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In a recent nation-wiae testing, fewer than 30% of the 13 year olas knew
that two eighth-notes equal a quarter-note. (NAEP Newsletter, 1974)
"Transfer" refers to the influence of learning upon later performance or learning.

A good case can be made for the position that one of our most important aims in

education is transfer, since what goes on in the classroom may be worthless if it
has no effect in subsequent" classroom work, outside the classroom or in later life.
Yet, from a conversation with an industrial arts or home economics teacher, it might
seem that students must regard circles and fractions encountered outside of the
mathematics class as novel and mysterious ideas.
of

teachin~

This section reviews the principles

for transfer (cf. Ellis, 1965).

GENERAL GUIDELINES IN TEACHING FOR TRANSFER
Learning and practice should resemble the situations to be encountered later as
much as possible;

For example, Biehler [1971] points to the importance of dress

rehearsals or scrimmages in team sports in preparing for the actual events.

If we

expect our students to be able to find volumes of rectangular solids, then we likely
should do more than give them length, width and height measurements and a formula.
We should also have them identify rectangular solids for which they must measure the lengths, widths and heights,
perhaps even using carpenters' rulers
or "real" tape measures.

Dealing with,

say, a real faucet (see Fix That Leak
in the MATHEMATICS AND THE ENVIRONMENT
unit is likely to have more carry-over
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than always working with supplied data.

(

If we want our word problems to be more

\

realistic, we should have some which require sifting through extraneous information
or which involve insufficient data.

Preparing a batch of cookies may lead to more

learning (by doing) than reading about making a batch.

It may be worthwhile to base

exercises on newspaper advertisements, mail order catalogues, record club brochures,
bank statements or credit card bills.
Work for sufficient learning of the material which is to be transferred.
what does "sufficient" mean?

But

That's the toughie.

It is difficult, of course, in a given learning situation to specify precisely how much practice is desirable on a specific task; nevertheless, a
good rule of thumb would be to have students receive as much practice as
is feaqible considering the restraints imposed by the various activities
in the classroom. l"n additi'on, the teacher 1-8 somewhat free to be seleet,lie in the degree of emphasis placed on various topics. Perhaps greater
emphasis could be placed on those topics that are known to be necessary
for the mastery of subsequent course work. [Ellis, 1965, p. 71]
Hence, it seems to come down to iden-

tifying those skills, processes, concepts and principles which are the most
transferable to the later study of mathematics and its applications, and then
being certain to give them "sufficient"
attention in class.

For example, we

might deemphasize volume formulas in
favor of some determination of volumes

>\\STORY OF METR\C SYSTEM
WORK WITH ARBITRARY Ut-.lITS

APPLlCA,IOWS
COWVER'S,\OIJ'2>
FORMULAS

o

(

HMM, W>iICf-I Of"
\\{E'OE: 'Ol-\OULD' I
EMPI-IA'SIZE?

by direct filling of containers with
cubes or by pouring water or corn meal or puffed rice from standard containers.

These

types of activities involve a measuring of volume and also put into practice the general principle of measuring by direct comparison with a unit.

Or, we might present dis-

covery lessons for some topics in order to focus on problem-solving processes as well as
the particular topic.

Shulman summarizes the research by noting, "Discovery-learning

approaches appear to be superior when the criterion of transfer of principles to new
situations is employed." [1970, p. 58]

See GoaZs Through Discovery Lessons in the

Mathematics Resource Project's Geometry and Visualization.
Use a variety of examples when teaching concepts and principles.

The Teaching

of Concepts in the Mathematics Resource Project's Geometry and Visualization gives
some of the reasons and techniques for using a variety of examples (and non-examples).
The understanding of a concept or principle can be strengthened, enriched and

14
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clarified by a diversity of examples and settings, and such a variety alerts the
student to the fact that the concept or principle can arise in many different contexts.

For example, over a period of years the work with fractions should include

exposure to the several models for fractions (see the commentary to FRACTIONS:
Concepts, in the resource Number Sense and Arithmetic Skills).

The learner's back-

ground must be kept in mind, of course;
introducing all possible settings on a
student's first encounter with a new
concept or principle would be illadvised.

For the concept of area, stu-

dents should work with areas of plane
regions having curved boundaries and
with surface areas of space figures, as
well as the usual polygonal regions.
Such a variety of examples not only

,
BUT THAT

HAVE: AREA -

DOC~10T

Ot-) LY

STRAIGI-H T\.\II\lG":> DO.

gives them additional experience with
the concept but also enables then, to
see many situations where the idea can
be used.

Gagne advises:

The more varied these (situations) oan be made, the more useful will the
learned oapability beoome. At lower eduoational levels, this variety may
be aohieved by deliberate use of a whole range of natural objeots and even
events in the olassroom or on field trips. At higher (oollegiate) levels,
the funotion of providing oontextual variety oan be largely performed by
verbal oommunioation, of the sort that may take plaoe in a "disoussion
group," for example. [1970, p. 339]
Bring out the important features in a learning situation.

Point out, for exam-

ple, that the class' work with arbitrary units is to show that the unit of

measure~

ment can be arbitrary--not because anyone really cares how many paper clips wide a
desk-top is.

Although language is occasionally over-used and its role in learning is

not well understood, it can be utilized in verbalizing the learned rules and the
special features that are likely to transfer.
to be an aid:

Just using the word for an idea seems

"Labeling helps us to distinguish important features of a task,

although we are not entirely sure whether this is due merely to increased attention
given to these features or whether it is due to the label itself." [Ellis, 1965,
p. 72J

Do not expect much transfer unless the students understand the general principles.

This caution is much like the references to "sufficient" learning above.
15
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(

Emphasis on underlying key ideas
should be productive for transfer.
The principle that a plane or a space
region can be measured by "cutting"
it into pieces and then finding the
sum of the measures of the pieces
can be used in different ways (as in
the figure to the right).

Bruner des-

cribes the importance of general principles in this excerpt:

. . (the handling) of a subject should be determined by the most fundamental understanding that can be achieved of the underlying principles
that give structure to that subject. Teaching specific topics or skills
without making clear their context in the broader fundamental structure
of a field of kn07iJledge is uneconomical in several deep senses. rn the
first place, such teaching makes it exceedingly d~~fieult for the student to generalize from what he has learned to what he will encounter
later. rn the second place, learning that has fallen short of a grasp
ot genePat principles has little Y'e7iJard ~'n terms of intellectual exoitement. The best way to oreate interest in a subjeot is to render it worth
knowing, which means to make the kn07iJledge gained usable in one's thinking beyond the situation in whioh the learning hasocCJUl>:i>ed . . • [1960,

(

p. 31, emphasis added]

"Teachers set the stage for tPansfer paPtly by pointing out that the students should expeot their new learning to transfer." [Cronbach,
Emphasize applications.

1963, p. 322]

Measurement topics are perhaps among the easiest to find applications

for; notice how many of the Mathematics in Science and Society activitiec involve
measurements of some sort.

Besides using the wealth of material in these units,

looking at textbooks in other subject fields and talking to teachers in these fields
can give ideas for other applications.

Students can be encouraged to bring in

examples of applications of mathematics (and should be reinforced for doing so).
Bulletin boards, special proj ects, guest speakers, field trips--all can focus on
applications.

Since students tend to attach importance to what they are tested on,

it might be productive to include application items on quizzes.
Applications within mathematics are also important; not only do they review
and reinforce other mathematics, but they also show the interrelatedness of mathematical ideas.

Commutativity is an idea that can appear in geometry (combinations

(
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of some motions) as well as with some
arithmetic operations.

There often is

a geometric way to represent a numeri-

calor algebraic topic, and vice versa.
Many problems allow different sorts of
solutions ("Did anyone solve this one
by proportions?" or "Did anyone use a
graph?").

Again, call these solutions

to the students' attention to maximize
transfer of the mathematical ideas and
problem-solving techniques.
Be careful in situations where

negative transfer might occur.

Negative trans-

fer, in which one learning interferes with another learning, is most common when
similar situations call for different responses.

For example, the length and the

width of a rectangle are used in finding both the perimeter of the rectangle and
the area of its region.

Hence, one could predict that students might get perimeter

and area calculations mixed up.

Some of the difficulty with percent word problems

likely stems from the similarity of the word descriptions.
may be taken too literally.

." Of' means multiply"

Hidden impressions like "dividing always gives a smaller

number" or "squaring always gives a larger number" may be misleading when dividing
or squaring fractions.

Similar vocabulary words with different meanings (e.g.,

polygon and polyhedron) are often misused.

Paying special attention to these simi-

larities by pointing them out and contrasting the appropriate responses may give a
better performance.

SUMMARY
Transfer does not seem to take place automatically.

Research suggests that we

should
• use settings as "real" as we can make them,

• identify and emphasize the key concepts and principles,
• work in as many different examples of applications as we can,
• lay stress on the notion that students should expect mathematics to pop up in
lots of places, and
• be alert to places where negative transfer may occur.

17
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1.

What are some applications (within or outside mathematics) of each of the
following?
a. commutativity
b. the problem-solving process, draw a diagram
c. the volume of a prism
d. exponents

2.

"No matter where you turn in modern life, you will find mathematical problems.
Often the best assignment is to have the student • • . find • • • applications
in his environment. Then he can decide what data to collect and what relationships to explore." [Johnson and Rising, 1972, p. 279] Such assignments would
seem to foster a transfer attitude. Give five examples that you feel your students could come up with.

3.

What are some examples of questions which might induce an attitude of "how can
this be used?" or "where else in math have we used this idea?"?

4.

(Discussion) Since time is so restricted, we must choose which topics to cover
and which to omit. Suppose you have time for only one of each in the following
pairs. Which one would you choose (on the basis of transfer--not whether "they'll

(

~~t i;:t;~:;:~~:;y~;i~;;~:~:~;~~;::~ro~~~:~~~t~~n: ~~g~~~el~~~l~h;~: ~~gp
c.

d.
e.

multiplication facts
more work on whole number division, or work with prime numbers
percents over 100%, or percents less than 1%
perimeter and area, or more work with fraction addition and multiplication

5.

(Discussion) Two views of transfer are described below. Psychologists, either
because of research or because of impracticality, have rejected them as profitable approaches. [Cf. Biehler, 1971, pp. 265-267.] What are your feelings about
them?
a. The way to increase the powers of the mind--accuracy, quickness, memory,
observation, concentration, judgment, reasoning, etc.--is to exercise these
powers. The particular content is not important; the important thing is
using the mind.
b. We should teach only those things needed in "real-life" situations.

6.

Discuss each of the following in terms of mathematics to be studied later.
a. "You can't subtract 7 from 5."
b. "The longer the numeral, the bigger the number" (based on whole number
experiences) •
c.
"The common denominator algorithm for division of fractions (1 + 1. = ---.2. + -2 =
. 3 . 1 5 3 2 2 10 6 10
6 + 5 = ~) is better than the invert-and-multiply one (5 + "2 = 5 x 1 = 5)'"

7.

Give some applications (in or out of school) of each of the following.
a. Some principle of the decimal numeration system (you identify the principle)
b. associativity of addition
c.
d.

(

surface area
a number has many "names"

(
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8.

Discuss each of the following in terms of negative transfer.
confusions be avoided?

How might these

a.

'0

b.
c.
d.

9.

TEACHING FOR TRANSFER

"1 is greater than i since 7 is greater than

2."

"I measured 6 cm and 10 cm, so the area is 60 cm 2 ."
,,1
2
3
4
12
1"
"2 x "3 = (; x (; = 36 = "3
The two exercises: Write 2.25 as a percent • • . Express 2.25% without the
percent sign.

(Discussion) There are many models for fractions: part-of-a-whole, number line,
set model, quotient model (see the commentary to FRACTIONS: Concepts in Number
Sense and Arithmetic Skills, Mathematics Resource Project). Which of these
models are covered in your text series?

10.

"Knowledge acquired largely by memorization, by the 'pouring-in' process, and
without many relationships being established with the individual's existing
knowledge has low transferability." [Henderson and Pingry, 1953, p. 245] It is
likely that you agree with the quote. Review one of your students' most troublesome topics to see how "relationships with the individual's existing knowledge"
can be est~blished.

11.

If we are to teach two related tasks, one easy and one difficult, most of us
would probably feel that we should teach the easy one first. It may be that
teaching the difficult one first would give greater transfer to the easier task.
Ellis [1965] notes that the existing research on this easy-difficult vs. difficult-easy question does not give much direction, partly because "difficulty" is
not well-defined and methods of teaching a topic can vary. In each of the
following pairs, which would you choose to teach first? Explain.
a. the volume of a rectangular solid or the volume of a cylinder
b. the area of a trapezoidal region or the area of a parallelogram region
c. fraction addition or fraction multiplication
d. decimal arithmetic or fraction arithmetic

12.

Ellis [1965] reports this surprising finding: For tasks not depending on specifics from the original learning, " • • • transfer of training remains roughly
oonstant with varying intervals of time elapsing between the original and the
transfer task" [po 39], in contrast with the usual decrease in retention! That
is, although as time passes we tend to forget a specific learning like the formula for the area of a trapezoid, whatever ability we have to use the technique of
deriving such a formula does not deteriorate so much with time. What implication
might this have for whether we should pay attention to transfer?

13.

"One seventh-grade teacher tells the class what lies ahead in mathematics by
describing algebra as mysterious and difficult. 'Instead of working with numbers,
you do problems like this'-- • • • an equation (is written) on the board without
explaining it. A second teacher does not mention algebra by name, but casually
uses various formulas such as A = lw and i = Prt when the class is doing numerical problems on area or investment. Each formula is treated as a shorthand
summary of what the group has been expressing in words. What effect would each
of these methods have upon readiness for algebra?" [Cronbach, 1963, pp. 322-323]
How might individual students react in different ways?

19
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It might be worthwhile to skim the units in Mathematics in Science and Society(~
with an eye to bringing in certain activities as applications of particular
'
mathematical topics.
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WHAT IS A "PROBLEM"?
Because of the different uses of the word "problem," it is necessary to clarify
what the word means as it is used in this section and in the references at the end.
A student has a problem whenever (a) the
student seeks a solution but (b) there

PROBLEMn

is no obvious way to reach the solution.
In particular, a problem situation is dif-

A.

STUDENT WANTS SOLUTION,
BUT

B.

HAS NO CLEAR ROUTE TO
SOLUTION.

ferent from those encountered and solved
before and is not obviously amenable to
any algorithm the student has at hand.
Hence, whether a situation. is a problem

Solving 14 x 8 = n is not a problem for most

depends on the student's background.

seventh graders, whereas it would have been when they were second graders.

For a

seventh grader, solving 14 x 8 = n involves a routine application of a much-practiced
algortthm; the term "exerctse" is usually
used to distinguish such types from problems.

For most mtddle schoolers, these

EXERCISE--

are. exercises rather than ptoblems:

YIELDS TO
1.

723 -5}7 = n

2.

AVAILABLE ALGORITHM

A frog ate 23 flies.
Then it ate 156 more.
How many flies did it
eat all together?

The following could be problems for ffiiddle schoolers (and other people).
problem different letters stand for different dtgtts.

In each

(Answers are given at the end

of this section after the references.)
Problem 1

Problem 2

PQ

11M

+47
73

- 8
3N

What is Q?

What is N?

Problem 3
NP
xNQ
PQ
NP
22Q
What is Q?

Problem 4
x

(each digit
must be used)

.AB
C

to get .DE
then +.FG
to get H.IJ
Find each letter's value.

Since problems by definition are not solved immediately by tried-and-true methods,
we should not expect students to solve them quickly or even to solve all of them.
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Accordingly, it may be better not to assign several problems to be solved within one
class period.

Also, in recognition of individual differences we could include options

at different levels of difficulty (e.g., "By next Wednesday see whether you can solve
one of Problems 1, 2 or 3.

These take some real thinking, so don't give up too soon").

PROBLEM SOLVING CAN BE THE STAR OF THE CURRICULUM
Drill through problem solving.

Exer-

...------------------,
PROBLEM-SOLVING
PROCESSES

cises (in the sense above) are routinely
used to provide practice on skills, but
problem-solving situations can also
provide lots of practice--plus other
sorts of thinking.

DRILL

MOTIVATION

If you just skimmed

PROBLEM
SOLVING

Problems 3 and 4 above, you might try
one of them.

Problem 4 will likely

involve as much .computation as you would
ordinarily assign.

As

another example,

the solution of Problem 5 to the right

NEW IDEAS OR
PROBLEM TYPES

TRANSFER

(

involves work with exponents and divi!?roblem 5

sion (it is not as formidable as it
looks and is discussed further on pages
4 and 5).

5999 + 7 gives

Word problems also supply

what remainder?

practice in solving mathematical sentences and in computing.
New ideas/problem types through problem solving.

Suppose the students have

dealt only with positive whole number exponents and have just finished a discovery
lesson in which the problem was to find a sbortcut for simplifying expressions like
57
712
10 4
79 71
~.
They would then be primed for exercises like --- = n, ~ = n, --yr = nand
12
5
7
10
0 79 0
0
the question, "What seems to be a reasonable meaning to give to 7, 10, 79 ?" and
thereby be introduced to zero exponents.

Trimble has commented that a "problem is

• • . a means to an end; the end is student involvement in the creation or re-creation
of the key ideas and techniques of mathematics."

[1966, p. 8]

Quite a challenge!

(
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Some types of problems are so important that often we deliberately p'rovide much
practice so that they become exercises.

For example, we do want our students to be

able to calculate checkbook balances, gasoline mileage, interest, areas of floors,
averages, . . . .

What we may wish to avoid, however, is making these situations

exercises from the start ("Here's how to do this kind").

Initial work could well

retain the problem nature of the situations ("How do you think we might try to
figure this out?").
Transfer through problem solving.

Based on his studies, Brownell [1942] has

noted that concepts and techniques are likely to be most useful in problem solving
when they themselves are learned through the solving of problems.

As is noted in

the section Teaching for Transfer, working problems in many areas is one of the
techniques for maximizing transfer.

Dealing with the various topics from Mathematics

in Science and Society should enhance a student's view of the applicability and
importance of mathematics.
Motivation through problem solving.
Many students are stimulated by challenges like Problems 1-5 above, particularly if the teacher seems to be
enthusiastic and interested in the
problem.

But many students are not

"turned on" by such problems, unless
by chance they get caught up in the
enthusiasm of other students, the
group competition that might be used,
or some other feature which may not
be entirely credited to the problem.

Since the apathetic student is often the un-

successful student, it is perhaps of first importance to work for an optimistic
attitude:

(a) at first choose problems that look like they can be solved (Problems

1 and 2, for example) or that have shown a great deal of appeal to former students,
(b) present the problems so that the student's ego is not threatened (see the section

Student Setf-Concept in Number Sense and Arithmetic Skills, Mathematics Resource
Project) and (c) be optimistic yourself.

[Johnson and Rising, 1972, p. 265]
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Problem solving prooesses through
problem solving.

(How else?)

Developing

,...---------------,(

STEPS IN PROBLEM SOLVING

one of the lists of problem-solving
approaches (as to the right) through several well-chosen problems over a period
of time is one way to start.

1.
2.

However,

tional skills must be, if they are to beGetting the stu-

dents to try the approaches may require a
"sell-job."

Many middle schoolers want

to know specifically what-calculation-todo rather than what-kind-of-thinking-todo.

Unfortunately, problem-solving pro-

3.
4.

cesses like those in the list do not
assure a solution.

They do, however,

give students some things to try when-as is the case for "true" problems-there is no obvious way to proceed.

Let

us briefly look at the steps listed to
the right.
Understand the problem.

At minimum

this step includes knowing what is sought

DEVISE A PLAN.
--DO YOU KNOW HOW TO SOLVE
A SIMILAR PROBLEM?
--SOLVE A SIMPLER PROBLEM
--MAKE A DIAGRAM) TABLE)
NUMBER LINE) GRAPH
--SOLVE PART OF THE PROBLEM
--GUESS AND CHECK
--LOOK FOR PATTERNS
--WRITE AN EQUATION

the prooesses must be emphasized and
praotioed frequently, just as computacome matters of habit.

UNDERSTAND THE PROBLEM.

CARRY OUT THE PLAN.
LOOK BACK.

(

--CHECK
--WHAT METHOD(S) DID YOU
USE?
--CAN YOU DO SIMILAR
PROBLEMS?
--IS THERE ANOTHER SOLUTION?

and what information is given, and helps
to "get started" on the problem.

Some

(Adapted from Polya, 1971.)

students will have difficulty reading
word problems (see Reading in Mathematios in the resource Ratio, Proportion and
scaltng); attention to vocabulary and emphasis on multiple, slow-paced readings may
help some students.
lems.

Many teachers like to have their students paraphrase word prob-

Paraphrasings at least assure that the students have read them and may help

some break their "I can' t understand word problems" block.
Devise a plan.
in the list above.
divided by 71

Most often this step is the bottleneck, so more detail is given
999
Let's look at Problem 5: What is the remainder when 5
is

(Some students will learn that the usual algorithm does not apply
directly to expressions like 5 999 .) "Do you know how to solve a similar problem?"
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If you do, Problem 5 may be only an exercise for you.

Imitating solutions to simi-

lar problems is one of our most valuable methods of devising a plan, since it can
turn a problem into an exercise.

"Can you solve a simpler problem?" The size of
the exponent causes the difficulty here; 5998 or 510 or 52 or even 51 (or 5°) would

be simpler.

But what good would looking at those do?

"Look for a pattern!"

51 = 5; 5 t 7 gives remainder 5
52
25; 25 • 7 gives remainder 4 (Is a clear pattern forming already?)
53 = 125; 125 • 7 gives remainder 6 (I guess not.)
54

= 625;

625 • 7 gives remainder 2

55 = 3125; 3125 + 7 gives remainder 3 (No one promised there would be a
pattern! The processes do not
guarantee success.)
Rut one valuable lesson is to learn to
persevere.

Students often give up very

Exponent

Remainder

the answer, is not apparent at once.

1

5

If we do persist, we would obtain the

2

4

table to the right, in which the pattern

3

6

of remainders 5, 4, 6, 2, 3, 1 appears

4

2

to be repeating.

5

3

6

1

the remainder when the exponent is 999.

7

5

We'll leave the rest to you (the answer

8

4

is at the end of this section).

9

6

10

?

quickly if the answer, or how to get

problem:

We now have a new

using the pattern to predict

The devise-a-plan hint, "Solve part
of the problem," for middle schoolers

·

applies most easily to multi-step prob-

·
·

lems, but is also applicable in many
others.

The "Guess and check" technique

999

.
.
?1

will be mentioned below in connection
with writing mathematical sentences.
Carrying out the plan is usually a pleasure if the plan has been well chosen.
Students will, of course, have to keep the plan in mind:

remembering what calculations

and what table, deciding what organization, checking patterns, checking computations
for reasonableness (in particular, if a calculator is used!), and especially keeping
the original problem in mind.
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Looking back is often neglected.

Certainly students should ask themselves,

"Is this answer reasonable?," and apply some combination of common sense (the girl
rode her bike 200 km/h!?) and/or number sense and mental arithmetic.

(

\

Perhaps most

important in the looking back phase is recognizing the problem-solving process we
used; for example, in Problem 5 we looked at several simpler "problems" to generate
a pattern which enabled us to predict the solution.

We could also try to think of

similar problems which we think we could now solve.

This requires some care (does

i t matter that all of 5, 7 and 999 were odd?

that 5 and 7 are primes?) •

Many prob-

lems will not suggest very imaginative ideas to middle schoolers, but asking the
qtl~stion

does remind the students that PERHAPS THINGS OTHER THAN ANSWERS ARE ALSO

IMPORTANT.

Finally, looking for another solution will emphasize to the students

that quite often there is more than one way to solve a problem.
Another example. Several illustrations of problem solving processes with geometry problems are given in the teaching emphasis
VISUALIZATION, Mathematics Resource Project.

ProbZem SoZving, in GEOMETRY &

Let us look at one more numerical

problem here.
Problem 6

Each different letter represents a different digit.

scrAP
x

and

P

AAROO
Understanding the problem.

PAcrS
x
S
AARt'lN

(

Find each letter's value.

We want to multiply a

four~digit

number (ScrAP) by its

last digit (P) to get a 5-digit number (AARON), which is the same number we would
get if we reversed the digits of the original number (PAOS) and multiplied it by the
new final digit (S).
find their values.

Different letters stand for different digits, and we want to
(That was a mouthful, but it illustrates the power of symbolism

in mathematics!)
Devising and carrying out a plan.

With so many letters in the problem, perhaps we

might first try "Solve part of the problem."

Which part?

Since the multiplication

algorithm starts with the units' digits, we might look there.

Aha! (?)

digit of P x P is the same as the last digit of S x S--the digit N.
now help to narrow the possibilities.

=1
2=!!.
3 = 2-

4 x 4

2

5 x 5

3 x

6 x 6

Number skills

Looking at the last digits •

1 x I

x

=
=
=

16

7 x 7

2;?

8 x 8

36

9 x 9

=

49
64

=

81

gives the following possibilities for P and S:
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I and 9

or

2 and 8

or

The last

3 and 7

or

4 and 6.
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Now what?

8ince we have some information about P and S,

SOAP
x P

we might pursue them.
The given data tell us that when we multiply 8 x P

AARGI\l

AARtltJ

and possibly add it to any digit carried from P x 0 or
8 x A, we get AA, a double digit number different from
either PP or 88.
(1 x 9)

8ubstituting the possibilities generated for P and 8:

+

(1 x 9) + 1

= AA:

= 11,

which can be ruled out since

P or 8 = 1, so A cannot = 1 also.
(2 x 8)

+

+ ~= 12 (Why can this be ruled out?)

(2 x 8)

= AA:

Similarly,
(3 x 7)

+ 1 = 22

(4 x 6) +

and

.2. = 12.

This last possibility can be eliminated (in a one-digit-times-one-digit calculation,
what is the greatest number that might be carried?).

P

=

7, 8

=

3, A

=2

or

P

=

3, 8

= 7,

A

80, we have

=

2.

The former does not work (try it, keeping in mind that each different letter represents a different digit).

Therefore,

8 1'1 A P

7

x

3 2

7
7

2 2

9

2 3

x
3
2 2
9
AARI'1N

and

8ince in the first case 3 x 2 = 6, /J must = 6.

7623
3
22869

and

x

Looking back.

The rest is easy

...

3267
7
22869

x

We should be sure to check that our result does indeed give correct

calculations and assign different digits to different letters.
we proceeded in this problem:

We might review how

We tried to solve part of the problem and were able to

build on the possibilities generated to get a solution; we obtained information by
considering units digits of products and the possible "carries" in the multiplication
algorithm; we ruled out some possibilities by the conditions of the problem and others
by trial and error.

Anyone of these

might come in handy in a similar problem.

As another form of looking back,

BATH
Ll.

~

51.\2.8
~

7

3799G

MAP

X

P

AARON

we might try to make up a similar problem.

Or we might ask ourselves, Is

there another method of solution?
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SUMMARY

(

Even when we distinguish between exercises and problems, problem solving could
serve as the heart of teaching.

Problems can pump life into

drill, serve as a vehicle for introducing new ideas and types
of problems, give a basis for transfer, motivate at least some
students, and above all, put the teaching of problem solving processes into its proper setting--the solving of problems.

ODDS AND ENDS ABOUT PROBLEM SOLVING
This subsection contains a variety
of suggestions and research findings

PROBLE."" :
STUDEt-lT WAt-lTS SOLUTIOtJ
BUT OOES t-lOT RE:ALIZE HOW
TO REACH IT.

oriented to the two aspects of a problem:

(a) the student must want a

solution, but (b) the student must overOl-l,OH'

come some block to the solution.
The student wants a solution.

Let's

IVE GOT A
PROBLEM.

acknowledge that many students work problems only because that is what is expected in mathematics classes.

Perhaps some

DESIRED
SOLU,IOIU

of the following will create an interest
in the problems themselves.
•

We might poll the class to see what their interests are ("Give 5 things you
like to do," "What are your favorite pastimes--foods, hobbies, TV shows, singing groups, possessions?") and then try to build problem situations on these
interests. Listen to the students' topics of conversation in the hallways or
before class.

•

Ask each student to submit one mathematics "problem" each week, based on inclass topics or out-of-school events, and use some of these.

•

Some teachers find that having the students guess an answer leads to greater
interest since they then have made a definite "conunitment."

•

On occasion, a problem can be dramatized by class members (e. g., two "interviewers" questioning a factory owner about pollution control, or two coaches
trying to choose the "best" team from given statistics).

•

Using students' names in problems usually gains some interest if not over-done.
Basing problems on things unique to each student (e.g., Muscle
Fatigue in MATHEMATICS AND BIOLOGY) also "personalizes" the topic.

•
28

Problems taken from foreign textbooks or old U.S. textbooks, if you have accesc
to any, may provoke interest.
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•

Problems based on things close to the students' world can be interesting,
although Johnson and Rising offer this opinion: "For most students it is not
necessary to take problems from their immediate environment. Often, students
are less interested in grocery bills than in cannibals and missionaries, less
interested in the volumes of oil tanks than in walks through K15nigsberg."
[1972, p. 240]

•

Familiarity may improve the chances of success for some students. For example,
Lyda and Church [1964] found that lower ability students in particular were more
successful on word problems dealing with situations they were familiar with.
Help to overcome the block:

general remarks.

The major reason for giving

attention to the problem-solving processes is that these may make us more selfsufficient.

Students need to become more independent and more confident of their

ability to do things for themselves.

Other people won't always be around!

Recent

research has been investigating systematic instruction in problem-solving processes
(e.g., Vos, 1973).

Nelson's work [1975] indicated that teaching the use of diagrams

improves problem-solving performance (he also advocates presenting some problems in
diagram form).

Students with some background in problem-solving processes can be

encouraged" to review their own use of the processes ("What approach have I tried?
What haven't I tried?").

In any case, at tention to processes may help to change the

usual student's view that the only concern is The Answer.
Middle schoolers may not be confident problem solvers.

Having hints in mind

is a good idea, although knowing when the students are claiming frustration for the
sake of getting a hint and when they are genuinely stuck is a bit of an art;

One

study with ninth graders [Akers, 1975] indicated that having answers accessible
tended to increase the time students spent on problems (exercises?); thus, in situations where the answer does not reveal how the problems are solved, having answers
available may lead to greater persistence on the part of the students.

Having small

groups attack problems offers a chance for the students to learn others' approaches
and may build up some degree of confidence.

Groups usually are more successful on

problems, although there does not seem to be a great carry-over to later, individual
work.

lHudgins, 1960]

Blomstedt [1974] found that having middle schoolers agree on

approaches to word problems by consensus did seem to enhance their performance on
word problems, perhaps because of the immediate feedback and reinforcement from
classmates.
"Real" problems will not be solved quickly.
for some middle schoolers to accept.
time for attempted solutions.

This is perhaps the hardest lesson

Be sure to point this out, and allow plenty of

A phenomenon you may have noticed in your own problem
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solving is that after concentrated but unsuccessful work, leaving a problem for a

C

period of time often results in a spontaneous or a fairly rapid solution when you
return to the problem.

Hence, you might

mention a problem on Monday, let the
students work a while, bring up the
problem on Tuesday, perhaps adding a

YOU M 1G.1-\l TRV
50ME SIMPLER
PROBLEM':>, AI\lD
THEI\l MAKE A
TABLE.

hint or allowing students to look at
"hint" cards on your desk (checking
privately with students who think they
have solved the problem), bring it up
again on Thursday to check progress
(and to remind students of it), and
finally have students show solutions on
Friday.

(There is no magic in the days

mentioned; however, at some time the
unsuccessful students should at least see
someone's solution, if for no other reason than to study how the problem was attacked.)
If a student has worked several minutes and is stumped, suggest that he "sleep on it"

(

and do something else right now.
Some work with college students has suggested that females may do more poorly
than males on problems--particularly problems dealing with "masculine" situations-because girls feel that they are not supposed to do well in mathematics.

It is not

clear when this particular attitude develops or whether it is prevalent among middle
school girls, but you might be watching for students who seem to have adopted such
an attitude.

(Be certain that nothing in your teaching is promoting this attitude!)

If there are no female mathematics teachers in your school, you might arrange a guest
presentation by a female teacher from another school or a university, or by some
mathematically successful high school girls.

Similar success-models could be sought

for any other identifiable group who seem convinced that they cannot do well in
mathematics.
Help to overcome the block:
Probably both.

word problems.

Or are they word exercises?

We can help to retain their problem character by at least making

sure the students have to read the problem to get a solution.

Assignments should

contain problems which have extraneous or insufficient data and which require a different operation for at least some problem(s) in the list.

Otherwise, we may be in

the situation that the Luchinses described more than 25 years ago.
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(The students) were accustomed to being taught a method and then practicing it; to have to discover procedures was not only quite foreign
to them in arithmetic but also in most school subJ'ects. It seems to
us that the methods of teaching to which they had been subJ'ected tended to develop, not adaptive responses, but fixations, so that a child
might know methods and formulas and yet not know where to apply them
or how to determine what method best suited a particular problem.
Our schools maybe JonJentrating so muJh on having the Jhild master
the habits, that the hahitsare mastering the Jhild. ILuchins and
Luchins, 1950, p. 286, emphasis added]
The Luchinses' research has indicated that it is very easy to get a "mental set" in a
series of problems, with the result that one almost blindly proceeds with each new
problem just as he did with the previous problem (see number 10 on page 17).

Using

only one "type" of word problem in an assignment can foster this uncritical approach,
of course, and makes it easy for students to ignore any work with problem-solving strategies.

A key question is, how "mixed up" should the lists be?

Sumagaysay [1972] has

shed some first light; a sequence of assignments in which the number of types of problems gradually increased from one type in the first assignment to three types in the
later assignments was superior to sequences in which either only one type was used
throughout or three types were used throughout (caution:

these results cannot be

regarded as definitive since the students were likely accustomed to only single-type
lists).

Here is one final note on mental sets:

tension apparently:increases the

likelihood of adopting a mental set. Hence, "'hatever we can do to lessen tension--less
emphasis on time, partial credit, reduced emphasis on grades--may enable students to
resist the tendency to fix on one approach.
A technique endorsed by many teachers
for word problems is to give lots of

TRAf\JSLATI NG

attention to translating from the word

WORDS

form to the equation (or inequation) form
and vice versa.

----Po. EQUA,\ON

EQUATIOt-.)--•• WORDS

This might include oral

dictation of phrases or statements to be
expressed more symbolically ("six more than eight" or "after Don found the five dollars and twenty-eight cents, he had eight dollars and nineteen cents"),

The reverse,

giving an equation and asking the students to make up a word problem which fits the
equation, can be a valuable diagnostic tool.

For example, a student may write a

problem that does not fit a given sentence at all ("I had $11 in the bank at 5%.
How much did I get?" for the equation .05 x n

= 11),

Another diagnostic tool is to
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have students paraphrase a word problem (as mentioned before, paraphrasing also helps (
to force an "active" reading as opposed to a recitation of words).

Nelson's work

cited above suggests that having students write mathematical sentences for given diagrams, pictures or graphs might also be worthwhile.

Robertson [1975] has described

some translation work with balance set-ups, as in the diagrams below.
f' = (2. xm) ... 3

S

...

Hc:

Ga··

...

~Q

TRAlJ5LATIOl\l :

g

..

I

TRAI\lSLATIOI0 :

t.

TRI\I0SLATIO~:

dU2

Yl>l'cL

~

There does seem to be evidence that writing equations for word problems is a
productive approach (e.g., see Lerch and Hamilton, 1966).
how to teach students to write these
equations.

There are at least three

What is not so clear is

WAYS TO CHOOSE EQUATIONS:

approaches to teaching the writing of

TELL-THE-ACTION

equations for word problems:

WANTED-GIVEN

(a) the

sentence-that-tells-the-action approach,
(b) the wanted-given method, and (c) the
guess-and-check technique.

GUESS-AND-CHECK

(

Let's use the following word problem to illustrate the

approaches.
Jan bought a ball glove. Then she decided to buy a ball
for $2.98. In all she spent $16.93. How much did the
glove cost?
A student who is using the sentence-that-tells-the-action approach is to imagine the
story (bought glove, then bought ball for $2.98, paid $16.93) and write the mathematical sentence that reflects the action of the story (n + 2.98

= 16.93).

Although

the resulting equation may not itself indicate what calculation to perform (as in
this example), the method does give an equation which is an accurate "portrayal" of
what happened in the problem.

[Hartung, 1959]

Under the wanted-given approach, the

student is to determine what is wanted (the cost of the glove) and what is, given (the
cost of the ball and the total cost) and then to decide how to get the "wanted" from
the "given" (16.93 - 2.98

= n).

Here the calculation necessary to solve the problem

is indicated, but the equation does not "describe" what went on in the problem (the
equation 16.93 - 2.98 = n implies that something was removed).

With the guess-and-

check technique, the student guesses the answer (e.g., $15) and then checks it
(15 + 2.98

~ 16.93).

If the guess checks, fine; i f not, the student substitutes a

variable for the guess and solves the resulting equation (n + 2.98 = 16.93).
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Which way is best?

The research to date does not dictate a particular approach.

Wilson [1967] found that his wanted-given approach was superior to the tell-theaction approach with fourth graders.

Zweng 11968], however, seriously questioned

Wilson's study, by pointing out the likely nature of the prior problem-solving experience of the students.

She also emphasized that the tell-the-action approach best

fits the desirable goal of having the mathematics accurately reflect the real-world
setting.

Moreover, another major point she made is that the tell-the-action fourth

graders would have been required to spend some time on the (peripheral) learning of
how to solve sentences like n

+

15 = 93, in which the indicated operation is not the

operation which solves the sentence.

Thus, it would be unfair to compare their

formance to that of students who spent all their time on word problems.

per~

Crowe 1l975J,

with ninth-grade algebra students, found no difference between the guess-and-check
method and an "initial variable" approach (choose a letter for the unknown, then
write an equation relating it to the other numbers).
Whatever approach you choose to emphasize, watch for students who cue themselves
on particular words or phrases like "in all" in the word problem above.

While key

words and phrases can tell much about what went on in a problem, they are not reliable indicators of what operation to use.

"In all" usually does describe a joining-

together or accumulating situation, but (as abuve) addition may not be the appropriate
operation to perform.

Nesher and Teubal [1975] found that even primary schoOl stu-

dents have begun to rely unquestioningly on cue words and phrases!
Students apparently

~re

very

uncritical when processing data in
problems.

Sherrill [1973] found

MISLEADIt.JG. SKETCH

that inaccurately drawn pictures or
diagrams greatly influenced tenthgrade students, even when accompanied
by the word statement.

On the other

hand, presentation of problems through
accurately drawn pictures or diagrams
gave performances superior to word presentation alone.

Ammon [1973] found

AMY

BILL

l.-:+m
WHO IS TALLER?

1.2.8""

BY HOW MUCH?

that fourth- and fifth-graders responded
with more ideas when given a picture.
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presentation rather than only a word
presentation.

Trueblood [1969] recom-

mends, and some text series occasionally

use, a nonverbal or minimally-verbal

How many feet of string?

presentation for some problems (as
shown to the right in part of Picture

Problems 1 from the Addition and Subtraction subsection of WHOLE NUMBERS in
Number Sense and Arithmetic Skills,
Mathematics Resource Project).

Keil

[1965] produced superior performance
on standardized tests by having sixthgraders write and solve word problems

On a 3-day trip,e smJesman drove

243 the first day, 319 the second
daY,and 186 the third day. How far
total:

about a given situation instead of
using the textbook problems (see number 5 on page 16).
To by-pass the reading problem of some students, some teachers present word
problems orally.

McGill and Wiles [1975], however, found that for at least some

fifth-grade students, a more important thing is the vocabulary level.
lems with a high level of vocabulary were or were not read

~loud

(

Whether prob-

did not make a dif-

ference, whereas having problems with a low level of vocabulary read orally (with
the printed statement available) did give a better performance than having only the
printed statement available.
Finally, frequent exposure to word problems, combined with some success, should
build confidence.

Some easy problems could be given along with more difficult ones.

Having at least one word problem a day may be more fruitful thaI! a biweekly or onechapter ordeal.

SUMMARY
•

To seek problem materials and presentations that students will find interesting,

we might ••
---poll the students and eavesdrop on them,
--ask them to submit problems,
--get them to guess answers and thus commit themselves,
--act out selected problem situations, and
--use students' names and student situations in problems.
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To help students to attack problems, we might •

--emphasize and practice problem-solving processes,
--provide encouragement, hints, peer support, and adequate time,
--work on defeatist attitudes,
--do what we can to guard against students' developing mind sets,
--give attention to translations among mathematical and English sentences and pictorial and concrete representations,
--use an approach which fosters the writing of mathematical sentences, and
--nourish our students' abilities to process and present word statements of problems.

1.

Here is a method of combining drill
with problem solving. [Wirtz, 1975J
The object is to start at a ringed
number and find a path through all
the other numbers, ending at the
other ringed number. The path must
go through adjacent squares. For
example, starting at 6 we can add
5 (adjacent diagonal squares are all
right) to get to the 11. Subtraction is also allowed.

~

7

3

5

10

2-

4

I~

11

3

•
®

10

7

If.

~5- r=-U
'2.

®

Continuing, we can get a complete
path as to the right.

Try these after the students have the
idea; you do not have to indicate the
starting and stopping points. Each
number is to be used once and only once.
a.

b.

.2-

.tt

.2-

.3

@

.8

1.0

.6

.8

1

./4.

.'2.

.3

.3

.7

3

G)

.9

.2-

:7

c.

Make up one of these by penciling in
the path first, putting in suitable
numbers and then erasing the path.
Use whole numbers, fractions or
decimals.

d.

Modify the idea to use multiplication and division.

e.

Modify the idea to allow any combination of operations.
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Look at the word problems in one of your textbooks.
a. How many types are in a typical list of word problems?
b. Do the settings for the word problems seem interesting?

(
What are the char-

acteristics of "interesting" settings?

3.

Students may bring in problems that you can't solve.
such episodes for maximal teaching value.

Plan how you can handle

4.

Brainstorm with students and other teachers for ways to help students become
better problem solvers.

tJORdJeSS ~Pcblcms
5.

6.

Since the Keil [1965] results were
so favorable (seep. 14), you may
wish to try the same approach with
your students.
a.

Make up a page like the one to
the right from FRACTIONS:
Mixed Operations in Number
Sense and Arithmetic Skills,
Mathematics Resource Project.

b.

Select several pages from
MATHEMATICS AND ENVIRONMENT to
use as bases for the students
to make up their own problems.
(Recall that they are also to
solve the problems.)

(
••

As was indicated above, you can find at least verbal support for both these
positions: i. choose familiar situations as sources of problems.
ii.

a.
b.
c.

7.

CD

choose "exciting" situations as sources of problems.

What is your position? (Fence-straddling is all right.)
What are some "familiar situations" to students in your school community?
What are some problem settings that would be "exciting" to your students?
You may be able to get some ideas by asking your most advanced class to
write some exciting word problems for younger students.

(Discussion) Students with an attitude of inferiority about mathematics problems
may tend to work more slowly because of lack of confidence and to give up too
SOOn because of a certainty they can't solve the problem. What might you do for
such students • • •
a. during problem~solving seat work?
b. during tests? (Do you base the problem~solving portions of your tests on
speed or on power?)

(
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8.

The size or type of the numbers in some story problems sometimes seems to overwhelm students' thinRing. Accordingly, some teachers' suggest that the students
substitute small whole ilUmbers (or "easy" fractions or decimals), see how to
solve this new problem; and then'proceedin the same way with the original problem. Try this technique on some Word problems from your textbook to seeho~you
like it.

9.

Where can the following contribute to problem'-centered instruction?
a. questioning (See the Questioning section in the resource Geometry and
Visualization. )
b. discovery lessons (See the section Goals through Discovery Lessons in the
resource Geometty and Visualization.)
c. laboratory lessons (See the section Teaching Via Lab Approaches in the
resource Mathematics, in Science and Society. 2

10.

Suppose you have only containers (unmarked) with the capacities given in each row
and you want the quantities' given in the last column. How would you get those
quantities?
H~e
W=t
a.
b.
c.
d.
e.
f.
g.
h.
1.
j.

k.

t.

m.

29 unit, 3 unit
21 unit. 127 unit, 3 unit
14. 163, 25
18, 43. 10
9, 42, 6
20. 59, 4
23, 49, 3
15, 39, 3
28, 76, 3
18, 48, 4
14, 36, 8
5, 25, 10
3, 65, 29

20 units
, 100 units
99
5
21
31
20
18
25
22
6

o
3

These items were used by Luchins and Luchins [1950J in their work on mental set.
It would not be unusual if you used an unnecessarily complicated procedure on
parts g, h, j and k. And even college students approachedt and m in a remarkably
"set" way. You may wish to give your students a-i. say. from the list (the
stereotyped procedure does not work on i). Tell the students not to erase any
of their work.
11.

How do you teach students to write an equation for the usual word problem?

12.

Under the tell-the-action approach. it is not the order of appearance of the data
in the word presentation but the action and its order in the actual problem setting that are to be reflected in the equation. For the problem. "Joe got $3.75
for his birthday. Then he had $5.25. How much money did he have before his birthday?" one would write n + 3.75 = 5.25 to parallel the actual situation exactly.
Write the equations which best parallel these word problems.
a. Kay had $6 when she went shopping. When she got home she had $4.15. How
much did she spend?
b. Dick spent $2.25 at the camporee. He had $1.45 when he got back. How much
money did he take to the camporee?
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13.

What sort of "action" is involved in a percent problem? Look through a textbook
for other topics for which the "action" is somewhat abstract.

14.

Mr. Denson:

(.

"I've tried assignments with more than one type of word problem in
them. The kids just couldn't do them. So now I use assignments
with only one type."

You:
15.

Teacher:

"Whether you call problem solving the star of the curriculum or the
heart of teaching, fancy (and mixed) metaphors don't make problem
solving any easier. I've found that my students can't do word problems at all, so I just skip them. The kids can learn how to do word
problems in high school."

You:
16.

Talton [1973] suggests stressing these reading skills to improve performance on
word problems: selecting main ideas, making inferences, constructing sequences,
following directions for simple and complex choices, and reading maps and graphs.
Plan how you might stress some of those skills. (See also Reading in Mathematias
in the resource Ratio, Proportion and Scaling, Mathematics Resource Project.)

17.

Schwieger [1974] has listed eight components which he believes to be basic in
solving mathematics problems. Examine some problems to see whether his components would yield a solution. Here is his list:
a. CIassify: to recognize pertinent characteristics and attributes of mathematical problems or expressions and to specify the class or classes to which
they belong.
b. Deduce: to relate a set of statements so that acceptance of the statements
and their interrelationships dictates a particular conclusion.
c. Estimate: to use available mathematical information to make a judgement of
m;a~ent or of a result of calculation.
d. Generate Pattern: to put known or available mathematical data into a systematic arrangement.
e. Hypothesize: to recognize or to generate conditional relationships between
mathematical statements.
f. Translate: to substitute for one mathematical form, an equivalent representation.
g. Trial and Error: to apply knowledge to a mathematical problem in an unorganized'manner.
h. Verify: to apply data to a hypothesis in testing its validity.. Ipp. 38-5'9J

(
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1.

Q = 6

2.

N= 6

3.

Q = 4

4.

.09
6
.54
+ .78
1.32

5.

6

x
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This section is devoted to three valuable teacher
tools:

LAB
APPROACI-IES

COJ..lCRETE

laboratory approaches, concrete materials and

small groups of students.

All three of these may--and

quite often do--appear in the same lesson.

LABORATORY APPROACHES

--- ....

Like "modern math" or "discovery learning" or
"individualization," the phrase "laboratory approach"

\
\

II
\

I

I

means different things to different people.

'

' \

'

Although

-}-'

\

'

the phrase may conjure up visions of manipulative mater-

....

I

,'

_- ,,'

ials, perhaps the most connnonly agreed-on characteristic is that iri laboratory approaches the emphasis is on learning-by-doing as opposed to learning-by-listening.
The important feature is that the student is an active participant rather than a
passive receptor.

Most often this involvement is accomplished through the use of a

manipulative.
Some Samples
1.

"All right, class, figure out a shortcut for dividing

when both numbers are powers of 2."

The students might then

work on the assignment individually or in small groups.

The

set-up would start a "laboratory lesson" for some teachers,
those who identify a discovery approach with laboratory lessons.

Most teachers, how-

ever, would be more comfortable using the label "laboratory" with one of the lessons
below.
2.

Ms. Woven uses an activity

with her students working in pairs to
determine reaction times.

Here she is

utilizing small groups with a minimal
amount of special equipment.

The entire

class is working on the same lesson.
3.

Different groups may be working on laboratory lessons for different topics.

For example, Mr. Denson may have some students using range-finders they constructed
( see Is the Sun Within Range? in MATHEMATICS AND ASTRONOMY) while other individuals
are constructing solar ovens or doing library research on quantitative aspects of
NOTE: Unless otherwise noted, sections cited are in the resource Mathematics in
Science and Society.
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stars and certain planets.

a

Another

(

day, he might have different groups
working in different locations ("stations") with Mirror, Mirror on the

Wall, A Swinging Time, Hang Ten and
The Meeting of North and South (all
from MATHEMATICS AND PHYSICS).
4. The station approach may also involve different lessons for the ~ topic,
with a planned change from station to station either during the same class period or
on a different day.

For example, stu-

dents might all be working with equivaALL RIGHT GROUP::',
AT "2>TATIO~ 1. M£A5UR~
AlJO FltJD TH~ GROUPS
AVERAGE HEIGI·IT. AT
STATIOt.J 2., THE. AVE:\<AQ,E
MASS. AT 5TATIOl\l S
T\-IE: AVE. RAGE: LUl\lG
CI\PACIT\{.

lent fractions, but one or two groups
might be comparing models at "circle
fractions stations," another group
exploring at a "Cuisenaire rod station,"
and another two groups reviewing at
"rope stations,lI using a number':"'line

model.
The name Cuisenaire and the color sequence of the rods are
trademarks of the Cuisenaire Company of America, Inc.

The Teacher Role

(

Laboratory lessons change the teacher's in-class role from disseminator to facilitator.

The planning is, if possible, even more important than in conventional

instruction.

For example, it may be harder during a four-station lab session to

adjust when you find out that too many students are lost.

The teacher must have a

clear idea of what the lesson is intended to accomplish.

There may be equipment to

track down, arrange for, and monitor.

If Small groups are to be involved. student

placement into groups must be considered.
If the students are not experienced
with laboratory approaches, perhaps the
most important task after careful planning
is to prepare the students.

most difficulties in the laboratory result from students not knowing
what to do. This happens when the
duties and responsibilities have not
been clearly delineated, when students
have not been instructed in the use of equipment, when they don't know
hOUJ to attack problems, when several people want to use the same equipment at the same time, and when materials are disorganized." [Kidd,
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It is possible that in early laboratory lessons you will give much direction and exercise considerable control, perhaps starting with a whole-group, teacher-led activity
(e.g., fractions with paper'-folding).

Later you might have several small groups

working on the same lesson (e.g., fraction activities on geoboards with a whole-group
follow-up.)

Eventually, i f all bas gone well and it fits the unit's objectives, dif-

ferent lessons could be used at different stations.
slow."

The usual guideline is, "Start

See the teaching emphasis Lciboratory Approaches in Geometry and Visualization,

Mathematics Resource Project, for more examples and suggestions for laboratory
approaches.
Once the students become accustomed to laboratory lessons, the teacher will be
doing these things:
--Visiting groups to see whether they are working or are confused.
-Asking questions and clarifying procedures, but not serving as an "answer
book."
--Observing students as they work.
-Encouraging group interaction.
--Allowing students to attack the lessons in their own ways. (Sollje errors will
occur but may be caught by the students or exposed by the equiplljent or the
data. Besides, some "errors" may actually be good but unconventional ideaslI
--Helping students connect the manipulative to the mathematics being illustrated.
(Sometimes students seem to "learn" only the concrete device and not the
concept. )
--Talking with other teachers (including librarians) about how to organize
materials.
--Being patient.
--Praising students for initiative, independence, cooperation, imagination, ••
--Providing follow-up to emphasize an idea, to have groups share their findings
or methods of attack, or perhaps to have the students comment on what they
lave learned about working in groups.

Truly a new role is necessary for the teacher. In assuming such a role
it should also be clearly understood that the activity oriented mathematics program places more, not less, responsibility on the teacher.
In traditional(ly) oriented programs, mosf; curricular decisions aredictated by the textbook. To a far greater extent, in the activity orient~
ed program it is the teacher who must know how and what childPen need to
learn, and when they need to learn it.
[Reys and Post, 1973, p. 230]

IN PRAISE OF LAB LESSONS
Research support for laboratory lessons with middle schoolers has not been
clear-cut.

Studies can be found which are highly supportive of laboratory approaches

(e.g., Silbaugh, 1972; Schippert, 1965; McClure, 1972), but studies in which laboratory methods fare no better (or worse) than conventional instruction can also be
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found (e.g., Smith, 1974).

These results are puzzling since many teachers are con-

vinced that lab lessons are effective, having found that their students have been
"turned on" by such lessons.

The lack of uniformity for the meaning of "laboratory

approach" is no doubt part of the reason for the mixed results.

Perhaps a more im-

portant point is that the major outcomes from laboratory approaches may not be measuredby the usual paper-pencil methods that research studies are almost necessarily
confined to.
What are some of these other considerations?

(No claim is made that

these outcomes are unique to laboratory approaches.)

A first area is

that of process-oriented learning.

In

laboratory lessons it is often natural

LAB LESSONS GIVE OPPORTUNITIES FOR
--PROCESS-ORIENTED LEARNING
--LEARNER INDEPENDENCE
--GROUP MEMBERSHIP SKILLS
--GROWTH OF SELF-CONCEPT
--CONCRETE BASES FOR CONCEPTS

to focus on how one goes about learning
since the students may be faced with the problem of collecting relevant data, organizing them and drawing some conclusion (e.g., see Litter Watch in MATHEMATICS AND
ENVIRONMENT).

A laboratory lesson may also be a discovery lesson in which stu-

dents practice problem-solving skills such as looking at simpler cases or looking
for a pattern.

(

Exploration and pursuit of open-ended questions can also be

incorporated into laboratory approaches--some say they must be.
Related to this process-of-·learning area is the development of learner indepen-·
dence and feelings of growing adequacy.
I-\OW COULD
'<OU CI-l£Cl<

That is, the students can take responsibility for their own learning rather

IT wtTtl
TI-\£

than wait for the teacher to tell them
how to do the problem.

£QUIPM£tJT?

No doubt you

have had students who have learned too
well to pretend they are confused or
who seam ~a spend more time asking you
whether their work is correct than they do working.

Some teachers establish a ground

rule that no questions will be answered for the first 10 minutes of a laboratory lesSOn or that only questions with yes/no answers are allowed.

In any case, perhaps

the "helpless" student would be helped by laboratory lessons in which there is some
available method of checking results other than appealing to the teacher.
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Since many laboratory lessons involve small groups,

LAB
CO~CRE1g
APPROACHE~S, ..,.._.... MATE:RIAL~

they provide excellent opportunities for the development
of group membership skills and, in many cases, the growth
of a student's self-concept.

With the aid of concrete
SMALL

materials and group support, some students may be able
to experience more success than is usually the case.

GROUPS

Errors may be recognized from

the data or the apparatus and be changed before handing in a report.

Every teacher

knows the importance of peer group reinforcement to most middle schoolers.

Small

groups can be used to increase cooperation and decrease competition in some classes.

. • • the laboratory approach builds on success rather than punish
failure, and -"i-"t~u~s.":e~s---""c~ur=-r=-e=cn,-"t~t~h~e",o",n=·
e",s,,--"o::..fL' ..;l",e",a,"rn=i"-n",gL-':r-"a",t::;h",e",r---,t",h",a",n---,i",g:.;n",o=.r,,,-e
them.
[Kidd, Myers and Cilley, 1970, p. 128, emphasis added]

Most teachers feel that more meaningful learning
can result when students are actively involved and
working with lots of concrete examples.

The use of

concrete representations for ideas has been promoted
in these resources.

Let us review some of the major

talking-points for concrete materials.
LAB
APPROACf<ES

CONCRETE MATERIALS
1.

Foundations for abstraction. Piaget, although

not a learning theorist,

feels that natural mental

development is best fostered by an environment rich in
experiences with concrete objects (see Piaget and

~_-.CONCRETE

"

/'

I
\

MATERIALS

/
(

\1

';.--

'--'

/SMALL GROUPS

Proportions in Ratio, Proportion and Scaling, Mathematics
Resource Project).

Similarly, Bruner's idea that the

basic level of representation lies in physical action
has been touched on in The Teaching of Concepts in
Geometry and Visualization, Mathematics Resource Project.
Experience suggests that only the top students can

D D ~DDD

easily handle purely verbal and symbolic explanations.
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Multiple embodiments. The Dienes blocks for

numeration are an example of an embodiment of a mathematical idea.

An embodiment of an idea is a (less

abstract) model for the idea.
poses,

For middle school pur-

~=1

embodiments usually are concrete materials or

pictures.

Embodiments of fractions could be circular

or rectangular regions, number lines, or collections of
blocks.

Zoltan Dienes, a mathematician-psychologist

12.43

who has given extensive attention to concrete materials
in his

~ork

with

school children, feels that as many different embodiments as pos-

sible should be spread throughout students' work with an idea so that they see the
essence of the idea.
course.)

(All the embodiments should not be presented at One time, of

Working only with circular regions as models for fractions, say, might

hinder a young child's ability to "see" one-half of a collection of gumdrops.

Hence,

Dienes would endorse our usual practice of using many empodiments for fractions:
number lines, oranges, cakes, set models, other regions in addition to circular ones,

etc.

Note that multiple embodiments should also help students transfer their learn-

ing to other situations (see Teaching for Transfer in this resource).

Finally, dif-

ferent students may be able to "see" a concept best with different embodiments;
hence, multiple embodiments may help with individual differences.
3. Concept clarification. Dienes also calls for as many variations as possible
within each type of embodiment.

For
DOE",> THlS SI-\ow-!i:?

example, in using circular regions for

~

fractions, a teacher would use regions
of different sizes, cuts with different
orientations, a variety of numerators

and denominators, and fractions greater
than one.

Looked at another way, the

principle suggests varying irrelevant characteristics as much as possible.

Activities

from Mathematics in Science and Society can be used for topics like proportions, percent, etc., with these ideas of multiple embodiments and maximum variability in mind.
4.

Concrete materials = realities. Perhaps one of the strongest arguments for

concrete materials is that they link mathematics to real things.
mathematics classes to deal only with abstract symbols.

It is very easy for

Students who have generated,

gathered, organized and studied their own data in a variety of real contexts should
gain some appreciation of the relevance of mathematics.
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5.

Some middle schoolers are engineers?

In commenting on the problem of choos-

ing appropriate experiences for students, Davis gave this opinion based on the
Madison Project's work:

. . . fifth graders . . . are "natura! inteUectua!s". . . . By contrast, seventh and eighth graders are not "inteUectuals;" it might
come c!oser to say they are I~ngineers~t heart. For 7th and 8th
graders, the usua! sohoo! regime of sitting at desks, reading, writing,
and reoiting seems to ignore the basio nature of the ohi!d at this age;
he wants to move around physioa!!y to do things, to exp!ore, to take
ohanoes, to bui!d things, and so on. At this age we prefer to get the
ohi!dren out of their seats and, where possible to get them out of the
o!assroom and eVen to get them out of the sohoo!. [1964, pp. 149-150]
Perhaps this is why many teachers have such success with laboratory lessons which
incorporate concrete materials.

SMALL GROUPS
Small groups can be used in a variety of ways-games, review, drill,

LAB
APPROACHES
II

lessons are organized around small groups of students.

,
\

The reason is not necessarily a lack of equipment for
each student!

/e---',
-~,

Many times laboratory

,

,

,

COfJCRET£
MA.ERIALS

",
I
I

, /

5MALL GROUPS

There are several .potential benefits.

Perhaps the most desirable feature of small groups is that they maximize the
opportunities for students to interact.

"The teacher who discourages peer interaction

is neglecting one of the main sources of classroom learning."

1975, p. 8]

[Schmuck and Schmuck,

Piaget has· indicated that

interaction with others is an important
key to mental development since students
need to get the views of others and to
clarify their own.

Learning to be a

contributing member of a group, improving listening and communication skills,
and even taking the responsibility for
careful treatment of materials are all
worthwhile achievements.
Small groups may help a class become more cohesive.

Schmuck and Schmuck say,

"Frequent interactions among students allow for possibilities of more cohesiveness
to emerge; infrequent interaction generally keeps students from getting highly involved with one another."

[1975, p. 159]

In particular, small groups may be a tool
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that a teacher can use to integrate an isolate (e.g., a new or an unpopular student)
:Lnto the class.

(

The Schmucks point out, "Acceptance by the peer group • . • increases

a student's self-esteem and facilitates working up to potential."

[1975, p. 93]

To

foster a more accepting attitude toward an isolate and to focus on the positive, they
offer these ideas among others [1975, p. 108]:
--Have students interview each other and prepare a biography for the person they
interview. These could be collected as a "class biography," and used in the
language arts class.
--Form small groups for classwork. Change these every month.
Forming Groups
Exactly what is the best way to form groups for laboratory lessons is not clear.
Homogeneous-ability groups seem reasonable but are difficult to establish and may
limit the richness of the group's findings.

Reys and Post review some of the pros

and cons for friendship and heterogeneous-ability grouping schemes:

. Friendship grouping can result in an excelHOMOGENEOUS ?
len,t learning experience, as the group attacks the
HETEROGEt>JEOUS ?
activity wi'th enthusiasm and candidly discusses the
results. On the other hand, grouping by friendship
FRlEI-lDSHIP ?
can be unproductive and characterized by idle chatRAr.JDoM ?
ter when the group's attention is diverted or interest wanes.
Heterogeneous grouping can also be used effectively in the laboratory
setting. The brighter children often assume a leadership role answering activity-related questions raised within the group. Such children
often learn more from the activity when they are asked to explain the
"why" to others. Th,e child of lesser ability will also benefit from
an explanation provided by a peer, rather than from thE! teacher. Perhaps 'i;he greatest fear of the mixed ability grouping is that brighter
cRi1dren wi'll dominate the activity, thereby intimidating other group
members. . . •

(

The discussion suggests that each grouping scheme has its own advantages
and di'sadvantages. Above aU else, (me should not become dependent upon
a single method. It is often advisable to change the group structure as
new activities are undertaken. The frequent formation of new and different groups can result in student growth in both the academic and
social domains. I1973, p. 224]

Because of the greater chance for a puzzled student to get an explanation from
another student, Dienes and Golding favor heterogeneous groups formed voluntarily,
with teacher "suggestions" restoring heterogeneity if necessary.

[1971, pp. 139-140]

And Smith says, " • . • groups based on a friendship basis often work very well and
produce more outstanding work than groups formed on other bases."
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In some classes voluntarily formed groups can easily result in one group (or
more) consisting of only the class "rowdies," in a group much more interested in
talking about something besides mathematics, in a group consisting of "I ain't gonna
do nothing" students, or in a few friendless students without a group.

To l1\inimize

the chances of these occurring, you might make the group assignments, using a sociogral1\ for some guidance.

To make a sociogram, explain that the class will be doing

some group work soon and ask the students to write their names and to list two or
three students they would like to work with.

(Point out that you cannot promise

to l1\ake "perfect" assignl1\ents to groups but that you will do your best.)

It may

take a couple of tries to sort out the
mass of arrows, but the diagram to the
right shows a COml1\on way of organizing
the choices.

Or you might prefer the

sociomatrix iorm (see the figure).

A

s:ociomatrix doesil t t "organize" the

students as clearly but it is easier
to make if many students are involved.

SoCrOGRAM

1--------------------------1

With either form, you can pick out
isolates (e. g., Sid) and watch for
clusters that you might like to
Just as there seem to be no

SID

v

BILL

v'

"official" recommendations for forming
groups, there are also none describing
the best group size,

.,;

II

V
V
V V
.,;
V
V

v'

CHOOSER
BE:TTY

The nature of

the lesson, the amount of equipment
available and the number of stations

EllY
DEE:

planned all have some bearing on the
group size.

v

D010

accept or avoid (like the rowdies).

Sometimes pairs of stu-

dents fit an activity very well.

.,;
3 0 2 . 3 2.
SOCrOMATRlX

V

V
3

1

Many teachers prefer that students work in pairs

since work can be shared and each member of the pair can "keep busy."

Groups of

three often seem to result in someone's being left out but would fit laboratory lessons which take two students to handle the apparatus and one to record the data.
Some teachers like to have four students work at the same location, but in pairs; this
plan maximizes involvement yet makes varying viewpoints readily available.
thumb is to have groups of fewer than 6 students.

A rule of

Larger groups tend to fragment.
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e
(

IN CLOSING
Each of these tools--laboratory approaches, concrete
materials and small groups--seems to have much to offer.
Lessons which use all three can work toward higher level
content objectives, socialization concerns or firm bases
for concepts.
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1.

Take the objective of one of your recent (non-laboratory) lessons and think of
possible laboratory approaches for it.

2.

(Discussion) Think of possible laboratory approaches for these objectives.
Compare ideas.
a. The student will be able to set up a proportion for a rate situation.
b. The student will be able to solve a proportion.
c. Some objective that is of interest to several teachers.

3.

Plan how you would (a) organize the class for, (b) prepare the students for,
and (c) follow up each of these laboratory lessons.
a. Watts Up? in MATHEMATICS AND ASTRONOMY
b. Muscle Fatigue in MATHEMATICS AND BIOLOGY
c. People-Counting Rates in MATHEMATICS AND THE ENVIRONMENT
d. I Believe in Music in 'MATHEMATICS AND MUSIC
s. Decay and Half-Life in 'MATHEMATICS AND PHYSICS
f. Dropping the Ball in MATHEMATICS AND SPORTS

4.

(Discussion) Compare notes with other teachers about . • •
a. how best to make up groups for small-group work.
b. the best group size for a mathematics laboratory lesson.
c. classroom furniture arrangements for laboratory lessons.
d. whether an in-class lab is preferable to a lab in a separate room.
e. using more than one laboratory lesson at a time, with different groups working on different lessons.
f. how frequently laboratory lessons can and should be used.

5.

(Discussion)

"I tried a lab lesson once and just didn't feel comfortable with it. The students worked at different rates, so
I couldn't explain anything to everyone at once. There
was a little more noise, but I could live with that. What
bothered me was that I didn't feel in control of the
instruction."
What would you say to Ms. Doe to encourage her to try laboratory lessons again?

6.

"I know what Ms. Doe means, but you can get used to
not being 'center-stage.' I use lab lessons often but
am bothered by one thing: some of the students just
let the others do the work and the thinking and then
copy down the final results."
Do you have any ideas for Mr. Denson?
(Discussion)

(

Ms. Doe:

Mr. Denson:

c
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7.

Make a sociogram for one of your classes (see p. 9).
even for a class a teacher "knows" pret ty well.

8.

(Discussion) List as many embodiments (models) as you can for each of the
following.
a. decimals
b. percents
c. rectangles
d. integers

9,.

Dienes has also proposed a "deep-·end theory" as a result of some of his work with
students. "It has been found that, at least in some cases, it is far better to
introduce the new structure at a more difficult level, relying upon the child to
discover the less complex sections within the whole structure." [Dienes and
Golding, 1971, p. 57] "Structure" has a precise meaning in the quote, but it
is interesting to consider the "deep-end" idea with respect to some of the usual
topics in the curriculum. Can you think of plausible ways to start at the "deepend" for these cases? Would you start there?
a. addition of fractions: deep~end--start with unequal denominators
b. division of decimals: deep-end--start with decimal divisors
c. coordinate systems: deep-end--start with 3 dimensions

10.

Often there are surprises,

LAB

Results in a couple of research studies [Bisio,
APPROACHES
1971; Vance and Kieren, 1972] indicated that in
general teacher~demonstrationswith concrete materials were at least as' effective as "hands-on" exper~
ience for the students (but both are superior to
no manipulatives at all). If you have two comparable sections of the same class, you may wish to try
your own experiment along these lines.

COtJCRETE
MATERI"'L<;.

11.

Tentative research results about groups can be interesting! What are some possible implications of the following (reported in Hudgins and Smith, 1966, p.
287)? Have you noticed any of them?
a. "Group solutions to problems are not better than the independent solutions by
the most able member of the group if he is perceived to be most able."
b. "In arithmetic, when the ·able group member is not perceived as most able, the
group will do better than the high-ability member~"
c. "There will be a shift in the group' s perception of a low-status high-ability
member if the group' s scores are not better than the individual's."
d."
subjects who had worked in groups did not solve problems more effectively in a subsequent individual setting although the groups had consistently
produced more correct solutions than comparable individuals working alone."

12.

Prielipp [1975] examined different ways of assigning students to "partner"-pairs
to work with each other during the first part of the period, seatwork and study
time. I. Some pairs contained. a student from the first quartile and 'a student
from the third quartile, with other pairs made up of second and fourth quartile
students. II. Other pairs contained first-fourth quartile or second-third
quartile pairs.' The results were statistically inconclusive, but the following
"directions" were suggested. Pairing I seemed to have more (positive) effect on
attitude gains, and Pairing II seemed more beneficial for gains in content, Boys
gained more in attitude, whereas girls gained more in content. Overall, partners
(continued)
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a
12.

(continued)
performed better than students without partners. Students and teachers found the
experience worthwhile, with major "pluses" being the sharing of skills and the
cooperation. Major concerns were social and personality conflicts in the peers
and one partner merely copying the other's work. How would you form pairs of students in one of your classes?

13.

Would you group students on the basis of their body builds?! Yerkovich [1968]
found that. for students grouped by body type (non-technically. skinny, wellbuilt. and fat). the average group gains in grade-level scores ranged from 1.7
to 2.0. On the other hand. grouping by IQ. interest or socio-economic status
gave an average group gain.."score of at most 1. 3.

14.

When a lesson calls for small groups and the unrestricted generation of many
ideas ("divergent" thinking). you might consider forming groups which are homogeneous with respect to divergent thinking. Torrance 11961] found that with
students in grades 4~6. groups homogeneous with respect to such thinking led to
less social stress (bickering, sarcasm. disorder, • • • ) and to greater enjoyment
of the task than heterogeneous groups. On the other hand. some homogeneous
groups are not very productive. and in some cases creative thinking is stimulated
by a moderate amount of social stress. How is divergent thinking measured7
(Visit the school counselors.) Is divergent thinking important in mathematics7

(
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If~ for the sake of having nwnbers easy to remerrlber~ we were to assume
a "typical" class of forty~ then~ in the sixth grade it would be composed
of two fully adolescent girls~ eight pre-adolescent girls~ ten childish
girls~ four pre-adolescent boys and sixteen childish boys.
A ninth grade
class of the same size would consist of sixteen young ladies (adolescents)
and four pre-adolescent girls~ plus two childish boys~ eight pre-adolescent boys~ and ten fuUy adolescent boys.
This ~ then~ is the first and most important fact about the junior high
school. Its classes are unstahle and constantly changing admixtures. There
is no uniformity in needs~ motivational patterns~ favorite modes of relating to adults~ or even social predilections . [Wattenberg, 1965, p. 36]

Wattenberg has identified perhaps the most important facet of middle school or
junior high school students:

their great diversity of maturity levels.

These ages

are also marked by rapid changes, so it is difficult to reach stable understandings of
individual students.

There is also a vast difference in

achiev~ment

levels; a seventh

grade class may have students ranging in achievement over dn eight-year span.

Middle

school teachers must be a heroic bunch!
Any group of humans will display a medley of attitudes, moods, personalities and
interests.

The many maturity levels present in a typical middle school class exagger-

ates this variety.

Students may be courteous, cheerful, cooperative, confident,

friendly, enthusiastic .

Other students--or the same students on another day--may be

disrespectful, withdrawn, unsure, hostile, or apathetic to the extent that very little learning seems possible.

Indeed, these characteristics have led to a hypothesized

middle school (or junior high school, especially) "slump."

Davis comments on this

phenomenon and offers several explanations (some of which are tongue-in-cheek).

The importance of this question should not be overlooked. None of
my reading in psychology~ nor most of my contacts with psychologists~
have attached much special importance to the 5th-6th-7th-8th-grade devel opmental pattern. Yet for virtually every one of the "new curriculum"
projects in mathematics and science which deal experimentally with thi·s
age range~ this is the single decisive ~ elusive~ and discouraging phenomenon. The 5th grader is very good at mathematics and science. This
same child~ at grade 6~ begins to perform less weU . In grades· 7 and 8
he is usually a total loss--he wiU perform routine tasks to a mediocre
standard~ but in situations calUng for gTeat creati'vity· lie usuaUy
creates chaos . Since encountering this catastrophe ~ we have accwrrulated
about 20 alternative explanations·~ from psychoanalysts~ tea·chers~ phy-si..-.
ologists~ and parents .
They i ·n clude: Cil the sex theory: a sexual
revolution and (J);)akening is occurring~ and aU else is· secr,mdary; (.iil
the energy theory: the child's energy is tied up in physical g;r;aowth
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(which occurs rapidly at this age ); (iii ) the metabolic theory : the
child ' s metabolic rate shifts ~ and it takes him several years to adjust
his behavior to the new metabolic rate; (iv) the "noise" theory : everything we teach is wrong; by grade 6 the child has been in school long
enough to accumulate so much misinformation that he is lost; (v) the
"nobody loves junior high school " theory : junior highs get the almostdiscarded buildings ~ the almost- discarded teachers ~ and the almos tdiscarded objectives and methods; (vi ) the peer-group t heo1y: the 5th
grader loves adults; the 7th grader knows better~ and believes his contemporaries ~ unpromising though they appear~ are in the long run a
better bet; (vii ) the neo- Pareto theory : every generation has to take
over from its elders ~ and grade 7 i 's the place to star t ; (viii) the
"finding yoursel f" theory; (ix ) the "findi'ng reality " theory : 5th
graders are remote from reality and allow t hemselves an inter est in
abstract things; a 7th grader is becoming sensitive to power~ and so
he demands more "practical " employment . . . Many other theori'es have
been proposed. [1964, p. 149]
It is likely that many of these theories contain more than a grain o f t ruth.

~

Let

us look in particular at three areas of the late-childhood/preadolescent/early - a do l escent's world:

phy sical chan ges, the search for identity and the_ n e ed for i ndepend ence.

PHYSICAL CHANGES

Because of their growth and their body ch anges, most middle scho olers are inte r ested i n act i vities that give them some understanding of, or assurances about, the i r
b o di es.

There can be some comfort i n lea rning that the chin i s usually the l a s t o f

the f acial features to mature or that people's heights and girls' bustlines do not
i ncrease at the same time or at the same rate.

Activities that focus on the body in

a non-embarrass i ng way, therefore, are likely to be of interest to middle schoo l e rs.

Hand 'N'

Hand~

Arm 'N' Arm; I See It; and What Type Are You? i n MATHEMATICS AND

BIOLOGY , for e xample, could give them chances to examine their bodies and their
capabilities and to f i nd out, to some de gree, why they a r e as they a re.
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guard against discomfitting comparisons with others ("I'm the shortest person in the
whole eighth grade!"), you might give special emphasis to comparisons with oneself
("I grew 2 em since September").
Because all parts of the body do not
develop at the same time and will
rarely reach the "desired" state of
Hollywood or major-league standards,

students are often oversensi-

tive to remarks about their physical
appearances.
It would be rash to identify physical growth patterns as the cause, but
one study has noted that the self-concept of students decreases from grade 6 through
grade 8. [Soares, et al., 1973]

This lower self-esteem was also noted by Sinnnons, et

al. [1973], who also found in the middle school ages a heightened self-consciousness,
a greater instability of the self-image, and a less favorably perceived self (the
view of the opinions held of them by teachers, parents and peers).

Late maturers,

especially boys, seem to experience greater adjustment problems, so we might be particularly thoughtful in working with them.

With luck, we might have a student who

has delved extensively into some topic and who could gain some self-esteem by explaining to, or helping, other students.

For example, the student who can play a musical

instrument could be an expert for MATHEMATICS AND MUSIC.

THE SEARCH FOR IDENTITY
What am I really like?

What am I capable of?

Row will people who are important to me react to me?
cause a concern with questions like those.

What will I be when I grow up ?
Perhaps the physical changes

Perhaps the cause lies in the change

from the usual elementary school grouping to the usually less personal setting of
middle or junior high school.

Perhaps the cause is the realization that adulthood--

physically, at least--is not far off.

Whatever the cause(s), the early adolescent

seems to need to interact with peers, to have a sense of belonging to a group, to explore many interests (perhaps sporadically), to address adult concerns, to be treated
as a responsible person--all these help to define his role.

Perhaps in mathematics

classes we should provide our students opportunities to work in groups, to sample from
units in Mathematics in Science and Society, to pursue in depth some topic like astronomy, to explore some concern with statistical tools (see the resource Statistics and
Information Organization).
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Havighurst feels that to increase students' self-esteem, "One way is to give boys and
girls opportunities to be of service to the society . . • How can the school make use
of the service motive with boys and girls in local community and school service projects?" [1965, p. 4]

I t may be that activities based on

Litter Watch or Who Needs a

Bike Path? in MATHEMATICS AND THE ENVIRONMENT would help to meet this service function.
Ea~

adolescents often adopt heroes and become particularly interested in bio-

graphies (fictional as well as factual).

The Nadia Comanecis, Hank Aarons, Robinson

Crusoes, Marie Curies, Thurgood Marshalls, and Jonas Salks might capture the interest
of some middle schoolers, with several possibilities for mathematics work (see MATHEMATICS AND SPORTS).

INDEPENDENCE
"At the preadolescent level and on into adolescence there is often an exaggerated
sense of independence displayed which takes the form of rebellion, brashness, or defiance." [Loomis, 1959, p. 7]
Parents bear the brunt of
dealing with these conflicts,
but as you know, the effects
often appear in school setting.

Although the stu-

dents may want independence,
they do not wish to abandon
security.

What can we do in

the mathematics classroom to recognize the students' need to grow in independence?
One way would be to allow them to make some choices .

Students could choose from a-

mong the units in Mathematics in Science and Society, for example.

Or we might list

several areas as possible themes for problem settings and let the class select one
or two.

It would help, of course, to have some areas that the students would likely

find interesting.

We could poll the students earlier and theu list the most promis-

ing areas , or we might choose from Delong's list. [1975]

She surveyed more than

13,000 students from 9-13 years old with a checklist of 83 topics.
interest to at least 75% of the students were these:

The topics of

pets, athletics, working with

hands, outdoor games, travel, association with peers, spending money, living outdoors,
watching cartoons and comedies.
est:
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It is of interest to no te the topics of least inter-

living far from other people, doing factory work, being lazy as much as possible.
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THE MIDDLE SCHOOL TEACHER
It is no secret that some teachers are more successful than others in working
with middle schoolers.

The following list describes some characteristics that seem to

appear regularly in classrooms of teachers who telate well to students.

1.

The teacher seems to be aware that the student is a person and has feelings.

2.

There is an air of mutual respect. It is clear that the teacher is in
charge. The teacher is friendly but not "buddy-buddy." Students say that
the teacher is "fair" and does not have favorit!es.

3.

The teacher seems to value each student.

(Even with 150 students?!)

In one study ~ two out of three dropouts interviewed testified that
t hey had never per ceived any teacher as being their fri e nd~ and a thi r d
of the se s chool leavers insisted that none of their teachers had been
supportive or concer ned. [Whiteside and Merriman, 1976]
4.

The teacher seems to be abl~ to interpret the particular needs of students.
It seems automatic for the teacher to say the "right" thing to a student in
a bad mood or to know what the student who says, "I saw you at the movie
Saturday," really is trying to communicate.

5.

The teacher does not over-react to incidents and does not take them personally.

6.

The teacher can anticipate where "trouble" is about to occur and thwarts it
unobtrusively, perhaps strolling to the area or giving a signal. The teacher doesn't shout across the room or force students into defensive positions.

7.

The teacher knows what the lesson is about, is organized and is ready to
start. The explanations are clear and given at an appropriate level. Someth i ng interesting happens nearly every day.

What would you add to the list?

Teacher Self- Evaluation in the resource

Geometr~

and Visualization describes some research-based teaching behaviors related to student
achievement.

Not surprisingly, there is considerable overlap with the list above.

DEALING WITH INDIVIDUAL DIFFERENCES IN LEARNING
So far, a description of some broad areas of middle schoolers' characteristi cs
and a description of middle school teachers who relate well to their students have
been given.

Indi vidual differences have been mentioned but almost exclusively in

terms of their implications for inter-personal behaviors.
differences in learning--how can we deal with them?

How about the individual

Teachers have struggled f or

y ears with the problem of working effectively with 30 or more individuals and all
the ir idi os yn crasies in a gr oup situation.

As they appear, individual differences
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have been met with remedial or enrichment activities, private help sessions or in
some cases "ability grouping."

In the last decade considerable effort has gone into

"individualizing" instruction.
Self-paced Instruction
Perhaps the most noticeable individual difference is that students learn at
different rates.

A lesson aimed at the "average" will be too slow for the fast and

too fast for the slow.

Hence, instruction in which students progress at their own

rates seems to make a lot of sense.

Accordingly, immense efforts have gone into

devising learning guides with objectives, pre- and post-tests and instructional materials to allow students to work independent of a group and to be "recycled" until the
students demonstrate a passing level.
Alas.

Sound promising?

Yes.

Has it proved fruitful?

Schoen [1976] surveyed studies contrasting self-paced programs with "nonindi-

vidualized" approaches and concluded, " • . • the results in grades five to eight very
definitely favor the control (nonindividualized) teaching approaches" with respect to
achievement [p. 91] and suggest no advantages with respect to things like attitudes,
self-concept or study habits.

Although Schoen would not want teachers to discontinue

their efforts to meet individual differences, he concludes, " . . . in spite of the
presently popular rhetoric, a teacher or principal should not feel he or she is necessarily failing to allow for individual differences if she decides not to implement a
self-paced instructional approach." [p. 94]

One of the disappointing findings about

some programs which theoretically freed the teachers to give more individual attention
was this one:

"Th.e educational quality of the pupil-teacher interaction in the self-

paced classroom is very poor, consisting mostly of procedural matters." [p. 93]

To

avoid closing this report on self-paced instruction on a completely negative note, it
does seem that retaining some of the features (recycling until the material is mastered) with a

m~

of group presentation, small-group study sessions and peer or cross-

age tutoring is a promising route. [Block, 19 73]
Different Modes of Representation
Many teachers feel that some students actually need to work with concrete materials whereas others can achieve satisfactorily with only pictorial or even verbal and
symbolic presentation of materials.

Many

teachers, of course, plan their instruction to include concrete models as well
as the customary pictorial and verbal
work.

Some day we may be able to identi-

fy those students for whom concrete modes
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are necessary.
achiever (who

At present, concrete materials are advocated especially for the low
~ay

be a low achiever only because earlier instruction has been too

symbolic).
Different Cognitive Styles
The notion of "cognitive styles" is a more recent development in psychology.
Several aspects seem to have been identified (e.g., Kogan, 1971, lists ten), but
there is still considerable discussion of their import and o.f how to measure them
(e.g., Bloc~ et al., 1974; Vernon, 1972).

Let us consider two of the most discussed

ones, while keeping in mind the "frontier" nature of this approach to individual differences.
1.

Field independence/dependence (also called analytic/global).

Some students

have difficulty in finding a particular geometric figure in a complicated drawing,
as to the right.

Or they might

have~

difficulty picking out pertinent data
in a word problem, a table or a graph.
Such students would be called field
dependent (or global); they react to a
context as a whole and do not tend to
pick out details.

Students who can

resist the "embedding" influence of a

F"IND TI-\E

EQUILATERAL

IRIA~GLE".

context and who do tend to notice items
within a context are called field independent (or analytic).

As you might expect,

the field independent student usually does better than the field dependent student
in mathematics, presumably because mathematics work is aided by being attentive to
detail and interrelationships of parts.

Researchers often argue that the field

dependent student should fare better with more detailed exposition than with discovery lessons,. whereas the field independent student can succeed in discovery situations, being able to pick out the details that need to be related.

[Carpenter et

al., 1976; Threadgill, 1976]
2.

Reflectivity/impulsivity (or conceptual tempo).

Impulsive students may

give the first answer that occurs to them without evaluating it and consequently may
give lots of incorrect answers.

Reflective students tend to think about their an-

swers and may consider various possibilities before responding.
give more correct than incorrect answers.
other times

reflectiv~

Hence, they likely

Most people are at times impulsive and at

and we usually welcome both spontaneity and thought-out answers.

It is the extremely reflective or impulsive students who are of special interest.

A
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student who reflects and ponders almost endlessly may get very little work done and
may never recite in class.

Because of their errors, extremely impulsive students

could suffer a loss of self concept.

Since there is some evidence that failing at

a discovery task may hinder subsequent discovery performance, the impulsive student
would also be handicapped there.

It would appear that teachers can at least slow

down impulsive students, both by being reflective themselves and by reminding "quick
hands" to think about their answers.
ATI Research
One hope is that lessons ("treatments") can be designed to take advantage of a
particular ability like being able to process verbal as opposed to pictorial presentations (an "aptitude").

Other lessons would be designed to recognize some aspect

of, say, a student's cognitive style.

Then we could choose instructional lessons

which would best fit some individual differences, having identified the student's
particular aptitudes.

For example, we might give field independent, reflective stu-

dents lots of discovery lessons, while the field dependent, impulsive student might
be gtven much more directed study.

Or, having identified some students as requiring

concrete models, we would be certain to build work with manipulatives into their
instructton.

You likely are already doing something like this on a trial-and-error

basis, trying different approaches and hoping to find some way to "get across" to
more students.

The matching of aptitudes and "treatments" is the concern of the

field of aptitude-treatment-interaction (ATI), which is seeking to put the matching
on a scientific basis.

However, it is

currentl~'

difficult to measure aptitudes and

sometimes even harder to design lessons which use the aptitudes.

ATI research is a

relatively young field and has not yet given strong indications for instruction.
For examples of ATI studies with middle school mathematics students, see Branch
[1974], Frehner [1973], Koback [1975], McKinney [1975], Nelson [1973], Pendleton
[1973] and Threadgill [1976].

SUMMARY
After a particularly exasperating day, it may help us to remind ourselves that
(probably) the students are not deliberately trying to drive us mad.

Their many

maturity levels, the stresses and preoccupations of growing up, the need to find out
who they are, and the desire for independence may account for their emotional
bursts, their boorish behavior and their indifference to our lessons.
may be perfect tomorrow!
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When it comes to dealing with individual differences, education is still learning.

The enthusiasm for "individualizing" by self-pacing alone has not proved to be

justified.

Research on modes of representation and cognitive style is too new to

know how best to use them (or whether there is actually anything to use), but the
ideas are worth keeping in mind in planning instruction.

1.

You might like to survey your classes mentally and roughly classify your students
as childish, preadolescent, or fully adolescent. What percent fall into each
category? What criteria did you use? How many students have "changed categories" since the start of school? Since last month?!

2.

(Discussion) Do you believe that there is a "slump" in the seventh and eighth
grades? If so, what do you think causes it? What do you think of the explanations uncovered by Davis? Are there students who "blossom" socially or academically in these grades? Do any of the explanations account for a recent outburst
from one of your students?

3.

Think of some students in the last grade of your school who might be late
maturers. Do they seem to have any adjustment problems?

4.

(Discussion) "If you are a 'nobody, ' then you can make yourself a 'somebody' by
being obnoxious." [Wattenberg, 1974, p. 69] Do you have any students who fit
that description? What are some ways of dealing with them to help their social
development?

5.

What role(s) does the peer group seem to play with your students?

6.

Do your students seem to have heroes and heroines? If so, can these be used in
some fashion to help the students develop? To help interest the students in
mathematics?

7.

Why
a.
b.
c.
d.

8.

Margaret Mead [1960] feels that our culture may be thrusting too many adult
responsibilities and behaviors onto our early adolescents . She suggests that
we are demanding "that they be adult beyond their years" and that students are
not given enough time for searching , exploring and experimentin g to result in a
real maturity. What are your reactions to her opinion?

9.

You might wish to survey your students to see what their interests are. Two
phases might work best; in phase 1 ask students to list their interests; for
phase 2 compile a checklist (based on the phase 1 responses ) to give to the
students. How could this information be used (settings for word problems, for
example)?

might each of the following be of value for middle schoolers?
laboratory lessons
small groups
games
outdoor activities
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In 1962, observers across the country "shadowed" 102 eighth graders throughout
their school day. [Lounsbury and Marani, 1964] One reader of the reports commented
as follows,
On the basis of these reports I feel there is a pattern emerging:
standard teaching. This "standard teaching" consists of routine
assignment, routine oral and written response, very little group
interaction, teachers telling rather than drawing out, a de-emphasis on critical thinking and, with it, a possible lack of involvement in interest and understanding on the part of students. Somewhat strangely, perhaps, I feel a strong sense of sympathy with
the pupils; not that they were abused, but sympathy based on the
recognition of the gap between their experiences and what might
have been. [p. 58]
Is the "standard teaching" described conunon today?

11.

You and some colleagues might try to substitute for each other during free periods so you could "shadow" a student through at least a part of his or her day.
Prepare to become exhausted!

12.

(Discussion) It is easy to say that you want "something interesting" to happen
every day, but much harder to think of interesting approaches or activities.
What are some "grabbers" to start off a period or some "zingers" to throw in
when the students become restless? What are some "interesting" approaches to
some "dull" topics?

13.

"The middle school climate should provide maximum opportunity for physical activity," and outside assignments "should involve experimental (physical) activities."
[Eichorn, 1966, p. 60]
a. Do you agree?
b. Are there activities in mathematics classes that can utilize physical activity?
c. Which activities in Mathematics in Science and Society involve physical
activity?

14.

(Discussion) What do you think .are the characteristics of a successful middle
school mathematics teacher? (There is no need for modesty. If you do something
that you are confident is valuable, be sure to list it.)

15.

Brown and Howard [1972] offer the list below of attitudes and characteristics
desirable in middle school teachers. Do you agree with their ideas?
a. The ability to listen, to talk with, not at, students of this age.
b. No attitude of authoritarianism.
(How about timidity ?)
c. The ability to show respect for children of this age as individuals.
d. A sense of humor.
e. A tolerance for student errors and avoidance of favoritism.
f. An empathy and s ympathy for children of this age.
g. Respect for student privacy and confidences.
h. A degree of permissiveness that tends to encourage independence and creativity in students.
i. The ability to accept, allow and encourage these children to be independent.
j. An outgoing personality.

66

DIDACTICS

MIDDLE SCHOOL STUDENTS

16.

(Discussion) Evaluate your experiences with self-paced instructional programs.
In addition, you might react to these criticisms of some self-paced programs.
a. Problem solving is neglected in favor of more easily learned, more easily
tested topics.
b. The teacher becomes a bookkeeper and doesn't have time to help students.
c. Students work in spurts and do not retain much.
d. "Passing the test" becomes the purpose of education.
e. The valuable by-products of interactions among teacher and other students are
missing.

17.

Would it be reasonable to individualize by having different goals for different
students? For example, the talented youngster would be required to do advanced
topics beyond the "standard" curriculum. The weak student might not be required
to study, say, decimal division or word problems. What are the dangers in this
approach?

18.

Do you have students whose impulsivity or reflectivity is so extreme that it is
hindering their achievement? If so, you might like to plan how you might make
theTh less impulsive or reflective.

19.

There is occasionally a student who responds impulsively • . . and is almost
always correct! Do you have any students like that? How might such a student
affect the self concept of other students?

20.

Suppose we can determine that some students process pictorial information much
better than verbal information, and vice versa for other students (it is likely
that many students will process the two types about the same). Moreover, suppose
that we had the knowledge and time to design pictorial lessons and verbal lessons to exploit these aptitudes. Some commentators point out that we should not
assign students to their "best" lessons exclusively, since to do so would keep
them from developing any ability with the other aptitude. What is 7our reaction?
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to MATffEMATICS AND ASTRONOMY
Just like our ancestors who searched the heavens for clues to good and evil
omens, we cannot escape noticing the sky.

As we look upward, we see the ever-

changing moon moving across the sky night after night.
sets.

Each day the sun rises and

The stars reappear each night, but the winter sky does not look the same as

the summer sky.
Do you ever wonder why the sun and moon follow these paths over and over?
the star constellations are different each season?
moon changes throughout the month?
other times an evening star?

Why

Why the lighted portion of the

Why Venus is sometimes a morning star and at

Why winters and summers come and go?

Since the beginning of history,
people have watched the heavens and
tried to explain what they have seen.
Mathematics has helped them organize
and interpret their observations.
Many important discoveries based
solely on observation were made even
before the invention of the telescope.
Copernicus demonstrated that the sun
was the center of the solar system and
that the earth revolved around the sun;
Kepler concluded that the orbits of
the planets were ellipses, not circles;
early astronomers accurately described the sun's apparent path among the stars.
Like the early astronomers, students can discover much about the universe without the use of sophisticated equipment.

The activities in this section ask students

to make observations, record data and use mathematics to interpret their results.
A wide variety of astronomy topics are included.

Students can determine the

number of stars visible in the sky at One time without a telescope; make and read a
sundial; measure the heating effect of the sun; make a scale drawing of the solar
system; measure the diameter of the moon; discover Kepler's third law of planetary
motion; examine the orbits of comets; build a solar oven; and measure the distance
to the sun.

Since distances in the universe are so great, measurements must be made

indirectly.

Several methods are presented in the activities.

Scale drawings,

charts and graphs are used to help students discover relationships.
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The Table of Contents gives both the astronomy and mathematics topics as well

(
\

as a suggested use for each activity.

Since it is assumed that all readers may not

be familiar with astronomy, many lessons contain readiness exercises and background
information.

These activities are classified as teacher idea, teacher page, teacher-

directed activity or activity card.

Although those pages labeled as activity cards

are intended as student activities, you may wish to direct a portion of them.
Answers to the exercises are provided, and a method for solution is suggested for
some problems.

Some lessons contain additional information for the teacher in blue.

A glossary of terms, an annotated bibliography of souFces and a sheet which lists
numerical data for the solar system are also included.
This section could be used to supplement a science unit on astronomy or by
individual students expressing an interest in the subject.

It is hoped that students

will become more interested in both astronomy and mathematics as a result of seeing
some astronomy-related applications of mathematics.

(

(
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TITLE

PAGE

TOPIC

MATH

TYPE

Counting the Stars

75

Counting the number of
stars visible in the sky
at one time to the unaided eye

Using sampling to determine an approximate
count

Activity card
Manipulative

Watts Up?

76

Measuring the heating
effect of the sun

Gathering and analyzing
data

Activity card
Manipulative

Track Records in
Space?

78

Investigating the gravi-

Computing with fractions
or decimals

Worksheet

tational pUll of the moon
and planets

Phases of the Moon

79

Understanding the phases
of the moon

Visualizing and sketching
views of a sphere

Teacher idea

Measuring by
Triangulation

80

Using triangulation to
measure distances
indirectly.

Using similar triangles,
scale drawings, and proportions to determine
distances

Worksheet
Manipulative

It's a Long Shot

82

Measuring the distance
to man-made satellites
and the moon

Using similar triangles,
scale drawings, and proportions to determine
distances

Worksheet
Manipulative,

Only the Shadow
Knows

84

Using Eratosthenes
method to measure the
circumference of the
Earth

Using similar triangles
scale drawings, and proportions to determine
distances

Activity card
Manipulative

Is the Sun Within
Range?

86

Using a homemade rangefinder to measure the
distance to the sun

Using a homemade rangefinder to determine
distances

Activity card
Manipulative

It's a Parallax
to Me

89

Using parallax to measure the dis·tances to
stars

Gathering and analyzing data
Using Angles and proportions
to determine distance
Interpreting diagrams

Activity card
Worksheet
Manipulative

It's a Great System

94

Making a scale drawing
of the solar system

Using circles and angles to
make a scale drawing

Activity card
Manipulative
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PAGE

Making Waves

97

Using radar to measure
distances in the solar
system

Reading a chart and using
proportions to solve
distance problems

Worksheet

A Huge Chunk of
Cheese

98

Using the apparent size
of the moon to measure

Activity card
Manipulative

its diame"ter

Using similar triangles and
proportions to measure the
width of objects

TOPIC

MATH

TYPE

Apparently So

102

Finding the sun's
apparent width from
each planet

Using a relationship to
complete a chart
Graphing a relationship

Worksheet

That's a Model I
Can Relate To

103

Describing a scale model
of the solar system

Interpre-t ing scale drawings
Comparing and computing with
large numbers and decimals

Teacher idea

Size Up the
Situation

105

Interpreting the size of
the solar system and the
universe

Understanding large numbers
Comparing successive powers
of ten

Teacher idea

Using Kepler I s first law

Drawing ellipses
Computing averages

Activity card
Worksheet
Manipulative

Using Kepler's second
law to study planetary
motion

Estimating and measuring area

Activity card
Worksheet

Using Kepler's third law

Interpreting a graph
Using a relationship -to
complete a char-t

Worl<sheet

(

"Hep" Kepler Didn't
Go Around in .

Circles

106

to find a planet's average
distance from the sun

Kepler's Second Law

108

Number Three

110

tQ find the orbital

period of a planet
On Being Speedy

112

Finding the average
orbital speed of the
planets

Using a chart to discover a
relationship
Using a relationship to
comple-te a chart

Worksheet

Comets and the
Conic Sections

114

Examining the orbits
of comets

Drawing ellipses, parabolas, and hyperbolas

Teacher idea
Activity card

The Zodiac

117

Describing the constellations of the zodiac

Reading a diagram

Activity card
Worksheet

A Star Chart for
Your Rpom

119

Reading star locations
and plotting stars on
a polar star chart

Graphing and locating points
on polar grid paper

Worksheet
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C£OJSA2Y
alternate interior angles.

When two
lines are crossed by a third line,
many angles are formed. Angles 1 and
4 are alternate interior angles. So
are angles 2 and 3.
1

apparent size.

The angular size of

an object.

astrology.

The belief that configurations and locations of the sun, moon
and planets in the sky affect human
behavior.

:<

astronomy.

The science of the position,
motion, constitution, history, and
destiny of the universe.

astronomical unit.
angle of elevation.

The angle formed
at your eye by looking up from the
horizon tal.
The angle of
elevation of
the flag po le.

The average distance between the earth and the sun.
One astronomical unit is approximately
150,000,000 kilometres. abbr. a.u.

base line.

In surveying: the side of
a triangle whose length is known.

celestial s.xis.

The extension of the

earth's axis.

celestial equator.
The angular sepaangular separation.
ration of A and B as viewed from C

An imaginary circle
on the celestial sphere halfway between
the celestial poles.

is the messure of LACB.

celestial pole.
A

c
angular size.

The angular size of· an
object is the measure of the angle
formed at the observer's eye by the
diameter of an object.

One of two points where
the celestial axis meets the celestial
sphere. The point is directly above
the earth's north or south pole.

celestial sphere.

An imaginary sphere
surrounding the earth on whose surface
all other objects in space appear to
be located.

central angle of a circle:

An angle
whose vertex is the center of the
circle.

a central
angle

The angular size
of the sphere.

aphelion.
~"here

The place in its orbit
a planet is farthest from the

Sun.

aircumference.

The length or distance
around a circle.

apogee.

The place in its orbit where
an earth satellite is farthest from
the earth.
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cir-mer

circumpolar star.

A star near a
celestial pole which is visible from
one position on earth throughout the
year. The star is always above the
horizon as viewed from that position.

concentric circles.

Circles in a plane
all having the same center.

conic seotion.

The curve of intersection of a hollow cone and a plane.
Circles, ellipses, parabolas, hyperbolas are conic sections.

oonstellation.

A group of stars to
which a name has been assigned.

oresoent moon.

A phase of the moon in

which the lighted portion is less than
half of a full moon.

equinox.

One of the intersections of
the ecliptic and the celestial equator.

gibbous moon.

A phase of the moon in
which the lighted portion is more than
half but not completely all of a full
moon.

gnomon.

The upright portion of a sundial that casts a shadow.

hemisphere.

Half of a sphere.

A circle on the celestial
passes
through both ce1essphere that
tia1 poles.

hour oircle.

hyperbola.

The curves of intersection
formed when a plane cuts through both
nappes of a hollow cone.

deolination.

The angular distance,
measured in degrees, of an object
north or south of the celestial
equator.

hyperbola

diameter.

A line segment passing
through the center of a circle whose
endpoints are on the circle.

ecleptio.

The apparent path of the
sun among the stars.

latitude.

A number in degrees that
gives a point's angular distance north
or south from the equator. Latitude
is used in giving locations on the
earth.

ellipse.

The curve of intersection
formed when a plane, not parallel to
the base, cuts completely through a
hollow cone.
an
ellipse

light year.

The distance light travels
in one year; about 9.5 x 10 12 kilo-

metres.

longitude.

A number in degrees that
gives a point's angular distance east
or west from the prime meridian (a
meridian passing through Greenwich,
England). Longitude is used in giving locations on the earth.

magnetic deolination.
equation of time.

The difference be-

The angular difference between true north and magnetic north.

tween time read on a sundial and time

read on a clock.

equatorial system.

A method for locating objects on the celestial sphere.
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meridian (celestial).

A circle in the
sky that passes directly overhead and
through the north and south celestial
poles.

mer-sur
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meridian (on the earth).

A circle on
the surface of the earth that passes
through the north and south poles of
the earth.

orbit.

The path of a body that is revolving around another body or point.

paralZels of decZination.

Imaginary
circles on the celestial sphere that
are parallel to the celestial equator.
They are used in telling any point's
angular distance in degrees from the
celestial equator.

perihelion.
paraboZa.

The curve of intersection
formed when a plane cuts a hollow cone
parallel to a line in the cone.

a

parabola

The place in a planet's
orbit when it is closest to the sun.

perigee.

The place in an earth satellite's orbit when it is closest to
the earth.

period.

A time interval between
repetitions; the time required for
one complete revolution.

--*+1

perpendicuZar.
paraUax angZe.

An angle formed at a
star by two rays, one going toward the
earth, the other going toward the sun.

sun
parallax
angle
earth

Two lines are perpendicular if they meet at right angles.

phases of the moon.

The lighted portion of the moon seen from earth; full
moon, half moon, crescent moon, etc.

prime hour circZe.

The hour circle on
the celestial sphere that passes
through the vernal equinox.

range finder.
paraUax shift.

The apparent angular
shift of an object on the celestial
sphere when viewed from two differ~
ent points.

paraZZeZ Zines.

Lines in a plane that
do not intersect.

paraZZeZs of Zatitude.

Imaginary
circles on the earth's surface that
are "parallel" to the equator. They
are used in telling any point's angular distance, in degrees, from the
equator.

An instrument which is
calibrated to give the distance to
distant objects.

right ascension.

The angular distance
of an object measured eastward from
the prime hour circle.

sidereal day.

The time required for
the earth to make a complete rotation
with respect to the stars.

similar triangles.

Triangles that have
the same shape, but not necessarily
the same size.

solar day.
4 - equator

The time required for the
earth to make a complete rotation with
respect to the sun.

surveyor.

A person who measures distances and angles on the earth to
establish boundaries.

parallels of latitude
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tan~zod

tangent.

Two circles in the same
plane are tangent if they touch in
exactly one point.

transit.

An instrument used by surveyors to measure the angular separation
between two distant objects.

transversal.

zenith.

The point on the celestial
sphere directly above the observer.

zodiac.

A band on the celestial sphere,
centered on the ecliptic, that contains
twelve constellations.

A line that crosseS two

other lines.

triangulation.

A method of measuring
distances indirectly that is based
upon similar triangles.

vernal equinox.

One of the two intersections of the celestial equator
and the ecliptic. The sun is at this
point on the first day of spring.
north celestial pole
ecliptic

celestial equator

vernal equinox __~__~

vertical angles.

When two lines meet
angles are formed. Angles I and 3 are
vertical angles; so are angles 2 and 4.

1

4 2
3

waning.

The moon is waning when the
lighted portion that we see is becoming smaller; when the moon is changing
from a full moon to a new moon.

watt.
waxing.

A unit of power.

The moon is waxing when the
lighted portion that we see is becoming larger; when the moon is changing
from a new moon to a full moon.
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NUM££ZCAL I1ATA
1.

Cons tants
11

""3.1416

speed of light"'" 300,000 km/s or 3 x 10
astronomical unit (a.u.)
light year

~150,OOO,OOO

~9,500,OOO,OOO,OOO km

5

km/s

km or 1.5 x 10

or 9.5 x 10

12

8

km

km

1 circle contains 360 degrees (360°)
1° contains 60 minutes of arc (60')
l' contains 60 seconds of arc (60")
1 mile
II.

~

1. 61 kilometres

Data for the Planets

Planet

Symbol

Mercury

~

Average distance from
the sun in a. u.

Average distance from
the sun in km

Diameter in km

.39

57,900,000

4,878

.72

108,200,000

12,112

Earth

~
$

1.00

149,600,000

12,756

Mars

if

1.52

227,900,000

6,800

Jupiter

2+

5.20

778,000,000

143,000

Saturn

"f2

9.54

1,427,000,000

121,000

~

19.18

2,870,000,000

47,000

30,06

4,497,000,000

45,000

39.52

5,912,000,000

"'6,000

Venus

Uranus .
Neptune
Pluto
III.

W
t2

Diameter of the sun 1,392,000 km
Diameter of the moon 3.476 km
Average distance from the earth to the moon 384,400 km

Data from Exploration of the Universe, 3rd ed.
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MATHEMATICS IN
SCIENCE AND SOCIETY
Placement Guide for Tabbed Dividers
Tab Label
DIDACTiCS
Teaching for Transfer
Teaching via Problem Solving
Teaching via Lab Approaches
Middle School Students
CLASSROOM MATERIALS
Mathematics and ASTRONOMY
ASTRONOMY GLOSSARY
Mathematics and BIOLOGY
BIOLOGY GLOSSARY
Mathematics and ENViRONMENT
Popu lation
Food
Air
Water
Land and Resources
Energy
ENVIRONMENT GLOSSARY
Mathematics and MUSIC
MUSIC GLOSSARY
Mathematics and PHYSICS
PHYSICS GLOSSARY
Mathematics and SPORTS
SPORTS GLOSSARY
ANNOTATED BIBLIOGRAPHy
SELECTED ANSWERS

Follows page:

'"

12
12
20
42
56
70
70
120
126
172
174
188
204
210
222
230
240
248
254
322
326
368
370
432
434
460

to MATHEMATICS AND BIOLOGY
Biology--a life science--included in a mathematics resource book?
study of plants and animals--included in a mathematics resource book?

Biology--the
Biology--the

study of organisms and the systems which allow the organisms to function--included
in a mathematics resource book?

Yes, biologists and mathematicians are in agreement

that mathematics can be used as a powerful tool to explain many of the concepts of
biology.

Why do the inherited characteristics of plants and animals follow such a

predictable pattern?

Why isn't there a giant amoeba or earthworm?

son get tired after many repetitions of the same task?

Why does a per-

Why are the surfaces of a

sponge, the lungs, the lining of the intestine, and the
surface of the brain so irregular instead of smooth?
Mathematics can help to explain the answers to these
questions.
In this section, MATHEMATICS AND BIOLOGY, it is
not necessary for teachers or students to have a large
knowledge of biological concepts to be able to do the
activities.

Most are simple ideas that allow students

to investigate properties that relate to themselves and
to their surroundings.
The first part includes
, . . . - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - - , activities which allow students to investigate their
reaction time, lung capacity,
muscle fatigue, pulse rate,
body temperature and the effect of exercise, peripheral
vision, etc.

Also included

is an interesting theory of
biorhythms which attempts to
explain the ups and downs of
everyday life in terms of
one's birth date.
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INTRODUCTION

MATHEMATICS AND BIOLOGY

Another part includes elementary
work on genetics.

The observation of

physical traits in themselves, parents
and classmates allows students to develop an intuitive feeling about the
traits passed down from parents to offspring.

Using Mendel's experiments

with the garden pea, the basic ratios
of inherited traits are identified.

UNATTAcHED

ATTACHED

Blood typing and a simulation using
colored squares are also used to provide
students with an elementary knowledge of
the complicated science of genetics.

Some interesting and thought-prov9k,
ing activities on the concept of size
comprise another part of this section.
Students compare properties of smooth or
bumpy surfaces.

They also investigate

the relationships of linear, area, and
volume measurements as they apply to the
proper size of animals.

A recommended

(
,

reading for teachers (and students) is an
essay by J. B. S. Haldane entitled "On
Being the Right Size."

The essay can be

found in Volume 2 of The World of Mathematics, edited by James R. Newman or in
Volume 2 of Readings in Mathematics,
edited by Irving Adler.
Throughout this section the intent was to provide activities that would be interesting; would not require an extensive, previous knowledge of biology; would not require elaborate materials; would allow students to learn more about themselves; and
most of all, would show how mathematics can be useful in the study of biology.

(
B\oodl'"oot
128

What do you notice about the number of petals in these flowers?

MATHEMATICS AND BIOLOGY
TITLE
The Human Body

PAGE

TOPIC

MATH

TYPE

132

Using measurements of the
body

Practicing computation
skills

Worksheet

134

Comparing hand sizes
Det~rmining degree of
hand dominance

Finding ratios
Comparing measurements
of the body

Teacher idea
Activity card

What's Your Reach?

136

Comparing height and
reach

Collecting and analyzing
data

Teacher directed activity

How's Your ESP?

137

Exploring extrasensory
perception

Collecting data
Introducing probability

Activity card

Amazing

138

Exploring learning
ability

Collecting and analyzing
data

Activity card

Lung Capacity

139

Determining lung
capacity

Taking measurements
Finding ratios

Teacher ideas

Your Heart Is A
Bloody Good
Machine

140

Using facts about the
heart and blood

Practicing computation
skills

Worksheet

Your Heartbeats

141

Using facts about the
heart

Practicing computation
skills with large numbers

Worksheet

My Heart Throbs
for You

142

Using pulse to determine
physical fitness

Collecting and analyzing
data

Activity card

Step Right Up

143

Using pulse to determine
physical fitness

Collecting and analyzing
data
Interpreting data from a
chart

Teacher ideas

Muscle Fatigue

H5

Determining muscle
fatigue

Collecting data
Graphing

Teacher idea
Activity card

Body Temperature

146

Determining the effect of
exercise or smoking on
body temperature

Collecting and analyzing
data

Activity card

Spy on the Eye

147

Determining the rate
of eye blinks

Collecting and analyzing
data

Activity card

Hand 'N' Hand, Arm

'N' Arm
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TITLE
I See It

PAGE

TOPIC

MATH

TYPE

1Lf8

Determining angle of
peripheral vision and
depth perception

Measuring angles
Measuring distances

Activity card

149

Determining calorie needs
Determining body type

Collecting and analyzing
data
Interpreting data from a
chart

Teacher ideas

Determining body type

Interpreting data from a
chart

Worksheet
Activity card

Using symmetry of the

Introducing different
numeration systems

Teacher page

body

Gaining or Losing
Mass

De·termining mass of body

parts
What's Your Type?

156

Body Counting
Sys'terns

157

Let's Split Hairs

158

Investigating microscopic organisms

Making a scale drawing
Interpreting small numbers

Activity card

Surface Area or
Volume?

159

Investigating surface
area and volume

Determining mass is dependent
upon volume

Worksheet

Sink or Swim?

160

Investigating surface
area and volume

Determining mass is dependent
upon volume

Worksheet

Bumpy or Smooth?

161

Investigating surface
area

Determining bumpiness is
dependent upon surface area

Worksheet

Monster Earthworm

162

Determining the effect
Comparing measurements
on body surface area and
body volume caused by
mUltiplying body dimensions

Worksheet

Inherited Traits

163

Introducing concepts of
genetics

Using fractions, percents,
ratios, and/or probability
"to analyze data

Teacher page

Analyzing Traits

165

Analyzing physical traits

Collecting and analyzing data

Teacher ideas

A Model for
Inheritance

168

Developing a model for
the inheritance of
physical traits'

Collecting and analyzing data

Activity card

What Type Are You?

169

Determining blood type

Collecting and analyzing data

Teacher idea

Just Like Peas in
a Pod

171

Using Mendel's concepts
to determine physical
traits

Collecting and analyzing data
Interpreting da"ta from a chart

Teacher idea
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Food
Meat, Fish, Poultry
Bacon
Beef, roast

Eggs

Fish
Fishsticks
Frankfurter

Ham (lean)
Hash
Lamb
Liver
Luncheon meat
Pork
Sausage
Steak

Tuna, canned
Candy
Candy bar, avg.
Candy, hard
Caramel
Fudge, plain
Marshmallows
Mints or patties
Miscellaneous
Catsup
Gravy

Measure

Calories

2 slices
I slice
I med.
3 oz
3 02
I med.
202
302
I chop
3 oz
2 slices
I chop
I link
30z
! cup

100
75
80
135
170
155
125
120
140
195
165
250
90
250
115

I sm.

130
36
50
115
25
40

I
I
I" sq.
I
I

Jam, syrup, honey

I thsp
2 tbsp
I tbsp

Jello

1cup

Peanut butter

Potato chips

2 tbsp
10 med.

-

20
55
60
50
190
115

Popcorn,

lightly buttered
Sugar
Vinegar

! cup
ItsI'
1 tsp

35
16
0

Food

Measure

Calories

Vegetables

Asparagus
Carrots, cooked
Carrot, raw
Carrot~raisin

6 spears

1 cup
I sm. to med.

saL

Celery
Coleslaw
Corn
Corn on the cob

Green beans
Green leafy veg.
Lettuce (head)
Lima beans
Peas
Pickle, dill
Pickle, sweet
Potatoes,

3 tbsp
2 sm. stalks
2cup
1 cup
1 ear
! cup
Q cup
~ med.
Q cup

2cup
1 large
1

French fried

6 pieces

Mashed

~.

Salad

2 cup

Sweet

~

22
20
25
150
5
60
85
84
15
20
15
90
60
15
22

White, baked
Radish
Squash
Tomato

cup
I med.
1
1 cup
I sm. to med.

90
65
185
85
80
1
65
25

Salad Dressmgs
French
Italian
Mayonnaise
Russian
Roquefort
Thousand Island

I tbsp
1 tbsp
I tbsp
1 tbsp
I tbsp
1 tbsp

60
85
110
100
100
50

cup

TABLE FROM: Well-Being, Probing the Natural World, Level III, pUblished by Silver Burdett Company.
Permission to use granted by Silver Burdett General Learning Corporation

151

GAI.I•• oR
LOSING

~

(

(PAGE. 4)

Calories that aren't used up as heat in the body cause a gain in mass.

Many dif-

ferent types of diets try to cut down on the number of Calories eaten while trying to
increase the amount of activity to use up extra Calories.

Having a mass that is above

average is becoming a serious health problem for Americans.

Medical authorities clas-

sify anyone whose mass is 10 to 19% above the average as "overweight" and anyone whose
mass is 20% or more above the average as obese.

These authorities estimate that about

50% of all Americans are "overweight" and 33% are obese.

You may want your students to

determine whether they are under average, average,or over average.

Certainly some stu-

dents may be sensitive about chis subject.
Growth charts for boys and girls with ages from 10 to 17 are shown on the next page.
The average is indicated by the solid line with the band between the two dashed lines
indicating the average range.

The bands above and below the dashed lines indicate the

tall, short, heavy. and light ranges.
The following chart shows the death rate for men according to their age and mass.
The rates for women are slightly lower than those shown for men.
for a short, under 40, 27 kg 9ver average man is 1.90.
likely to die as a short, under 40, average man.

For example, the index

(

This means he is almost twice as

The statistics show that it is probably

better to ba a little under average.

AGES "+0 AI\JO OVr.R
SHORT

MEDIUM

1.15

1.\5

9kq UNDER. AVERAGE

0·95

0.90

Okg

AVl:RAGE

1.00

9kg

OVER AVERAGE

MASS

18

kg

UNDER AV£RAGE

18k';3 OVER AVE:l;aAGE

2.'1

kq OVER

AVERN:i,r::.

TALL

SHORT

MEDIUM

TALL

1.2.0

\.00

1.00

0.90

1.00

0.95

0.95

\.00

1.00

'.00

\.00

1.00

1.15

1.10

1.\0

\.2.0

1.2..0

1.10

1.35

1.2.5

1.2..5

1.35

l. '30

1.2..5

1.90

1.'+5

1.'-15

I. GO

1.50

I. 4-5

(
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Different activities require different numbers of Calories; in general the more
strenuous the activity, the more calories needed.
Calories needed for kilogram of body mass per hour.

The following chart gives the average
Students can chart the activities

they go through on a typical day and determine the number of Calories needed for those
activities.
chart.

Some unlisted activities will need to be compared with a similar one on the

They can also compare the number of Calories needed to the number of Calories

actually eaten.

Activity

Rounded Time
(in hours)

Calories Used
(per kilogram of
body mass per h)

Bicycling (fast)

7.5

Bicycling (slow)

2.4

Dishwashing

1.1

Dressing and undressing

.7

Playing Ping-Pong

.4
4.4

Running

7.3

Eating

Sitting quietly
Sleeping
Standing
Studying or writing

Calories Used

(

.4
.4
.4
.4

Swimming

7.9

Tennis

6.6

Typewriting rapidly

1.1

Violin playing

Body Mass
(in kilograms)

.7

Volleyball

5.5

Walking

2.0

Work, heavy

5.7

Work, light

2.2
Total Calories Used per Day

TABLE FROM: Well-Being, Probing the Natural Worid, Level III, published by Silver Burdett Company.

Permission to use granted by Si Iver Burdett General Learning Corporation
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c)

hitchhiker's thumb--ability to bend
top part of thumb back to almost a
right angle with rest of thumb.

d)

widow's peak--hair grows from a
point in the middle of the forehead.

e)

clockwise--counterclockwise
direction of hair whorl on
the back of the head.

f)

upper teeth gap--a small gap
between the two front teeth.

)

Other examples can be found in most biology or genetics books.

For each example

students could try to discover the dominant trait by investigating tree diagrams of
their families.
ADAPTED FROM: Children and Ancestors in Action BiologV Series by Stanley L. Weinberg
and Herbert J. Stoltz, Copyright © 1974 by Allyn and Bacon, Inc.
Used by permission of Allyn and Bacon, Inc.

Genetic Continuity~ and Why You~re You~ intermediate Science Curriculum Study.
Permission to use granted by D. C. Heath and Company, and Silver Burdett General
Learning Corporation.
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For this activity students will need at least 20 centimetre squares from colored
plastic and 20 centimetre squares from clear plastic.

Put each set into an envelope or

small bag.
The colored squares (let's use red) can represent the dominant color (R) of an
imaginary animal and the clear squares represent the recessive color (1').
a cross have a student draw a square from each bag.

Record the allele combination.

Put the two squares together and look towards a light source.
Repeat the drawing several times.

Record the color seen.

The results should always be a Rr genotype and a

R

red phenotype.
The grid looks like this.

To perform

R

Students should

Rr

realize that this cross between a pure dominant
trait and a pure recessive trait yields 100%

RY'

hybrid dominant traits.

To continue place an equal number of red and clear squares in each bag.
simulates the allele combination for hybrid red color.

This

(

Have students draw a square

from each bag and record the combination and color. By repeating the procedure many
times the results should approximate those shown in the following grid.

R

r

R

RR

RY'

Y'

Rr

rr

PHENOTYPE R.ATIO OF 3 REDS TO I W~nE.
GENOTYPE R.ATIO OF I PURE: RED TO 2. l-\YBRID
RED TO I PURE CLEAR.

A similar type of simulation can be done using two coins and letting heads (H)
represent the dominant color and tails (h) represent the recessive color.
probable outcomes of tossing two coins is

t

HH,

~ Hh and

t

hh which agrees with the

allele combination for a trait.

IDEA FROM:
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Modern Life Science, by F. L. Fitzpatrick and J. W. Hole,

Copyright © 1970 by Holt, Rinehart and Winston, Publishers
Permission to use granted by Holt, Rinehart and Winston, Publishers
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alleles.

Parts of genes. One allele
from each parent combines to determine a particular physical trait.
The alleles that determine eye color
are usually designated as B for
brown and b for blue.

alveoli.

Tiny air sacs in the lungs.

antibody.

Substances in the blood
that react with antigens to cause
the blood to clot and to prevent

dominant trait.

When paired with a
recessive trait, this is the trait
that will be seen in an offspring.
In eye color brown (B) is dominant
over blue (b). The combination Bb
will produce brown eyes.

ESP.

Extrasensory perception: transmission or reception of stimuli that
occurs without the use of the five
normal senses of sight, hearing, smell,
taste or touch.

infections.

fathom.
antigen.

Bits of protein attached to
blood cells.

The distance from fingertip to
fingertip when the arms are stretched
out in opposite directions. About 2
metres.

biorhythm.

Theory that says a person I s
life is explained in terms of three
cycles: 1. physical (23 days) 2.
emotional (28 days) and 3. intellec~
tual (33 days).

blood type.
son has.

The kind of blood a perCan be 0, A, B or AB.

calorie.

1. One calorie is the
amount of heat needed to raise the
temperature of 1 gram of water by
one Celsius degree (also called
small calorie). Symbol: cal
2. (usually spelled with a capital
C) 1000 calories. (also called
large calorie). Symbol: kcal; Cal

capillaries.

Smallest part of the
circulatory system where the transfer of oxygen from the blood to the
body and the transfer of waste products from the body to the blood
takes place.

femur.

A bone in the upper leg.

Fibonacci numbers.

A sequence of numbers where the next number is obtained
by adding the previous two numbers:
1, 1, 2, 3, 5, 8, 13, 21, . . .

genetics.

The science of studying the
inherited traits and variations of

organisms.

genotype.

Refers to the allele comb iIn eye color BB, Bb and bb
all have different genotypes.

nation.

handedness.

A person that uses his
right hand most of the time has right
handedness.

humerus.

A bone in the upper arm.
Often called the funny bone.

hybrid trait.

A trait where the alleles
are different, such as Bb.

cubit.

The length from the elbow to
the fingertip. About.5 metres.

inherited traits.

The characteristics
received from parents.

depth perception.

Ability to judge
the distance between two objects.

digit.

As a measure the width of a
middle finger, Usually a little more
than 1 c.entimetre.

intestines.

Tubes in the abdomen for
digesting food and eliminating waste
products.

Lilliputians.

Tiny people written about
by Jonathan Swift in Gulliver's Travels.
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BIOLOGY GLOSSARY

lung capacity.

lun-vil

Amount of air the

lungs can hold.

muscle fatigue.

When muscles get
tired from doing work.

navel.

transfusion.

Getting blood from
another person.

tree diagram.

A sketch that can be
used to show how physical traits are
passed on to offspring.

A belly button.

offspring.

Children of humans (also
of animals and plants).

palm.

The width across a hand, not
including the thumb.

ultimate height.
peripheral vision.

Ability to be
aware of objects off to the side
while staring straight ahead.

phenotype.

Refers to the visible
trait. BB and Bb both produce
brown eyes, so they have the same
phenotype.

How tall a person

will grow.

universal donor.

Persons with blood
type AB. Their blood can be given
to persons with all other blood types.

universal recipient.

Persons with
blood type O. They can receive all
other blood types.

PTC.

Phenylthiocarbimide. A harmless
chemical used to distinguish tasters
from nontasters, a trait inherited
from parents.

pulse.

Number of heartbeats per

minute.

pure trait.

A trait where the alleles
are the same, such as BB or bb •

.radius.

A bone in the lower arm.

reaction time.

Amount of time needed
to respond to a stimulus.

recessive trait.

Will be seen only
when a recessive allele is paired
with another recessive allele. In
eye color blue (b) is recessive, so
the combination bb will produce blue
eyes.

span.

The distance from the tip of
the thumb to the tip of the little
finger when a hand is spread out as
far as possible.

tibia.
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A bone in the lower leg.

villi.

Tiny projections in the small
intestine that aid in digestion.
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to MATHEMATICS AND ENVIRONMENT
Environmental problems have received much publicity in the past few years.
The population increase and indifference to the dwindling of natural resources have
created many environmental problems.

Our students. must become aware of the chal-

lenges and changes necessary to give all people adequate food, clean air and water;
appealing places to live and visit; and enough materials and energy to maintain a
meaningful existence.
.
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How is mathematics used in environmental studies?

In many ways.

.

.

~

.,

Indeed, it is

difficult to imagine a factual discussion about the environment that does not use
mathematics in some way.

Measurement techniques are used to determine the type and

extent of water pollution; percents are used to contrast population densities; information about population sizes are reported with large numbers; order properties are
used to compare populations; and word problems occur in studying the effects of
pests or contrasting the effects of pesticides.
in environmental studies:
of information; polling and

Statistical skills are essential

it is necessary to read and interpret graphs and tables
other sampling techniques are used to obtain data; the

data obtained must be organized and displayed with diagrams and various graphs.
Arithmetic skills, calculators and computers are often used in analyzing environmental information.

Problem-solving skills and critical thinking are needed to

identify various factors of an environmental problem; to decide on techniques to
analyze and solve the problem; and to critically interpret the data and claims of
people, organizations and governmental agencies.
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INTRODUCTION

ENVIRONMENT

The pages in this unit can be chosen for use in a variety of ways:

to review

particular mathematical skills, to tie mathematics into an environmental concern,
to permit students some choice in the material studied, to support a short mathematics-science "mini-course" or simply to provide additional practice on some topic.
You might prefer to substitute local or more recent data whenever they are available.
The "Mathematics Topics" column in the Table of Contents for the student pages lists
the mathematics involved.

This is usually the most advanced work on the page and is

not a description of the only topic used there.
After some "getting started" activities, the first section deals with Population.
Here you will find worksheets and suggested ideas that develop a sense of population
sizes, contrast in population distributions, and relationships between populations
and pollution.

The next section on Food deals with interrelationships between living

things; between food supplies and population growth; and with the effects of pests
and pesticides.

The section on Air examines sources of air pollution; data relating

to air pollution; and alternate methods of transportation to reduce pollution from
automobiles.

In the section on Water you will find computational and graphing acti-

vities that develop an awareness of water consumption and the necessity of water to
support human life.

The section on Land and Resources uses percents and rates to

(

study the uses of land and to develop an awareness of the magnitude of litter and of
the limited resources we have abailable to us.

The final section on Energy uses a

variety of arithmetical skills to study different forms of energy expenditures.
It is likely that the current generations of students will during their lifetimes be involved in decisions which determine the ultimate quality and quantity of
life on earth.

It seems appropriate that we should show our students how mathematics

can he utilized to help people make those decisions.

(
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Students will often be more interested in a topic like pollution when it concerns their immediate environment.

The population of foreign countries will not be

as meaningful to them as the population of their own city or town.

If a nearby

river is polluted or is becoming polluted, water pollution is a real concern.
Start by gathering statistics about the immediate area,

Have students help

you find information from the following sources.
Look in the Telephone Book
in the governmental listings under city, county, state and U.S.:
Air Pollution Authority

Parks and Recreation Department

Sanitation Department

Traffic Engineering

Water Pollution Board

Environmental Quality Department

U.S. Forest Service

Motor Vehicles Department

Soil Conservation Service

Bureau of Land Management

Fish and Wildlife Commissions

in the yellow pages:
Recycling Centers

Water Pollution Control

Garbage Collection

Air Pollution Control

Engineers:

Environmental and Acoustical

Associations (environmental clubs in the area)

Call or write and ask for free brochures, pamphlets or publications that include
statistics in any form, particularly numerical data, tables or charts.
Read Newspapers and Magazines
Collect articles or advertisements that relate to pollution, to the energy
crisis or to other environmental concerns.

The information in these materials can

easily be used to make up mathematics questions on a student sheet.

A sample of

such an advertisement is shown on the next page.
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What America is doing to reclaim energy and materials from municipal solid waste.

ORIGIN RESOURCE RECOVERY DIVISION
(REVISED 12/74)
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To date, more than 50 U.S. communities are planning or actually
operating resource recovery facilities. These facilities are de~
signed to recover some of the $2 billion worth of reusable materials in the estimated 150 million tons of refuse Americans will
discard this year alone. Significant trends are emerging. The chari
at left is based on a recent study by the Environmental Protection
Agency. It plots the expected growth of municipal solid waste (top
line). . and the projected increase in resource recovery (shaded
area). It shows that in 1971, we recovered only 6% (eight million
tons) of our solid wastes. By 1990, we should be recovering 26%
(58 million tons). And, as the chart also shows, net waste disposal
could level off by 1985 as the increase in recovery equals the
increase in gross dis~ards.

Here is an example of a student question:

On the average how much refuse will

each American discard this year, given a population of 215 million people in the
U.S.?
Send for Governmental and Organizational' Publications
Use the list of sources of information at the end of this unit, and write (or

(

have students write) for documents with statistics or numerical data.
For example, fuel economy information like the following excerpt is available
from the U.S. Environmental Protection Agency.
Vehicle Test
Weight (lbs)

Range of
MPG

Average
MPG

Fuel Costs
10,000 mi.
and 60¢/ gal.

2,000
2,250
2,500
2,750
3,000
3,500
4,000
4,500
5,000
5,500

22-29
19-25
17-22.5
10.5-24.5
9-20
10.5-20
6.5-19
7.5-14
7-11
7-10.5

24
21.5
18.5
17.5
15
13.5
10.5
9.5
9
8

$250
$280
$325
$340
$400
$445
$570
$630
$665
$750

-

The table shows miles-per-gallon
(MPG) performance and fuel costs for
vehicles in different weight categories. These figures are not indicative of performance during highway
driving.
The actual fuel economy of vehicles will depend on factors such
as individual driving habits, the
maintenance condition of the ve-

hicle, the optional equipment
chosen, brand of vehicle and
engine size.

Many student problems can be derived from such a chart and used in a discussion
about the gas mileages of their family cars.

The chart could be written with the

fuel costs adjusted for increases in fuel costs or with the units in the metric
system (later government data may use metric units).
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Computers can be used in different ways in the classroom, depending on student
background and access to the equipment. The study of environment can lead to two
different kinds of student activities on the computer: using simulations and writing
programs.
Programming requires some understanding of a computer language while simulations
require none. They both enrich a student's learning experience.
Simulation Packages
If a computer terminal is available,
find out what programs are already stored
for your use. An example of a simulation
is one from the Huntington II project
called POLUT. The student controls the
type of water, water temperature, type of
waste (industrial or sewage), waste dumping rate and type of treatment. The output is a graph or table showing the conditions created.
Other Huntington II simulations concerning ecology deal with population growth,
animal extinction and animal and insect control. The programs are written in a computer language called BASIC and are short enough to be used in most school terminals.
Each program can be purchased on paper tape and is accompanied by a student manual,
teacher's manual and resource information. The entire package for each simulation
costs less than $3 and is excellent for anyone, even with no computer background.
The Huntington II Computer Project materials are available from these two companies:

Digital Equipment Corporation
S"ftware Distribution Center
146 Main Street
Maynard, MA 01754

Hewlett Packard Company
11000 Wolfe Road
Cupertino, CA 95014

Writing Programs
There are many activities on the
environment that lend themselves to computer usage because of the complex calculations involved. In some cases, hand
calculators can also be used as a timesaving device and may be less expensive
than a computer. Some activities may be
done by the entire class, where each student finds different statistics but will
use the same formulas and program. The
computer would be quite useful then.
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One example of a student activity is about automobiles and air pollution. The
student is asked to find the amount of carbon monoxide in his residential district
at various times of the day. The student must find information on the number of
cars and the pollution production rate of each, then write the program, using given
formulas, to find the total amount of carbon monoxide. Additions to the original
program could be made to print out the concentration in parts per million, determine
the number of cars needed for the concentration to become lethal, change the site of
the problem to two intersecting freeways, determine the effect wind has on the amount
of pollution. The first activities do not require a sophisticated level of programming skills and can be done by students with a brief introduction to a computer language.
Many similar activities are explained in detail in the Student Lab Booklet Air
Pollution and its companion Teacher's Advisor Book. Each book is available for approximately $1 from:
Hewlett-Packard Computer Curriculum Project
333 Logue Avenue
Mountain View, CA 94043
Even if you do not have access to a computer, the booklets are an excellent
source for statistics, formulas, tables and charts. With the work divided among
group members, many of the activities can be done in the classroom.
Listed below is a computer magazine that contains ideas for the mathematics
teacher. Suggest it to the school librarian.

(

Peoples Computer Company
P.O. Box 310
Menlo Park, CA 94025
$5.00 a school year
Computer companies may also be able to furnish information about their role in
environment or with environmental agencies. Write to the large companies to obtain
more information. (Students could also do this.)

(
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MATHEMATICS AND ENVIRONMENT:

TOPIC

MATH

TYPE

POPULATION

Population
Estimation

189

Developing sense of
relative popUlation sizes

Finding percents with
large numbers

Worksheet

People-Counting
Rates

190

Developing sense of size
of Earth's popUlation

Calculating with large
whole numbers

Worksheet

Picture These
Proportions

191

Contrasing distribution
of popUlation and natural
resources

Modeling percents

Teacher directed activity

Your Own Square
Metre

192

Finding population
densities

Using area, whole number
division

Activity card

193

Contrasting popUlation
densities

Finding, graphing percents

Worksheet

194

Becoming aware of the
population growth

Appreciating growth
through dOUbling

Teacher ideas

Graphing the World's
Population

195

Becoming aware of the
population growth

Graphing

Worksheet

How Many Children?

196

Studying family size as
a factor in popUlation
growth

Studying different
growth rates

Worksheet

Counting Every Body

197

Studying population
growth in U.S.A.

Finding percents

Teacher page
Worksheet

Sizing Up the States

199

Relating population
and pollution

Graphing and working
with percents

Worksheet

201

Seeing answers to
population increases

Using fractions in easy
word problems

Worksheet

Picture These
Percents

Doubling 2, 4,
8, 16

If People Were
Littler

Population Projects

MATHEMATICS AND ENVIRONMENT;
Let's Go Counting 1

Teacher ideas

202

205

FOOD
Finding population size

Estimating population by
sampling

Manipulative
Worksheet
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TOPIC

MATH
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Let's Go Counting 2

206

Finding population size

Estimating population
by sampling

Manipulative
Activity' card

Let's Go Counting 3

207

Finding population size

Estimating population
by sampling

Manipulative
Activity card

208

Studying the effects of
pests

Solving word problems with
large numbers

Worksheet

Friend and Foe?

209

Contrasting the effects of
a pesticide

Solving word problems,
decimals, and percents

Worksheet

Food for Thought

210

Relating food consumption to population growth

Solving word problems with
percen"ts

Worksheet

Using decimals, percents,
making circle graphs

Worksheet

MATHEMATICS AND ENVIRONMENT:

AIR

Particular
Pollutants

211

Examining sources, kinds
of air pollution

Air Pollution

212

Seeking local data on
air pollution

Calling All Cars

213

Studying cars as a source
of pollution

Polling, graphing, using
percents

Project

Up in Smoke

214

Considering the health
effects of smoking

Using large numbers, reading
bar graphs

Worksheet

Who Needs a Bike
Path?

215

Encouraging alternate
transpoFtation forms

Collecting data, using ratios

Information:
Pollution

216

Studying facets of air
pollution

Using percents

Worksheet

Ci·ty Circumstances

217

Studying cities with air
pollution problems

Reading a table

Worksheet

Noise

218

Background on decibels

Pardon Me?

219

Studying the effect of
noise on hearing

Collecting, graphing data

Activity

A Noisy Project

220

Studying the financial
"tolerance for pollut ion

Collecting data, using
percent

Project

Air Projects

221

Teacher page

(

Air

Teacher page

Teacher idea

(
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TITLE

PAGE

MATHEMATICS AND ENVIRONMENT:
Do You Use Much
Water?

TOPIC

MATH

TYPE

WATER

223

Developing awareness for
water consumption

Calculating with whole
numbers

Worksheet

?

224

Developing awareness for
necessity of water

Calculating with whole
numbers

Worksheet

Fix That Leak

225

Studying waste from even
a small leak

Determining rates

Manipulative

The Wa"ter Cycle

226

Examining the water
cycle

Using simple percents from

Worksheet

a diagram

Studying the extent of
stream pollution in U.S.A.

Reading a "table, calculating
percents

Drinking, Hashing,
and

Water Wastes

227

Water Projects

228

MATHEMATICS AND ENVIRONMENT:

Worksheet
Teacher idea

LAND AND RESOURCES

915,000,000 Ha!

231

Studying the uses of
land

Using percents, large numbers,
and circle graphs

Worksheet

Litter Counts

232

Comparing sources of
highway litter

Finding percent-fraction
equivalents

Worksheet
Activity

Litter Watch

233

Developing an awarenss
for litter

Using whole numbers, tables
and graphs

Worksheet
Activity

Garbage Grows

234

Developing an awareness
of size of solid waste

Using decimals

Worksheet

Recycling Cans

235

Encouraging recycling as
a means of conservation

Reading graphs, percents

Worksheet

Running Out?

236

Developing awareness of
limited resources

Using percent

Worksheet

Four Recycling
Activities

237

Encouraging recycling

A Grand Canyon
Everywhere

238

Developing awareness of
effects of erosion

Did You Know?

239

Teacher page

Land and Resources
Projects

240

Teacher idea

Teacher ideas
Using large whole numbers

Worksheet
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MATHEMATICS AND ENVIRONMENT:

TOPIC

MATH

TYPE

ENERGY

Got Any Energy?

2'>1

Studying energy sources

Using percents

Worksheet

How Many Horses I l l l

242

Developing awareness for
size of human power

Using a formula

Activity cards

Sun Power

2L~3

Developing awareness of
potential sun power

Solving a mix-ture of word
problems

Worksheet

Pull for Pooling

244

Studying car pooling
potential

Taking a poll

Activity

Get a Horse?

245

Comparing fuel efficiency
of modes of travel

Using decimals

Worksheet

Fuel Facts

246

Studying factors that
affect gas mileage

Using percents

Worksheet

Bikes are Beautiful

247

Considering bicycles as a
transportation mode

Using D=RT, percent

Worksheet

Energy Projec·ts

248

Teacher idea

(
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July 1, 1974
Population
Estimates*

1)

These population figures have been rounded
to the nearest
_

2)

Shade each state on the map on the following page according to its populationo

Choose your own colors.

o-

1 million

1 -

2 million

2 -

5 million

Color used

5 - 10 million
10 - 25 million
If you do not have a calculator, round the
population figures to the nearest half million
for the percent problems that follow.
3)

The state with the largest population is
Its population is what percent of the U.S. total
population?

4)

The next 2 most populated states in order
are
and

5)

These three states have what simple fractional part of the total U.S. population?

6)

7)

Find the fewest number of states required
to get

31

tion.

List them.

or 33% of the total U.S. popula-

What is the fewest number of states that
contain

t

or 50% of the U.S. population.

List them.
8)

Study the map you shaded. Why are some so
much more populated than others?

9)

Which states probably have the most pollution problems?

The least?

Why?

ALAHAMA
ALASKA
ARIZONA
ARKANSAS
CALIFORNIA
COLORADO
CONNECTICUT
DELAWARE
FLORIDA
GEORGIA
HAWAII
IDAHO
ILLINOIS
INDIANA
IOWA
KANSAS
KENTUCKY
LOUISIANA
MAINE
MARYLAND
MASSACHUSETTS
MICHIGAN
MINNESOTA
MISSISSIPPI
MISSOURI
MONTANA
NEBHASKA
NEVADA
NEW HAMSHIRE
NEW JERSEY
NEW MEXICO
NEW YORK
NORTH CAROLINA
NORTH DAKOTA
OHIO
OKLAHOMA
OREGON
PENNSYLVANIA
RHODE ISLAND
SOUTH CAROLINA
SOUTH DAKOTA
TENNESSEE
TEXAS
UTAH
VERMONT
VIRGINIA
WASHINGTON
WEST VIRGINIA
WISCONSIN
WYOMING

3,577,000
337,000
2,153,000
2,062,000
20,907,000
2,496,000
3,088,000
573,000
8,090,000
4,882,000
847,000
799,000
11,131,000
5,330,000
2,855,000
2,270,000
3,357,000
3,764,000
1,047,000
4,094,000
5,800,000
9,098,000
3,917,000
2,324,000
4,777,000
735,000
1,543,000
573,000
808,000
7,330,000
1,122,000
18,111,000
5,363,000
637,000
10,737,000
2,709,000
2,266,000
11,835,000
937,000
2,784,000
682,000
4,129,000
12,050,000
1,173,000
470,000
4,908,000
3,476,000
1,791,000
4,566,000
359,000

TOTAL

210,669,000

*Statistical Abstract of the United States 1975
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PESTICIDE USAGE AND AGRICULTURAL YIELDS

10.

Pesticide Use

Yield

Grams per
hectare

Rank

Kilograms per
hectare

Rank

Japan

10,790

1

5,480

1

Europe

1,870

2

3,430

2

United States

1,490

3

2,600

3

Latin America

220

4

1,970

4

Australia and
Pacific islands

198

5

1,570

5

India

149

6

820

7

Africa

127

7

1,210

6

Area or Nation

Table from Patterns and Perspectives in Environmental Science, National Science
Board. A hectare is 10,000 square metres.
a)

Does a higher pesticide usage give

a higher agricultural yield?

b)

Japan produces twice as much food per hectare as the U.S. but uses how many times
more pesticide per hectare?

c)

The U.S. produces twice the agricultural yield per hectare as Africa but uses how
many times as much pesticide per hectare?

d)

What else besides the use of pesticides is related to the food yield?

11. Students might be interested in writing poems about the environment.
poem is below.

One student's

Population
There once was a planet called earth
It was overpopulated by birth
One day it exploded
And the people were corroded
And that was the end of the earth.
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Needed:

Watch, radio, metre stick
Can listening to loud noise affect your hearing?

1)

Have someone hold a metre stick next
to your ear (not touching the ear).
Move the watch closer to your ear
until you can hear it tick.

Record

the distance from your ear.
2)

Sit close to a radio and turn it up
very loud.

Do not turn it up so

loud that it hurts your ear.

(Get

permission from your teacher or
parents.)
10 minutes.

Listen to the radio for
Turn the radio off and

~

repeat step 1.

VDAY1

Repeat step 2 the next day but listen to

C)

p

3)

the radio for only 5 minutes.

4)

Repeat step 2 the third day but listen
for only 1 minute.

.'

DAY 2-

C!}"

5)

Graph your results.

6)

What do you think might happen if you listened to loud noise for an hour?

A day?

A month?

219
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(
Make plans to take a poll of 50 people
(or if more convenient two homes per pupil
and plan so that there will not be duplication of households).

Use these questions

or develop a set of your own that might be
more relevant to your community.

Would you be willing to pay 8% more for an air conditioner if it made less noise?

More

specifically would you pay $310 as compared to $288?
Would you be willing to pay $99 for a less noisy vacuum cleaner if the same model but
noisier was available for $90?

(

Would you be willing to pay $1.25 more for a less noisy hair dryer?
Would you be willing to pay $5.00 more for a less noisy lawn mower?
Tabulate your results on a chart similar to the one shown here.

ITEM
Air
Conditioner
Vacuum
Clcnner
Ilnir
Dryer
L8wn
l'v'1owcr

"NO"

" YES lt
NO.
%

NO.

%

"UNDECIDED"
NO.
%

,
I

I

If you can come to any conclusions that might influence a manufacturer of one of
these items, why not write to such a manufacturer explaining what you have done and
offer some concrete suggestions to him for future production plans.

Wouldn't it be

interesting to find out if the company would respond to your suggestions?
SOU RCE: Pollution Problems, Projects and Mathematics Exercises, Wisconsin Department of Public Instruction
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Permission to use granted by Wisconsin State Department of Public Instruction

(

1.

There has been a concern by environmentalists about aerosol products (hair
sprays, insecticides) containing fluorocarbons. Find information about the
possible health hazards and about any proven side effects.

2.

What is an air inversion?

3.

Is air pollution likely to be greater in winter or summer?

4.

Why are unseen pollutants likely to be worse than the ones we see?

5.

How have the laws changed regarding air emission standards for automobiles
during the past 20 years?

6.

Take polls in your class to figure out the following.

Why is it a health hazard?
Why?

a)

How many ride bikes to school, ride a bus, are driven by parents or walk?

b)

What effect does the weather have on bike riding?
days, cold days and nice days.)

(Count bikes on rainy

7.

What methods of transportation do the teachers use to get to school?

8.

Keep track of the sounds you hear for a morning or evening or weekend day.
Tabulate them as pleasant, unpleasant, loud, soft. Which ones can be turned
off or avoided--loud TV versus train or traffic noise, for example?

9.

How many cars are there in your city?
for an estimate-)

(Contact the motor vehicles department

How much pollution would these cars give off if all were driven at the same
time as close as possible on streets for an hour? Use the information below.
The formula P = R x n tells us the rate of pollutants emitted (F) with a given
rate (R) (33 £/km or 76.6 cu. ft./mi. or 2710 g/h or 2.7 kg/h per car) times
the number of cars (n), at 40 m.p.h. Find the total produced for an hour (or
a kilometre or mile).
10.

Find the ratio of cars to people in your city.
in your state. Compare the two ratios.

Find the ratio of cars to people

11.

Take a survey by looking to see how many people are walking, biking, busing or
riding in automobiles. Is mass transit needed in your city?

12.

The average person breathes about 16 kg of air each day (6 times the food and
drink he consumes). When you breathe polluted air, the chances for emphysema
rise as well as bronchitis, lung cancer and colds. Find research to correlate
air pollution with deaths or disease.

13.

Find statistics about production and effects of pesticides in the U.S.

14.

Graph daily pollution data from the local newspapers (usually in che weather
report section). Such data may not be available in small communities.
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WRlER
Figure VIII-14 100

COMMERCIAL FISH CATCH: LAKE MICHIGAN

1)

1------------:/;=--2~~::.:=======:===~=1

The increase of the
total fish catch in

LAKE TROUT

1965-66 was due to an
increase catch of what
LAKE HERRING

kinds of fish?

SUCKERS
WHITEFISH

YELLOW PERCH
CARP
SMELT

2)

Fish catches were all
decreasing during what

"'~ 40

years?

:>

Ii'
~ 30
"'oz

::;

3)

~ 20

"

1898- 19101909 1919

1920- 1930- 1935- 1940- 1945- 1950- 1955- 1960
1929 1934 1939 1944 1949 1954 1959

1961

1962

1963 1964 1965

The diagram shows statistics of the commercial fish catch on Lake Michigan
from 1898 to 1966. The degradation of the fish population is clearly evident;
although the total catch returned to turn-of-the-century levels in 1966, almost all
of it consisted of alewives and other low~value species.

1966

Find out what kinds of
fish are caught near
you and how it has
changed in recent years.

Graph from Patterns and Perspectives in Environmental
Science, National Science Board
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C£OJSARY
aerosol.

A mixture of tiny particles
in a gas. Smoke, fog, mist are
aerosols. Many aerosols are stored
in pressurized cans (for example,
insect repellent).

arable.

density (population).

The number of
people (or animals) for each unit of
area.

doubling time.

The time i t takes for
something to double in size or number.

Land that can be farmed.

ecology.
birth rate.

Number of births per so
many people (or animals); can be
given in percent or in number per
1000 people.

The study of how living things
are related to each other and to their
environments

0

emit.

. To give off, such as a car emits
air pollution.

bronchitis.

A disease of the tubes
that go to the lungs.

calorie.

1. One calorie is the
amount of heat needed to raise the
temperature of I gram of water by
one Celsius degree (also called
small calorie). Symbol: cal
2. (usually spelled with a capital C)
1000 Calories. (also called large
calorie) Symbol: kcal; Cal

environment.

Evenything that people are
exposed to; can also be used for other
living things (for example, the fish's
environment).

erode.

To wash, blow or wear away.

erosion.

Washing, blowing or wearing

away.

eutrophication.
carbon monoxide.

A gas produced by
incomplete combustion that can't be
seen, smelled or tasted. Too much
of it can kill animals that need
oxygen.

What happens when
things get in water and help plants
grow·, decreasing the amount of oxygen
in the water.

evaporation.

A way liquids are changed

to vapors.

carrying capacity.

The number of animals for which a region can provide
food, air, water, and room.

census.

A count of the population.

compost.

A mixture of decaying
vegetation. Compost can be added
to soil to enrich the soil.

food web.

The relationships among
things and their food sources.

fossil fuel.

A fuel formed over long
periods of time from dead animals and
plants. Coal, petroleum and natural
gas are fossil fuels.

generation.
DDT.

A kind of chemical that kills
insects. It is usually hard to
notice on food and vegetation.

In talking about populations, all the people that have about
the same age.

geometric mean.
death rate.

Number of deaths per so
many people (or animals); can be given
in percent or in number per 1000.

A type of average.
Technically, the nth root of a product
of n numbers.

graduated beaker.
decibel.

A unit for comparing the
intensity of sounds. Symbol: dB

A container from a
science laboratory that has markings
to show the amount in the container.

aer-gra
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gram.

A unit of mass. A ra1S1n has
a masS of about 1 gram, a tennis
ball, about 50 grams. Symbol: g

gra-wat

particulates.

In the air, very small
pieces of matter. They reduce visibility and contribute to some lung

(
\

diseases.

hectare.

A unit of area equal to
10,000 square metres. Symbol: ha

pesticides.

Any chemical substance
that kills plant or animal pests.

hydrocarbons.

Usually, unburned
petroleum products in the air. Not
harmful in small amounts, but react
with sunlight to form one kind of
smog.

pollutant.

Something that causes

pollution.

pollution.

Whatever makes the environment unfit or undesirable for living.

hydroelectricity.

Electricity produced by water power.

immigration.

Movement into a country

or regiono

incinerate.

To burn.

population.

The total number of people
in a region; can also apply to animals
or plants (the rat population was out
of control).

produce.

(In groceries) fresh fruits
and vegetables.

insecticide.

Any chemical substance
that kills insects.

recycle.

To use over again after it is
th,oloffi away.

inversion.

What happens when a layer
of cool air is trapped by a layer of
warm air above it. Air pollution

salvage,

can't escape when an inversion occurs.

Secchi disk.

kilocalorie.
1000 calories.
Symbol: kcal

To save from rubbish.

(
\

A black and white disk
used to measure how cloudy water is.

smog.

1. A mixture of smoke and fog.
The haze caused by sunlight reacting with air pollutants.

2.

litter.

Trash or garbage
scattered around. 2. The offspring
at one birth (the dog had a litter
of 5 puppies).
1.

litre,

A cubic decimetre, or 1000
cubic centimetres. Symbol: l

metric tonne.
Symbol: t
microgram.
Symbol:

1000 kilograms.

soil compaction.
solid waste.

All waste not in a gas or

liquid form.

species.

A category in a classification system of living things. Humans
all belong to the Homosapiens species.

One millionth of a gram.
m).l

nitrogen oxides.

Gases from cars
or burning that help form smog.

sulfur oxides.

A kind of gas in some
air pollution. It reacts witn water
in the air to make an acid.

thermal.
noise.

How packed-down the

soil is.

Caused by heat.

Unwanted sound.

water cycle.

The constant change of
ground water to vapor to clouds to rain (/
and back to ground water.
\
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symbols

SymboZs
em

centimetre

ha

hectare

kg

kilogram

,e

litre

m

metTe

:3

m

cubic metre

ppm

parts per million

t

metric tonne
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(Materials are available without oharge unless noted
SOURCE

(

othe~ise.)

MATERIALS

The Aluminum Association, Inc.
818 Connecticut Avenue, N.W.
Washington, D.C. 20006

Information on recycling cans (data and
charts.

American Can Company
American Lane
Greenwich, CT 06830

Information on recycling solid waste.

Bicycle Institute of America
1923 E. Park Street
Arlington Heights, IL 60004
Center for Science in Public Interest
1779 Church Street, N.W.
Washington, D.C. 20036

Lifestyle Index ($1.50)

The Conservation Foundation
1717 Massachusetts Avenue, N.W.
Washington, D.C. 20036

A Ci tizen ' s Guide to Clean Air

Dolphin Enterprises
1207 N.E. 103rd Street
Seattle, WA 98125

ECO--An Island Simulation Game ($1.40;
upper elementary)

(

Population Eduoation Task Cards ($4.65/
set; accessible to middle/junior high
school)

Environmental Protection Agency:
Fuel Economy
Office of Public Affairs
U.S. Environmental Protection Agency
Washington, D.C. 20460
The Presidenc's Environmental Merit
Awards Program
Environmental Protection Agency
401 M Street, S.W.
Washington, D.C. 20460

Public Affairs Director
EPA Regional Office
Boston, MA 02203

Common Environmental Terms:

A Glossary

(many other publications are for sale.)
Miles Per Gallon (test results for automobiles)
If one of your classes wishes to get involved in restoring the environment,
you may be able to get certificates
from the President recognizing their
contributions. Write for enrollment
materials and a brochure containing
some ideas for projects.
States Covered:
Connecticut, Maine, Massachusetts, New

Hampshire, Rhode Island, Vermont
New York, NY 10007

252

New Jersey, New York, Puerto Rico, Virgin
Islands

(.

SOURCES

ENVIRONMENT

Philadelphia, PA 19106

Delaware, Maryland, Pennsylvania, Virginia,
West Virginia, District of Columbia

Atlanta, GA 30309

Alabama, Florida, Georgia, Kentucky,
Mississippi, North Carolina, South
Carolina, Tennessee

Chicago, IL 60606

Illinois, Indiana, Michigan, Minnesota,
Ohio, Wisconsin

Dallas, TX 75201

Arkansas, Louisiana, New Mexico, Oklahoma,

Texas
Kansas City, MO 64108

Iowa, Kansas, Missouri, Nebraska

Denver, CO 80203

Colorado, Montana, North Dakota, South
Dakota, Utah, Wyoming

San Frand.s co, CA 94111

Arizona, California, Hawaii, Nevada,
American Samoa, Guam, Trust Territories

of the Pacific, Wake Island
Seattle, WA 98101
United States Environmental Protection Agency
Office of Public Affairs
Washington, D.C. 20460
Georgia-Pacific Educational Library
Dept. 4
900 S.W. Fifth Avenue
Portland, OR 97204

Alaska, Idaho, Oregon, Washington
Four booklets:

Needed: Clean Water
Man and His Endangered World
Needed: Clean Air
Noise and You
The Forest and You poster kit (1 kit
free, others 50¢ each)
Articles about earth's oxygen supply

The Instructor Publications, Inc.
P.O. Box 6108
Duluth, MN 55806

Eco-Problems posters ($3.50 for a set of

Keep America Beautiful, Inc.
99 Park Avenue
New York, NY 10016

71 Things You Can Do to Stop Pollution

12)

Ecology posters ($3.50 for a set of 12)
(write for cost information)

National Tuberculosis and Respiratory
Disease Association
New York, NY
National Water Commission
800 N. Quincy Street
Arlington, VA 22203
The National Wildlife Federation
1412 16th Street, N.W.
Washington, D.C.

Ranger Rick (10 issues/year, $7.00)
National Wildlife (adult reading level,
bimonthly, $7.50/year, annual Environmental Quality report)

253

SOURCES

The Population Council
245 Park Avenue
New York, NY 10017

ENVIRONMENT

Studies in family planning
Reports On population
Country Profiles

(

The Population Institute
100 Maryland Avenue, N.E.
Washington, D.C. 20002
Population Reference Bureau
1755 Massachusetts Avenue, N.W.
Washington, D.C. 20036

Interchange (teacher's newsletter)
World Population Data Sheet (35¢)

Sierra Club
1050 Mills Tower
San Francisco, CA 94104

Population Report (monthly newsletter)
Population education teacher packets
Information on speakers and films

U.S. Department of liealth, Education
and Welfare
liealth Resources Administration
5600 Fishecs Lane
Rockville, MD 20852

Monthly Vital Statistics Report

United States Energy Research and
Development Administration
Technical Information Center
P.O. Box 62
Oak Ridge, TN 37830

Wall Chart:

Energy History of the U.S.,

1776-1976

Many pamphlets and booklets: Energy
Storage; Geo-thermal Energy; Energy
('
Techno logy; . . .
One can request information on a specific
subject (e.g., solar energy).

(
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MATHEMATICS ANV MUSIC

It is said that music is a universal language--understood and enjoyed by
all.

This is certainly true for most

middle school students.

Even those who

do not participate in an orchestra or
band will dance, sing or keep their
ears glued to a transistor radio or set
of headphones.

This interest in music

can provide the motivation for individual activities or for an entire unit in
mathematics and music.
Where does the mathematics come in?

Today students learn music and learn mathe-

matics as different courses without associating music with mathematics, but the two
subjects were not always separated.

For centuries the Greeks viewed mathematics and

music as part of the same subject.

Modern students can repeat some of the experiments

of the Greeks by investigating the ratios of the lengths of strings and of the tones
these vibrating strings produce.

They can also study the graphs of the pitch, loud-

ness and quality of tones.
The activities in this collection are organized into four sets.

The first set

requires no knowledge of musical notation or expertise in playing an instrument.

In

this first set, students can research the financial aspects of a musical concert;
determine the meaning of the different speed settings on a record player; determine
the pressure exerted by a phonograph needle; use logical reasoning to classify instruments; and solve mathematical word problems about music and musicians.
The next set of activities (beginning with Notes, Rests and Fractions) involves
learning and practicing musical notation.

The activities stress the relations between

fractions and notes, rest, and time signatures.

Students are asked to use the ratio

idea--if a quarter note is assigned one beat, a half note is assigned two beats--in
a variety of activities.

Most of the activities in this set can be used with stu-

dents provided that the musical notation is explained.
can be an information source for the rest of the class.

Musically inclined students
The Britannica Junior

Encyclopedia has an easy-to-read article on music notation, and the school music
teacher could also provide some background.
section will help in many cases.

The glossary at the end of this

You will probably want to work through the acti-

vities yourself to be sure they are appropriate for your class.
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INTRODUCTION

MATHEMATICS AND MUSIC

Motions and Musio is the first page of the third set.

(

It describes how a

\

series of notes can be reflected (played backwards), translated (repeated or slid
up or down on the
music.

scale~

and rotated (turned about a point) to compose a piece of

Students who do not read music can do the activities by applying the motions

of geometry to the notes.
the piano.

Someone else in the class· can play the compositions On

Other activities in the set also involve analyzing and composing music.

Some of these are quite simple; others would make good projects for an individual
student or for a group of students who are very interested in music.
The fourth set concerns the subject of sound as related to music.

Sounds describes graphs for sounds.

Shapes of

Students are asked to compare the loudness and

pitch of two sounds based on their graphs.

(An oscilloscope would make this acti-

vity more meaningful, but it is not necessary.)

Some activities in this set use

graphs or charts giving the range in pitch or loudness of voices and instruments.
Students are asked to use these charts and graphs to compare the instruments.

Other

activities ask students to order sounds according to their loudness, discover relationships between frequencies of notes, and investigate various sound phenomena.

The

Britannica Junior Encyclopedia has an excellent overview of sound.
Mathematics has played an important part in modern music.

It has been used to

(

analyze music; to help create buildings with good acoustics; and to develop radios,
phonographs and amplification systems which reproduce music as accurately as possible.

On the other hand, there are many people who have seen music in mathematics.

Pythagoras thought music followed the rules of whole numbers, and Kepler looked for
music in the spheres.

The page of quotes following this introduction gives some

additional thoughts of mathematicians and musicians about the relationships between
mathematics and music.

Though not all of the possibilities in mathematics and

music are presented here, perhaps these activities will provide new, interesting
and useful information for teachers and .students alike.

(
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MATHEMATICS AND MUSIC

INTRODUCTION

Mathematics is music for the mind; music is mathematics for the soul..
--Anonymous

Music is the, pleasure, that the human soul experiences from counting without becing
aware that it is counting.
--Leibniz

Mathematics and music! The'most glaring possible opposites of human thought!
Yet connected, mutuaUy sustained!
--Hermann von Helmholtz

Mathematics is the music of Reason.
matician thinks Music.

The musician feels Mathematics, the mathe--J. J. Sylvester

Mus{c is number made

aud~ole,

architecture is number made Visible.
--Claude Bragdon

The science of Pure Mathematics, in its modern developments, may alaim to be the
most original creation of the human spirit. Another claimant for the position is
music.
--A. N. Whitehead
Suacess in musia and mathematics also depend upon very much the same things--fine
techniaal equipment, unerring precision, an abundant imagination, a keen sense of
values, and, above aU, a love for truth and beauty.
--Elmer B. Mode
For three bars I Zisten to it; thereafter I distinguish nothing, but give myself
up to my thoughts. In this way I have solved many a difficult problem.

--Lagrange

Mathematics is the inspired ordering of an infinite world of numbers. That's
Oswald Spengler's definition. Music is the inspired ordering of an infinite wor ld
of sound. That's my variation on Spengler's theme.
--Howard p. Lyon

It is the same with music. You have to make them practice. My father did, and
I'm glad he did . •• Musical training helps their arithmetic.
--Arthur Fiedler
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Listen to the Students

~

TO STUOCt\lT INTERESTS:

Let the students start the process
for you.

All you need to do is listen

to their conversations and questions.
You probably already know that some of
their discussions involve recording
stars, records or albums and, perhaps,
concerts.

If they playa musical

instrument, that is also a special
interest.
Ask them questions about the
instruments they play, the concerts
they attend, or musicians or composers they like.
area, there might be a discussion about it.

If a concert is being held in the

Students might talk about plans to go,

or that they would like to go, and afterwards, about the performance.

When you hear

these types of conversations in your classroom, take advantage of it.

An activity

like In Concert can be used at this time.
Use the Students as a Resource

YOU TWO PRoBABL'I KtJOW MOR.E.
ABOUT MUSIC THAt-! I 00 - WOULD
YOU BE: WILLlIJG TO HELP OTHERS Ir-J
THE CLAS,S?

Student background in mathematics
and music can be helpful to a teacher
wanting to emphasize relationships between the two disciplines.

(

Knowledge

of their experiences will help determine whether some activities are indeed appropriate and can also lead to
new ideas for material.
This information could be filed for future reference by both you and your students.
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Here are some questions you might want to ask.

1.

What kind of music do you like to listen to or play?

2.

How often do you listen to the radio?

3.

What instrument do you play?

4.

In what group(s) have you sung?

5.

Are you taking music lessons?

records or tapes?

music classes?

(

particularly

I FIGURE:O OUT HOW TO

helpful during individual and group projects.

WRITE. SOME NO,ES, BU, J:
~"\LL CAN'T PLAY '\lEM. 1.
c;.UES'1> I !VEEP A. PIAIIlO

Students may save time by con-

suIting the file for a specific resource

PLAYER.

person instead of asking around the
classroom and bothering other working
groups.

Students are also answering for

themselves an often asked question:
"Where can I find out?"

Pupils gain from

the experience by utilizing a problemsolving approach and from the sharing of
information--a good start toward helping
students learn from each other.
Read Newspapers and Magazines
Start by reading your own magazines and newspapers and saving items related to
music.

Student sheets can easily be made with these articles and advertisements.

An example is shown to the left.

The

teacher can make up questions related to
the article or the students can write
them.

Student questions can then be

collected, sorted and used on a later
lesson sheet.
BLANK
CASSETTE TAPE
60 Min. Play

90 MilT. Play

Aeg. 1.49

Reg. 1.99

Advertising in newspapers

and catalogs for equipment or perf ormances can be used for ratio and proportion, percent, money and consumer prob-

lems.

Statistical graphs can be used

for interpretation questions, or students
can gather information and display it in
Which tape has the higher money
discount?

a graph.

What is the percent of discount
for each tape?

transparencies for use on the overhead

Which sale price is the better
bargain?

Articles and advertising make good
projector.

While the information is on

the screen, the teacher can ask related
questions.

Clippings can also be dis-

played on the bulletin board.
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(

Ask students to look for information for you, perhaps as a special project.

LOOK Al

nus

ARTICLE

I rOUt-JD.

Their magazines at home are

probably different from yours and will
increase your source of materials.
Survey your school library for information in books and magazines.

Time, News-

week, Saturday Review and Popular Science each have separate music sections in each
issue.

Scientific American, Consumer Reports and Rolling Stone are also good

sources.

The librarian, music teacher and local disc jockeys could have good, valu-

able material.

An annotated bibliography that lists printed and audio visual sources is provided at the end of this section.
Try Some Projects
Students often enjoy working on projects, particularly with a topic they already
find interesting.

Their conversations about musical instruments, current hits and

favorite performances can be adapted to individual or group projects.

(

If you or your students have had little experience with projects, start with
simple, short-term ideas.
1)

Some examples are:

Find articles or advertisements with information related to music.

Make up

some mathematics questions and turn them in with the article.
2)

Conduct a poll at school to
gather responses to a question of interest (examples
are on a student page The

Music Market).
The first few projects you assign will need the most structure and teacher
help.

Students will have to learn how to use a problem-solving approach, to gather

their statistics, to compile them and to convey this information.
After some common experiences with simple problems, gradually try longer-term
projects.

The student sheet The Music Market is designed for ideas on this level.

Regardless of the length or nature of a project, students will have questions
concerning procedure.

Providing an example or making a poster that outlines the

steps for a particular project are very helpful to students.
involved the students can work more independently.
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As projects get more

(

MATHEMATICS AND MUSIC
TITLE

PAGE

TOPIC

MATH

TYPE

In Concert

264

Researching musical
events

Investigating financial
aspects OT public events

Worksheet
Activity card

As the Record Turns

266

Finding a meaning for the
speed settings on record
players

Using rates and ratios

Activity card

The Pressure's On

268

Understanding why a heavy
phonograph arm can harm
records

Computing pressure

Worksheet

I Believe in Music

269

Experimenting with the
tempos of music using a
metronome

Using rates and ratios

Activity card

Puzzling Prefixes

270

Determining words related
to music

Using numeraical prefixes
Recognizing names of
geometric figures

Worksheet
PuzzlEi'

Musical Time Lines

271

Studying the life spans
of composers and
musical styles

Using number lines

Teacher ideas
Bulletin board

The Music Market

272

Examining cost of musical
instruments and equipment
Determining people's preferences in music

Collecting data
Computing costs and best
buys

Open-ended
projects

Instruments with
Class

274

Comparing and classifying
musical instruments

Classifying objects
Thinking logically

Teacher-directed activity

Attribute Games

279

Comparing and classifying
instruments

Playing logic games

Game

Notes, Rests, and
Fractions

283

Learning the symbols and
time values for notes
and rests

Using fractions
Using ratio ideas

Teacher page

Bicentennial Beat

285

Determining appropriate
time values for notes

Using fraction concepts
Using ratio ideas

Worksheet
Transparency

And the Beat Goes On

287

Determining beats in a
measure
Checking accuracy of time
values in written music

Using fraction concepts
Using ratio ideas

Worksheet
Transparency
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(

TITLE
You'd Better Count
On It

PAGE
288

TOPIC
Examining baton patterns

MATH

TYPE

Counting

Worksheet
Ac"tivity card

for music conduc"tors

Counting measures of notes
and rests

A Symbolic Story

289

Recognizing musical
symbols

Recognizing mathematical
symbols

Story
Puzzle

Matiens and Music

29l

Seeing patterns in music
Composing music

Applying the reflections,
translations, and rotations of geometry

Teacher page

Reflections

292

Seeing reflections
in music

Applying reflections

Teacher page

First Movement:
Reflections

293

Finding reflections in
music
Reflecting a series of
notes

Applying reflections

Worksheet

Translations

294

Seeing repetitions
in music

Applying translations

Teacher page

Second Movement:
Translations

295

Repeating phrases in
music
Introducing transposition

Applying translations

Rotations

296

Third Movement:
Rotations

297

Variations

Applying ro·tations

Teacher page

Writing notes

Applying rotations

Worksheet

298

Composing music

Combining motions of
geometry

Teacher page

Variations

299

Composing music

Combining motions of
geometry

Worksheet

Simple Musical
Instruments

300

Making simple musical
instruments

Using volume and ratio
relationships

Activity card

It Has Been
Frequently Noted

30l

Determining the key of
a piece of music

Gathering data
Making tables and graphs

Activity card

Beethoven Bargraphed

302

Analyzing music to
determine the composer

Collecting data
Making and interpreting
bar graphs

Teacher idea

(

Finale:
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TITLE

PAGE

TOPIC

MATH

TYPE

Mod Composition

305

Composing music

Using number sequences and
modular systems

Teacher idea

A Chancy Composition

306

Composing music and
evaluating the resulting composition

Producing random results by
rolling dice

Activity card

An Orderly
Arrangement

307

Realizing that there are
many possible melodies

Determining the number of
permutations

Worksheet

The Twelve-Tone
Method

308

Composing music with the
twelve-tone technique

Using geometric motions
Applying permutations

Teacher page

Shapes of Sound

311

Examining pitch, loudness,
and quality of sound
graphically

Reading graphs of sounds

Worksheets
Activity cards

Can You Hit High C?

313

Comparing the range in
pitch of voices and
instruments

Reading a graph

Workshee"t
Activity card

Are We on the Same
Frequency?

314

Studying frequency
relationships in tones
of differing pitch

Discovering number
relationships

Activi"ty card
Worksheet

Numbers for Sounds

315

Understanding sound
Comparing loudness of
sounds

Ordering
Comparing measurments

Activity card
Worksheet

The Sound of Music

319

Learning symbols for
levels of loudness in
music

Computing differences

Worksheet
Activity card

Using a Decibel
Reader

320

Comparing loudness of
different types of
instruments and music

Reading a guage
Comparing readings on
a guage

Open-ended
projects

Sound Projects

322

Exploring sound

Open-ended
activities
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----:--0-=---APPEARED
WHO

=-------

IN

CI"TV

AT THE

------."""ur.;;:----BUILOlW,<,;

DATE::

_

TIME:: _ _- - _

TICKET PRICE:5:

1)

Estimate:

The number of people there.

The capacity of the building.

(
2)

Find out:

The actual attendance.

3)

What percent of the seating space was filled?

4)

Think about the number of people attending and different prices for seats.

The capacity.
/

/

\

How much

money do you think was received in ticket sales?
5)

List some expenses the promoter may have had.

6)

Guess how much the performer was paid.

7)

How long was the performance?

8)

If you were that performer, would you want a straight fee or a percentage of the
ticket sales as payment?

9)
10)

What expenses does a performer have for this type of concert?
If possible find out from the promoter the amount received in ticket sales and the
expenses involved.
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Why?

Approximate the total amount made by the promoter.

!

- - - - - \' .

Use
The general questions asked on the student page are one way that a teacher could
bring information about musical performances into the mathematics classroom.

The page

is, of course, most appropriate when students have recently attended a concert.

You may

want to add specific questions to the page for a particular concert.
Some questions require access to specific information.
and the promoter are good sources.

Newspaper articles, posters

If the information is not easily obtained, then re-

word or omit those questions.
If concerts are not held nearby so that students can attend, discuss one that they
would be interested in attending.

A student page could be developed using an advertise-

ment and an article with information about a performance.
The questions could be adjusted to ask about a television special in which a favorite
singer hosts or performs.

Athletic events or plays are topics that can be similarly

brought into the classroom.

Writing the questions could be a student's project.

productions provide much interest and data.

School

Information about attendance capacities,

ticket sales and expenses is readily available and of concern to many of the students.
Extensions of the Student Page:
Some students may finish the questions
money.

feeling that the promoters make a lot of

If this interests them, they may want to investigate the business of promotion.

Suggest that they write or call agencies to find information.
much do various performers earn?

A common question is:

How

(The Guinness Book of World Records has interesting

facts about musical performances.)
Project Idea:
Plan a money-raising project that brings in a star performer.

Much computation will

be involved in determining the expenses and estimating the possible profits.
Suggestion:
Keep the data about musicians, fees and performances.

It can be used in other units

of study such as statistics.
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(

Materials Needed:

Record player with variable speeds
Several popular

333I albums,

45 singles and a 78 record (if available)

Stopwatch or clock with a second hand

Questions:

How fast does a record turn?
What do the speeds on a record player mean?

1.

Place a small marker on the outer edge of a
the record player to

333I and

album.

Set

carefully count the number of revolu-

tions the marker makes in I minute.
below and record the number.

333I record

Make a table like the one

Repeat the count two more times for

(

accuracy.

Nu.mbe.... Or

Find the sum of the revolutions.

"evolutions

Find the average by dividing the sum by 3.

minute I

minute. 2.
,Mlnu.te

II.

3

Repeat the activity again using a 45 record.

Make a

table.
III.

IV.

If you have a 78 record, repeat the activity again.
Place a small marker on the label of a
average for the marker on the label.

333I album.

Repeat the activity. Find the

How does this average compare to the average

found in part I?

(
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INSTRUMtNT~
WIT~ [LRSS
(PAQ£ 4)

SYlJTI-!€5IZER

ORGAN

PIANO

TAtllBOURINE

eo",s.. DRUM
SAXOPHOIJE

VIOLIN

TR\A\\lGLt:
eo"'RITOIJE: HORl\J
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INSTRUMtNTS
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(PAGE: 5)

GUITAR

CELLO

TROMBOtJE

SfJARE DRUM
CLARlI.1£T

BANJO
L..-

278

TRUMPET

--L_::::::..

(

DOUBLE
BASS

.....L_ _

_

~~..::l!~

____I(

I.

Teacher Introduction to Game: Use attribute lists compiled in the
activity Instrwnents with Class. Ask students to name the instruments,
given any three attributes.
Possible Answers:

Examples:

II.

a)

large - bass - brass

tuba

b)

small - treble - woodwind

clarinet, flute

c)

medium - bass - brass

trombone

d)

large - non-tonal - percussion

bass drum

Players Needed:
I to 4
36 attribute cards--each with
one word. Use these words:
small, medium, large, bass,
treble, full range, nontonal, brass, string, woodwind, percussion, electronic.
Make 5 cards for each word.
Stack cards by attribute
face down in center.

000
size

:tIL

sound

instrument cards (see previous
pages) spread face up in view
of all players

type

Play
First player draws a card from each attribute pile. He then selects
an instrument card that fits the attributes. The other players agree
or disagree and the following points are given:
3 points:

instrument does have all three attributes

2 points:

instrument has two of the attributes

I

points:

0 points:

instrument has only one of the attributes
instrument has none of the attributes

Points are recorded. First player puts back attribute cards either
on the bottom of each stack or in each stack somewhere, slightly reshuffling them.
Play continues as each player draws atributes and selects the appropriate instrument. If there is no instrument to fit a certain
description, player can indicate that and still receive the 3 points.
IV.

Winner
The winner can be the first person to reach an agreed on score or the
person with the highest score after a given time limit.
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(
A GAME IN RECOGNIZING ATTRIBUTES OF INSTRUMENTS
Materials Needed:
Object:

Instrument cards

Make a path with the instrument cards so that adjacent instruments vary by only ~ attribute.
0.--...-.,..........

Play:

Divide instrument cards among players.

,,0

~

ME:DIUM
TR.I::eL. E.
e.RI'-5~

Player I picks one of his instrument
cards and places it in the center.

Player 2 places one of the instrument
cards adjacent to the first card.
This instrument can vary by only one
attribute.
---

.

o MI::DIUf<\

'"
'"

BA~S

BRASS

LARGE

..

c>

BA~'2.

BRA':>""

Player 3 can place a card at either
end of the path.
Play continues until a person (winner)
gets rid of all his cards or nobody
can make a play.
A player gives up a turn if one of his instruments can't be added
to one of the ends. A player who places an instrument card incorrectly must take the card back and give up that turn.

(
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Playing board with square grid
Instrument cards
Attributes list

All instrument cards are face up in
the center of the table, around the
playing board.

Play:

Players take turns placing instruments in squares on the playing
board. Any card which is placed so it touches another card must
have the following attribute relations to the original card.---Points are given as follows:
<:> c> 0
I
o
<::l Examp es:
horizontal - I point
I attribute change

vertical - 2 points
2 attribute changes

[Z!ZJ

Osmall - treble - brass
00

mall - treble - woodwind

IOCsma11 - treble - woodwind
medium - bass - woodwind

diagonal - 3 points
3 attribute changes

0°°0

o small - treble - brass

Combinations:

I

Bassoon placed third:
2 points vertically
3 points diagonally
5 points for card

II
Ifl

Trombone placed fourth:
I
2
3
6

point horizontally
points vertically
points diagonally
points for card

Play continues for a specified time limit, or until a given total
is reached, or until no more plays can be made.
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(
Materials:

Object:
Play:

Playing board with 2 large intersecting circles
Set of instrument cards
Attribute cards
Attribute list

To guess what attribute the circles represent
Leader selects 2 attributes from the cards and imagines the 2
circles as the corresponding attributes.
Each of the players in turn picks up an instrument card and hands
it to the leader who places it in the appropriate area on the playing board. There are 4 areas that an instrument can be placed: in
the space shared by both circles, in the part of each circle not
sILared by tILe other, or outside the circles.
Example of play if A is "large"

and B is "$tring"

Player 1 selects guitar so
it is placed within "string"

Player 2 selects tuba, and
it's placed in "large"

Player 3 picks clarinet,
which is neither attribute,
so it's placed outside.

Player 4 picks cello with
both attributes, so it's
placed in their intersection.

(

Play continues until there are enough instruments in place fOr one
of the players to guess at the two attributes. One can guess only
after his instrument card has been put down and he must give both
circles correctly. If the guess is correct, he receives as many
points as there are instrument cards left on the table.
If the
guess is not correct, he subtracts 5 points from his score. A time
limit or point limit can end the play. The winner after that limit
can be the next leader.
Extensions:

282

1.

Add more instrument cards

2.

Add another circle (and
therefore another attribute)

3.

Add negation of attributes
to deck of attribute cards,
ex: not brass, not large

(

RN ORDERL Y

RRRRNbtMtNT

t:j: Question:

Suppose you want to write a melody using exactly 5 quarter
notes and choosing from 7 different pitches:
E, F, G.

A, B, C, D,

How many different melodies could you write?

(Hints are given below.)
I.

Let's simplify the problem:
a)

What if you wanted to use 2 quarter notes and choose from 2 pitches,
A and B?

There are 4 possible "melodies." Can you write them below?

A

b)

--are

How many

J
II.

and

write the melody arrangements for 2 quarter notes and 3 pitches,
A, B and C.

--'
,

,

JO~

,

--'

there?

--'
,

--

or

--,

-- x

,

J

How many melody arrangements for
2 quarter notes and 4 pitches?

or

x

2 quarter notes and 5 pitches?

or

x

2 quarter notes and 6 pitches?
2 quarter notes and 7 pitches?

or

x

or

x

2 quarter notes and 12 pitches?

or

r

x

Try the same reasoning for 3 quarter notes.
a)

3 quarter notes and 2 pitches.

------There are

b)

,

,
or

x

The melody arrangements are

- - - - - -, - - - - - - ,
- - - -, - - - - - arrangements.

x

How many melody arrangements for
3 quarter notes and 3 pitches?

or

x

x

°0

3 quarter notes and 4 pitches?

or

x

x

°0

3 quarter notes and 5 pitches?

or

x

x

3 quarter notes and 6 pitches?

or

x

x

3 quarter notes and 7 pitches?

or

x

x

3 quarter notes and 12 pitches?

or

x

III. Try to answer the question at the top of the page.

x
Write your answer

here:
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M[T~OO

(

All twelve tones of the chromatic

1.

scale are used in the twelve-tone
method of composition.

Each of the

twelve tones must be used before
any of the tones can be repeated.
The sequence of twelve tones is then varied in ways somewhat like
motions in geometry.
tones is chosen.

Suppose the following ordered row of twelve

The same ordering of tones is indicated on piano

keys and in written music.

2.
8

5

G

7

1"'"
NOie:

9

3

10
12.'

"l-

11

NOTE

t

MIDDLE:
C

II.

(

The next twelve tones can be determined by reflecting the original
twelve as shown below.
backwards.

This gives the original twelve tones read

(In music this is called the retrograde series.)

ORIGINAL

2.
8
MIDDLE
C

G
7

5

l s,
1\\0",:

9

3

4-

10
12T~

'-lo,.t:

t

THE TWELFTH NOTE BECOMES THE FIRST NOTE OF
THE SECOND MEASURE
THE FIRST NOTE
MEASURE
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11

BECOMES THE TWELFTH NOTE OF THE SECOND

(

THE

TW~L Vt-TONt
MET~DO
(PAC,E. 2)

III.

The original twelve tones can be transposed (translated) up or down
any number of half steps or piano keys.

The number of half steps or

keys between each pair of tones remains the same.

The example below

has been raised a whole step (two consecutive piano keys).

opo

IV.

o

~e ~o

I

5

1

2

11

3

An "inversion" of the original twelve tones can also be used.

In an

inversion the same number of half-steps are maintained between each
pair of notes, but the direction of pitch change is different.

The

inversion of the first two notes of the original sequence is given
below.

!I\lVl:RS10l-l

ORIG\IIlAL

An interval of 3 half-steps.

r

first note is
the same.
The second note is 2 half-steps
higher in pitch

Here is the whole inversion of the original twelve tones.

(Inversions

should not be confused with inverted intervals in which one tone changes
by an octave.)

4

10

9

T T T 3T T
11

12

5

I

1

8

'1

GT~1

1

MIDDLE:

v.

C

There are 39,916,800 different ways of ordering the original twelve
tones

(12!

=

12 • 11 . 10 • 9 . 8 • 7 • 6 • 5 . 4 . 3 • 2 . 1

=

479,001,600, but if transpositions are disregarded at this point,
there are only II! or 39,916,800 ways.)

After an ordering is chosen,

any combination of the above variations can be used.
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VI.

(

3)

The twelve-tone technique of
composition was devised by
Arnold Schoenberg about 19101920.

It represents a method

of musical composition which
disregards all of the tonal
principles of 19th century
music.

The music written by

this method is not "in a key"

.

'."

.'.. '.

'

with a root tone dominating the
. '.
...

construction of chords and
their succession.

'.

'.'

.

. . .'<r""""
»<>..:.:: .

The method

seems to be more mathematically
based and might appeal more to

the mathematical sides of some people than to their musical ears. An (
interesting chapter on Schoenberg, Alban Berg and Anton von Webern, all
of whom used variations of the twelve-tone method, is contained in The
Lives of the Great Composers by Harold C. Schonberg.

VII.

Piano Suite op. 25 is given below.
mine how the original twelve tones have been varied?
A part of Schoenberg' s

Can you deter-

Schoenberg, Suite op. 25
( b)

OR.IGINAL SEQUEIJCE

a
(c)

P.
_

310

1>.
".

a\;2al1>'a •

•

a

•
•

1;1_

a
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(d)
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•

a
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v.

•
1;1 a
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•

a

.1

_P.
(
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V.

VI.

Most people can tell a difference in the sound of a piano and the
sound of a trombone. A note played on a piano at the same pitch and
loudness as a note played on the trombone sounds different. The
sounds produced by the two instruments are said to have different
quality or timbre.
The shape and design of a musical instrument gives it a characteristic
quality.
Graphs of different notes on the same instrument always have
the same general shape. The effect of different instruments can be
seen in the shape of the corresponding graph.
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VIII.

2Sa:OIJDS

Match these graphs with one of the
graphs above. Name the instrument,
then give the pitch as higher, l O W - + t m # t t
er or same and the loudness as
softer, louder or the same.

VIII.

V

o
al

'" " /

III

\
1

2.

c)

Joseph Fourier, a Frenchman born in 1768, showed
that all sounds can be described in mathematical
terms. His formulas and graphs have been very
important in the design of the telephone, radio
and stereo equipment.

(
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The chart below gives the range in pitch for voices and instruments.
The frequency column tells how many vibrations per second are necessary
to create a tone with the given pitch.

Look at the chart and answer the

,

G

G

Cello

A

!

n

,.

,

C

,

••

"00010

Oboe

li,h Hom

,.

A
I

Clarinet

D
80ss Clorinet
0'
Alto S(1l<o~hone
Tenor Saxo hone
Baritone SI'Xolili!?ne
A'
Besoon

.1 :

I

,

D

8011

1::-1

,

Violi"
Viola

C

Sontro Bassoon

A'

French Horn

I

Trombone

c

Boss Trombone

Tuba

G·

Ie.

i

I

c
c
e

G
!'.D_ _-l!Tim""i"('fI!!-'- - - "

I

c

c
T..bllior Bells

I

,

I

I

CHART F ROM: Listeners Guide to Musical Understanding, published by Wm. C. Brown Co., page 56,
Fourth Edition

1.

Which instrument on the chart above has the greatest range in pitch?
Give the frequency of this instrument's lowest
pitch.

2.

The frequency of its highest pitch.

Which instrument has the least range in pitch?
Give the frequency of this instrument's lowest pitch.
The frequency of its highest pitch.

3.

If you play an instrument see if it is on the chart (if not, pick any
instrument on the chart).
trumpet?

4.

How does its range of pitch compare to a

(greater, less than)

To a clarinet?

(greater, less than)

Which brass instrument has about the same range of pitch as a cello?
Which string instrument has about the same range
of pitch as a tuba?

5.

Which type of voice has the greatest range in pitch?
Permission to use granted by Wm. C. Brown Co., Publishers
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The chart below gives the frequencies of the tones of a piano. The frequency of
the A above middle C is 440 cycles per second. This means any string, reed or vocal
chord would have to vibrate 440 times in one second to produce a tone which would
match the pitch of this A on a (tuned) piano. Use the chart to answer the questions
below.
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C

C

1.

List the frequencies from smallest to largest of all the C's on the piano.
pattern do you find in these numbers?

2.

List the frequencies of the G's.

3.

Choose a black key (B , A , E , etc.).
pattern?

4.

A C major triad consists of a C, an E (4 half-steps above C) and a G (7 half-steps
above C). An F major triad consists of an F, an A (4 half-steps above F) and a C
(7 half-steps above F). Fill out the charts below for the C and F triads. Do you
see a pattern in the charts?
I

yoU MIGHT USE
A CALCULAiOR TO
l-lELP FII.lD PAITERNS
AND DOTI-IE
COMPUTATIO!..l.

.~

b

I:>

C
G5.40G

I

I

E

t

I

I 82.A0'7 I 97.

Does the same pattern occur?

b

G

E+-C

Do the frequency numbers make the same

G+-C

I'"

8'7.30'7

2(;1.G3

1'74.(;1

523.25

349.2.'3
I

I

c

A

I

k~----.J

IG98.~ I

A';'!'"

C';'I'"

1>5.400

43. GS41 55.000

999

1'30.81

,104G . 5 I

What

I

I

I~,

Sound is caused by a vibrating object.
The vibrating object starts nearby air molecules moving back and forth.
These vibrating
air molecules cause other air molecules to
vibrate until the molecules near an eardrum
are moving back and forth. The molecules
near the eardrum cause the eardrum to vibrate
at the same rate as the original object.
Nerves transmit a message to the brain and
the brain interprets the message as sound.
Air or some other substance is necessary to
the hearing of sound. No sound will be heard
if a tuning fork is vibrating in a vacuum.
The faster an object vibrates, the higher the
pitch of the sound becomes. The greater the
vibration, the louder the sound. The closer
the vibrating object is to the ear, the louder
the sound.
1.

List three of the loudest sounds you can think of.

2.

List three of the softest sounds you can think of.

3.

Compare your list with those of your classmates'. Of all the sounds
listed, which do you think is the loudest? the softest?

4.

There are quite a few sounds that would fit between the softest and
loudest sounds you just named. Some examples of sounds that people
hear are given below. Arrange the 13 sounds in order from softest to
loudest. Does your ordering agree with others in the class?

~

food blender

::~::;sation (close)
whisper
alarm clock

\Al~

~
;.
~ -~
~fi!r:-"'-k Z " - ;

"'-.,{-l

rock band

~

q~iet ~oun~ryside ~~1'--,~\\1A"'~
a~r ra~d s~ren
~.
f;;: I )t!l(\ ~
heavy traffic
quiet street
leaves rustling
boiler factory

~I I':::::: )

eU

L:/J

quiet office
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6.

The relative intensity column is given in powers of ten.
is 10 times as intense as the sound before it.

Each sound

Write some of the relative intensity numbers using exponents.
For example:

10
100
1000

threshhold of pain
lethal level
threshhold of hearing

=
=
=
=
=
=

1
10
2
10 x 10 or 10
10 x 10 x 10 or

Make a new column in
the sound chart
writing the relative
intensities as
powers of 10.

7.

What sound is one thousand times as intense as the threshhold of
one million times as intense?
hearing?
one billion times as intense?

8.

Look at each sound and compare its relative intensity to its decibel
rating. Explain how the relative intensity of a sound can help you
figure out the decibel rating.

Dearie, you're something, that loud mouth and all!

-9.

LONDON, England (AP) Michael Featherstone and his
wife, who run a pub on the

Yorkshire coast, have been
judged the world's loudest
mouths.

Competing Wednesday in the
"Second World Shouting Championships,'" Mrs. Featherstone
let loose a 109.7-declbel yell to
retain the woman's title she won
last year.

Her husband was the loudest
of the male competitors with 110
decibels. But he missed the 111decibel mark set-by the winner
last year, a fisherman.

Compare the Featherstone's records to the decibel reading on the sound
chart. They each yell about as loud as a

10.

Read the articles on the next page.
a. In the article "Loud Music May Cause Migraines,"
how many discotheques would each inspector have to
investigate if they were all going to be checked in
one night?
how many young people out of the 7,000 would you guess
have measurable hearing loss?
b.
Do you think the "caution" in the stereo article is a warning?
Why?
c. Do you like to listen to really loud music? If you do, you
might want your hearing checked frequently.

Permission to use granted by The Associated Press
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Loud music
may cause
•
•
migraInes

CAUTION!

(

Sound pressure levels
may exceed 100dB ...

CALIFORNIA. P". (AP) - Superloud rock music is <I health hazard and
tlwy be l!legal under certain conditions, according to (l safety consultant.
Randal! Davidson, who heads a privale firm here called the International
S:lfety Institute, says he has measured
lhe sound levels at hundreds of
nightclubs and discotheques across the

country.
He says bands often play at a decihe] level between the rumble of a sub-

way train and the roar of a jet plane at
takeoff.
'

In numbers, that comes out above
the allowable limit of 115 decibels for
1.5 minutes specified under the federal

Occupational Safety and Health Stan'.lards Act of 1970. he says.
Discotheque patrons are not covered

by the law, but club employes are.

(

''I've seen kids who would come out
of those places and not be able to hear

for two or three days," said Davidson.
"lt c.auses high blood pressure, migraine headaches and all the stomach
problems that go along with being upset.' ,
F. A, Van Alta, senior' scientist of
the Labor Department division charged
with enforcing the act, said strict enforcement of noise standards in
discotheques isn't likely, however. Nationwide, there are 800 inspectors to
investigate an estimated 2.4 million
places of business for all types of safety hazards, and loud music in
nightclubs isn't a high priority, he
said.
Scientists have said for some time
that noise levels attained by loud rock
bands may cause hearing loss. Dr. Da·
vin Lipscomb, director of the noise research labor(l,tory at the University of
Tennessee in Knoxville, says a significant number of people with measurable hearing 10:;$ were found in testing
more than 7,000 young people since

1967.

ADVERTISEMENT FROM:

Dear Dr, Thosteson: 1 would appreciate it if you could give me any
medical suggestions regarding listening to sound levels of music. I
have a sound level meter, so I could
measure my expos;ure level in deci·
bels should such information exist.

- J.P.
Government studies suggest that
when noise levels exceed 90 decihels,
ear protection is needed for workers,
Noise is noise, and that from your stereo would he suhject to the same recommended safe level figure.

Some rock performances have been
measured at levels of 120 decibels.
Hearing loss can occur at such levels,
either temporarily or, if listened to on a
regUlar basis over- a long period, of
time, permanently,
The loss Is usually of high frequeocy
sound. Normal conversation is about 60
decihels. The sound of a jet taking off
100 feet away from the listener has been
measured at ahout 140 decihels_
To he on the safe side your listening
should he limited to something helow 90
declhels. Ahout 80 would he ideaL

Warehouse Sound Company Catalog, Warehouse Sound Company,
Railroad Square, Box S, San Luis Obispo, CA 93405

318

Permission to use granted by The Associated Press and Warehouse Sound Company

(

1.

Here are levels of loudness that musicians use:
symbol

word

meaning

pianissimo

very soft

piano

soft

mp

mezzo piano

moderately soft

mf

mezzo forte

moderately loud

forte

loud

fortissimo

very loud

pp
p

f

ff

What would fff mean? - - - - - - - - - - ppp?
2.

Suppose there is an increase of 6 decibels from one level to the next
so that music played at the piano level of sound would have a reading
of 6 decibels more than the music played at the pianissimo level and
so on.

How many more decibels would the ff level be than the pp level?

_ _ _ _ _ How 'many mOre decibels would the fff level be than the ppp
level?

Can you tell how many times louder the p level is

than the ppp level?
3.

Guess the decibel readings for these sounds:
decibels
soft recorded music
loud recorded music
live symphony (very loud)
Compare your numbers to those of a classmate, and check with your
teacher.

4.

Add this information to the chart on Numbers for Sounds.

Two other musical symbols that control sound are

-===--=

crescendo
(gradually increasing
in loudness)

and
decrescendo or diminuendo
(gradually decreasing or
diminishing in loudness)

What two symbols do they remind you of in mathematics?
319

(
Select some of the following projects and use a decibel reader:
I.

How loud is the music you listen to?

Record the decibel reading of music as it's played on a radio or record
player:

::',.Q

..
~
"

,

glllllill
II.

:::..~_

soft (volume at background level)
medium (turned up for listening)
loud (turned way up for dancing)

How loud do you sing or play your instrument?

Record the decibel readings of individual instruments or someone singing at different dynamic levels.
r - - - - - - - - - - - - - - - - - - ... - - - - - - - - - - - - - - - - - ... - - - --..,

: instrument

dynamic level

decibels:

:

I

:

soft

:

medium

:

I

I

:
I

I

:

loud

L ...

III.

:

Which instrument played
the loudest?
the softest?

-'

Can you stay at one intensity leVel?

(

Have a performer play at one dynamic level and watch the decibel reader.
Try several types, including a brass, woodwind and string instrument.
Record the name of the instrument and its decibel range as it plays up,
then down the SCale. Is there a pattern? Does a tone need to be
louder when it is first played then when it is held?
IV.

HoW does a tape recording affect sound?

While recording the decibel readings, also tape record someone who plays
or sings a melody at various given dynamic levels. Then play the tape
recording and read the decibel levels of corresponding sections of the
melody. Are the levels the same?
(Leave the volume knob at a constand reading.)
V. Is ·there a difference between records, TV, radio and II Ii ve "?
Record the decibel levels during equal amounts of time of music played on
television, on the radio, on a record player, and live (a group of musicians). Find the decibel range of each (the difference of its loudest and
softest). Which one of the four ways of listening to music gives you the
widest decibel range?
VI. What are the decibel rat.Lngs of sounds around your school?
Guess where certain sounds would fit on the chart, then use a decibel
reader to record the sound levels at these areas: classrooms, hallways,
cafeteria, bandroom, computer terminal.
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aceidentals.

Musical symbols like
sharps, flats, naturals, double sharps
or double flats (,jj:, l? , ~ ,#'4t ,bb )
which raise, lower or return to normal the pitch of a note.

chromatic scale.

A scale consisting of
twelve half tones to the octave (or 13
if the first note is repeated an
octave higher).

conductor.
allegretto.

A tempo; light, cheerful;
like allegro, but a little less fast.

A person who directs a band
or orchestra. The conductor determines the tempo, the loudness and in
general how the piece is to be played.

allegro.

A tempo; quick, lively,
rapid and cheerful.

barlines.

Verticle lines drawn on
muscial staves to separate measures.

~~

~

~
/

Barlines

crescendo.
ness.

-=======

A gradual increase in loud-

Symbol:

decibel.

A unit for measuring loudness
or intensity of sound. A decibel
scale runs from about 0 decibels for
the average.least perceptible sound to
about 130 decibels for the average
pain level.

decrescendo.
loudness.

A gradual decrease in
Symbol:

bass.

1. The stringed instrument in
an orchestra with the lowest pitch-the double bass. 2. A low-pitched
sound. 3. The lowest part in 4-part
harmony.

dotted notes and rests.

A dotted note
or rest has one and one-half the time
value of the note or rest. Examples:

d.
J.

bass clef.

The bass clef is often
called the F clef. The symbol starts
on the F line and the : is centered
on the F line. The F below middle C
is written as follows.

t=7-=--:_ 0
__

has the time value of a half
note and a quarter note.
has the time value of a quarter
note and an eighth note.

-...-. has the time value of a whole
rest and a half rest.

duet.

Two performers.
performers.

Music for two

eighth note.
brass instruments.

Instruments like
trumpets, cornets, tubas, trombones
and French horns which are made from
metal flaring into a bell. The vibrations of the player's mouth are
amplified by the instrument. Valves
or a slide on the instrument plus
the tension in the player's mouth
determine the pitch of the tone.

chord.

A note which receives one
beat in ~ time. It has one-half the
time value of a quarter note.
Symbol:

J

eighth rest.

A rest with the same time
value as an eighth note. Symbol: '1

electronic instruments.

Instruments
which produce sounds which are electronically generated. A Moog synthesizer is one example.

Simultaneous sounding of th~ee

or more notes.

acc-ele
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MUSIC GLOSSARY

fif-not

fifth.

A perfect fifth consists of the
first and fifth note in a major
scale (an interval of 7 half tones).

The symbol (!? ) which is placed
before a note to show the pitch
should be one-half step lower.

flat.

forte.

Loud (f).
Very loud (ff).

fortissimo.
gold record.

A record given as a
reward to a performer or group of performers for selling one million
records or a million dollars worth of
records.

half note.

A note which receives one
beat in ~ time. A note with twice
the time-value of a quarter note.
Symbol:

d

half rest.

A rest with the same timevalue as a half note. Symbol: ~

half step.

Located on a piano by going
up (or down) from one key to the nearest black or white key.

half tone.

A half step. The interval
between two adjoining keys on a piano
or two adjacent tones on a chromatic
scale. Synonym: semitone.

hexad.

A six-note chord--usually
called a hexachord.

intensi 1;y •

1. Informal--relative
loudness of a sound. Feeling of
soft to loud. 2. The amount of
pow~r per unit area.

key signature.

Sharps or flats
placed after the clef
sign to give the key of the
piece of music.
BP key signature

(:It, t1)

I

"'D
\
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J

major scale.

A series of 8 notes with
whole steps between consecutive notes
except between the third and fourth
and the seventh and eighth which
differ by half steps
1/2
1/2
C major scale: C,D,~,G,A,~
F major scale:

measure.

1/2
1/2
F,G,A:B ,C,D,E:F

The space between two bar

lines.
one measure

melodY.

An organized succession of
musical tones.

metronome.

An instrument which marks
exact time by a regularly repeated
tick and a regularly swinging arm.

(

mezzo piano.

A level of loudness.
Moderately soft (mp).

mezzo forte.

A level of loudness.
Moderately loud (mf).

monotone.

A single unvaried tone.
ing on one tone.

Sing-

natural.

Indicates that a basic tone
is no longer sharped or flatted.
Symbol:

q

non-pitched.

Without a definite pitch.

note.

A symbol used to give the pitch
and duration of a musical tone.

0

d
J
J

whole note
half note
quarter note
eighth note

I(

oct-str

MUSIC GLOSSARY

octave.

An interval consisting of 8

tones from a major scale (12 semitones). An interval from one C to
the next higher C, from one G to the
next higher G, etc.

octet.

quintet.

A group of 5 performers.
Music for 5 performers.

rest.
A symbol used to indicate
periods of silence.

Music for 8 performers.

..-r

whole rest

The musical form of drama.
The drama is set to music for voices
and instruments.

____

half rest

opera.

~

quarter rest

1

1. An introductory composition
eighth rest
for instruments. 2. A prelude to an
opera or oratorio.
seaZe.
A series of rising pitches
within an octave. See chromatic
percussion instruments.
An instrument
and major scales.
like a drum, xylophone or triangle
sextet.
A group of 6 performers.
which is s truck, shaken or scraped.
Music for 6 performers.
pianissimo.
A level of loudness.
sharp.
The symbol (~) which is
Very soft (pp).
placed before a note to show the
pitch should be raised one-half step.
piano.
A level of loudness.
Soft (p).
sixteenth note.
A note with onefourth
the
time-value
of a quarter
pitch.
The relative highness or lownote.
Symbol:
~
ness of a tone. Pitch is determined
by the number of vibrations per secsixteenth rest.
A rest with the same
ond (frequency).
time-value as a sixteenth note.
Symbol:
prestissimo.
A tempo. Extremely fast;
as fast as possible. The fastest
soZo.
One performer. Music for one
tempo in music.
performer.
presto.
A tempo. Very rapid; faster
than any tempo except prestissimo.
staff.
Five parallel lines on which
musical notes are written.
promoter.
A person or group who has
the financial responsibility of a
musical or sports event, including
hiring the musician, renting a place
and advertising the event.

overture.

::t

quarter note.

A note which receives
one beat in ~ or
time. Its symbol
is

.I

it

a' = 440 vibrations
per second is the standard pitch.

standard pitch.

quarter rest.

A rest with the same
time value as a quarter note.
Symbol: ~

quartet.

A group of 4 performers.
Music for 4 performers.

string instrument.

A musical instrument like a violin, harp or piano
which produces a sound when a string
is plucked or struck or when a bow is
moved over the string.
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tern-woo

tempo.

The rate at which a musical
passage or piece is played. The
tempo may be given by a word such as
allegro or presto, or an exact metronome marking.

third.

An interval consisting of the
first and third tones of a major
scale (an interval of 4 half-steps).

timbre.

trio.

A group of 3 performers.
for 3 performers.

triplet.

A group of 3 notes of equal
value to be performed in the place of
two notes of the same value.
The triplet would be
played in the time of
~
2 eighth notes or 1
quarter note.

m

The quality of a tone. Timbre is determined by the prominence
of overtones--other softer pitches
which combine with the main tone.

whole note.
time signature.
the
the
The
per
one

A symbol indicating
number of beats per measure and
type of note which gets one beat.
symbol
tells there are 3 beats
measure and a quarter note gets
beat.

4

tone.

A sound of definite pitch,
loudness, timbre (quality) and duration. It is made by a regular
vibration of an elastic body.

transpose.

To write or play a piece of
music in a different keY.

treble.

1.

monic music:

The highest part in harsoprano. 2. High

pitched.

treble olef.

The treble clef is often called the G clef. The symbol
crosses the G line 4 times. The G
above middle C on the piano is
written on the second line of the
staff as shown:
/

.rr

"""
'- LJ

G
triad.

A chord consisting of 3 notes:
the root note, a third and a fifth.

326

Music

l;~
~

A note which has four
times the time value of a quarter
note. Symbol: C)

whole rest.

A rest with the same time
value as a whole note. Symbol: ~

woodWind instrument.

An instrument
like a flute, clarinet, saxophone,
oboe, bassoon or English horn which
consists of a wooden or metal tube
with finger holes or keys to vary the
pitch. The sound is created by one or
two reeds vibrating in the mouthpiece
or by air passing over an open hole as
in a flute.
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to MATHEMATICS AND PHYSICS
Natural interests for students' investigation is their
immediate environment and the physical forces that affect
their lives.

Gravity on earth is a force that determines
AIR

their weights and restricts their actions; air exerts pressure
on them, and they must use various forces just to move, play
and work.

Light and optical phenomena directly influence the

way they perceive their environment.

These are some of the

topics that are studied in physics, and many of these ideas
can be introduced to students at the middle school level.
The study of physics utilizes mathematics from simple measuring and graphing
techniques to abstract algebra and differential equations.

In this section you will

find several data collecting and graphing activities that provide information about
the strength of magnets, the action of a pendulum, and the forces needed to move
objects on an inclined plane.

Computational skills are needed in studying the speed

of light and the half-life of radioactive substances.
Ideas about area and volume are used to calculate air
pressure and specific gravity.

E.o....th

Proportions are used

in studying bicycle gears, levers and inclined planes.

Symmetry and other elementary concepts from geometry
enter the study of optics, in particular, light reflection and the way mirrors work.
The lessons included here provide many opportunities for student involvement.
A singie scientific phenomenon is explored with students using mathematics during
the investigations.

Students will be active participants during the lessons rather

than simply doing a worksheet about the activity.

For those lessons involving un-

usual or more extensive scientific study, teacher pages are provided to supply
background information.

An effort has been made to be scientifically correct in

the use of all terms having specific scientific meaning, such as mass, weight, pressure and force.

Only when it would be confusing to the students is a change made.

For example, grams per square centimetre are used for pressure instead of newtons
per square centimetre.

All of the material needed to do an activity are easy to

obtain or make, e.g., rubber bands, paper clips, graph paper and weights.
The pages in this unit can be used in a variety of ways:

to review particular

mathematical skills, to connect mathematics with a physical phenomenon, to involve
students in actual experiments, and to encourage individual research and discovery.
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INTRODUCTION

You might prefer to question the students about their interests related to physical (
phenomena

and then design

gested here.

or have them design

an investigation like those sug-

Students could work individually or in small groups on different

activities and then put on demonstrations for the class.
It was not feasible to cover all the topics of physics or even touch on each
of the areas.

Only samples are provided here.

You will find activities related to

Force that measure the strength of a magnet, calculate air pressure, use properties
of levers, and determine the strength of a rubber band.

Included are activities

related to Work that deal with inclined planes and the effect of gravity.
about Heat are involved in two activities using a thermometer.

Notions

There are graphing

and computational activities dealing with the half-life of radioactive particles.
The topic of Optics is touched upon in activities that deal with the speed of light,
symmetr~

and reflections related to mirrors.

Activities on Sound can be found in

the MATHEMATICS AND MUSIC section of this resource, but they could also be used in
a unit on Mathematics and Physics.
We have a wonderful opportunity to involve students in activity-oriented lessons in physics that help them appreciate the physical forces that affect their
lives and, at the same time, use the mathematics they have learned in meaningful

(

applications.

(
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TITLE
The Meeting of the
North and South

PAGE
331

TOPIC

MATH

TYPE

magnets

Collecting data and
averaging

Activity card
Manipulative

Measuring strength of

That Heavy Air

332

Calculating air pressure

Finding area

Activity card
Demonstration
Teacher page

A Swinging Time

334

Working with a

Collecting data and
graphing

Activity card
Manipulative

down an inclined plane

Collecting data and
graphing

Activity card
Manipul,itive

pendulum
Rolling Bodies

336

Timing balls rolling

Hang Ten

337

Measuring strength of
rubber bands

Collecting data and
graphing

Activity card
ManipUlative

Proportions With a
Plank

339

Working with a lever

Working with proportions

Teacher-directed activity

Get in Gear

340

Working with bicycle

Working with proportions

Teacher-directed activi·ty

gears

Inclined Planes
in Use

341

Examples of inclined
planes

Awareness of how inclined
planes are used

Bulletin board
Transparency

Up the Ramp

342

Working with inclined
planes

Collecting data and
proportions

Activity card
Manipulative

Being in the Middle
of Things

344

Find center of gravity

Measuring and defining
terms

Activity card
Manipulative

Is 32 Degrees Hot
or Cold?

345

Working with celsius
thermometer

Collecting data and
graphing

Activity card
Manipulative

A Chilling
Experience

346

Working with celsius
thermometer

COllecting data and
graphing

Activity card
Manipulative

Possibly So Columbus

347

Calculating the distance
seen on a curved surface

Using a formula

Worksheet

Volume by
Displacement

348

Showing equal volumes
displace the same amount
of water

Volume

Teacher idea
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TITLE

PAGE

MATH

'fOPIC

TYPE

Archimedes Knew

349

Calculating specific
gravity

Proportion

Activity card
Manipulative

Decay and Half-Life

350

Working with radioactive
decay and half-life

Collecting data and
graphing

Activity card
Manipulative
Teacher page

Half-Life

353

Working with half-life
of radioactive substances

Practicing compu·tational

Worksheet

skills

Faster Than a
Speeding Bullet

354

Working with the speed
of light

Practicing computational
skills

Worksheet

Reflections

356

Using mirrors to find
symmetry lines

Symmetry

Worksheet

Mirror, Mirror on
the Wall

358

Working with the law of
reflec·t ion of light

Measuring and collecting
data

Activity card
Manipulative

Images

359

Working with images
using a plane mirror

Measuring and collecting
data

Activi·ty card
Manipulative

Mul·tiple Reflections

361

Using two mirrors to
produce multiple images

Measuring and collecting
data

Activity card
Manipulative

Reflect on That
Image

362

Using a concave mirror to
produce images

Measuring and collecting
data

Activity card
Manipulative
Teacher page

Bending of Light:
Refraction

365

Working with the refraction of light

Measuring and collecting
data

Activity card
Manipulative
Demonstration
Teacher page
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C£OJSARY
barometer.

An instrument for measuring the pressure of the atmosphere.
a. aneroid barometer.
A barometer
made from a partly evacuated, airtight metal box which is hooked to a
scale.
b. mereury barometer.
A barometer
made from a mercury column supported
above a bowl of mercury.

eenter of eurvature.

A spherical
mirror is thought of as part of a
sphere. The center of the sphere is
the center of curvature of the mirror.

fulerum.

Support for a lever.

fulcrum
The mutual force of attraction between bodies. A measure of the
gravity is weight.

gravity.

half-life.

The length of time required
for half of the radioactive particles
in a substance to decay.

image length.

The measure of the distance between a mirror or lens and the
image formed by the mirror or lens.

ineidenee, angle of (i).

The angle
between the incident ray and the perpendicular at the point of incidence.

,,I
,,

eenter of gravity.

The points where
all mass or weight of a body seems
to be located. Also called balance
point.

i : PERPEJJDICULAR

eoneave mirror.

A curved mirror such
that two rays from a light source
will intersect. The reflecting surface of the mirror appears to be
II

caved in. tI

index of refraetion.

The ratio of the
speed of light in a vacuum to the
speed of light in any transparent
materiaL

foeal length.

lever.

foeal point.

light year.

One-half the radius of
a spherical mirror.

When parallel light rays
fallon a curved mirror, the point
where the reflected rays intersect is
the focal point.

A rigid bar which can rotate
over a fulcrum.

The distance light can
travel in one year, ~ 9.5 x 1012 km.

mass.

A measure of the amount of matter
in a body. In the metric system this
is expressed in grams or kilograms.

objeet length.

The measure of the distance between a mirror or lens and the
object in front of the mirror or lens.

pendulum.

A suspended mass which is
free to swing back and forth.

foree.

A push or pull tending to produce or prevent motion. In the metric
system the unit is newtons or dynes.

pressure, atmospherie.

The force per
unit area caused by air. In the metric
system this is measured in newtons/cm2
or dynes/cm2 • In the English system
this is measured in pounds/i~2.
bar-pre
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ref-wei

reflection, angZe of.

The angle
between che reflected ray and the
perpendicular at the point of reflection.

(

: PERPEMD1CULAR

,

~Lf:CTf:D
I
I

RA.Y

refraction.

The bending of light as
it passes, at an angle, from one
transparent material to another.

specific gravity.

The ratio of the
mass of a given sample to the mass
of an equal volume of water.

weight.

A measure of the force of
gravitational attraction between two
bodies.

(

(
"
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:to MATHEMATICS AND SPORTS
A 22-pound salmon caught on a 16pound test line--lOO metres in 10.4
seconds--lst down and 10 yards to go-bottom of the 8th inning, score tied
4 to 4, runner on 3rd base, 2 outs, a
3-2 count on the batter--Evert leading
30-1ove in the 1st game after winning
the 1st set by a score of 6-3--Anthony
needs 2 strikes in the 10th frame to
bowl a score over 230--and the numbers
go on and on.

There is hardly a sport,

from a simple game of basketball between two friends to the complex operations of the Olympic Games, that does
not incorporate numbers, arithmetic or
some type of measurement.
Most students are interested in physical activity to some degree--from riding
bikes to playing competitive sports.

This interest can be used to motivate students,

and sports can become a way of showing applications of mathematics in familiar situations.

Being able to relate to your students by knowing who is on the girls'

volleyball team, who participated in the Bike-a-thon against cancer or who owns a
horse and takes riding lessons may create a better atmosphere in the classroom.
In this section on MATHEMATICS AND SPORTS it is not necessary for students or

teachers to have an extensive background of terminology and rules relating to sports.
Many activities explore the "common, everyday" uses of mathematics for recording
statistics and scores.

Each classroom probably has a student "expert" who can ex-

plain the terminology and rules.
The student pages are roughly grouped into three parts.

The first part includes

pages that provide or have students investigate general information about sports.
In studying a Soccer Ball students investigate ideas about the vertices, edges and
faces of polyhedra.

The second part includes several activities that students can use to determine
how physically fit they are.

The activity Are You Physically Fit? provides the stan-

dards by which a student can become a member of the Presidential Physical Fitness team.
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Individual sports and the mathematics involved provide the ideas for the
in the third part.

page~l\

Track and field, bowling, baseball, football, ski jumping,

shuffleboard, boxing, tennis, cycling, and boating are all used to cover such diverse
mathematical topics as computing range, mean, median and mode; interpreting and making scale drawings; ordering fractions; and measuring distances and times.

Several

simulations of athletic events, e.g., Bowling with Dice, Fraction Bar Football,

Classroom Decathlon

and

are included among these pages.

Several of the pages make use of records.

As these records are broken, you can

substitute current records, especially metric ones as the transition to the metric
system in the United States is completed.
Pages in MATHEMATICS AND SPORTS can serve as a springboard for other areas of
study.

Sports, especially with the Olympic Games, has an international flavor.

The

Little League World Series involves teams from other countries, and high school and
college wrestling and gymnastics teams are involved in exchange programs with teams
from foreign nations.
these countries.

Use of these events can interest students in studying about

The concept of consumerism could be explored by examining costs of

equipment, money spent on concessions, salaries of professional athletes, admission
/

prices to sporting events, attendance at these events, and capacities of the arenas\,

or stadiums that hold these events.
In conclusionl;l Hdon't strike out"; "be on the ball"; "get out of the starting

blocks quickly"; and use some pages from MATHEMATICS AND SPORTS to capture the interest of your students and provide motivation for the study of mathematics.
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Use Newspapers and Magazines
Save clippings from the newspapers and magazines that include sports records,
statistics about players, advertisements about equipment and events, and pictures
for the bulletin board.

The sports section of a newspaper is the easiest place to

find facts and figures, but you might also find sports information in magazines and
other periodicals.
can be interesting.

Showing the relationship of sports to other problems in society
See the graph below.

Questions could be made from the chart for

use by you or your students.
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This chart shows the effects of certain air pollutants on the performance of crosscountry track teams as pollution in an area became worse. Pollution levels were
recorded one hour before each meet.
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World swim championships
Men

Women

(PRELIMINARIES)

(PRELIMf~ARIES)

2:08.73, 2, Abdul Karin RessonO, The Netherlands

2:09.97.3, Steve ,Pickell, Canoda, 2:11.20. 4; Krasi
mir Pefkov, Bulgoria, '2:11.79.5, Canrado Porto,
Argentina, '2:12.78. 6, EnriQue LedesmQ,' Ecuador,
2:22.90.

THIRD HEAT -,', Roland Matthes, East Germany, 2:08.73. 2, Sollon RUdolf, Hungary, 2:08.92.
3, James' Carler, Great Britain, 2:09.77. 4, Fron_
eisea Santos, Spain, 2: 11.94. 5, Lapo Cianchi,
2: 13.80.
FOURTH HEAT - 1, Mark TonelH, Australia,
2:06.08.,2, Zoltan Verraszto, Hungary, '2:07.91. 3,
Santiago Esteva, Spain. 2:08.94. 4, Butch Batchelor, Canada, 2:13.12. 5, Bado Schlag, West Germa_
ny. 2:16.48. 6, Gener otero, Colombia, 2:19.02. 7.
Jose Luis Lopez. Ecuador, 2:28.15.

40ll-meter Freestyle
FIRST HEAT - 1, Gordon Downie" Great Britain, 4:05.60. 2, Peter PeUersson, Sweden, 1:06.22.
3, Alexondr Somsonov, Sovief Unian, 4:1 .67. 4,
Michoel Ker, Con'ado, 4: 13.7Q. 5, Juan AI/redo
uribe, Colombia, 4:3L5{>.
SECOND HEAT - 1, Frank Pfulze, East Gl,'
many, 4:04.25. 2, Rainer Srrahback; East GermanY, 4:05.02. 3, Benot Gingsio, Sweden, 4:09.72. 4,
Jim Green, CanQdo, 4: 15;47. 5, Krosimir Enchev,
Bulgaria, 4~20.27. 6, Gullermo' Pacheco, Peru,
4:20,99.
THIRD HE'AT - 1, Bruce FurnIss, United
Stotes, 4:03.31. 2, Werner Lope, west Germany.
4:07.37. 3,Max ,MetZker, Australia; 4:08.53. 4,
Breit Taylor. New Zealand, 4:09.24.5, Hel'\k Elzer~
man, The Netherlands, 4:12.52. 6. Tomas' Becerra,
Colombia, 4:22.00.
FOURTH HEAT - 1, Tim Shaw, United States..
4:04.2:1. 2. Grpham Wlndeatt, Austral/a, 4:04.76. 3,
Andrei Kr.ylov, Soviet Union, 4:05.6,2.4, Marc L'aIzard, France, 4:07.70. 5, 'Josy Wllwerf, Luxem'
!XJurg,4;28.91.
'

20ll-meter Backstroke

lOll-meter Butterfly

20ll-meters Backstroke
FIRST HEAT - 1, Lutz Wan la, East GermanY,
2:11.62, 2, Bob Tierney,. United States, 2:12.77.3,
Reinhold Becker, West Germany, 2:15.47. 4, Gary
Abrahams, Great Britaln, 2: 15.62. 5, Igor Orner·.
chenko, Sovjet Union, 2: 16.80. 6, Lorenzo de fa
Torte, Colombia, 2: 29.60.
SECOND HEAT ~ 1, Poul Hove, United Stales,

'FINALS'

FIRST HEAT ""',1, Jill Symons, United states,
1:03.56. 2, Gunl!lo Andersson. Sweden. 1:05.28. 3,
Natalia Popova, Soviet Vnlon, 1:05.41. 4. FCQvla
Nadalutll, Romania, 1:05.90. 5; Evp Lyndonyl,
Hungary, 1:06.50•. 6, Montserrat Mojo, Spain,
1;01.41.
SECOND HEAT T 1,' Camlf!~ Wright, United
Stoles, 1:03.74.:l, Marlo de Milagros Paris, Costa
Rico, '1:04.48. 3, :ramara Shetofostov6, Soviet
Union, 1:04.97: 4, Kuniko Ba'nno. Japan, 1:05.09. 5;
RosemarIe Ribeiro, 1:,05.41. 6, Schiavon DonateHa,
It.aly, '1:06.15.' 7. Beate .Jas.ch, Wi/st Germany,
1:07.09. 8, Marla Teresq Carrero, EcuQ{jor;
1: J4.05.
THIRD HE",., - 1. Rasemarle 'Kother, East
Germany, 1:02.83. 2, Gudrun Beman, West ,Germany, 1:04.42. 3, LYnda Hanel. Australia, 1:04.62.
4, Wendy Quirk, Canada, 1:04.73. 5, Lynne Rowe,
New Zealand, 1:05.. 23. 6. Joanne Atkinson, Great
Britain; ·1:06.36. 7; Omla Rampazto.·ltaly, 1:06.41.
8, Maria Matllde Menacal, COloO)bla, 1: 10.43.""
FOURTH HEAT - 1, Kornella' Ender, Eost
Germany, .1':02.86. 2, Barbara Clar,k, Canada,
1:04.65. 3, Nire Stove. Australia, 1:'04.85, 4, Mon·
laue R9dah'l, New Ze<lland;. 1:05.27. 5. Yasue
HalhlJda, JaIX:ln, 1:05.88. 6, Anne, Adams,. (;reat
Britain, 1:0$;97.· 7. Jose Damen, The .Netnerlands,
1:06.45.

400·meter Individual Medley
FIRST HEAT 1, Kalhy HeddY, United
Stotes. 5:04.25. 2, Judy Hudson, Australia, 5:05.47.
3, Liz McKinnon, Conoda, 5'.05.71. 4, Deborah
Simpson, Great Britain, 5:17.25.
SECOND HEAT...,. '1. Jennl Franks, United
Stales, and, Karla Linke, East Germaiw, tied tor
1irst, 5:04.70. 3;- Susan RichardSon, Gre.at Britain,
5;10.54. 4. Morino Moliutina. Soviet Union. 3: 14.40.
5, Colette Grabbe, Belgium, 5:21.42. 6, Bir,glt New·
man, West Germany, 5:22.01. ,
THIRD HEAT .... 1. Ulrlke Tauber, East Germany, 5:00.55. 2, Cheryl Gibson, Canada, 5:04.39.
3, Susan Huofer, New 'Zealand, 5:07.53. 4. Paola
Moroz.z.l, ItalY, 5:32.39.

1, Zollan Verrasito, Hungary, 2:05.05. 2, Mark
Tannelli, Australia,' 2:05.78. 3, f':ajJl' Have, US-A,
2:06.49. 4, .Roland Matthes, E. Germany, 2:07.09.
5, Solta/} Rudolf. Hungary, 2:07.15. 6, Santlapo
Esfeva" Spain, 2:09.21. 7,. AbdUl Karin, ReSSong,
Holland; 2:09.18. 8. J<:lmes 'Carter, G. Brltoln,
2:11.61.

4Q1).·meter Freestyle
Tim Show. 'USA, 3:54.88 ('Bellers meet record of 3:58.18, set by Rick Demont, USA, 1973). 2,
Bruce Furniss, USA, 3:57.71. J, Frank Pfutze;', E.
Ger,many, 4:01.10.4, Graham Windedtt, Australia,
4:02.72. 5,.Gordon Downie, G, Britain, 4:02.88. 6,
Rainer Strohbach, E. Germany_ 4:,05.00.
1,

(FINALS)

IOll-meter Butterlly
1. 'l(ornello Ender, E. Ge~ri,any, 1:01.24
(BeHers world record of. 1:01.33, set by, Korenila
Ender, E. Germany, 1975). Z, 'Rosemarie Kother,
E. Germany, 1~0J.80. 3, Caml/le, Wrlgh,t, USA,
1:02.79'.4, JUl Symons, USA, 1:03.5J.. 5', Mqrla Del
Milagro Paris, Costa Riq:l. (:03.86, '6.; Sarbord
Clar'k, Canada, 1:04.06. 7,Gudrun Beckmann, W.
Germany, 1;04,29. 8. Lvnda Hanel, Australia,
1:04.33.

400·meter IndIvi,dual Medley
1, Ulrike Tauber, E. dermany, 4:52.76 (Betters
meet record of 4:57.51, set by Gudrun 'Wegner, E.
Germany. 1973). 2; Karla Linke, E. Germany,
4:57.83. 3, Kathy Heddy, ,USA; 5;00.46. 4, Jenny
Franke,: USA, 5:03.15.,5, Liz Mackinnon. Canada,
5:03.81. 6, Susan Hunter; N. Zealand, 5:03.85. 7,
Cheryl Gibson, Canada,. 5:04.04. 8. JUdy' Hudson.
Australfa" 5: 04.99.

The statistics from the preliminaries above could be used to have students determine who should be in the finals.

Some other examples of pages that involve the use

of statistics are Olympics

1976> World Track Records--Field Events>
Predicting a Victory> and Weather ~nd Water Conditions.
As much as possible relate any statistics to those of your students and/or

school records.
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A half-rrillioJ:1 going cross country

Skiers turn from downhill
PARK CITY, Utah (AP) - Skiers in increasing numbers are attempting to escape the expense and hassle of the
downhIll runs by turnIng to a different version of the sport -

skiing cross country_
Although skiing cross country can be a lot more physically demanding than skiing downhill, its participants are
finding it cheaper, less competitive and something the whole
family can enjoy together.
"Old people go at their own pace; young people become
aware of nature," says G. Ingval HDewey" Tofson, who runs
a ski touring shop at Park City. "You get away from the lift
lines and the expenses."
Tafsan's shop is among establishments across the country that report booming sales and rentals of equipment for
skiing cross country, also sometimes called ski touring.
MANY RESORTS full of chair lifts and gondolas for
downhIll skiers are now grooming trails and stocking equipment for the ski tour enthusiasts.
A skiing magazine estimates there were 125,000 crosscountry skiers in the United States in 1970, and 500,000 this
year.
Cross-country skiing involves light, thin boots which are
usually fastened to a lightweight wooden or fiberglass ski
only at the toe. Then, with a pair of bamboo poles, and the
right wax on the ski bottoms, a skier can easily make his
way up and down hills and across almost any terrain.
It is very difficult to go uphIll with normal downhill skis.
In the Lake Tahoe area on the California-Nevada border, there are now 13 cross·country schools, most of them

'Old people go at their own pace;
young people become aware of nature'
set up in the last two years, says Skip Reedy, who runs the
Nordic Ski Center at the Squaw Valley ski resort.
"Cross country has been getting popular in the East and
now CalIfornia and the West is getting on to It," he said.
TimberlIne Sports in Salt Lake City sold about 39 pairs
of cross-country skis in the 1970-71 season, but 787 pairs last
season, said Dave Smith, manager until recently.

"THERE ARE a lot of people who downhill ski actIvely,
but also do cross country because it lets you get out into the
mountains alone in winter", said Smith.
"It's a good family sport," he said. "In downhill, Dad
toes oIf one way and Mom another. But people of different
abilities can tour on the same terrain."
Nonetheless'; downhill skiing has not lost its attractions
to its devotee. Skiers who have tried cross country stili talk
enthusiastically about the thrills of speeding downhill. There
are other advantages, such as lithe company of lovely women," champion Stein Ericksen notes on the slopes and in the
lodges.
"Downhill skiing is the immediate thrill; iCs very spon~
taneOllS," says Joe Buys, a certified downhill instructor who
now manages a cross-country ski ·shop at Park City.
"Cross"country skiing will never come as far in popularity as alpine (downhill) skiing." said Ericksen, the winner of
four Olympic skiing Gold Medals who now directs skiing at
the Park City resort. "Americans are not that dedicated to
physical conditioning."
ERIKSEN SKIED cross country often during his youth
in Norway. Cross~country skiing on a golf course where Park
City offers many lessons is not much work, but touring in
the wilds can be strenous, he said.
There are some suggestions. however, that conditioningminded skiers might like ski touring because it is more
strenuous.
"The American people have been quite fitness~conscious
the last few years, and are finding winter weather can be
enjoyed in activities similar to summer hiking," said Sven
Wiik, a former U.S. Olympic Nordic ski coach who now runs
a ski lodge at Steamboat Springs, Colo.
He agrees that ski touring "has been grOWing tremeD:'
dously the last few years."
1450me slope skiers are also trying ski touring, and
we're probably going to see more and more people who enjoy both," he said.
But for skiers who make a choice based on expense, ski
touring probably would Win.
While the boots, skis and poles for downhill skiing may
cost $200 and ski lift tickets $6 to $12 a day, a cross-countr)
package usually can be accquired for no more than $100.
Parks, forests and golf courses can be used free in most
cases.

The article abave-shows trends, costs, problems, etc.
article can be related to the situation in your town.

The situation in the

Have students investigate

sales of sports clothing at local stores, possible needs for more tennis courts,
bike paths, etc.
Permission to use granted by The Associated Press
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Certain
illustrations
can be used as
the focal
point of a
bulletin
board
display.

Permission to use granted by Old Oregon
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TENNIS BAllS
Yellow or white
Can of 3
reg. 2.99

.............$1 99

Collect ads to use in
activities.

consumer~related

Have students find amounts and

percents of decrease.

They could compare

prices of identical (or nearly the same)
equipment at different stores.
Build upon student interest to encourage projects.

What criteria would you use in selecting an item of equipment if money

were not a constraint?

Select an item to research (baseball bat, tennis racquet) and

determine what you would buy and why.

If money were a problem and you could only

spend 75% of the cost of that "best" item, what criteria remains unchanged for you
and what do you give up to save the money?

--_..- - - - - - - - - - -

; - - _ ....

GOLF CART
our reg, $17,99
cart at the pay less
special reduced
price of .••

;14 99

GOLF BAG

our reg. $19.97 quality golf bag at
the reduced price of ...

h

~

Reg.
16.99

1299

FRESH WATER
SPINNING ROD & REEL
6 '7' 2·picco hollow gloH rod w'il06
fcel ,t)ooled 1SO yOrd,. Bib.
111(1"0,

2

"~lr<l I(!OQJ."
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Collect Statistics from School Coaches
Get as much information as possible about individual and school records, about
team standings in your conference, about intramural programs and about student performances at specific games.

Borrow the coaches record book after a basketball game

and in 20 minutes you will have enough questions for a mathematics lesson and perhaps a homework assignment.

Students will be more willing to do the problems when

the information is about their school.

As an example, see Football Scores.

Use Books About Sports
The annotated bibliography lists many such books.

Ask your librarian for a copy

of the most recent Sports Almanac and GuirtrtesSBtiok tif Wtirld Records.
them will give you ideas.
dias.

Reading through

Information can also be obtained from a set of encyclope-

Facts about rules, equipment and records, along with good scale drawings and

measurements are included under each sport.
Encourage Calculator Use
Using a calculator will save time in changing measurements to metric, figuring
rates and much of the mathematics involved in averages and standings.

A calculator

(

will be very useful on many of the pages in this section.
Don't Forget the Computer
Computers are a connecting link between mathematics and sports.
used to make predictions, compile statistics and simulate games.

They can be

Find out what

packaged programs are available from your terminal if one exists at your school.
Students enjoy playing golf or football games with the computer because their decisions and answers do affect the outcome of each game.

Articles and cartoons about

computer usage in sports can make an interesting bulletin board.

(
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CONJEflTS
MATHEMATICS AND SPORTS
TITLE
PAGE

TOPIC

MATH

TYPE

Sports and Numbers

382

Recognizing sports
numbers

Developing number sense

Worksheet

Thinking About
Sports

383

Classifying sports

Classifying sports using
a continuum

Teacher idea

Now is the Time

384

Classifying sports

Classifying sports using

Worksheet

a scale

Where's It At?

385

Locating sports facilities

Using time to estimate
distances

Worksheet

Dropping the Ball

387

Determining rebound
capacity

Making and reading a
graph

Activity card

Study a Soccer Ball

388

Investigating a soccer

Investigating a polyhedron

Activity card

ball.

Sports Ma tohes

389

Recognizing sizes of
sports equipment

Estimating diameters and
masses

Worksheet
Activity card

Volume

391

Recognizing volumes of
sports equipment

Calculating radii and volumes

Worksheet

Classroom Decathlon

392

SimUlating a decathlon

Find percents
Collecting and recording data

Activity card

To Each His Own

395

Measuring personal data
and performances

Find ratio
Drawing graphs

Activity card

Muscle Fatigue

396

Determining physical
fitness

Making and reading a graph

Teacher idea

397

Determining physical
fitness

Comparing rates

Activity card

Step Right Up

398

Determining physical
fitness

Comparing rates
Reading tables

Teacher idea
Activity card

What's Your Type

400

Determining body type

Using proportions

Worksheet

Counting Calories

401

Determining calorie use

Multiplying decimals

Worksheet

402

Determining physical
fitness

Collecting and analyzing
data

Teacher idea
Activity card

My Heart Throbs

for You

Are You Physically
Fit?
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TITLE

PAGE

TOPIC

MATH

TYPE

Olympics - 1976

406

Analyzing Olympic results

Multiplying and adding
whole numbers

Worksheet

Give Me a Head Start

407

Using staggered starts
for a track meet

Finding circumferences

Worksheet

World Records

408

Comparing world record
performances

Using proportions

Worksheet

World Track Records:
Field Events

409

Comparing world record
performances

Adding and subtract ing
fractions

Worksheet

World Track Records:
Running Events

410

Comparing world record
performances

Adding and multiplying
frac"tions

Worksheet

Decathlon Decoded

411

Comparing decathlon
performances

Analyzing data

Worksheet

Bowling With Dice

412

Simulating a bOWling
game

Adding whole numbers

Activity card

(
\

Scorekeeping in
Bowling

413

Scorekeeping instruction
for bOWling

Adding whole numbers

Worksheet

Odds and Ends About
Bowling

414

Measurements involved
in bowling

MUltiplying and dividing
decimals

Worksheet

Take Me Out to the
Ball Game

415

Measurements of a
baseball field

Making a scale drawing

Worksheet

ball

416

Finding batting averages
and won/loss percents

Dividing whole numbers

Worksheet

Slugger

417

Finding slugging
percentage

MUltiplying, adding, and
dividing whole numbers

Worksheet

Baseball Auto
Racing Records

418

Batting averages and
car speeds

Rounding decimals

Worksheet

Football Scores

419

Using league standings

Finding range, median,
mode, and mean

Teacher idea
Worksheet

Fraction Bar Football

420

Simulating a football
game

Ordering frac"tions

Game

Statistics:

380
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TITLE

PAGE

TOPIC

Football Injuries

421

Locating football
injuries

Finding percents

Worksheet

Flight of Ole '98

422

Simulating glider

Measuring distance and time

Teacher page

Adding and subtrac"ting

Worksheet

MATH

TYPE

contest

Shuffleboard

423

Scoring shuffleboard

whole numbers

Predicting a Victory

424

Comparing measurements
between boxers

Adding and subtracting
mixed fractions

Teacher page
Worksheet

Famous Black
Americans Puzzle

425

Identifying famous
athletes

MUltiplying whole numbers

Worksheet
Puzzle

426

Identifying famous
athletes

Adding time

Worksheet
Puzzle

Tennis, Anyone?

427

Measurements of a
tennis court

Finding length, width,
perimeter, and area

Worksheet

Get in Gear

428

Finding bicycle

Solving proportions

Famous Athletes
Puzzle

gear ra"tio

Weather and Water
Conditions

429

Recognizing favorable
boating conditions

Reading a table
Finding percents

Workshee·t

Studying Some Sports

430

Analyzing attendance
figures

Reading a table

Worksheet

Analyzing Activities

431

Analyzing participation

Reading a table

Worksheet
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Check the time distance ot each of these places from your home.
to your home.

Use the closest one

Indicate whether the time is by car (c), by bicycle (b) or walking (w).
more than
10 min

20 min

30 min

1 hr

2 hrs

3 hrs

3 hrs

basketball court
swimming pool
park
ballfield
river

ski slope
skating rink
fishing lake
campground
golf course
bicycle path
bowling alley
track
tennis courts

others:

The concentric circles on the next page have been drawn so that each .5 centimetres
represents 10 minutes.

Locate each of the places above by putting a dot in the correct

direction and with the correct travel time from your home.
IDEA FROM:

The Nature of Recreation

Permission to use granted by M. I. T. Press
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Example:

Point X is

CZ1

hours in a south direction from your home.

IDEA FROM:

386

The Nature of Recreation

Permission to use granted by M. l. T. Press

(

Which ball bounces the highest?
Materials Needed:

Any of the following:

soccer ball, table tennis (ping pong) ball,
basketball, tennis ball, volley ball, softball,
golf ball.

metre stick
masking tape

I. Select one of the balls for the
first experiment. Attach the metre
stick to a table or desk, so the
stick stands vertically.

lO

1-\E\G\-lT

II. Drop the ball from the 100 em
mark. Have your partner measure
how high it bounces. Read the mark
to the nearest em at the bottom of
the ball. Record on this table.
Drop the ball from the other heights
listed and record the bounces. Repeat several t1mes to get accurate
readings.

BALL

DROPPED

HEIGHT
BALL
BOUI'JCED

100
I-\ EIGHT
AT FIRST

80

BOUI-lCE

GO

M~TRt:.

50

STLCK.

20
BALL

100

III. Plot the points of your table on this
graph.

90

80

IV. The points probably do not fit in a
perfectly straight line, but they do f ollow a patte rn. Draw a BEST-FIT line .
Start at the zero-zero point and try to
keep as many points above the line as
below it .

0
w
u !0
:2
.:::> GO
0
Iii
.J
.J

<::(

!il
1-

50

I

.Yo
30

V. Are the re any points that don't fi t
the pa tte rn? What could ha ve ca us e d an
error?

::r

~ 20

w
:r 10
0

0

VI .

10

2.0 30 40 50 GO 10 80 go 100
14EIGHT BALL DROPPED

Use the t able to predict the bounce
of a ball dropped from 90 em, f rom 200 em.

Try t he s ame e xperiment wi t h other balls, re cording, then graphi ng the bounce s.

VII. Which ball has the highest bounce on most of the heights?
duce similar bounces?

Do any of the balls pro-
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Find a soccer ball.

The Physical Education teacher may have one you can borrow.

A soccer ball is a three-dimensional mathematical
model called a polyhedron.

a)

The ball is made using two different polygons
for faces.
What are the 2 shapes?
How many of each shape are on a soccer ball?
How many total faces are on a soccer ball?

b)

A vertex is a point where 3 of these faces meet.

Look at one vertex of the soccer

ball.
How many 6-sided faces touch that vertex?
How many 5-sided faces?
Look at other vertices and count the polygons that touch each one.

Describe your

findings.
Count the vertices on the soccer ball.

How many are there?

How can you figure a way to get the total without counting all of them?

c)

Edges are formed when any two of the polygons meet.
total number on the soccer ball.

Count the edges to find the

How can you make sure you don't count

an edge twice?
d)

Imagine an insect crawling along the edges of the soccer ball.

Could it crawl along

each edge and return to its starting point, without crawling on any edge more than
once?

388
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Match up the following balls with a size and mass given below.

Write a diameter and

a mass in the square of the ball that you associate with them.

BILLIARD BALL

SHOT

BOWUIJG BALL

BASKETBALL

PUT

TABLE TENt-J\5 BALL
(PitJG PO~G)

GOLF BALL

VOLLEYBALL

BASCBALL

G
-.

0

.

I-IAtJD BALL

SOCCER BALL

TE~I\liS

B~LL

.

SOFTBALL

®
.

.
g
kg

Diameters:

Mass :

= grams
= kilograms

a)

3.8 em

g)

9.7 em

1)

2.4 g

7)

b)

177 g

4.3 em

h)

11-13 em

2)

28 g

8)

c)

200 g

4.8 em

i)

21 em

3)

46 g

9)

d)

450 g

5.7 em

j)

21.8 em

4)

57 g

10)

595 g

e)

6.5 em

k)

22 em

5)

65 g

11)

7.3 em

4.5 kg to 7 kg

f)

1)

24.3 em

6)

140 g

12)

4.5 kg or 5.4 kg
389
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The following questions, based on the information from the previous page, could be
used with your class.
to promote discussion.

Some of the questions are entirely hypothetical and are presented
Use them according to the interests of your class.

1)

Which of the measurements, diameter or mass, shows a greater range?

2)

Does the ball with the largest mass also have the largest diameter?

3)

Does the ball with the smallest mass also have the smallest diameter?

4)

Name two factors that influence the mass of a ball?

5)

Classify the balls into three groups according to the mass.
Light

6)

Heavy

Medium

Imagine that all the large balls h a d proportionally the same mass as a bowling ball.
What would be some problems if such a ball were used to play soccer, volleyball or
basketball?

7)

What would happen if you played golf with a table tennis ball?

8)

Rotation is a game of billiards where a person's score is determined by finding the
sum of the numbers of the balls that person hits into the pockets of the table.
What is the fewest number of balls that can be hit into the pockets to assure a
person of winning in a two-person game?

9)

Examine the polygons that make up the surface of the soccer ball.
types.

10)

How many of each type are there?

How many pieces of material are sewn together to make a baseball or softball?
Are the pieces congruent?
lines of symmetry does the piece have?
pieces together?

390

Name the two

Make a sketch of one of the pieces.

How many

How many seams are needed to sew the

The volume formula for a sphere (ball) is:
1.33

OR

X

'3.1"+

OR 4.lB x

ll\"'

Y' ll

r

J'.\" .,y
~

Y

Given the diameters of some balls, find their radius, then their volume.

BASEBALL
iABLE TENt-l\5

BALL

0
diameter

diameter

7.3 em

radius

radius

·radius

volume

volume

volume

HAhlDBALL

diameter

diameter

3.8 em

•

GOLF BALL

0

4.8 em

diameter

VOLLEY-~;·
BA.LL
..:
.·.·.::

22 em

BOWLitJG
BALL

.. ... ;~~. ~:

4.3 em

diameter

21 em

diameter

radius

radius

radius

radius

volume

volume

volume

volume

SHOT PUT

TO.ll\11'3 BALL

BILLIARD BA.LL

(jJ
diameter

12 em

diameter

5.7 em

diameter

6.4 em

:~n-if
diameter

radius

radius

radius

radius

volume

volume

volume

volume

Finding the volume of a football is much more difficult.
spheroid.

21.8 em

24.4 em

It's shape is called a prolate

A football has a long diameter of 53 em and a short diameter of 28 em.

rircumference around the fattest part of the football is about 71 em.

The

Do you have any

suggestions for finding the volume of a football?
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This activity consists of ten events for
you to perform.

The best performance in each

event will be scored 100 points with the remaining scores being the appropriate percent
of the best performance.
The ten events of this decathlon are:
1.

Cotton ball throw
Throw a ball of cotton as far as you can. Measure
the distance from the starting line to the point
where the cotton ball first touches the floor.

2.

Basketball put
In the gym or outside throw a basketball a s far as
you can. Use a motion like a shot putter. Measure
the distance from the starting line to the point the
basketball first touches the floor.

3.

Standing long jump
Jump as far as you can from a standing start. Measure the distance from the starting line to the back
of your heels where you jump.

4.

Tiddley-wink snap
Snap a tiddley-wink as far as possible. Measure the
distance from the starting line to the point where
the tiddley.:..wi nk first touches the floor.

5.

Twenty~metre,

6.

Plastic straw throw
Throw a plastic straw as far as possible. Measure the distance from the starting
line to the point where the straw first touches the floor.

7.

Fifty-metre backwards run
Outside record the time it takes to run. 50 metres backwards.

8.

Airplane fly
In the gym or outside throw a paper airplane as far as you can. Measure the distance from the starting line to the point where the plane first touches the floor.

9.

Rubber band snap
Snap a rubber band as far as you can. Measure the distance from the starting line
to the point where the rubber band first touches the floor.

10.

=

=
one-legged dash
In the gym or outside record the time it takes to hop 20 metres while holding one
leg up off the floor.

Paper toss score
From a distance of 4 metres record how many wa ds of paper you can throw, 1 at a
time, into a wastepaper basket in 30 seconds.
Pick a partner .

For each of the ten events, as one person i s performing, the partner

will be either timing or measuring distances.
Each person will receive three separate trials in each event.
trials on yo ur individual record sheet.
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Label and record the

PERSONAL RECORDS OF CLASSROOM DECATHLON
NAME:

PARTNER:
Trial 1

Trial 2

Trial 3

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

EVENT:

Circle your best performance for each event.

393

(
PERSONAL RECORD OF CLASSROOM DECATHLON
Final Summary Card
NAME:
PARTNER:
EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

:BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

EVENT:

BEST:

SCORE:

The best performance in each event is assigned a value of 100 points.
scores are figures on what percent they are of the best performance.

(

The remaining

For example, if the

best distance in the cotton ball throw is 8.0 metres, it would be worth 100 points.
score of a 6.5 metre throw would be as follows:
<0.5

x-"

- --r 80x -1050=9 X=81.2 OR 81 FUltJTS
8.0 ;100
.-
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Get your measurements for the following.

foot length
in centimetres

height in
centimetres

arm stretch
in centimetres

standing high
jump in
centimetres

standing long
jump in
centimetres

1.

What is the ratio of your
a)

arm stretch to height

b)

foot length to height

c)

arm reach to height

d)

standing long jump to height

e)

high jump to height

f)

standing long jump to high jump

2.

Write each of the above ratios as a percent.

3.

Use the information from your entire
class and make a graph for each of the
percents.

Do any of the graphs show a

\20%

110%
90%

Can you predict the approximate high
jump of a person if you know the person't height?

~

Put the answers in the blanks above.

100"/.

pattern?
4.

arm reach
standing
flat-footed
in centimetres

How about foot length?

80%
70%
GO%
SOY.
40%

30"

2.0%
10%
SAM

JUA~

JOE

BET~-!

CAROL Sl-\ERI
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Most sporting activities involve an extensive use of muscles. Usually those
athletes who have conditioned their muscles through practice perform better and have
less muscle fatigue. In this activity students will measure muscle fatigue.
Three students are needed per group; one as the "muscle" person, one as the timer,
and one as the counter.
The "muscle" person places the right forearm flat on a table so the back of the
fingertips are flat on the tabletop. He/she closes and opens the right hand as fast
as possible until the timer says stop, being sure the fingertips touch the palm when
closed and the fingertips touch the table when open.
The timer times each trial for 30 seconds and records the tally on the chart.
Between the 3rd and 4th trials the "muscle" person is given a 30-second rest period.
The counter counts the number of times the fingertips touch the table, relays the
count to the timer, and begins the count over at 1 for each trial.
After the activity has been completed for the right·hand, repeat the steps for
the left hand.

80
70

RIGHT

LEI'T

RIGHT

Lt:f'T

PERIODS

HA~D

HAND

1

72

Q-8

2

GO

GO

3

47

45

REST

REST

REST

50

52

5

~2..

t..t5

G

3c

35

30

SECO~D

4

GO
50

~

i\~

_,"

,....... ~

:;~·/

40

~~

~

30
2D
10
REST

Sample questions could include:

2.

1)

What is
a) 1st
b)
1st
c) 1st

2)

Find the percent of decrease for each of the parts of (1).
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the amount of
period to 2nd
period to 3rd
period to 6th

0

decrease from
period
period
period

IDEA FROM: Mathematics and Living Things

3

4

5

G

P7

My HEARTTHRO S

~"Yo~

Materials Needed:

Activity:

No.. me

1.

2 students
Stopwatch or clock with a second hand

On your paper draw a chart like the one below.

Ino..c.five

Active

Pulse

'Pulse

Sel-f'

Pa..v-+ne.v-

2.

3.

Se\f

Rtrtnel""

Recover-y

Pulse
Selt

{:hy+nev-

a)

Guess how many times your heart beats in
one minute.
bpm (beats per minute)

b)

Have your partner take your pulse and
record it in the inactive column as
bpm.

c)

Take and record your partner's pulse.

a)

Run in place for two minut es .

b)

Record your pulse rate in the active
column.

c)

Have your partner run in place for two
minut es .

d)

Record your partner's pulse rate.

REST 5 MINUTES
4.

a)

Record both of your pulse rates in the recove ry column.

b)

Have your pulses r e turned to normal?

c)

Is your recovery rate faster than your partner's?
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Numerous ads to eat wisely and exercise regularly encourage students to think
about their physical condition which, in turn, affects the pulse and recovery time
following exercise. In general, conditioned persons have a slower resting pulse and
a slower pulse during exercise. Their pulses will recover to the resting rate
quicker following strenuous exercise than the pulses of persons who are in poor condition. Because of heredity, some persons inherit efficient hearts with slower
rates, while others are born with relatively inefficient hearts. However, both
types can be improved.
Since the physical condition of an individual affects his heartbeat, pulse
tests can be used to measure physical fitness. Four pulse tests are described
below, and tables to interpret the results are provided. Better results could be
obtained from the first two tests if they are done at home with parental help.
Pulse Lying:
The pulse lying is the slowest, resting pulse of a person. The student can
find this rate by taking her pulse for 30 seconds befo.re she gets out of bed in
the morning. If done in class, have the student lie down and attempt to completely
relax for ten minutes. In the lying position count her heartbeats for 30 seconds.
The student should continue to rest in the lying position for 2 more minutes and
repeat the c_o unt. If it is the same double the count to get the pulse lying, and
record the number. If less the student should rest longer and repeat the count.
I.

II.

Pulse Standing:
To obtain the slowest, resting, standing pulse have the student rise slowly
after finishing the pulse lying test and remain standing for two minutes. Count
the heartbeats for 30 seconds and double the number to get the pulse standing.

Have the student subtract the pulse lying from the pulse standing. This
number is the pulse difference. By checking Table A the student can find her physical fitness rating.

TABL~

Pulse l4 in

A

77 78 79 80 82 84 8G 105
Pu. lse Sta."' in 4G G3 ro? G8 70 74 77 80 83 85 87 90 9\ 92 94 96 98101123
Pulse Ditf'erehce 6 9 lO 10 10 II 11 II 12. 12. 12 13 13 13 14 14 14- 15 18
40 54 'S7 58 GO 63 66 G9 71 73 75

IDEA FROM:

Physical Fitness Workbook, by Thomas Cureton,

Copyright© 1944 by Stipes Publishing Company
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( CONTIMUf:.D)

III.

Simplified Pulse Ratio Tes t:
(a) While sitting, have the student count and record her heartbeats for
one minute.
(b) Have the student face a chair (approximately 45 em high) and step up
with the left foot, up with the right, down with the left, and down
with the right. The student should do 30 of these steps in one minute.
In order to set the cadence the teacher or another student can call
out "up, up, down, down" at th e required sp eed or play a taped recording of the cadence.
(c)
Immediately after completing the 30 steps, the student should sit,
count and record her heartbeats for two minutes .
(d) Have t he student wr i te her pulse ratio.
Pulse Ratio = Heartb eats for
2 mi nutes following the e x ercise : Heartb eats for 1 minute b efore
exercise. Simplify the
r atio by dividing the first
number by the second, correct to one decimal place.
Check Table B to find the
physical fitness rating.

TABLE

B

Physico..\

Pulse.

Fitne.ss Ra.ti ng

Ra..-l:'to
IV.

Three Minute Step Test:
This test is administered like
the previous test , excep t th e
student steps for three minut es,
and the caden ce is 24 ste ps per
minut e.
In addition wait one
minute after the student completes the exercise and count
the heartbeats for only 30
second s . The efficiency score
is the r atio of
number of seconds stepping x 100
pulse for 30 seconds x 5 . 6

Divide and check Ta ble C t o find
t he physical fitne ss rating.

Below 2..'3
2..3 - 2.'7

TABLE

Permission to use granted by Stipes Publishing Company

c*
Physico_~
Fi+ness "Ra..tlnq

41-50
31-40

Excel\eht
VQr~ Good
Good
\="'0.. i rPooY

o - 30

Ver-l-4 'Poor

51-(,\

Physical Fitness Workbook, by Thomas Cureton,
Copyri ght© 1944 by Stipes Publishing Com pany

Be\ow AverQBe

Et.f \ciency
72..- 100
62-71

IDEA FROM:

AverQAe

Avera.<ae

Above 2.1

Score

*This tab le is accurate for junior
high girls .
The efficiency sco r es
ma y need to b e rais e d for junior
high boys . At the grade school
level there is not much differe n ce b etween boys and gi rls .

Above

_..)
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YOUQ TYPE

1.

Weigh yourself and measure your height.

2.

Change your weight to kilograms.
1 pound~ .45 kilograms.

3.

Change your height to centimetres.

(1
4.

inch ~

_ _ _ pounds _ _ _ inches

2.5 centimetres~

Use the chart to determine your body type.

Ma."=>s in ki lc<jrams

GROWTH CHAR.T FOR GIRLS

\-leigh+ in centimetres

\0 Yrs.
143-155

II Yrs.
153-IG3

12. Yrs.
157-168

Avera.qe

134-142.

Short

125-133

\40-152
130-139

Ta.ll

e

40-52
2.9-39
2.3-28

in k."1lo~rams

Mo...ss

in Cehtime.tres

45-59

33-44
25-32
-,

13 Yrs

14 Yr-s.

15 Yrs.

IG2- 173

IG4-173

147-156

IG2-170
152- IG\

154-IGI

15G-IG3

135-146

140-151

14G-153

147-155

49-G3
3G-48
28-35

55-68
41-54
31-40

57-71
45-56
3G-44

G0-72
47-59

-· • . · - • .
GROWTH CHART FOQ. BOVS
12. Yrs.
157-IG8
142-156

13 Yrs.
IGZ-178
149-IGl

\G9- \83

IG9- 185

154-- 168

159-168

133-141

\38-148

143- )53

148-158

50-70
39-49
31-38

Gl-75

G7-78

45-60

49-66
40-48

Shov-t

10 Yrs.
149-155
f34-148
1::<.5-133

H eo...vy

38-52.

43-57

48-G3

30-37
23-29

33-42
27-32.

38-47
29-37

Ta.ll
AveYa.ge

Av
Light

I I Yrs.

149-1<03

139-148
130-138

~4

Yrs.

34-44

5.

Sue
a)
b)
c)

6.

John is 11 years old, weighs 65 pounds, and is 53 inches tall.
a) Find John's mass in kilograms.
b) Find John's height in centimetres.
c) What is his body type?
----

7.

Which body type would be better for an athlete who participates in:
a) gymnastics
c) archery
e) wrestling
b) basketball
d) horse racing
f) shot putting

400

39-4G

~5

is 15 years old, weighs 127 pounds, and is 5 feet, 7 inches tall.
Find her mass in kilograms .
Find her height in centimetres.
(Hint: 12 inches = 1 foot)
What is her body type?
----

Yrs.

Estimate the number of hours (to the nearest half hour) per day that you do each of the
activities below. Find the number of Calories you should eat to provide the energy to
do these activities.
Calories
Your body
Calories used per kg
mass
used
Time
hours
in
of body mass per hour
Activity
Bicycling (fast)

7.5

Bicycling (slow)

2.4

Dishwashing

1.1

Dressing/Undressing

.7

Playing Ping Pong

.4
4.4

Running

7.3

Eating

Studying

.4
.4
.4
.4

Swimming

7.9

Tennis

6.6

Typing

1.1

Volleyball

5.5

Wa lking

2.0

Work, heavy

5.7

Work, light

2.2

Sitting Quietly
Sleeping
Standing

Total
CALORIES NEEDED
9·12. YRS.
12-15 YRS.

How do your total Calorie needs compare
to the chart to the right which shows the
Calories needed for boys and girls of
average height and mass for one day.

BOYS

2.Lf.OO

3000

GII2.L'5

'2.2.00

'2.G.OO

Use the information in the large table about Calorie use per hour to answer these
questions.
a)

Which sport uses the most Ca lories per hour?

b)

Which sport uses the least Calories per hour?

c)

How many Calories are needed for a 70 kg person to play
football for 1 hour?
golf for 5 hours?
basketball f or 1 hour?
ping pong f or 30 mi nutes ?

d)

If Chris Evert and Arthur Ashe play tennis against each other, who would use up more
Calories?
Why?

IDEA FROM :

Well-Being, Probing the Natural World, Level Ill, Intermediate Science Curriculum Study

Permission to use granted by Silver Burdett General Learning Corporation
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An interesting and fun activity (perhaps in cooperation with the
physical education teacher) would be to test the physical fitness of your
students.

The President's Council on Physical Fitness has suggested the

following seven tests:

pullups, situps, standing jump, shuttle run, fifty-

yard dash, softball throw for d i stance and six hundred-yard run/walk.
Standards of performance for boys and girls, ages 10-17, are shown
below.

Notice that the charts also include standards for qualifying for

the Presidential Physical Fitness Award.

Official application forms and

complete information can be obtained by wr i ting to Presidential Physical
Fitness Awards, 1201 Sixteenth Street N.W., Washington, D.C.

20036.

The data collected during testing can be used for motivating several
concepts of descripti ve statistics such as mean, median, mode, r ange,
etc.

The data can be used to make several kinds of graphs, e.g., a bar

g.;r:-aph comparing performances of students in a class or a line graph to
record progress of an individual student.

Students will probably be very

inter ested in comparing results from earlier tests to see the progress
that has been ma.de.
BOYS

PULLUPS
A b oy grasps the bar with
palms f o r wa rd and han gs from
t he b ar so hi s f ee t don't
to uch the f l oor. A successf ul pullup is comp leted when
the boy pulls his body up
unti l his chin is over the
bar an d then lowers hi s body
un ti l his elbows a r e ful l y
ext en ded .

[Num ber of pullt•ps]

Age

R a ting
10
Excellent. .. .. .. ... . . . .
P r esid entia l Awa rd . . .. . .
Good . . . . . . ... . . ... . ....
Satisfactory .. . . . ... . . ..
Poor .
.. .....

8
6
5
3
1

11

12
8
6
5
3
1

_ 1_3 _ , _1_4 _
10
8
7
4
2

9
6
5
3
1

12
10
8
6
4

~1-1_6_
13
10
10
7
5

..

17
16
12
12
9
7

14
12
11
9
6

GIRLS

[In seconds]

FLEXED ARM HANG
Two spotte r s help a girl t o
raise he r body so her ch i n i s
above t he bar , pa lms fo rwa rd,
elb ows flexe d an d feet of f the
f loor . A time r records the time ,
i n seconds , that the girl can
ho ld this pos i tion.

Age
Rating
Excel le nt . . ..
P r esid entia l Award. .. . . .
Good ...
. . . ...... . . ..
Sat isfactory . .. . . . . . . . . ...
Poor . .. . . . . . .

_~_o_~-~-~31

35

30

21
18
10
6

20
17
10
5

19
15
8
5

IDEA FROM: Youth Physical Fitness
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12

13

i

14

15

16

17

-----;;-1------;-

33

37

31

I
I
I

18
IG
10
G

19
16
9
5

19
16
10
6

18
15
9
5

19
16
9
5

BOYS

[Number of situps]

SITUPS

Age

Rating

A pupil lies on his back
and locks his fingers behind
his head while d partner
holds his ankles to keep his
heels on the floor. A situp
is completed when the pupil
(1) sits up, (2) touches
right elbow to left knee,
(3) lies back down, (4) sits
up, (5) touches left elbow
to right knee and (6) lies
back down.

I

10
Excellent, ..... .....
Presidential Award ..
Good, .. . .. ... ... . . . .
Satisfactory ..... .. .. ...
Poor.

11

100
100
76
50
34

..

12

13

14

15

16

17

100
100
100
59
42

100
100
100
75
50

100
100
100
99
60

100
100
100
99
61

100
100
100
99
63

100
100
100
35
57

50
50
50
33
27

50
50
49
34
25

50
50
42
30
24

50
50
41
30

50
50
45
30
23

--- - -- -- -- - - -

100
100
89
50
35

GIRLS

-Excellent. ......
Presidential Award.
Good ....
Satisfactory ........
Poor.
.,

50
50
50
39
26

......

50
50
50
37
26

50
50
50
39
26

24·

BOYS

STANDING
LONG JUMP

Age

Rating

10

12

II

13

14

15

16

17

- - - - - - - - - --- - - - - - - - - A pupil stands comfort~
ably with knees flexed and
then jumps forward as far
as possible. The distance
is measured from the starting line to the point where
the heels first touch the
floor.

ft.
Excellent ........ 6
Presidential
Award ...•... 5

Good ..•........ 5
Satisfactory ...... 5
Poor ........ , .. 4

in. ft. in. ft. in. ft. in. ft. in. ft. in.
6 7 2 7 9 8 a 8 5 8 6

in.
I

ft.

6

in.
3

ft.
6

8
7
2
10

5
5
5
5

10
9
4
0

6

2

6
5
5

I
8

4

6
6

9

6

a

5

3

7

7
7
6
6

I

7
7
7
6

7

a
7

6

7

11

6

7

9

a
6

7
6

II

8
8
7
7

6

6

7

6

1

6

2

6

0
6
2

6
6

4

1
0
6

0

GIRLS
Excellent ..... , ..
Presidential
Award .......
Good ..... , ....
Satisfactory ....
Poor .. , ... , ....

5

8

6

2

6

5

4

5

2

8
6

4

10

4

5

5
5
5
4

0
8

3

6

3

6

4

6

5

9

5

5

9

4

0
10
5
0

6

8
2

10
8
3
10

6

5
5
4

5

5
5
5

6

a

5
5

6
I

5
5

.>
5

8

2
0
7
2
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BOYS
[In seconds to nearest 1Ot11J

SHUTTLE RUN
Two blocks of wood, 2"x
2"x4," are placed 30 feet from
a starting line. A pupil runs
to the blocks, picks up one
block, runs back to the starting line and places the block
behind it. This action is
repeated to place the second
block behind the starting
line. The time needed to
accomplish the task is recorded to the nearest 10th of a
second.

Age

Rating
10
Excellent. .....
Presidential Award.
Good
, .
Satisfactory , .. , , ...
Poor
.

10.0
10.4
10. 5
I!. 0
I!. 5

I

11

12

I

13

1 14

15

16

17

:~: ~ 1~: ~ I ::~ I :: ~ :: ~ :: ~ ~: ;
10. 4
10.9
11. 3

i 9. 8

10. 2 I' 10. 0
10.7 10.4
I!. 1 110. 9

I'

I

10.0
10. 5

9. 5
9.8
10. 1

9. 3
9.7
10. 0

9. 2
9.6
10. 0

10.0
10.4
10. 5
11. 0
J 1. 5

10.
10.
10.
11.
11.

10.0
10. 4
10.6
11. 0
11. 5

10.0
10.4
10.5
11. 0
11. 5

GIRLS
Excellent.
Presidential Award.
Good .........
Satisfactory ...•. ...... .
Poor ........... . . . . . .

10.0
10.8
I!. 0
11. 5
12.0

.

10. 0
10.6
10. 9
11. 4
12.0

10.0
10.5
10. 8
11. 3
11. 9

I 10. 0
1

I

10.5
10. 6
11. 1
I!. 8

0
5
7
1
6

I

(
BOYS

[In seconds to nearest 10th]

50-YARD DASH
The time needed for a
pupil to run 50 yards is
recorded to the nearest
10th of a second.

Age
Rating
10

11

12

I

13

14

15

16

7.0
7.4
7.5
8. 0
8.5

7.0
7.4
7.5
7.8
8.1

6. 8
7.0
7.2
7.6
8. 0

I

6. 5
6.9
7.0
7.3
7.6

6. 3
6.6
6.7
7.0
7.2

6.1
6.4
6.5
6.7
7.0

6.0
6.2
6. 3

17

- - -- - --1-'- - - - - - - - Excellent .•.'; ... . , . , . , . "
Presidential Award ......
Good .................
Satisfactory ...... , .. , ..
Poor ..... , ....... , ....

i
I

!

6.0
6. 1
6.2
6.5
6.7

6.5
6.8

I
GIRLS

....

Excellent ... , ..
Presidential Award.
Good ....... ," ,
Satisfactory .....
Poor. , ... , " , . ", .. , ..

7.0
7.5
7. 7
8.2
8.8

7.0
7.6
7. 7
8. J
8.5

7.0
7.5
7.6
8.0
8.4

7.0
7.5
7.6
8. 0
8.4

7.0
7.4
7.5
7. 9
8.3

7.1
7.5
7. G
8. 0
8. 3

7.0
7.5
7,5
8.0
8.5

7.1
7.5
7.6
8.0
8,5

(
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BOYS

[In feet]

SOFTBALL THRm1

Age
Rating
10

A softball is thrown as
far as possible with an overhand motion. The best of
three throws is recorded by
measuring the distance from
the starting line to the
point where the softball
first touches the ground.

. ..
Excellent. ... . . . .
Presid entia! A ward ... . ..
Good .. . .. ....
Satisfactory ... ... .. . . . . . .
Poor .. . ..
••

•

'

•••••

•

•

••

0

•

138
122
118
102
91

0.

•••

I

I

151
136
129
115
105

1651
150

I

145
129
115

I
I

I

195
175
168
147
13 1

17

15

16

208
187
18 1
165
146

221
204
193
180
165

238
213
207
189
172

249
226
218
198
180

114
100
95
80
70

120
105
100
84
73

123
104
98
81
71

120
102
98

14

15

16

'l l
12
13 I 14
----1----

!

GIRLS
'
. . . ..
Excellent . . ..
Presidential Award . . . . ..
Good . . . .. . . . . . . . . . . ..
Satisfactory .. .. ... . ......
Poor . ... . . .. . . . . . . . . .

84
71
69
54
46

95
81

77
64
55

103
90
85
70
59

I

Ill

941
90
75

I

651

82

71

i

BOYS

[In minutes and seconds]

600-YARD RUN/WALK
The time needed for a
pupil to run 600 yards is
recorded in minutes and
seconds. Walking is permitted, but the objective
is to cover the 600 yards
in the shortest possible
time.

Age

Rating

10

ll

12

13

- -- - - - - - - -- -- - Excellent . . .... . ... ....
Presidential Award .....
Good .. ..... ... . ..... .. .
Satisfactory . . .. .... .....
Poor .. . ..... ... . .. ... .

I

I :58
2:12
2 :1 5
2: 26
2 :40

I :59
2:8
2: II
2:21
2:33

I :52
2:2
2:5
2: 15
2 :26

17

-

I :46
1:53
1:55
2:5
2: 15

I :37
1:46
I :48
l :57
2:5

I :34
1:40
I :42
l :49
I :58

1:32
1:37
I :39
1:47
1:56

I :31
1:36
1:38
I :45
I :54

2:12
2 :25
2 :29
2:44
3:0

2:9
2:22
2 :25
2:41
2:55

2 :9
2:23
2 :26
2:40
2:52

2:10
2:23
2:26
2:42
2:56

2 : 11
2:27
2:31
2:46
3:0

GIRLS
E xcellent. ..... . . . ... ...
Presidential Award . . . . .
Good .. .......... . ... . . .
Satisfactory . ... . ... . ....
Poor ...... ..... . ......

2:5
2:20
2 :26
2:41
2:55

2:13
2:24
2:28
2:43
2 :59

2:14
2:24
2: 27
2:42
2:58
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The table to the right shows the final medal
count for the 1976 Olympic Games.
1)

What was used to place the teams in the
order that they appear?

2)

Find the total number of
a)

3)

gold medals

b)

silver medals

c)

bronze medals

Why do you think the totals are different?

Competitions are often scored by awarding
points for places.
4)

Final medal count
Country
Soviet Union .
East Germany .
United States.
West Germany ;
Japan
Poland .
Bulgaria
Cuba.
Romania
Hungary
Finland .
Sweden.
Britain .
Italy.

France .
Yugoslavia
Czechoslovakia .
New Zealand.
South Korea .
Switzerland
Jamaica
North Korea .
Norway.
Denmark
Mexico .
Trinidad
Canada.
Belgium
Holland.
Portugal
Spain
Australia
Iron .
Mongolia
Venezuela .
Brazil
Austria .
Bermuda
Pakistan
Puerto Rico .
T~alland

Gold Sliver Bronze

47
40
34
10
9
8
7
6
4
4
4
4
~

2
2
2
2
2
1
1
1
1
1
1
1
1
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0

43
25
35
12
6
6
8
4
9
5
2
1
5
7
2
3
2
1
1
1
1
1
1
0
0
0
5
3
2
2
2
1
1
1
1
0
0
0
0
0
0

35
25
25
17
10
11
9
3
14
12
0
0
5
.4

5
3
4

1
(

~

0
0
0
2
1
0
6
3
3

0
0
4
].

0
0
2
1
1
1
1
1

Total

125
90
94
39
25
25
24
13
27
21
6
5
13
13
9
8
8
4
6
4
2
2
2
3
2
1
11

6
5
2
2
5
2
1
1
2
1
1
1
1
1

If 3 points are awarded for a gold medal, 2 points for a silver and 1 polnt for a
bronze, would the total points awarded cause the order of the top five teams to
change?

5)

What happens to East Germany and the United States if the points are 5 for a gold,
3 for a silver and 1 for a bronze?

6)

Find a reasonable total point system that places East Germany ahe ad of the United
States.

7)

Find the order in total points for Japan, Poland and Bulgaria if these scoring
systems are used.
a)

3, 2, 1

b)

5, 3, 1

c)

7, 4, 1

8)

Will any of the three scoring systems in (4) allow Italy to finish ahead of Britain?

9)

Project:

Look up the population of each country in an alma nac and find a people per

me da l r a t i o.

Which country has t he lowes t pe ople per me da l ratio?

Do you know any reasons why this might be so?
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A model of a running track with the start-finish line is shown below. Use a piece of nonstretch string
to find out how much farther a runner in the outside lane runs than a runner in the inside lane. Use t h is
distance to mark a new starting line for the outside lane so the distances from start to finish are the same .
In a similar way find the new start ing lines for the other lanes .

~

0
--..J

WORLD
1) 1
2
3

Each of these three records is
roughly proportional to running
a mile every
minutes.

2)

Steve Williams of the U.S. ran the 100-metre dash in 10.1 seconds and
the 200-metre dash in 20.6 seconds. His speed was about
metres per second.

3)

Tommie Smith of the U.S. ran both the 200-yard dash and the 200-metre dash.
The time for both is 19.5 seconds. Does this mean he ran the same speed for
each race?
If one race has a faster speed which race is it?

4)

These are world records. Rank them from slowest to fastest based on the time
taken to go 1 kilometre (1000 metres).
a)
b)
c)
d)

408

RECORDS *
mile - .3:51.0
miles - 8:13.8
miles- 12:47.8

Canoeing (1000 m) 3:48.06
Swimming (1500 m) Men 15:31.85
Running (1500 m) Women 4:01.4
Ice Skating (1500 m) Men 1:58.7

e)
f)
g)
h)

Running (1000 m) 2:16
Swimming (1500 m) Women 16:49.9
Cycling (1000 m) 1:7.51
Ice Skating (1500 m) Women 2:15.8

5)

Is the world recora of 9.9 seconds for 100 metres faster or slower than the world
record of 9.1 seconds for 100 yards?
(1 yd. ~.914 m or 1 m::::::: 1.1 yd.)

6)

The world land speed record for a jet-propelled automobile is about 622 miles per
hour. At this rate how long would it take to drive to the moon (if there was a
road) 240,000 miles away?

*As of January 1, 1974 (The Official Associated Press Sports Almanac 1974)
Permission to use granted by The Associated Press

WORLD TRACK RECORDS
-FIELD EVENTS-

WORJ.D~~

MEN
HIGH JUMP

7 I &;;-"
8

POLE VAULT

18' ~"
4

LONG JUMP

29'21."
2

TRIPLE JUMP

57'21"
4

22' 51.~·
4

60'0"

SHOT PUT

71'7"

DISCUS

224'5"

221'9"

JAVELIN

308'8"

213'

1.

HOW MUCH HIGHER IS THE MEN'S POLE VAULT RECORD THAN THE MEN'S
HIGH JUMP RECORD?

2.

HOW MUCH FARTHER IS THE MEN's JAVELIN RECORD THAN THE MEN'S
DISCUS RECORD?

3,

HOW MUCH FARTHER IS THE WOMEN's DISCUS RECORD THAN THE
WOMEN's JAVELIN RECORD?

4,

HOW MUCH HIGHER IS THE WOMEN'S LONG JUMP RECORD THAN THE
WOMEN'S HIGH JUMP RECORD?

5,

A PENTATHLON IS MADE UP OF FIVE EVENTS, SUPPOSE ONE WOMAN
HELD ALL FIVE OF THE ABOVE LISTED WORLD RECORDS, WHAT
WOULD BE THE TOTAL OF THIS "PENTATHLON"?

6,

HOW DO YOU THINK THE WEIGHTS OF THE MEN'S AND WOMEN'S DISCUS
COMPARE? WHICH ONE IS HEAVIER AND BY HOW MUCH?

7,

WHY AREN'T THERE RECORDS FOR THE WOMEN's POLE VAULT AND THE
TRIPLE JUMP?

*As of January 1, 1974 (The Official Associated Press Sports Almanac 1974)
Permission to use granted by The Associated Press
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WORLD TRACK RECORDS
-RUNNING EVENTS-

1.

2,

3,

4,

100-YD.DASH

9,1 SEC.

10 0 SEC.

220-YD, DASH

20,0 (TURN)

22.6

44Q(QUARTER MILE

L+4. 5

880 (HALF MILE)

1 MIN. L!4 6 SE

2:02.0

MILE

3:51.1

4:29.5

52.2
I

FOR THE MENJ HOW MUCH LONGER IS THE TIME:
FOR THE LJl+O THAN FOR THE 220?
FOR THE 220 THAN FOR THE 100?
FOR THE 880 THAN FOR THE 440?
FOR THE 6-MILE THAN FOR THE MILE?
SUPPOSE YOU COULD RUN FOUR QUARTER MILES IN A ROW AT THE RECORD
PACE FOR WOMEN,
A) HOW LONG WOULD IT TAKE YOU TO RUN THE MILE?
B) WHAT IS THE DIFFERENCE BETWEEN THIS TIME AND THE WORLD RECORD
FOR THE MILE?
SUPPOSE A MAN RAN SIX MILES IN THE RECORD TIME AT AN EVEN PACE,
A) HOW LONG WOULD HE TAKE TO RUN ONE MILE?
B) WHAT IS THE DIFFERENCE BETWEEN THIS TIME AND THE WORLD RECORD
FOR THE MILE?
THE BOSTON MARATHON IS 26 MILES) 385 YARDS, ESTIMATE THE RECORD
TIME FOR THE RACE, CHECK YOUR ESTIMATE IN AN ALMANAC,

FROM: The Official Associa ted Press Sports Almanac 7974
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I

Permission to use granted by The Associated Press

HOW THE WORLD RECORD PROGRESSED
Jim
Thorpe

Paavo
Yrj ola

Bob
Mathias

Rafer
Johnson

Kurt
Bend lin

Bill
Toomey

Nikolay
Avilov

USA
1912

Finland
1927

USA
1952

USA
1960

W. Germany
1967

USA
1969

Russia
1972

100 Metres

11.2

11.7

10.9

10.6

10.6

10.3

11.00

Long Jump

22-:J
4

22-1

22-loi-

24-944

24-944

25-2!

Shot Put

42-~2

50-2%-

52-0

47-7

High Jump

6-li

8

6-2i

1
2
1
47-24

5-lcJ

6-!.

6-4

6-lll

400 Metres

52.2

52.8

50.2

48.6

47.9

47.1

48.5

High Hurdles

15.6

16.8

14.7

14.5

14.8

14.3

14.31

Discus

121-4

133-~

153-10

170-~

151-ul
4

152-61:.
4

154-ll

Pole Vault

10-8

10-6

13-1%-

13-t

13-4
2

14-!.
4

14-lll
4

Javelin

140-11

188-4

194-3

233-2-t

245-7

215-8

202-~

1,500 Metres

4:40.1

4:54.2

4:50.8

5:09.9

4:19.4

4:39.4

4:22.8

6756

6, 768

7, 731

8,063

8,319

8,417

8,451

Total

3

46-94
6-]_

8

2

25-5-

2

47-ll
2
2

2

The above represents only ~ sampling of world record decathlons for purposes of iJlustrating advances in the event and should not be taken as a complete list.
a)

How many events take place at a decathlon meet?

b)

They are all part of what general sport?

c)

A player competes against the existing records for each event and a record-tying or
record-beating performance is worth 1,000 points. How many points could a decathlete
possibly be awarded?

d)

In general, have the times for running events increased or decreased?
tances for field events increased or decreased?

e)

Who ran the fastest 1,500 metres?

f)

The Olympic records for the 100 metres was 10.8 in 1912, 10.4 in 1952, 10.2 in 1960,
and 10.14 in 1972. Which decathlete was closest to the Olympic record at that time?

g)
h)

Find out who the current world record holder is.
How many events would occur at a pentathlon?

Have the dis-

the fastest 100 metres?

What are his times and distances?
What are they?
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Rules for bowling with dice:
1)

2)

3)

Roll both dice.
a)

Lf the sum is 10 or more, record a strike.

b)

If the sum is less than 10, record the sum as the number of pins knocked down on
the first ball.

Roll one die .
a)

If the number shown plus the number in (b) above is 10 or more, record a spare.

b)

If the number shown plus the number in (b) above is less than 10, record the
number as the pins knocked down on the second ball.

If several people are playing, take turns rolling the dice.

~
~
TOTAL

412

~CDRt~ttPINb

IN BDWLINGGe?
In bowling a person throws the ball two times each frame.
1)

Open - some of the pins knocked down with the first ball and some (but not
all) knocked down with the second ball.

2)

See frames 1, 2, 4 and 9.

Spare - some of the pins knocked down with the first ball and all the rest
knocked down with the second ball.

3)

Three things can happen.

See frames 3, 5 and 8 in the sample game.

Strike - all the pins knocked down with the first ball, the second throw is
skipped.

See frames 6, 7 and 10 in the sample game below.

Points are earned for each frame as described below.

After the points for each frame

are computed, the points for that frame are added to the total score in the previous
frame.

The new total score is then recorded.
1)

your score for the frame is the total number of pins knocked down.

Open

Example:

5 pins down on first ball and 2 down on second ball--score

of 7 for the frame.
2)

Spare

your score for the frame is 10 plus a bonus of what you kno ck down
on the first ball of the next frame.
Example:

Spare in the frame 1 and 7 pins down on first ball in

frame 2--score of 10 + 7
3)

= 17 for frame 1.

Strike - your score for the frame is 10 plus a bonus of what you knock down
on the next two balls you roll.
Example:

Strike in frame 1, strike in frame 2, 8 pins on first ball

in frame 3--score of 10 + 10 + 8 = 28 for frame 1.

An entire game

4~ s

shown below.

The
. r ows w1."th th e names an d t h e score f or the individual

frame are not shown on a regular score sheet.
Total

\58

name

OPEtJ

OPEN

SPARE:

OPe:~

SPAR£.

C::.TRIKE:"

STRIKE

SPAR£

-

OPE.f\1

STRIKE
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1)

A bowling ball can have a circumference of not more than 68.6 em.

What would be the

diameter?
2)

A bowling pin is 38.1 em high and has a base diameter of 5.7 em.

What is the

circumference of the base?
3)

The diameter of the "fattest" part of a bowling pin is twice the base diameter.
What is the circumference of the "fattest" part?

4)

When positioned correctly, two adjacent bowling pins are 30.5 em apart from center
center.

Show that if a bowling ball is rolled exactly between the two adjacent

pins, the ball will (a) knock down both pins
or (b) roll between both pins.
5)

From the foul line to the first pin is a distance of 18.3 metres.
will a bowling ball turn over in this distance?

How many times

(Assume the ball starts rolling

at the foul line and does not skid.)
6)

A bowling alley from foul line to the end of the alley is 19.2 metres long.
width of the alley is 106.8 em.

The

If a bowling establishment has 36 alleys, what is

the total surface area of all the alleys?
7)

The bowling pins are numbered
like the diagram to the right.
By moving just 3 pins, make
the pins "point" in the opposite
direction.

8)

·~

Draw an arrow to show where the bowling ball should go to knock down all the bowling
pins in these diagrams.
(a)

(b)

(d)

(c)

8
414

G 0

G

0

8

To find a baseball player's slugging percentage divide the "times at bat" into
the total base the player has.

A single is worth one base, a double two

three bases and a home run is worth four bases.

Here is an example of how to figure total
bases.

-- -\ 1/

In 1921 Babe Ruth hit 85 singles , 44 doubl'"e_s_,_ / / \
16 triples and 59 home runs .
85 singles is

85 bases

44 doubles is

88 bases (2

X

16 triples is

48 bases (3

X

59 home runs is 236 bases (4

X

total

59)

457 bases

Calculate the slugging percents for the following baseball players.

Player

At Bats

Singles

Doubles

Triples

Home
Runs

McGraw

352

70

23

11

26

Franklin

292

37

16

5

12

Hoffer

470

58

21

13

22

Brannan

468

63

31

18

27

McKenney

204

28

19

6

6

Total
Bases

Slugging
Percents

Babe Ruth has the highest lifetime slugging percentage with .690 in 21 years wi t h
the major league.
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BASEBALL AUTO I?AC.lN6
RECORDS
YOU WILL NEED AN ALMANAC,
USING THE INDEX) LOOK UP THE PAGE FOR BASEBALL--MAJOR LEAGUE LIFETIME
RECORDS) LEADING BATTERS (OVER 2)000 HITS),
Name of batter
Cobb

'

batting average

average round e d 0 ff
to hundredths .••.•.

Ty

Hornsby,Rogers
Delehanty, Ed
Williams, Ted
Ruth

'

Gehrig

Babe

'

Lou

Sisler, George
Musial

'

Stan

DiMaggio, Joe
Using the index, look up the page for AUTO RACING (Indy.500)
Year

Winner

Car

winning speed
in miles/hour

m.p.h. rounded
off to tenths.

1911
1920
1934
1939
1947
1953
1959
1961
1965
1969

1972
418

SOURCE: Project R -3

Permission to use granted by E_ L Hodges

Each week during the football season collect the scores involving the
local high school team.

You may wish to use professional or college scores.

Put them together at the end of the season (see sample below) and have students do the following.
1.

Place the winning scores in order--largest to smallest.

2.

Make a HISTOGRAM of the winning scores.

3.

Find the highest winning score.

Use graph paper.

Find the lowest winning score.
Find how far apart the highest and lowest scores are.

------ (RANGE)

4.

Determine the most frequent winning score.

5.

Determine the middle winning score.

6.

Determine the average winning score.

7.

Arrange the LOSING scores in order--largest to smallest.

8.

Answer 3, 4, 5 and 6 for the losing scores.

9.

Were there any games where the winning and losing scores were the same

(MODE)
(MEDIAN)
(MEAN)

as the median winning and losing scores?
District 5AAA Football Scores
Week 1
Thurston 28, Sheldon 8
Marshfield 21, Cottage Grove 12
North Bend 34, Churchill 18
South Eugene 26, Willamette 8
Springfield 12, North Eugene 7

10.

Week 2
North Bend 22, Sheldon 20
Churchill 21, South Eugene 20
Willamette 29, North Eugene 8
Cottage Grove 40, Springfield 18
Marshfield 59, Thurston 28

Week 3
North Eugene 14, Cottage Grove 7
Sheldon 22, South Eugene 21
Thruston 22, Willamette 8
Marshfield 26, Churchill 6
North Bend 24, Springfield 0

Week 4

Week 5

Week 6

Churchill 25, Springfield 0
Marshfield 13, Sheldon 12
South Eugene 34, Cottage Grove 26
Thurston 16, North Eugene 14
North Bend 40, Willamette 26

North Bend 42, North Eugene 20
South Eugene 36, Marshfield 15
Cottage Grove 7, Thurston 0
Sheldon 12, Springfield 7
Churchill 35, Willamette 21

Willamette 27, Sheldon 22
North Eugene 28, Churchill 6
South Eugene 28, Thurston 21
Marshfield 20, Springfield 0
North Bend 34, Cottage Grove 21

Use the scores to make league standings for each of the weeks of the
season.

Include the number of games won, number of games lost and the

percent of games won expressed as a 3-place decimal like .750.
11.

Were the scores of the first-place team all above the mode?

median?

mean?
419

~

1\.)

0

(subtraction , in equality,
and mult iplication)

FRACTION BAR FOOTBALL
Exam~_l_

l'_l_?yer~ 2

(or 2 teams)

M~~rials

Fraction cards, football field

111at,

IIi, Greg . Let's nlay FRACTJO:I
BAR FOOT CALL usino the fraction
carrls .~

""0

CJ)

3
v;·

c

V>

(")

0

::0

Offense I s

footba·ll, and sideline marke r

~

C1l

FRACTION BAR FOOTBAll Continued)

Cards

~

, 0 . 1: . 1' ll ·aet the ca rds, and you
) qet the football field mat .
. Don't foraet the football and
side-line marker .

~

j

a· m

OJ[]

Defe nse's
Card

[0

The Offense's g re a t er fraction co rres po nds t o 9 y •rds, an d the Defense's fraction
corresponds to 4 yards . So , tile Offense ga in s 5 ya r ds.
If the Offense had s aid , doub le, he would have gained 10 yards .
on back)
- -- ~--

(See Double

~rdag~,

~a~l<:_2_

Offense s
1

[slr;l

L?J ~j

Cards

Defense's
Card

IT]

::J

....
...,.,
0
c

til

C1l

....

'Q

::;)

V>

"'::J
....
C1l
Q.

The Offense's greater fraction corresponds to 8 yards , and the Defense's fract i on
cor res ponds to 10 yards .
So the Offense loses 2 yards .

("")

marker

c;·

You will need to knO\v a little about foo tball to play this

0"

Q
CJ)
Q..
""'
Ct:l
0
....
Cb
.... ....

(")

::0

CPITJ

FRACTION BAR FOOTBALL Rules

FRACTION BAR FOOTBALL Rules

C1l

Preparation

Punts

0

Spread the f raction cards face down . Each player takes l card. The player with
the greater fraction may kick - off or receive. Cards taken from the pile are not
replaced until all cards are used. Playing through all of the cards once allo'IS
for about 25 plays, ~<hich is l quarter of the game .

The Offense takes l card and moves the ball the number of yards determined by mult iplying that fraction by 6.

c
...,

(")

C1l

,en

::i
0

c::::;]~

~z:

~arne .

-<

V>

\CJ\:0
ICJ\Il

~CJ

OJ

Q)

,<:l

cvu~

Each one - tV~elfth corresponds to l yard on the football field.
the fraction 2 corresponds to 8 yards, since 2 _ 8
3
3 - 12
Kick-offs

PoinJ2._a_fter__T_ouchdOI·m (Play starts from the 3 yardline)

Ki ck_i_ll_s_ .!:£r:_J_ EQ!_n_t_

Convention
- --

For examole,

The ball is placed on l of the 40 yardlines . The player kicking - off takes 1
fraction card and moves the ball the number of yards determ i ned by multiplying
that fraction by 6 . If the ball lands on the Goal Line or in the End Zone , it
is brou oht out to the 20 yardline .

~
The player on offense has 4 tu r ns to obtain a First Down . On each Down, he takes 2
cards and the player on defens e takes 1 card . The playe r on offense uses his greater
fraction. If it is g r eater than the fraction chosen by the De f ense, the Offense gai ns
yards corresponding to the difference. If the fractions are equal, there is no
advance . If the Defense has the greater fraction, the Offense loses yards
corresponding to the difference .
The sideline marke r is placed on the side of the football field to indicate the
numl!er of the Down and the ya rdline the cirst Do"n began on . (Examples on next card)

One card is taken and that fraction is multiplied by 6.
go at least 10 yards beyond the Goal Line .

The ball must

Running__f_o_r 2 points
The yardage is determined as on any Down. (O f fense takes 2 cards and the
Defense l card) The ball rnust go to the Goal Li ne or beyond for a score.
Field ~oals (3 points)
The Offense takes l card and multiplies that fraction by 6 .
at least 10 yards beyond the Goal Line for a field goal .

The ball must go

Double Yardage
The Offense may say, double, before taking his 2 bars . The Defense takes 1 card .
If the yardage norr~alljgdTned on the play is greater than 4 yards, the yardage
is doubled. If it is less than or equal to 4 yards , the Offense loses his turn .
As usual, it is still possible for the Offense to lose yardage.

r:o
7D

1.

A.

What part of
the body sustained more
injuries than
any other
part?

B.

~HEAD

What percent of
the total was

1.4%
SHOULDER 8.5%

~---:-:.----FACE/DENTAL

it?

c.

Of the 1,169

-LOWER BACK 4.3%

injuries how

ARMS/ELBOWS 2.5 °to
WRIST 1.2%

many were knee
injuries?

2.

4.5%
NECK 3.0%

The leg accounted
for what percent of

GROIN 3.9%
THIGHS 16.2%

HANDS FINGERS 5.0%
: . - : - 7 - - - - LOWER LEGS 4.6%
·;,.-----

- ANKLES 10.4%

the total NFL injuries in 1974?
Is this more or
less than half?
Permission to use granted by Stanford Research Institute

3.

According to this study, of all injuries counted in 1974, 15.4% were reoccurences
of previous injuries.

4.

What % of the total were first time football injuries?

What percent of all injurie s occured above the shoulder?
Of the 1,169 injuries how many does this account for?

5.

The survey showed younger players received more injuries than their older teammates
and the eight teams at the top of the league received fewer injuries t han the bot t om
eight teams.

Can you give some reasons fo r this outcome ?
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FLICHTilF'
THEilL£88
In most classes a number of
students know how to make paper
airplanes.

They are usually

ready to test their planes in a
contest.

The Great International Paper Airplane Book by Jerry Mander, George Dipple and
Howard Gossage offers many designs for paper airplanes for those students who do not
have favorite designs.
Contests can be held to measure the distance flown or the duration of the flight.

Flights can be scored by assigning one hundred points to the best performance in
any category and the remaining flights scored on what

perce~r

they are of the best

performance.

For example if the longest flight is 22.0 metres, it would score 100 points.

A

flight of 16 metres would be scored as follows:
16
22

X

100 = .727

X

100

72.7 or about 73 points

For an activity simulating a decathlon and using paper airplanes, see Classroom

Decathlon.
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To determine the score in shuffleboard find the sum of all pucks
completely contained in a region.

Any puck that is touching a line

does not score.
1.

A.

Is it possible to score exactly 40 points with five pucks?
If so, where does each puck lie?

B.

Is it possible to score exactly 40 points with four pucks?
If so, where does each puck lie?

C.

Is it possible to score exactly 40 points with three pucks?
If so, how?

2.

What is the greatest total you can score using four pucks?
T~at

is the smallest positive total you can score

with four pucks?
3.

What would be the total for each of the following?

SCOR£" •

4.

Indicate for each of the score s 10 through 20 which are possible
to score with four pucks a nd which are impossible.

For those

that are possible give the individual puck placement.
14 -

18 -

11-

15 -

19 -

12 -

16 -

20 -

13 -

17 -

10

1 on the 10
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Vet Moyer in the way

Newspapers and magazines can provide the

Sullivan slates bid
for boxing's bigtime

basis for

£

mathematics

and sports activity.
Students could collect
articles, write questions about the articles and pass them

By NEIL CAWOOD

around the class.

Of the Register-Guard

Tale of the tape

The curtain goes up on Eu·
gene's biggest fight card in 10
years tonight when Evergreen
Sports Inc. unveils a five-fight
p r o g r a m featuring middle·
w e i g h t s Denny Moyer and
John L. Sullivan at the Lane
C o u n t y Fairgrounds' indoor
arena.
A crowd of approximately
2,000 is expected to watch Sui·
!ivan's break-through into boxing's bigtime.
Sullivan, winner in all of his
20 professional bouts, will be
testing his skills against one of
the best and most experienced
in the middleweight division.
Sullivan's progress has been
observed first-hand in Eugene,
from the time he fought his
second fight on March 17,
1971, through the time he
fought No. 18 this past February.
A VICTORY against the seasoned 33-year-old Moyer, win·
ner of 105 out of 137 ring
battles, would put Sullivan in
line for ranking in the top 10
of either the middleweight
(160-pound limit) or junior
middle-weight (154) divisions.
"Sure," agreed Sullivan, "a
win here should give me a big
jump internationally. I'm unknown internationally and actually it's just the West Coast
where I'm known."
"It would be a big boost and
that's what it's r>ll about just keep c I i m b i n g those
stairs."
Sullivan will not only be
g1vmg up 14 years of experience but he'll be going into
tonight's main event about
three pounds lighter than Moyer.
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For the article to
the left, comparisons
of the two men's "statistics" could be made.
a)

Who is heavier?

b)

Whose measurements
are--on the
average--greater?

c)

~ow

important are

the physical
aspects versus
record of wins, or
age?
d)

How many inches
does each man's
chest increase by

John L. Sullivan
26
157 pounds

5' 8"
68W'
38%"
39%''
13Y:!"
11%"
6%"
llY:!"
30"
20%"
14%"

9"

Age
Weight
Height
Reach
Chest (Normal)
Chest (Expanded)
Biceps
Forearm
Wrist
Fist
Waist
Thigh
Calf
Ankle

Moyer
33
160 pounds
5' 8Y:!"
691,4"
39"
401,4"
14Ys"
11%"

7"

11%"
30Y:!"
20W'
14Y2''
8'%"

when expanded?
A more involved proj e ct would be to compare two football or
basketball teams.

Use

their weights,
heigh ts, ages or
records to predict a
winner.

Famou& l)lac.k Americ.an6
Puzzle
Though only five feet five inches tall, this boxer is the only fighter in the history of
boxing to have held three world titles at the same time - the featherweight, welterweight, and
lightweight titles. In 1954 he was elected to Boxing's Hall of Fame.

5,382

7,488

53,572 16,037 16,432

22,904 16,037 45,828 28,576 32,760 16,037 39,690 53,572 24,843

-~------. . Complete the problems below. Use the code letters above - - - - - - - •
each problem to find the name of the famous person.

A.

B.

c.

4 0 9
X 5 6

X 7

7 0 6
8

X 4

H.

I.

2 0 7
X

2 6

P.

9 8

R.

7 0 4
X

7 0 5
X

6 7

2 0 3
X

7 9

D.

E.

X

2 0 8
3 7

X

J.

L.

6 0 2
8 7

X

9 0 6
X 8 9

M.
6 0 3

s.

T.

3 0 4

9

3 0 4
X

9 4

5 0 4
X

6 5

F.

2 0 8
3 6

G.

3 0 6
X

8 7

5 0 7
4 9

X

N.

0.

9 0 8
X 5 9

4 0 5

u.

w.

Y.

6 0 9
3 8

X

2 0 6
2 9

X

X 7

X

6

X

9 8

2 0 8
7 9

SOURCE: Famous Black Americans Number Puzzles, Book B

Permission to use granted by Creative Teaching Associates
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FIIMOUf IITIILETEf PUlllE
Born in 1927 in the town of Silver, South Carolina, this person showed an interest in all sports.
She developed into an outstanding tennis player and in 1957 became the first Black American woman
to win the United States National Singles Championship. She also won the Wimbledon Women's
Singles Championship. She won both titles again in 1958 and then retired from amateur tennis. In
1957 she became the first Black woman to be voted the Athlete of the Year. After retiring from
tennis she became a golf professional and a night club singer.

8:09

11 :01

9:09 11 :06 11 :00

A
4: 2 7
+ 3:4 2

+ 6:4 7

11 : 13 11 :35 12: 12

C

8:3 6

+ 2:3 7

9: 1 7
+ 1: 4 8

D

E

2:5 5

+ 6:2 1

7: 1 2
+ 3:4 8

8:0 5
+ 2:5 8

3:2 7
+ 7:3 9

L

M

8:3 6

1 0:2 8
+ :4 7

4:4 3
+ 5:3 8

+ 2:2 5

p

R

s

4:4 1
+ 5:4 5

7:4 9
+ 3:4 6

J
6:5 5

+ 4: 1 7

1: 1 9
+ 7:5 3

0

N

2: 2 1
+ 6:4 9

4:3 3
+ 7:3 9

T

u

5:5

1

+ 3: 1 8

SOURCE: Famous A th/etes Number Puzzles, Book A
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9: 10

H

G

K

1 1:3 8
+ :3 6

11 :03 11 : 12

B

F

5:2 4

8:09

Permission to use granted by Creative Teaching Associates

4:0 9
+ 5:5 7

The diagram to the left
is a scale drawing of a
tennis court using a
scale of 1 cm:l m.
1)

BACK. COURT

Find the length,
width, perimeter and
area of a back court.
length
width
perimeter
area

2)
RIGHi

width, perimeter and

LE:F"T

SERVICE.
COURT

SE.R\1\CC
COURT

area of a service
court.
A

length

L
L

width

E.

perimeter

"
A

area
3)

L
L
E

Find the length,

Find the length,
width, perimeter and
area of an alley.

y

length
LE:.FT

RIG \-IT

SE.RVlCI:

SERVtCt:
COURT

COURT

width
perimeter
area
4)

Use the information
in exercises 1, 2 and
3 to f ind the l ength,
width, perimeter and
area of the entire
tennis court.

SACK.

COURT

len gth
width
perimeter
area

IDEA FROM:

Math in Sports, Cl LAMP

Permi ssion to use granted by Centra l Iowa Low-Achiever Mathematics Project
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Have a student bring a 5 or 10 speed bicycle to class. Turn the bike upside down so
that the gears can be shifted. Put a piece o f tape on the rear wheel of the bicycle.
Have the students count the teeth in
--E ~B
each gear and record in Table 1.
(The
~C
number is not standard. The front gears
-D
vary from 52 to 39 teeth and the rear
A
gears from 34 to 14.)

x_

Write the gear ratios and simplify.
Record in Table 2.
The following activities are suggested
for student investigation:
TABL[
1. Select a simple
gear ratio, for example
13 to 4, and set the
gears to correspond.
Check the gear ratio by
slowly turning the
pedals. The pedals
should turn four times
and the wheel thirteen.
(Hold the rear tire
lightly to aid in
counting the turns of
the wheel.) Check
some other gear ratios
by counting pedal and
rear wheel turns.

Gea.r

1

Nu.mber
of teeth

Geo..Y
Ra.tio

X

XtoA

y

X taB

A
B

XtoC

c
D

E

Xto D
Xto C
Yto A
Vto B
Yto C
Yto D
Yto E

2. Select a back gear and use the small front gear. Turn the pedals slowly and
shift to the large front gear.
Continue turning the pedals at the same rate. What
change do you notice in the back wheel? Can you explain? What are the corresponding
gear ratios?
3. Move the gearshifts so the chain is on the smallest back and front gears. Turn
the pedals at a constant rate. Shift only the back gear so that the chain travels
from the smallest to the largest gear wheel. What change occurs in the back wheel?
Can you explain? What are the corresponding gear ratios?
4.
If the pedals were turned at a constant rate, which ratio would cause the back
wheel to turn the fastest? Order the simplified gear ratios from largest to smallest.
Students could use a calculator to change each ratio to a decimal and then order the
decimals.
5.
In riding the bicycle, which gear setting is the easiest to pedal? the most
difficult? Experiment on the playground. Which gear setting allows you to travel
the farthest for one turn of the pedal? Devise a method for checking your prediction.
6.
In a cross-country bicycle race which gear setting would be best for going up a
steep hill?
7.
In a cross-country bicycle race which gear setting would be best for the sprint to
the finish line?
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The table below gives the number of boating accidents reported to the U.S. Coast Guard
in 1973. Use the table to answer these questions.

c.

What percent of the accidents occurred in non-tidal waters?
What percent of the fatalities occurred in non-tidal waters?
What percent of the injuries occurred in non-tidal waters?

2)

a.
b.
c.

What percent of the accidents occurred when visibility was poor?
What percent of the fatalities occurred when visibility was poor?
What percent of the injuries occurred when visibility was poor?

3)

What percent of the accidents occurred when
a) the water was calm?
b) the weather was clear?
c) the wind was light?
d) the visibility was good?

4)

These statistics seem to imply that the worst time to go boating is when the water
is calm, the weather is clear, the wind is light and the visibility is good. What
do you think?

1)

a.

b.

WEATHER

AND

WATER

CONDITIONS
Vl

w

1-...J

1973
Vl

w

I-

<

"'
Vl

z

0::0

w<o

1--!::::

3:Z
0

u

0::

w

J:

I-

<

w

"'
0

z

"'
>-

I...J

Cii
Vl

>

w

0::

:::>

-.

z

6738

1754

1599

Oceans or Gulf of Mexico
Great Lakes
Tidal waters
Non -tidal waters

408
306
1764
4260

142
73
249
1290

71
83
330
1115

Calm
Choppy
Rough
Very rough
Strong current
Unknown

3778
1375
625
319
272

632
248
223
141
126

1061
315
114
39
42

~fiq

\Ad

?A

Clear
Cloudy
Fog
Rain
Snow
Hazy
Unknown

5183
668
92
237
19
146
393
1511
2692
1342
579
190
424
5201
649
468
420

961
236
38
70
8
21
420
365
477
253
181
46
432
990
207
132
425

1333
140
25
38
3
23
37
375
810
277
78
23

TOTALS

0::

<
<
IL

I-

Vl

None
Light
Moderate
Strong
Storm
Unknown
Good
Fair
Poor
Unknown

_36_

1290
146
129
34

Chart from Boating Statisties 1973, United States Coast Guard
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Use the chart to answer these questions. Note that the attendance figures are
given in units of 1000 people. So, 17,659 means 17,659 x 1000 or 17,659,000.
a)

lVhich year shows the fewest number of professional boxers?

b)

Did more people attend college or professional football games?

c)

In 1973 how many people attended major league baseball games?
college football games?

d)

Did attendance always increase in baseball games?
football?

e)

Which attendance records more than doubled between 1960 and 1973?

f)

Baseball attendance showed what percent of increase between 1950 and 1973?
basketball?
professional football?

g)

Baseball's attendance of about 30 million is what percent of the U.S. population of
210 million?

h)

Basketball's attendance of about 7 million is what fractional part of the U.S. population of 210 million?
what percent?

i)

Estimate basketball's attendance for 1974.

j)

Make a graph to show the :tise in attendance for baseball, basketball and college
football for the years 1950 to 1973.
RECREATION
.Selected Recreational Activities:
Activity

Baseball, major leagues:
Attendance
Regular season
National league
American league
World series
Basketball, professional, attendance:
National Basketball Assoc .
American Basketball Assoc. :
Regular season
Playoffs
Football:
College, National Collegiate
Athletic Association:
Teams
Attendance
Professional, Nat'l Football League:
Attendance
Regular season
Championship games
Boxing, professional matches:
Boxers
Receipts, gross
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basketball?

1950 to 1973

Unit

1950

1960

1965

1970

1971

1972

1973

1,000
1,000
1,000
1,000
1,000

17,659
17,463
8,321
9,142
196

20,261
19,911
10,685
9,227
350

22,806
22,442
13,581
8,861
364

29,000
28,747
16,662
12,085
253

29,544
29,193
17,324
11,869
351

27,330
26,967
15,529
11,438
363

30,467
30,109
16,675
13,434
358

1,986

2,750

5,147

6,195

6,634

6,834

1,753
213

2,230
299

2,437
360

2,400
364

1,000
1,000
1,000

Number
1,000

674
18,962

620
20,403

616
24,683

617
29,466

618
30,455

620
30,829

630
31,283

1,000
1,000
1,000

2,115
1,978
137

4,153
4,054
99

6,546
6,416
130

9,991
9,533
458

10,560
10,076
484

10,929
10,446
483

11,257
10,731
526

Number
$1,000

3,940
3,800

2,920
5,902

2,202
8,264

5,071
10,642

5,783
10,237

6,136
11,847

7,384
12,634

~N~LWZIN~
~CTIVITib~

Charts or tables enable a person to find facts rapidly because the information is
well-organized and kept as brief as possible. Use the information in these charts to
answer these questions.
1972

PARTICIPATION IN SELECTED OuTDOOR REcREATION AcTIVITIEs:

Participants
(millions)

ACTIVITY

Camping In remote or wilderness areas. __ • • __
Camping In developed camp grounds •••• •...•
Runting.------ ------ - -----·-- - -- ------------F!shing _____ •• __ ______ ___ ----------------- __ _
Riding motorcycles off the road _____________ _

Participants
as percentage
of total
population '
5

7. 7
17. 5
22.2
38.0
7. 4
8. 6
26. 7
M. 2
16.7
8. 7
8. 5
4. 1
23.3
23. 5
53. 8
7. 7
8. 6
35.0
18. 9
38.7
59. 8
74.4
M. S
7.2
7. 2
24.8

Hiking with a pack, mountain/rock climbing.
Nature walks ..... -- ------- -- ----------- - ----Walking for pleasure.--------- - ------------- Bicycling ____ •........... ------ . •. . -- --- . . .. •.
Horseback riding ______ ----------------------Water skiing .• ____________ ------ ____________ _
Sailing _____ __• _______ ____ ------------- - ---- __
Other boating _____ ______ ____ ______________ ___
Outdoor pool swimming ______ ______ __ __ __ ___
Other swimming outdoors _____ _________ __ ___ _
Go!L ______________ ______ _______________ ___ __
~

Tennis· - --------------------------------- ---Piaying other outdoor games or sports ____ ___ _
Going to outdoor sports events _____ _____ __ __ _
VIsiting zoos, fairs, amusement parks ____ ____ _
Sightseeing____________ . __ ___________ ________ _
----- --- ----- -- -- -- ----- •• •• •_
Picnicking
Driving for____
pleasure
____
_____________________

Snow
skiing ________
-- ---__--_____
-----___
-- -------------- --_
Snowmobiling
___ _____________
Other winter sports ____________ ____________ __

11
14
24

a)

What is the most popular
activity?

b)

The second most popular?

c)

What fraction of the U.S. population uses picnicking as an
activity?
fishing
as an activity?

d)

Do more people camp in campgrounds or wilderness areas?

e)

Do more people hunt or fish?
snow ski or water
·ski?

f)

What fraction of the population
bicycles?

g)

Do twice as many people bicycle
as play golf?

h)

Are golf, tennis and fishing all
equally popular?

5
5
17
34

10
5
5
3
15
18
34
5
5
22
12

24

37
47
34
5
5
16

Data from United States Statistical Abstract, 1974.

No .

344.

F I SHING AND

HuNTING LICENSEs-NuMBER AND

CosT :

1950

TO

1972

[For years ending June 30. Prior to 1960. fishing and hunting licenses exclude Alaska and Hawaii. See also Historical
Statistics Colonial Times to 1957 series H 523-524]
ITEM

1950

'

1955

1960

1965

1968

1969

1970

a)

Why would there probably
be an increase during
1960?

b)

During all the years ?

c)

Were more fishing or
hunting licenses sold
over the years?

1972

1971

-- -- ---- -- -- ---- -Fishing licensess : Sales •.. millions. _
Resident. ______ ._ ... millions._
Nonresident. _____ .millions._
Cost to anglers .•... . .. mll. doL.

15.3
13. 3
2.0
34

18. g
16. 2
2. 6
40

23. 3
20.2
3. 1
52

25. 0
21.6
3. 4
63

28.8
24. 9
3. 9
80

29. 9
25. 7
4. 2
88

31.1
26.8
4.3
91

32. 4
27. 8
4. 6
100

33. 0
28. 2
4. 8
107

Hunting licenses: Sales• .millions . .
Resident. __ __....... millions ..
Nonresident. •.... . . millions._
Cost to hunters .... . . . mll. doL.
Federal duck stamps sold .. 1,000 ..

12.6
12. 4
.2
38
1, 955

14.2
13. 9
.3
43
2,185

18.4
17. 8

19. 4
18. 5
.9

20. 9
19. 9
.g
89
1, 934

21.6
20.6
1.0
96
1,839

22. 2
21.0
1.2
102
2,072

22. g

22.2
21.0
1. 2
107
2, 442

.616 1
75
1,629
1,566

I

2}:g
109
2,420

I

Prior to 1960, paid license holders; for definition, see footnote 1, table 346.
Source; U.S. Fish and W!ldllfe Service, Federal Aid in Fish and Wildlife Restoration, annual, and unpublished data.

1

Data from United States Statistical Abstract, 1974.

---

---

----------

d)

Sales in 1970 rose what percent over the 1950 sales for fishing?

e)

Sales in 1972 rose what percent over 1950 "{

£)

Which sport doubled in number of licenses sold using the years 1950 and 1972?

g)

The sales for both sports from 1950 to 1972 represent what percent of increase?

h)

The cost of fishing licenses rose from approximately $2 to
hunting rose from $3 to

The cost of
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C£OJSARV
at bat.

In baseball the number of
times a player is up to bat, except
no time at bat is recorded when the
player (1) hits a sacrifice bunt or
sacrifice fly, (2) is awarded first
base on four balls, (3) is hit by a
pitched ball, or (4) is awarded first
base because of interference or obstruction.

discus.

A disc-shaped object with a
mass of 2 kilograms (about 4.4 pounds)
thrown in a track meet. The discus
for women has a mass of 1 kilogram
(about 2.2 pounds).

error.
In baseball when a player
fumbles a baIlor makes a wild throw
that allows a runner to advance One
or more bases.

base hit.

In baseball when a batter
safely reaches first base on a fair
ball. A base hit is not recorded
when the batter safely reaches first
base because of a fielding error or
because the other team tried to put
out another base runner.

batting average.

In
mal number for each
dividing the number
the number of times

baseball a decibatter found by
of base hits by
at bat.

bowling ball.

Ball that weighs between 10 and 16 pounds; used to
knock down pins.

bowling pins.

Ten wooden objects in
a triangular arrangement that you
try to knock down.

calorie.

1. One calorie is the
amount of heat needed to raise the
temperature of 1 gram of water by
One Celsius degree (also called
small calorie). Symbol: cal
2. (usually spelled with a capital
C) 1000 calories. (also called
large calorie). Symbol: kcal; Cal

dash.

In track a short running event.
1. 100-yard dash (to be replaced by
the 100Imetre dash). 2. 220-yard
dash; 8 of a mile lto be replaced
by the 200 metre dash). 3. 440I
yard dash; ~ of a mile (to be replaced by the 400-metre dash).

decathlon.

A track competition consisting of 10 events: 100-metre
dash, long jump, shot put, high jump,
400-metre dash, 110-metre hurdles,
discus, pole vault, javelin, and
l500-metre run.

gear ratio.

Comparison of the number
of teeth on a front gear to the number of teeth on a back gear of a
bicycle.

home run distance.

The distance from
home plate to the outfield fence.
This varies from stadium to stadium
and varies within a stadium if the
playing field is irregular in shape.

infield.

The general area of a baseball
field enclosed by the three bases and
home plate, and within a 95-foot radius
of the pitching rubber.

javelin.

A spear-like object 260
centimetres long with a mass of 800
grams thrown in a track meet. The
javelin for women has a mass of 600
grams.

mean (arithmetic).

The value found by
adding all the numerical items of a
group and dividing by the number of
items in the group. Often called the
average.

median.

In a group of numbers arranged
in order the number that is in the
middle.

mode.

The number that occurs most
often in a group of numbers.

muscle fatigue.

When muscles get
tired from doing work.

Olympic games.

An international competition held every 4 years.

atb-oly
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ope-wor

SPORTS GLOSSARY

open frame.

In bowling a frame where
some pins are still standing after
2 rolls of a bowling ball.

outfield.

The part of a baseball
field in fair territory that is not
the infield.

penthalon.

An athletic competition consisting of 5 events: 300-metre freestyle swim, 4000-metre cross-country
run, SOOO-metre 30-jump equestrian
steeple chase, epee fencing and target
shooting at 25 metres.

pulse.

Number of heartbeats per minute.

range.

The difference between the
highest and lowest values in a group
of numbers.

2

stagger.

1. 1 turn--the heads tart
(
distance given to runners in a track
meet where runners must stay in
their respective lanes for one curve
of the track. 2. 2 turn--the headstart distance given to runners in a
track meet where runners must stay
in their respective lanes for two
curves of the track.

strike.

1. A frame in which all ten
pins are knocked down with 1 roll of
a bowling ball. 2. When a batter
swings and misses a pitched ball in
baseball or softball. 3. When a
pitched ball is in the strike zone
and a batter does not swing at it.
4. A foul ball when the batter has
less than two strikes.

world record.

run.

In track a lo~g running event.
1. 880 yard run; - of a mile (to be
replaced by the 800-metre run). 2.
Mile run (to be replaced by the 1500metre run). 3. 3-mile run (to be
replaced by the SOOO-metre run).

sacrifice.

1. bunt--with less than
two out~ the batter advances one or
more base runners with a bunt and is
put out at first base. 2. fly--with
less than two outs, the batter hits
a fly ball that is caught and a base
runner scores after the catch.

shot put.

In track a heavy metal
ball (7.3 kilograms in college)
thrown in a track meet. The shot
put for women has a mass of 4 kilograms.

slugging percentage.

In baseball a
decimal number for each batter
found by dividing the number of
times at bat into the total bases
of all safe hits.

spare.

A frame in which all ten pins
are knocked down with 2 rolls of a
bowling ball.
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In track the fastest
time or farthest distance officially
recorded in the world for an event.
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ANNOTATE" BZKZOCIl4lPW
The following is a list of sources used in the development of this resource.
It is not a comprehensive listing of materials available.

In some cases, good

sources have not been included simply because the project did not receive permission
to use the publisher's materials or a fee requirement prohibited its use by the
project.
ACTIVITIES IN MATHEMATICS, Second Course.

Johnson, Donovan A; Hansen, Viggo P.;

Peterson, Wayne H.; Rudnick, Jesse; Cleveland, Ray; and Bolster, L. Carey.

Glenview, Illinois: Scott, Foresman and Company, 1973.
and Company, 1900 East Lake Ave., Chicago, IL 60025)

(Scott, Foresman

384 pp; cloth; textbook; b/w
This book is an elementary text in which many of the concepts are developed through use of manipulatives and activities.
ACTIVITIES IN MATHEMATICS, Second Course.

Johnson, Donovan A.; Hansen, Viggo P.;

Peterson, Wayne Ho; Rudnick, Jesse A.; Cleveland, Ray; and Bolster, L. Carey.
Glenview, Illinois: Scott, Foresman, and Company, 1973.
(Scott, Foresman

and Company, 1900 East Lake Ave., Glenview, IL 60025)
432 pp; cloth; teacher's guide; color
A collection of 85 student activities covering four topics:
graphs, statistics, proportions and geometry are contained in

this book. Each of the four sections can be purchased separately in paperback format for student use.
ALL AROUND YOU. Bureau of Land Management. Washington, D.C.: U.s. Government
Printing Office, 1971. (U.S. Government Printing Office, Div. of Public
Documents, Washington, D.C. 20402)
126 pp; paper; workbook
This collection of student worksheets and teacher's pages is
oriented toward middle school environmental education and contains
a few activities which could lead to mathematical work.
THE AMBIDEXTROUS UNIVERSE. Gardner, Martin. New York: Basic Books, Inc., 1964.
(Basic Books, Inc., 10 E. 53rd St., New York, NY 10022)
cloth; teacher reference; b/w

This book is full of light and humorous stories which rely
heavily upon an understanding of science for explanation.
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ARITHMETICAL EXCURSIONS:
Bowers, Joan E.

AN ENRICHMENT OF ELEMENTARY MATH.

New York:

Bowers, Henry and

Dover Publications, Inc., 1961.

(

(Dover Publications,

Inc., 180 Varick St., New York, NY 10014)
320 pp; paper; b/w; teacher reference
This is a book of enrichment topics in mathematics ranging from
counting through the arithmetic operations to figurate, perfect and
amicable numbers and then on to mysteries and folklore of numbers.
Exercises and answers are provided for each of the 27 topics.

ASK ANDY.

Los Angeles:

Los Angeles Times Syndicate

ASK ANDY is a syndicated column in newspapers. Children
submit science-related questions. Andy then responds in
non-technical language. Each child he responds to is sent
a 20-volume encyclopedia.
"The basis of music--mathematics." Lawlis, Frank.
No.6 (October, 1967), pp. 593-596.

THE MATHEMATICS TEACHER, Vol. LX,

This is an easy-to-read discussion of how mathematics has been

applied to rhythm, harmony and melody.

This article provided the

ideas for "Cube Compositions."

BETTER ENVIRONMENT BOOKLETS. Soil Conservation Society of America.
(Soil Conservation Society of America, 7515 N.E. Ankeny Rd., Ankeny, IA 50021)
16 pp. each; paper; student reference

(

This series of comic books have environmental themes, with
occasional numerical data which could be the basis for mathematical questions. Titles are "Working Together for a Livable
Land" (1970); "Making a Home for wildlife on the Land"; "The
Story of LandI',. "Plants, How They Improve Our Environment!!:;
"Help Keep Our Land Beautiful"; "The Wonder of Water" (all

1971); and "Food and the Land" (1972).
THE BICYCLE VS. THE ENERGY CRISIS. Washington, D.C.: U.S. Environmental Protection
Agency, 1974.
(U.S. Environmental Protection Agency, 401 M st., S.W., Washington
D.C. 20460)
This pamphlet describes the advantages of bicycling in terms
of its contribution to energy conservation.

BOATING STATISTICS 1973. Washington, D.C.: U.S. Department of Transportation,
1974.
(U.S. Department of Transportation, 400 Seventh St., S.W., Washington
D.C. 20590)
44 pp; paper; teacher referencE; b/w

This is a compilation of statistics about boating and boating
accidents for 1973.
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BUILD-IT-YOURSELF SCIENCE LABORATORY.
Doub.leday & Company, Inc., 1963.
Ave., New York, NY 10017)

Barrett, Raymond. Garden City, New York:
(Doubleday and Company, Inc., 245 Park

340 pp; cloth; teacher reference; b/w
This book contains a collection of science activities which
can be set up and performed using homemade, inexpensive equipment.

CHARTING THE UNIVERSE, Book 1.
(The University of Illinois Astronomy Program
Series) Elementary-School Science Project. Co-Directed by Atkin, Myron J. and
Wyatt, Stanley P. Jr. New York: Harper and Row, Publishers, 1969.
(Harper
and Row Publishers, 10 E. 53rd St., New York, NY 10022)
87 pp; paper; textbook

The University of Illinois Program is a series or six books that
introduces astronomy to upper elementary and junior high students.
The major concepts in each book are explored through numerous student
activities as well as through the development of models that
explain astronomical phenomena.

The series is an excellent-resource

for applications of mathematics to astronomy.
CHARTING THE UNIVERSE, Book 1, Guidebook.
(The University of Illinois Astronomy
Program Series) Elementary-School Science Project. Co-Directed hy Atkin,
Myron J. and Wyatt, Stanley P. Jr. New York: Harper and Row, Publishers, 1969.
(Harper and Row Publishers, 10 E. 53rd St., New York, NY 10022)
72 pp; paper; teacher's guide

The university of Illinois Program is a series of six books that
introduces astronomy to upper elementary and junior high students.
The major concepts in each book are explored through numerous student activities as well as through the development of models that explain astronomical phenomena.

The series is an excellent resource

for applications of mathematics to astronomy.
CHILDREN AND ANCESTORS, Action Biology Series. Weinberg, Stanley L. and Stoltze,
Herbert J. Boston: Allyn and Bacon, Inc., 1974.
(Allyn and Bacon, Inc.,
470 Atlantic Ave., Boston, MA 02210)
64 PPi paper; workbook; color; medium reading level

This workbook contains fifteen activity-oriented lessons
dealing with topics on genetics.
CLEAN AIR AND YOUR CAR. Washington, D.C.: U.S. Environmental Protection Agency,
n.d. (United States Environmental Protection Agency, Office of Public Affairs,
Washington, D.C. 20460)
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(
"Computer analysis of musio forms."
(October, 1968), pp. 33, 58.

4adner, Robert .Jr.

MUSIC JOURNAL, Vol. 26

A short disoussion of the praotioality of analyzing musio
via computer in order to determine who the composer was is given
here.
"Computer musio." Hiller, Lejaren A. Jr.
1959), pp. 109-120.

SCIENTIFIC AMERICAN, Vol. 201 (December,

The author of this article asks,"Can computers be used to compose
a symphony?u, An affirmative answer is given by explaining what can
and has been done. Examples are shown from ILLIAC SUITE FOR STRING
QUARTET whioh was oomposed by ILLIAC, the high-speed digital oomputer
of the University of Illinois.
"Computers and future music."

Mathews, M.J.; Moore, F ..'R.; and Risset, J.e.

SCIENCE, Vol. 183, No. 4122 (January 25, 1974), pp. 263-268.
This is a discussion of computers and music.

£eal-time

Groove (generated

~perations ~n ~oltage-oontrolled~quipment)

is disoussed

in some detail.

"The oonoept of unity of eleotronio musio." Stockhausen, Karlheinz.
OF NEW MUSIC, Vol. 1 (Fall, 1962), pp. 39-48.

PERSPECTIVES
(

This is a technical article on the author's experimentation
with electronic music.

COSMIC VIEW:

THE UNIVERSE IN FORTY JUMPS. Boeke, Kees. New York: John Day
(John Day Company., Inc., 666 Fifth Ave., New York, NY

Company, Inc or 1957.

10019)

"Counterpoint as an equivalenoe relation." Delman, Morton.
LX, No.2 (February, 1967), pp. 137-138.

THE MATHEMATICS TEACHER,

This is a short artiole explaining that the use of oounterpoint
,is an equivalence relation*

The article references several jazz

reoords in whioh students oan hear eaoh player improvising, yet it
all blends together because counterpoint is "transitive. It
DEMONSTRATION EXPERIMENTS IN PHYSICS. Sutton, Richard. New York: McGraw-Hill Book
Company, 1938.
(McGraw-Hill Book Company, 1221 Avenue of the Americas, New
York, NY 10020)
545 pp; cloth; teacher reference; b/w

This is a oolleotion of ideas and demonstrations. Although
it was published in 1938, it's an exoellent resouroe. Its contents
are still usable, and many with a minimum of equipment.
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DIMENSIONS AND MOTIONS OF THE EARTH . . . MEASURING TIME, SPACE AND MATTER, Teacher
Folio-Investigation 5.
(Time, Space and Matter . . . Investigating the Physical
World Series) Secondary School Science Project. Princeton, New Jersey: Webster
Division, McGraw-Hill Book Company, 1969.
(McGraw-Hill Book Company, 1221Avenue
of the Americas, New York, NY 10020)
75 pp; paper; teacher's guide; b/w

Included in the measurement activities in the booklet are articles
in which the student measures the circumference of the earth and uses
the rotational motion of celestial objects as a basis for our units of

time.

THE DIVINE PROPORTION.

Huntley, H.E. New York: Dover Publications, Inc., 1970.
(Dover Publications, Inc., 180 Varick St., New York, NY 10014)

paper; teacher reference

Music is referenced frequently in this collection of interesting
ideas related to the "golden section" of the Greeks.
DOING THEIR THING, Action Biology Series.

Weinberg, Stanley L. and Stoltze, Herbert
J. Boston: Allyn and Bacon, Inc., 1974.
(Allyn and Bacon, Inc., 470 Atlantic
Ave., Boston, MA 02210)
64 PPi paper; workbook; color; medium reading level

This is a workbook of fifteen activity-oriented lessons
dealing with the senses and how we learn.
THE EARTH AND HUMAN AFFAIRS.
Press, 1972.

National Academy of Sciences. San Francisco: Canfield
(Harper and Row Publishers, 10 E. 53rd St., New York, NY 10022)

ECOLOGY, ENVIRONMENT, AND EDUCATION.

Tanner, R. Thomas. Lincoln, Nebraska: Professional Educators Publications, 1974.
(Professional Educators Publishing, P.O.
Box 80728, Lincoln, NB 68501)
106 pp; paper; teacher reference

This book describes some programs and materials and provides background on issues in environmental education.

ItWQuld be of most use

to the teacher who wishes to explore environmental education extensively.
THE ELECTRICAL PRODUCTION OF MUSIC.
1957.

Douglas, Alan. New York: Philosophical Library,
(Philosophical Library, 14 E. 40th St., New York, NY 10016)

"Electronic Music:

WORLD,

its composition and performance .. "

Moog, .Robert A.

ELECTRONICS

Vol. 77, No.2 (February, 1967).

THE ENCYCLOPEDIA OF SPORTS.
1975.

Menke, Frank Grant. South Brunswick: A.S. Barnes,
(A.S. Barnes and Company, Inc., P.O. Box 421, Cranbury, NJ 08512)

1125 pp; cloth; teacher reference; b/w
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(
ENERGY CRISES IN PERSPECTIVE.
1974.

Fisher, John. New York: John Wiley and Sons, Inc'.,
(John Wiley and Sons, Inc., 605 Third Ave., New York, NY 10016)

196 pp; cloth; teacher reference; b/w

This book contains many tables and graphs about energy use and
sources.
ENERGY PRIMER.

Menlo Park, California, Portola Institute, 1974.
(~he 1967 edition
has been published by Dell Books, Dell Publishing Company, Inc" 1 Dag Hammar~
skjold Plaza, 245 E. 47th St., New York, NY 10017)
200 pp; paper; teacher reference

This book gives a survey of small-scale energy production by solar,
water I wind and biofuels.

It also reviews several books.

ENVIRONMENTAL EDUCATION IN THE ELEMENTARY SCHOOL.

Sale, Larry and Lee, Ernest.
New York: Holt, Rinehart and Winston, Publishers, 1972.
(Holt, Rinehart
and Winston, Publishers, 383 Madison Ave., New York, NY 10017)

203 PPi paper; teacher reference
This book provides teacher background and some ideas for

environ~

mental education in the classroom. The activities are not described
with mathematics in mind, but there are lots of numerical data which
might suggest ideas.

(

ENVIRONMENTAL SCIENCE, PROBING THE NATURAL WORLD, LEVEL III.

Intermediate Science
Curriculum Study. Morristown, New Jersey: Silver Burdett General Learning
Corporation, 1972.
(Silver Burdett General Learning Corporation, 250 James
st., Morristown, NJ 07960)
146 pp; textbook; color
This is an excellent collection of environmental activities,

with many mathematics-related questions built in.
ESSENCE I (revised).

Menlo Park, California: Addison-Wesley PUblishing Company,
Inc., 1971.
(Addison-Wesley Publishing Company, Inc., 2725 Sand Hill Rd.,
Menlo Park, CA 94025)

activity cards; teacher's guidei b/w
This series of "transdisciplinary," "open," student-centere¢l

activities are designed to build an atmosphere of trust.
involve applications of mathematics.

Some
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FAMOUS ATHLETES NUMBER PUZZLES.

Teaching Associates, 1974.
Fresno, CA 93727)

Silvani, Harold. Fresno, California: Creative
(Creative Teaching Associates, P.O. Box 7714,

48 pp, paper, puzzle book; b/w; low reading level

This is a book which provides drill in addition, subtraction,
multiplication, and division of whole numbers and fractions, and
also includes addition and subtraction of time and changing fractions to decimals and percents.
Athletes" as answers is used.

A format of puzzles wi th

tI

Famous

Ecklund, Larry. Fresno, California: Creative
(Creative Teaching Associates, P.O. Box 7714, Fresno,

FAMOUS BLACK AMERICANS NUMBER PUZZLES.

Teaching Associates, 1975.
CA 93727)

56 pp; paper, puzzle book, b/w

This is the second of two books covering basic skills in addition,
subtraction, multiplication, and division using a format of puzzles
with "Famous Black Americans" as answers.
Hoggatt, Verner E., Jr.
Boston: Houghton Mifflin
(Houghton Mifflin Company, 1 Beacon St., Boston, MA 02108)

FIBONACCI AND LUCAS NUMBERS.

Company, 1969.

92 pp; paper, teacher reference; b/w

The book offers an introduction to some of the properties of
Fibonacci and Lucas numbers.
Bennett, Albert B. Jr. and Davidson, Patricia S. Fort Collins,
Colorado:
Scott Resources, Inc., 1973.
(Scott Resources, Inc., P.O. Box
2121, Fort Collins, CO 80522)

FRACTION BARS.

activity kit

This kit contains a program of games, activities, manipulative
materials, objectives, workbooks, and tests for teaching fractions.
A model for fractions with denominators of 2, 3, 4, 6 and 12 is used

throughout this very excellent kit.
Minneapolis, Minnesota: The Math Group, Inc., 1973.
Math Group, 396 East 79th St., Minneapolis, MN 55420)

FRACTION FACTORY.

(The

21 activity cards; b/w

Twenty-one cards presenting situations where fractions are needed for

solution of a problem make up this set.
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FROM HERE, WHERE? A Sourcebook in Space Oriented Mathematics for Secondary Levels.
Washington, D.C.: Superintendent of Documents, U.S. Government Printing Office,
1965. (U.S. Government Printing Office, Div. of Public Documents, Washington,
D.C. 20402)
192 pp; paper; student reference; high reading level
This is a collection of applications of mathematics in space
science that is designed to supplement the material usually studied
in secondary school mathematics.

FUNDAMENTAL ASTRONOMY: SOLAR SYSTEM AND BEYOND. Cole, Franklyn W. New York:
John Wiley and Sons, 1974. (John Wiley and Sons, Inc., 605 Third Ave.,
New York, NY 10016)
476 pp; cloth; textbook
The book is a text for a beginning college level course in
astronomy that will provide adequate information for those desiring
a knowledge of fundamental astronomy.
A GALAXY OF GAMES FOR THE MUSIC CLASS. Athey, Margaret and Hotchkiss, Gwen. West
Nyack, New York: Parker Publishing Company, Inc., 1975. (Prentice-Hall, Inc.,
Englewood Cliffs, NJ 07632)
215 pp; cloth; game book
This book contains a collection of 241 games and teacher aids
for teaching rhythmic response, melody writing, music notation
and ear training. Each game is rated K-8.

(

GENETIC CONTINUITY. Glass, Bentley. Biological Sciences Curriculum Study.
Lexington, Massachusetts:
D.C. Heath and Company, 1968. (D.C. Heath and
Company, 125 Spring St., Lexington, MA 02173)
154 pp; paper; workbook; b/w; high reading level
This is a workbook designed to allow students to discover various
ideas dealing with genetics and inherited traits.
GEOMETRY IN MODULES, Book B. Lange, Muriel. Menlo Park, California: AddisonWesley Publishing Company, Inc., 1975, pp. 103-110.
(Addison-Wesley Publishing
Company, Inc., 2725 Sand Hill Rd., Menlo Park, CA 94025)
124 pp; paper; textbook; b/w; medium reading level
These pages contain ideas on how changes in linear dimensions
affect changes in surface area and volume.
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GIANT GOLDEN BOOK OF MATHEMATICS-Exploring the World of Numbers and Space.
Irving. New York: Golden Press, Inc., 1958, 1960.
1220 Mound Ave., Racine, WI 53404)

Adler,
(Western Publishing, Inc.,

56 pp; cloth; student reference; color

Designed to interest young people, this is a book of mathematical
ideas.
THE GOLDEN MEASURE.

(Reprint Series) Schaaf, William L., Ed. Palo Alto: School
Mathematics Study Group, 1967.
(Distributed by A.C. Vroman, Inc., 2085 E.
Foothill Blvd., Pasadena, CA 91109)
46 pp; paper; teacher reference; b/w

This teacher reference book reprints several articles dealing
with. the golden ratio and its occurrence in nature, art, and geometry.
GREAT CURRENTS OF MATHEMATICAL THOUGHT, Volume II:

MATHEMATICS IN THE ARTS AND

SCIENCES.
"Mathematics and music." Edited by LeLionnais, F. New York:
Dover Publications, Inc., 1971, pp. 189-196.
(Dover Publications, Inc.,
180 Varick St., New York, NY 10014)
teacher reference

A discussion of the mathematical basis of musical scales and the
various number relations in music are given here.
GROVE'S DICTIONARY OF MUSIC AND MUSICIANS, Volumes I-X.

Blom, Eric, ed.

New York:

Macmillan and Company, LTD, 1954.
cloth; teacher reference

These ten large volumes contain an extensive coverage of musical
terms, composers, compositions, style and history.

GUINNESS BOOK OF WORLD RECORDS.

McWhirter, Norris and McWhirter, Ross. New York:
Sterling Publishing Co., Inc., 1975.
(Sterling Publishing Company, Inc. ,
419 Park Ave. South, New York, NY 10016)
688 pp; cloth; student reference; b/w; medium reading level

HARVARD DICTIONARY OF MUSIC.
University Press, 1966.
MA 02138)

Apel, Willi. Cambridge, Massachusetts: Harvard
(Harvard University Press, 79 Garden St., Cambridge,

cloth; teacher reference

This is a one-volume dictionary which includes history, background
and use of musical terms.
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(
HORNS, STRINGS AND HARMONY. Benade, Arthur H. New York: Anchor Books, Doubleday.
and Company, Inc., 1960.
(Doubleday and Company, Inc., 245 Park Ave., New
York, NY 10017)
paper; teacher reference

This is a book giving a clear and comprehensive account of both
the scientific and the aesthetic nature of music.
IDEAS AND INVESTIGATIONS IN SCIENCE-BIOLOGY. Wong, Harry K. and Dolmatz, Malvin S.
Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1971. (Prentice-Hall, Inc.,
Englewood Cliffs, NJ 07632)
280 pp; cloth; textbook; b/w; medium reading level
Five

ideas-~inquiry,

evolution, genetics, homeostasis, and

ecology--are explored using activity--oriented lessons.
INFORMATION PLEASE ALMANAC, ATLAS AND YEARBOOK 1975. Golenpaul, Ann. New York:
Dan Golenpaul Associates, 1974.
(Dan Golenpaul Associates, 502 Park Ave.,
New York, NY 10022)
992 pp; paper; teacher reference; b/w
This book is a collection of national and world facts and
events.
IN ORBIT, PROBING THE NATURAL WORLD, Level III. Intermediate Science Curriculum
Study. Co-directed by David D. Redfield and William R. Snyder. Morristown,
New Jersey: Silver Burdett General Learning Corporation, 1972. (Silver
Burdett General Learning Corporation, 250 James St., Morristown, NJ 07960)

(

III pp; paper; teacher reference
IN ORBIT is a science unit developed for students ages 11
through 16 that uses a hands-on discovery approach to explore
phenomena in the solar system.
INQUIRY INTO BIOLOGICAL SCIENCE, Teacher's Annotated Edition. Jacobson, Willard;
Kleinman, Gladys; Hiack, Paul; Carr, Albert; and Sugarbaker, John. New York:
American Book Company, 1969.
(American Book Company, 450 W. 33rd St., New
York,NY 10001)
455 pp; cloth; textbook; color; high reading level
This is a biology textbook organized around several concepts
of biology--namely science, the cell, plants and animals, the
human organism, ecology, and continuity and change.
INTERACTION OF MAN

&

THE BIOSPHERE, Teacher's Edition.

Abraham, Norman; Beidleman,

Richard G.; Moore, John A.i Moores, Michael; and Utley, William J.

Science Curriculum Project. Chicago: Rand McNally & Company, 1970.
McNally and Company, P.O. Box 7600, Chicago, IL 60680)

Interaction

(Rand

378 pp; paper; textbook; color; high reading level
This is a textbook designed for the study and communication of
ecological principles.
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INVESTIGATING SCHOOL MATHEMATICS, Second Edition. Eicholz, Robert E.; O'Daffer,
Phares G.; and Fleenor, Charles R. Menlo Park, California: Addison-Wesley
Publishing Company, Inc., 1976.
(Addison-Wesley Publishing Company, Inc.,
2725 Sand Hill Rd.• , Menlo Park, CA 94025)
cloth; textbook series; color

This is a textbook series for grades 1-6. The books are colorfully
illustrated and include the usual topics in mathematics. A spiral
approach is used for most topics and many thought-provoking extensions
are included.
INVESTIGATING VARIATION, Teacher's Edition. Intermediate Science Curriculum
Study. Morristown, New Jersey: Silver Burdett General Learning Corporation,
1972.
(Silver Burdett General Learing Corporation, 250 James St., Morristown,
NJ 07960)
93 pp; paper; workbook; color; medium reading level
This is a workbook with activity-oriented lessons dealing with
variations that occur in man.

JUNIOR BIOLOGY: POPULATIONS. Hamilton, Ontario: Board of Education of the City
of Hamilton, n.d.
(Board of Education of the City of Hamilton, 100 Main St.,
W.,Hamilton, Ontario, Canada L8N 3Ll)
paper; workbook; b/w
Twenty-one activities on the general theme of population are
given here. Some require biology equipment. Write: 100 Main Street
West, Hamilton, Ontario, Canada.

KEEPING ALIVE, Action Biology Series. weinberg, Stanley L. and Stoltze, Herbert
J. Boston: Allyn and Bacon, Inc., 1974.
(Allyn and Bacon, Inc., 470
Atlantic Ave., Boston, MA 02210)
64 PPi paper; workbook; color; medium reading level

This workbook gives fifteen activity-oriented lessons dealing
with functions of the body.
LABORATORY ACTIVITIES FOR TEACHERS OF SECONDARY MATHEMATICS. Kulm, Gerald. Boston,
Massachusetts: Prindle, Weber & Schmidt, In., 1976.
(Prindle, Weber, and
Schmidt, Inc., 20 Newbury St., Boston, MA 02116)
paper; teacher reference; b/w

This is a collection of laboratory activities designed for
secondary students.
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LABORATORY INVESTIGATIONS IN PHYSICS, Teacher's Edition.
Youngner, Philip.

Morristown, New Jersey:

Genzer, Irwin, and

(

Silver Burdett General Learning

Corporation, 1969.
(Silver Burdett General Learning Corporation, 250 James
St., Morristown, NJ 07960)
235 PP: paper: teacher's guide: b/w
This is a high school phyics laboratory manual. In each
experiment the charts, graphs and tables needed for student
use are shown very explicitly.
LABORATORY MANUAL FOR THE WORLD OF PHYSICS. Gottlieb, Herbert H. Reading, Massachusetts: Addison-Wesley Publishing Company, Inc., 1973. (Addison-Wesley
Publishing Company, Inc., South Street, Reading, MA 01867)
232 PP: paper: teacher's guide: b/w
The book is a high school physics laboratory manual in which
all the experiments are designed so they can be solved using
simple algebra and arithmetic.
LIFE SIZE, A MATHEMATICAL APPROACH TO BIOWGY. Gibbons, Rachael F. and Blofield,
B. Ann. London: Macmillan Administration LTD, 1971. (Macmillan Administration,
(Basingstoke) Ltd., Houndmills, Basingstoke, Hampshire RG2l 2X5)
104 PP: paper: teacher's guide: b/w
Activities and exercises that show how biology and mathematics
can be interrelated are given here.
THE LIMITS TO GROWTH. Meadows, Donnella, et al. New York:
(Universe Books, 381 Park Ave. S., New York, NY 10016)

(

Universe Books. 1972.

205 PP: paper: teacher reference: b/w
One of the recent "classics" in describing the predicament of
the world, this book outlines the consequences of continued growth
and the restraints necessary to match population needs and earth's
reSQUrCeS4

LISTENER'S GUIDE TO MUSICAL UNDERSTANDING, Fourth Edi tion. Dallin, Leon. Dubuque,
Iowa: wm. C. Bro~ Co., Publishers, 1972.
(Wm. C. Brown, Co., Publishers,
2460 Kerper BlVd., Dubuque, IA 52001)
THE LIVES OF THE GREAT COMPOSERS. Schonberg, Harold C. New York: W.W. Norton
and Company, Inc., 1970.
(W.W. Norton and Company, Inc., 500 Fifth st.,
New York, NY 10036)
600 PP: cloth: student reference: medium-high reading level
This book is a series of biographies about the great composers.
MAKE YOUR OWN MUSICAL INSTRUMENTS. Mandell, Muries and Wood, Robert E. New York:
Sterling Publishing Co., Inc., 1957.
(Sterling Publishing Company, Inc., 419
Park Ave. S., New York, NY 10016)
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THE MAKING OF MUSICAL INSTRUMENTS. Young, Thomas Campbell. Freeport, New York:
Libraries Press, 1969.
(Libraries Press, Freeport, NY)
MATH IN SPORTS.

Des Moines, Iowa:

Central Iowa Low-Achiever Mathematics Project.

(Central Iowa Low-Achievers Mathematics Project, Board of Education, Des Moines,
IA 50310)
paper; teacher's guide; b/w

This booklet is designed to take advantage of the natural
interest students have in sports. Some mathematical topics
covered include computation with whole number, decimals, percents, scale drawings, area and perimeters, and finding averages.

"Mathematical Games:

the arts as combinatorial mathematics or how to compose
SCIENTIFIC AMERICAN, Vol. 231

like Mozart with dice~" Gardner, Martin.
(December, 1974), pp. 132-136.

The use of dice and cards for composing music is discussed along
with many examples of composers (including Mozart) who used this
method occasionally.
"Mathematical-musical relationships: a bibliography." O'Keefe, Vincent.
MATHEMATICS TEACHER, Vol. 65 (April, 1972), pp. 315-324.

THE

This is an extensive 9-page bibliography of articles and books
relating mathematics and music. Many, but not all, of the referenced
works require a good background in mathematics and music.
"Mathematicians and music." Archibald, R.C.
31. (January, 1924), pp. 1-25.

AMERICAN MATHEMATICAL MONTHLY, Vol.

A discussion of musical achievements by mathematicians and
some history of scales are given here. Some of this article
is used as a source for the Brown reference listed below.
MATHEMATICS A HUMAN ENDEAVOR. Jacobs, Harold R. San Francisco: W.H. Freeman and
(W.H. Freeman and Company Publishers, 660 Market
Company Publishers, 1970.
St., San Francisco, CA 94104)
529 pp; cloth; textbook; b/w; high reading level

This liberal arts course is an excellent resource hook.
Many of the ideas are suitable for or could be adapted for
middle school students.
MATHEMATICS AND LIVING THINGS, Student Text and Teacher Commentary. School Mathematics Study Group.
Palo Alto: The Board of Trustees of the Leland Stanford
Junior University, 1965.
(Distributed by A.C. Vroman, Inc., 2085 E. Foothill
Blvd. , Pasadena, CA 91109)
221/170 pp; paper; textbook/teacher's guide; b/w

In this book junior high mathematics is approached through
experiments with biology. Detailed lessons stressing data
gathering, organization and analysis are given.
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MATHEMATICS AND MUSIC.

(Reprint Series) Schaaf, William L., ed. Palo Alto:
School Mathematics Study Group, 1967.
(Distributed by A.C. Vroman, Inc.,
2085 E. Foothill Blvd., Pasadena, CA 91109)

(

25 PP: paper: teacher reference

Four short articles which discuss the commonalitites of Mathematics
and Music:

order, harmony, . . . . and refer to the numerical basis of

music.

"Mathematics and music."

Crow, Warren. SCHOOL SCIENCE AND MATHEMATICS, LXXIV,
No.8 (December, 1974), pp. 687-691.

This is a short article relating modular arithmetic and transposing music. It has good ideas for classroom use.
MATHEMATICS AND MY CAREER, "Music and mathematics."

Lyon, Howard P. Edited by
Turner, Nura Dorothea Rains. Washington, D.. C.: The National Council of
Teachers of Mathematics, 1971, pp. 34-39.
(National Council of Teachers
of Mathematics, 1906 Association Dr., Reston, VA 22091)
collection of essays; teacher reference
Some features common to both mathematics and music are given

here. Editorial notes include information about the association
of mathematics and music by Pythagoras, Schoenberg and Stravinsky.
MATHEMATICS IN WESTERN CULTURE, "The sine of G major."
Oxford University Press, 1972, pp. 287-303.
Madison Ave., New York, NY 10016)

Line, Morris. New York:
(Oxford University Press, 200

(",

paper; teacher reference
A description of the sine curves used to represent musical

sounds is given in this book.
"Mathematics of musical scales."

Malcom, Paul S.
65 (November, 1972), pp. 611-615.

THE MATHEMATICS TEACHER, Vol.

This article discusses the development and mathematical basis
of the Pythagorean scale, the just intonation system, the equaltemperament system and some Middle Eastern and Oriental scales.
MCDONALD'S ECOLOGY ACTION PACK.

Oak Brook, Illinois: McDonald's Corporation, 1974.
(McDonald's Corporation, McDonald's Plaza, Oak Brook, IL 60521)

29 pp; paper; spirit master
Address inquiries to:

Public Relations Manager, McDonald's

Corporation, One McDonald Plaza, Oak Brook, Illinois 60521.
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"A merry time with the Moog."

Schonberg, Harold C.

NEW YORK TIMES (February 16,

1969) .

A humorous discription of the music in "Switohed-on Bach" (a
columbia record which has music, including the "Brandenburg: Con-

certo No.3, played by the Moog Synthesizer) is given here as
well as the possibilities in the future for electronic music.
MICHELSON AND THE SPEED OF LIGHT.

(Science Study Series) Jaffe, Bernard. Garden
City, New York: Anchor Books, Doubleday & Company, Inc., 1960.
(Doubleday
and Company, Inc., 245 Park Ave., New York, NY 10017)
195 pp, cloth, teacher reference, b/w

This non-technical book is easy reading for middle school
students. It gives the life history of A.A. Michelson and
important early experiments in light.
MIRA MATH FOR ELEMENTARY SCHOOL.

(A Mira Math Co. Publication) Palo Alto,
California: Creative Publications, Inc., 1973.
(Creative Publications,
Inc., P.O. Box 10328, Palo Alto, CA 94303)
88 pp, paper, b/w; teacher's guide
Using a reflective piece of plastic called a "Mira",students are
introduced to properties of reflections, congruence, symmetry and construction techniques.
The book is designed for grades 4 - 6 and presents
the activities in a very intuitive matter.

MODERN LIFE SCIENCE.

Fitzpatrick, Frederick L. and Hole, John W. New York: Holt,
Rinehart and Winston, Publishers, 1970.
(Holt, Rinehart and Winston, PUblishers,
383 Madison Ave., New York, NY 10017)
584 pp, cloth, textbook, color, high reading level

This is a textbook that approaches the study of living organisms
from a ecological point of view, emphasizing four content areas--

the simple and the complex, the natural community, man and his environment, and production and control.

MODERN PHYSICS.

Williams, John; Trinklein, Frederick, and Metcalfe, Clark. New
York: Holt, Rinehart and Winston, PUblishers, 1976. Holt, Rinehart and
Winston, Publishers, 383 Madison Ave., New York, NY 10017)
724 pp; cloth; textbook; b/w

Written as a high school physics text, this book has many
graphics to illustrate each of the scientific phenomenon discussed.

449

BIBLIOGRAPHY

MATHEMATICS IN SCIENCE AND SOCIETY

(
MODERN SCIENCE EARTH, LIFE, AND MAN. Blane, Sam S.; Fischler, Abraham S.; and
Gardner, Olcott. New York: Holt, Rinehart and Winston, Publishers, 1971.
(Holt, Rinehart and Winston, Publishers, 383 Madison Ave., New York, NY 10017)
450 pp; cloth; textbook; color; medium reading level
This is a textbook that studies the area of science by emphasizing
how man explores the earth, his environment, living organisms and the

human body.
MODERN SPACE SCIENCE. Trinklein, Frederick E. and Huffer, Charles M. New York:
Holt, Rinehart and Winston, Publishers, 1961.
(Holt, Rinehart and Winston,
Publishers, 383 Madison Ave., New York, NY 10017)
550 pp; cloth; textbook
This book is a high school text in basic astronomy.
MOVE IN ON MATHS 4. Whittaker, Dora. London: Longman Group Limited, 1974.
(Longman Group Ltd., 5 Bentinch st., London, England WIM 5RN).
63 pp; paper; textbook; color; medium reading level
This book is one of a series of four student reference texts
designed to present many varied topics of mathematics.
"Music and Ma-thematicians since the seventeenth century."

Brown, J.D.

THE

MATHEMATICS TEACHER, LXI, No.8 (December, 1968), pp. 783-787.

(

This is an account of the interest in music of various mathe-

maticians. The article assumes the reader is familiar wi th such
mathematical topics as differential equations and Fourier series.
"Music and mathematics." Coxeter, H.S.M.
(March, 1968), pp. 312-320.

THE MATHEMATICS TEACHER, LXI, No.3

This article draws an analogy between music and mathematics,
pointing out the need for notation, the use of symmetry, etc. in
both subjects. Several pages are also devoted to ratios of frequencies of tones and the development of scales from these ratios.
MUSIC BY COMPUTERS. Beauchamp, James W. and Foerster, Heinz Von, eds. New York:
John Wiley and Sons, Inc., 1969.
(John Wiley and Sons, Inc., 605 Third Ave.,
New York, NY 10016)
clothi teacher reference

This is a collection of papers on computers in music which were
presented at the 1966 Fall Joint Computer Conference.
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MUSIC, PHYSICS AND ENGINEERING. Olson, Harry F. New York: Dover Publications,
Inc.,1967.
(Dover Publications, Inc., 180 Varick St., New York, NY 10014)
cloth; teacher reference

This is a handbook for teachers, mUSLCLans, engineers, laymen, and
enthusiasts interested in the subjects of speech, music, musical instruments, acoustics, sound reproduction, and hearing.

"Musical dynamics." Patterson, Blake.
1974), pp. 78-95.

SCIENTIFIC AMERICAN, Vol. 231 (November,

The author here suggests that musicians could and should produce
greater variation in loudness of sound to correspond to the levels of
musical dynamics: pp, p, mp, mf, f, ff. Numerous graphs are displayed
in the article.
"Musimatics or the Nun's Fiddle." Silver, A.L. Leigh. THE AMERICAN MATHEMATICAL
MONTHLY, Vol. 78, No.4 (April, 1971), pp. 351-357.
The article discusses the ratios giving rise to the Pythagorean
comma (see the annotation for the Lewis Salter reference above), the
ratios in intervals "most pleasing to the ear," and the ratios in
just tunings.
THE NATURE OF RECREATION. Wurman, Richard Saul; Levy, Alan; and Katz, Joel.
Cambridge, Massachusetts: MIT Press, 1972.
(Massachusetts Institute of
Technology Press, 28 Carleton St., Cambridge, MA 02142)
76 pp; paper; student reference; b/w; low reading level
This handbook, which contains many pictures dealing with recreation, is designed to help the reader discover his/her wants and
needs in recreation. Among the pictures is a collection from the
nineteenth century.
NOISE POLLUTION. Environmental Protection Agency, Office of Public Affairs.
Washington, D.C.: U.S. Government Printing Office, 1972.
(U.S. Government
Printing Office, Div. of Public Documents, Washington, D.C. 20402)
13 pp; paper; student reference; color; high reading level
The pamphlet covers the adverse effects of noise and some ways
to attack noise pollution.
THE OFFICIAL ASSOCIATED PRESS SPORTS ALMANAC 1974. Fuller, Keith. New York: Dell
Publishing Company, Inc., 1974. (Associated Press Newsfeatures, 50 Rockefeller
Plaza, New York, NY 10020)
927 pp; paper; student reference; b/w
The book contains an extensive collection of sports records

and facts.
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OLD OREGON.

1975.
97403)
"On

Eugene, Oregon:

University of Oregon Alumni Association, Summer,

(

(Old Oregon, Susan Campbell Hall, University of Oregon, Eugene, OR

Haldane, J.B.S. THE WORLD OF MATHEMATICS, Volume 2.
Edited by Newman, James R. New York: Simon and Schuster, 1956, pp. 952957.
(Simon and Schuster, Inc., 630 Fifth Ave., New York, NY 10020)

being the right size."

688 pp; cloth; teacher reference; b/w
"On Being the Right Size" is a delightful five-page essay
explaining relationships on surface area and volume caused by
multiplying the linear dimensions of an organism.

OF TONE AS A PHYSIOLOGICAL BASIS FOR THE THEORY OF
Helmholtz, Hermann. New York: Dover PUblications, Inc., 1954.
Publications, Inc., 180 Varick st., New York, NY 10014)

ON THE SENSATIONS

MUSIC.

(Dover

A STUDY GUIDE TO POPULATION AND THE AMERICAN FUTURE.
Horsley, Kathryn,
et al. Washington, D.C.: The Population Reference Bureau, Inc., 1973.
(The
Population Reference Bureau, Inc., 1337 Connecticut Ave. N.W., Washington,
D.C. 20036.

OPTIONS:

75 pp; paper; teacher reference; b/w and color
(Sierra Elementary Astronomy Series) Duke, Robert H. New York:
McGraw-Hill Book Company, 1968. (McGraw-Hill Book Company, 1221 Avenue of
the Americas, New York, NY 10020)

ORBITING THE SUN.

(

50 pp; paper; textbook; medium reading level
The text, intended for use in fourth, fifth and sixth

grade

classrooms, introduces the structure of the solar system as it
is seen from earth_

Compiled
by Gabriel Bartold. New York: International Music Company, 1948-1953. (International Music Company, 511 Fifth Ave., New York, NY 10017)

ORCHESTRAL EXCERPTS FROM THE SYMPHONIC REPERTOIRE FOR TRUMPET, Vol ume I.

"The original counting systems of Papua and New Guinea." Wolfers, Edward P. THE
(National
ARITHMETIC TEACHER, Vol. 18, No.2 (February, 1971), pp. 77-83.
Council of Teachers of Mathematics, 1906 Association Dr., Reston, VA 22091)
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OUTDOOR ACTIVITIES FOR ENVIRONMENTAL STUDIES,
York: Instructor Publications, 1971,
St., Van Nuys, CA 91046)

Knapp, Clifford, Dansville, New
(Instructor PUblications, 18410 Gilmore

cloth; teacher's guide; b/w

This book outlines several measuring activities--measuring heights,
visibility in water, soil compaction, etc.--which can be related to
environmental concerns
a

PATTERNS AND PERSPECTIVES IN ENVIRONMENTAL SCIENCE.

Washington, D.C.: National
(National Science Board, 1800 G. St., Washington, D.C.

Science Board, n.d.
20550)

PHYSICAL FITNESS WORKBOOK.
ing Company, 1944.
IL 61820)

Cureton, Thomas Kirk. Urbana, Illinois: Stipes Publish(Stipes Publishing Company, 10-12 Chester St" Champaign,

179 pp; cloth; teacher reference; b/w

This is a workbook for classes in basic physical fitness.
PHYSICS, A BASIC SCIENCE, Fifth Edition.

Verwiebe, Frank; Van Hooft, Gordan; and
Saxon, Bryant, New York: American Book Company, 1970.
(American Book Company,
450 W, 33rd St., New York, NY 10001)

544 pp; cloth; textbook; b/w

This book is written as a high school physics text.
PHYSICS, A LABORATORY COURSE, Teacher's Edi tion.

Verwiebe, Frank; Van Hooft, Gordon;
and Saxon, Bryant. New York: American Book Company, 1970.
(American Book Company, 450 w. 33rd St., New York, NY 10001)

118 pp; paper; teacher's guide; b/w

This is a high school physics laboratory manual.
PHYSICS, A MODERN APPROACH.

Elliot, Paul and Wilcox, William. New York: Macmillan
Publishing Company, 1959.
(Macmillan Publishing Company, Inc., 866 Third Ave.,
New York, NY 10022)
686 pp; cloth; textbook; b/w

This book is a high school physics text.
PHYSICS DEMONSTRATION EXPERIMENTS, Vol umes I and II.
The Ronald Press Company, 1970.
New York, NY 10016)

Meiners, Harry F. New York:
(The Ronald Press Company, 79 Madison Ave.,

1395 pp; cloth; teacher reference; b/w

This is a large collection of demonstration and experiments
covering the areas of mechanics and wave motion, heat electricity
and magnetism, optics, and atomic and nuclear physics.
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THE PHYSICS OF MUSICAL SOUND. Josephs, Jess J. Princeton, New Jersey: D. Van
Nostrand Company, Inc., 1967.
(Van Nostrand Reinhold Company, 450 W. 33rd.
St., New York, NY 10001)
paperj teacher reference

This monograph (published for the Commission of College Physics)
explains what the science of acoustics has been able to contribute to
the understanding of music.
THE PHYSICS TEACHER. American Association of Physics Teachers, State University
of New York at Stoney Brook. New York: American Institute of Physics.
magazine
THE PHYSICS TEACHER, a publication of the American Association
of Physics Teachers, is published monthly through the academic
year. Every issue has a variety of articles which describe experiments and teaching techniques for physics.
PHYSIOLOGICAL ADAPTATION. Biological Sciences Curriculum Study. Segal, Earl, and
Gross, Warren J. Lexington, Massachusetts: D.C. Heath and Company, 1967.
(D.C. Heath and Company, 125 Spring St., Lexington, MA 02173)
109 pp; paper; workbook; b/w; high reading level

This is a workbook designed to allow students to discover various
ideas dealing with the physiological adaptations performed by the body.
"pi in the key of C."
1966), pp. 3-4.

Rhoades, Patrick Alan.

(

INDIANA MATH NEWSLETTER (October,

POLLUTION' PROBLEMS, PROJECTS AND MATHEMATICS EXERCISES, 6-9 (Bulletin NO. 1082).
Madison, Wisconsin: Wisconsin Department of Public Instruction, n.d.
(Wisconsin State Dept. of Public Instruction, 126 Langdon St., Madison, WI 53702)
84 pp; paper

This is a teacher-written collection of problems and projects.
Exercises are grouped under whole numbers, rational numbers, real

numbers, percent and proportion, measurement and statistical measures and grapps.

PRINCIPLES OF ENVIRONMENTAL SCIENCE. Watt, Kenneth. New York: McGraw-Hill Book
Company, 1973. (McGraw-Hill Book Company, 1221 Avenue of the Americas, New
York, NY 10020
cloth; teacher reference; b/w
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PROBING THE NATURAL WORLD, Volume I. Intermediate Science Curriculum Study.
Morristown, New Jersey: Silver Burdett General Learning Corporation, 1970.
(Silver Burdett General Learning Corporation, 250 James St., Morristown, NJ
07960)
552 pp; cloth; textbook; b/w

PROBING THE NATURAL WORLD is one of two books in a series which
covers the normaL junior high science material, but with an extensive

use of hands-on laboratory work using homemade equipment.
PROJECT JONAH.

Box 476, Bolinas, California 94924.

PROJECT R-3. Hodges, E.L., ed. San Jose, California:
Hodges, 990 Asbury, San Jose, CA 95126)

T.M.T.T., 1974.

(E .L.

looseleaf; worksheets; b/w
Four packets of student pages and a packet of answer sheets
and suggested forms for grading, record keeping, etc. make up the
materials. The four packets cover whole numbers, fractions, decimals
and percents.

PSSC PHYSICS, Third Edition. Haber-Schiam, Uri; Cross, Judson; Dodge, John; and
Walter, James. Lexington, Massachusetts: D.C. Heath and Company, 1971.
(D.C. Heath and Company, 125 Spring St., Lexington, MA 02173)
674 pp; textbook; cloth; b/w

written as a high school physics text, this book has many
nice graphics, including some interesting stop-action photos.
"A rage over an extra cent." Salter, Lewis S.
(March-April, 1954), pp. 1,18-19.

AMERICAN MUSIC TEACHER, Vol. 3

This article presents a somewhat humerous discussion of an

inaccurate number often cited in music. The author explains (by
computing in three different ways) that the Pythagorean comma,
the interval by which the twelfth fifth above a given tone fails
to coincide with the seventh octave above the same tone, measures

closer to 23 cents (a unit for measuring intervals) than to 24
cents as generally cited. Extensive use of logarithms is used in
the article. It is helpful if the reader is quite familiar with
the construction of scales.
RATIO

& PROPORTION REVISITED.
Shul te, Albert, et al. Pontiac, Michigan: Oakland
Schools, 1970.
(Oakland County Mathematics Project, Oakland Schools, 2100
Pontiac Lake Rd., Pontiac, MI 48054)

paper; teacher's guide; b/w

One of a series which is very student oriented and which includes
many activitiesa
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"The role of music in Galileo's experiments."

Drake, Stillman.

SCIENTIFIC

(

AMERICAN, Vol. 232, No.6 (June, 1975), pp. 98-104.
An explanation is given on how Galileo could have used a simple
marching song to mark equal lengths of time (since no device could
measure less than a second) and rubber bands on an inclined plane·
(much like the adjustable frets on the viola da gamba's of his day)
to measure distance traveled.

SCHOOL MATHEMATICS I.

Eicholz, Robert E.; O' Daffer, Phares G; Brumfiel, Charles
Menlo Park, California:
(Addison-Wesley Publishing
Addison-Wesley Publishing Company, Inc., 1971.
Company, Inc., 2725 Sand Hill Rd., Menlo Park, CA 94025)

F.; Shanks, Merril Eo; and Fleenor, Charles R.

cloth; textbook series; b/wimediurn reading level

SCHOOL MATHEMATICS I is the 7th grade text that complements the
ELEMENTARY SCHOOL MATHEMATICS series from the same publishers.
SCIENCE & MUSIC. Jeans, Sir James. New York: Dover Publications, Inc., 1968.
(Dover Publications, Inc., 180 varick St., New York, NY 10014)
paper; teacher reference

First published in 1937, this book is written for the amateur
as well as the serious student of music to explain precisely and
in a non-technical way the physical basis of musical sounds.
SCIENTIFIC AMERICAN. New York: Scientific American, Inc.
(WID. H. Freeman and
Company Publishers, 660 Market st., San Francisco, CA 94104)
journal; teacher reference; b/w and color

The September, 1970 issue is devoted to the biosphere; the
September, 1971 issue to energy.
SEASONAL STAR CHARTS, A COMPLETE GUIDE TO THE STARS.

Northbrook, Illinois: Hubbard
(Hubbard Press, P.O.

Press, a division of Hubbard Scientific Company, 1972.

Box 442, Northbrook, IL 60052
23 pp; paper; stUdent reference; high reading level

The book includes a polar star map that shows the basic stars
and constellations visible in the northern hemisphere with the unaided
eye as well as eight seasonal star charts and information about the
major constellations.
"Some relationships between music and mathematics."

Cohen, Joel E.

MUSIC EDUCA-

TORS JOURNAL, Vol. 48 (September, 1961), pp. 104-109.
A discussion of the kinship of mathematics and music is given
in this article. Included, also, is the use of abstract notation,
the creative process, and the search for beauty, which are common

to both disciplines.
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SOURCEBOOK FOR ENVIRONMENTAL EDUCATION. Vivian, V. Eugene. St. Louis, Missouri:
C.V. Mosby, 1973.
(C.V. Mosby Company, 11836 Westline Industrial Dr., St.
Louis, MO 63141)
teacher reference

SRA MATH APPLICATIONS KIT.
Alto, California:

Friebel, Allen C. and Gingrich, Carolyn Kay.

Science Research Associates,

Inc~,

1971.

Palo

(Science Research

Associates, 259 E. Erie St., Chicago, IL 60611)
280 activity cards; student reference; b/w; low reading level

The MATH APPLICATIONS KIT is a collection of activity cards
arranged into the following areas: appeteasers, science, sports
and games, occupations, everyday things, and social sciences.
The cards are open-ended investigations, and good reference

material and reference cards are also included in the kit.
"Teacher's Guide to the Energy Crisis."

Sartwell, Joyce G. and Abell, Richard P ..

TODAY'S EDUCATION, January-February 1975, pp. 90-94.
ciation, 1201 16th St., N.W., Washington, D.C. 20036)

(National Education

Asso~

TEACHING POPULATION CONCEPTS. King, Pat and Landahl, John. Olympia, Washington:
Office of Environmental Education, Superintendent of Public Instruction, 1973.
(Office of Environmental Education, Washington State Dept. of Public Instruction,
Old Capitol Bldg., Olympia, WA 98504)

60 pp; teacher reference
This booklet is oriented more toward high school. It is now
available from John Landahl, 1207 N.E. 103rd St., Seattle, Washington
98125.
TRACK AND FIELD ATHLETICS. Bresnahass, George T.; Tuttle, W.W.; and Cretzmeyer,
Francis x. St. Louis: C.V. Mosby Company, 1964.
(C.V. Mosby Company, 11836
Westline Industrial Drive, St. Louis, MO 63141)

424 pp; cloth; teacher reference; b/w
This book describes techniques for athletes in track and field.
THE UNITED STATES STATISTICAL ABSTRACT 1975. Washington, D.C.: U.S. Government
Printing Office, 1975.
(U.S. Government Printing Office, Div. of Public
Documents, Washington, D.C. 20402)

1050 pp; cloth; teacher reference; b/w
The book is a united States Government yearly publication of
statistics on social, political and economic conditions of the

Uni ted Sta tes •
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THE UNIVERSE IN MOTION, Book 2, Guidebook.
(The University of Illinois Astronomy
Program Series) Elementary-School Science Project. Co-directed by Atkin,
Myron J. and Wyatt, Stanley P. Jr. New York: Harper and Row Publishers, 1969.
(Harper and Row Publishers, 10 E. 53rd St., New York, NY 10022)

(

96 pp; teacher's guide
The University of Illinois Program is a series of six books

that introduces astronomy to upper elementary and junior high
students. The major concepts in each book are explored through
numerous student activities as well as through the development
of models that explain astronomical phenomena. The series is
an excellent resource for applications of mathematics to astronomy.
WELL-BEING, PROBING THE NATURAL WORLD, Level III, Teacher's Edi tion. Intermediate
Science Curriculum Study. Morristown, New Jersey: Silver Burdett General
Learning Corporation, 1972.
(Silver Burdett General Learning Corporation,
250 James st., Morristown, NJ 07960)
143 pp; paper; workbook; color; medium reading level
This is a workbook with activity-oriented lessons dealing
with the senses and functions of the body, and how these are
affected by food, smoking, alcohol, and other drugs.
"We made it and it works!

the classroom construction of sundials.

Wahl, M.

Stoessel. THE ARITHMETIC TEACHER, Vol. 17, No. 4 (April, 1970), pp. 301304.
(National Council of Teachers of Mathematics, 1906 Association Dr.,
Reston, VA 22091)

(

magazine; teacher reference

This is a publication by the National Council of Teachers of
Mathematics which contains many suggestions for classroom activities for elementary and junior high school students.
"What is electronic music?"
pp. 26, 60-6l.

Seay, Albert.

MUSIC JOURNAL, Vol. 21 (March, 1963).

The article gives a brief overview of the development of
electronic music from 1906 to 1963.
WHY YOU'RE YOU, Teacher's Edition. Intermediate Science Curriculum Study. Morristown, New Jersey: Silver Burdett General Learning Corporation, 1972.
(Silver
Burdett General Learning Corporation, 250 James St., Morristown, NJ 07960)
134 pp; paper; workbook; color; medium reading level
This is a workbook with activity-oriented lessons on the
study of heredity.
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WORDS IN SPACE • . . DIMENSIONS ON A VAST SCALE, Teacher Folio-Investigation 9,
(Time, Space, and Matter . • . Investigating the Physical World Series)
Secondary School Science Project.

Princeton, New Jersey:

Webster Division,

McGraw-Hill Book Company, 1969.
(McGraw-Hill Book Company, 1221 Avenue of
the Americas, New York, NY 10020)
56 pp, paper; teacher's guide; b/w
The booklet contains background information and suggests activities
for investigating the size, distance and motion of objects in the solar
system.
THE WORLD ALMANAC & BOOK OF FACTS 1975. New York: Newspaper Enterprise Associates,
Inc., 1974.
(Newspaper Enterprise Associates, Inc., 230 Park Avenue, New York,
NY 10017)
976 pp; paper; teacher reference; color
This book contains a collection of world facts and events.
published annually.

It is

THE WORLD OF PHYSICS. Hulsizer, Robert and Lazarus, David. Reading, Massachusetts:
Addison-Wesley Publishing Company, 1972.
(Addison-Wesley Publishing Company,
Inc., South Street, Reading, MA 01867)
518 pp, cloth; textbook; b/w
This book, written as a high school physics text, is full of
hand-drawn graphics which are easy to understand.
YOUTH PHYSICAL FITNESS: SUGGESTED ELEMENTS OF A SCHOOL-CENTERED PROGRAM. Washington,
D.C.: United States Government Printing Office, 1967. (U.S. Government
Printing Office, Div. of Public Documents, Washington, D.C. 20402)
109 pp; paper; teacher reference; b/w
This book has exercises to evaluate and promote physical fitness
of students.
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FILMS

IlArt from Computers."
"Dance Squared."

National Film Board, Canada, IFB, 1963.

"Discovering Electronic Music .. "
"Donald in Mathemagic Land."

4 min.

Bailey Film Association, 1970.

Disney Productions, 1959.

Churchill Films, 1969.

"Notes on a Triangle."

National Film Board, Canada, IFB, 1967.

lIPretty Lady and the Electronic Musicians."

23 min.

20 min.

"New Sounds in Music."

IlTrio for 3 Angles."

10 min.

NBC Educational Enterprises, Canada, 1971 ..

22 min.

Xerox, 1972.

5 min.

14 min.

National ,Film Board, Canada, IFB, 4 min.

RECORDS
COMPUTER MUSIC from the University of Illinois, Hiller/Isaacson/Baker, Helioda
(H/HS 25053). Metro-Goldyn-Mayer, 1350 Avenue of the Americas, New York, NY
10019
Side 1: Illiac Suite for String Quartet
Side 2: Computer Cantara

(

COMPUTER MUSIC from the Computer Center of Columbia and Princeton Universities.
Randall/Vercoe/ Dodge, Nonesuch Recerds· (H-71245), 15 Columbia Circle, New
York, NY 10023.
MUSIC FROM MATHEMATICS played by the IBM 7090 Computer and Digital to Sound Transducer, Decca Records (DL 9103).

AUDIO-TAPES
"Science and the Drama of Music Series,1I part I, STAO, 1954, 18 7-inch reels, 7.5
ips.
30 min. each.
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Placement Guide for Tabbed Dividers
Tab Label
DIDACTiCS
Teaching for Transfer
Teaching via Problem Solving
Teaching via Lab Approaches
Middle School Students
CLASSROOM MATERIALS
Mathematics and ASTRONOMY
ASTRONOMY GLOSSARY
Mathematics and BIOLOGY
BIOLOGY GLOSSARY
Mathematics and ENViRONMENT
Popu lation
Food
Air
Water
Land and Resources
Energy
ENVIRONMENT GLOSSARY
Mathematics and MUSIC
MUSIC GLOSSARY
Mathematics and PHYSICS
PHYSICS GLOSSARY
Mathematics and SPORTS
SPORTS GLOSSARY
ANNOTATED BIBLIOGRAPHy
SELECTED ANSWERS

Follows page:

'"

12
12
20
42
56
70
70
120
126
172
174
188
204
210
222
230
240
248
254
322
326
368
370
432
434
460

Page Number
78

(1) noon; sunrise or sunset

78

(la)
(2a)
(3a)
(4a)
(5a)

79

First Quarter

weaker
weaker
weaker
weaker
weaker

(lb)
(2b)
(3b)
(4b)
(5b)

New •

(2) 10:38 a.m.

13.44 m (44' 1 1/2")
14.30 m (46' 10 9/10")
2.56 m (8' 4 6/7")
4.58 m (15' 5/12")
.93 m (3' 37/48")

~

Waxing Crescent ~

Waning Crescent •

Waning Gibbous

(3) 2:52 p.m.

0

Full
(2) 33

0

(3) 59 0

Third Quarter

Waxing Gibbous

0

ct

(4) 1560 m

81

(1) 21 km; 20 km

83

(6) 1900 km; 1700 km
mately 400,000 km

84

(le) yes; noon; Yes, the angle increases as the shadow increases
(2b) 100 m

85

(3) 39500 km
(4) 12700 km
(5) 12600 km
Hint: Divide the circumference by pi.

88

(2) Lengthening the base line increases the greatest distance that can be
measured.

95

(2c) 3.7 cm; .7 a.u.

96

m

(1) 20,000 km

(2) The distance is approxi-

(3) 2 cm; .4 a.u.

(ld) 7.5 em

97

(1) 375,000 km
(2) 42,000,000
Oa) .28
(3b) 1 a.u.;
150,000,000 km
(3c) Mercury - 59,000,000 km; Venu~ - 108,000,000 km;
Earth - 150,000,000 km; Mars - 228,000,000 km; Jupiter - 780,000,000 km;
Saturn - 1,431,000,000 km; Uranus - 2,877,000,000 km; Neptune 4,509,000,000 km; Pluto - 5,928,000,000 km

99

(2f) Angular size decreases as distance increases.

100

(2) The diameter of the moon is about 3600 km.

101

(4) The diameter of the sun is about 1,440,000 km.

461

Page Number
III

(1) Yes «2) Using the graph, the distance is 2.1 a.u.
Law we see that 2.1 cubed is 9.261, which rounds to 9.
5.2; 4.6; 11.2
(4) 1000 years

113

(1) The greater a planet's distance from the sun, the slower its orbital
speed.
(2) The square of the numbers in column 2 are the reciprocals
of the numbers in column 1.
(3) 7.5 km/sec.
(4) 1/4 a.u.
(5) 8 Years
(6) No orbital speed.

181

Word Hunt: Math: seven, even, percent, divide, sine, line, pi, sum,
terms, circle, square, union, set, tangent, ration, factor, fraction,

Using Kepler's
(3) 2.8; 2.5;

(

minus, map, ray, cone, ten, cube. Ecology: recycling, rats, ecology,
ash, tin, depletion, oilslick, land, landfill, man, detergent, soap,
litter, ghetto, air, river, pollution, mud, rot, life, car, resource,
sun, conservation, slum, junk, rock.

190

(2) 60; 3600; 86400
(3) 31,536,000
(4) almost 127 years
(5) 197,200; 71,978,000; no
(6) 1,584,900; yes

196

(2) 9; 81
(3) 16
(5) Only in the first generation.
(6) 1968;
(7) Number of children people have, wars, epidemics,
1915; about 1880
masS starvation.

199

(1) 1000
(3) California; 9, 9
(4) New York; Texas
(6) 5; lists will vary
(7) 9, lists will vary

201

(1) 9 kg
(based on
(based on
(6) 1/32;
32 (based

208

(2) In 1976 - 68,800 km, more than 1 1/2 times the distance around the
earth. (3) 64,500,000,000; 64,500,000. (4) 154; 16,555,000,000;
high death rate. (5) 21,500,000

209

(5) about 1/4

(2) 1/2 x height before; 1/8 x mass before
(3) 5120 kcal
(4) 20 weeks
mass) or 2560 kcal (based on surface area)
mass) or 10 weeks (based on surface area)
(5) 250 kg
new:old = 1:32768
(7) 128 (based on mass or volume) or
on height)

(

(1) They feed mainly on fish, which have a fairly high concentration of
DDT. For many poisons, animals higher in a food chain contain greater
concentrations.
(2) .0126
(3) From eating fish from DDT infested
areas: .0063
(4)Fish are the osprey's primary food.
(5) 1,120,000;
Primarily because of a bDT campaign against mosquitos in countries where
malaria was common.

462

213

(5) 26.7; 34.4; 41.1; 46.2; 51.0

(6) The number of families

214

(4) The increase is only slight
(5) The heaviest smokers; 65%
(6) People who have never smoked
(7) In some cities, one breathes the
equivalent of 38 cigarettes per day.

(
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(4) Some areas of
(5) They were higher

216

(1) .84
(2) 153 million
(3) 13,975,000,000
California have severe air pollution problems.
for each kind of pollutant.

223

(3) 7,525,000,000 {
(4) Not letting water run needlessly, washing
full loads of clothing only, taking quick showers ...
(5) 43,000,000,000, {; 86,000,000,000 {

224

(2) 31200 {
(7) 3600 {

226

(1) 48
(2) Water from rainfall and streams which flow into the oceans
and seas replace the evaporated water.

227

(1) Gulf
(2) Northeast; Gulf; Missouri; Columbia
(3) Southeast;
Columbia
(4) Ohio (83%); Great Lakes (41%); Southeast (38%); California (30%); Columbia (19%); Gulf (17.95%); Northeast (17.92%), Middle
Atlantic (17.6%); Missouri (17%)

228

(4a) 37,900,000

229

(1) alewife, whitefish

231

(4) 4.3
(5) $781.42; about $3330
(6) 685,000 ha; $535,272,700
(7) 310,000,000; much of it is exported

232

(1) true

234

(la) 912.5 kg

235

(1) increased
(2) true
(3) about 33%
(4) .44¢
No, we don't know how many cans were made in 1970.

238

(1) 5000
(2) 90,000 ha
(3) 2,880,000 ton
(4) 1700 times as
much per hectare
(5) strip farming, contour plowing, keeping plant
cover on the land. Students can stay on trails in parks, fill in erosioncaused ditches, avoid wearing out the grass in play areas ...

241

(1) 93
(2) 94% in 1970 to 71% in 2000
(3) no. Energy use is expected to increase so much that the lower percentage will still mean more
energy.
(4) 286
(6) fossil fuels

243

(1)

(3) 40000 {
(4) 4000 {lear
(5) 80 {
(6) 200 {
(8) Large amounts of water are required to make steel.

(2) true

549; 269

(3) false

(4) true

(6) open dumping; It is the cheapest and easiest method.
(5) 3.3;

(5) 195,000,000,000,000

463
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(1) .e1ectric train; car with 1 person
(2) planes are very fast
(3) convenience; the cost of driving oneself in the U.S. is still reaSonable
(4) this is average number of people observed per car
(5) column 4 = column 2 x column 3
(6) 70
(7) 36; no
(8) less
air pollution; safer, less crowded street and highways

246

(1) 10 kJ.n1R(5) 1100 kJ.n

(2) 35

247

(1) 10; 8.6

(2) about 13 minutes

(3) 6

(

(4) they help control air pollution
(3) about 22 minutes

(5) 39.6

(6) 13.7
264

answers will vary according to performance

266

(I) The counts will probably vary, but if students count accurately, the
average should be about 33 1/3. (II) about 45
(III) about 78
(IV) The marker on the label and the marker on the edge of the record
both make 331/3 revolutions per minute. The inside marker travels
around a smaller circle so it does not travel as far, but its angular
velocity is the same; that is, both markers sweep out the same angle in
any given amount of time.
(a) 11 2/3 rpm
(b) 11 2/3 rpm
(c) answers vary
(d) 157.5
(e) 700
(f) If an outer band has double
the diameter of an inner band, the needle goes twice as far. The recording process takes care of the difference.

268

(1) 23,571 pounds per
square inch
(2)

.00000014 in. 2
x 1bs.
1 in. 2
{
.0033 lbs. = .00000014 in. 2
or about 69 pounds per in. 2
0002 in. x .0007 in.

=

}

(

xl. 2
10,000
144 In.
(3) the phonograph needle
(4) the needle wears out the record. It seems
very light, but all of its weight is exerted on a very fine point.
269

Answers will vary depending on the music chosen.

270

Crossword puzzle: Across:
(2) duet, (4) quartet, (6) triplet, (7) trio
(9) triad, (11) octave, (12) monotone
Down:
(1) sextet, (3) quintet,
(5) hexad, (8) octet (10) solo
Matching puzzle: e, d, h, g, b, f, a, c

285
287

incorrect measures are:

288

(Ib) two beats
(If) seven beats

1, 3, 5, 6, 8, 12, 13, 14, 17, 18, 19, 23, 24

(c) five beats
(g) nine bea ts

(Id) three beats
(Ih) eight beats

(Ie) six beats

(
464
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square, trouble, tied, square, step, severe, base, bar, greater than,
flat, right, triple, hold, rest, cut, equal, try--angle, sharp, accent,
staff, base, natural, note, less than, minus, rest, divide, base. last
line: see sharp, be flat

289
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3 It would be at its original place.

299
translation
down 1 place

reflection
of previous
measure

rotation

reflection

rotation

3

4

Answers vary.

(
300

(II) The half-full glass gives a lower tone. (12) Note: It might be
difficult to get the entire scale. This will depend on the shape and
size of the glasses.
(13) varies
(113) Students should see a
marking pattern like below. It is easy to see where the half-steps are.

~:::.:.;.:;;'J.·.:.i:.:
..... ,.,.,~~n=· @
301

(I) anSwers will vary
(II) If the music is written in the key of C,
probably C will be used frequently. E, F, and G might also occur frequently in music in the key of C because they are perfect thirds, fourths,
and fifths. Any other note in the major scale might also be used. If
the music is written in a minor key, or is more complicated in other
ways, it will be difficult for most students to determine why a particular letter occurs more frequently.
(III) C

307

(Ia) AB, BA, BB
(Ib) AA, AB, AC, BB, BA, BC, CC, CA, CB; 9 or 3 x 3
(Ic) 16 or 4 x 4; 25 or 5 x 5; 36 or 6 x 6; 49 or 7 x 7; 144 or 12 x 12
(IIa) AAA, AAB, ABA, BBA, BAA, BAB, ABB, BBB; 8 or 2 x 2 x 2
(lIb) 3 3
3
3
or 3 x 3 x 3; 4 or 4 x 4 x 4; 53 or 5 x 5 x 5; 6 or 6 x 6 x 6; 7 3 or
7 x 7 x 7; 12 3 or 12 x 12 x 12
(III) 75 or 7 x 7 x 7 x 7 x 7

(
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(VII) B is A read backwards so B is the retrograde of A. C is an inversion of A about G or it can be viewed as a transposition and then an
inversion about the first note. D is the retrograde of C (A could be
transposed, inverted and read' backwards to obtain C).

311

(I) 4
(IIa) higher
(lIb) lower
(IVb) lower pitch; softer
(IVc) lower pitch; louder
(IVd) same pitch; softer
(IVe) higher
pitch; same
(VIla) violin; lower pitch; louder
(Vllb) flute; same
pitch; louder
(Vllc) clarinet; same pitch; louder
(Vlld) tuning
fork; higher pitch; softer

313

(1) harp; about 33; about 3300
(2) timpani - 73 to 194 or tubular
bells - 261 to 698 (Both range over 18 half-tones even though the frequency range of the bells is greater than the timpani.)
(3) varies
(4) french horn; bass
(5) soprano

314

(1) 32.703; 65.406; 130.81; 261.63; 523.25; 1046.5; 2093.0; 4186. The
numbers double with each octave higher in pitch. There is some "round
off" error.
(2) 48.999; 97.999; 196.00; 392.00; 793.99; 1568.0;
3136.0; yes
(3) yes
(4)

C

65.406
130.81
261. 63
523.25
1046.5

315

E

82.407
164.81
329.63
659.26
1318.5

F

A

43.654
87.307
174.61
349.23
698.46

55.00
110.00
220.00
440.00
880.00

G

97.999
196.00
392.00
783.99
1568.0
C

65.406
130.81
261. 63
523.25
1046.5

1. 26
1.26
1.26
1.26
1.26

GT C
1.5
1.5
1.5
1.5
1.5

Af F
1.26
1.26
1. 26
1.26
1.26

Cf F
1.5
1.5
1.5
1.5
1.5

E

f

C

(1) possibilities: fire alarm, gun shot, explosion
(2) possibilities:
bird twittering, soft breeze, baby breathing, whisper
(3) varies
(4) An ordering is given On the second page. Students might question
the placement of the food blender or other sounds. Certainly the sound
level of many of the items could vary greatly.
(5) 50, 60, 70 ••• 200
(6) 10 3 ; threshold of pain: 1012 ; lethal level 10 18 ; threshold of hearing: 100. The powers of the column will range from 100, 10 1 ••• 10 2
(7~ whisper; conversation; subway
(8) If the relative intensity is
10 , the decibel reading is N x 10.
(9) rock group
(lOa) 3000;
guesses will vary
(lOb) No, its an advertisement and they are trying
to impress people
(lOc) answers vary

°.

319

(1) fff: very very loud; ppp: very very soft
(2) 20; 42; no
(3) soft recording: 35; .loud recording: 85; line symphony: 105 (Of
course readings could vary greatly.)
(4)
meaning "less than,"

> meaning "greater

than~ II

<
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(a) pentagons and hexagons; 12 pentagons, 20 hexagons; 32
(b) 2; 1;
All vertices are surrounded by one pentagon and two hexagons; 50; No
vertices of a pentagon are shared by another pentagon, so there are
5 x 12 = 60 vertices
(c) 90
(d) no

400

(5) 57; 167.5; tall, average

409

(6) Men's by 2.2 pounds (1 kilogram)
events.

410

(3a) about 4 minutes 28 seconds

416

New York

(6) 29; 132.5; short, light
(7) Women don't compete in these

(3b) about 37 seconds

(
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