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Abstract. I opened my big mouth and suggested that we invite Alan Schoenfeld to talk about
mathematics education. He couldn’t come to Rochester so the organizers (names concealed to
protect the guilty) foolishly asked me to talk. Health warning: You get what you pay for.
Bookstores stock myriad books on popular
physics but hardly any on popular mathematics: Americans learn (to hate) mathematics
for twelve years but physics for at most one
year, which is not enough time to kill all curiosity.
In one study, ninth-grade students (for
non-US readers: roughly age 14) were
asked: The distance from Boston to Portland [Maine] by water is 120 miles. Three
steamers leave Boston, simultaneously, for
Portland. One makes the trip in 10 hours,
one in 12, and one in 15. How long will it
be before all 3 reach Portland? Only 6 out
of 29 students answered correctly (Benezet
1936). I can guess what answer they gave.
As Stella Baruk (1985, p. 25, my translation)
explains: ‘Among the Grenoble professors of
mathematics education working on elementary teaching, one thought to ask 8-year-old
pupils the following problem: There are 26
sheep and 10 goats on a ship. How old is
the captain? Now, of the 97 pupils asked, 76
answered by simply combining the numbers
in the problem.’ The damage begins early.
And that’s the good news. Radatz, cited
in Schoenfeld (1989), inserted non-problems
into sets of problems worked by school
children. For example: Mr. Lorenz and 3
colleagues started at Bielefeld at 9 a.m. and
drove the 360 km to Frankfurt, with a rest stop
of 30 minutes. The percentage of students
who answer such non-questions increased
consistently from kindergarten through 6th
grade.
Traditional education works. In January
1971, the US population was polled whether
the United States should withdraw its troops

from Vietnam (Loewen 1995, pp. 302–311).
The percentages of hawks (against withdrawal) and doves (for withdrawal), broken
down by highest level of education, are:

College
High school
Grade school
Overall

Withdraw
60
75
80
73

Stay
40
25
20
27

Educated people think that education makes
us more tolerant and able to detect bad arguments, like those used to support the war.
Whereas education does the opposite while
making us believe that it makes us discerning – so we condemn yesterday’s wars and
support today’s.
Mathematics education shares the blame
with other subjects and institutions. I’ll
briefly discuss two mathematics teaching
experiments that taught students to think.
This introduction was an attempt to scare
the hell out of you. The subtle material that
follows is designed to lure you into reading
the most interesting works and stealing the
ideas for physics teaching.

Benezet
Louis Benezet’s experiment was the most
radical. As superintendent of schools in
Manchester, New Hampshire, Benezet saw
the results of standard mathematics teaching: ‘For some years I had noted that the
effect of the early introduction of arithmetic
had been to dull and almost chloroform the
child’s reasoning faculties’ (Benezet 1935a).
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understatement: ‘The results of this study
cast doubt upon whether we are justified in
devoting five years to the drilling of formal
arithmetic’ (Berman 1935, p. 40).
Despite or because of these results, in
1936 the Manchester school board ended
the experiment. Two years later Benezet was
forced out of his job, and today few know of
his experiment. Second health warning: No
good deed goes unpunished.

A strong, and probably difficult, personality,
Benezet took his own advice and abolished
formal arithmetic teaching until grade 6 or 7.
Instead children ‘reported on books that they
had read, on incidents which they had seen,
on visits that they had made. They told the
stories of movies that they had attended and
they made up romances on the spur of the
moment.’ As you can see from the detailed
curriculum in Benezet (1935b), students
learnt plenty of arithmetic but only in context. Most importantly, they learnt estimation
and number sense – they made friends with
numbers.

Schoenfeld
I won’t discuss Schoenfeld’s excellent work,
which is widely available and known (see the
bibliography). Instead I want to talk about
another little-known experiment to which
Schoenfeld (1991) introduced me.

Some parents screamed bloody murder.
One former student told me (in an email on
5 August 2001): ‘My father being educated
in Ireland was appalled at his actions and I
still can hear him swearing that Louis P. was
a heretic.’ The screaming would have been
louder except that Benezet headed off much
trouble by doing the experiment in schools
where ‘not one parent in ten spoke English
as his mother tongue’, otherwise ‘I would
have had a storm of protest and the experiment would never have been tried’ (Benezet
1935a). This inertia of the privileged is eternal: See Kohn (1998).

Fawcett
Harold Fawcett, a mathematics teacher at the
Ohio State experimental high school, noted
that everyone hails critical thinking and that
mathematics teachers say, yes we agree,
that’s why we teach proof (Fawcett 1938,
p. 1). But these ‘large general objectives’ get
only lip service: ‘...[t]he major emphasis is
placed on a body of theorems to be learned
rather than on the method by which these
theorems are established’. Does this pattern
sound familiar from physics teaching? The
results are also familiar: ‘The pupil feels that
these theorems are important in themselves
and in his earnest effort to “know” them he
resorts to memorization.’
Instead Fawcett’s students each developed his or her own textbook. They argued
and agreed what geometric ideas were fundamental, leaving them undefined, and developed definitions of other terms. Instead
of theorems to prove, they were given a
figure and asked, for example, ‘What properties of this figure can you discover and
establish by deductive proof?’ (p. 91). The
students transferred their skills by studying
proof, and disproof, as they analyzed advertisements, legislative bills, and newspaper

Even so the storm waves were high. So
Benezet devised qualitative and quantitative
tests show the success of his program. He
devised questions like the one about the three
steamers leaving for Portland. Among the
normally taught ninth graders, 6 out of 29 got
it right. The second graders in the experimental classrooms had ‘an almost perfect score’
(Benezet 1936). With a stenographer, he visited classrooms and asked students to express
mathematical ideas in their own words; the
experimental classes were far more articulate
and coherent (Benezet 1936). Etta Berman,
one of the teachers in the program, studied
it for a masters degree (1935); she gave a
battery of quantitative tests to 106 control
and 82 experimental students in the sixth
grade. She concluded, with commendable
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articles (pp. 75ff). In one example, they were
asked about the Declaration of Independence
(Jefferson 1776): ‘What are the assumptions
to which the fifty-six men who signed this
document agreed?’ and ‘What conclusions
are reached? Are these conclusions consistent
with the assumptions?’
With this unorthodox method the students learnt plenty of geometry. On the Ohio
Every Pupil Test in plane geometry, the average score of Fawcett’s class was between the
80th and 90th percentiles (p. 102). They also
learnt to think. One mother wrote that her
daughter ‘may carry her criticism to the point
of quibbling, however. In some cases she has
gone to the point of criticising authorities
about which she knew nothing’ (p. 109). No
wonder the course is so little known today.

reactions in their own book, Were We Guinea
Pigs? (Class of 1938) and in interviews with
Margaret Willis (1961). Fred Flener (2001)
has been searching for and interviewing these
guinea pigs, now over 60 years past the
course. Many still consider it the best course
they ever took, in school or college. Elaine
Bucher Lyons told Flener: ‘It was the depression, my parents were divorced, I had much
less money than most of the other students at
the University School, but I can say without
a doubt, it was the happiest time of my life.’
Benezet describes his visits to the classrooms:
In the traditional fourth grades when
I asked children to tell me what they
had been reading...I could not find a
single child who would admit that he
had committed the sin of reading...In
the four experimental fourth grades the
children fairly fought for a chance to
tell me what they had been reading. The
hour closed, in each case, with a dozen
hands waving in the air and little faces
crestfallen, because we had not gotten
around to hear what they had to tell.
(Benezet 1935a)

What did the students think?
Fawcett quotes many student comments: ‘I
have not only learned how to prove theorems
but also to think critically and analytically
about everything in my life...[i]n this class I
have learned things that I will never forget
and will use in all areas all my life’ (Fawcett
1938, p. 113). The student was prescient.
The class described their contemporaneous

Let’s make physics course as inspiring!
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