
 
 
Making Cultural Change 
 
Here is a revisionist personal history. Roughly 50 years ago I decided that U.S. mathematics 
education needed to undergo a radical change.  In my opinion mathematics education needed 
to morph from being primarily concerned with the education of mathematicians to being 
primarily concerned with the mathematics education of the general public.  Leaving aside the 
wisdom of that belief, assuming it as a working article of faith – then what? 
 
If you skip the many starts and stops and enthusiasms of youth, I came to another article of 
faith – that average students would learn more mathematics if they saw a reason to learn that 
mathematics. – A reason in the real world.  And that led me to mathematical modeling.  Not 
having any real experience with modeling and applications (I was a mathematical logician by 
training) I was fortunate to have Henry Pollak as a mentor.  Pollak was the head of mathematics 
research at Bell Labs for over 28 years and also a past president of the Mathematical 
Association of America. 
 
But the question remained, how does one go about such a paradigm shift in an educational 
system so resistant to ANY form of change.  One more article of faith – you can’t beat 
something with nothing.  In other words, it is not enough (unless you are French) to simply 
argue a philosophical point of view that things must change, you need to show people, in 
concrete terms, what you mean by change.  And so we began making ‘stuff’.  We built an 
organization to create teacher and student materials that embodied our philosophy. 
 
We began small both in the sense of a small working group and in terms of what we produced.  
We created curriculum modules that were meant to be covered in one hour of undergraduate 
class time. These modules could range over the entire undergraduate mathematics curriculum 
and they were meant to be self-contained.  Each taught some aspect of mathematics through a 
real application or model.  They were reviewed not only by academic mathematicians, but by 
teachers and practitioners in the field of application. 
 



 
 
In a town with the streets and houses marked, where do you put the fire station; in a long race 
like a marathon or triathalon how do you group the runners at the start so that they don’t 
interfere with each other yet finish the race before dark, if you read in the newspaper that the 
rainfall in France last year was so many centimeters, what does that mean, how is it calculated; 
how deep should you dig a root cellar to keep it at a constant temperature? And on and on. 
 
Of course, there is no complete set of materials that can present all of the uses of all of 
undergraduate mathematics.  And new applications are being discovered all of the time.  So, we 
needed a process that could continue and be self-sustaining.  Moreover, we wanted to locate 
this work squarely within the center of the academy – having it be part of the academic 
rewards system. 
 
To do both of these things we founded the UMAP Journal.  This is a peer reviewed journal 
containing articles about modeling, new applications of mathematics, and actual student ready 
materials.  It is now in its 37th year and just like any research journal authors and reviewers 
consider it part of their academic responsibilities to work for it.  And publication figures into 
tenure and promotion decisions.   
 

 



 
Some more history – the UMAP work was begun in the late 70s with initial funding from the 
National Science Foundation (NSF).  In those days essentially all federal funding for 
mathematics education came from NSF to colleges and universities. There was little or no work 
K-12.  That all changed on 1983/84 with the publication of a series of reports starting with “A 
Nation at Risk”.  That report lauded the U.S. math and science education at the tertiary level 
but pointed out deep deficiencies at the school level.  This gave rise to new funds being made 
available for elementary and secondary STEM education. 
 
COMAP hoped to build on our success at the college level and soon received a number of grants 
to produce modular material in applications and modeling at the secondary level.   
 

  

  
 
This work helped provide a philosophical foundation for the Standards produced by the 
National Council for the Teaching of Mathematics (NCTM) in 1989.  That document gave rise to 
many curriculum experiments at the K-12 that have had a profound effect on the introduction 
of real world problem solving at all academic levels.   
 
I want to be careful here not to oversell.  Much of what is taught today and how it is taught is 
very traditional.  But there is no doubt that with technological change and a grudging 
recognition of the importance of taking a more interdisciplinary approach to math and science 
curricula things are changing – even for math majors and gifted students. 
 



One last trip back in time:  In 1984 COMAP received a small 3 year grant from the Department 
of Education to found a university modeling contest – the Mathematical Contest in Modeling.  
In its first full year of operation MCM had 90 teams from 70 U.S. colleges participate. 
 

 
 
In 1999 we created a sister contest called ICM with problems of a more interdisciplinary nature, 
requiring working knowledge of fields outside of mathematics.  Up to this point participants 
were mostly from U.S. universities and the contests experienced modest growth.   
 

 
 
In 2016 there were 12,734 teams registered.  When we wrote the original grant for the contest 
we said explicitly that the purpose of the contest was not to reward bright students.  Rather, 
the raison d’etre was to promote the teaching and learning of mathematical modeling. And 
there is no question but that this strategy has been successful.  These competitions and various 
clones have been directly responsible for the addition of modeling courses into university math 
programs in many countries – notably in China and the U.S. 
 
But interestingly, the school curricula have been more resistant to change.  In part this is due to 
a phenomena that Is common across many countries. Namely, at the university level 



institutions and faculty have a great deal of flexibility in what we teach and when.  Often 
professional mathematics societies can take a leadership role.  And while these organizations 
may be conservative and slow to change they are in no way as political as the school leadership.  
Because in almost all cases the school program is set by a Ministry of Education which is part of 
the federal bureaucracy.  Moreover, in many countries there is an end of school test which is 
very very high-stakes.  And the curriculum is tied very very tightly to the content of that test. 
 
So, how do we influence that system?  One way is to continue to strengthen what we have 
done.  As the MCM/ICM receives greater prestige at the university level, secondary schools 
become more interested (especially the elite schools).  The next obvious move is to institute 
local high school contests.  
 
But this is not enough.  To influence the political establishment at the school level we need 
more.  As a consequence, in 2015 we established the International Mathematical Modeling 
Challenge (IMMC).   
 

 
This challenge is more in the Olympiad mode.  In particular, each participating country is 
allowed to enter up to two teams. Each team consists of four students.  The Organizing 
Committee of IMMC which I chair, does not tell the countries how to choose their 
representative teams.  The problem selection and grading is done by a separate expert panel.  
Because scheduling at the school level is an issue,  teams are permitted 5 consecutive days to 
work on the problem – but those five days can start anywhere in the contest period which runs 
from mid-March to mid-May.  Again, they may use any inanimate resources.  Grading takes 
place in early June and the Outstanding teams are invited to an awards ceremony.  Last year 
this ceremony was held in conjunction with ICME in Hamburg where the Outstanding teams 
presented their papers to an international audience.  I should mention that we do not rank the 
winning teams first, second, etc. Rather we have basic categories of which the top is 
Outstanding. Last year there were three Outstanding teams. 
 



 
 
In the first year of operation we had 17 teams from 10 countries.  In last year’s contest we had 
40 teams from 23 countries. 

 
 

Indications are that in 2017 these numbers will rise significantly. 



To give you an idea about the nature of the IMMC problems, the 2015 problem as on planning a 
movie production and the 2016 problem on insuring a track meet for record setting 
performance bonuses. 
 

  

  
 
I mentioned that the organizers of this challenge do not specify how participating countries 
should choose their two representative teams. Different countries have proceeded differently. 
We do ask that each country designate a country representative, so that we have one main 
contact person. In many cases, the first year that a country participates two teams are simply 
anointed usually from schools where there is a modeling focus.  But in subsequent years 
countries often have put in place some kind of internal national competition to choose their 
representative teams.  Some examples of how this is working: 
 
In the U.S., Australia, and China schools are invited to have teams work on the IMMC problem 
early in the contest period.  Based on their papers, a local committee decides on the two best 
papers and these are submitted to the Expert Panel which judges the international challenge.  
In China there is an extra step where top teams come to a central location and present their 
papers in talks to the local judging group.  They also designate regional winners as well as 
choose their final two teams.  In the Netherlands, there is a national contest already in place 
and the two top teams in their contest are picked to work on IMMC.   



At its heart, IMMC represents an attempt through the creation of an international prestigious 
challenge to influence school programs.  But how?  Imagine that teachers and even some 
administrators get the message that modeling is important.  What do they do, given the fact 
that they likely do not have a clear idea of what modeling is and is not.  To address precisely 
that issue we created GAIMME – Guidelines for Assessment and Instruction in Mathematical 
Modeling Education. 
 

 
 
Quoting from the GAIMME Preface: 
 

“A major reason for the creation of GAIMME was the fact that, despite the usefulness and value 

in demonstrating how mathematics can help analyze and guide decision making for real world 

messy problems, many people have limited experience with math modeling. We wanted to 

paint a clearer picture of mathematical modeling (what it is and what it isn’t) as a process and 

how the teaching of that process can mature as students move through the grade bands, 

independent of the mathematical knowledge they may bring to bear.”  

As I mentioned at the start of this talk – cultural change is difficult and cannot occur overnight.  
We have begun by increasing the understanding of the importance of mathematical modeling.  
We have shown by example how mathematical modeling can be introduced at ALL educational 
levels.  And now we need to convince teachers that this paradigm shift is not only desirable but 
doable and give them our complete support. 

 

 


