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ABSTRACT

THE MATHEMATICAL BEHAVIORS DERIVABLE FROM THE
PROGRAM OF UNIFIED SCIENCE AND MATHEMATICS
FOR ELEMENTARY SCHOOLS

By
Sompop Krairojananan

This Case~Study is a comprehensive account of inten-
sive continual observation of four 'USMES' classes at
Lansing, Michigan, during the nine weeks from late September
to early December, 1972. USMES (Unified Science and
Mathematics for Elementary Schools) is an activity-oriented
and integrated course in science, mathematics and social
science. Many units, designed to promote the problem-
solving skills of students in their attempt to answer some
major ‘challenges', have been developed, and four such units
(Soft Drink Design; Dice Design; Designing for Human Pro-
portion; and Burglar Alarm Design) were selected for
observation in this Case-Study with emphasis on mathe-
matical behaviors which arose naturally from these courses
of activities. The mathematical topics observed were then
categorized into seven areas: Arithmetic, Algebra, Graph
and Tabulation, Geometry, Application and Practical Mathe-
matics, Statistics or Physics, and Foundation of Mathematics.
The mathematical behaviors arising from these four USMES
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Sompop Krairojananan

units were found to be distributed fairly evenly in all
seven areas, and thus it could be deduced that these USMES
units gavo rise to a well-balanced mathematics program.

Since each unit aimed at providing a partial solution
to a long-range challeﬁge, the mathematical problems that
arose were thus highly relevant and did not contain artificial
data. These problems were systematically tackled by tech-
niques as near to the 'scientific method' as possible.
Children were observed to have learned just as much about
scientific process as mathematics. One outstanding feature
was that students had to verify the correctness of their
results by checking with the practical outcomes, and not
by recourse to teachers.

Uniformity was not to be expected in an activity-
orieﬁted almost-realistic program lik§ USMES. In fact, it
could be observed that diversity of students' achievements,
rather than uniformity, was encouraged in these classes.
Despite divergence in activities, all students in these
four units eventually learned at least the following
mathematical topics, which the 1963~Cambridge Conference
had termed "the bed-rock foundation of elementary school
mathematics," namely, counting and fractions, symmetry
and invariant properties of geometric figures, real
experience in collecting data, use of graphs and other
visual displays of data, and the vocabulary of elementary

logic.
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CHAPTER 1

INTRODUCTION

This research is a case-study type of work which
involves intensive continual observations of four USMES
classes in Lansing, Michigan, from late September to early
December 1972. The variable singled out for this observation
was the mathematical behavior, pure or applied, exhibited by
students while participating in USMES activities.

What is USMES?
USMES (Unified Science and Mathematics for Elementary

Schools) is a working project of Education Development
Center, funded by the National Science Foundation, to
develop interdisciplinary units focusing on problems whose
partial solution implies some realistically useful achieve-
ment and a substantial amount of learning in science and
mathematics. The USMES project grew out of the 1967
Cambridge Conference on the Correlation of Science and
Mathematics in the Schools. This Conference Report1 stated
the primary aim of drawing maximum benefits in scientific
education from an integrated program in elementary schools.

1Cambridge Conference, "Goals for the Correlation of
Elementary Science and Mathematics," Boston: Houghton
Mifflin, 1968.
1l



2
In the implementing phase of the project, this integrated
program makes use of both activity learning and expository
instructions (frequently in the form of "How to" cards).
Its underlying philosophical principle has been ‘'macro-
openness and micro-structuring.' USMES has selected special
types of practical or 'real' problems which meet the
following criteria: attainable results within the time
and resources available (in elementary schools), inter-
disciplinary nature with emphasis on problem-solving; and
definite academic achievement in elementary science and

mathematics appropriate to the age level.
The USMES challenges are hypothesized to have four
important advantages as follows:

(a) Motivation, based on appeal and direct application
to the students' own environment,

(b) Accuracy of learning, to be checked against the
practical outcomes,

(c) Opportunities for problem defining,

(d) Experience in total problem-solving, in contrast
to isolated problem-solving in most programs. (Total
problem-solving resembles the working of a real scientist.
The students will be actively involved in observation,
quantification, formulation, trial of successive models,
and, above all, critical thinking.)

Statement of the Research Problem:

A case-study is to be undertaken to ascertain the
mathematical behaviors, or potential mathematical topics,

derivable from the USMES Program.
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Justification of the Method Used:

Why should the case-study method involving intensive
observation of a few units have the preference over the
other methods involving a larger sample size? There are
two reasons. First, the nature of a program like USMES
will permit a high degree of flexibility. There will be
considerable divergence between any two USMES units even
though they may beér the same title. For example, one Dice
Design Unit may concentrate on the construction of polyhedra
(and hence learn a great deal of Geometry), while another
Dice Design Unit may collect data on coin-tossing and
dice-rolling (and hence learn many topics in Elementary
Probability). The 'Human Proportion' Unit may branch out
into designing garments, or designing furniture and fixtures
for an elementary school, or measuring a human body to study
graphic art, or even going to the extent of studying the
bone-structure, muscles, and other anatomical topics. Secondly,

J. Piaget,! K. Lovell,® Z. P. Dienes,”’ the Soviet Academy

1See e.g., Piaget, Jean, "The Child's Conception of
Number," London: Routledge and Paul, 1952.

2Lovell, Kenneth, "The Growth of Basic Mathematical and
Scientific Concepts in Children," London: London University
Press, 1961.

3Dienes, Zoltan P., "An Experimental Study of Mathematics
Learning," London: Hutchinson, 1963.
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4
of Pedagogical Scioncol
have already demonstrated the immense gain in the knowledge

about mathematics learning when case-studies based on

and other clinical psychologists,

intensive continuous observations were carried out.

Limitation of the Study:

This study is not intended for generalizing the results
and conclusions about the observed populations to those
of all USMES populations. Rather, it is meant to provide
a paradigm case showing what amount of mathematical learning
can be derived from part of the USMES program.

In a iay, the content of this Case-Study is very much
like that of the teachers' Handbooks>
of teaching mathematics in British primary schools at

in the new approach

present.

lxilpatrick, Jereny and Wirsup, Izaak (ed.), "Soviet
Studies in the Psychology of Learning and Teaching Mathe-
matics,” Chicago: The University Press, 1969.

2Schools Council, "Mathematics in Primary Schools,"
Curriculum Bulletin No. 1, London: H. M. Stationery Office,

1965.



1,
curricule

The
Pestaloz:
use of re
tid-ninet
8iresseqd
avocated
In class,
Raturg) !
'Delocrac
(1925), =



<)

l. The literature related to activity-oriented
curricula:

The idea of an activity-oriented curriculum is not new:
Pbatalozzil and Herbart2 emphasized real experience and the
use of real objects for their pupils' learning ever since
mid-nineteenth century. Also in the last century, Froebel5
stressed the value of play in learning. Later, Hiontoasori4
advocated the idea of allowing children freedom of movements
in class, and other reasonable liberties to promote 'more
natural' learning. Finally, with John Dewey's publications:’
"Democracy and Education™ (1916), "Experience and Nature"
(1925), "Experience and Education" (1938), the child-
centered activity-oriented classroom did begin to take
shape and lingered on even after the gzenith of the 'progres-
sive education' movement. DlMore recently, the Plowden

Report®

recommended a completely open classroom in British

lneatford, Michael, "Pestalozzi, His Thought snd Its
Relevance Today," London: Methuen, 1967.

2Dunkel, Harold B., "Herbart and Education,” New York:
Random House, 1969.

3Priostnan, Barbara, "Froebel Education Today," London
University Press, 1960.

_ 4ant§saor1, Maria, "The Montessori Method,"” translated
by Anne E. George, New York: Schoecher Books, Inp., 1964,

5Dcwe » John, "Democracy and Education”; "Experience
and Nature"; "Experience and Education,” New York: Macmillan,
1916, 1925 and 1938 respectively.

SCentral Advisory Council for Education (England),
"Children and Their Primary Schools," London: H. M.
Stationery Office, 1967.
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7
primary schools. For activity-oriented or experience-
oriented curricula in mathematics, it began with John

1 to the British Association For the

Perry's address
Advancement of Science in 1901, followed closely by E. H.
Moore's presidential addressa to the American Mathematical
Society in 1902. Both men strongly urged reforms in the
mathematics curriculum and mathematics teaching. A few
quotations from Moore's speech might help to sum up the
ideas here:
A grade teacher must make wiser use of the founda-
tions furnished by the kindergarten. The drawing
and paper folding must lead on directly to...intui-
tive geometry, the construction of models, the ele-
ments of mechanical drawing, (and) simple exercises
in geometrical reasoning....This program of reforms
calls for the development of a thorough-going
laboratory system of instruction in mathematics...
to develop on the part of every student the true
spirit of research, and an appreciation practical
as well as theoretic, of the fundamental methods
of science."
The above quotation is most relevant to the proper conduct
of at least two USMES classes observed in this Case-Study.
The activity curricula seemed to be quite popular
during the 20's and the 30's, maybe due to Dewey's influence.
Franklin Bobbitt (1934, 1936) wrote two articles, "The
Trend of the Activity Curriculum,” and "What is the Activity
School?" giving indication of the kind of learning that

took place in some elementary schools. G. W. Diemer (1925)

lBidvoll, James K. and Clason, Robert G. (ed.),
"Readings in the History of Mathematics Education,”
Washington: N.C.T.M., 1970, pp. 221-245,

21vid., pp. 246-255.
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earlier described a half-way progressive school--the Platoon
School, whose schedule in the afternoon was devoted entirely
to activities. C. M. Reinoehl (1934) did a comparative
study on the relative efficiency of platoon and non-platoon
schools with regard to pupils' progress and achievement in
common school subjects, and his finding was that platoon
schools, on the average, did somewhat better. The concept
that children could learn 'homeroom' subjects (arithmetic,
reading, spelling, etc.) from activities was put into
practice even earlier. R. Beatley (1921) reported that
his students at Horace Mann School for Boys learned 'math'
in the following manner:

“Some students trail a tape measure around the

T'OOR,...,8Quint along a rod out of the window,

...,%oarn to use a pantograph,...or a gslide rule,

Alice Stewart (1939) of Lincoln School described how her
class learned from a 'community ladb' and afterwards an
‘urban lab' by actually living in those settings over a
period--a variation from the usual 'camping' activities.
Her children's logs revealed a great deal of mathematical
behaviors learned from such experiences. PFrank Fpeonan
(1935) summed up the advantages of an activity curriculum
as follows:

"Activities furnish the acquaintance with the world

of things and persons, which is the necessary basis

for ideas and thinking; the traditional school has

done violence to the children's nature by attempting

to curb their natural disposition to be active."

The 'activity' trend was not confined to pupils alone;

good teachers, too, initiated and conducted ‘'activity-
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9
oriented' experiments which would finally result in better

teaching. Claire Zyre (1927) experimented with 31 third-
graders by giving them free 'conversation periods,' and
she recorded the subjects of the children's conversation.
Out of the 47,575 items of conversation recorded over a
period, 12,983 were about play at home; 7,048 about animals;
6,051 about auto-trips and picnics and only 49 (i.e.
0.1%) about arithmetic. The writer of this Case-Study
feels that, if this experiment were replicated today in a
traditional school, the percentage pertaining to arithmetioc
or mathematics might not have altered very much.

The Activity Movement then captured 80 much attention
that the National Society for the Study of Education (1934)
issued a yearbook devoted entirely to the historical
development, pros and cons of the activity curricnlﬁn.
Forty-two leading personalities in education contributed
to the writing of this yearbook. They defined the func-
tional of Activity in the Learning Process as encompassing
some or all of the following: to be the basis of learning
(replacing the former basis of pasaivo reception); to be a
natural mode of living (not just studying); to explore,
experiment and interact with the environment, to develop
body, nindAand spirit, and, as a result, to make school
life a happier phase of child life; to promote further
growth and critical thinking.

ll.S.S.E., %"The Activity Movement," 33rd Yearbook,
Part II, pp. 48-50.
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As expected, there was heated arguement over the
evaluation in an activity program. By means of a nation-
wide questionnaire sent to a cross-section of school
personnel, the yearbook committee found that the following
pointsl were dominant in the responses: "The important
consideration is not how much factual information the child
has gained, but how able he is to use it in new situations.
«..Tests (for the Activity programs) should be designed to
determine how learning takes place, whether a child can do
things, how much progress he has made in the growth of
independence, purposefulness, tolerant understanding, social
hadbits, and social attitudes in general."

The ‘activity' concept of teaching children has always
had implication for the teaching of mathematics. W. F.
Downey (1928) published an article: "New Mathematics as
a part of New Education® in the Mathematics Teacher. The
underlying principle of his 1928-essay was strikingly
similar to the 1970-guideline of USMES. According to
Downey, the process of education through self-activity
requires three conditions:

(a) The pupils should dbe given opportunity to be
problem=-finders as well as problem-solvers,

(b) Whatever activity is undertaken: academic studies
or mechanical, practical, and fine arts, or athletics, the
pupils should feel that it is worth mastering,

(c) Before considering eny problem as completed, the
pupils should feel sure, through checks and other means

1rvia., pp. 153-156.
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that his work is correct. Then they would reach 'assured
success' which would bring encouragement for the next

undertaking.

H. Rugg (1924) who sat in the National Committee for
revising mathematics curriculum suggested three guiding
principles for the future, most of which sounded progressive
enough. He wrote:

"First, what are the abilifioa and interests of the

pupile§ Secondly, what mathematics materials do

they need, both as growing youths in schools and as

prospective citigens in a highly industrialiged

society? Thirdly, in what grades should these
materials be utilized?” (Notice the word ‘utiligzed’',
not 'verbally taught').

Charles H. Judd (1925), who was a prominent educational
psychologist at the time, designed a laboratory study
investigating the early stages of number consciousness.

By means of elaborate apparatuses, he noted the difforoﬂéo
between counting in the abstract and counting objects,
sounds and flashes of light. He concluded that concrete
counting of objects, sounds, light-flashes, etc. aroused
number consciousness more rapidly. Judd (1925) also
advocated more emphasis on the informational aspect of
arithmetic as opposed to the cut-and-dry computational
aspect. In fact, the mathematical behaviors obdbserved in
the Soft Drink Design Unit (See Chapter 4) utilized more
informational aspect than computational aspect of cardinal
and ordinal numbers, as well as fractioms.

Althohgh the 29th Yearbook of the National Society for
the Study of Education (1930) came out at a time when

progressive education was popular, the Yearbook Committee
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12
(i.e. the Committee on Arithmetic) made it plain that they
would not allow children's interest and 'felt needs' to
degenerate into whims (often requiring less effort) and
thereby neglect all the other dynamics of learning. A
child's curriculum had to include materials which would
become fundamentals for competent and useful adult living,
argued the Committee. "Let the child eat, drink and be
merry, but (forget not) that tomorrow he will be an adult."!
Despite these harsh warnings, the curriculum proposed in
the Yearbook was relatively liberal, even suggesting the
gradual movement from ‘mental discipline' to 'activity
learning'. Examples of the anggeationsa were:

--The place of object-teaching: more concrete work,
less abstract drill;

--Larger use of the pupils' environment and increased
provision for self-activity: counting toys, marbles,
objects in a picture, candles for birthday cakes,
scores in games, etc.j

--Motivating qbstract calculations through games and
other devices.

Some people questioned the actual mathematical learning
obtained from an activity curriculum. Many research studies
have been, and are being carried out to measure the mathe-
matical outcomes (if any) of activity-oriented programs.
These included studies done by MacLatchy (1930), Woody
(1931), Hizer and Harap (1932), Thiele (1938), Tompkins and

ln S.S.E., "Report of the Society's Committee on
Arithmetic," 29th Yearbook, Bloomington: Public School
m CO., 1930, ppo ¢-5.

°Ibid., pp. 85, 89, 95.
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Stokes (1940), Lowry and Inez (1944) and Williams (1949).
Most mathematics and science programs in the 50's and 60's,
activity-oriented or otherwise, included research studies
evaluating their own outcomes. It is relevant to note the
findings of the first two studies cited above, since they
were carried out during the 'progressive' era. Both
MacLatchy and Woody investigated the number ideas of young
children and the types of arithmetical information they
possessed. Both studies concluded that young children
acquired incidentally through their informal activities

outside schools a much larger arithmetical background than

has been believed possible.
During the Second World War, the traditional method

of instruction seemed to take priority over activity classes.
But many teachers, for example Catherine Storn,1 still
conducted their mathematics classes in a healthy manner by
allowing the students to manipulate concrete materials
before verbalizing abstract rules. In a way, Stern's

book was the spearhead of another new wave of activity-
oriented mathematics instruction to appear later on. Also
in the period the National Society for the Study of Educa-
tion (1951) issued another yearbook on the Teaching of
Arithmetic. This yearbook still reflected the strong
position of the 'manipulative instructional aids' and the
'laboratory method', and this time it also discussed the

1Stern, Catherine, "Children Discover Arithmetic,"
New York: Harper, 1949.
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‘audio-visual instructional aids' which was becoming more
and more popular. It contained a whole section on visual
and manipulative materials with an almost exhausting list
of 98 suitable devicos.l It further recommended that
manipulative objects and certain types of pictorial
materials should be made in the classroom, since there was
great educational value in having the pupils make these
materials. This was, in fact, parallel to USMES's principle
of encouraging students to make things in their 'Design
Lab'. The National Council of Teachers of Mathematics
also made available such information on manipulative
materials to teachers in two of their yearbooks:

(a) the 16th Yearbook, "Arithmetic in General Educa-
tion,” 1941 (See the Section on 'Utilizing supplementary
devices and materials);

(b) the 18th Yearbook, "Multisensory Aids in the
Teaching of Mathematics,"” 1945.

Needless to mention that in this period many articles could
étill be found in professional journals describing various
‘activity methods' of teaching mathematics. Typical among
these were articles by Steiss and Baxter (1943), F. M. Burms
(1944), R. Morris (1947) and M. B. Wilson (1955).

To learn mathematics through activities and concrete
manipulations received another impetus in the late 50's
and early 60's, as a result of the 'New Math Era', in which
the mathematics content in the curriculum was dratticaliy

1I.S.S.E., "The Teaching of Arithmetic," 50th Yearbook,
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revised. Unlike the learning-through-activity programs
of the 30's which was very flexible, the mthematics-through-
activity programs of the 60's were more specific, quite
often with stated objectives and corresponding manipula-
tive devices for sale. The important ones were: the
Cuisenaire rods, the Madison Project's "shoe boxes",
the geo-board, and Z. P. Dienes' multibase arithmetical
blocks. Numerous articles appeared in professional journals
to describe these devices and the 'Mathematics Laboratory'
in general. Typical were the articles by Clara Davidson
(1962) on Cuisenaire Rods, Z. P. Dienes (1962), R. B.
Davis (1960), W. Liedtke (1969), Patricia Davidson and A. W.
Fair (1970).

Although these activities related to Mathematics
Laboratory are mostly short-ranged, their usefulness in
promoting the students' understanding of mathematics has
been demonstrated dbeyond any doubt. T. E. Kieren (1969)
reviewed all research works in this connection for the
period 1964-1968 and reported that most of the findings
were in favor of the concrete manipulation or activity
type of learning.

Many recent comparative studies were carried out to
evaluate the mathematical learning obtained from abstract/
verbal vs. concrete/games classes. Several games or activi-
ties described were similar to those observed in USMES
classes. The control group in all cases were the abstract/
verbal type. F. L. Coltharp (1969) and D. Ross (1970)
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dealt with the teaching of integers to 6th graders. The
'concrete counting' of their experimental groups was
similar to that observed in the Dice Design Unit. R. M.
Bisio (1971) did a comparative study on fraction at
Berkley, California, and he concluded that even passive
use of manipulative materials was better than no use at
all. This conclusion then supported the USMES position,
since the knowledge on fraction which the children learned
from the Soft Drink Design Unit, Human Proportion Unit,
etc. was all derived from concrete situation. J. J. Bowen
(1970) used games as instructional media (to teach logic),
Just like the games involving logical circuits, which some
children played in the Burglar Alarm Design Unit. W. P.
Palow (1970) researched on the ability of children (Grades
3=12) to visualise perspectives of solid figures, and his
finding that such visualization was impossible for children
under twelve should have direct dearing on the placement
of that USMES unit which involves polyhedra construction.
Several USMES units observed (in Lansing) could provide
excellent opportunity for introducing elementary topological
ideas to children, and E. T. Esty's study (1970), carried
out at Harvard, could throw some light on the subject.
He carefully distinguished between the children's recogni-
tion of 'topologically drawn' and ‘geometrically drawn'
figures.

The review of literature on learning mathematics via
activity classes would not be complete if the present
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revolution in English primary schools is not mentioned.
The 'revolution' started slowly and quietly during the
60's when Piaget's research became more well-known, and
the Schools Councill published a paradigm account of organic
growth of mathenati¢a1 ideas in children, once the environ-
ment became apt. Many teachers took initiative on their
own, and they were officially supported by the Plowden
Report, and practically by the publication of the Ruffield
Mathematics Project and the Association of Teachers of
Hathenatics.a Instead of fully relying on textbooks,
chalk and talk like in the past, the British teachers are
now using the following guiding princ:l.ples3 for their new
approach:

(1) Children learn mathematical concepts more slowly
than adults realized. They learn by their own activities.

(2) Children pass through certain stages depending
on their chromological and mental ages and their experience.

(3) Their learning can be accelerated by providing
suitable experiences and suitable language development
simultaneously. ~

(4) Practice is necessary to fix a concept once it
has been understood. Practice should follow, not precede,
discovery.

1Schoola Council, "Mathematics in Primary Schools,"
Curriculum Bulletin No. 1, London: H. M. Stationery
Office, 1965.

21. T. M., "Notes on Mathematics in Primary Schools,"
London: Cambridge University Press, 1969.

3Qu.oted from the Plowden Report, p. 237.
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1 who visited British primary

Joseph Featherstone,
schools as an impartial non-educationist observer, noted:
"Mathematics is now an important catalyst for
schools making a transition from formal to less
formal teaching....Teachers provide experience and
introduce children to various means of expression
(communication). This takes time and a flexible
schedule, 8o that children can see a piece of
continuous work through to their satisfaction
(parallel to USMES strategy). It implies an
environment stocked with materials to see, listen
and touch; and it suggests the necessity for varied
activities to suit different tastes, talents and
.nll‘oooo"
In the U.K., The Nuffield Mathematics Project, since
1967, has published (via John Wiley, New York) a series
of books: I Do and I Understand, Computation and Structure,
Shape and Size, Graphs Leading to Algebra, Environmental
Geometry, Probability and Statistics,..., to act as
*guides”™ to the teachers and pupils alike. These are not
textbooks in the traditional sense: the stress is on
how to learn (organically), not on what to teach.?
Edith Biggs, who has been in the forefront since the
start of this 'revolution', has also published a number
of books in this direction. Rather than telling the teachers
what to do, she usually fills her books’ with children's
actual reports, drawn graphs, number patterns discovered
by children, etc.

lyeatherstone, Joseph, "Informal Schools in Britain
Today--An Introduction," New York: Citation Press, 1971, pp.

29-30. |
2Quotod from "I Do and I Understand," p. (i).

5800, éi) Biggs, Edith, "Mathematics for Younger/Older
Children,® (2 volumes), New York: Citation Press, 1971;
(i1) Biggs, E. and McLean, J. R., "Freedom to Learn,"
Reading, Mass.: Addison-Wesley, 1969.
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2. The literature on the Integration of Mathematics
with Science, Social Science and Other Courses:

William F. Russell, who was the Dean of Columbia's
Teachers College during the 30's, produced the most appro-
priate definition of "integration" as follows:l

“Integration is not just another educational slogan.
It constitutes a direct answer to the profound and
wide-spread disintegrations that now exist in all
areas of human experience. It is the integration
of experiences that educators should aim at. The
end to be sought is a unified and related pattern
of experience in each child. All subject-matter
must become integral and truly functional in the
student's growth. There must be an integrating
curriculum: the study of all aspects of culture--
on all its fronts, and in all its interrelationships."

Integration of mathematics with other subjects did
take place extensively during this 'progressive' era.
In order to convey the true spirit of teaching according
to an integrating curriculum in that period, details of a
few paradigm cases will be presented in this review
instead of an exhaustive summariged 1list of articles.

Arretta L. Watts (1928) reported the following lively
scene she observed in several arithmetic classes:

"Arithmetic today is an extremely dynamic and
flexible affair. Students do their calculations
on automobile and airplasme distances, baseball
records, weather reports, railroad timetables,
averages, and various scientific and technical
reports, all being worked out in decimals. They
also work out a formula for getting around the
city, figuring out a saving account, the number of
calories afforded in a plate of corned beef, or

lquoted from Russell, William F., "Education and
Divergent FPhilosophies," Teachers College Record, Vol. 39,
December 1937, pp. 186-188.
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making a graph showing the increase during the last

five years of summer tourists to Europe. By motion

pictures, the students learn that the movement of a

baseball pitcher in pitching his ball included more

than a hundred distinct motions. In the same way,

the modern psychologist has shown us (teachers) how

to chart the mental motions the mind goes through

in each of the processes of arithmetic. It is not

the aim in modern mathematics to stump the youth

with some unworkable or trick problems, but to give

him the satisfaction that he can do things success-

fully and the message that mathematics is useful."

Dwight S. Davis (1923) called for ‘live problems' in
teaching mathematics. In a long article, he suggested
problems arising from many real-life sources: agriculture,
mechanical arts, domestic science, banking, athletics, radio
and electricity, local bus routes, building and construction,
and the post office. For his own 'Algebra via Agriculture'
class (which included field work), he listed the following
mathematical behaviors observed: formulae in area; distri-
bution over areas; workable formulae for sprays, feeds and
fertilizers, statistical graphs on yearly production,
profits, and weather; the laws of levers; formulae in
Steam and Gasoline Engines;: regular linear equations drawn
from catalogues; percentage; friction; machine efficiency.

H. E. Slaught (1928) compared mathematics with sun-
shine in the sense that, without either, civilisation would
gradually come to a halt. Students could learn a great
deal of science and social studies, as well as mathematics,
if they set out, as a team, to investigate the truth of
the statement "Mathematics underlies present-day civiliza-
tion in much the same far-reaching manner as sunshine

underlies all forms of life."



Alfre!
lighed dur:
disciplina-
of nature,'
of 'period:
to time hes

for pole
Also,
B8asyy
a8 we
fundax

la aother

"The ¢
Possiy
of nat
of al)
the no
Yar{oy
Contrg

E. v,

ko deaongt

1988011 in ¢
Vith o Dack
oty

the belp o

ity gy 4,



21

Alfred North Whitehead, in two different books pub-
lished during this period, also hinted at teaching inter-
disciplinary courses from such themes as "rhythm" and "order
of nature."” To learn the abstract (mathematical) concept
of 'periodicity', he advised students to examine 'rhythms':
to time heart-beats, breathing, wave-phenonmena, music,
etc. He concluded:

*Apart from recurrence, knowledge would be impossible;
for nothing could be referred to our past experience.

Also, apart from some regularity of recurrence,
6.

measurement would be imposs “In our experience,
as we gain th! idea of exactness, recurrence is
fundamental."

In another book, Whitehead wrote:

"The thought organization of experience is made

possible only by the conviction that there is ‘order

of nature', and by observing the interconnectedness
of all events. This possibility of disentangling
the most complex evanescent circumstances into
various permanent laws (like periodigity) is the
controlling idea of moderm thought."

E. V. Sadley (1926) described his 'pleasant approach
to demonstrative geometry' as follows: Given a simple
lesson in central, axial, and plane symmetry and equipped
with a background of knowledge of geometric forms gained
from the students' own experience, the children could, with
the help of picture magazines and field trips, come up
with many interesting themes for ‘geometry with social

science’':

1Uhitohead, Alfred North, "Science and the Modern
World," New York: MacMillam Co., 1935, p. 47.

2Hhitohead, A. N., "An Introduction to Mathematics,"
New York: Henry Holt and Co., 1911, p. 1ll.
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-=-gymmetry of a colonial house and a Greek temple;

--geometric forms in a Gothic Cathedral, beautiful

bridges, furniture, and snow-flakes;

--gymmetry in plants, flowers and trees;

-=-whether the primitive people knew any geometry.

One girl, who visited Europe during the summer chose the
topic 'The Geometry of Sulgrave Manor,' and took the class
(and the teacher) on a personally conducted tour of the
ancestral home of the Washingtons to ébservo many examples
of geometric forms and symmetry in the architecture,
furniture, and landscapes of the gardens.

We Vo Lovitt (1924) used the easily observed growth
and decay of natural and man-made objects to express the
mathematical principle of continuity. David Eugene Smith
(1928) pointed out the examples of a dependent variable
(i.e., a mathematical function) in everyday life usage.
"The cost of a piece of cloth depends on its length,
width and quality," wrote Smith, "Similarly, all costs,
expenses, weights, volumes, success, joy, etc. depend on
something else.” He did not elaborate how to quantify
'success’' and 'joy', which the USMES children (of the Soft
Drink Design Unit) have done.

The National Council of Teachers of Mathematics issued
two yoarbooka,l in 1931 and 1936, to suggest ways in which
mathematics teachers could bring their subject closer to

real life and other disciplines. In the 1931 Yeardook,

15.c.1.M., "Mathematics in Modern Life," 6th Yearbook,
1931, Chap. 1-5, 5-10, and "Mathematics in Modern Education,"
1lth Yearbook, 1936, Chap. 1, 4-8.
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the chapters on the application of mathematics to social
sicence, biology, and investment gave a survey of literature
and techniques used in those days. Unlike the high-powered
mathematics (Linear Algebra, Monte Carlo Method, etc.) which
is applied to these three fields today, the methods and
calculations in those days were simple and easy to follow,
but are, and will always be, suitable for teaching children
at the more elementary level. The possible hang-up might
be what M. J. Lighthilll called "the language problem."
The children hardly knew enough language (vocabulary,
concepts, facts, etc.) in social science, biology, or
investment. And it would be useless to impose verbal
teaching before appropriate real-life experience. In the
same Yearbook, the chapter on the application of mathematics
to physics pointed out clearly the lack of the teaching
of modelling or problem-formulation, as opposed to problem-
solving. Again, this was due to the fact that most mathe-
matics teachers at all levels did not know enough about the
language of physics. This problem still persists even in
1973.

In the 1936 Yearbook, a whole chapter on "Mathematics
in General Education" called for the teaching of mathematics
as a means to facilitate language (communication), to

develop the sense of consecutiveness (sequencing or

1lighthill, Sir James, "The Art of Teaching the Art
of Applying Mathematics," Presidential Address to the
Mathematical Association, lLondon, Mathematical Gazette,
Vol. 55, June 1971, pp. 249-270.
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ordering), responsibility (accuracy) and the ability to
combine ways of thinking (application). All these were
to be implemented by "relating mathematics to other fields
of knowledge" which was fully explained in the following
Chapter in that yearbook. Several sections of the material
in this Chapter had direct bearing on the USMES units of
polyhedron-construction and designing for human proportion.
For 1nstanco,1 the models for the crystals of magnetic
iron, zinc, lime and salt are octahedra, tetrahedron,
rhombohedron and cube respectively; any sea-shell of the
ammomite type has the spiral as their outer contour;
Michelangelo (1475-1564), following the ancient Roman
artist Vitruvius, established the following 'Canon' (law)
for drawing a human body: "If a = the total height of man,
from top of hair line to sole of a foot, then, top of the
head to chest = a/4, chest to upper part of thigh = a/4,
upper part of thigh to knee = a/4, knee to sole of a foot
= a/4, lower neck bone to chin = a/16, foot of a man
= /6, etc.”

The concern for having too many cut-and-dry ‘'algebraic’
problems in the teaching of physics was already voiced in
the 1931 yearbook (of N.C.T.M.). James P, Davis (1937)
spelled it out in more details and added a new concern

that most physics problems were not 'real’ enough. He wrote:

1All examples are quoted from the N.C.T.M.'s 1llth
Yearbook, "Mathematics in Modern Education," 1936, pp. 218-
219, 239-242.
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"One of the most important goals of physics instruction

is the development of scientific thinking. First,

the students should be given opportunities for dis-
cussing the meaning of the problem, reading its con-
stituent data accurately, using symbols and known
relationships of the parts, and discovering new

relationships. Secondly, the problem should be in
the pupil's world, not the 'brain-teaser' type which

has no place in the student's life. Thirdly, it should

be a real problem, a felt need, and its solution
produces some satisfaction.”

After a lull due to the compartmentalized traditional

teaching during the War, the late forties' literature
was once again teeming with activity-oriented integrating

suggestions. Carrie Lou Early (1947) was a typical healthy

example of the period: her students learned a great deal
of mathematics from her Nutrition class. The following

is part of her log, which, in several respects, was similar

to Piaget's account:

I placed a quart of milk, several large-size glasses
and a pitcher on the table. Three children took turms

to pour a full glass of milk, and a fourth child
poured the remaining milk into a jug.

-~'How many full glasses do we have?' (Three).

--'How many meals do you eat every day?' (Three).

-='Will a quart of milk give you a full glass for
each meal?' (Yes).

~='Will that take the whole quart of milk?' (No,

we have some left in the Jjug for breakfast cereal).

-~'Now, let's pour the milk out for our party.'
One child counted the number of paper-cups, another
estimated the number of tables required to gut the
cups on, athers helped to pour the milk....

Her unit also included the actual maeking of butter and

vanilla-milkshakes in class, and a trip to the dairy barn.

Apart from milk, she also utilized eggs, cereals, potatoes,

green vegetables for other 'Nutrition' units.
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The National Council 6f Teachers of Mathematics, in
1944, appointed a commission to set up principles for
building a stronger mathematics program for the post-war
era. The Second Report of this commission was widely
publicigzed. The important recommendations for Grades l1l-6
wero:l to conceive arithmetic as having both mathematical
and social aims, (arithmetic is not a mere tool subject);
to recognize that readiness for 1oarnin§ arithmetical
ideas and skills is primarily the product of relevant
experience; and to supplement paper-and-pencil tests with
other procedures such as interviews, observation, examina-
tion of work products and use of arithmetical ideas in
ordinary happenings. Such recommendations clearly pointed
towards the concept of integrating arithmetic with oéhor
phases of a child's school 1life.

The theoretical groundwork for the integration of all
educational experiences came forward in 1958 with the
publication of the 57th Yearbook of the National Society
for the Study of Education. Benjamin S. Bloom listed
three essential means that could be used as "integrative
threads®:2 .

(a) E;aor ideas or methods, e.g., the scientific
process whic 8 common to ranches of science and

social science,

lQuoted from Bidwell, J. K., and Clason, R. G. (ed.),
"Readings in the History of Mathematics Education,"
Washington: N.C.T.M., 1970, pp. 624-29. )

al.S.S.E., “"The Integration of Educational Experiences,”
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(v) or problems whose desired solutions, whether
short-ranged or long-ranged, demand a careful study of
several disciplines and their interrelationships,

(¢c) A connected theory, or encyclopedic organization
to unify, olten by a higher level o¥ abstractness, several
seeningly divergent topics. (This has, traditionally,
been an accepted form of applied mathematics, where scattered
facts observed or measured from various topics in physical
science or economics were accounted for by an elaborate
deductive agsten stemming from only a few well-chosen
postulates.

By late 50's and during the 60's, several integrated
projects appeared, relying mainly on the integrative
threads (1) and (2) above. The important projects, which
were long-ranged, were:

-=-Man: A Course of Study,l

==The Minnemast Proaect,z

--The Man-Made World,>

-=this USMES Project,

=-~The 'Environmental Studies' Project

and, more recently, the People and Technology Pro:_lect.5

4

llnitiatod by Brunmer, J. S., in "Toward a Theory of
Instggc;égn,' Cambridge: Harvard University Press, 1967,
PP. /5=101.

zninnosota School Mathematics and Science Teaching
Project, 1963.

3 ineering Comcept Curriculum Project, Polytechnic
Inatitﬁ%g of Brooklyn, New York, 1968. ’

4Initiated by the American Geological Institute at
Boulder, Colorado; typical activities were described by
its director, Samples, Robert E., "Environmental Studies,"
Science Teacher, Vol. 38, October 1971, pp. 36-37.

5D1roctod by Peter B. Dow, Education Development
Center, 1972.
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In fact, teaching a more or less integrated course has
always been an appealing concept for many teachers, but the
above projects have represented, for the first time, a
massive organized effort instead of the usual piecemeal
one-man crusade. Examples of these individual efforts were:

~-A. G. Doherty and L. A. Shaw, (1943) who integrated

mathematics with music,

-=Earl Murray (1944) who assigned students to groups
to analyze the assumptions, intermediate deductions,
and conclusions of statements drawn from advertising,
economics, and governments under the long-ranged
headings: personal living, economic living, and
social-civic living,

--Gertrude D. Hillman (1958)--who taught the technique
of data-gathering, adding, counting, percentage, and
graphs from a school-wide polling on "What is your
favorite dessert?" This was very similar to the
'Soft Drink' Unit of USMES,

-~James H. Humphrey, (1967 and 1972), who used Physical
Education as a learning medium in the development
of first mathematical, then science concepts with
2nd and 5th graders,

-=Dorothy Amsden and Edward Ssado (1958), who combined
arithmetic with the unit 'Fish' in dbiology using real
specimens in an aquarium. "How many fish will the
aquarium accommodate?”-~"Well, first let Mary measure

the dimensions of the aquarium while I measure those



29
of the fishes...." Students also drew feed charts,
graphs of the temperatures of the tank, the room
and outside. They also learned a great deal of
bioldgy of fishes.
~=J. Richard Suchman (1964) who regarded elementary
science primarily as an ‘inquiry training.' His
program at Illinois emphasized both on the focusing
points of children's attention and on the freedom
to branch out their own investigations. This writer
was famous for setting up apparent 'discrepency’
in science classes, and asking the children why.
--John C. Archbold (1967), who integrated graphs with
geography. The class made cylinders whose heights
were proportional to some geographical data (popula-
tion, mineral resources, etc.) and placed the corres-
ponding cylinders at the correct places on a map.
--Henry Lulli (1972) who integrated art with geometry
by guiding the students to construct polyhedra.
This was very similar to some classes of the USMES
‘Dice Design' Unit.
Although most of these integrated projects, organized
or individual, specified the appropriate grade level to
try out, closer examinations of the materials and methodology
have strongly suggested that a continuous non-graded -
approach might be more suitable. As a matter of fact,
this non-graded Qpproach is even independent of readability
and mathematical skill, because a genuinely interesting
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project will always be a strong motivation to acquire the
needed skills in reading and mathematics.

The 'new' science education in the 60's moved con-
sideradbly away from scientific facts and information to
the process of scientific enquiry, which, in effect, meant
coming nearer to mathematics, because scientific enquiry
involves inventing a hypothesis, collecting data, experimen-
ting, graphing results, drawing inferences, etc. which demand
considerable mathematical skill. The New Science is also
more akin to social science now as the latter dbegins to
focus on the process of inquiry rather than just the finished
product.

All the three successful programs in science education:
Elementary Science Study, Science Curriculum Improvement
8tudy, and Science--a Process Approach, have science
topics thickly intertwined with mathematics components.

The ESS has units like tangrams, attribute games and patterns,
mirror cards, etc. which are essential mathematics. The

SCIS has units like 'position and motion', ‘relativity’,
'subsystems and variables' which are mathematical in
character. The SaPAl of AAAS overtly includes the following
units of mathematics: using numbers, measuring, using
space-time relationship, communicating (by charts, graphs,
etc.), interpreting data and infering.

lror a full discussion of the mathematics component
of SaPA, see Mayor, John R., “"Science and Mathematics in
Elementary School," Arithmetic Teacher, Vol. 14, December,
1967 ? Ppo 630.632 °



BB

Tte
gchools 1
0 longer
aixed wit!
etc.l The
208t aim }
experience
geometry §
tontact wi
%o be stud
@d gciene,
Yere degerp.

Sever,
Lategrateq
Tecant gngq
197) a44
13 vg,
°°“°Cutive

latheutic s




31

The ‘new' mathematics program of the English primary
schools is interdisciplinary in nature. Mathematics is
no longer taught as an isolated subject, but it is always
mixed with art, dancing, music, recipes, needlework, stories,
otc.l The Nuffield Mathematics Project's first and fore-
most aim has been to integrate the children's mathematical
experience with other aspects of school life. For example,
geometry is to be learned from having iisual and tactile
contact with "Shape and Size," graphs and probability are
to be studied as ways of communications in social studies
and science. Many more examples of integrative experiences
were described in the book written by Leonard Harah.z

Several research studies were carried out to evaluate
integrated or partial integrated programs. Only the more
recent and typical ones are included here. W. J. Coffia
(1971) did a detailed study on the mathematics outcomes
of SCIS vs. regular science teaching program. For five
consecutive years, the 'SCIS' students scored higher on
mathematics application, but the 'regular' students did
better on concepts and reasoning. W. L. Gray (1970)
reported a significantly positive effect of an integrated
program on the acquisition and retention of mathematics

1809, e.8., Biggs, Edith, "Mathematics for Younger
Cbildren,? New York: $itation Press, 1971, pp. 22-28,

aﬂhrsh, Leonard, "Alongside the Child: Experiences
in the English Primary School,” New York: Praeger, 1970.
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and science behaviors for 5th graders. Betty Willmon
(1971) discovered a total of 473 technical words of
mathematics hidden within 24 non-mathematical textbooks
of grades 1-3.

As for the integrated activities whose main component
was elementary science, and not mathematics, Mary B. Rowe
(1965), did a large-scale experimental study with an
elaborate design on selected task-oriental science programs.
Her finding was that there was some indication that the
accumulation of experiences in various contexts temnded
to increase the probability'that a cognitive network would
form.

In 1967, a colloquium on "How to teach Mathematics so
as to be useful® was held in Utrecht, Netherland, bringing
together applied mathematics educators from all over Europe,
U.S.S.R. and U.S.A. In the opening address, Hans Freuden-
thall said, in part,

"What humans have to learn is not mathematics as a

closed system, but rather as an activity, the process

of mathematicigzing reality....Take, for example,
fraction. In its traditional teaching, the concrete
context is no more than a ceremony which is hurried
through, and then the abstract theory (of rational
number) is applied. The result, intermediate or
final, is not connected back to any previous
experience on a level which fractions have been
introduced.” :

He, in another part of his speech, commented on the

narrowness of classical applied mathematics. His remark was:

1rreudenthal, Hans, "Why to teach mathematics so as
to be useful,” Educational Studies in Mathematics, Vol. 1,
May, 1968, pp. 6-7.
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*It is a fact that biologists, economists, socio-
logists are better prepared to apply modern mathe-
matics than physicists who carry the dburden of a
longer tradition (of using calculus alone)."

This remark was in full agreement with Henry O. Pollak,

who wrote:l

"The traditional picture of the user of mathematics
as a man who looks up a formula in a handbook and
turns the crank is very much out of date. When one
applies mathematics in practice, the problems which
arise are not exactly like the problems in the book.
eesApplications typically begin with an ill-defined
situation outside mathematics--in physics, engineering,
biology, economics, or almost any field of human
activity. The Jjob is to understand this situation
as well as possible, and make a mathematical model.
One has had to know his mathematics previous to this
point, and, more important, to know the conditions
for his success. One can then examine what is
required to make it fit the new situation (model)."

lpollak, H. O., "Application of Mathematics,"
N.S.S.E.. 69th Yearbook: Mathematics Education, 1970,

PP. 328-329.
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3. The literature on the philosophical and psycho-

logical aspects of an activity-oriented and'integgéted
curriculum like USMES:
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