicgtio

The International Commission on the History of Mathematics
The rst two are the most important for this report.
The Commission for Developing Countries (CDC) was created in 2006 from the former
Committee for Development of Exchange (CDE), correspgrtdithe will of IMU of increasing its
activities in the developing countries. The IMU works inpdegrtnership with CDC and ICMI on
these issues.

The International Commission for Mathematical Instruction (ICMI) was created in
1908, 12 years before IMU. ICMI is as large as all the othés paiMU together. It has an
independent administration with its own General Assemidyitanown quadrennial congress, the
International Congress on Mathematical Education (ICME).

Since 2011, IMU has a permanent executive o ce in Berlinwbich Germany made a generous
contribution. Due to this contribution as well as succdsifud-raising activities, IMU has been
able to increase its activities in the developing couninethe past few years. The needs are
enormous, and actions in this direction are a priority fer ¢tbming years.

The CDC supports a wide range of projects including:

- Volunteer Lecturer Program (VLP) : the VLP, with help from CIMPA of France and the
U.S. National Committee on Mathematics, sends lectureigve intensive 3- to 4-week courses in
mathematics at the advanced undergraduate or master's leve

- IMU-Simons Foundation Travel Fellowship . this program supports research visits of math-
ematicians in the developing world to a center of excellleno®llaborative research in mathematics;
- Abel Visiting Scholar Program supported by the Niels Henrik Abel Board to o er young
mathematicians from the developing world a research s@bbat a center of excellence.

- The African Mathematics Millennium Science Initiative (AMMSI) : AMMSI admin-
isters



a scholarship program for mathematics graduate studentth@rAfrican continent and helps to
organize workshops, conferences, and lectures. It wasteditby the Mellon Foundation and the
Science Initiative Group, based in Princeton, NJ.

- Mentoring African Research in Mathematics (MARM) : IMU and AMMSI assisted the
London Mathematical Society in founding the MARM programiclvisupports mathematics and
its teaching in the countries of sub-Saharan Africa. The narmogis nancially supported by the
Nu eld Foundation and the Leverhulme Trust.

- Mathematics Library Assistance Scheme for Developing Countries : The CDC o ers

to pay the shipment costs when individual scientists oitinisins wish to donate books in the
mathematical sciences to libraries in developing cosntrie

- Adopt a Graduate Student : This new program will be launched at ICM2014. The pilot
design, initiated by the Friends of IMU, aims to match irdexd donors, one-on-one, with talented
mathematics graduate students at a university in the deugdoworld in need of a graduate assis-
tantship to continue their studies.

- Conference support program for conferences in developing countries and fgrosupf math-
ematicians of developing countries to go to internatiooafferences.

The NANUM project  supported by Korea allows for 1000 mathematicians from |ojgneg
countries to participate in ICM2014 and benet from satelictivities, including MENAO and
the IMU General Assembly, for further networking. While IMUvaies in the developing world
are limited by its small budget, it collaborates with mankeotinitiatives, including the Africa
Mathematics Project, funded by the Simons Foundation.

IMU and ICMI have strengthened their linkages and synasaineir missions, with a mutual focus
on the developing world. An important achievement isGhpacity and Networking Project
(CANP) , supported by UNESCO, with the goal to enhance mathematiasation in di erent
regions of the world. There have been CANP workshops in Mahg¢bphone Africa, 2011), Costa
Rica (Latin America and the Caribbean, 2012), Cambodia (Bast, 2013) and the next CANP
will be in Tanzania in September 2014 (English speakingal\fr@ther joint projects of IMU and
ICMI include mathematical exhibitionExperiencing Mathematics  and theMathematics of
Planet Earth Exhibition ), and theKlein project for secondary school teachers.

The World Digital Mathematical Library (WDML) wishes to improve the access to math-
ematical literature everywhere in the world.

Three primary points are guiding IMU future actions:

1. Vibrant communities of mathematical research are vitahto scienti c, technological, social,
and economic development of every nation; it is essentfakter such communities and to broadly
communicate the bene ts of mathematics to society.

2. Quality mathematics education for all is the foundation dtronger mathematics worldwide;
the teaching and learning of mathematics should keep patethe needs of modern societies,
especially those in the developing world.

3. The IMU and its more than 70 member countries are committeeixpanding mathematical

capacity that is based on three platforms: access to qualdyhematics education for all; an

emphasis on nurturing mathematical talent and rewardirgp@plishment wherever they appear,
especially in developing countries; and providing opessado the full richness of historical and
current mathematics literature.



In what follows we review the fundamental role of mathematienodern life and society, and explain
the IMU's role in strengthening mathematics worldwide. Waashow the IMU is organized, and
highlight the roles of both its Commission for Developingrn@ees (CDC) and the International
Council for Mathematics Instruction (ICMI), as well as ithiekages and collaboration in projects in
the developing world. The IMU's championing of a World Bigiathematics Library is discussed
briey.

This paper then concludes with a 4-page roadmap for future action.

1. The role of mathematics today

While mathematics may not be fully appreciated by people whora not mathematicians, it is
omnipresent and essential to our modern technological seiyi The functions of mathematics
guide many of the habits we have come to take for granted: tailg on the cell phone, following
friends on Facebook, searching by Google. If the languagensthematics is foreign to most
people, we bene t from its importance every time as we use oautomobiles, laptops, security
systems, tra ¢ models, medical scanners, and countless @hfeatures of modern culture.

Some areas of mathematical research are extremely spez&di and are home to only the few
participants able to follow the latest discussions. On thetber hand, enriching cross-currents
also swirl through the mathematical universe, breaking dawinternal barriers and opening
very interesting and mathematically compelling problemsa general { and highly productive {

discussion.

The design of microprocessor chips is done by mathematicaéthods, especially those of dis-
crete mathematics. In industry, discrete optimization is @volutionizing how products are man-
ufactured, ordered, stored, and delivered. The eld of paérn theory has revolutionized de-
velopments in computer vision, speech recognition, signptocessing and parts of arti cial
intelligence. The life sciences in particular are burstingvith new mathematical power. Op-
timization techniques help predict protein folding and urdlding. Analytical tools unlock the
value of complex data sets generated by genomics and protecsn Knot theory, along with
probability theory and combinatorics, helps biologists uderstand the three-dimensional me-
chanics of DNA sequencing. In silico modeling replaces expee and dangerous experiments
in medicine, aeronautics, and other elds. All told, mathem#cs is revolutionizing practices
in health care, energy, agriculture, economics, public poy, political science, environmental
studies, public transport, logistics, and other elds.

The contributions of mathematics to modern life extend beyd its partnerships with the
other sciences and engineering. Over the last several dezsdt has become clear that a
mathematically-educated population is a key to economic delopment. Before the 1950s, few
people suspected the paramount importance of academic @®h to economic development,
which was assumed to be almost entirely a product of capitahd labor. However, as suggested
by, e.g., the pioneering work of MIT economist Robert Solowiechnical progress,” based on
new knowledge, may well be more important than capital or ladr in driving economic growtH .
This discovery drew many more economists to look deeply intioe contributions of knowledge to
growth. While this exploration was proceeding, internatioal development agencies continued

1Robert M. Solow, A Contribution to the Theory of Economic Growth, Quarterly Journal of Economics (MIT
Press), 70 (1): p. 65 { 94, 1956.



to place emphasis on primary and then secondary educatioardely neglecting tertiary educa-
tion as a means of improving economic growth and mitigatinggverty. From 1995 to 1999, the
proportion of development aid allotted to higher educatiordeclined to just 7%. By the turn of
the century, however, this began to change. In 1999, the WdrBank publishedKnowledge for
Developmentan in uential report that looked at how developing countres could use knowledge
to narrow the income gap with rich world economies. It showedalcorrelation between education
in mathematics, science, and engineering and improved eoatic performance.

Subsequent studies showed that not only primary and seconglabut also tertiary education
can raise GDP directly and, for developing countries, incase the speed of catch-dp A study
focused on the experience of Taiwan showed that higher edtioa played a strong role in the
country's economic growth, nding that a 1 per cent rise in hgher education stock (as de ned
by those who had completed higher education, including jumi college, college, university, or
graduate school) led to a 0.35 per cent rise in industrial optit®> . This work examined the
e ects of concentration in di erent disciplines and conclded that study of the natural sciences
(including mathematics) and engineering had the largest ect. Other studies have looked more
closely at the output of STEM schooling and found that it lead speci cally to higher cognitive
skills, which in turn a ect the economic growth rate. One anbysis, examining mathematics and
science testing from 1960 to 2000, showed that the level ofjodive skills of a nation's students
has a large e ect on its subsequent economic growth rdte More speci cally, the authors
concluded that a highly skilled work force can raise econotngrowth by about two-thirds of a
percentage point every year. The experience of Korea, hogttbe 2014 International Congress
of Mathematicians, provides a typical illustration.

Another useful tool to improve education is the Mathematics @mpiad. In Brazil, for example,

some 20 million students participate each year in the Brain National Mathematics Olympiad,

organized by the Institute for Pure and Applied Mathematicsn Rio de Janeiro. The country's
scienti ¢ leaders see this exercise as a means of moving gaheducation toward the levels of
the developed countries of the North.

A related issue of importance is whether a country should iegt in \just a few rocket scientists"

at the very top of the ability distribution or in \education f or all.” The answer seems to be
that both are separately important to economic growth. Suliantial numbers of outstanding

scientists, engineers, and other innovators are needed wtem work at the frontier, but every

nation also needs a labor force that has the basic mathematiskills required by technologically
driven economies.

Finally, while the strong link between cognitive skills and @éonomic growth should encourage
continued reform e orts, reformers should bear in mind thateconomic output alone is not
su cient.

2Bloom, David, David Canning, and Kevin Chan, Higher Education and Development in Africa Washington,
DC: The World Bank, Human Development Sector, Africa Region, February 2006.

3T-C Lin, The Role of higher education in economic development: an empiricatsdy of Taiwan case. Journal
of Asian Economics 15 (2): 355{ 371, 2004.

4Hanushek, Eric. A, Dean T. Jamison, Eliot A. Jamison, and Ludger WoessmannEducation and economic
growth: It's not just going to school but learning something whilghere that matters, Palo Alto, CA: Hoover
Institution Press, 2008. The authors state, \Our analysis suggests that icreasing tertiary education may be
important in promoting faster technological catch-up and improving a country's ability to maximize its economic
output.”

SHanushek et al, ibid.



Addressing challenges for the present and the future

Strengthening the mathematical culture of a society can begwith several clear-cut objectives.
For example, the mathematical community is somewhat isolat by the di culty of its subject
matter, so that the public poorly understands what mathematians do. In many countries, the
mathematics community could make a better case for the valud mathematics to the public
and the government. Communicating this status is especiglimportant because so few political
leaders have mathematical or scienti ¢ backgrounds. Matheaticians who are not accustomed
to explaining or marketing their subject have an opportunig to articulate the value of what
they do to those outside the scienti c community.

A related challenge is the perception that training in mathmatics is uninteresting or unneces-
sarily arduous { a long journey into a \foreign" world that is accessible only to certain kinds
of minds. Here, the responsibility lies primarily with the tachers, from whom the student can
bene t from clarity and inspiration at every level. At any step of the mathematical journey,
a keen teacher can inspire and excite the student's enthusia, and open a window to the
unfolding power of a good mathematical education. Schoolstgms and countries hoping to
encourage interest in mathematics can take care to supporkceellent programs at every level
simultaneously, from primary education to research in univsities. When well-quali ed peo-
ple are teaching e ectively at each of these levels, studentlimb the educational ladder with
excitement and see themselves as some day replacing them tbachers they admire. This
journey is doubly arduous in settings where support for madmatics education is scant. For
example, in most African countries, mathematical developmeis limited by low numbers of
secondary school teachers and of mathematicians at the mass and PhD levels. Countries
with too few professors to train the next generation of leade face the challenge of building up
their training capacity and developing up-to-date methodsnd systems. Faculty and graduate
students who su er from professional and geographic isolah should be encouraged to form
partnerships and networks for sharing ideas with colleagsi@nd generating the research they
must do to advance professionally.

In the least developed countries (LDCs), students who armvat the university hoping for
education in mathematics or science may nd especially dating challenges, beginning with
over-crowded learning spaces. Classrooms originally dgsd to hold 30 or 40 students may
be jammed with several hundred youngsters, seated elbow tth@w, balancing on window
sills, standing along walls. Teachers should also work hatd bring the university curriculum
in sync with career realities. Curricula seldom include ceer guidance for the student, who
simply nishes as a \math major." Aligning the curriculum wit h real-world job opportunities {
not only in teaching, but perhaps in IT, nance, computing, @ bioinformatics { allows students
to see for themselves a potentially exciting futufe. In most developing countries, teaching and
research infrastructure is inadequate. Few buildings hawaequate electrical wiring, let alone
the internet access that is taken for granted in modern univsities. Students seldom have
access to textbooks or journals, and libraries built decasleago are not equipped to provide
access to digital resources. The few functional public commers are kept in tiny labs, where
students must share, peer over shoulders, or wait their turfiew students can a ord their own.
Inadequate bandwidth hinders Internet use and downloadingven when one succeeds in getting
online.

Themes of research often focus exclusively on traditionalamches of pure mathematics such as

5This is the objective of the current International Commission for Mathematical Instruction (ICMI) Study
20, Educational Interfaces between Mathematics and Industry (EIMI) seehttp://www.iciam.org/EIMI/

5



algebra, geometry and analysis. In some countries, currlaw er poor guidance in probability,
statistics, and applied mathematics, emphasizing pure armbmpartmentalized mathematics by
tradition. In contrast, other countries assign low prioriy to pure mathematics, endangering
the long-term integrity of their programs.

Excessive teaching loads discourage both faculty and stule Students have too little atten-
tion; faculty have too little time for their students, and too few incentives, funding, or potential
partners for themselves and their research. Seldom able titemnd professional conferences, they
have slight exposure to the people and ideas of their eld.

At a more practical level, lecturers are poorly paid compadewith their counterparts in gov-
ernment and the private sector, while still facing high costof living. A teaching career at some
universities may require a second job as a clerk, high sche@hcher, or taxi driver if one is to
support a family. Nor do mathematics graduates have many opins in the private sector, which
has only recently begun to hire mathematicians. By compans, university mathematics grad-
uates in developed countries often have their choice of maappealing careers. In Germany,
for example, a recent survey of average starting salaries tmiversity graduates indicated that
mathematics graduates were second-highest. Only 20 percehthem took teaching jobs, while
the rest had a wide choice of options, many of them in industry

Therefore, while mathematics is poised to continue expamdj in scope and vitality, nourishing
other scienti ¢ elds and being nourished by them in return,it has reached a signi cant point in
its evolution. Many developed countries support excelleqirograms at their leading institutes
and universities, often enriched by talented students fromabroad, but the level of primary
and secondary education is often inadequate to prepare thext generation of mathematicians.
In developing countries, especially the least developedaw talent is abundant, but almost
completely untapped. As it becomes clearer each year how desgiely the major challenges of
disease, hunger, climate change, environmental remedatj and energy development depend
on mathematical, computational, statistical and other quatitative skills, the urgent task of
developing latent mathematical talent should be a high priity everywhere.

To address our most urgent economic, developmental, and &aal challenges, we should hold
up and adhere to a vision of mathematics as a living sciencegnnected to the real world of
people, institutions, and countries. Countries need moraigport for those who wish to become
educators and researchers in mathematics, and they need mapllaboration among institutions
and people seeking to make this happen. Necessary steps idelstronger teaching of primary
and secondary students; more government support for teache faculty, and infrastructure;
scholarships for graduate students and fellowships for fdty; and a clearer delineation of
pathways to rewarding mathematics-based careers.

The International Mathematical Union can play a larger rolen helping this come about, and
has already taken preliminary steps indicating its determiation to do so. The World Mathe-
matical Year 2000, for example, which was initiated by the IM, resulted in educational and
communications activities around the world, reaching mangeople who had no previous expo-
sure to the breadth and relevance of mathematics. At a natiah level, the Mathematical Year
2008 in Germany enhanced the visibility of mathematics thrggh thousands of educational
activities for all levels, events for the general public, mcal workshops, and meetings with
industry leaders and journalists. Recently, the Mathematis of Planet Earth 2013 sponsored
events world-wide and invited participants to contribute b a daily blog recording the activities



of mathematicians who study the evolving processes of plarearth.
2. Strengthening mathematics world-wide: IMU's role

The International Mathematical Union (IMU) is a global organization that addresses math-
ematics as an international activity, brings together matematicians from all disciplines, and
recognizes the challenges described above. Its goal at priegs to strengthen and expand its
ways of dealing with those challenges. It is well positiongd do so, partly because the mem-
bers of IMU are countries { not individuals { and national goernments are uniquely positioned
to develop country-wide policies and scale up successfubgrams for the common good. The
primary and founding purpose of the IMU, according to the orgazation's statues, is simply
to \promote international cooperation among mathematicias." The emphasis on the word
\cooperation" is deliberate, because it re ects the collabrative nature of mathematics, as dis-
cussed in the previous section, and suggests that matheneatiprovides a common language
for scientists and engineers the world over. And it is a langga that spans the spectrum of
mathematical activities, from the \blue-sky" ruminations of pure mathematics to the practical,
interdisciplinary pursuits of the applied mathematician mteracting with other scientists and
engineers.

While mathematicians for the most part carry on their businessvithout any thought for the
IMU, it has been since its founding the principal body represéing mathematics on the world
stag€ . In terms of structure, the IMU is an international non-govenmental, non-pro t scien-
ti c organization. Itis a member of the International Coundl for Science (ICSU), a Paris-based
umbrella organization. The IMU is governed by a set of rulesf @eeming simplicity that have
nonetheless been debated with great vigor over the decadés.full menu of objectives is:

To promote international cooperation in mathematics;

To support and assist the International Congress of Mathentigians (ICM) and other inter-
national scienti c meetings;

To encourage and support other international mathematicahctivities considered likely to
contribute to the development of mathematical science in sof its aspects { pure, applied, or
educationaf . The IMU supports the whole range of those engaged in the styidr practice of
mathematics, including those of limited mathematical exp@nce, beginners contemplating a
major in the subject, science students who aim toward careein science and technology, and
researchers working at the pinnacle of their subject. Beydrsupporting the profession itself,
the IMU feels strongly that all educated people should attaia degree of mathematical literacy
if they are to be informed citizens in our knowledge-basedeer

While raising the level of mathematical literacy world-wides desirable, however, the IMU for
most of its history has never had the resources to even begmthink at a global scale. In fact,

"For a full description of the IMU from its founding through the early 1990s, see Ollie Lehto's detailed
and evenhanded accountMathematics Without Borders: A History of the International Mat hematical Union
(Springer, 1998). Of special value is the appendix, which includes chnological lists of country membership,
medal winners, leaders, and meeting sites of not only the IMU but alsdts several committees and commissions.
See alsdMathematicians of the World, Unite! International Congress of Mathematicians { A Human Endeavor,
Guillermo P. Curbera, Taylor & Francis Group , 2009.

8These simple objectives, proposed in 1949 by American mathematician Mahnsll Stone, have remained
virtually unchanged. As leader of the e ort to re-start the Union, Stone pressed hard for inclusiveness, carefully
navigating both post-War and Cold War sensitivities. A \Declaration of Univ ersality" helped set the tone for
international cooperation that has endured many trials in the ensuing cecades.



the IMU has been known to most mathematicians for just two fuctions:

(1) organizing the quadrennial International Congress of Bthematicians (ICM), a showcase of
current research, and

(2) awarding the Fields Medal, widely regarded as the mathertieal equivalent of the Nobel

Prize. The medals are named after J. C. Fields, a leading Canadimathematician who worked
tirelessly for international collaboration in mathematic and willed part of his estate to endow
the medaP .

Structure and function

The structure and function of the IMU have been considered thi great care from the outset, and
are changed only after broad and slow consultation with thergater mathematical community.
The International Mathematical Union has no personal member Its members and associate
members are countries® represented through an \Adhering Organization," which may b
its principal academy, a mathematical society or other ma#matical institution. A country
starting to develop its mathematical culture and interestd in building links to mathematicians
all over the world is invited to join IMU as an associate memlye Multi-national mathematical
societies and professional societies can join IMU as a liatmembers. In mid-2014, the IMU
has 71 members, 10 associate members, and 4 a liate members.

Every four years the IMU membership gathers in a meeting of éhGeneral Assembly (GA) that
consists of delegates appointed by the Adhering Organizati®, together with the members of
the Executive Committee (EC) and other invited guests. Mosftormal decisions are made at
the GA, including the election of the o cers, establishment & commissions, the approval of
the budget, and changes of the statutes and by-laws. The ECrmists of the President, two
Vice-Presidents, the Secretary, six Members-at- Large, alected for a term of four years,
and the Past President. The EC is responsible for all policy atters and for such tasks as
choosing the members of the ICM Program Committee and varisyprize committees. The EC
typically meets once a year physically, though most of its l®iness is carried out by e-mail.
The 10 members of the Executive Committee (EC), who serve féour years, are elected by
the General Assembly from a slate of candidates proposed byethlominating Committee after
consulting the IMU members. One of the major jobs of the EC ishe preparation of the next
Congress. This begins with site selection, and recommeniat of that site to the General
Assembly for a vote. The next step is appointment of the ICM Prgram Committee, which
plans the program, decides on the total number of lectures drspecialized panels, and assigns
to each panel a number of lecture slots. The last four ICMs wetheld in Hyderabad (2010),
Madrid (2006), Beijing (2002), and Berlin (1998). The venuér ICM 2014 is Seoul.

Members are admitted into one of ve groups, depending on th&tage of their mathematical
development and contributions, such as publications. Grpunumber determines the number

9J.C. Fields proposed awarding two to four gold medals every four yearsat honor outstanding mathemati-
cians, a suggestion accepted at the 1932 ICM in Zurich. He urged that the awdr be considered both in
recognition of work already done and as \an encouragement for further achieverm¢” This was much like
the original intent of the Nobel Prize, which has since come be regarded aa reward for past achievement,
while the Fields is considered a prize for young mathematicians, andince 1966, those \not over forty years
old." The medal itself, of 14-karat gold, was designed by Canadian sculptor Roért Tait McKenzie to represent
Archimedes. Fields was preparing his proposal for the Zurich meetigg when he fell ill. He died in August 1932,
one month before the Congress. His proposal was accepted at the closing sessas was his own posthumous
cash contribution toward a cash prize to accompany the medal. For a pictee of the Fields medal (and other
IMU award medals), seehttp://www.mathunion.org/general/prizes

10See e.g.http://www.mathunion.org/members/countries/list/sorted-by-continents for a list.



of votes and the level of dues, which have always been paid wiSs francs; now that the IMU
has a permanent Secretariat in Berlin, Germany, a change@vto Euros will be proposed at
the 2014 GA. Dues are set in terms of units; for members of Graup II, and Ill, the number

of unit contributions were originally set as one, two, and tree, respectively. For Group IV
they were ve, and for Group V eight (these have since been mioed to increase the dues
progressively). Until recently, these dues provided virtdly all of the IMU's budget, except
for small contributions from international organizations A major topic today, however, is
increasing the budget so the IMU can take a more active role supporting mathematics in
developing countries and promoting a global Digital Mathetics Library.

To preserve its history, the International Mathematical Unon maintains an archive containing
important correspondence and documents. The archive wasstrlocated in Zurich and was
moved to the University of Helsinki in 1994. In 2011 the archivevas moved to the new
permanent IMU Secretariat in Berlin and o cially opened on November 10, 2011.

Some IMU traditions

A notable feature of the IMU has been its frugality. David Munfiord, president in 1994, said
he was told by French mathematician Jean-Pierre Serre the twaecrets of the Union's success:
\First, no one was ever nominated to the Executive Committee o wanted the job; second, the
IMU has no money to speak of." For the years 1952-1954, the abtbudget was $3,965, to be
used for secretarial help, o ce expenses, traveling expess of the Executive Committee, and
emergency and reserve. As Prof. Lehto writes, only slightlphgue-in-cheek, \All mathematical
plans and activities were largely imaginary, because the Wm had practically no funds of its
own for their implementation." In fact, the IMU has been ableto accomplish a great deal
through its frugality and through the tireless volunteer atvity of members who are willing
to serve on committees, organize programs, and coordinatembership. The budget for this
work was expected to be covered entirely by members' contutions. Dues are considerably
higher today, though still tiny compared with other scientic unions or the assets of private
foundations, for example. Dues for 2012 were 1,670 Swissrfés per \unit,” the quantity by
which all dues are calculated. By this schedule, a Group | cony, such as Cameroon, pays
1,670 Swiss francs per year, or one unit, while a Group V couytsuch as the United States,
pays 20,040 Swiss francs, or about 12 units. Dues have insexha modest 2% per year in the
last few years. The budget for 2012 totaled 536,000 Swissnita, and major activities (from a
nancial point of view) were scienti ¢ activities of the Commission for Developing Countries,
CHF 120,000 ; travel grants, CHF 62,000; and ICMI scienti ¢ activities, CHF 40,000.

Another tradition that has served the IMU well is openness. Om aspect of openness is to
welcome other organizations and disciplines to meetings tbie General Assembly, as it did in
the 1950s with the International Union of Theoretical and Appkd Mechanics, for example.
Since the late 1970s, its presidents have all spoken in favoir increased collaboration with
organizations representing computer science, mathematicphysics, history, probability, and
other elds. In his 1986 presidential address, Lennart Carbon said: \In my opinion, it is
essential for the health and vitality of our science to extehand cultivate our relations to other
elds of applications."”

With regard to partnerships, the Union has developed overlajpm policies that seem to co-exist
peacefully. On the one hand, it has taken care to avoid bindincommitments that might limit
its freedom or impose obligations. On the other hand, it hasreatly enriched its programs

1This includes a generous grant of US $45,000 from the Abel Fund of Norway.



through a variety of historical and current collaborations Some of these date to its earliest
years, such as a close relationship with both UNESCO and ICSU,ghnternational Council of
Scienti ¢ Unions (now called simply the International Cound of Science). Both organizations
have provided small but essential annual grants. ICSU has & an important ally in the
commitment of both organizations to the \free circulation é scientists," which has allowed
IMU meetings to maintain their openness even during the Col#var and the era of apartheid
in South Africa. UNESCO has been a partner in many programs, indaing the initiation of
the Capacity and Networking Project (CANP).

In addition, the IMU has bene ted from small and large partneships with many organizations.
The Volunteer Lecturer Program has been supported by the U.Slational Committee on Math-

ematics and the French International Center for Pure and Appéd Mathematics (CIMPA). The

MARM program, Mentoring African Research in Mathematics (MARM), has been supported
by the Nu eld Foundation and Leverhulme Trust in Great Britai n. The African Mathematics

Millennium Science Initiative (AMSSI) has been supported bthe IMU and the Mellon Founda-

tion, and now the Simons Foundation supports the Africa Mathmatics Project (AMP). These

partnerships and many more allow the IMU to attempt its worldwide reach { and bring hope
that this reach can be extended still further.

Another aspect of openness is the inclusion of both pure andpied mathematics. In princi-
ple, the IMU works hard for a balance between the two broad aas, and indeed, many revered
mathematicians, including Archimedes, Newton, Gauss and vddeumann, regarded mathe-
matics as a seamless whole. And many of today's applied matheimal tools { the calculus,
Fourier series, and matrices, with their powerful economiand scienti ¢ impact { were once
considered \pure" research. Nonetheless, the two ends of theectrum have often experienced
a mutual distance, and the International Congress of Indusal and Applied Mathematics and
the International Council of Industrial and Applied Mathemaics were formed in part because
some applied mathematicians felt ignored by the IMU. Simildy, mathematicians and math-
ematics educators have often struggled to work in partnergh despite the fact that the IMU
embraces both activities within the same informal charterBoth groups today profess a strong
desire to work in partnership, and indeed many of the most \at IMU activities, especially in
the developing world, are driven jointly by leaders in bothhe IMU and ICMI.

A central premise of the IMU is that mathematics is a collabative endeavor and it is en-
riched to the degree that people from all regions are free totéract. \Promoting international
cooperation in mathematics”, one of IMU's primary goals, haproven complex in a world of
political tensions. Ollie Lehto's bookMathematics Without Borders: A History of the Inter-
national Mathematical Union (Springer, 1998) chronicles its struggles to remain objeet and
apolitical, a tenet that is still central to the IMU today.

Medals of recognition

The IMU recognizes the work of outstanding mathematicianshtough prizes { again, many
of them supported by partner organizations. The value of es has been debated over the
years; some mathematicians have criticized them as more extagant than useful. Educators
have expressed concern that they encourage elitism. But tkensensus is that prizes serve the
valuable functions of recognizing models and setting norgrend their presentation begins each
ICM. The number of medals and other distinctions awarded haacreased over the years, in an
e ort to reward achievement the newer interdisciplinary aeas as well as established sub- elds.
The Fields Medal (1936) recognizes outstanding mathematical achievemenr fexisting
work and for the promise of future achievement; awarded to rtteematicians not exceeding
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the age of 40. The cash award for this prize was endowed by a best from the Canadian
mathematician J.C. Fields.

The Rolf Nevanlinna Prize  (1986) is awarded for outstanding contributions in the math
ematical aspects of information sciences, to a researchet Bxceeding the age of 40; the IMU
considers it the equivalent of the Fields Medal for this very athematical eld. This prize is
nanced by the University of Helsinki.

The Carl Friedrich Gauss Prize  (2006) honors a scientist whose mathematical contribu-
tions have found signi cant application outside mathemats. This prize is sponsored by the
German Mathematical Society.

The Chern Medal (2010) is awarded to an individual whose lifelong achievents in the
eld of mathematics warrant the highest level of recognitin. This prize is nanced by the
Chern Medal Foundation and the Simons Foundation.

The Leelavati Prize (2010) accords high recognition and great appreciation fancreasing
public awareness of mathematics as an intellectual disdip¢ and the crucial role it plays in
diverse human endeavors. From 2014 onwards, this prize ioagored by Infosys.

The ICM Emmy Noether Lecture (1994) is a special lecture which honors women who
have made fundamental and sustained contributions to the rtfeematical sciences.

The Ramanujan Prize  (2005) recognizes an outstanding mathematician from a déeping
country who is less than 45 years of age. Up to 2012 it was supigar nancially by the Norwe-
gian Abel Memorial Fund; from 2014 onwards it is supported byhie Department of Science and
Technology (DST) of the Indian government. It is jointly awaded by IMU, the International
Centre for Theoretical Physics, Trieste, and the DST.

IMU commissions and committees

Much of the work of the IMU is divided among several commissie and less formal committees.
The standing committees focus on the following topics:

Mathematical Education : IMU's research on mathematics education is done through its
International Commission on Mathematical Instruction (ICMI) which was established
in 1908, before IMU was founded. This commission is organizike the IMU through its own
Executive Committee and General Assembly.

Developing Countries  : A signi cant percentage of IMU's budget, including grants eceived

from individuals, mathematical societies, foundations,ral funding agencies, is spent on activ-
ities for developing countries. The IMU took its rst organzed steps towards the promotion
of mathematics in developing countries in 1971. Since 2014ig has been done through the
Commission for Developing Countries (CDC)

History of Mathematics . The International Commission for the History of Math-
ematics (ICHM), created in 1971, is operated jointly by the IMU and theDivision of the
History of Science (DHS) of the International Union for the Histoy and Philosophy of Science
(IUHPS).

Information and Communication : The Committee on Electronic Information and
Communication (CEIC)  was formed in 1998 and advises IMU on matters concerning math
ematical information, communication, and publishing. A spcial current focus is its e ort to
help develop a world-wide Digital Mathematics Library.
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3. The IMU and the developing world

In the scienti cally developed world, a career in mathematis has long been respectable, if not
particularly remunerative. In the developing world, howeer, the prospective mathematics stu-
dent faces many barriers and less remuneration. There il popular interest in mathematics,
little support from friends or family, few role models amongeachers and even university fac-
ulty, and scant nancial aid. It may be rare to nd public funding for MS or PhD studies, as
is the norm in many advanced countries. Talented studentsspecially in Africa, often leave
home to nd institutions that o er scholarships or researchgroups, contributing to brain drain.

Weakness is found in Latin America, Asia, and Africa at every lev of development. As
underlined in the recent reportMathematics in Africa: Challenges and OpportunitiesTo con-
centrate on primary education alone will be futile if there g8 no quali ed teachers; there can
be no quali ed teachers without skilled mentors to train then." 12 A healthy educational sys-
tems produces su cient numbers of students at higher secoady and tertiary levels to replace
retiring faculty and share the heavy teaching load. Suppadrtg this young population supposes
a societal recognition of the importance of the professiomé improved working conditions of
teachers. It requires system-wide e orts to allow teacheraccess to networks, resources, and
in-service development.

The di culties do not end for individuals who complete their studies. Faculty members in many
developing countries experience both professional and gesphic isolation. With overwhelming

teaching loads, they have little opportunity to do researchand few or no graduate students
with whom to form a critical mass of investigators. Governm# support is meager and faculty
tend to absorb whatever nancial aid is available simply to gpport themselves.

It does not appear that lack of advanced mathematical commities is caused by lack of in-
digenous talent. It seems far more likely that mathematicatlent is distributed randomly and

is not favored by geographical or political boundaries. Buthe opportunities to develop talent
vary widely depending on circumstances. For example, in foer British and French colonies in
Africa, such as Kenya and Senegal, and in Vietnam, there are elent pre-university schools
that graduate excellent students in mathematics. But suchpportunity is available only to a

small percentage of young people, while the vast majority @held back by lack of opportunity
caused by poverty or other conditions. A key responsibilitgpf the IMU is to take what action

it can to support those regions of the world that lack mathentical resources, infrastructure,
or expertise.

Developing an outreach mission

The IMU rst turned its attention to the needs of developing @untries in the 1960s. With the
end of the colonial era, newly independent countries wanted build their own structures of
research and education, but few of them had the needed resmes. Unfortunately, the IMU,
with few resources of its own, could o er little help.

The IMU took its rst organized steps to promote mathematicsin the developing world in the
early 1970s, when it formed an International Group in 1971 tadvise the Executive Committee.
In 1974 it helped organize Regional Groups, and in 1975 its @mission on Exchanges began
to devote its energies to developing countries. An importargtep of this Commission was made
in Africa, in 1976 at Rabat, Morocco, when it used a grant fromhe Canadian International

2produced by the Developing Countries Strategic Group (DCSG) of thelMU for the John Templeton Foun-
dation, 2009.
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Development Agency (CIDA) to support the All African Mathematical Conference in Morocco,
which led to the creation of the African Mathematical Union (AMU). In 1978 the IMU took
another important step in creating a Commission on Developamt and Exchange (CDE), whose
aim was to support mathematicians based in economically didvantaged countries through
individual research grants and travel grants to conferense

In the late 1980s, the CDE was able to extend its work thanks toontributions from national
mathematical societies. The CDE built links to the South-Est Asian Mathematical Society,
the African Mathematical Union, and the Latin America School 6 Mathematics (ELAM), as
well as Centre International des Mathematiques Pures et Agmwees (CIMPA) in Nice, France,
and the International Center for Theoretical Physics (ICTB in Trieste.

After over a decade of awarding small grants through the CDEhe IMU felt it had to do
more. In 2002 the Executive Committee, under the leadershipf then-President John Ball,
convened an ad-hoc committee to advise on strategy. This conitee reported in September
2003, advocating a new Developing Countries Strategy GroipCSG), along with a new class
of IMU associate membership for less mathematically devpled countries. An annual grant
from the Norwegian Abel Fund helped the CDE support mathematgin the developing world,
and to award the Ramanujan Prize. Additional grants have com&om funds administered
through the London Mathematical Society and American Matheatical Society. The CDE
also helped support the study \Mathematics in Africa: Challages and Opportunities” (2009),
funded by the John Templeton Foundation.

In order to accommodate its growing palette of such activigis, the IMU decided to consolidate
them under a new entity called the Commission for Developin@ountries (CDC), which in
2008 became a major feature of the IMU's mission. It now supgsra number of new projects,
including:

The Volunteer Lecturer Program (VLP)

The VLP, with help from CIMPA of France and the
U.S. National Committee on Mathematics, sends lec-
turers to give intensive 3- to 4-week courses in math-
ematics at the advanced undergraduate or master's
level. Since 2007, courses have been given in Africa,
Central America, South East Asia and the Middle
East on topics in core mathematics. The volunteer
lecturer is chosen by the host institution from an
online database maintained by CDC. The volunteer

RUPP M. Se. (MatAcmatics) Program
* Number Theory (21 March — 06 April 2012)

q!, (
)

lecturer's home institution is asked to provide leave A VLP group in 2012.
with pay. The hosting university has no nancial (Photo by Fidel Nemenzo)
obligations, but is expected to provide local assis-

tance.

Mentoring African Research in Mathematics (MARM)
IMU and AMMSI assisted the London Mathematical Society in fonding the MARM program,
which supports mathematics and its teaching in the countreeof sub-Saharan Africa. Through
a mentoring partnership between mathematicians in Africa ahthose in the United Kingdom
and Europe, it cultivates longer-term relationships betwen individual mathematicians and
students. The program is designed to counter brain drain byupporting quali ed mathematics
professionals in situ. The program is nancially supportedy the Nu eld Foundation and the
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Leverhulme Trust.

The African Mathematics Millennium Science Initiative (AMMSI)

AMMSI administers a scholarship program for mathematics
graduate students on the African continent and helps to or-
ganize workshops, conferences, and lectures. It was iniid
by the Mellon Foundation and the Science Initiative Group,
based in Princeton, NJ. Since the end of Mellon funding in
2010, it has continued to receive a modest grant from CDC
to sustain the scholarship program. AMMSI is structured
as a distributed network with regional o ces in Botswana,
Cameroon, Kenya, Nigeria and Senegal. Applications can
be sent to the AMMSI Secretariatammsi@uonbi.ac.ke

Fatou Nere: AMMSI scholarship in 2005; Ph.D. in 2010; now Lecturer at AIMS-Senegal,
Dakar. (Photo by Wandera Ogana)

Mathematics Library Assistance Scheme for Developing Countries
The CDC o ers to pay the shipment costs when individual scidists or institutions wish to
donate books in the mathematical sciences to libraries in wEoping countries. Interested
universities or research institutions can send a list of maématical areas in which books are
needed to the CDC Administration. More information can be fond at URL
www.mathunion.org/cdc/further-cdc-activities/librar y-assistance-scheme .

Adopt a Graduate Student
The largest single need among mathematics communities inveéoping countries is graduate
student support. Itis common for students in developed cotnes to nd public or other sources
of support, but this is not the case in the developing world. Aiere are no teaching assistants,
because the faculty themselves teach even the most basicrses simply to earn enough money
to support themselves. Graduate students must often take alp (perhaps teaching in a remote
village) to subsidize their studies. A grants program prodes a high return on investment in
countries where a year's support typically costs the equilent of US $1000-3000.
The Adopt-a-Graduate-Student program, designed to addre#isis need, will be launched at the
2014 ICM. The pilot design, initiated by the Friends of IMU, ams to match interested donors,
especially from the mathematics community, one-on-one wWittalented mathematics graduate
students in need of a graduate assistantship to continue fer studies at a university in the
developing world.
—_— Al Support from the CDC made it possible for these graduate
» ~ students (four from Cambodia, one from Laos) to continue
their Mathematics Master Program in the Philippines.
(Photo by Fidel Nemenzo)

The Adopt-a-Graduate-Student program, and other IMU
fundraising e orts to bene t the CDC,b strive to make more
such graduate fellowships possible for students from and in
developing countries.

While the IMU's activities in the developing world are limitedby its small budget, it collaborates
with many other initiatives, such as the following:

A material in uence on the CDC's work in recent years has beea two-year MSc program
in mathematical modeling run at the University of Zimbabwe n the late 1990s and at the
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University of Botswana subsequently. It was funded primaml by the Norwegian Program for
Development, Research and Education (NUFU). While the IMU was ablto add only small
amounts of additional conference support, it has bene tedubstantially from the pioneering
work of the NUFU program. Between 1997 and 2007, the modeling gram was able to
produce some 50 MSc graduates and 10 PhD graduates, many ofomhsuccessfully moved
to faculty positions in southern Africa. The program moved toBotswana and came to an
end after a decade. It was replaced by a new program called NOMBased at the University
of Dar es Salaam, Tanzania, but it continues to serve as a vahie model. Among its chief
advantages was exibility, which allowed resources to be ed either for travel for sta to teach
in Zimbabwe, student travel to the host institution, or student travel to professional conferences.
The program also improved cooperation among mathematiciarof the region and established
links with industry.

Africa Mathematics Project
This program is funded entirely by the Simons Foundation, tiithe IMU consulted on its design,
and provided context and rationale through its earlier repd Mathematics in Africa: Challenges
and Opportunities. The Simons project, which began in fall®.2, will focus on mathematicians
and their graduate students at institutions of higher learing in sub-Saharan Africa. The
Foundation will make competitive awards that, taken togetler, will total approximately 400,000
USD per year for each of the next 10 years.

Mathematics in Emerging Nations: Achievements and Opportunities (ME NAO)
The IMU is organizing a major one-day satellite event for th8eoul Congress in 2014 to highlight
mathematical activities and young talent in developing cauiries. The MENAO event will take
place on August 12, 2014, the day before the medal award cerewycand

o, IS expected to attract mathematicians, potential donors osponsors, gov-
?7 ernmental and NGO leaders, and representatives of industryrthe South
' ' & ----- * Korean Organizing Committee has generously raised the fumndo invite
1,000 mathematicians from emerging nations to attend ICM 2@. This
freed up CDC funds earmarked for the support of ICM particip@on of
MENAQ mathematicians from developing countries, part of which gports the or-

" ganization of the symposium.

MENAO itself is both a gesture of support for mathematics in te developing world, and a
reminder of Korea's own acceleration to scienti cally-adanced status.

4. The ICMI and the challenge of mathematical education

The IMU has not only the challenge of supporting mathematiceesearch in every nation, but
also the twin challenge of strengthening mathematics eduean. In fact, its concern with
education extends back as far in time as its research concgrgiven that ICMI, was actually
founded a decade before the IMU, in 1908. The a liation of resgchers and educators is natural
enough, since researchers count on well-prepared studetatorm their graduate groups, and
math educators should be able to do the preparing. Likewisegsearchers are almost always
educators as well, and so have a natural interest in the teanly process.

Worldwide, however, the challenges faced by mathematicsusghtion in society are probably
more complex than those facing mathematics research. In exdii cally advanced and in de-
veloping countries alike, students fail to meet current exgrtations, both in terms of advanced
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mathematics and in the basic mathematical literacy requigefor active citizens in technology-
based societies. Too few teachers have had good mathematmaparation, and they lack
adequate mathematical knowledge for teaching. For examplaccording to a recent report by
the U.S. National Academy of Sciences, roughly 75 percent of Usdudents are not pro cient
in mathematics at completion of the eighth grad€ , and no one has proposed an \easy" way
to correct these de ciencies.

Barriers to mathematical literacy

In many societies, basic knowledge of numbers and measurataéhas been considered a suf-
cient basis for participation in society. But this is no longer su cient in a technology-based
culture. Too many school systems around the world emphasiz@morization of rules whose
meaning is not evident to students, introduce subjects withut explaining what needs they
meet, and o er students little freedom in doing their work. The modern world requires genuine
mathematical literacy that includes the ability understard, analyze, and critically assess mul-
tiple data using various and complex systems of represeritat. It requires students who are
able to make reasonable choices about uncertainty and risk short, it requires updating the
objectives beyond standard arithmetic operatiort$ .

While these di culties pertain to countries around the world, weakness in mathematics is es-
pecially prevalent in developing countries. Few mathemats teachers have received adequate
mathematical training. Young people avoid the subject forts perceived di culty and poor ca-
reer prospects. At advanced levels, students who nd littler no public support leave academia
for well-paying jobs in information technology, banking, oaccounting. With an insu cient

in ow of young faculty, senior professors retire without rplacement. As the base of mathe-
maticians shrinks, so does the chance of an enriching exgece for students who remain. In an
African university, for example, it is not uncommon for an acdemic department of mathemat-
ics to have only one or a few professors and two or three gratiiatudents, making a collegial,
productive work environment impossible.

In many countries, few women are encouraged to enter mathetica'® . Yet while younger
women lack su cient encouragement and role models, they hawonvincingly shown an aptitude
for science and mathematics comparable to that of younger me For example, results of
international calculations (OECD, 2004, 2007) tend to showhat among the best-performing
education systems are those with a gender-inclusive eduoat within basic schooling.

To help meet the major challenges of humanity { in health careenvironment, energy and
development { substantial improvement is needed in mathertias education. This includes
sustained political action in support of teaching and edud¢@®n. Without grass roots pressure
from the bottom, and enlightened leadership from the top, to few children will have access
even to basic schooling. Millennium Development Goal 3 { aess to basic education for all
by 2015 { is far from being realized; an estimated 72 milliorhddren are still not enrolled in
primary school, and they would not nd quali ed teachers if they did enroll.

3National Research Council,Successful K-12 STEM Education: ldentifying E ective Approachesin Science,
Technology, Engineering, and Mathematicg2011), Washington, DC: The National Academies Press, 2011.

14This theme and others in this section were expressed by Mictelértigue in her report Challenges in Basic
Mathematics Education, United Nations Educational, Scienti c and Cultural Organization (UNESCO) , 2012.
Dr. Artigue is past president of the ICMI, whose Executive Committee has a rmed this document as a position
statement on mathematics education.

150n gender issues, see the important list of references on the wetssiof the International Organization of
Women and Mathematics Education (IOWME) at http://extra.shu.ac.uk/iowme/ ).
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Another hindrance to a vibrant mathematics education is its por public image. Many perceive
mathematics as a fundamentally solitary activity, detache from interaction with others; as an
arduous, silent and joyless e ort devoid of any intuition; & an exclusive club, accessible only to
a very small percentage of people. If this image was ever @t it is outdated. Mathematics is
a living science, the practitioners of which are eager to leafrom each other, and excited about
new developments. Becoming a professional mathematiciames require arduous training, true,
but the same is true for a professional athlete { a fact that renever prevented the multitude
of others from enjoying sports.

Practicing mathematicians can do much to open students' eye¢o the adventure of mathemat-

ical accomplishments through many centuries, on all conemts. The ICMI and its members

seek to convey this excitement as mathematics leads us deep¢o advanced skills and into

applications, including robotics, simulation, visualizion, and modeling. Mathematics today

extends far beyond the classroom as a living science, bothchared in the real world and in-

teracting with other elds, notably computer science, biabgy, physics, astronomy, engineering,
economics, and nance. Mathematics also builds the framevkonecessary for the abstract
thinking and inventiveness that underpins many of the new gpoaches in these elds.

Perhaps the greatest general challenge to mathematics edtars is to extend mathematics
education to all { without lowering quality. As noted above, tis is especially problematic
in developing countries, which seldom have su cient number of quali ed teachers or su -
cient physical resources to enrich the teaching environmerBut the quality of teaching is far
from satisfactory even in countries considered scienti dg developed. Too many mathematics
teachers are really \general-purpose” teachers without aedree in mathematics or expertise in
mathematics training.

The ICMI understands that this is no longer acceptable. Matématics itself has moved far and
fast over the past few decades, and teachers should be preghio convey this to their students.
Teachers should be better equipped to present a vision of rhamatics as a living science that
interacts with many other elds. Even more important, they $iould also have knowledge beyond
curriculum content { cognitive skills that allow them to understand the students themselves
and how they learr® .

Since 1987, a part of the IMU's budget is allocated for the fregse of ICMI, and ICMI and

other branches of IMU collaborate on many levels. Most appanmt is their joint emphasis on
programs for the developing world, which have evolved in paltel and are often shared outright.
Less apparent, perhaps, but equally important is the low-keapproach of both groups. The
ICMI, like IMU, has always seen its role as facilitator, rathethan arbiter or rule-setter.

Bent Christiansen, a long-time vice-president of ICMI, aitulated this position in 1982, when
the ICMI was gaining focus: \ICMI should not be seen as powaeitfleaders of the development
in mathematics education. In fact, the Commission and its EGhould not decide what are
proper or relevant solutions to problems in our eld. But thee was urgent need for a structure
under which interaction and exchange of views can be facdted.”

ICMI and the issue of reform

Teaching, learning, and assessment are complex activitispanning many domains. There are
no \big theorems" of education, but instead a growing undetanding of what the problems

16See below for a description of theklein Project, which is designed to stimulate the interest and involvement
of mathematics teachers.
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are and how to begin to address them. In many countries, matimaticians have a tradition of
involvement with pre-college education and teacher traing, but it often concerns detecting and
nurturing future mathematical talent. This is understandale, but does not reach the objective
of quality education for all.

The second challenge is to achieve better collaboration b&ten the various communities in
charge of educational issues, in particular the mathematans, teachers, and mathematics ed-
ucators. In the last decades, the development of didactics @an academic research eld has
modi ed the traditional balance. E orts to bring mathemati cians into conversation with re-
searchers in mathematics education have deeply in uencede IMU and initiated substantive
change. Both the research and educational communities réamut to each other again: ICM has
an educational component, creating opportunities for ma#maticians to be aware of research
in mathematics education; likewise, the ICME includes takk by mathematicians eager to share
current research ideas with educators.

Many mathematics education researchers insist that matheatics for teaching should be seen
as a form of applied mathematics whose knowledge di ers fuachentally from a university
mathematics education. Researchers explore didacticaldmledge at the interface of the edu-
cation and research. More broadly, research in mathematloaducation is a mixed science that
joins mathematics (a natural science) with social scienceacluding sociology, psychology, and
neuroscience.

Alan Schoenfeld of the University of California at Berkeley,ite winner of the 2012 Felix Kleih’
Medal, emphasizes the youth of mathematics education, whibecame a professional discipline
only in the late 1960s and early 1970s. The mind of the studemtas regarded largely as a
\black box," without much understanding of what was happemg inside. As more cognitive
knowledge was added to the eld, researchers began to ask sfiens of more value, and learned
to extract more meaning. \From 1975 to about 1990 we were bdihg tools," said Schoenfeld.
\From about 1995 to now things have grown more complex, and teresting." At the AMS
annual meetings, he noted, mathematicians began talking abt education. Now, about 40
percent of its sessions concern education.

Mictele Artigue, in her UNESCO article, states that the challexges of a quality education for
all cannot be met without developing new educational knowdige through research. During the
past decade, research in math education has developed sglyn At rst it focused on students:
learning processes, modes of reasoning and proof, repreg@ns and languages by which we
access mathematical objects, and the potential of new teabingies. More recently the focus
has broadened to teachers: their beliefs about teaching atehrning mathematics, how their
knowledge and ability develop, and the cultural dimensionsf teaching and learning.

Still to be understood, however, are the e ects of educatiah choices and how to scale up new
knowledge. Better research on didactic action is needed,opably incorporating other under-
standings from the cognitive sciences as these are acquirgguality mathematics education
for all is an ambitious challenge whose success depends prily on the capacity of countries
to develop and retain a su cient number of quali ed teachers teachers able to present math-
ematics as a science anchored in history and living in the gent; and teaching that connects

17At its 10th quadrennial congress, ICME-10 in 2004, ICMI inaugurated two pregigious awards, the Felix
Klein and the Hans Freudenthal Medals (hamed for, respectively, thelst and 8th presidents of ICMI), to be
awarded at each consecutive ICME. The Felix Klein Medal is awardeddr lifelong achievement in mathematics
education research.
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mathematics with other disciplines, especially scienti celds?!® .
5. The ICMI and the developing world

A new focus

After a somewhat rocky relationship over the past several dades, the IMU and ICMI have
strengthened their linkages and synchronized their missien A substantial development is
their mutual focus on the developing world. This interest d@aally dates back to the early
1960s, when many former colonies were becoming independemtd education was seen as a
vital factor in their development into full nationhood. But the desire to help had to wait
several decades both because the IMU lacked su cient res@ass for far-reaching programs and
Cold War-related antipathies restrained collaborative a@mon. Today, however, both institutions
are far more focused on supporting developing countries,camding more e ective ways to
leverage their resources. \Why do we do this?" asked mathenied educator Mary Kay Stein
at ICME-12.\Because nding ways to help others live a ful lling life is partly what it means to
be human.”

Improving on older models of reform

A desire to help developing countries is not in itself a guangee that it can be done e ectively.

Luckily, the ICMI, along with many other organizations, by row has long experience in trying
{ albeit not alwayssuccessfully { to strengthen edgling programs from afar. A they have

had powerful feedback from experienced leaders of mathematin the developing world. For
example, a cogent description of when and how to implementfoems is o ered by Bienvenido
F. Nebres of the Philippines, a founder of the Southeast Asian Meematical Society (SEAMS)

with long experience in the Asian mathematics community.

Typically, writes Dr. Nebres, curriculum reform promoted byinternational agencies, such as
the World Bank, Asian Development Bank, and consultants fronthe West, is organized in
four phases. First comes the introduction of a new teaching ppach inspired by a theory
from the West (\new math,” \back to basics", problem-solving, constructivism, etc.). Second
is the development of textbooks and resources based on thegpgroaches. Third come pilot
and small-scale studies in particular contexts, which arealways successful." And fourth is
national implementation, accompanied by a program of teaeh training, which is almost never
successful.

The early phases take up a good deal of time, and as the funditignetable moves along, each
successive agent has less time to adapt, until nally the teaers charged with implementing
the reform in their classrooms are left with two or three weekto learn and apply the model.
They must change their habits abruptly, with minimal training. The results are almost always
bad, and a few years later, a new curricular project is launeld to remedy the situation.

Dr. Nebres compares this caricature of reform to the regulaeform timetable in Japan, which
unfolds every 10 to 12 years. This process gives great imgorte to an orderly, grass-roots
process that begins with systematic collection of suggestis from teachers, followed by their
analysis, synthesis and discussion. Out of these discussiothe school systems { not outside
agencies { decide on needed developments. Rather than a tationary attempt, writes Dr.
Nebres, \we begin with what we have and improve on it, rather thn wipe it out and totally

BFor particular di culties in retaining quali ed teachers in devel oped countries, see the U.S. initiativeMath
for America, http://www.mathforamerica.org/home
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replace it."t°

The ICMI has already learned much from leaders such as Dr. Ne&srin designing programs for
the developing world. Key among them is to work with local ctires in terms they understand,
from the bottom up. These principles have been incorporateiito the work of the IMU's
Commission on Developing Countries (CDC), established imdy 2008. Several new programs,
designed and implemented jointly by the CDC and ICMI, have ken received with enthusiasm
in the host countries.

The Capacity and Networking Project (CANP)

Both IMU and ICMI are eager to work with any country able to male productive use of their
help. A major development toward this goal is the new Capagitand Networking Project
(CANP), designed to be planned, managed, and sustained locably the host country. The
goal of CANP, which is supported also by UNESCO and the Internatiwal Council for Industrial
and Applied Mathematics (ICIAM), is nothing less than to enhaee mathematics education at
all levels in developing countries. We give here a brief oveew of the rst CANP projects; see
http://www.mathunion.org/icmi/activities/outreach-t o-developing-countries/
canp-project/  for more information, including reports.

The rst CANP gathering was held in 2011 at the University of Bam&o, in Mali, with the
additional Francophone countries of Burkina-Faso, Ivory @ast, Niger, and Senegal. The event
was planned largely by a UNESCO representative working in Maéind Dr. Artigue of ICMI
and CIMPA, in Nice, France. A UNESCO o ce in Bamako was able to asst in coordination
and support.

The program, and in particular the workshop, built on

existing activities in the region without seeking to repro-

duce or compete with existing development programs.

The core of the program was a two-week workshop of

about 40 participants, half from the host country and

half from regional neighbors. It was primarily aimed at

mathematics teacher educators, but also included math-

ematicians, researchers, policy-makers, and key teachers

The project also held associated activities such as public

lectures, satellite qukshops for students, and exhibitis (Photo: courtesy of Mictele Artigue)
for the general public.

After one year, a follow-up meeting in neighboring Senegal sheld to ensure continuity and
evaluation. A post-workshop and a one-year report were praded?® , and this early program
was used as a model for succeeding ones. The workshop wasndttd by a core group from
each country to \establish that the spirit was still alive,” said Dr. Artigue. \Before this event,
the math communities in the countries did not work together Now they are trying to do that.
When you have few human resources, collaboration can make aedkénce. Education is not
just teachers and learners. It is a function of a very complesystem. You can't touch just one
part. You can really achieve something if you touch the righpeople."

The second CANP was held in Costa Rica in August 2012, followindp¢ Mali model. Like

®Nebres, B.F. Philippine Perspective on the ICMI Comparative Study in M. Menghini, F. Furinghetti, L.
Giacardi, F. Arzarello (eds.)Perspective on the ICMI Comparative Study: The First Century of the International
Commission on Mathematics Instruction Rome (1908-2008): Instituto della enciclopedia Italiana, 2009. p.281.

20Seehttp://www.mathunion.org/icmi/activities/outreach-to-developing-countries/canp-project
-2011-2012-sub-saharan-africa/ . Reports on subsequent CANPs can also be found on the ICMI website.

20



most developing regions, Central America has little actiwtin mathematics education research.
Costa Rica is the only country in the region to have a researdroup, which has been at the
University of Costa Rica for two decades. This CANP invited 67 pécipants from Costa Rica,
Panama, Dominican Republic, Mexico, Cuba, Spain, Venezagland Columbia.

\We included contemporary mathematics, including applied
mathematics, fundamental math, the use of technology, and
education research," said Angel Ruiz, Professor of Mathe-
matics at the University of Costa Rica and ICMI member.
\CANP is also a tool for in-service and pre-service teachers,
and we try to establish links to primary education as well."

Meeting of the regional network formed as a result of
the second CANP. (Photo: courtesy of Angel Ruiz)

Dr. Ruiz said that the key to improved education is better resarch. \How can you introduce
the use of technology into the national curriculum?" he askk \You need research backing
you. That's why the Minister of Education came to us for this pogram. We think there is a
connection between attitudes, or perseverance, and bediefAfter ve minutes of working with a

problem our local students give up. They lack perseveranck Japan, the students try harder;

they keep working. This is an example of a cultural habit we wd to instill."

An important outcome of CANP 2012 was the creation of the Matheatics Education Network
for Central America and the Caribbean, which organized a remgial conference in the Dominican
Republic in November 2013.

The third CANP was held in Cambodia, in October 2013; it include also representatives from
Laos, Myanmar, Thailand and Vietnam. Most attendees were edators who prepare secondary
mathematics teachers; a few mathematicians, teachers, agdvernment curriculum personnel

were included as well. Cambodia faces special di culties:saof
the summer 2012, only four Cambodians held a PhD in math-
ematics. This tiny community has plans to produce MSc (and
eventually PhD) graduates and has built a relationship witHMU
on the basis of which it is already producing MSc graduates in
mathematics { indeed the IMU Volunteer Lecturer Program cur
rently provides the faculty for Cambodia's only MSc progranin
mathematics.

CANP-2013 in Cambodia. (Photo: courtesy of Bill Barton)

Plans are also underway to produce mathematics texts in thehner language. The nation's
development is clearly sti ed by its lack of mathematiciansand the government is supportive
of the CANP initiative.

CANP-4 will take place in September 2014, in Tanzania, aimingotpromote networking in
East-Africa.

"Experiencing Mathematics': A traveling exhibit.

Another important model that grew out of the partnership between the IMU, UNESO, and
CIMPA in Africa is the traveling exhibit \Experiencing Mathe matics." The goal of this project
was to develop an exhibit with simple, interactive manipulves that can help people under-
stand how mathematics relates to science, technology, andetreal world. Preparation began
with funding from UNESCO in 2000, and as Dr. Artigue, a partner irthe design of the exhibit,
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recalls, the objective was to show visitors that mathematscis:
(1) astonishing, interesting and useful;

(2) accessible, in its rst steps, to everyone;

(3) present throughout our daily lives; and

(4) important for our culture, development, and enrichment

With continuing support from the IMU, ICMI, and UNESCO the exhibit was presented rst at

ICME-10 in Copenhagen in 2004. In 2005 it moved to Uganda, inlsisaharan Africa, and then
to Cambodia, where it was adapted primarily for teacher traiing. An unanticipated success,
the exhibit has been presented to some 800,000 people in 20ntoes, and continues to travel
the world.

The Klein Project

Members of the ICMI suggested the Klein Project in memory ofdhix Klein's famous book
Elementary Mathematics from an Advanced StandpointBegun a century after the book was
published in 1909, the project is intended as a stimulus to lpemathematics teachers make
connections between the mathematics they teach and advadcemathematics research. \There
is a huge gap between the math in secondary school and the matkople teach in universities,"
said Bill Barton, president of the ICMI, at a seminar at ICME-12 in Korea. \We thought it
would be interesting for a project that communicates with tachers about math in a way that
rekindles their love for their subject, in the same way Kleidid. That is, ideas about the math
they deal with on a daily basis that would enthuse and excitehem, so they might become
more exciting teachers." The project uses \vignettes," orxamples { volunteered by both
mathematicians and math educators { about various mathematal questions. Some examples
on the Klein web site so far are:

How Google works: Markov chains and eigenvalues

A tale of two triangles: Heron triangles and elliptic curves

Public key cryptography

Recurrence and induction

Map coloring and Gmbner bases

Matrices and digital images

\This will be a space where teachers and educators and mathatitians do not argue,” said
Dr. Barton, \{ a little playground they all love to be in. It's neutral with respect to school
curricula and especially assessment { which is what they arg about most."

Organizers hope for three outputs from the Klein project: adok simultaneously published in
several languages, a resource DVD to assist teachers, andki-4wased web site for contributions.
The rst Klein Conference was held in Madeira in October 200@nd was followed by half a
dozen more at many venues.

Strengthening and extending regional activities

The challenge of a quality mathematics education for all came met only through collaboration
{ not just north-south, which is essential, but regionallyto address teaching as it is anchored in
contexts and cultures. This will include strengthening esting partnerships and building new
ones among foundations, the private sector, academia, gowaent, and like-minded interna-
tional agencies, such as UNESCO and ICSU. ICMI began to estahlisuch structures decades
ago. Beginning with the Inter- American Conferences on Matheatics Education (CIAEM)
in Latin America in 1961, many others have been held in South&taAsia, Anglophone Africa,
Francophone Africa, and East Asia.
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Reducing the distance between the taught and the new

The mathematical education of teachers is of primary impoance, as is the participation of
mathematicians in education. For these reasons, the strahgning collaboration between IMU
and ICMI is essential. Even as mathematicians become morevatved in multidisciplinary
projects and other disciplines, there remains the urgent ad to maintain the standards of the
eld itself. In 1990, Jean-Pierre Kahane of France, in his fawell message as president of
the ICMI, described his vision of this partnership: \In no oher living science is the role of
transposition didactique! so important at a research level. In no other science, howeyves
the distance between the taught and the new so large: In no other science is there such an
old tradition of scientists committed to educational quesons::: The situation is di erent now.
Mathematics interacts more strongly with other sciences antechnologies, mathematicians are
looking outside mathematics, many are oriented towards indtry, nance, management; the
relative importance many place on teaching and on thinkingbeout educational problems is
seemingly decreasing. It is time to draw the attention of méematicians again to educational
problems, some of which need to be approached with the exteadview of what mathematics
is now." One approach to this need is to update curricula in Bools to better align with a new
world, in which mathematics has progressed into new absttagirections and that, at the same
time, uses mathematics in the development of new technolegj industries, and nancial tools.

6. The Case for a World Digital Mathematical Library

Like students and scholars in every academic eld, those whabudy mathematics need access
to published papers and books, both modern and classic. Thised is especially great in the
eld of mathematics, where current research commonly buiddon work published decades or
even centuries earlier. For example, one survey found that@ess to mathematical literature
is especially problematic in the developing world, wherevieinstitutions can a ord expensive
professional journals or textbooks; today, mathematics x¢books may retail for more than US
$200. Despite well-intentioned e orts to provide books, sih as those of UNICEF, outside
donors cannot hope to Il the expanding needs of Asia, Africaand Latin America, where
students must rely almost wholly on verbal instruction.

A strategy to improve access to literature

The development of open-source software, e-books, and otlh@ernet innovations, however,
suggests a possible solution to this resource crisis: a VdbiDigital Mathematical Library
(WDML). Thanks to continued expansion of the Internet to eventhe smallest countrie$® ,
such a resource could in theory provide almost every kind afdrning resource to students and
researchers: classic literature from the nineteenth cemyuand earlier, modern journal articles,
books and textbooks, newly posted arXiv preprints, conferea proceedings, theses, and more
modern forums, such as math blogs, MathOver ow, and social edia.

The concept of a WDML is not new; in fact, digital libraries hae existed since the early

21Didactic transposition refers to the understanding the process otonverting factual knowledge into taught
knowledge. See, for example, the work of Yves Chevallard. mathematicalgpers published from 2000 to 2009
cited 665 articles published between 1850 and 1859.

22 recent example is the activation of the Eastern Africa Submarine Cabé System, which in 2010 brought
global service to nine countries, between South Africa and Sudan, it formerly relied on inadequate and
expensive satellite connections.

23



1990s, and most recent mathematical literature is alreadyigitized. But early pioneers of this
e ort saw how di cult it would be to locate, digitize, link, a ccess, maintain, and nance a
worldwide system, and early enthusiasm faded. They realtzehat a WDML would depend

on the leadership of a truly global organization that could e in the common interests of the
international mathematical community.

Recently, however, the leaders of the IMU have again recoged that their organization is a
logical choice to create a digital library, primarily becase of its global reach, wide member-
ship, and tradition of bottom-up, consensual governance.e$eral recent trends have helped to
resurrect the WDML vision, including the growing body of digized material, the increasing
sophistication of online search tools, and the ubiquity ofrdine social media.

The IMU's involvement

In 1998, the IMU Executive Committee created a Committee on |[Ectronic Information and
Communication (CEIC) to review the development of electran information, communication,
publication, and archiving so as to keep the EC abreast of a@nt and emerging issues and
to advise IMU on all related matters. CEIC was also asked to &k into the possibility of a
WDML. After several years of study, the CEIC organized a sympasn of key leaders from
many countries in Washington, DC, in 2012. The Alfred P. Sloafoundation supported the
meeting, and has separately funded a parallel study by the US tianal Academies on the
potential of a WDML. 23

Attendees described their own current e orts. A summary reprt by Peter Olver, of the Uni-

versity of Minnesota, re ected the keen interest among matimaticians to raise the project to a
high priority. Key leaders from around the world agreed thathey saw a window of opportunity,

and volunteered their own time and expertise to press aheagpeditiously.

What mathematicians want

Participants at the Washington meeting agreed that a WDML shold satisfy several criteria.
First, the entire infrastructure should be open and public, ioluding the digital data, the meta-
data, search algorithms, and all code at the core of the libna It should also be open in its
extensibility, thereby inspiring the mathematical commuity, as well as software engineers and
programmers, to develop additional applications and sengs. There was a strong consensus
that the underlying structure be designed as a simple, sedable, and adaptable portal rather
than a complex, xed library: in other words, the WDML should be \future-proof." Curat-
ing and maintaining scholarly material should be done lodg by volunteers, rather than in
hierarchical fashion. E cient and low-cost access has theqgtential to allow talented young
mathematicians now languishing in isolated environment®tjump-start their careers and bring
new contributions to global knowledge.

Barriers and hurdles

The optimism of those attending the CEIC meeting was tempedeby their own extensive
knowledge of the di culties that lie ahead. Among these \stiky issues" are the need to de ne
the primary target audience of a WDML and a durable administrave structure that can em-
brace a diversity of digital communities. A WDML will also fae the challenges of coordinating
content that is diverse and dispersed; it should develop duigticated search, interlinking, and
referencing capabilities. Useful search techniques will rggg multilingual and multicultural

23The report of this study has since been published and can be obtaineddm the Arxiv ( arXiv:1404.1905 )
or from the US National Academies Press atttp://www.nap.edu/catalog.php?record _id=18619.
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dictionaries and thesauri, including mechanisms for deaj with dynamic and cultural-speci ¢
changes in concept, terminology, notation, and rigor. Sedr algorithms should also be able to
determine which parts of a paper are mathematics and whicheatext or illustration, as well as
recognize di erent layout styles, logical structure, anddnguages. A particularly thorny issue
is that of copyright, especially for current and recent matgéal. Much of the digitized portion
of the literature has been formatted by large publishers whoeed to recoup costs, and by
small societies or nonpro ts who count on journal income. laddition, some publishers claim
copyright on material they digitize even when it is part of tle heritage library. Consequently,
some participants suggested that a WDML should begin as a madaWorld Heritage Digital
Mathematics Library" that concentrates at rst on freely available literature and serves as a
prototype for a broader e ort that adds current copyrightedmaterial. One much-discussed idea
is that of a \moving wall" for copyrighted material, behind which all mathematical literature
becomes freely available as it passes a milestone of ve y&ar some other agreed upon age. It
is important to note that such a moving wall would be of limitel bene t to developing countries.
The developed countries already have access to the curretedature, so the mathematical gap
would continue. The IMU advocates more e ective mechanisnts provide equitable access to
recent publications for developing countries.

A proposed approach

Fortunately, many of these sticky questions have been addsed over a development period of
more than a decade by the European DML, or EuDML, which has beecited as a prototype
for building a global DML. This encourages many to feel that &/DML is feasible, at least in
principle ¢ One outline for a WDML, based on the experience of the EuDML, ggests that
all mathematical material should be:

Freely available online, perhaps after an embargo periodh@ \moving wall")

Authoritative and enduring

Augmented continuously with publisher-supplied new contén

Equipped with sophisticated search and interoperabilitydols

Developed and organized by a network of institutions

The administrative structure would be a consortium contrded by the international mathe-
matical community, employing a full-time, salaried execute and small sta to oversee the
project. An initial step would be to set up a comprehensive regjry of all mathematics litera-
ture available online. While many tasks can be delegated to amteers and small stakeholders,
the project should be headed by a director whose job dependsedtly upon its success.

A realistic strategy would be to begin with the classical m&tematical corpus which includes
mechanisms for scaling up. Decisions about what to includede what quali es as \mathemat-
ics") can be made by individual content providers, perhapssoftly” regulated by advertising
certain best practices (e.g., noting the experience of MatReviews and Zentralblatt MATH.

A critical component of a WDML will be to provide assistance tegeted to the needs of devel-
oping countries. For example, few institutions in developg countries have adequate libraries,
library infrastructure, or training for librarians. Librarians are low in the academic pecking
order, and have little status in negotiating budgets and séhg policies. Students have little

24See UIf Rehmann's page on \Retrodigitized Mathematics Journals and Monograph"
(http://lwww.math.uni-bielefeld.de/ rehmann/DML/dmlinks.html ), which in mid-2012 contained
links to 4608 digitized books and 576 digitized journals/seminars.
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training in using libraries or searching for online materia.

A few international organizations, such as INASP and HINARI, spealize in providing hands-
on coaching for librarians and IT communities in developingountries, and in working with
publishers to make scholarly materials available for litd or no cost. The IMU can help bolster
digital capabilities by partnering with these and other graps, and with publishers wishing to
broaden the menu of available mathematical literature. Thproposed infrastructure will require
start-up funding, along with a modest but indispensable lapterm income stream to sustain
and continuously upgrade the system. It will need to includkbrarians expert in the knowledge
structure and IT people who maintain the technical structue. There are several logical places
to look for upfront funding, and a focused fund-raising e drshould begin promptly.

Conclusion

The IMU desires to help make a World Digital Mathematics Libary available to the global
mathematical community at modest cost. Doing so would helpaurish stronger mathemat-
ics in developing countries and thereby strengthen the magmatics community as a whole.
An equitable WDML would both re ect and extend the IMU's founding credo to \promote
international cooperation among mathematicians."
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7. A possible roadmap for future action

While the IMU has expanded its activities and goals, it resnai small, volunteer, underfunded
organization. In earlier decades, its dues-only stru@ppeared to be an advantage in some ways,
encouraging collaboration and volunteer e orts. But todajobal needs { and opportunities { invite

a more responsive and dynamic role. Developing countsiesutifor assistance as they struggle
to build modern mathematics capacity. The \old" IMU couldt tnmpe to provide the personal
and nancial assistance they need to enrich their postigatidn education, pre-service and in-
service training for teachers, and the broader educatioasg¢ on which to build a mathematically
literate work force and society. The IMU may choose to dp\elstrategy designed to attempt this
important and challenging new role.

In most developing countries, mathematical developmédimiied by a small population of quali ed
educators. More participants are needed at virtually ees}: primary and secondary school teach-
ers; faculty at the undergraduate, masters and especlalyPhD levels; research mathematicians,
who will contribute to a thriving mathematical environmérdt will keep mathematical talent in the
country, counteracting the brain drain, and those who catefoexpertise in modeling, interdisci-
plinary topics, and industrial mathematics. With few pssf#s in place to train the next generation
of teachers, researchers, and faculty, developing ceardannot harness the power of mathematics
to improve food security, combat diseases, use inform&tias, and power the economy.

The IMU and its more than 70 member countries are committdoliting a global mathematical
capacity that is based on three platforms: quality matheosagducation for all, a new emphasis on
mathematics in developing countries, and open accessrentand archival mathematics literature.

A new strategy might encompass the IMU's traditional aitisj including the International Congress
of Mathematicians and the awarding of the Fields and othedatse along with new activities
targeted at the needs of developing as well as developerieeciA central element of this vision,
though built on past custom, is the tradition of volunteeri®n which many of the programs listed
above depend. These include the CANP, the Klein Project, bedExperiencing Mathematics"
exhibition, all of which require the leadership of both trehematics and mathematics educator
communities throughout the world.

This strategy also depends on continuing shared e orts é&etmthe IMU and ICMI, which have
grown closer during recent years. The two organizationgtiending one another's congresses,
jointly designing new programs, and expanding their e twtsaise funds for desirable programs,
have the potential to achieve even greater results than baga possible in the past.

As global organizations, they can also call on others for lgelpernments, funding agencies, regional
organizations, professional societies. Using their oweaxth projects as models, they can translate
what they have learned to regional, national, and glob&resxbns of these models that are designed
and managed by mathematicians and math educators who aeetexym the culture and particular
needs of their environment.

Among the many objectives of this partnership, the followshguld command a high priority.
These objectives are cast as suggestions for those of theadUCMI constituencies which are
best positioned to carry them out.
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Strengthen education at every level

IMU members generally agree that educational improvenseat ioverwhelming need facing the
mathematics enterprise of developing and developed oesi@tiike. In most developing countries,
mathematical capacity is limited by low numbers of welligatheducators. More participants
are needed at virtually every level: quali ed primary amdrsgary school teachers; faculty at the
undergraduate, masters and especially the PhD levelseardrch mathematicians, including those
with expertise in modeling, interdisciplinary topics, amttlistrial mathematics. Stronger education
is also an urgent need for most developed countries if tleetpaneet the ever-expanding demands
of mathematics-based sciences and technologies.

Incorporate fund-raising into the IMU mission

The 2006 IMU General Assembly proposed that the incominguix@€ommittee identify a site
for a stable o ce and an expanded menu of IMU activities,udirlg a fund-raising expertise com-
mensurate with the desire of the Union to meet the new requeesd demands coming from around
the world. A permanent o ce location has now been estabtisiceBerlin, Germany, along with
the IMU archives. From this base, IMU can aspire to the kimésifurce building that can support
not only existing outreach programs, which are modest ipesdaut the innovative and ground-up
approaches required to make the Union's activities ever mective on a larger scale.

Support regional networks

In addition to revitalizing individual universities anbdestinstitutions, our advisers favor the use and
improvement of networks of institutions. Networks o er madvantages, such as

(1) creating the critical masses of students and reseadhet reduce professional isolation;

(2) increasing program exibility by making more diverséssvailable to participants, and

(3) allowing students and organizations to share infrastme, mentors, and career skills.

Regional networks bring several advantages for mathaaratic They are relatively inexpensive,
since many of their activities are generated by people atidutions already in place. They rely
on local people, an essential ingredient for success. Ticegase the magnitude and power of
projects by adding the expertise of multiple nodes. Theyaltudents access to more role models,
partners, and career possibilities than are visible fromgdeslocation. And they add the authority
of increased mass to each of the member nodes, allowing matilbeans to speak with a more
powerful and uni ed voice.

Encourage capacity building in situ

The intellectual capacity of many developing countriesde@n weakened in recent decades by brain
drain to the scienti cally more advanced countries. Whenrhhmber of trained mathematicians is
small, as it is in so many developing countries, the negateet of losing even a single brilliant
mathematician can be profound when one considers the l@saabfing, mentoring, and partnering
activities as well as research. By encouraging and prgviaentives for bright young mathemati-
cians to study at home or at least return there after intemdsandwich" programs abroad, the
IMU can help build enduring strength in the home country. putattion of locally employed math-
ematicians is needed to prepare young scholars not onlgddemia but also for technical jobs in
government and the private sector.
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Develop a Worldwide Digital Mathematics Library

As discussed in Section 6, open access to mathematicsuiteredn be an enormous step forward
for developing countries, which seldom have the journatextibooks they need. Mathematics
students and faculty alike need to be connected to the titegaof their eld. The IMU has recently
begun a strong e ort to develop a Worldwide Digital Matheiostibrary, which has the potential
to break through to otherwise isolated countries and alluswt to leap-frog ahead by gaining new
knowledge and an appreciation for world-wide events in thies.

Work toward a larger role for industry

Most mathematicians agree that all mathematical topicseslthe same continuum, while some
of them are described in terms of their \pure" or \applied"tme as a matter of convenience.
Many activities bridge such di erences, as fundamentakwgives rise to new applications, and
applications commonly inspire new fundamental work. Whdestry well appreciates the need
for applied mathematical research, and supports its owtiegpprograms, stronger collaboration
between fundamental mathematicians in academia and thasdustry is a desirable goal for both
sides. With the rapid growth of information technology, elody, data handing, bioinformatics, and
other math-based elds, the extension of mathematics interdisciplinary e orts will increasingly
drive social and economic progress in the future. The IM&hrgpg both fundamental and applied
activities, can do more to help bridge the communication gag invite more participation by
industry in the activities of the Union.

Improve the public image of mathematics

A serious impediment to stronger mathematical capacitysipaoor public image. Young people
get little support or encouragement to enter the eld, ofte@cking inspiring teachers and learning
little about the exciting math-based careers that will iegumore talented entrants in the years
ahead. The IMU and ICMI both have the opportunity to do faremiarcommunicating the value

of mathematics to the general public and demonstratingnitgartance to science, culture, and
economic development. Teachers and researchers alikeodan chore via public talks, writings,

and TV presentations to explain the needs for their subjeatadern life. They can also reach out
to the private sector to demonstrate the value of scienthinking for rms small and large

Make mathematics teaching more relevant and more exciting

The IMU and ICMI can do much more to encourage better teaclBeginning in primary school,
teaching should move beyond traditional emphases on neation and computation to include
practical exercises and a vision of the broader aspects thiematics. To achieve this requires
teachers and professors who have been exposed to thegpeiiriem-solving potentials of mathe-
matics. Even in the less-developed countries, teacherbavieoaccess to basic tools and information
sources, including functional computers, software, arde@fournals, can absorb some of this ex-
citement and impart the avor of modern mathematics to thsindent$® . Faculty motivation
should include promotion on the basis of merit rather thas ¢cbmmon criterion of seniority. In
addition, modern teaching of applied and industrial ma#tés should accompany the teaching of
pure mathematics as a focus of every institution.
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Promote a more active role for governments

The IMU has deliberately assumed a non-political role imdtwities, taking care not interfere
in government policies. Today, however, the Union has tiporeymity to do more in advising
governments on the need for support of mathematical relseard education, and on best practices
appropriate to their own educational levels. Becauseisslacholarships, and much capital spending
in developing countries are determined by national gowartsnpolitical leaders are well positioned
to accelerate mathematical development. They also havedbgonsibility to do so in an era
when every country can bene t from increased mathematicaltechnical skills among its people.
The IMU can now take advantage of its carefully developedtagpn for neutrality by advising
governments on the enormous returns to be gained by ingestithe mathematics education of
their young people.

All these objectives would have been di cult, if not impossilfor the \old" IMU to contemplate,
with its minimal resources and limited reach. They will b#l di cult, just as mathematics and
math education will always be challenging endeavors. Barethre reasons to view the moment
as propitious for an expanded agenda. The Internet has thenia to remove the problem of
access to information and literature, bringing insteadrtbe/s of great opportunities for those with
pro ciency in the mathematics-based skills of scienceneergng, and technology. Governments in
the developing world are more aware of the need to build tdagiacity in STEM-based teaching
and learning, even while not enough of them have the resotogaove rapidly. And mathematics
itself is proving not only to be central to the fast-growiméerdisciplinary elds of science and
engineering, including the biosciences and materialarodsebut also undergoing exciting growth
in many of its sub-disciplines, pure as well as applied.

Just as the world is beginning to appreciate the pervasleeofanathematics, the IMU has begun
to articulate its own evolving role { one that is truly wovldde. Just as the world already bene ts
from the capabilities of mathematicians in every regioe, fiembers of the IMU now see the
opportunity to build on this reality, communicate it to pglimakers and the general public, and
further encourage the development of mathematical taleetryavhere. Only when this talent is
allowed to grow and ourish across the globe will its inteatig have the full range of abilities to
address the worldwide challenges that lie ahead.
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