
 1

IN PROCESS 
Introduction to the 1997 Edition. 

 
I reprint this now, years later and with the new cur-
riculum firmly in place, because it gives an interesting 
personal account of the journey and the hopes and 
ideals that we had at the beginning.   
 
This is a collection of classroom problems.  They are 
not meant to be simply inserted into the curriculum—
they are meant to be the curriculum.  Thus they pro-
claim a new curriculum philosophy for mathematics. 
 
This philosophy takes its organization and structure 
(not to mention its inspiration) from the way curricula 
are designed in the arts, of which the most familiar is 
the English curriculum.  Thus, in the following intro-
duction, I will make frequent comparisons with the 
study of English.   
 
There are two main structural differences between the 
math and English curricula.  The first is that the Eng-
lish curriculum is centred around works of art, 
whereas the math curriculum is centred around techni-
cal skills.  The second is that the English teacher is 
given considerable freedom in what works should be 
studied, and what technical skills should be empha-
sized, whereas the math teacher is expected to follow 
a tight and closely specified schedule. 
 
This book is my attempt to move towards a curricu-
lum structure that is more like the English curriculum.  
The “works of art” are what some math educators are 
calling “rich learning tasks,” and my job has been to 
select, rework, and even reinvent them.  This form of 
curriculum requires that the math teacher have the 
freedom that the English teacher enjoys and that is an 
essential part of what it means to be a professional.  
To win that freedom in the mathematics curriculum, 
we will need to understand and honour the relation-
ship between art and technique—how art seeks the 
discipline of technique, and how technique enables art 
to move forward. 
 
In a practical vein, side-by-side with the many fine 
math problems in this book, are some wonderful 
pedagogical problems—how do we “teach” these 
problems, what resources of all kinds do we need, and 
how do we construct a curriculum that supports and 
even demands these problems?   
 
The next few pages provide a meandering journalistic 
introduction to the collection.   
 
 
 
December 1, 1996 
Gave a talk this afternoon to a “life-long learning” 
group about beauty in mathematics, and worked with 
the sum of cubes problem.  In the discussion, we 
talked about why math was such a universal subject in 
school, and I asked them whether math was “useful,” 

and they all put up their hands and assured me it was.  
“Useful for what”? I inquired, “give me some exam-
ples.”  And they produced the standard list, making 
change, doing income tax, bank balances, measuring, 
calculating areas, etc.  “But these are all arithmetic!” I 
exclaimed.  “What are you saying,” they asked, “that 
arithmetic isn’t math”?   
 
“That’s a good question.  Is arithmetic math?  Well 
look at this sum of cubes problem we’ve just been 
talking about—would you call that math”?  Some 
nodding of heads.  You betcha––it’s a beautiful piece 
of math.  Now what is it?  What are all these calcula-
tions?  Arithmetic?  Right again.  It’s just about all 
arithmetic.  So is arithmetic math?  Sure looks like it.” 
 
I paused.  A voice from the back: so where’s the 
“but”?  Laughter.   “Right, there’s always a “but.”  So 
here it is.  Look at a junior math text—it’s full of 
arithmetic too.  But is it math?”  Silence.  Nobody 
dares to move.   
 
Well, let’s see.  You have to ask some more questions.  
Are there problems in the book?  Do they search for 
patterns?  Do they look for common structures and try 
to understand those patterns in term of the structures.  
Are they ultimately guided by considerations of sim-
plicity, symmetry, elegance, beauty?  Are they pas-
sionate?  If you can answer yes to some of these ques-
tions, then you may well be looking at mathematics.   
 
The manipulations of arithmetic provide some of the 
simplest and most powerful technical tools we have, 
to identify and work with structures of all kinds.  
When a math problem needs to call on the simple 
services of arithmetic, I get very happy.  In investigat-
ing sum of cubes, I really enjoyed making up the 
tables, and watching the pattern emerge again and 
again, even long after I knew what I was going to find.  
Arithmetic is cool. 
 
January 8, 1997 
Casting back over some 20 years of working with 
elementary problems, wondering which to include, 
wondering what high school teachers will make of 
them.  Will the teachers be prepared to struggle with 
these (and will the students?).  Teaching with these 
problems is the hardest teaching I do.  This curriculum 
is only for professionals, and that word will have to be 
reinvented at the high school level.  A professional is 
a serious scholar of the subject.  The judgment of a 
professional is trusted.  A professional is given con-
siderable freedom.  A professional has time and space 
for scholarly work.  Hey––some real changes in the 
system are needed here.   
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January 10. 
Wondering whether to organize these problems by 
grades (10-12) but it’s too soon for that.  Certainly 
some problems are more sophisticated than others and 
should come later, but I am often impressed with how 
much progress an inventive grade 10 student can make 
with any of these.  In English, a good poem, a play, or 
a novel can usually work at many levels, sometimes 
all the way from grade 9 to graduate school, and in 
some sense the universality of a work is a measure of 
its greatness.   
 
January 16. 
Been reading Neil Postman’s new book, The end of 
education, and there are some resonances with my 
efforts here.  [Postman co-authored Teaching as a 
subversive activity, a book that captured me for a 
while in my early days.]  He begins with the ques-
tion—what are we to offer our students?––and he 
provides a single sweeping answer.  We are to give 
them what he calls a narrative or perhaps a god—a 
story anyway, a BIG story, a story which allows them 
to discover what it means to be human, and why they 
are here, a story to keep them fully engaged with life.  
This is a type of motivation, but not in the usual nar-
row sense which is simply to arouse your curiosity 
and focus your attention for a particular learning task.  
A Postman narrative, on the other hand, will tell you 
why you are in school at all, it will allow you to hang 
in when things are confusing or are not going well, it 
will provide you with a vision, an endless source of 
questions, a quest.  He gives some examples––the 
spaceship earth, which tells us that we are all on 
board together, and that this planet, wonderful as it is, 
is all we have, and we must learn to drive it together, 
and  the fallen angel which tells us that our truths are 
never absolute and our certainties are never sure, and 
that to approach the truth at all requires humility, in-
tegrity and great care (in both sense of the word).   
 
So we are to give them a narrative.  That’s a tall order, 
and it would seem we must first possess one our-
selves.  I am not sure just how mine would unfold, but 
it would certainly have a lot to say about the centrality 
of art, that at the centre of every human endeavour, of 
every problem we are trying to solve, professional and 
personal, of every relationship we are trying to track, 
we must encounter the artist struggling to capture a 
part of the world on a small piece of canvas.   
 
January 20. 
Having some trouble deciding how to write these 
problems up.  It’s partly about finding the right bal-
ance—between content and pedagogy, and between 
the professional and the personal.  Now that last one is 
quite interesting. 
 
The personal.  The first time I met text-book authors 
myself in any significant way was in grad school 
where a number of my professors had written the ma-
jor book in this field or that, and so for example I’d be 
attending Loomis’s lectures on abstract analysis and at 

the same time I’d be reading his textbook, and I re-
member being struck by how much more interesting 
the lectures were than the book because he told you 
what he thought about the theorems and how he had 
first encountered them and what he felt about them 
and stuff like that.  But curiously enough at that time I 
didn’t take the obvious step and ask, well if these 
inside reactions of his are so interesting and so impor-
tant to me as a student, how come he didn’t write the 
book this way?  I just accepted the fact that math 
books just had to be written in this austere impersonal 
style because all the books I had ever seen in high 
school and university were like this and so that’s the 
way the subject is—it just has to be that way.  It’s 
funny how hard it is to ask even obvious questions 
like that because everybody knows that what every-
body finds most interesting is what people feel about 
things, especially the serious important things of the 
universe, and how their encounter with these things 
has affected their lives, and in many ways that’s 
what’s gives the subject its life and its meaning, and 
so when these guys were writing their books I guess 
they had to make an effort to filter all that stuff out, 
and it must have been strange to them at first, but you 
can get good at anything if you practice enough.   
 
So for me, another 25 years would pass in my life 
before I was able to see the obvious, that mathematics, 
like all art, is intensely personal, so much so that a lot 
of the understanding of why things are done in certain 
ways, and what makes a problem important or beauti-
ful or, for heaven’s sakes, engaging, can only be had 
when some sort of personal relationship has been es-
tablished.  Still old habits die hard—my calculus 
book, written 5 years ago, is really quite impersonal.  
And with this material, even though I am now fully at 
home with this insight into the personal, new styles 
are hard to develop, and I find myself writing some 
sections again and again and again and frustrated at 
the time I seem to be taking.  I am clearly only part 
way through this quest for how a math textbook 
should be written.  
 
January 21. 
Reading yesterday’s entry, and I see that instead of 
referring to “this quest for how a math textbook 
should be written” I should have talked about “this 
quest for how I should write a math textbook.”  Be-
cause it’s clear that there should be different styles 
available, just as there are different mathematicians, 
and subfields with different flavours.  In English, of 
course, most of the richness of the subject comes from 
the variety of styles of poetry, drama, article, story, 
and novel that are put into the hands of the student, 
and this should happen in the math classroom too.  I 
have a book here which might make a contribution to 
this.  I know there are a number of other wonderful 
books around, but I am hoping that once the “style” 
barrier gets broken, there will be a rich collection of 
such books to choose from.  Am I being too idealistic 
here? 
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January 23. 
Talking with Frances last night and when she heard I 
was constructing a problems-based high school cur-
riculum she said well that might work for some stu-
dents, but I remember those “C exercises” only too 
well, and I hated them because I could never get them, 
and when someone showed me the trick I went away 
feeling stupid or inadequate.   
 
Right on Frances!.  Hey, but those C exercise prob-
lems weren’t meant for very many students.  They 
tended to be quite special and definitely “tricky.”  The 
problems I am collecting here are something else.  But 
what?  That’s a nice question, and I’ve been sitting 
here trying to come up with an explicit description of 
the characteristics that govern my choice of problems.  
Because I encounter a great many problems in my 
mathematical life, but only a few have found their 
way into this collection.  Well I think there are per-
haps three central conditions.  
 
1.  A problem must first of all be what I call a work of 
art, and there is no compromising on this point.  
[What is art?––Ah, what a question!]  This idea lies at 
the core of the curriculum, so that everything we do is 
based in art, and this is the message I most want to 
give my students again and again—that the way to 
live life is the way of an artist.  And so, though there 
are many technical procedures in this book, its struc-
ture and organization is driven not by the technical 
skills but by the works of art––it is this more than 
anything that probably distinguishes it from traditional 
mathematics text books.  So that the technical skills 
come, not in a particular order, but they come as they 
come, and in this sense, the organization is much more 
like a literature or humanities course than a science 
course.  
 
2.  Probably second in importance is that these prob-
lems are exploratory in nature.  There are some math 
problems whose solution depends on having some 
special insight or way of thinking, and if you don’t 
have it there’s not much you can do.  And many of 
these are quite wonderful math problems too, and it 
can be entertaining and instructive to have the solution 
demonstrated, and there’s certainly a place for such 
problems in education as “show-pieces.”  But my 
choice of the problems in this collection has been 
guided by their capacity to unfold before the student 
who is prepared to play with them, to investigate pos-
sibilities, to recognize patterns that emerge, and inter-
pret their mathematical significance.  
 
3.  Thirdly, these problems embody or lead to impor-
tant mathematical ideas.  Hey, I don’t even need 
“math” in there—they embody important ideas period, 
ideas about analogy, context, symmetry, transforma-
tion, recursion, ideas that inform our poetry and our 
music as well as our understanding of physics and 
biology.  For example, take the idea of transformation.  
What mathematics often does to a problem is to trans-
form it to a new setting, where it becomes a new prob-

lem with new objects, and then it tries to solve that, 
and transform the solution back.  For example, we 
find this in polygon, where we transform a geometric 
problem to an algebraic one, and in inversion, where 
we transform one geometric problem into another.  
This is an important mathematical tactic, and is also 
an important tactic in life itself.  
 
January 28. 
The quiet compliant students typically hang in with us 
and are happy to be fully occupied.  But others aban-
don us and in some ways those are the ones we owe 
the most allegiance to, the outcasts, the unwashed, for 
at an unusually young age they have come to under-
stand the essentially subversive nature of education, 
and having (they figure) little to lose, they are not 
afraid to look a problem square in the eye and judge 
its merits.  And they find that what we have to offer is 
seriously wanting.  
 
January 30.  
Joanna burst into my office this morning with her 
grade 12 exams—quite annoyed.  She did badly on 
her math—65/110.  I comforted her that the exam 
questions were not really math at all, at least that they 
weren’t the slightest bit similar to what I as a profes-
sional mathematician did in my work.  And that I 
knew she was a very talented mathematician because I 
had done a bit of problem-solving with her.  For ex-
ample, she had solved the two ants problem virtually 
in her head driving with me one day home from To-
ronto.  So she’ll be okay in the long run, but she gets 
discouraged when her marks are low, and I have to 
often boost her confidence.  However she was pleased 
with her 80 in English.  We talked a bit about the two 
exams.  The “essay” question on her English exam 
was noteworthy.   
 
 
 
 
 
 
 
 
 
 
 
 
 
Wow, what a question eh?  Sophisticated or what?  
Most of us math teachers would never contemplate 
putting a question of that sophistication on a math 
exam, or possibly even bringing it into the classroom.  
What a beautiful illustration of the difference between 
the two subjects—or rather (!) of the difference be-
tween the two curricula.  I read her essay and it wasn’t 
at all bad.  She said that in spite of the time constraint, 
she enjoyed writing it.  But the math!––it’s not that 
she got a lot of it wrong––she had time only to answer 
two thirds of the questions.  I asked her which exam 
was more interesting, but of course, I simply wanted 

In each of the following works, a serious character 
flaw found in the main character contributes to 
chaos, unhappiness and even disaster in his or her 
own life or the life of loved ones.  Discuss this idea 
and compare its force in two of the following three 
works:   

Othello,  
A Man for all Seasons,  

The Stone Angel. 
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to hear the answer I knew I’d get: Oh the English 
exam—the math questions are so…I don’t 
know…boring.  And there are too many of them. 
 
Off she went and I tried to get back to work, but I kept 
thinking about those two exams, and after about 20 
minutes I abandoned my lecture notes and settled into 
my “letter to the editor” mode.  By the end of the day 
I had dispatched my comments to the Globe and Mail.  
Maybe it’ll get published.  
 
February 2. 
Once upon a time in a distant land (actually the time is 
now and the place is here, but in some alternative 
unfolding of the universe that the physicists are al-
ways telling us is possible and maybe even actual) the 
standard curriculum in English consisted of a dreary 
sequence of technical examples (sound familiar?)—
fragments of poems, stories, articles, written “for the 
occasion” by a consortium of text-book authors, de-
signed to acquaint the student with the structure of a 
sonnet, the “do’s and don’ts” of the topic sentence of a 
paragraph, the role of descriptive passages in a narra-
tive, the proper form of a business letter, before and 
after email, etc.  Then along comes some radical uni-
versity prof and proposes Othello for the grade 11 
curriculum.  Imagine that you are a high school Eng-
lish teacher in that system and imagine your reaction.   
 
First of all, it would blow your students away—they 
could never cope with a work of such sophistication.  
It’s a whole work of art for heaven’s sakes, and it is 
well known that students can only cope with one idea 
at a time.  And imagine the reaction of the parents!  
How could you tell them what their Johnny had 
learned?  How could you tell your Head?  And how 
on earth would you examine them?  And of course 
you might be excused if you forgot to mention the 
biggest reason of all—that you’re not entirely sure 
you would be comfortable or even capable of doing 
any justice to a work of that magnitude.  Teach 
Othello in high school?  Have you ever been in a 
grade 11 class?––I mean really been there?  Talked to 
the students?  Listened to them?!  You university guys, 
jeez, get real! 
 
So if you’re wondering how to cope with the problems 
in this book, and your imagination needs a boost, go 
talk to your colleague who teaches English, and ask 
her how she works with Othello.   
 
February 5. 
Just finished working on Binet’s formula and I am 
struck (and somewhat dismayed!) by how demanding 
a number of these problems are—even my third-year 
math majors find them hard.  But maybe that’s just the 
way it’s supposed to be.  In high school English, the 
works that are studied can often challenge a graduate 
student.  But students at different levels take different 
things away from an encounter with the same prob-
lem.  And we have to be prepared to be surprised at 
what our students will uncover for themselves.  

 
And more than anything we need material that lifts 
them up, that enobles their spirit. 
 
February 6 
Globe article appeared this morning!  Wow.  And I’ve 
got email comments already.   
 
February 7 
I should say a bit more about the analogy between 
math and English, because it’s been playing an impor-
tant role in my own conceptual development for a 
number of years, and it’s bound to be shaping this 
book in many ways.  Of course, like any analogy, it’s 
only partial and a lot of things that are true and good 
about one subject won’t be true and good about the 
other, but I have found the analogy to be particularly 
useful in encouraging me to ask questions that I nor-
mally wouldn’t think to ask, to question assumptions 
about the way we teach math that I normally would 
not presume to challenge.  I’m sure I’ll be saying 
more about this as the book comes together.   
 
One important difference of course is found in the 
shape of the school curriculum documents.  The Eng-
lish document is open, flexible and general, and is 
clearly written for a teacher who is a trusted profes-
sional.  The mathematics document begins with a 
collection of general (and wonderful) aims, but then 
ridicules and annihilates these with pages and pages of 
closely specified technical skills—what we have come 
to call the LIST.   
 
No other curriculum that I know of feels it necessary 
to produce such a LIST. No other curriculum that I 
know of is so far removed from the actual work of the 
professional or the dedicated amateur.  The mathema-
tician asserts—no one can do math unless they have 
all these skills.  What arrogance.  What incredible 
arrogance.  Every subject needs skills.  Every disci-
pline experiences and is enriched by the creative ten-
sion between art and technique.  Where does this 
“special status” of mathematics come from?  How has 
this society tolerated this monstrosity for so long?  
The tragic irony is that this has destroyed mathematics 
for 90% of the population.  And the double irony is 
that it doesn’t even serve the other 10% particularly 
well. 
 
It’s a complicated situation now.  It’s hard to imagine 
a more open curriculum in mathematics because its 
present structure has shaped our view of the subject, 
our measure of daily progress, our methods of testing.  
An example: on my grade 13 Departmental English 
exam in 1961, the Macbeth question was to discuss 
the different ways in which blood appeared as a sym-
bol in the play.  Such a question would be considered 
unfair on a math exam.  It’s not enough that everyone 
studied the play. Some classrooms might have done 
blood, but others might not.  Exam questions in math 
are closed.  They are marked right or wrong. 
 



 5

 
February 20 
Was watching a TV program from the World Wildlife 
Fund talking about what measures we have to take to 
save any number of species from extinction, for ex-
ample, the beluga whale and the grizzly bear, and I’m 
guessing it’s a complicated problem, lots of factors, 
scientific, political, cultural, economic, and lots of 
technical components too.  So (of course) I was won-
dering what I can do in my math classroom to prepare 
my students for this problem, and one thing that’s 
clear is that they have to be able to get past the details, 
the technicalities, all the “facts” that will get thrown at 
them, and somehow see the big picture.  Or let me 
rephrase this—somehow construct the big picture, for 
that is our privilege and our responsibility as artists, to 
construct the world the live in, and this is why the 
feeding of the imagination is the most important task 
of the educator.   
 
Anyway, I’m getting carried away here.  It does seem 
to me that what we offer our students (at least what 
they perceive we are offering) is a mess of technical 
details, with no big picture to see or construct.  To 
make artists of them, we have to start with the whole 
canvas, teeming with ideas, problems, possibilities, 
and teach them to say, “don’t ply me with details, I 
don’t want all your details, let me ask the questions.”  
And then they imagine for a while, and then they start 
a few preliminary sketches, and then they get hungry 
for facts, theorems, and techniques, not your results, 
but theirs.  And the picture at the end is also not yours 
but theirs.  But you made it happen. 
 
February  23. 
If you organize a curriculum around technique, the art 
will always be derivative and can never have a life of 
its own.  For an artist, such a curriculum must lack 
integrity, and those students who thereby decide not to 
give it their allegiance deserve considerable respect. 
 
March 6. 
Applications:  For me a better word is relevance.  
Above all, the mathematics I bring into the classroom 
must be relevant to the lives of my students.  And the 
more I think about this, the more I find relevance to be 
centred in art.  That is not to say it is not centred in 
life, but we don’t just live life, we always have a point 
of reference from which we project ourselves into the 
world, and for my students I want this to be at the 
intersection of art and utility, so that when they are 
out in the world of commerce, or engineering or poli-
tics, that is how they will be focused. 
 
March 10. 
If I can get my students to focus, not on the terminol-
ogy and the notation and the context but on the prob-
lem itself, if I can get my students to understand and 
grapple with the problem––I find they have all sorts of 
intuitive, ingenious and even subversive ways of clos-
ing in on an answer which simply do not respect the 
conventional approaches which mathematicians in 

their wisdom and for their ‘higher” purposes have 
seen fit to legislate.   
 
March 12 
One thing I am sure about is that this is SERIOUS.  
This idea that the math and science curriculum could 
be structured in a totally different way, is A VERY 
SERIOUS IDEA.  We all need a good shaking up, 
teachers and students.  [A great image for “letting 
go”—it’s hard to hang on to too much when you’re 
shaking around.]   
 
 
March 20 
The problem spirals unceasingly around me, always 
seeming just out of reach, or is that I really understand 
it and just cannot put it into words?  At night I sit 
down and try in my journal to write my way out of it, 
thinking that I am not wasting time with this writing, 
that I am perhaps unwittingly writing part of the intro-
duction to “the text book,” or constructing the core of 
a talk I have promised to give to some teachers on 
Monday, but I manage only a few more disconnected 
ideas which I add at the bottom of a long list of such 
ideas that I have already generated over many nights, 
saying the same thing again and again, but always, 
somehow, just missing the key.   
 
Technical skills.  Every time I talk about it I seem to 
get misunderstood. 
 
It’s different from a math problem for which I can 
always find some idea to try out, generate some data, 
look at simple cases, play with a related version.  It’s 
a problem about ideas, about education, about what it 
means to be human––the relationship between art and 
technique.  So many fundamental ideas.   
 
But a wonderful class tonight—did the polygon prob-
lem.  They liked playing with the coloured straws—
they’re funky kids, they really are.  And they really 
seemed fascinated that a bunch of equations on the 
board could provide a proof that it couldn’t be con-
structed.  It’s a nice problem––I think I’ll use it again 
at the Math Ed Forum on Saturday. 
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March 23 
Interesting meeting yesterday at the Fields—lots of 
heat, debates, turf being defended, but a real sense of 
trying to pull together as a community.  It’s a unique 
time, with a spirit of “grassroots” reform in the air.  
Me, I think I was still wearing my Globe article shine, 
thinking I have answers, talking about the “real 
thing.”  But then I felt absurd on the train home, that I 
hadn’t said what I had wanted to say at all, that I had 
“come on strong” with really nothing to say.  And 
then, home to find a letter from ML who I’d sent the 
article to––What you seem to think you have discov-
ered as “real” may be just one of many versions.  Do 
you really know what is real?  ML––her task is al-
ways to try to keep at least one of my feet on the 
ground.   She’s right—my convictions are always so 
absolute. 
 
You see I have this set of problems (that’s what this 
book is) and they certainly reach out to me, every one 
of them, and they seem to me to have all the ingredi-
ents that a good classroom problem ought to have, so 
clearly I’m thinking, well that’s what a math text book 
should be like, a good discussion of these problems.  
But what I can’t get hold of is what a math curriculum 
might look like which would allow a teacher to centre 
her activities on such a book.  In the same way that, 
say, an English teacher, who finds The Stone Angel to 
be a wonderful book and might want to spend two 
weeks on it can “read it” with her students and strug-
gle together with its meaning.   
 
March 24 
These problems are often difficult and sophisticated.  
But so is Othello.  Can these problems really be han-
dled in somewhat the same way as the English teacher 
handles Othello?   
 
First she gets her students involved in the tension and 
the drama of the piece.  There are many ways to do 
that—get the class to perform parts of the play, or 
reinterpret the dilemma in modern terms, or attend a 
live performance, or go see the movie.  I must admit 
that the new movie by Kenneth Branagh had an effect 
on me that far exceeded any reaction from past read-
ings of the play.  I was so upset with Othello after that 
movie I could scarcely talk.  [What they are doing 
with Shakespeare in the cinema these days is quite 
wonderful.]  Anyway, she then gives them a task 
which involves them in playing with the ideas of the 
work, but will of course (like any serious artistic en-
deavour) demand some technical skills.  For example 
she might ask them why his jealousy was so ripe to be 
exploited by Iago, and why he trusted him more than 
Desdemona or, for heaven’s sakes, why he never of-
fered Desdemona the simple courtesy of a direct ques-
tion—are you unfaithful?  Then after a while, she 
looks at the first draft of his essay and she discovers 
that far from being an incipient Shakespeare, his ideas 
are totally scrambled and he doesn’t seem to know the 
first thing about paragraph formation.  Yet he is in-
volved in Othello’s tragedy.  He has something to say, 

and he is frustrated by his inability to say it.  So that’s 
the lever which might allow him to finally understand 
what a paragraph is all about and how we can use 
structure in our writing not only to give our message 
clarity but power, to produce a document that some-
one else who cares about Othello’s plight will want to 
read.   
 
And it’s the same with math.  We study cut cube to-
gether, and we wonder at the power that coordinate 
geometry can have in allowing us to move knowingly 
and surely through spaces that we cannot even visual-
ize.  And then you ask your student to analyze a sim-
ple example of this nature and you discover that she 
does not even know when two lines in the plane are 
orthogonal.  And so you sit down with her in the con-
text of her problem and figure out how to get com-
plete control of that one, and maybe that’s the only 
thing she learns for a while, but in the meantime she’s 
seen a real work of art, maybe not many of the details, 
but maybe she’s learned something important about 
the world. 
 
She doesn’t actually have to reproduce cut cube any 
more than she has to write Othello, but it’s important 
that she has struggled with it, that she knows of its 
greatness, that she knows it’s there. 
 
March 25 
Reading yesterday’s long entry and feel discouraged.  
That’s as well as I can say it, but it won’t be accepted.  
They will reply––well that’s all very well in English, 
but it’s not good enough in math.  In math you need 
all those technical skills to succeed in the world and 
this is even more true than it was when I was young 
because the world is so much more technical. And I 
say to them––how do you know that?  ‘Cause the 
“experts” tell you that’s how it is?  Well you’d better 
start asking your own questions and thinking about 
things from where you stand.  Go talk to a few of your 
friends and parents that are out in that technological 
world.  I happen to think that this is quite simply false.  
I work with mathematicians and engineers and biolo-
gists, and I have reached the conclusion that what the 
world needs right now is the mathematical analogue of 
Shakespeare and Mozart.  Hey I’m not saying don’t 
teach them the standard stuff.  I’m saying that what 
they need from math is the real thing, just as what 
they need from literature and music is the real thing.  
I’m saying teach them cut cube.  But don’t expect 
them to solve such a problem on their own just as you 
don’t expect them to write Othello or Magic Flute.  I 
promise you two things—even if they have trouble 
following, they’ll get more richness out of that prob-
lem than you might think.  And secondly, that those 
who are destined to use their mathematical skills for 
the benefit of society will learn the skills they need.  
Go ahead—see if what I’m saying is right.  Give them 
some control of their future.  Trust them.   
 
And some of them won’t respond while you’re with 
them (at least they won’t appear to respond).  And 
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that’s maybe up to them.  Maybe it’s our job to show 
them beauty again and again, and to say, I am your 
teacher and this is what I believe in and this is what I 
want you to pay your attention to, and then let them 
decide.  And do not worry that they are being short-
changed by you if they decide not to participate right 
then.  If we really want to move to a more effective 
and caring educational system, we have to let go of a 
certain amount of baggage and that’s one thing to let 
go of.  Trust them and maybe one day they will pay 
that trust back, to you or to your children.  It’s the best 
you can do. 
 
Damn it, I’m still not saying it right.  I feel as if I’m 
protesting too much. 
 
March 26 
Some teachers are telling me that I should really stop 
using Shakespeare so much, that a lot of teachers and 
students don’t get along so well with Shakespeare in 
the classroom, even with all the great new movies.  
Okay—I take their point.  Come to think of it, I wasn’t 
a great fan of Shakespeare in high school.  I was well 
into my university years before I started to see the 
wonder and greatness in them, and then it only hap-
pened because I read a number of wonderful critical 
essays. 
 
Well, okay—choose your writer, your playwright, 
your poet—let’s see what we’ve got here.  I’m partial 
to Leonard Cohen myself.  I like his music and his 
lyrics are often quite sophisticated.  And Michael 
Ondaatje.  I recall that over Christmas Jo and I saw 
The English Patient, a book she had used for inde-
pendent study, and we got into quite an animated dis-
cussion on the different reasons why the two love 
affairs in the story were treated differently in the book 
and in the movie.  There are a number of dimensions 
to that discussion which spill over into many parts of 
the school curriculum.  
 
I do think that what Literature (and the Arts and Hu-
manities in general) have got right is the design of the 
curriculum (putting art at the centre), and it is that 
design that has informed and even inspired the shape 
of this book.  But in other ways, it’s certainly true that 
all is not well in the study of literature––and I am not 
sure just where the main problems are.  Some would 
argue that literature studies have wandered too far 
from the important technical considerations.  That 
may be.  There’s stuff to talk about here.  If we can 
learn from the study of literature, it can also learn 
from us.] 
 
March 27 
Thinking more about my remarks at the last Field’s 
meeting, and the responses.  Looking for the analogue 
of the Stone Angel in the math classroom.  Well, there 
isn’t an exact analogue because that particular analogy 
(between English and math) can only be stretched so 
far (though I’ve found it very useful).  But there are 
lots of near analogues.  There’s Steve’s “3000 years” 

of incredible mathematics, lots of it elementary and 
inventive and replete with interesting historical anec-
dote (I’ve been reading William Dunham’s Journey 
through Genius), and Ed’s mention of the great vari-
ety of problem books already out there, including his 
own stuff, and expository writing and even highly 
creative texts.  So the material is certainly there and if 
it’s not quite in the right classroom form we can easily 
bend it to our purposes.   
 
But can we create a structure in which the teachers 
can bring it into the classroom and work with it and 
play with it and tell stories around it in a “Stone An-
gel” way?  Gary and Mary Lou’s draft says that that’s 
what we have to do, but I find myself concerned that 
we might let our idealism run away with us, and we 
won’t put forward a blue print that can really function.  
I talked about these ideas last night to a group of 
teachers, and their reaction and expectation is clearly 
that they are going to be asked to do the impossible 
with no real support.  I think of Mike’s comment 
about crossing the Atlantic!  They are very disillu-
sioned about all these(?) “reforms” which just make 
things worse.  Their morale is low.  What we have to 
do more emphatically than anything is lift this big 
(real or imagined) yoke that they feel lies (important 
pun here!) upon their backs.   
 
One approach, which a number of teachers would no 
doubt “buy” is to construct a closely prescribed 
(probably technical) curriculum: “paint by numbers.”  
But that’s not what we want to do.  We want to go the 
other way and open things up.  Okay, but to give that 
a chance, we’ll need to do some letting go.   
 
There’s some confusion around technical skills which 
I think the document should be “up front” about, some 
doubts about what is involved in “de-emphasizing” 
them.  Ed’s comments need to be proclaimed––
mastery and internalization of a body of basic skills is 
essential for all students, not only university bound, 
because without these they will never really do any 
mathematics.  But that “body” is not nearly as exten-
sive as the current guidelines proclaim.  But cutting it 
down is not an easy task.  A few years ago I was at a 
calculus reform conference and everyone agreed that 
not nearly all the stuff was needed, and so we were 
put into groups to come up with a list of things that 
could be omitted and, surprise surprise, there was 
almost nothing the group could all agree upon.  Well, 
there’s lots to be said here about just how this “letting 
go” process will have to work, but we should at least 
admit that it’s a challenging project. 
 
 
 
March 28 
What kind of teacher can teach an art-based curricu-
lum?  An artist, of course.  More and more I become 
convinced that the correct professional model for the 
teacher is not the doctor or the lawyer or the engineer, 
but the writer and the painter and the musician.   
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No one would teach writing who did not write, or at 
least read; no one would teach painting who did not 
paint, or at least study art; no one would teach music 
who did not play, or at least listen.  But too often 
teachers of mathematics hardly do any math at all.   
 
One can lay the blame for this at many doorsteps, and 
one that I have heard a lot is that they simply haven’t 
got the time.  And there’s some truth in that of course, 
but perhaps not so much as I used to think.  The 
teachers in Ontario have a strong union and if it was a 
high priority to get more professional activity time, 
they would be working hard towards that end.  My 
current view is that the right kind of mathematics for 
them to work with isn’t around.  The kind that’s rele-
vant to their current day to day teaching is uninterest-
ing and the material of a standard undergraduate math 
course is mostly irrelevant to their teaching.  
 
We need a curriculum with wonderful problems––
both for the student and the teacher—to focus mathe-
matical activity for both of them! 
 
If the curriculum isn’t based in art, there’s really little 
hope that a teacher can spend time as an artist and 
engage the curriculum.  Or to put it another way, 
there’s little hope that the teacher can prepare or re-
fashion or (to use one of my favorite words) reinvent 
the curriculum in an artistic mode.   
 
The curriculum that is offered here not only allows, it 
demands a full artistic engagement from the teacher.  
With this curriculum, there’s no longer any doubt 
about the crucial role of “professional activity.”  
 
March 29 
A teacher should put nothing into the hands of her 
students which has not been prepared by an artist. 
 
March 31 
If you’re building a house, there are all kinds of deci-
sions to be made about how to do this and what to 
have where, but it’s really hard to make too many of 
these yourself unless you take the process very seri-
ously and immerse yourself in it—otherwise you’ll 
wind up with a construct that doesn’t really hang to-
gether, that doesn’t work as a whole, that lacks integ-
rity.  So what we usually do is find a builder or an 
architect that we are able to trust, and he or she will 
take an appropriate amount of input from us, and 
weave it into an artistic whole. 
 
The same thing happens when you buy a theatre 
ticket, or when you invest the time required to read a 
novel.  You have put your trust in the playwright and 
director or author to produce something for you that 
works.  Sometimes of course, that fails to happen, and 
you are justly annoyed, and that’s one reason you go 
to plays written and directed by artists you have come 
to trust, or read novels by familiar authors. 
 

It strikes me that that’s how this book should be ap-
proached.  I have certainly put my artistic blood into 
it.  If I can win your trust (and maybe that’s partly the 
reason for all the philosophy) then maybe you and 
your students can surrender yourselves to these won-
derful problems without fear that you will be let 
down. 
 
April 1 
The standard paradigm for a math course is a logically 
correct development of a coherent piece of the subject.  
That way of thinking is so entrenched, most people 
would be puzzled that anyone would even want to 
question it.  But is it the best way to organize a math 
course?  Is it the way math is learned?  Almost cer-
tainly not.  Math is best learned by jumping in at an 
interesting (and often advanced) level and then say-
ing—okay, let’s see what sense we can make of this—
and tracking everything carefully down.   
 
The issue is not what is the best way to teach? But, 
what is mathematics really all about.  Rueben Hersh 
(1979). 
 
April 2 
From where I stand, a crucial difference between the 
two curricula is that English has opted for a robust 
design which is largely unaffected by structural 
changes.  And they have done that by placing art in-
stead of technique at the centre of the curriculum. 
 
April 4  
QSLMA meeting and Geoff and I held a session on 
the curriculum reform process.  In response to the idea 
that we were going to open the curriculum up Doug 
says, well what’s going to happen with a kid that does 
grade 10 in Waterloo and then moves to Kingston for 
grade 11.  How will we know what he knows?   
 
Great question.  Let’s reflect it in the math-English 
mirror.  Would the kid’s new English teacher be wor-
ried that she didn’t know what he had done in grade 
10?  She oughta be—he might have done a different 
Shakespeare play, and probably read other novels and 
essays too.  How is she to cope with that? 
 
Well, (as you well know) the fact of the matter is that 
she’d cope with that just fine.  The precise books that 
her students have read don’t really matter to her, as 
long as they have studied and thought about some 
good literature and spent some good time writing.  So 
why does it bother us when it doesn’t bother her? 
 
Well, I guess you know the answer by know.  It’s 
because we have chosen to base our curriculum on 
technical skills and the English curriculum is lucky 
enough to be based in art. 
 
Okay another teacher raises his hand.  I talk as if this 
was a matter of choice.  But math is different from 
English.  The technical components of the subject play 
a much greater role.  You cannot move forward in 
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math without the right technical preparation.  There’s 
an essential technical hierarchy.  Etc. 
 
And of course he’s right.  Math is different, and one of 
the central differences is found in the technical do-
main.  An analogy can only go so far. 
 
But exactly how far can this analogy go?  It’s always 
tempting to say, okay we can’t do this because math is 
different from English––but my program over the past 
few years has been to be very careful about this, and 
not to be intellectually lazy and say okay we’ve found 
the reason and that’s all there is to it.  Is it really true 
that we can’t move forward in math without the right 
new technical skills.  And of course, it’s partly true 
and it’s partly not. 
 
I think what is true is that new problems open the way 
for new technical developments, so that we always 
have to be pushing against the boundaries of our so-
phistication.  You learn how to write by reading the 
very best stuff that has been written.   
 
Getting carried away here.  What’s the answer to 
Doug’s question?  I think it’s found in the structure of 
this book.  Many of these problems are quite “forgiv-
ing” of the exact technical background of the student.  
I have worked most of them with Grade 10 students, 
and they have certainly made some progress.  And 
they are interested to “watch” what the Grade 12 stu-
dents do, though they are not yet technically equipped 
to do that themselves.  So there’s positive stuff they 
take away from the problem.   
 
But there will be technical stuff too.  That’s what’s not 
yet written—technical exercises at the end of each of 
section.  They will learn those and practise them.   
What’s different from standard texts is that these don’t 
come in such a strict order.  Though there is an ap-
proximate increase of sophistication within the devel-
opment of any set of ideas. 
 
We need different ways of testing too. 
 
April 6    
So what would happen if we just decided to let go of 
all the worry about technical skills and whether or not 
this piece or that piece of content has been covered, 
and put forward a curriculum based on works of art 
(for which this book is a trial balloon).  What exactly 
would happen?   
 
Well let’s think about that.  What are the negative 
effects?  Would it be harder to teach because we 
wouldn’t know as well what precise skills we could 
count on?  (Do we now?)  Well, recall that we’d be 
teaching in a different way—not building a tower of 
skills on skills, but using, at any level, the skills we 
have available to make inroads into a problem.  And 
different students would have different skills at differ-
ent levels to offer, just as in English.  And that would 
give richness to the class, particularly in the hands of 

a teacher who’s not in a hurry to get certain “content” 
covered. 
 
Would Canada start doing even worse on the interna-
tional math tests?  Perhaps.  And what of it?  There is 
not a shred of evidence that a country’s average score 
on those tests is in any way related to its future eco-
nomic or scientific prospects.   It’s just possible that, 
international test scores notwithstanding, Canada’s 
best young minds are on a par with any country in the 
world, and with a curriculum such as this, they would 
be better still.  And they are the ones who will drive 
the technological innovation.  They will learn what 
they need to know no matter what we do.  No matter 
how hard we try to stop them and divert their attention 
by pages of routine calculations, they’ll learn what 
they need to know when they need to know it.  These 
kids I know—I work with them.  What they need from 
me are good questions and imaginative ideas.  And 
furthermore, with the right curriculum, I think we can 
double or triple that pool of kids.  And the other kids–
–most of them will never really need any of the de-
tailed technical skills that are tested on these exams—
in terms of mathematics, the country is much better 
served by leading them along the path of the artist, 
giving them a sense of the wonder and beauty and 
power of the subject, making them happy with them-
selves as creative citizens.   
 
There is in fact a huge misunderstanding of the nature 
of technical knowledge in this culture.  It is a treasure 
beyond compare, but it is highly task specific.  Di-
vorced from the big picture, it is next to useless, likely 
absurd, and possibly dangerous.  A huge amount of 
time is wasted in this society performing unnecessary 
and even possibly inadvisable technical routines. 
 
Not to mention the insult it administers to our stu-
dents. 
 
April 7 
About three years ago I got a phone call from a prof in 
the Economics Department.  I teach the calculus 
course that economics majors take in their first year, 
and this guy was teaching them their second year eco-
nomics.  And he had discovered that they didn’t seem 
to recognize that [0,8] meant the set of all real num-
bers between 0 and 8.  Now had I taught them this or 
not?  Well, hard to say—it might well have come up 
in a few places, but it also might not have come up, 
and it certainly was not emphasized.  Well, to my 
surprise, this guy went on.  Did I not agree that this 
was a standard piece of notation for the subject?  Was 
it not my job to prepare the students for his course?  
How could he proceed to teach them what they needed 
to know when he couldn’t count on the most basic 
things?   
 
I was shocked into silence.  This was absurd, and yet 
he was making me feel that I had let him down, that I 
had failed to do a proper job.  What can you say to 
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man who is annoyed that you haven’t covered the 
square-bracket notation for a closed interval? 
 
Happily enough we were on an equal footing.  My 
field of research is close enough to economic model-
ling that I know as much about what he should be 
doing in his classroom as he knows about what I 
should be doing in mine.  So we could argue and then 
reach an agreement of sorts about what really was 
important, and go on to talk about the things he actu-
ally does in that second year economics course.   
 
But I was uncomfortable.  His phone call had re-
minded me of an encounter I witnessed a couple of 
years earlier at an OAME meeting, in which the con-
testants were not on an equal footing. That one in-
volved a university math professor and a high school 
teacher.  The prof was annoyed that while his calculus 
students could draw the graph of sinx, they couldn’t 
reliably sketch sin(ax) or sin(x+b).  He was decreeing 
that these were essential skills and more time should 
be spent in the classroom practising this.  [Where?—
according to the ’85 guidelines these techniques are 
first encountered in general in grade 11, and then re-
peated in the trig functions in grade 12, and probably 
in OAC Calculus as well.]   
 
Well, the high school teacher was really in no position 
to argue, though I recall that she felt beleaguered.  The 
university prof was “flashing his badge” and that’s all 
there was to it.  I am sorry to say that I did not inter-
vene.  I could feel that there was something wrong 
with the encounter, but at the time I lacked the per-
spective on this issue to know just what to say.   
 
But there is something wrong—terribly wrong.  And 
that has become clear to me over the intervening years 
in conversations with high school teachers over the 
possibility of “opening up” the curriculum.  The uni-
versities want us to do this and the universities want 
us to do that.  And there is always the feeling that 
there is nothing they can say, that as far as this ques-
tion of what has to be covered is concerned, they have 
to wait upon the pleasure (or displeasure) of the uni-
versities.  Just yesterday Margaret emailed me with 
the plea: “we MUST change the perception of what is 
valued, especially by you university guys.”  Until we 
do that, the teachers will never be able to teach as true 
professionals, as artists.   
 
That is not to say there should not be accountability 
between the levels.  But it has to be at the right level 
of generality.  Let’s return to the example of the graph 
of the function f(x+b).  No university student I have 
ever met who understands what the graph of a func-
tion is would have much difficulty producing the 
graph of f(x+2) even with no experience in school 
with this transformation.  Conversely, a student who 
does not understand what the graph of a function is 
(and there are quite a few of those around campus) 
will never be able to extend these ideas to a new con-
text, not matter how much school time was spent with 

the technical apparatus of these transformations.  The 
responsibility of the school to the university is that the 
student understand the graph of a function.  To ac-
complish that, the student should encounter many 
problems over the years which involve an analysis of 
such graphs, and it is quite likely that in this process 
the concept of horizontal translation will appear in 
some form or the other, but it doesn’t really matter if 
it doesn’t.  The point is that a number of the technical 
skills around the geometry of function graphs will 
certainly arise, and when that happens, the students 
should be required to master these. 
 
So what the professor could legitimately have said to 
the teacher at that OAME meeting was that his stu-
dents didn’t understand what the graph of a function 
was (which might well have been the case) and then 
that could have opened the way to a fruitful discussion 
about the type of models or problems or explorations 
that are generally used.   
 
April 8 
In preparation for our Saturday meeting the email 
exchange has become fast and furious–– process, con-
tent, technical skills, series 2, series 3.  Everyone 
jockeys towards a collective understanding, the hope 
of realizing a new vision.  A wonderful moment for a 
subject that has been out of touch with itself for too 
long 
 
Is the same brouhaha swirling around the English 
expert panel?––I suspect not.  Math’s problem is that 
it has been too successful, so it has been wooed by the 
modern world, and has been only too glad to accept 
her flattering offers.  But along with those offers came 
the demand that it play a role that does not accord 
with its nature, that it be something other than what it 
is.  And what happens when such a thing is asked of 
us?––we struggle bravely to play our role, buoyed up 
by the accolades that keep coming our way, by the 
assurance of others that our role in this enterprise is 
essential to the economic well-being of the nation.  
But it is not what we are! 
 
One thinks of a man in a marriage that is failing be-
cause he strives to fulfill the wrong expectations, or a 
woman in work situation where she feels compelled to 
stifle her creativity or her intelligence, or a teenager 
who required by her peers to play a socially inappro-
priate role.  We struggle forward in these situations, 
again encouraged by the assurance of our colleagues 
that we are doing the right thing, but we are in fact 
hanging grimly on, always looking for something to 
come and rescue us.  Of course what comes is never 
right, though we might latch onto it obsessively when 
it appears on the horizon, and things get worse and the 
noise gets louder.  Until somehow, with any luck, we 
manage to retreat into a calm space and confront the 
question of who we really are.   
 
I can think of at least two “affairs” that school 
mathematics has weathered over the years—new math 
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and now technology.  Of course such affairs always 
deliver lessons to be learned, signs and symbols which 
point us towards our true path, but the answer lies 
always not in these seductive diversions but within 
ourselves.  
 
The crisis has arrived—the noise of the curriculum 
masters, the anxiety of the teachers and their low mo-
rale, the uncertainty in the universities, it is time to let 
go.   
 
 
 
 
 
 
 
 
 
April 13 
Took the 7 AM train to Toronto yesterday for the 
meeting.  Squalls of rain and snow in the night and ice 
and frost lay over the yellow stubble at the side of the 
track.  No coffee to be had on that train.  Walked up to 
the university against a cruel wind from the north.  By 
the corner of York and Wellington, a pile of old blan-
kets, and then another—two men, well I guess they 
were men—sleeping on the concrete among the pud-
dles.  I guess most of us are used to that, but somehow 
it immobilized me a moment.  Then I walked on into 
the sharp wind—I knew there’d be some coffee wait-
ing for me at the Field’s. 
 
We spent the entire day on program structure.  How 
on earth are series 2 and 3 to work?  Can students 
really sort themselves out at grade 10?  There’s a fun-
damental question lying behind all this: do we really 
need to separate the university-bound students out at 
grade 10?  The general answer seemed to be yes, and 
different ‘bridging” schemes were proposed to allow 
students the chance to move across, but is it really 
workable?  Is it right?  Gila says it is immoral.  
 
Of course this has been talked about again and again 
over the years.   
 
I wonder if we are thinking of curriculum in the old 
way, thinking about all the extra content the university 
kids need, and how they’ll get it faster so should be 
able to forge ahead?  But I’m trying (real hard) not to 
think that way anymore.  
 
The two men sleeping over the vent are revisiting me. 
Is there not some way we can work together for a 
while longer? 
 
Well, who are we worried about here?––the university 
students?––or more particularly those going on to 
math and engineering?  Well I think all you need to do 
is just give them a copy of this book.  There’s lots for 
them here.  And a teacher who will listen to them 
from time to time.  And you tell them that if they want 

to get into engineering at Queen’s, they have to take 
these problems seriously.  You tell them that in grade 
10 and you put into their hands right then lots of sam-
ple questions for the university entrance exams that 
we will soon be constructing.  And that puts the initia-
tive right where it belongs.  University is a place for 
self-directed learners.   
 
Of course this book is for everyone.  Some will go 
more deeply into the problems, and take the technical 
aspects more seriously, but in class they can all work 
together, and each will have a story to tell the other. 
 
I gave the handshake problem as my last assignment 
in IDIS 303.  It’s a very mixed class.  One woman, an 
artist, wrote an essay on shaking hands, and made a 
video presentation.  It was an interesting piece of 
work.  She knew it was not math—she was not fooled.  
I will find a way to give her a mark.  She tells me she 
loves listening to the class discussions about the prob-
lems.   
 
April 14 
David came down from Trent to give a talk at RMC—
What every cadet should know about Henry V.  It was 
brilliant and exceedingly entertaining besides.  What 
he managed to do was to create a context, a funda-
mental way of thinking about the world which made 
the whole play make sense, which allowed you to fit 
all sorts of details of dialogue and dress into a whole.  
I was wishing I had brought Jo. 
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