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SHOULD KE(.P TI-lE 
-'-J'""'""D PARTS OF IHE 

h ~ " 
OLD A~D N[W MATH) 

t:. THE. LAB APPROACH, 
ACH PROBLEM 

SOLVtNG AND .... " 

The demands on teachers are heavy. 

The fifth or sixth grade teacher with 

25 to 30 students is often responsible 

for covering many subjects besides 

mathematics. The seventh or eighth grade 

teacher may be teaching only mathematics 

but be working with 125 to 150 students 

each day. Within this assignment the 

teacher must find time for correcting 

homework, writing and grading tests, 

discussions with individual students, 

parent conferences, teacher meetings and 

lesson preparations. In addition, the 

teacher may be asked to sponsor a stu­

dent group, be present at athletic 

events or open houses, or coach an 

athletic team. 

Demands are made on the teacher 

from other sources. Students, parents 

and educators ask that the teacher be 

aware of students' feelings, self-images 

and rights. School districts ask teachers 

to enlarge their backgrounds in mathema­

tical or educational areas. The state 

may impose a list of student objectives 

and require teachers to use these to 

evaluate each student. There are pres­

sures from parents for students to 

perform well on standardized tests. 

Mathematicians and mathematics educators 

are asking teachers to retain the good 

parts of modern mathematics, use the 

laboratory approach, teach problem solv­

ing as well as to increase their knowledge 

of learning theories, teaching strategies, 

and diagnosis and evaluation. 
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WJ.-!EeE TO STAef? 

? 
• 

\ SOLATlOkiVILLE. 
u.s.A. RESOU\2CE CD·.lTER. 

u.s.A. 

There is a proliferation 

of textbooks and supplementary 

material available. Much of 

this is related to the demands 

on teachers discussed above. 

The teacher in small outlying 

areas has little chance to see 

much of this material, while 

the teacher close to workshop 

and resource centers often 

finds the amount of available 

material unorganized and 

overwhelming. 

The Mathematics Resource Project was conceived to help with these concerns. 

The goal of this project is to draw from the vast amounts of material available 

to produce topical resources for teachers. These resources are intended to help 

teachers provide a more effective learning environment for their students. From 

the resources, teachers can select classroom materials emphasizing interesting drill 

and practice, concept-building, problem solving, laboratory approach, and so forth. 

When completed the resources will include readings in content, learning theories, 

diagnosis and evaluation as well as references to other sources. A list of the 

resources is given below. A resource devoted to measurement and another devoted to 

problem solving have been proposed. 

NUMBER SENSE ~ND ARITHMETIC SKILLS (preliminary edition, 1977) 

RATIO, PROPORTION AND SCALING (preliminary edition, 1977) 

GEOMETRY &~D VISUALIZATION (preliminary edition, 1977) 

MATHEMATICS IN SCIENCE AND SOCIETY (preliminary edition, 1977) 

STATISTICS ili~D INFORMATION ORGANIZATION (preliminary edition, 1977) 



This is a preliminary edition of RATIO, PROPORTION AND SCALING ; The resource 
is intended to provide teachers with ideas and materials to help them in their lm­
portant work which involves the minds and personalities of their students. 

WHAT IS IN THIS RESOURCE? 

on: 

•Didactics 
•Teaching Emphases 
•Classroom Materials 
•Teacher Commentaries 
•Annotated Bibliography 

The Didactics papers give information 

~ Learning Theories 

~ Teaching Techniques 

~ Diagnosis and Evaluation 

~Goals and Objectives 

The titles of the Didactics papers in 
this resource are: 

~ Piaget and Proportions 

~Reading in Mathematics 

~Broad Goals and Daily Objectives 

~Evaluation and Instruction 

A list of the Didactics papers for all 
of the resources is given on page 10. 

The Teaching Emphases section stresses 
important areas which may help to teach 
most topics. These include: 

~ Calculators 

® Applications 

i]< Problem Solving 

~ Mental Arithmetic 

~ Estimation and Approximation 

G.P Laboratory Approaches 

The Classroom Materials section in-
cludes: 

•Paper and pencil worksheets 
•Transparency masters 
•Laboratory cards and activities 
•Games 
•Teacher directed activities 
•Bulletin board suggestions 

The Teacher Commentaries which appear 
before the subsections of the classroom 
materials intend to: 

•Provide new mathematical information 
(historical, etc.) 

•Give a rationale for teaching a 
topic 

•Suggest alternate ways to introduce 
or develop topics 

•Suggest ways to involve students 
•Highlight the classroom pages 
•Give more ideas on the teaching 

emphases 

The Annotated Bibliography lists the 
sources which were used to develop this 
resource. These sources contain many 
additional ideas which can be of help 
to teachers. 

HOW ARE THE IDEAS RELATED? 

The classroom materials are keyed to 
each other within the section, to the 
teaching emphases, and to the commen­
taries with symbols and teacher talk as 
shown on page 9. 

The commentaries refer to specific 
classroom pages (cited in italics) 
and often a classroom page is shown 
reduced in size next to the discussion 
of the page. The commentaries relate 
the various teaching comphases to the 
mathematical topic of that subsection. 

Each teaching emphasis includes a 
rationale, highlights from the class­
room materials, and a complete list of 
classroom pages related to that 
emphasis. 

HOW CAN THE RESOURCE BE USED? 

Each teacher will decide which material 
is appropriate for his/her students. The 
importance of the teacher's role in making 
these decision cannot be emphasized strongly 
emough. A teacher might use as few of the 
paper and pencil worksheets to supplement 
the textbook, use the laboratory activi­
ties to give more "hands-on" experience, 
or organize a unit around a teaching empha­
sis. Thus, the resource can serve as a 
springboard to develop a more flexible 
mathematics curriculum. More importantly, 
the teacher can supplement the resource 
with his/her own ideas to build a dynamic 
instructional program. 

7 



FEATURES OF CLASSROOM PAGES 

When a ditto master is made using the thermofax process, the material in blue 
will not reproduce. Thus, the student's copy will contain only the material printed 
in black. The corners are designed to describe the content on each page. 

The symbols below identify 
the teaching emphases in 
this resource. Each of 
these is discussed in the 
section Teaching Emphases. 

These are the topics of the page. The sub­
section and section headings are useful for 
locating and refiling pages. 

~ Enrichment (investigations or extensions) 

~ Skill-building (drill and practice) 

§ 
lli!1ill 

~i~ Introduction (concepts and meanings) 

Calculators 

Applications 

-i) 
. f ' 

Problem Solving 

Menta l 
Arithmetic 

Estimation and 
Approximation 

Laboratory 
Approa ches 

FATIMA, OMAR' s WI FE , SENT HIM TO THE WE LL TO GET EXACT LY ONE 
LITRE OF WA TER . HOWEVER, HE HAD ONLY A 5- LITRE JUG AND A 2-LI TRE J UG. 
CAN YOU HE LP OMAR FIGURE OUT HOW TO GET EXACTLY 1 LITRE? 

WHICH OF THE FOLLOW ING AMOUNTS OF WATER CAN HE CA RR Y HOME USI NG 
ONLY HIS 5- LITR E AND 2-LITRE JUGS? 

1 e, 2 t, 3 t , 4 e, 5 e, E t , 7 t , 8 e 

WHAT AMOUNTS OF WATER CAN BE OBTAINED USI NG ONLY 3 1, 5 f , 

AND 11 e J UGS? 

SEE IF YOU CAN FIND THREE JUGS THAT WI LL MEASURE AMOUNTS FROM 
1 LITRE TO 20 LITR ES USING NO OTHER CONTAINERS! 

COULD YO~ HAVE USED ONLY TWO JUGS? 

Jl 
Any other blue 
material on the 
pag e is teacher 
talk or answers . 

If a page is 
ref erred to by a 
didactics paper, 
one of these 
symbols is used. 

Learning 
Theories 

Teaching 
e Techniques 

~ Diagnosis and 
~Evaluation 

.,l;l Goals and 
Obj ective s 

,...___ __ ___... 

)t Credi~ is gi ven here to 
~page 1s a direct copy. 

., 
Her e is the type of activity. 
This refers to the suggested 
use of the page. 

8 

sources are also not~d. 

the source if t he 
I deas from other 



LIST OF PAPERS ON THE LEARNING THEORY 
AND THE PLEASURABLE PRACTICE OF TEACHING 

NUMBER SENSE AND ARITHMETIC SKILLS 

~ Student Self-Concept 

~ The Teachi ng of Skills 

~ Diagnosis and Remediat ion 

~ Goals through Games 

RATIO, PROPORTION AND SCALING 

~ Piaget and Proportions 

~ Reading in Mathemat ics 

~ Broad Goals and Daily Objectives 

~ Evaluation and Instruction 

GEOMETRY AND VISUALIZATION 

~ Planning Instruction in Geometry 

® The Teaching of Concepts 

~ Goal s t hrough Discover y Lessons 

~ Questioning 

~ Teacher Self- Evaluation 

MATHEMATICS IN SCIENCE AND SOCIETY 

® Teaching for Transfer 

~ Teaching via Problem Solving 

~ Teaching via Lab Appr oaches 

® Middle School Students 

STATISTICS AND INFORMATION ORGANIZATION 

Components of Instruction--an Overview 

S Classroom Management 

® Statistics and Probability Learning 

NOTE: A complete collection of all the papers from each resource 
i s availabl e as a separate publication. 
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Getting Started 
Rate 
Equivalent 
Ratio as a Real Number 

Proportion 

Commentary to Proportion 
Getting Started 
Application 
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Getting Started 
Making a Scale Drawing 
Supplementary Ideas in Scaling 

Percent 

Commentary to Percent 
Percent Sense 
As a Ratio 
As a Fraction/Decimal 
Solving Percent Problems 



RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
Piaget and Proportions………………………………………………………………………….10 
Reading in Mathematics………………………………………………………………………...26 
Broad Goals and Daily Objectives……………………………………………………………...42 
Evaluation and Instruction……………………………………………………………………...58 
TEACHING EMPHASES……………………………………………………………………...70 
Calculators………………………………………………………………………………………70 
Applications…………………………………………………………………………………….78 
Problem Solving………………………………………………………………………………...90 
Mental Arithmetic……………………………………………………………………………..100 
Estimation and Approximation………………………………………………………………..106 
Laboratory Approaches………………………………………………………………………..114 
CLASSROOM MATERIALS………………………………………………………………...130 
RATIO…………………………………………………………………………………………130 
Getting Started………………………………………………………………………………...140 
Rate……………………………………………………………………………………………158 
Equivalent……………………………………………………………………………………..180 
Ratio as a Real Number………………………………………………………………………..212 
PROPORTION………………………………………………………………………………...222 
Getting Started………………………………………………………………………………...230 
Application…………………………………………………………………………………….248 
SCALING……………………………………………………………………………………..266 
Getting Started………………………………………………………………………………...286 
Making a Scale Drawing………………………………………………………………………304 
Supplementary Ideas in Scaling……………………………………………………………….328 
Maps…………………………………………………………………………………………...350 
PERCENT……………………………………………………………………………………..364 
Percent Sense……………………………………………………………………………….…376 
As a Ratio……………………………………………………………………………………...430 
As a Fraction/Decimal…………………………………………………………………………450 
Solving Percent Problems……………………………………………………………………..476 
ANNOTATED BIBLIOGRAPHY……………………………………………………………504 



The child is not a miniature adult. 

How would your students do on this 

problem? 

Mr. Short (given, with a chain of 
paper clips, to the students) is 4 
large buttons in height. Mr. Tall 
(deliberately not shown to the stu­
dents) is similar to Mr. Short but 
is 6 large buttons in height . Mea­
sure Mr. Short's height in paper 
clips (he is 6 paper clips tall) 
and predict the height of Mr. Tal l 
if you could measure him in paper 
clips. Explain your prediction. 

MR. SI-\ORT : 

MR. TALL 
4 ~UTTOI\lS 

G BUTTONS 

If your students are like those in a study which used this problem (Karplus, et al., 

1974), nearly 30% of the eighth graders and more than 50% of the fourth graders would 

respond like this: 

Mr. Tall is 8 paper clips high. He is 2 buttons higher than Mr. Short, 
so I figured he is two paper clips higher. 

Perhaps you have tried questions 

like the one above or like those in the 

activity to the right (from PERCENT: As 

a Ratio). If so, you no doubt have 

noticed that some students do not seem 

to grasp the idea of proportions even 

after instruction and even though they 

may carry out the mechanics all right 

when the situation is clearly labeled, 

"Solve with proportions." It is inter­

esting to look at proportional thinking 

from the framework of the developmental 

psychology of Jean Piaget and his 

colleagues. The Piagetians have noted 

the stages in the natural development of 

thought patterns--but not how the develop­

ment can be accelerated or how the 

patterns can be improved. Indeed, Piaget 

is usually reluctant to suggest what his 

~l ike , Tammy , J.Jid :10rk stopped Jt o booth t o s h oot arrows . i\fter shoot i n<J 

for <lwhilc , t his is 1.-hat t heir sco r es were . 

~like - 18 bull ' s - eyes out of 25 s h ots 

Tammy - 1 6 bull ' s-eyes out o f 20 s hots 

.'lark - 7 bu l l ' s - eycs out o f 1 0 s hots 

~like said , " I 'm t he best shot beca u se 1 have the most bull ' s - cycs . " 

" No , " said Mark , " I ' m bes t because 1 have missed the least . " 

Who do you think is t h e best shot? 

l',) Suppose someone made 1 8 bul l' s - eyes o u t o f 'JC shots . Is this 

better tha n Mi k e? 

B) How about someone wh o made 18 bull ' s- eyes out of 18 s hots ? Is 

t h is bet t er t ha n Hi k e? 

~ ) If a shooter misses 3 out of 4 s hots , is this better th<Jn 

Mark? 

D ) How about someone who misses 3 out of 50 sho t s? 

Suppose all t h ree continue to s hoot like they ar:-c now . HOI-' muny bull ' s-

eyes would cuc h h<J v,~ made .:. f lcr 1 0 0 sho t s? 

Nike Ma r k 

1 8 ou t of 7 01.1t of 10 '!ho i s the best 

ou t of out of 10 0 shot? 

Ass uming they continue t o shoot li ke t hey a r e now, what percen t of 

bul l' s - eyes would each of t hese peop l e have i f t h ey took 1 00 s hots? 

Sam - 3 3 bull ' s - cyes out of 50 shots 

Mary - 20 bull ' s - eyes out of 25 s hots 

Debbie - 3 bull ' s - eyes out of 4 s hots 

Ric k - 2 bull ' s-eyes ou t o f 2 shots _ % 

'tom - 8 2 bul l' s - eyes out o f 100 sho t s 

Su e - 4 bull ' s - c y cs out of 5 sho t s 

NOTE: Unless otherwise noted, subsections cited are in the RATIO section of the 
resource Ratio, Proportion and Scaling. 11 
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DIDACTICS PIAGET AND PROPORTIONS 

work might dictate to educators. [Hill, 1972, p. 19] When pressed, however, Piaget 

has offered this comment on the value of his work to teachers: 

It is essential for teachers to know why particular operations are 
difficult for children~ and to understand that these difficulties must 
be surmounted by each child in passing from one level to the next. It 
is not the stages that are important; it is rather what happens in the 
transition. Teachers must understand~ for examp le~ why reversibility 
cannot be taken for granted with 4-year-olds~ and why l2-year-olds have 
difficulty reasoning from hypotheses. What changes take place from one 
level to the next~ and why does it take so much time? 

Too many people take the theory of stages to be simply a series of 
limitations. That is a disastrous view. The positive aspect is that 
as soon as each stage is reached~ it offers new possibilities to the 
child. There are no "static" stages as such. Each is the fulfi Ument 
of something begun in the preceding one~ and the beginning of something 
that will lead on to the next. It is just as disastrous~ moreover~ to 
assume that a child has or has not reached a certain stage just because 
he is a certain age. The ages I have mentioned are only averages. 
["Piaget Takes a Teacher's Look," 1973, p. 25] 

Let us look at these "stages" to which Piaget refers. 

STAGES OF COGNITIVE DEVELOPMENT 
Piaget has identified stages of 

mental development which can be des­

cribed in terms of how one thinks dur-

ing those stages. The existence and 

order of the stages have been confirmed 

across cultures. Except as is neces­

sary for illustration, we will consider 

only the last two stages in the diagram: 

Stage 

Sensorimotor 

Preoperational 

Concrete operations 

Formal operations 

AEEroximate Ages 

0 to 2 years 

2 to 7 years 

7 to 11 years 

11 to 15 years 

or older 

the concrete oEerations Eeriod and the formal oEerations Eeriod, since virtually all 

middle school students should be in these two stages. Recall that Piaget warned 

above about taking ages too literally. The diagram gives the usual age guidelines 

although considerable data suggest that the age indicated for the start of the for­

mal operations period (11 years) might be too young for many people [Lovell, 1971; 

Chiappet ta, 1975]. 

The Concrete 0Eerati ons Period 

Concrete operations are parts of an organized structure of mental activities 



DIDACTICS PIAGET AND PROPORTIONS 

about physically real objects. These objects are not necessarily present. However, 

if they are not, it is assumed that they have been experienced in the past. Some 

characteristics of the thinking of the concrete operations period become clearer by 

considering two of the famous Piagetian tasks that younger children cannot handle. 

The two examples also show why Piaget is of such interest to teachers in the primary 

grades. 

Conservation of number. If pre-

schoolers are given two rows of counters 

arranged as in (A) and (B), they will 

agree that the two rows "have the same." 

If, however, one row is then spread out, 

as in (A') and (B'), most preschoolers 

will assert that row (B') has more! 

Before the concrete operations period, 

(A) 0 0 0 0 0 0 

(B) 0 0 0 0 0 0 .-, 
(A') 0 0 0 0 0 0 

(B') 0 0 0 0 0 0 

WHICH ROW HAS MORE? 

children do not seem to realize that the number in a set remains the same no matter 

what the rearrangement of the set--they do not "conserve numerousness." Rather, 

they tend to focus on some dominating perceptual characteristic like the distance 

between the end counters. Thus, a preschooler may not consider other features, like 

the greater spacing, which would compensate for the greater apparent "size" of the 

row. Not until the concrete operations period does a child simultaneously take 

into account perceptually less compelling aspects. When the child can reverse a 

mental spreading out of the counters and mentally reposition them in the original 

display, he can conserve number. This reversibility characteristic is one of the 

key requirements for a mental activity to become an "operation" in Piagetian terms. 

Conservation of amount. Show a pre-

schooler a ball of clay and then have 

the child make another ball just like 

the first one (or start with two balls 

the child agrees have the same amount). 

If you then roll one of the balls into 

a wiener shape or flatten it into a 

pancake shape, the child will likely 

say that the changed shape now has more 

than the unchanged shape. He is focusing on the greater length or area and may be 

unable to reverse (mentally) the rolling-.out transformation to roll the wiener or 

pancake shape back into a ball. 

13 
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During the concrete operations stage children become increasingly adept at 

taking into account compensating aspects (greater length may be compensated for by 

less thickness) and at reversing mental actions like those above. They are much 

less prisoners of their immediate perceptions. In addition, they become able to 

deal with classifications, even multiple classifications such as a figure being both 

a polygon and a triangle. They also become more and more skillful at placing objects 

in order, based on characteristics like length, size and color intensity. Although 

they can note a relationship like 4-buttons-to-6-buttons (for Mr. Short to Mr. Tall), 

they cannot mentally relate that ratio to an equivalent ratio (6-paper~clips-to-how­

many). They cannot manipulate relationships between relationships mentally. Further, 

their thinking seems to be tied to the real world in the sense that they are not com­

fortable in dealing systematically with what is theoretically possible. The extension 

of thought from the actual to the potential is a main characteristic of the next peri­

od of development, the formal operations period. 

The Formal Operations Period 

As an example, suppose that 

students of various ages are asked to 

give all the possible choices for a 

double-dip cone when there are six 

kinds of ice cream. Children during 

the concrete period may proceed semi­

systematically (e.g., choose all 

adjacent pairs) but may not find all 

the possibilities except by a trial­

and-error procedure. [Piaget and 

uuuuuu 
A?PLE BERRY Cf.\t.RRY DA\Qlllli!l EGGNOG FUDGE 

? . 

fJ 
Inhelder, 1975, ch. 7] One mark of the formal operations stage is that the student 

can list all the possibilities in a very systematic manner: 

AB, AC, AD, AE, AF, BC, BD, etc. 

This ice cream cone problem reveals a small facet of a much deeper change. The 

concrete operations student works primarily to organize and order what is present. 

What the student cannot do, but what the formal operations student can do, is to 

list all the possibilities at the start and then try to figure out which of these 

14 
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possibilities are all right. " 
the real becomes a special case of the 

possible, not the other way around." 

[Flavell, 1963, p. 205] Piaget regards 

"this reversal of direction between 

reality and possibility" as the funda­

mental property of formal thought. 

[Inhelder and Piaget, 1958, p. 255] 

" ••• the novelty of formal operations 

PIAGET AND PROPORTIONS 

COtJCR.ETE. !=""OR MAL 

is that they bear on hypotheses--that is to say, on statements that are not known, 

nor supposed to be true at the outset--and on behaviour and properties of objects 

that cannot be directly observed." [Sinclair, 197la, p. 9] (Using the label "hypo­

thetical reasoning" for this stage should not, however, be construed to mean that 

younger students can follow no "if-then" arguments about familiar things.) The stu­

dent also becomes able to set up experiments to test the effects of variables--for 

example, with a pendulum, which of the variables length-of-pendulum and weight-of­

bob affects the time for a complete swing? 

Concrete thought focuses on real objects and events; formal thought can focus 

on these concrete thoughts (or statements about them) and proceed to work with these 

thoughts (or the statements). It is this "work with thoughts" that relates to 

proportions. As was noted for the Mr. Short-Mr. Tall situation, a proportion is a 

relation (equality) between two relations (ratios). Hence, full understanding of 

proportions should theoretically require formal thought. The results of the Mr. 

Short experiment support this assertion, and Piaget has justified the assertion 

(and may have thought of it) through several experiments. Here are two of the 

experimental set-ups. 

Similar triangles. [Piaget and Inhelder, 1967, 

ch. 12] Suppose that students in the concrete period 

are asked to draw a triangle with exactly the same 

shape as the triangle to the right but with one side 

being PQ. Many will focus on the difference of 6 units 

between PQ and PS and extend PR by 6 units to get the 

triangle. Admittedly, they often recognize that the 

result "doesn't look right," but the point is that 

their natural focus is on the difference rather than on 

a proportional relationship. Recall that this same 

focus on differences was apparent in the Mr. Short 

experiment. 

' , ' 
(G),/ '\ 

' ' , ' , ' 
R / ' , \ 

(-;.)A \ 
~--------'~ P (~) S (G) Q 
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Lever-arm balance. (Cf. Inhelder 

and Piaget, 1958, ch. 11) Suppose 

students at the concrete stage are 

asked to place a weight on a lever-arm 

balance so as to balance a weight 

already on the balance (as to the 

right). Some students may count from 

the ends of the balance arms. Others 

( . . . 

PIAGET AND PROPORTIONS 

8 G .. 2(fl 2 4 (0 8 

. • • • • I • • • • • • • . . .. .... . ·,; ...... ) 

~ ~j 

will have no idea how to predict the balancing position. Once again, some may focus 

on the difference in weights (1 unit) and feel that the 4-weight should be placed 1 

unit farther out (onto the 9-peg) to adjust for this difference. 

so I 
? 
' 

"All very interesting, but what does it mean to a teacher?" you may be think­

ing. Piaget's reluctance to suggest exactly how teachers should use his findings 

was noted. However, many Piagetian disciples and interpreters are willing to suggest 

implications. The following three areas seem to involve safe assertions: 

1. Knowledge of stages. As the early quote from Piaget indicates, some knowl­

edge of the developmental stages enables one to be more sensitive (a) to how the 

student may be viewing things and (b) to topics tha t the student may not be able to 

absorb, in particular by strictly verbal 

means. For example, if teachers know 

that students may notice the difference 

relationship in a setting actually in-

volving proportions, they would be likely 

to use pages like Compar ison 1 in 

the Getting Started section to develop 

awareness about ratios and other sorts 

of rela tionships. Or, if one knows that 

r easoni ng based on hypotheses contra ry 

to fact is difficult for some student, 

then he would realize that indirect 

proofs mi ght miss the target. The di f­

ficul t y , of course, is in determi ning 

at what s t age a student is. A brief 

treatment of Piaget may leave the 
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impression that a middle school student can be neatly categorized as being either 

concrete operational or formal operational. This is not the case. Piaget indicates 

that one can use formal operations in some familiar area without reaching the fo~al 

level in other areas [Piaget, 1972] and quite often students are in a transitional 

phase between stages. 

2. Knowledge of factors in development. Piaget includes these factors in the 

natural development of the operational stages: maturation, experience, learning 

from others ("social transmission") and 

the more technical "equilibration." 

[1964] The first factor--maturation-­

reminds us not to expect an overnight 

development of formal thought even 

though we might give careful verbal 

explanations of, say, the proper way 

FACTORS IN COGNITIVE GROWTH 

--MATURATION 

--EXPERIENCE 

--SOCIAL TRANSMISSION 

--EQUILIBRATION 

to handle proportions. We might be better off to give more attention to the experi­

ence factor by providing bases in physical realities for proportions. Pulaski com­

ments that "Piaget feels that children in the classroom suffer from 'cognitive 

passivity'; they need to take a more active part in discovering facts and relation­

ships." [1971, p. 125] 

Piaget's feeling about the importance of social transmission is particularly 

strong when it comes to a student's learning that there are other points of view than 

his own (see numbers 6 and 7 on pages 10 and 11). Small group work or discussions 

seem to offer an excellent way to hear others' viewpoints. Social transmission also, 

of course, includes information received from the teacher; Piaget warns, however, that 

the student must be "in a state where he can understand this information." [1964, 

p. 177] For example, a student who does not yet have a "feel" for the meaning of a 

ratio has to resort to rote memory or patterns to write equivalent ratios. Piaget 

is emphatic in insisting that words cannot do everything: "I don't believe in the 

language factor • . • Language is fundamental for giving precision and clarity to 

thought. But it is not the source of thought and verbal development is not a source 

of the ••. development of intelligence." [Hill, 1972, p. 19] 

Piaget regards the last factor, equilibration, as the fundamental one since it 

"explains" how one's mental structures change (if the other factors allow). So long 

as new experiences fit into an existing way of thinking, there is no need to change 

that thought pattern. For example, so long as looking at differences enables students 

17 
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to make correct predictions, then they 

will continue to look at differences. 

If, however, a student's way of think­

ing leads to an erroneous prediction 

for some new situation, then this 

discrepancy may provoke a change in how 

the student thinks. If he makes an in-

correct prediction in the Mr. Short 

experiment, he may be receptive to 

changing his way of thinking. All the 

"mays" come in because there can be 

deficiencies--in maturation, experi­

PIAGET AND PROPORTIONS 

ence or other human sources--which do not allow the thought patterns to change. 

Hence, if the situation is "ripe" (which is hard to tell), having students work in 

situations where reality may be contrary to what some of them predict--as in the Mr. 

Short experiment--may instigate a change in their ways of thinking. If students mis­

predict about the ratio of the surface areas of different cubes (see Surface Area 

and Ratios 1 in the RATIO: Equivalent section), then some may experience a "dis­

equilibrium" and change their thinking to compensate for it. 

3. Attention to foundations. As a rule of thumb, instruction for middle school 

students should start with the concrete operations stage in mind. Making sure that 

the students do have some concrete bases for their mental manipulations may require 

providing concrete experiences. Aebli, a Piaget student, gives his interpretation: 

(The teacher) will arrange the learning materials so that these 
operations can actually be carried out by the student ... and then see 
to it that the student does carry them out. Suppose he wishes to teach 
the elementary notion of fractions. He would do well to eschew pictures 
of objects divided into equal parts in favor of actually dividing a con­
crete object before the class or~ better still~ getting the student to 
make the partition himself . . . (Later~ get) the student to perform the 
requisite action with progressively less and less direct support from 
the external givens. [Flavell, 1963, p. 368] 

This quote supports a practice that many teachers believe in: start a topic as con­

cretely as possible, move to drawings or pictures, and gradually include work with 

strictly abstract symbols. For example, work with ratio might begin with activities 

from the section RATIO: Getting Started . 
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Ratios by Picture I and Shady Ratios could provide "semicon­

crete" experience before work with numerals only. 

FLASHLIGHT FOR EVERY 

BATTERIES OR 

1:2 = :4 

5:10 1: 

3: 6: 8 

There is other research support for the use of non-symbolic aids. Portis [1973] 

tested upper elementary students on proportions, using either physical aids, pic­

torial aids or symbols only. His findings? "So low were the mean results • 

when symbolic aids (words only) accompanied the tests that the study raises a ques­

tion about the appropriateness of arithmetic problem solving tasks • • • when only 

symbolic aids are used." [p. 5982] 

SUMMARY 

Concrete Operations Period 

The student becomes able to--give simple or multiple classifications for 
objects 

--order objects with respect to one or more 
attributes 

--deal with number ideas and operations 
--conserve length, area and interior volume 

Formal Operations Period 

The student becomes able to--initiate thought by systematically listing 
possibilities 

--reason with premises that are not necessarily 
true 

--use proportions 
--design experiments to control variables 

Piaget's experiments surely indicate that the child is not a miniature adult in how 

he thin~s. Middle schoolers will likely be in the concrete operations period, the 

formal operations period or, in many cases, somewhere between these two. For some 

topics our teaching may provide not the complete structure but only the underpinnings 

for a student's full understanding at a later time. The theory (and the successful 

practices of many) seems to suggest starting instruction with physical realities famil­

iar to the student before working solely with abstract symbols. Better results are 

likely if the students are active participants in the classroom, not just passive 
19 



20 

DIDACTICS PlACET AND PROPORTIONS 

observers. See the reference list for sources for further study of Piaget and devel­

opmental psychology. 

'V'V'V'V'V . . . . . 
1. Try some of the Piaget-type experiments with children of different ages. For 

examples, with a 5-year-old and an 8-year-old 
a. conservation of number 
b. conservation of amount + or, with a 9/10-year-old and a 12/13 -year-old .•. 
c. Mr. Short-Mr. Tall 
d. ice cream cones 
e. similar triangles 
f. lever-arm balance 

2. Diagnose Jasper's problem and plan how you would remedy it. 

Jasper's work: 
4 
2 

7 

J! 
5 

17 
8_1 
6 15 

1 
J( - 7 
2 - 8 

3. (Discussion) Piaget: " there exists a fundamental lacuna in our teaching 
methods, most of which, in a civilization very largely 
reliant upon the experimental sciences, continue to dis­
play an almost total lack of interest in developing the 
experimental attitude of mind in our students." (1971, 
p. 37--The quote actually dates from 1965.) 

What can we do in mathematics classes to develop an "experimental attitude"? 

4. ''As regards the teaching of the new mathematics, for instance, which constitutes 
such a notable advance over traditional methods, experience is often falsified 
by the fact that although the subject is 'modern,' the way in which it is pre­
sented is sometimes psychologically archaic insofar as it rests on the simple 
transmi'ssion of knowledge ... " [Piaget, 1973, p. 17, emphasis addedJ 
a. What alternatives to the "simple transmission of knowledge" might Piaget 

endorse? 
b. In a recent survey more than 80% of the polled fifth-grade teachers used 

manipulative materials in less than one-fourth of their lessons. [National 
Advisory Committee on Mathematical Education, 1975, p. 75] Is this consis­
tent with Piaget's assertion above? 

5. Reasoning with verbal statements is not necessarily formal thought. " •.• all 
verbal thought is not formal and it is possible to get correct reasoning about 
simple (statements) as early as the 7-8-year level, provided that these (state­
ments) correspond to sufficiently concrete representations." [Inhelder and 
Piaget, 1958, p. 252] You might try the following two problems on an 8-year-old 
and a 13-year-old. 
a. Jim is taller than Dale. Matthew is taller than Jim. Who is tallest? 
b. Mary runs faster than Ann. Mary runs slower than Jane. Who runs the fastest? 

6. Piaget uses the word egocentrism to refer to the tendency to see things from only 
one's own point of view. (This use should not carry the usual negative connota­
tion of willful self-centeredness. It is natural; the person is not even aware 
that other viewpoints or perspectives exist.) Piaget has noted a recurrence of 
egocentrism at the different stages of development. 
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6. (continued) 
a. If student A (usually 8-9 years 

old) views a display as to the 
right, he may not be able to 
describe, or pick out a picture 
showing, how the display would 
look to student B or C. Relate 
this phenomenon to egocentrism 
(you may want to try it on a 
few of your students). (Cf. 
Piaget and Inhelder, 1967, Ch.8.) 

PIAGET AND PROPORTIONS 

A 
c 

b. Look at 3 Faces You Should Have Seen in SCALING: Supplementary Ideas in 
Scaling in terms of egocentrism. 

7. Egocentrism refers to more than the visual perspectives in number 6. For example, 
egocentrism during the concrete operations period follows these lines: Since the 
student can now carry on considerable mental activity, his egocentrism takes the 
form of an "inability to differentiate clearly between what he thinks and what 
he perceives • • • In the course of • • • reasoning the child often fails to 
distinguish between his hypotheses and assumptions on the one hand and empirical 
evidence on the other. It is this lack of differentiation between assumption and 
f act that cons-titutes the egocentrism of t he concr>ete operatfonal period." 
[Elkind, 1970, pp. 54-55] For example, a student may reinterpret or reject facts 
to fit his idea, rather than use facts to test his idea. 
a. (Discussion) Does this notion of egocentrism account for any behavior you 

have noticed in students? 
b. Flavell notes that Piaget "has stressed the paramount importance of inter­

action with peers as the principal vehicle by which the child is liberated 
from his egocentrism." {1963, p. 369] Why does this make sense? 

8. (Discussion) Sinclair, in reporting on the Piagetians' work with memory, notes 
that excessive emphasis on rote memory could well lead to an underdeveloped 
self-organized type of memorizing. In addition, " •.. a certain amount of rote 
learning is, in the present system, inevitable. But as regards mathematics and 
allied discipli nes, it appears that it is the concept formation itself that 
should be fostered by all possible means ••• " [197lb, p. 134] 
a . What things are, in your opinion, most efficiently learned through rote? 
b. What are some "possible means" to foster the formation of the concepts of 

ratio, proportion or percent? 

9. If a larger unit is used to measure a length, fewer units are required (as in 
the Mr. Short experiment). Abramowitz [1975] feels that students need to have 
explicit exposure to such "inverse" situations and to contrast problems in which 
an increase in one thing is associated with an increase in anothe r (e .g., things 
bought and money spent, or speed and distance covered, or--usually--time spent 
on homework and number of exercises finished). Plan how you might handle these 
inversely related variables: 
a. size of area unit and number of units required to measure a plane region. 
b. size of volume unit and number of units required to measure a space region. 
c. number of teeth in a gea r and number of turns, as in 

I'm Beat t How About You? i n the PROPORTION: Application subsecti on. 
d. distance from fulcrum and weight needed to balance a weight, as in a . lever­

arm experiment. 
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10. It is likely that you would endorse 
the first row to the right as satis­
factorily showing that one-half and 
two-fourths are equivalent fractions. 
You might, however, be reluctant to 
accept the second1row2of drawings IJ 

TI-IHl 

as demonstrating 2 = 4 since the 
units are different. Yet, the 
second row does seem acceptable for 
showing that 1:2 and 2:4 are equiva-
lent ratios. Many writers regard 
ratios and fractions as being the same (see 
content section for RATIO); whether they are 
matics education. 
a. What is your view? 

• 
0 0 

I :2 

0 
• 

0 
• 

0 0 

the commentary and mathematical 
the same is a minor issue in mathe-

b. Is this issue only an academic question or does it have implications ;for 
classroom practices? 

11. (Outside reading) Read the Nelsen [1969] or Van Engen 11960] article for more 
on the are-ratios-the-same-as-fractions issue. A more technical article is the 
one by Van Engen and Cleveland I1967]. 

12. This excerpt dealing with probability may interest you in 
trying something similar with your students. With respect 
to a spinner like that to the right, ''Which is more prob­
able: two on each color with sixteen spins, or about one 
hundred on each with eight hundred?" 

Chen (11 years, 11 months): "More likely with sixteen 
spins and two on each color because two is less than one 
hundred. When there's chance, its (sic) easier (to reach 
uniformity with 16 tries)." IPiaget and Inhelder, 1975, 
pp. 76-77] What would you do with a student ·who responds 
like Chen? 

( RE.G.IOt-JS ARE Of" 

DIFF"E.Rt.tVT COLORS) 

13. Here are some more quotes from Piaget and Inhelder's work with probability. 
[1975, pp. 153-156] You may want to try similar questions with your students 
and plan how you will deal with students who respond in similar fashions. The 
students are asked which of two situations gives the better chance of drawing 
a marker with a cross on it. The notation 3:4 means that in one situation 3 
out of 4 markers have crosses. 
a. Given 1: 3 and 1:4, Ram (9 years, 9 months) 

chooses 1:3 "because there are only two without 
crosses." Given 1:2 and 2:4, Ram says, "Here 
(2:4). No, here (1:2) because there is only 
one without a cross." 
"Why did you say the other?" 
"Because there were two crosses " 

® 
0 0 OR. 

® 
000 

b. Mey (11 years, 1 month) (1:2 and 2:4) 
there are two crosses." 

"Here (2:4) it 1 s more certain because 

"But are there two without crosses also?" 
"Well then it's the same." 
"Which do you choose?" 

(continued) 1 
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13. (continued) 
"This one even so (1:2) because there's only one without a cross • . " 
(2:5 and 1:3) "It's the same because there (2:5) there are three without 
crosses and two with crosses, and here (1:3) one with the cross and two 
without." 
"And if I put this (1: 3 and 2: 6) ?" 
"I prefer this (1:3) • • " 

c. Bis (12 years, 2 months} Bis recognized the equal likelihood in 1:2 and 
2:4 situations. For 2:5 and 6:13, " .•• it's the same. There is as much 
risk on one side as in the other. Here there are six with crosses and 
seven without crosses, and there two and three Ithus a difference of one 
on each side]." 
"And if we compare three piles, 1:2 and 20:21 and 100:101, which is the 
most likely to give a cross?" 
"There where there is one more out of one hundred, there is less chance of 
getting it than there is with the one more out of twenty (~fter a long 
hesitation)." 
(See Fischbein, et al. [1970], Lovell [1971] and Romberg and Shepler [1973] 
for other research on probability with students.) 
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t es t s at s ome grades. 
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EVERY TEACHER A READING TEACHER? 
Should the mathematics teacher 

be expected to teach reading? If you 

live in a state where a course in the 

teaching of reading is required for 

secondary certification, you know 

that some certification boards think 

the answer is, "Yes." And there seems 

to be good reason: " student 

achievement is improved if the reading 

skills instruction is integrated with 

the content instruction." [Laffey, 1972, 

p. vii; see also Aiken, 1972, pp. 369-

370] Certainly you will agree tha~ it is unreasonable to expec~ that the language 

arts teacher will have much training in mathematics. But by the same token, unless 

you have had training in the teaching of reading, what can you be expected to do? 

This section can only skim the surface of this important topic. We have attempted to 

collect here some recommendations of various experts. Most of the suggestions fall 

into a "good idea" category and seem usable in mathematics classes. 

WHAT CAN WE DO? 
1. We need a l l the help we can get: Befriend the language arts teachers and 

the reading specialists. They are the experts • and their training programs 

usually encourage them to illustrate word-attack and comprehension skills with 

vocabulary lists and reading assignments from teachers of other content areas. These 

teachers can also give you information about reading diffi culties of par ticular stu­

dents. If you are i nvol ved in writing ma terials for students, a reading speciali st 

can be an inva luable consultant. 

2. Diagnose. "One reconnnended device in a content class is simply to give, at 

an early meeting, a reading tex t assignment with accompanying questions. The tea­

cher calls each individual to his desk to read excerpts quie tly from the selection. 

NOTE: Unless o the rwi se noted, s ubsections cite d are i n the PROPORTION s ection of 
the resource Ratio, Proportion and Scaling. 
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The teacher can quickly differentiate those who can and cannot cope, at least mechan­

ically, with the reading,and he can obtain some estimate of the range of proficiency 

within the group." [Burnett, 1974, p. 109] Note the "at least mechanically." Many 

apparently "good" readers cannot interpret a paragraph they can read smoothly. 

(Caution: Some poor oral readers understand quite well.) You might wish to check 

the students' reading scores in their permanent records if you do not want to take 

time to have them read aloud. 

3. Point out features of the book that help to organize the material and enable 

the reader to review. A student may not know what information is in the table of 

contents, how the index is used, what and where the glossary is, or where special 

reference tables are located. Point these features out again as they are needed. 

Providing an overview of the chapter may remind the students that the parts are re­

lated. It may be worthwhile to look at pages to study the organization of explana­

tory material; the role of underlined, italicized, colored or shaded print; and the 

use of diagrams to support narrative explanations. 

4. Make certain that words and 

symbols mean something. (See also The 

Teaching of Concepts in the section 

POLYGONS & POLYHEDRA in Geometry and 

Visualization, Mathematics Resource 

Project.) You may have had the experi­

ence of reading every word in some 

sentence perfectly, yet having no idea 

of what the sentence said--and you are 

a college graduate. We may need to 

review vocabulary, especially before a reading assignment. Below is a list of terms 

and phrases and the percents of a large group of seventh and eighth grade students 

who checked the terms and phrases as "known." Note the results particularly relevant 

to work in this resource: ratio (37.2% of the students felt they did not know the 

term), proportion (53.6% unfamiliar), mean (46% unfamiliar), extremes (_72.1% unfamil~ 

iar), percentage (27.2% unfamiliar), scale drawing (32.9% unfamiliar). And, in a 

large-scale study with sixth graders, Ebeling found " ••. the average s ixth grade 
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SELECTED TERMS AND PHRASES WITH PERCENTS OF "FAMILIARITY"* 

abacus (39.9) 
adjacent (25.8) 
algorithm (3. 8) 
alternate exterior 

angles (30. 0) 
alternate interior 

angles ( 31. 8) 
arc (48.6) 
array (24.5) 
associative (76.6) 
associativity (39.1) 
bisect (27.2) 
calculate (49.8) 
capacity (41. 9) 
centroid (6.1) 
commutative (71.4) 
commutativity (44.8) 
complementary angles (37.5) 
concentric circles (16.1) 
congruent (33.8) 
consecutive (22.7) 
cross product (36.3) 
decagon (24.7) 
distributive (67.9) 

distributivity (38.1) 
dodecahedron (2.5) 
ellipse (21. 2) 
equate (23.6) 
equilateral (49.2) 
exceed (29.7) 
extremes (27.9) 
factorization (46.9) 
heptagon (24.9) 
hyperbola (2. 7) 
icosahedron (2.4) 
integer (33.2) 
isosceles (31.1) 
magnitude (9.1) 
mean (54.0) 
midpoint (41.1) 
motion (36.5) 
obtuse angle (58.7) 
octagon (49. 7) 
octahedron (6.8) 
ordered pair (43.8) 
origin (45.4) 
parabola (3. 4) 
percentage (72.8) 

perpendicular (48.3) 
perpendicular 

bisector (22.4) 
pi (36. 5) 
polygonal region (24.9) 
polyhedron (6.3) 
probability (32.9) 
proportion (46.4) 
Pythagorean 

theorem (3. 2) 
quantity (68.1) 
ratio (62.8) 
reciprocal (44.0) 
region (49.3) 
rhombus (29.3) 
scale drawing (67.1) 
scalene triangle (36.5) 
sides of an 

equation (43.1) 
tangent (8.2) 
tetrahedron (5.2) 
trapezoid (37.6) 
velocity (25. 0) 

* "Familiarity" was determined by whether the 7th and 8th grade students checked 
"know" when given the term or phrase. Entries selected from Appendix A in 
Kane, Byrne and Hater. [1974, pp. 75-90] 

student has the ability to associate fewer than half of the algorithms with their 

mathematical terms." [1974, p. 7515] Certainly, we must give attention to vocabu­

lary and symbolism! 

Warn students about words that can be easily misread: tens and tenths, paral­

lelogram and parallel, for example. Look over a reading assignment for the many 

mathematics words which have everyday (non-mathematical) meanings: point, interest, 

means, prime, extremes, product, round, foot, yard, scale, set, adjacent, altitude, 

base, check, cube, and many others. These should be called to students' attention 

since there is some evidence that readers, particularly poorer readers , give the 

everyday interpretations to such words. Some mathematics words have multiple mean­

ings, also. For example, students may encounter equivalent sets, equivalent frac­

tions, ~uivalent ratios, equivalent sentences, logically equivalent, equivalent 

expressions during their mathematics work. 

29 



30 

DIDACTICS READING IN MATHEMATICS 

5. Have the students read! "Although some teachers of mathematics prefer to 

provide initial explanations themselves in an oral presentation and let the students 

work alone only on the exercises or 

problems, it seems unfortunate that 

pupils should be taught always to rely 

so heavily on the teacher for new 

learning." [Catterson, 1974, p. 158] 

When will the students ever learn to 

read? The greatest factor in whether 

students learn something is whether 

they have the opportunity to learn it. 

Yet it is so easy to make assignments of 

exercises from a textbook and never even 
A VICIOUS CII2.CLE? 

: ·. :.:·.:: 
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mention the accompanying explanatory material in the book, let alone give any advice 

on reading mathematical discourse. Perhaps it should be no surprise when so many 

students don't "understand" word problems. 

Reading experts suggest a few methods. [Catterson, 1974, p. 158] 

• Ask the students to read a paragraph or two of narrative silently and then to 

answer oral questions. 

• Prepare a few written quest i ons as a reading study guide for the students. 

• Devote a few minutes to silent reading of material as the routine before the 

exercises are assigned. 

• Give students some guidance before a reading assignment: What should they 

l ook for? What vocabulary and symbols a re i n the passage tha t may need review or 

explanation? What earlier material is the passage related to? What is the role of 

accompanying figures and tables, if any? Do the students have paper and pencil 

ready to fill in gaps or check assertions i n the book? 

• Fo rm small groups of mixed rea ding ab i lity occas i onally. Have the fluent 

readers read orally with the others following along. Then the whole group can 

discuss the passage or written questions. 
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6. You will probably want to give 

explicit attention to the reading of 

charts, diagrams, tables, graphs, mea­

suring tools. Quite often charts, 

diagrams and tables are not read from 

left-to-right or top-to-bottom. Learn-

ing to make charts, etc., helps in 

learning to read them. You know that 

students need instruction in reading 

rulers, protractors and other measuring 

devices; they are mentioned here as a 

reminder of the variety of types of 

reading required in mathematics. 

READING IN MATHEMATICS 

7. Remind students that reading in mathematics is much slower than most other 

reading. You cannot get much from a paragraph of mathematics reading by whizzing 

through at comic-strip or fiction-book speed. Symbols and information-packed sen­

tences cannot be absorbed by fast reading. They require concentration since missing 

even a part of a symbolic expression or sentence may cause a complete lack of under­

standing. Skimming a chapter or reading a summary first to get an idea of the "big 

picture" may be worthwhile, but mathematics reading for understanding requires so 

many fixation pauses, regressions, intentional re-readings and references to diagrams 

or parallel numerical work that one's reading rate cannot be great. (Point out that 

this necessarily slow reading is the reason you assign only a little reading, not 

because the reading is unimportant.) 

8. Try to have available (in the room or in the library) a collection of 

''recreational" reading books on mathematical themes. For example, Weyl's Men, Ants, 

and Elephants: Size in the Animal World [1959] might be of interest to a student 

after work with ratio and scaling. Books of activities, games and puzzles like 

Patterns and Puzzles in Mathematics [Horne , 1970] or The I Hate Mathematics! Book 

[Burns, 1975] are easy for a student to brows e i n even if there are only a few min­

utes available. The NCTM publication by Hardgrove and Miller [1973] annotates trade 

books on mathematics. Librarians often have lists of recently-published books and 

welcome spe cific requests from mathematics teachers (excep t perhaps i n times of bare 

budgets). If the librarian does get some of your requested books, be sure they are 

use d by the students! 
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9. What about the very poor reader, the one who has so much trouble with each 

word that he has forgotten the beginning of the sentence by the time he gets to the 

end? Well, you did befriend the reading specialist, didn't you?! ••• General 

guidelines do include these two: "illuminate, perhaps even magnify, each gain the 

learner makes, and ••• avoid unfavorable comparisons of the learner's performance 

with that of other pupils." [Burnett, 1974, p. 104] Besides the reading in small 

mixed groups mentioned earlier, Burnett also suggests " •. tape recording a better 

reader's oral reading of assigned chapters and encouraging disabled readers to read 

silently along with the tape while listening with headphones." [p. 109] If you have 

a whole class of poor readers, you might read to them or with them, sentence by sen­

tence. If you have an "individualized" program of some sort, for less severe cases 

you might be able to find a textbook with a more nearly appropriate reading level. 

SUMMARY 
We can attack the reading problem by • • . 

• informally assessing the students' reading ability; 

•working with the reading teachers, especially for students with severe reading 

problems; 

•making certain our students know helpful features of texts, understand the 

vocabulary, have a realistic approach to a mathematics reading rate, and get instruc­

tion in reading diagrams, charts, etc.; and 

•above all, insisting that the students get some reading practice. 

WORD PROBLEMS 
One of our most important areas is our students' hardest: word problems. It 

is no surprise that reading skill is related to success with problem solving (e.g., 

see Balow, 1964). 

by looking at the numbers in the reading. 
If there are only two numbers about the same, I subtract. 
If there are lots of numbers, I add. If there are just two 
numbers and one is smaller than the other, then it is a 
hard problem. I divide to see if it comes 
it doesn't, I multiply. 

Adapted from Burton, 1962, p. 106 

'soLVING" T\4( \.JOR.D- PQOBLEM PROBLEM! 

1. Students must learn that a single reading of a word problem is not enough. 

Three readings might be enough: the first a fairly fast one to get the idea of the 



DIDACTICS READING IN MATHEMATICS 

situation, the second much more slowly to interrelate the data, the third to go back 

and pick out specific pieces of information. (Let's call it two readings to keep 

students from fainting!) Having students paraphrase a word problem is recommended 

by some authors since paraphrasing requires reading for meaning and not just reciting 

the words. 

2. The stud-ents must have a good conceptual base. If a student's "concept" 

of multiplication consists only of the x-sign and an associated algorithm, he may 

not see a situation in a word problem as fitting multiplication instead of some 

other operation. Without a proper foundation, success with word problems involving 

proportions, say, may depend on the problems being within a sequence of problems 

dealing with proportions. Time spent on developing meaning for symbolism and vocab­

ulary seems to be worth it. [VanderLinde, 1964] 

3. The student may need a reminder that making diagrams, figures or sketches 

is often a helpful problem-solving aid. Sometimes students seem to think that only 

numerals should be written, or resist doing things they may not regard as being 

important for getting an answer. Some teachers make a specific assignment on making 

diagrams only or require diagrams for most word-problem assignments. 

4. Attention to the choice of word-problem situations may help performance. 

In a very small study with fifth graders, Lyda and Church [1964] found that lower 

ability students seemed to do better on word problems involving situations like 

those actually experienced by the students (buying groceries, buying milk in the 

cafeteria, for example). In some work limited to ninth grade boys, Travers [1967] 

found that the students preferred "social-economic" situations (selling hot dogs, 

saving money for a date, organizing school committees) to situations labeled "mechan­

ical-scientific" (repairing tractors, learning to drive a car, testing spark plugs) 

or "abstract" (solving secret codes, counting imaginary objects like "oaks" and 

"zooks"). However, performance on preferred types was about the same as performance 

on non-preferred types. Using students' names or local school situations in word 

problems seems to help some students. 

5. To increase weaker students' chances of some success with word problems, 

you may need to rewrite some problems, using shorter sentences, easy vocabulary and 

accompanying diagrams. (You might have some better students rewrite some for you to 

use next year or with another class this year.) For multi-step problems, havi ng the 

numerical data presented in the order they are used i n the solution makes the prob­

lems easier. [Burns and Yonnally, 1964] For example, in "Jo bought 2 loaves of bread 
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at 69¢ a loaf and a package of cupcakes for 25¢. How much did these items cost?" 

the data fit (2 x 69) + 25 exactly. Note, however, that the students may "learn" a 

wrong thing from such problems: "Always use the numbers in order," and would be in 

trouble with "Jo bought 2 loaves of bread and a package of cupcakes. The cupcakes 

were 25¢ and the bread 69¢ a loaf. How much did these items cost?" An intermediate 

step in helping your students might be to have them order the numerical information 

without actually solving the problem. 

6. Just as making graphs helps one 

learn to read graphs, writing story 

problems may help students interpret 

other story problems. You might have 

students write word problems and pre­

pare an assignment or a bulletin board 

with their "challenges." Small groups 

seem to prepare better written, more 

imaginative problems than some individ­

uals do. Such problems may not be easy! 

C\-IALL£.NGCS f£Otv1 P£12100 3 
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Similar sorts of activities can be based on these ideas: give data and have 

students ask questions, or give an equation and have students write a word problem 

for it. This last activity may reveal some misconceptions. For example, suppose 
2 n 

that students are to write a word problem for 5 = 30 , and one student writes, "Kay 

saves $2 out of every $5 she gets. She has saved $30. How much did she get?" The 

student may have made a careless error, but he might lack "feel" for proportions. 

7. Students should have exposure to some word problems which give insufficient 

information and others which give too much information. Both sorts force the student 

to read for understanding. Some problems should require the use of "hidden" infor­

mation (e.g., if the price per kilogram is given and the cost of 135 grams is sought, 

the "hidden" relationship between kilograms and grams must be used). Each of these 

three aspects-insufficient data, superfluous data, "hidden" facts--appears in out­

of-school problems . Indeed, it may be only in school that word problems present the 

necessary and sufficient data in a tidy three-line package. 

8. A final point is also related to "don't make it easy not to read." If all 

the word problems in a list are of the same type or require the use of only the 
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algorithm practiced for the last two days, students can often get correct answers 

without reading all the problems. Their technique? Just use the recent algorithm 

or perhaps read the first problem, see what operation is to be performed and then 

go through each of the other problems, pick out the numbers and perform that same 

operation. To avoid this version of "problem solving," different operations (or 

irrelevant data) could be included in every list of word problems. 

IN CLOSING 
Experience suggests that students can become bet­

ter readers of mathematics if we give them some help. 

If instruction on mathematical reading makes the stu­

dent a more self-sufficient learner and a more confident 

worker of word problems, the time will be well spent. 

'V'V'V'V'V . . . . . 
1. (Discussion) How do you handle the reading of mathematics? Do you give a read­

ing assignment, but then always reteach it? 

2. Suppose you were to have students 
read the narrative portion of the 
page to the right. Outline what you 
would say before they started and 
what questions you would ask after 
they had read it. 

INTERESTING? 
YOU CAN BANK ON IT ! 

~'"'"=-"' 

0, • ,. c. l n s ~' 'i c•v<: r" "] (1{\ , >< 0) t 1 <1.' 

i 11\ • ' l" l''•t \o',1~ " (. PT < )(1 , 

, •;; tra mon<>y<';l rn,·d <)II h,-r 

r>a:>c•r r"~: r. - i :: th e La~; t v,•,1 T this w;t.<; 

S7ltl.lfl , ,\l ) . h e>\..' rl\ Lo ' h in[o'To'St did ll<•bhh• ' ' 'H:I : 

T!oirt!:: ') '"C:Hl <. ~'i l <•T LVC!" ' ' ~- ](lfl , ~<· 

lkbh ie ' s i n t e r.·s t ~:as :c ) i r.l -t l •· 
' ~" e thn:' S5 x 7 (< 1 S) . 

Tr. kcc;• <~c<ur.• u· recc n~,, lkh ' •ie 11t·N'! rt! t<' ;,t~o"· 

c:'<ll"t:y !:n• .o:urlo slw ea~:wd. ~ i ,.,<" <' '>f. ,....,an •: 
~ out <•f IP.O c r mul t l p l I cd . OS x S7 ) P . 2() a nd 
r:r t $16. 91 ir: t c r ,•s t . 

l"s•• Y<'ur pe rcen t ,;ensC' to <l t'f' Tl/Xir:-.n t c' the t~n<>ur.t 0f 
r.o ne <· C..J r·nul f r<'"' <·ac l: o f tl:i>t-e •;>n: inf,S dC<"ounts. 

f"l.(r. ~·ban!;<.' rl:f' flC'rcent t c n <lf'<.:irHJI .u:C rult i e>l ,· t c 
g f' t tlw <~ cr.,a i intC'l"I'S l . 

I NTEREST 

35 



DIDACTICS READING IN MATHEMATICS 

3. a. Talk to the reading specialist (or consultant) in your school about reading 
in mathematics. Or ask the district reading consultant to talk to the 
department. Or ask that an inservice day be devoted to reading in the con­
tent areas. 

b. Find and study a standardized test which gives reading "levels" for students. 
Does it give you any ideas for types of reading skills you could foster? 

4. Pick a typical textbook passage and plan what you might say as you assign it. 

5. a. Does your textbook include a regular review of vocabulary? If not, plan how 
and when you feel vocabulary review should be worked in. 

b. You might like to poll your classes at the start of the year to see how many 
students know the word "glossary." 

c. (Discussion) Have students make up sentences using a particular vocabulary 
word and record them on tape. The whole class, small groups or individuals 
could listen to the playback (you can expect lots of giggles until the novel­
ty wears off). Do you have other ideas for vocabulary practice? (See Feeman, 
1973.) 

6. About how much work with a new word does a student need? One (undocumented) claim 
is that the "average learner must see, hear, and use a word approximately 40 times 
before he can be expected to decode it and apply it successfully." [Bureau of 
Elementary Curriculum Development, 1972] When some new term is introduced, audio­
tape the class session(s) until you feel that the students can work with the term. 
Listen to the playback to see whether the estimate 40 seems about right. 

7. Following are some terms and the corresponding percents of seventh and eighth 
grade students who claimed to be familiar with them (from Kane, Byrne and Hater, 
1974). Account for the low percents. 

abacus (39. 9) 
bisect (27.2) 
concentric circles (16.1) 
hypotenuse (12.9) 

isosceles (31.1) 
probability (32.9) 
rhombus (29.3) 
trapezoid (37.6) 

8. It is surprising that some very similar words had very different familiarity 
percents in the Kane, et al. [1974] lists: 

associative (76.6) 
associativity (39.1) 

commutative (71.4) 
commutativity (44.8) 

What are the implications of such results for us? 

divisible (81. 9) 
divisibility (59.2) 

9. (Discussion) Have you tried anything to impress upon students the importance of 
vocabulary (e.g., have them keep a vocabulary-spelling list, have vocabulary 
quizzes)? Do you try to work new and recent vocabulary into the discussion as 
much as possible (see number 6)? 

10. The results of the Ebeling study [1974] suggest that we give more attention to 
the meaning of mathematical symbols. Design a worksheet over some collection of 
symbols, using any of the following modes (or choose your own way). 

36 

a. Write expressions without words for each of these: 
the product of 17 and 4.5 l'l x 4.5" 
the sum of 17 and n 
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one-third of 82.2 

li increased by 5 

the ratio of 6 to 9 
8 divided by 2 

b. Match: 
6+n 
6-n 
6:n 

c. What symbol is suggested? 
add multiply 
difference ratio 

A. some number decreased by 6 
B. 6 from some number 
C. the ratio of 6 to some number 
D. 6 increased by some number 
E. the ratio of some number to 6 
F. 6 decreased by some number 

more than is more than --- ---
--- quotient percent 

11. Students must learn not to interpret reading piece-meal, but to read for total 
meaning. For example, the student who thinks that "and" always means "add" 
should be asked, "What is the product of 5 and 7?" Think of pairs of sentences 
which would point out to the student the importance of reading for total 
meaning .• 

12. 

a. in contrasting 
"less than" and "is ,..--------------------------------, 
less than." 

b. when a student 
thinks that "longer 
than" always cues 
addition. 

c. in being alert to 
common meanings for 
technical words-­
"product" might 
appear in a word 
problem involving 
addition or 
subtraction. From the commentary for FRACTIONS: Multiplication/Divi­

sion, Number Sense and Arithmetic Skills, Mathematics 
Resource Project. 

(Discussion) 
a sequence of 
For example, 

Many teachers (and textbooks) suggest to students that they 
steps to organize their approach to word problems. 

RRead d~ to understand the problem and get the facts 
e-rea if 

Determine the question asked 
Estimate the answer 
Write equation 
Solve equation 
Check the answer by comparing it with the estimate. 

Discuss the value (or shortcomings) of such outlines. 

follow 

13. Suppose you plan to discuss reading in word problems. Outline what you will 
say (include the problem(s) you would refer to). 
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14. Suppose you plan to discuss reading in word problems. What would you say for 
each of these problems? 
a. Nida can buy candy bars at the rate of 3 for 49¢. Estella can buy the same 

kind at the rate of 6 for a dollar. Who has the better buy? 
b. Jasper took 3 hours to hike 8 miles. At that rate how long will it take 

him to go 6 miles? 

15. Consider adding verbiage to make second versions of Petite Proportions 1 and 2 
in PROPORTION: Getting Started. Use both versions with a class to point out 
the importance of getting the main ideas from a word problem. 

16. In an effort to get students to think about the meaning of a word problem, some , 
teachers emphasize key words and the meanings they connote. For example, 
"remove" indicates a subtracting action. Students sometimes misinterpret this 
advice to mean that the word "remove" signals "subtract." This interpretation 
can, of course, cause errors: 

Dan's fat her removed 56 kg of junk from the garage on Saturday. If he 
removed 45 kg Sunday, how many kilograms of junk did he remove that 
weekend? 

Prepare word problems to convince students that they must think about the total 
situation and not trust single words to tell them what to do if the students 
think • . • 
a. "give" a lways means to subtract. 
b. "all together" or "in all" always means to add. 
c. "cut off'' always means to subtract. 
d. "cut up'' always means to divide. 

17 . This practice is sometimes advocated: Present the students with a word problem 
wi thout numbers and ask them what information they would need. 

18 . 

Example: Ellie had some money. Then she bought a record and a bracelet. She 
put the rest in the bank. How much did she spend? 

Evaluate the practice. If you like the idea, write 5 or 6 such problems and 
try them out with a class. 

Since the question in a word prob­
lem puts the focus on what is 
sought, it would seem that putting 
the question at the start of the 
problem might improve performance 
with word problems. You may wish to 
to try this idea with your classes, 
especially since many rea l-life 
problems do sta rt with a question 
( "Can we afford a new TV?" ) . 
[Williams and McCreight, 1965] 

"Gil will trade 4 of his Giants 
cards for 3 Dodgers cards. How 
Dodgers cards can he get f or 12 
cards?" 

OR 
"How many Dodgers baseball cards 
get for 12 of h i s Giants cards? 
trade 4 Gi ants for 3 Dodgers." 

baseball 
many 
Giants 

can Gil 
He will 
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19. (Discussion) Some teachers use the following to initiate a discussion about 
the importance of reading directions. Evaluate and add to the list. 
a. Give a collection of easy calculations (5 - 3, 12 x 2, 100 - 10) but have 

the directions say, "Change all + signs to -, all - signs to +, (etc.) before 
giving the answers." 

b. Title of sheet: Can you follow directions? 

c. 

Directions: Read all 20 exercises before starting. 
1. Write your name. 2. Add your phone number to your house number. 
3. Multiply your age by 25. (etc.) ... 20. Do only number 1 and then hand 

your paper in. 
Don't assign any exercises until everyone has (had time 
tions. Then have someone tell what the directions say. 
exercises. 

to) read the direc­
Then assign the 

20. (Outside reference) If you serve on a textbook selection committee, you may 
hear references to readability levels. These levels are not subjective opinions 
but are usually established by one of several "objective" methods. Typical 
factors might include average sentence length, a measure of vocabulary familiar-
ity, number of question marks, number of long words, . . Study and compare 
two or three of the methods of arriving at a readability level. (Kane, Byrne 
and Hater, 1974, outline some of the approaches.) 

21. Are there "hidden information" exercises in your textbooks? If not, you may wish 
to write some and give them to your students. 

22. Some teachers prepare dittoes sheets of word problems and have students cross out 
useless information and underline clues. You might like to try this idea out and 
evaluate it. 

23. One study with second and fifth grade teachers revealed that "students actually 
read less than one page, or at most one or two pages of textual materials out of 
five." [National Advisory Committee on Mathematical Education, 1975, p. 72] How 
much of the reading in the text do you assign to your students? 

24. One aspect of vocabulary is that some mathematical words have many synonyms. 
One of the "worst" is length. For example, distance, perimeter, width, height 
all refer to the same characteristic that length does. Are there still other 
synonyms for length? 

25. To help students with weak mathematics vocabularies, some teachers ... 
a. use multiple-choice instead of fill-the-blank test exercises. 
b. list possible answers to a mathematics crossword puzzle in a scrambled list. 
Do you have any additional ideas? 

26. Sedlak [1974] used some "modified cloze" word problems in his work with 
learning-disabled students. The items may suggest a form you could adapt to 
use as a diagnostic test or to emphasize the importance of ~ a word prob­
lem. Here are some samples. 

i. The cook had 6 eggs. The cook 3 eggs. The cook now has 9 eggs. 
(a) broke (b) colored (c) borrowed 

ii. (extraneous information) The man had 4 cars. The man bought 2 trucks. 
The man 3 cars. The man now has 7 cars. 

(a) painted (b) bought (c) sold 
iii. (distracting verb) The baby had 4 dolls. The baby lost 2 toys. The baby 

3 dolls. The baby now has 7 dolls. 
(a) touched (b) received (c) lost 39 
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27. Manzo [1975] has outlined a "guided reading procedure" which students seem to 
. enjoy, but which requires careful and purposeful reading, gathering information 

and interpreting the author's message. You might like to try it two or three 
times a year on reasonably sized text passages or recreational mathematics 
reading (not more than 5 to 7 minutes reading time). 
Step 1. Tell the students to read and remember everything. 
Step 2. With the passage concealed, the students tell what they can remember. 

The teacher records on the board, probably abbreviating. (Be patient 
in waiting for students to start talking.) When no one can remember 
anything else, the class studies the information recalled, looking for 
incompleteness and inconsistencies. 

Step 3. The class rereads the passage to fill in the gaps. 
Step 4. The class suggests an outline (simple or elaborate). 
Step 5. The teacher asks questions to develop full understanding. (This serves 

a modeling function.) 
Step 6. The teacher gives a test of unai ded recall (true-false, matching, 

multiple-choice, etc.). 
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"Would you tell me, please, which way I ought 
to go from here?" 

"That depends a good deal on where you want 
to get to," said the Cat. 

(Lewis Carroll, Alice in Wonderland) 

~r0 
v:~~!~~ :: . ··:: .-<., 

~j 
What are we really after in teaching middle school mathematics? This important 

question has answers on two different levels: (a) the global "aims of education" 

level and (b) the day-by-day level. 

BROAD GOALS 
We shall confine our attention here to those broad goals which are mathematics­

based. This restriction should in no way be interpreted to detract from the general, 

and in many cases most important, middle school goals which cut across subject matter 

lines: developing the students' views of themselves as maturing individuals, provid­

ing maximal opportunity for the students to explore different areas, etc. 

If you have never thought about the broad goals of middle school mathematics 

education, you might take a few minutes to jot down a list--pretend you are preparing 

a report for the school board • 

Inservice teachers usually include such goals as the following: 

--The student should acquire the mathematical skills needed in ever yday living . 

--The student has the mathematics background needed for subsequent school work 
(non-mathematical as well as mathematical). 

--The student should be able to think logically. 

--The s t udent should be able to solve problems. 

--The student can use ma thematics in other areas. 

--The student can communicate about mathematical ideas and techniques. 

--The student likes mathematics. 

--The student appreci ates the worth and value of mathematics and its relation 
to other subjects. 

There often are references to "ma thema tics i n our cultural herit age,'' "a n inquisitive 

mind," "the power to visualize" and others, but the list above is fairly typical. 

What do other experts say? As times have changed, different groups of distin­

guished teachers and mathematicians have composed lists (see Osborne and Crosswhi te, 

1970, f or a di s cus s i on of several of t hes e r ecommenda t i ons ). Such stat emen t s of 

NOTE: Subsections cited are in the SCALI NG section of t he resource Ratio , Proportion 
and Scaling. 
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goals are, of course, quite compatible with the lists of inservice teachers. Goals 

for School Mathematics [1963], for example, mentions 

1. the acquisition of skills, 

2. contact with the key ideas of mathematics and the precision offered by 
mathematical terminology and symbolism, 

3. the development of a genuine understanding of mathematical ideas, 

4. exposure to the liberal-education aspects (mathematics is a growing, man­
made field, marked by hard work and genius), 

5. the building of self-confidence in one's analytical power, and 

6. an appreciation for the power of mathematics but at the same time an aware­
ness of its limitations. 

A statement of goals--either our own or someone else's--gives us direction in 

choosing what to teach and, to some degree, how to teach. If our statements of 

goals are not to be merely academic exercises, they should be the basis for our unit 

plans and daily lessons. Are we giving 

enough attention to problem solving? 

Is computation taking too much time? 

What do we mean by "think logically"? 

Shouldn't we spend more time on approxi­

mation--that's very much needed in 

everyday living? Frequent re-evaluation 

of our broad goals--and whether we are 

doing more than paying them lip-service-­

is a worthwhile investment of time. 

DAILY OBJECTIVES 

I-IMM . I BE.TTER TI-\I~K. ABOUT 
THE IMPLlCATIONS 01=" THESE: 

HAtJD CALCULA.TORS 

METRIC SYSTEM 
CHA~GltVG STUDE.I\lT "R:>PULATIOI\t 

Broad goals describe general areas and define our direction, but by their very 

nature broad goals are vague. When we are planning a lesson, we cannot be vague. 

One development of the last 15 years--the increased use of behavioral objectives-­

ha s been both championed and cursed. Let us review thi s two-e dged sword so tha t we 

can use it to improve, not impoverish, our teaching. 

The Case for Behavioral Objectives 

Mr. Denson may jot down only "Pages 158-159" in his plan book, but he probably 

ha s more i n mind than that. I f asked, he might cite as his obj ect i ve, "To cover 

pr oportions," or perha ps , "The student wi l l under stand proport i ons." Although it 

does emphasize the student rather than the teacher, even this last sta tement is 
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vague. Does it mean that 

the student can solve a 

proportion? • Define 

"proportion"? • • • Solve 

a word problem using a 

proportion? • . • Illustrate 

a proportion with a concrete 

model? Each of these last 

aspects is a possible 

interpretation of "under­

stand"--and that is why 

"understand" is vague . 

Phrases like "solve a 

BROAD GOALS AND DAILY OBJECTIVES 

BEHAVIORAL OBJECTIVE.'5 F"OR TODAY 

I. K~OCK II-IE ~iUF"F"I~G OUT OF AtJ'I"Ot.Jt. 

W\40 SMARTS OFF". 

2. GIVE. A T~ST Tl-llRD HOUR. 
3. GRADE TI-lE TEST PREP Pt.RIOO. 
4. LAST Ul\lTI L 3:30. 

proportion," "define," "solve a word problem" and "illustrate with a concrete model" 

are less subject to alternate interpretations than "understand." They describe a 

clearly observable behavior, whereas 

"understand" may seem to be an internal 

sort of thing. These behavioral 

"actions" are (fairly) unambiguous. A 

substitute teacher could read the 

behavioral objective, "The student can 

make a scale drawing," and have a much 

better idea of what to do than if 

confronted with the non-behavioral 

"The student will know about scale 

drawings." 

USUALLY 
VAGUE 

understand 

know 

comprehend 

develop 

appreciate 

feel 

'ACTIO~· 
OR\£:1\}TED 

name conjecture 

construct choose 

write give (example) 

state define 

solve order 

demonstrate sketch 

justify calculate 

To summarize, behavioral objectives meet these requirements: 

--Behavioral objectives put the emphasis on the student. They describe what the 
students, rather than the teacher, will be doing. 

--Behavioral objectives describe what observable behavior we are seeking. Verb 
forms with many interpretations are avoided in favor of "action" verbs with 
narrow meanings. 

Purists usually demand additional conditions for a "true" behavioral objective: a 

careful description of the conditions under which the student is to act, and a clear 

specification of time restrictions and proficiency level. Although these are impor­

tant for evaluation purposes, we will not emphasize them here. See Mager [1962] if 

45 



46 

DIDACTICS BROAD GOALS AND DAILY OBJECTIVES 

you have never been exposed to an extensive treatment of behavioral objectives. 

,, 
OB.J. TO KNOW OBJ. ''sTUODJT CAtJ 

GlVE 4 APPL\CATlOI\.15 

,, 
OBJ". Wl-lDJ A~K£.0\ 

ABOUT APPUCATIO~S 
OF PE.eCEf',.\T:· 01=" PERCEhlT." ~ 

0 

SIUDE~T CA~ STATE 
4 APPUCATIONS OF 
PEQCEtJT I~ 1 MHJUTE 
W ITI-\OLJT ERROR~( 0 

Proponents of behavioral objectives point out these advantages: 

1. The emphasis is where it belongs. Our whole reason for being in the class­

room is to help the student to grow in some area. 

2. A behavioral objective provides a clear focus for a lesson. Rather than 

just following the book, the teacher understands exactly what he is trying to achieve 

and can use that as a guide in planning instruction. (Behavioral objectives are 

particularly valuable to the beginning teacher. They keep the teacher on track 

or help to find the track.) 

3. Since behavioral objectives are explicit about what will be expected from 

the students, evaluation is easier. Some teachers have noted that writing sample 

test items before teaching a unit can help to determine what many of their objectives 

really are. 

4. It may help to tell the students what the objectives are. Then they don't 

have to guess what is expected of them! Walbesser and Eisenberg [1972] surveyed 

several studies dealing with the effect on performance of telling students the 

(behavioral) objectives. They concluded that there was "cautious support" for the 

positive influence of telling students the objectives on these measures: achievement, 

rate of acquisition and resistance to forgetting. 

What Are the Objections to Behavioral Objectives? 

Despite their advantages, the use of behavioral 

obj ect i ve s may restrict objectives (and instruction) 

to things that are easily described in behavioral 

terms. First, this misuse can result in having only 

"low-level" objectives. It is easy to write, 

BO-\AViORAL OB.TECTIV£S 

=y OR~? 
--"The student can give an example of a sca l e drawing ," or 

--"The student can use the given scale to find lengths represented in a scale 
drawing, " or even 

--"The student can make a scale drawing of, for example, the floor plan of a 
house." 



DIDACTICS BROAD GOALS AND DAILY OBJECTIVES 

But it is much harder to put in behavioral terms what we expect from students when 

we give them nonroutine problems about scale drawings. So, some early efforts at 

compiling objectives omitted "higher level" concerns. Walbesser [1972], for example, 

said, "For whatever reason, most behavioral objectives that are available for mathe­

matics curricula name trivial behaviors." [p. 437] And because of this, "Behavioral 

objectives are now a negative force in contemporary mathematics education." [p. 438] 

A second misuse of behavioral objectives may occur if the evaluation of a stu­

dent (and the teacher) is to be based 

only on achievement of a narrow list 

of objectives. Davis expressed this 

disturbing hypothesis: " most 

teachers .•• will not 'waste time' 

on letting students 'mess about' with 

materials, but will restrict themselves 

to getting students to memorize rote 

superficial knowledge, and to testing 

students for their possession of such 

knowledge." [1973, p. 36] 

Certainly, we do want to let students "mess about," experiment, explore, con­

jecture, use their imaginations and test ideas. We do not want to cut off a promis­

ing student question because its consequences do not fit into an externally imposed 

list of objectives. We do not want to lose si~ht of important objectives which are 

hard to describe in behavioral terms (e.g., "the student appreciates the value of 

mathematics"). We do not want to confine our students to only "trivial, rote, super­

ficial knowledge." Is there a way to use behavioral objectives yet guard against 

giving attention only to "low-level" ones? Yes. Make conscious use of an ordered 

classification system for objectives. 

Ordered Classification Systems--Taxonomies 

The first part of the best-known taxonomy of educational objectives is usually 

called "Bloom's taxonomy," [Bloom, et al., 1956], and is devoted to the cognitive 

domain (objectives having to do with thinking). The second part [Krathwohl, et al., 

1964] deals with attitudes, interests, appreciations, awareness, feelings--the 

affective domain. These general works have given rise to subject-oriented taxonomies 

which naturally relate better to the pertinent fields (for examples in mathematics, 

see Epstein, 1968; Romberg and Wilson, 1968; Wilson, 1971). We shall use one sug­

gested by Avital and Shettleworth [1968] to illustrate the nature of such taxonomies. 

It has three categories (all cognitive), called "levels of thinking." Taxonomies of 
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objectives usually imply an order of complexity; the higher levels are more complex 

and usually involve thinking from lower levels as well. 

The lowest level of the Avital-

Shettleworth classification scheme 

describes thinking which involves only 

recognition or recall of learned mater­

ial. For example, "The student can 

give an instance of a real-life use of 

scaling," would require thinking at 

this level if the teacher/book has 

given such an example. Working a word 

problem exactly like one done in class 

r-----------------------------------------, 
Avital-Shettleworth 
Levels of 

Open search ._. 
Algorithmic 

thinking, 
generalizations 

Thinking 

} 
Productive 

thought 

of varying degrees 
Reproductive 

thought 

-Recognition, 
recall 

could involve this level of thinking since the student might just repeat a memorized 

solution. Objectives at this level are quite proper; facts, information and proce­

dures provide the basis for "higher" levels. 

Avital and Shettleworth' s second level of thinking processes--algor'ithmic think­

ing, generalizations--includes all routine applications of learned procedures: 

Computation with algorithms; generation of slightly different examples; translation 

among verbal, numerical, graphic forms; word problems with only slight differences 

from ones done in class; interpreting a scale drawing very similar to one in the 

book; etc. For example, "The student can draw a figure similar to a given figure, 

with a given scale factor" could fit into the second level; test items for this 

objective would involve figures or scale factors not seen by the student but which 

nonetheless are easily handled by the learned procedure. As an illustration of the 

gradations within this second level, a scaling activity based on, say, a scale of 

2.5:1 would be a bit higher than one based on a whole number not covered in class 

with whole number scales (as in Bigger Than Life in Making a Scale Drawing). 

Situations at this level are new to the student (otherwise they would belong to the 

first level) but vary so little from the 

learned situations that the same step­

by-step procedures, the same algorithms, 

yield the solutions. As the examples 

or tasks become less and less similar 

to those covered earlier, they become 

more and more difficult and occupy a 

higher gradation within the second 

level. 
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Since the thinking required at the first two levels is so close to the original 

learning, Avital and Shettleworth call these levels reproductive thinking. Their 

third level--open search--involves productive thinking, the production of something 

new to the student. A question about a scale drawing of a scale drawing of another 

scale drawing--unless covered in class--might require a new interrelating 
1 

niques and be "above" the second level. Or, the problem,"Solve 1 x 3 + 3 
1 1 

5 x 7 + · .. + ~9~9~x~l707l = n" would be at the open search level for most 

Open search thinking requires the "non-

routine manipulation of previously 

learned material and, at a higher level, 

discovery of relationships among pre­

viously learned material and, at a 

(still) higher level, discovery of 

relationships among previously unrelated 

concepts and propositions." [Avital 

of tech-

1 + 
X 5 
students. 

and Shettleworth, 1968, p. 19] Certainly thinking at this level is more complex and 

demanding. Yet, if we never give our students an opportunity to work on open search 

problems, how will they learn to attack 

nonroutine problems, to "think logically," 

- to interrelate data? Note, moreover, how 

much skill work would be likely even in 

an insightful solution. Working on open 

search problems exercises lower levels 

of thi nking as well as higher levels. 

Three notes should be kept in mind when using any taxonomy. 

1. Where a particular objective fits in the taxonomy depends on the background 
of the student. A very high level task for some six th graders might be a 
low level one for eighth graders or even other sixth graders who have had 
specific i nstruction on that task. 

2. There are ''gray" areas between levels of a taxonomy and gradations within 
levels. Fine distinctions may be important to theorists or evaluators, 
but our use of taxonomies will probably be only as a reminder to give 
attention to higher level types of thinking and to affective objectives. 

3. The existence of different levels does not mean that each level gets the 
same amount of attention. Wha t we do wan t t o guard against is i gnoring 
some levels completely. 
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The Affective Domain 

The Avital and Shettleworth taxonomy gives guidance in writing cognitive objec­

tives. Naturally-stated objectives having to do with appreciation or attitudes or 

other areas of the affective domain do not usually fulfill the condition of describ­

ing observable behavior of the student. For example, the following objectives are 

reasonable--but they are not behavioral: 

--"The student will appreciate the compactness of scientific notation,'·' 

--"The student will approach a problem with confidence." 

--"The student will feel good about mathematics." 

To state such objectives behaviorally is possible but seems artificial (see 

Krathwohl, et al., 1964; Mager, 1968). We could (should?) use objectives like "The 

students will not have pained looks on their faces when they come to mathematics 

class" or "Each student will say, 'Hey, neat!' at least once a month." The thing 

to remember is that affective objectives are legitimate and of great importance for 

middle school students. Just because measurable affective objectives are awkward 

to write, we cannot ignore the affective domain and hope it will take care of itself. 

Objectives devoted to feelings, attitudes and appreciations are necessary whether 

they are stated behaviorally or not. · 

USING A TAXONOMY 
A taxonomy comes in handy in planning--or in keeping track of--the work for a 

particular topic. With a taxonomy and charts like the one below, teachers can plan 

the work so that they give some attention to all the different levels and types of 

objectives. Checkmarks or brief entries can reveal whether some level is neglected. 

Topic: Drawing similar figures 
Level (use pages in Making a Scale Drawing section) 

Recognition, 
recall 

Algorithmic 
thinking, 
generalization 

Open search 

Affective 
domain 

Vocabulary: enlargement 
scale factor, shrink 

1. Practice technique, with 
various scale factors. 

(use What's the Point?) 

(use Bigger Than Life and A Shrink) 

2. Reverse: give 
drawing, ask for 
scale factor. 

Ask: What happens to the area of a region if you make a 3:1 
scale drawing of it? 

Drawing usually interest-provoking. Back-up: Use for "art" 
project. 
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A Position 

Behavioral objectives, particularly if used with a reasonable taxonomy, can be 

a valuable tool in planning, organizing and evaluating instruction. The tool must 

not, however, become the master and result in a narrowed, inflexible curriculum 

which ignores higher cognitive levels and affective dimensions of learning. 

1. Make your list of the broad goals of middle school mathematics. Which are "need­
to-meet" and which are only "nice-to-meet" goals? 

2. Choose a couple of the following content areas and describe specifically how 
each can be relevant to each of your broad goals. 
a. Addition of fractions 
b. Division of fractions 
c. Scientific notation 
d. Proportions 
e. Scale drawings 
f. Percent 
g. Activities like 3 Faces You See in the Supplementary Ideas in Scaling section. 
h. Activities like those in the Maps section. 

3. a. Be your own devil's advocate and attack each of your claims in number 2. 
For example, if you felt that addition of fractions contributed to a broad 
goal like "mathematics needed in everyday life," attack that claim by asking 
how many times a month a person adds fractions or by counterclaiming that 
estimation and approximation are what people actually do with addition of 
fractions. 

b. Defend (or alter) your claims. 

4. Mr. Youngblood: "I don't get it. Why should I be concerned about broad goals? 

Your response: 

Let's face it, the people who wrote the book know more than I 
do. And daily objectives? Why not just use the ones in the 
teacher's manual?" 

5. (Discussion) One's view of what is important about mathematics seems to depend 
somewhat on the person's mathematics background. Write a short paragraph giving 
your answer to the question, What is mathematics? Compare your description with 
others (if you can, find someone who has studied more mathematics than you have, 
and someone who has studied less). 

6. (Discussion) Toffler, in Future Shock [1971], makes the statements below in 
writing about education. Discuss the merit of the statements and their implica­
tions for our broad goals and classroom work. 
a. "Parents look to education to fit their children for life in the future." 

[p. 398] 
b. Future technology will require people "who can make critical judgments, who 

can weave their way through novel environments, who are quick to spot new 
relationships in the rapidly changing reality." [pp. 402-403] 
(continued) 
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6. (continued) 
c. "The rapid obsolescence of knowledge and the extension of life span make it 

clear that the skills learned in youth are unlikely to remain relevant by 
the time old age arrives." [p. 407] 

d. "(N)othing should be included in a required curriculum unless it can be 
strongly justified in terms of the future." [p. 409] 

e. "Tomorrow's illiterate will not be the man who can't read; he will be the 
man who has not learned how to learn." [p. 414] 

7. The statement was made that our broad goals might influence how we teach (page 2). 
Explain. 

8. Which of the following objectives are not behavioral (in the limited sense of 
page 3)? Why not? 
a. The student should understand our numeration system. 
b. The student should know the importance of mathematics in society. 
c. The student should be able to appreciate the work saved through abstract 

thought. 
d. The student should be able to deal with percent. 
e. "Explain the example on p. 134." (From a lesson plan) 

9. Clarify the following objectives by maki ng them more behavioral. 
a. The students know how to use ratios. 
b. To introduce proportions. 
c. The student understands scale drawings. 
d. To show how to make and use a hypsometer. 
e. The student will study how changing the dimensions of a cube affects the 

area and volume of the cube. 
f. The student appreciates the size of the solar system. 

10. Do you use behavioral objectives in your teaching? Why or why not? 

11. A specific activity may serve different objectives, depending on who is doing 
it. Write an objective for which one might choose to use Archie Texs ' Ruler 
(in the Making a Scale Drawing section) if • • • 
a. the student needs more work with measurement. 
b. tpe student needs practice at fo l lowing directions. 
c. the student is already good at something the rest of the class needs more 

work on. 

12. If you are familiar with Bloom's taxonomy [1956], you might like to see 
Avital and Shettleworth's relation of their thinking processes to five of 
Bloom's s i x levels: 

Avital and Shettleworth 

Recognition, recall • 

Algorithmic thinking, 
generalization 

Open s earch • . • . . 

Bloom, et al. 

1. Knowledge 

{ 2. 
3. 

{ 4. 
5. 

Comprehension 
Application 

Analysis 
Synthesis 
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13. Here is another example of a cognitive taxonomy written specifically for 
secondary school mathematics. Wilson [1971] lists the categories below to 
define areas for cognitive objectives. Relate these to the Avital and 
Shettleworth levels. 

Computation: Knowledge of specific facts. 
Knowledge of terminology. 
Ability to carry out algorithms. 

Comprehension: Knowledge of concepts. 
Knowledge of principles, rules and generalizations. 
Knowledge of mathematical structure. 
Ability to transform problem elements from one mode to 

another. 
Ability to follow a line of reasoning. 
Ability to read and interpret a problem. 

Application: Ability to solve routine problems. 
Ability to make comparisons. 
Ability to analyze data. 
Ability to recognize patterns, isomorphisms and symmetries. 

Analysis: Ability to solve nonroutine problems. 
Ability to discover relationships. 
Ability to construct proofs. 
Ability to criticize proofs. 
Ability to formulate and validate generalizations. [pp. 

646-647] 

14. The National Assessment of Educational Progress [1970] included a section of 
goals on the "appreciation and use of mathematics," to include the following: 

--recognition of the importance and relevance of mathematics to the 
individual and to society 

--enjoyment of mathematics 
--use of the content and techniques of mathematics 
--participation in the learning of mathematics beyond the minimum 

What sorts of things can we do in the classroom to meet these goals? 

15. Do any of your broad goals (number 1) seem to call for open search or affective­
oriented activities? 

16. (Discussion) Miss Elto: "You can talk about higher-level objectives all you 
want--my fifth period class can't even get the low­
level ones." 

a. What can we offer Miss Elto besides a sympathetic, "I know what you 
mean"? 

b. Would you have a different list of broad goals for weaker students? 
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17. Suppose that the instruction on proportions has covered the meaning of propor-
n tions, the usual vocabulary and solving proportions of the form h 1 Jt 

whole II w o e 1t 

whole 11 • Where in the Avital-Shettleworth framework would you classify each 

of these: 

a. 

b. 

c. 

d. 

e. 

f. 

6 Asking students to solve 
n 

21 
48' 

Giving students drawings like 
the one to the right and hav­
ing them measure, write ratios 
and look for proportions. 
Giving students drawings like 
the one to the right, putting 
the students in small groups, 
and telling them to see what 
they can come up with. 

n Asking students to solve = 
2! 

2 

the 

2 

and n 
2.1 = .8 

8.4' 

Asking students what they think _].might mean. 
10 

Asking students to define "proportion. II 

18. For one of your classes examine your last few lessons with respect to the chart 
on page 9. Are all the rows represented? 

19. Use a chart something like the one on page 9 to plan some part of your work on 
percent. 

20. (Discussion) Neale [1969] points out that studies indicate that student atti­
tudes account for only a small part of the variation in achievement. Aiken 
[1972] feels that nonetheless we should be very concerned about attitudes since 
they may have a bearing on persistence, ambition in class or school, satisfac­
tion, and further work in mathematics. How do you feel about the importance of 
attitudes? 

21. Do you agree with these principles for using objectives? [School Mathematics 
Study Group, 1972, p. 18] 

"II. • • statements of objectives should be taken as floors, not ceilings. If 
a teacher or a school can go beyond stated objectives, so much the better." 

"IV. If statements (of) objectives are to be taken seriously, then the objec­
tives must be clearly verifiable and feasible • • • Before (an objective) 
should be advocated, it should have been positively shown to be feasible 
(and verifiable)." 

"VI. Also, to be in conformance with point IV, we advocate at present no 
affective objectives. There is no evidence available to show that atti­
tudes toward mathematics can be manipulated, so such objectives are not, 
at present, feasible," 

"VII. None of the above should be taken as suggesting that we ignore goals 
which are, at the moment, not feasible or not verifiable. Indeed, such 
goals indicate the most important areas in which to concentrate our 
future research efforts." 
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22. How would you react to these statements? 
a. "I'm not sure word problems are worth all the effort they take to teach. 

After all, how many word problems does a person do outside of school?" 
b. Faculty-lounge gadfly: "You math teachers are frauds! If the school 

board had any sense, they would fire you and use part of the money to buy 
each kid a good calculator. Teaching math is about as important as teach­
ing soap-making nowadays." 

23, a. What educational value might result from these activities? 
--Class project: make a scale model of the town or neighborhood. 
--Individual project: make something artistic, as in Room Deco~tions in 

Making a Scale Drawing. 
--Individual project: talk to a high school science teacher about the use 

of ratio and proportion in high school science. 
--Individual project: see how mathematics is used at a gasoline service 

station. 

Eisner [1969], in attempting to recognize the legitimacy of activities which 
''seem" right but do not suggest clearly defined behavioral objectives ahead of 
time, introduced the notion of expressive objectives: 

11 ••• an expressive objective is the outcome of an encounter 
or learning activity which is planned to provide the student with 
an opportunity to personalize learning. It is precisely because 
of the richness of these encounters or activities and the unique 
character of the outcome that the expressive objective becomes so 
difficult to describe in advance •••• engagement, emotional or 
intellectual immersion, is a better indicator of educational 
value than achievement test scores." [pp. 130-131] 

For example, the activities in part (a) might result in expressive objectives. 

b. Criticize expressive objectives from the behavioral objectives viewpoint. 
c. Do you endorse the spirit of expressive objectives? Explain. 

24. (Outside references) You might want to read one of these more recent reports on 
middle school mathematics: the Cape Ann conference report [Physical Science 
Group, 1973], the Orono conference report [Beard and Cunningham], or Intermediate 
Mathematics Methodology [1968]. Broader looks at the mathematics curriculum are 
in the Estes Park conference report [Comprehensive Problem Solving in Secondary 
Schools, 1975] or the Snowmass conference report [Report of the Conference on the 
K-12 Mathematics Curriculum, 1973]. 
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What is the purpose of evaluation? Assigning grades? Motivating students? Per­

haps the best viewpoint of evaluation is that the purpose of evaluation is to improve 

instruction. 

EVALUATION AND OBJECTIVES 
Since evaluation is built on objec­

tives, let us review the major points 

about objectives from Broad Goals and 

Daily Objectives (in the SCALING section): 

1. Behavioral objectives describe 

the desired instructional outcomes in 

terms of observable student behavior. 

2. Using an ordered classification 

system--a taxonomy--can remind us of the 

variety of objectives we could be working 

toward. Objectives should include atten­

tion to the affective as well as the 

cognitive domains. 

Open 
Search 

Generalization, I 
algorithmic thinking 

Recall, 
Recognition 

Thinking levels 

Appreciations 
Attitudes 
Feelings 

Affective 

(based on Avital and 
Shettleworth, 1968) 

If our broad goals are to be taken seriously, we must attempt to evaluate 

the objectives that the goals give rise to. The merit of stating behavioral objec­

tives and using some system to assure attention to several mental levels becomes 

especially clear when we evaluate. Using behavioral objectives in planning forces 

us to consider what sort of evidence we can gather about an area of instruction. 

Behavioral objectives are relatively easy to translate into evaluation items, at 

least for the lower levels of a taxonomy. Here are two examples. 

Objectives The student can • . . Test items. Fill in the blanks. Work mentally. 

Give percent equivalents of common 
fractions without calculation. 

Express any decimal as a percent. 

For higher levels of a cognitive 

taxonomy, even when we have a "good" 

behavioral objective, it may not be so 

easy to find a situation with which t o 

judge attainment of the objective. 

Avital and She ttleworth, for instance , 

include as an appendix several items 

1 
% 

1 
% 

3 
% - = - = - = 

2 4 4 

.57 % 1.2 = % .025 = % 

In buying a certain object you receive 
first a reduction of 20%, then an addi­
tional reduction of 15% on the new price. 
What is the total reduction, in percent? 

A Grade 8 test was passed by 76% of all 
students. 80% of the boys passed, and 
70% of the girls passed. What is the 
percentage of boys in Grade 8? 

(from Avital and Shettleworth, 1968, 
pp. 48-49) 

NOTE: Unless otherwise noted, subsections cited are in the PERCENT section of the 
resource Ratio, Proportion and Scaling. 59 
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at the open search level of their taxonomy [1968, pp. 45-51] since most teachers 

have had little experience at making up items for this level. 

Evaluating affective objectives is challenging. First of all, such objectives 

are difficult to state behaviorally. When they can be, the behavioral evidence 

("pays good attention," "starts homework at once," "checks out library books on 

mathematics") is not the sort that one routinely records. Researchers attempt to 

measure attitudes by student responses to paper-pencil items but usually acknowledge 

that results with pre-high school students may not be reliable. 

A FRAMEWORK FOR EVALUATION ACTIVITIES 
It is likely that a wide range of objectives will require a wide variety of 

evaluation techniques. One way to organize our approach is to list several types of 

evaluation methods and see which ones fit the different sorts of objectives. The 

list below gives a start. 

Basis~ 

a. 

b. 
c. 
d. 
e. 

Basis: 
f. 
g. 
h. 

Basis: 
i. 
j. 
k. 

EVALUATION TECHNIQUES 

student performance on 
teacher-made 
--pretest 
~-diagnostic test 
~-quiz 

standardized test 
homework 
project 
student evaluation report (see below) 

teacher observation 
casual observation (in and out of class) 
small group 
interview 

both student performance and teacher observation 
seatwork 
boardwork 
classroom dialogue 

In the list "student evaluation report" refers to asking the students their 

evaluations of something. For example, they might be asked to write down how well 

they are doing with percent problems. The information could identify some appre-

hensive students you would want to check with or at least could give you an idea of 

how the class as a whole feels about their work on the topic. There do not seem to 

be reports on whether such information from middle schoolers is reliable. In any 

case, the reports might help student-teacher rapport and the students' self-concepts 

(''It matters how .!_ feel"). 
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Evaluating the Cognitive 

The use of most of the techniques on page 2 to evaluate lower-level objectives 

is self-explanatory. 

techniques. That is, 

Similarly, "higher-level" objectives seem to fit most of the 

the techniques seem to fit IF we can come up with good higher-

level situations. It is not a trivial matter to come up with problems that require 

a depth of understanding or some imagination and are accessible to middle schoolers. 

You can get some ideas from lists of test items (e.g., the Avital and Shettleworth 

one), other text series, tests of other instructors or your own file of "questions 

that will see if they really understand." Some teachers keep a file of 3x5 cards 

with their "best" items on them. 

A deeper knowledge of a topic may suggest some facet that can be translated 

into an open search activity for students. For example, the student pages Surface 

Area and Ratios 1 and 2 and Volume and Ratio 1 and 2 in the RATIO: Equivalent sec­

tion arose from knowing how doubling the dimensions of a cube affects the area and 

volume of the cube (and knowing how troublesome these relationships are for students). 

Although these pages do not themselves present open search activities, the ideas 

could easily be transformed into higher level tasks: "Investigate to see what hap­

pens to the area of a cube if you double all its dimensions." As another example of 

how a good background can help, one who has studied transformation geometry might 

think of this open search item: "Suppose you do an enlargement with scale factor 3. 

Then on the resulting figure do another enlargement with scale factor 2. What can 

you predict?'' Similar questions about combinations of shrinks or "mixtures" of 

enlargements and shrinks could also be used, although the experience in working out 

the answer to the first question would put the later questions at a lower level. 

Some higher-level objectives may 

be evaluated most easily by teacher 

observation during small group work, an 

interview or classwork. For example, 

listening to students in a small group 

or to an individual giving an explana­

tion could help to evaluate whether "the 

student uses problem-solving strategies 

in attacking unfamiliar problems." An 

objective like "the student can justify 

the answer by using concrete materials" ~ be evaluated by a paper-pencil item, but 

seems almost to demand a hands-on exhibition during an interview, a small group 
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discussion or classwork. For some objectives ("the student will be able to use pro­

portions to choose 'best buys'''), confronting the student with a collection of price­

marked boxes or cans would be a more nearly lifelike evaluation not complicated by 

reading problems. We must make it clear to the students that the things they do on 

paper-pencil tests are not the only important things. 

Whenever we write our own test items, whether for lower- or higher-level objec­

tives, we want them to be clear, to cover the material in a fair manner, and to give 

us valid and reliable information about our instruction. Writing such items takes 

planning, time and care. NCTM's Evaluation in Mathematics [1961] covers various 

aspects of evaluation; Merwin's chapter in particular contains several specific sug­

gestions for writing clear, fair items. Suydam [1974a] or more general works like 

Ebel's [1972] also offer lots of information on writing test items. Whenever possi­

ble, it is ~ good idea to have a colleague read your tests to catch those misleading 

things that are sometimes so obvious to a "fresh eye." 

Evaluating the Affective 

Finally, which of the page 2 evaluation techniques seem applicable to objectives 

in the affective domain? 

1. There are standardized tests for attitudes (see Dutton, 1956; Dutton and 

Blum, 1968) and a teacher could make a "quiz" for testing attitudes, but the dubious 

reliability of such tests has been noted; will middle school students respond honest­

ly or will they try to give the "right" answer? Asking for anonymous answers may 

give more reliable information but only for the class as a whole, not for individuals. 

Corcoran and Gibb [1961] note that " • the general rapport between teacher and 

students has as much bearing on the candor of the (answers) as the question of whe­

ther or not they are signed." [p. 116] 

2. Homework can provide some possible information about affective aspects. Is 

Tom interested enough to do it regularly? Does Ricardo care enough to do it neatly? 

Does Sherry do extra work? The problem is, do these reflect influences other than 

interest? Perhaps Tom's parents keep tabs on his work, Ricardo does everything 

neatly and Sherry wants to get an A. 

3. Projects (reports, bulletin boards, art, models ••• ), unless required or 

for extra credit, should indicate which students are doing something because they 

like it. 

4. Student evaluation reports seem promising. The reports could be based on 

rather specific, recent events ("Write 2 or 3 sentences telling how you felt about 
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Counting Every Body or "Complete this sentence, 'When we were doing percents, 

I ••• '")or more general topics ("Write a paragraph on 'What I Think About 

Mathematics'" or "Jot down your answers to 'Things about mathematics that I like' 

and'Things about mathematics I don't like'"). Or you might give the students class 

time to keep a journal. Topics like "What I liked best this week," "What I found 

most difficult," "I would like more activities like ••. "could give valuable feed­

back. If the teacher does not react negatively to the comments and obviously uses 

some of the suggestions, the students will become accustomed to, and freer in, 

expressing their feelings. You may wish to keep the report "themes" quite narrowly 

focused on specific topics to avoid personal remarks that can be unfair (and hard on 

the ego). 

5. Perhaps the most commonly used techni que i s through observational methods. 

Smiles, enthusiastic hand-waving, spontaneous questions, diligent seatwork or shared 

amazement can make a teacher's day--and provide information on the success of a 

lesson. And scowls, groans, near-tears, nervousness or indifferent slouches also 

communicate something about interests, anxieties, attitudes and appreciations. All 

these thi ngs, the good and the bad, MARlA BOB 

give us data with which to evaluate. 

In some cases, anecdotal records or 

the less time-consuming periodic 

r ecording on a checklist might pro­

vide a "critical mass" of information. 

More on Affective Evaluation 

l. PAYS ATTDJllOtv 

At an advisory conference for the Mathematics Resource Project [Hoffer, 1974, 

pp. 63-64] teachers and other experts made the following suggestions f or getting 

i n f ormation about--and even enhancing--the affe c tive di mension. Some o f the tech­

niques would naturally spill over into diagnosis of cognitive work also. 

6. Observe class attendance. Note the students' behavior and working habi ts 

on tasks given in the classroom. 

7. Walk around the classroom and listen to comments. 

8. Lead a class discussion where students can talk about their feelings and 

behavior. Encourage the students to ask for as well as lead such discussions. 

9. Talk to students in a small group or individua lly wher e a tea cher can show 

empa thy and compas sion f or the students. 

10. Ask s t udents t o i den t i f y mathemati cal t opics they understand and enjoy . 
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11. Note the students' willingness to cooperate and behave acceptably with the 

class and teacher. 

12. Look for students' exhibiting a sense of humor and a willingness to talk 

about their activities outside of school. 

13. Note the students' ambition and initiative in trying mathematical problems 

and in getting involved in mathematics. 

14. Note the correlation between student friendliness to the teacher outside 

of the classroom and teacher friendliness to the students outside the classroom. 

15. Have students write comments and observations on their daily assignments 

and quizzes as they react to them. for example, when taking a paper-pencil test, 

the students may circle words, phrases and problems they do not understand, even 

though they may try the problem. 

STANDARDIZED TESTS--TOOLS~ NOT TOTEMS 
Wilson [1973] points out some of the abuses possible from the use of standardized 

tests. For example, a test might cover only lower level objectives, neglecting com­

pletely some that are regarded as important in a particular school's program but 

including others that are not considered very important locally. The use of only a 

single score to "describe" a student ignores the many aspects of mathematics covered 

by the test (see number 10 on p. 8). Using norm scores makes sense only if we give 

attention to the nature of the norm group--how similar or different was the norm 

group from our community? But, above all, Wilson laments the implied belief that a 

standardized test measures everything we care about. Higher-level objectives, goals 

like problem-solving ability which take time to realize, and affective objectives 

may not be adequately treated. 

If we keep standardized tests in perspective and remember their shortcomings, 

however, they can give valuable information. They can provide, depending on the norm 

group and local curriculum emphasis, measures of how well a school's program stacks 

up. Analysis of performance on an item-by-item basis can pinpoint local strengths 

and weaknesses. Used over a long period, growth (or de cay) trends can b e spotted. 

So long as the standardized test is chosen carefully, is interpreted properly and is 

not used to dictate or confine the curriculum, the test can be another valuable 

evaluation tool. 

SUMMARY 
To determine whether we are meeting our objectives, we must evaluate. To 

evaluate a reasonable set of objectives, we will likely require more than 
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paper-and-pencil evaluation tools. Evaluation of higher cognitive levels and affec­

tive objectives, in particular, may best be evaluated by techniques which yield only 

"soft" data. 

1. a. Give at least three more specific statements of objectives, all of which are 
aspects of "The student will understand percent." 

b. Write a test item for each of your objectives. 

2. Write sample test items for these objectives. 
a. The student can express a given fraction as a percent. 
b. The student can compare performances in situations like More Fun at the Fair 

in the As a Ratio section. 
c. Given the tag price and the percent discount, the student can determine the 

selling price. 
d. Using percent, the student can summarize data in a novel situation. 

3. Discuss the use of out-of-class settings like those below as sources of evalua­
tion data. 
a. Four students are to collect information at a basketball game and report the 

statistics (field goal percent, foul shot percent). 
b. Pairs of students are to shop for the best buys for a given list of items. 
c. Students are to comparison-shop for 10-speed bicycles, trail bikes, 

records, • 

4. (Discussion) Would you tape-record a test (a) for use with the whole class? (b) 
for use with poor readers? 

5. Formal tests are also used to guide subsequent instruction, of course. One 
systematic way to proceed is to perform an item analysis. For example, suppose 
a unit test includes these three items: 

Ill. 3 
5 

% /14. % 118. 20 is what percent of 16? 

Part of the tabulation for a class might include wrong answers and look like this: 

Item Bet Cam Dee Class (28 students) 
Ill OK OK OK 25 right 

/14 OK 80% 1. 25 15 right 

118 80% 80% OK 11 right 

a. How do you feel about Dee's performance on these items? 
b. Bet and Dee each missed one of the three items. Can you conclude that they 

have the same achievement? 
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c. What misconception might account for the class results on items 4 and 8? 
d. It is easy to get the whole-class totals. Call for the hands of those who 

missed #1, record, call for the hands of those who missed #2, etc. What 
argument could you give against this procedure? 

6. The easiest source of slightly higher level items is a topic which the students 
will see later in mathematics. For example, students who have worked only with 
percents up to 100% might be asked what 125% would mean. Give some other 
examples. 

7. Mrs. Washington: "I don't understand all the worry about evaluating affective 
objectives. Can't you tell just by paying attention to the 
students?" 

While agreeing with Mrs. Washington, suggest some ways that could help 
a. to make observational evaluation objective. 
b. to keep observational evaluation from being haphazard. 

8. One way to get an idea of how students regard mathematics is to use a list of 
pairs of words like those below and, for each pair, have them check the position 
on the line which describes how they feel about mathematics. 

MATHEMATICS IS 

useless----------------------------useful 
fun--------------------------------drudgery 
easy-------------------------------difficult 

Make up such a checklist and try it out. Include other subjects for comparison. 

9. Track down a copy of a standardized test and evaluate the appropriateness for 
your students of the content covered. Do the items test any higher level objec­
tives (in terms of your students)? 

10. Standardized tests usually cover several topics. Hence, it can be very deceptive 
to use only total scores in planning instruction. For example, Jose may have 
gotten 4 out of 4 geometry items correct but missed 4 out of 5 percent items. 
Rose may have missed none of the 5 percent items but all of the geometry items, 
with the result that both students get the same total score. Obviously, the 
two students are quite different. How can we avoid this total-score "trap"? 

11. (Discussion) Do any of the following have any value with middle school students? 
a. take-home tests 
b. open-book tests 
c . small groups collectively working on a t est, wi th ea ch group member getting 

the same grade 

12. Norm-referenced tests refer to tests for which the passing score is determined 
by comparison with some group, with the lowest scores receiving the lowest marks. 
Criterion-referenced tests use a pre-specified level to determine the passing 
mar k. Which sort do you use ? Why? 

13. (Discussion) What are the pros and cons of basing a student's grade partly on 
homework? 
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14. Michael received scores of 75 on Test 1 and 83 on Test 2. You might conclude 
that he did better on the second test until you find that his score of 75 on 
Test 1 was tops whereas his 83 on Test 2 was only average. One way to make 
scores on (norm-referenced) tests comparable is to transform them so that they 
have the same mean and the same standard deviation. With a hand calculator, 
what was once an uninviting chore is easy. Use these steps: 

sum of scores 1. Calculate the group mean: mean = number of scores 

2. Square each score 
and calculate the 
standard deviation: s.d. 

sum of squared scores 
number of scores - square of mean 

3. Suppose you want standard scores for each test to have mean 50 and 
standard deviation 10. Then calculate 

std. score = SO + 10 • actual score - group mean 
standard deviation 

Try this on a couple of tests. (If you report the standard scores to your 
students, you may decide to choose a different mean score--use 80 or 100 in­
stead of 50 in step 3--to avoid being suspected of "cheating" some students!) 

15. It is possible to treat paper chemically in such a way that when a student 
answers a multiple-choice or true-false item, the treated paper indicates whe­
ther the answer is right. If the answer is wrong, the student tries another 
answer (for fewer points). (Answers are marked with felt-tip pens.) What are 
the advantages/disadvantages of this technique if •.. 
a. the test covers items that involve the same idea or calculation? 
b. a student gets very nervous during tests? 

16. Should students be graded on quality of work, on effort or on some combination 
of these? 

17. Can you think of some examples which show that how one teaches a subject has a 
bearing on the affective domain? 

18. "More educational jargon--taxonomy, cognitive, affective--why don't they just 
let us teach!?" Your response? 

19. Does your school use grade level scores for standardized test results? The 
National Advisory Committee on Mathematical Education [1975] points out these 
drawbacks in grade level scores: 
a. Under a norming procedure, half a population will necessarily perform below 

grade level. 
b. One expects an increase i n grade level score of one year aft er a year of 

instruction even for a below-grade-level student. 
c. Grade level scores are easily misinterpreted (a sixth grader with a score of 

9.5 is not necessarily performing like a mid-year ninth grader). 

20 . Test 1 (25 possible): Mutt--15 correct (60%); Jeff-- 20 correct (80%) 
Test 2 (50 possible): Mutt--40 correct (80%); Jeff--30 correct (60%) 
What causes the discrepancy between the averages of the percents for the two boys 
and their averages based on total points? (See the mathematical content Rat io .) 
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21. (Outside references) Look at The Arithmetic Teacher for the 1975-76 school 
year for articles on the first National Assessment of Educational Progress. 
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C~LCULATORS 
RATIONALE 

As early as the seventh century B.C. 

the counting board or abacus ,.,as in­

vented and used for simple whole number 

computations. Merchants and traders of 

ancient times probably would have found 

the abacus cumbersome to carry around in 

their back pocket. If they were alive 

today, they could not only have a cal­

culator in their pocket but they might 

have a computer terminal in their brief­

case! Electronic calculators are one 

of the hottest selling items around the 

world. They are becoming as popular 

and inexpensive as 'vatches. They give 

instantaneous effortless answers to 

many computations. They are small, 

quiet and cheap. 

Using a calculator is relatively 

easy. You push a few buttons i n sequence 

and "Voil'a!" the keyboard display flashes 

the answer. "Most of us have so far 

explored numberland by the very laborious, 

manual route. The hand calculator lets 

you travel by automa tion, and explore 

far afield effortless ly." [Wallace Judd] 

Paper and pencil calculations are often 

slow, i naccurate and tiresome. Interest 

and enthusiasm for mathematics is often 

killed by such drudgery. The calculator 

becomes a fantas tic tool that f r ees us 

to do i nvestigations and problem solving. 

Its speed allm.;s us to keep pace ~dth our 

racing minds as we s earch for solutions, 

conjectures, and more quest i ons. 

The electronic calculator is NOT a 

fad; it is here to stay. Like the radio 

and television, soon everyone may own 

one (or two or three). The calculator 

is bound to change our way of life just 

as other advances in technology have. 

Already educators are arguing about the 

use of the calculator in the mathematics 

classroom. Should the calculator be 

used when teaching arithmetic skills in 

elementary schools? Will children need 

to memorize addition and multiplica tion 

facts if they learn to compute using a 

calculator? Will senior high students 

need to learn how to use logarithmic 

tables or should they use an electronic 

calculator i nstead? In other words, the 

whole mathematics curriculum from kinder­

garten through college will need to make 

serious adjustments to account f or the 

use of the electronic calculator. Be­

cause the calculatcr is becoming avail­

able to all members of our society, 

including children, educa tors will need 

to decide how electronic c alculators 

f it into the school curriculum. 

Recently,pocket or desk calculators 

have been used in mathematics classrooms 

to motivate students and expand their 

ability t o solve "messy" real-world 

problems (i. e ., stock investments, t ax 

forms, interest on car payments, pollu­

tion controls). The ca lculator provides 

the immediate feedback of answers and a 

probelm-solv i ng flexibili t y that 
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encourages the student to become in­

volved in complex computations. 

However, one needs to be careful! 

Host calculators do not retain and 

display all the numbers or operations 

entered. If wrong numbers are entered 

or operations are entered in the wrong 

order (a faulty algorithm sequence), 

the incorrect ansv..~er must be recognized 

by the student. To tell a reasonable 

answer from an unreasonable one, a 

student needs to know how to compute 

using the basic arithmetic facts, how 

to round numbers, how to estimate and 

approximate answers, and how to place 

a decimal point. Arithmetic skills 

and number sense are very important if 

the hazards of a calculator nre to be 

avoided. The calculator does not 

replace thought processes. It is a 

tool that saves time and energy and 

frees us to think and do mathematics 

above the computational level. 

SUMMARY 
T 
.Lo Calculators fit into the classroom 

in different ways: 

1. Non-electric calculators (abacus, 
etc.) 

a. teach concepts in counting, 
place value, and arithmetic 
computations, and 

b. demonstrate algorithms for 
solving computational problems. 

2. Electronic calculators free the 
students from tedious pencil and 
paper calculations. They allow 
the student to . • . 

CALCULATORS 

§ 
[§ill 

a. speed up "messy" calculations, 
and 

b. investigate and work on mathe­
matical problems and applica­
tions that would otherwise 
involve long, unmanageable 
calculations. 

II. The teacher can prepare students for 
electronic calculators by ..• 

1. Emphasizing estimation and approx­
imation skills which are vital in 
checking answers and placing the 
decimal point correctly. 

2. Teaching the student to determine 
the reasonableness of exact answers 
by ~pproximate calculations. 

3. Introducing situations and problems 
where the hand calculator is an 
obvious aid to cumbersome, time­
consuming calculations. 

4. Asking students what types of mis­
takes can be made while using the 
calculator. 

III. Teachers can prepare themselves 
for using the electronic calcula­
tor in instruction by 

1. Experimenting with it themselves. 
(Let the students see the teacher 
using a calculator.) 

2. Reading current periodicals and 
checking the wathematics publica­
tion companies for new "calculator" 
books. (There is currently no body 
of knowledge about how to use a 
calculator in the classroom.) 

3. Having an open mind about the use 
of the calculator before deciding 
that the calculators will be a 
"cure-all" to teaching computation, 
or that they should be banned from 
the mathematics curriculum. 
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EXAMPLES OF CALCULATOR PAGES FOUND IN THE CLASSROOM MATERIALS 

I. Electronic Calculators 

DAy Eo.R.NIN6S DAY 'fARWINGS "' '.Jl• a t " the average 

I 

_ 2._ 
_ 3_ 

4 

$ II -"----·-
«mount Mr . Po>nnypus loer 
m.~dc per day? (Divide .. 12 " 
the tota l ear nings by 
~o . > .. 13 .. 

14 
" 

b) If h., wo rked 8 hours: 
per d.~y. """ " 5 15 .. ""crage n:llounthc 

b " l b 

7 " 17 

8 " ____~_§__ 

9 " 
19 

tO 20 
ToT A.L FoR 20 01''(S 

" 
$ 

" 
" ... 

made per hour? 

c) llow much did Hr . 
l'cnnypus he r 
aver<:~gept>r 

minu t e? 

(d) If you wcrcpai.d asmuch as 
)oir. !'enuypusheraveraged 
per minute, how '"" ch woul d 
you make for the tim(' you 
:~re in your mathematics 
<".lass? 

pf'r d ay? 

per wP.ek? 

per s c hool year? 

Simple and compound interest 

have easy f ormulas, but mes sy , 

repet i t i v e computa t i ons that 

can be handled very efficiently 

by the electronic calcula tor. 

t he 

Multiplying and adding large 

numbers can be frustrating and 

The p~inful to do manually. 

electronic calculator provides 

qui ck answers; then bas i c con­

clusions can be drawn from the 

data . 

CERTAIN GROIHIIS ARE BENEF IC! Itl 

Hany kin<!s of ~ row th o ccu r and are studied i n mathematics . Some involve gro~: tr. 

by a f i xed amount , some by a fixer! rate . These two can produce surprisingly d i f­
ferent r esults . 

Have s t udents compute the outcome of depos iting $1000 at a bank at a 5% intert~St 
r ate compounded annually for 20 years and compare it 1dth a deposit of SlOOO i n­
crease d a nnually by a flxed amount of interest ($50 . 00 = 5% of $1000) for 20 years. 

Tables could be us~d t o organize t he res u lts, and a h and c alcula t or would sim­
p lify the computation . I n t erest paymen t s s hould be rounded t o the nearest c ent . 

two out comes . In the f irst table the amount of g r m.:th each ye<~r 

s ha r es in the gro~o.'th during t h e next ye.1r . 
Suppose tha t the interest is c01apounded semi -annually or quarterly . \.."hat 

effect would this have? Some b anks compound i n te res t continuo u s l y . What does 
th is mean? Invest i ga t e t he s<Jvin gs plans offered at banks a nd savings and loan. 
\~hich would he t he best for s hort term deposits? long t erm deposit s? 

I n t he bank aor:pcw,d intc~'cst anounts a r>e coo.Z.a~<7.c.ted trorn t1:e [a'Y'r'IU.l.a 

A = (1 + ~)rr.t where l' 7·-s U:e am1ua~ !'ate of 8if1.?~e 7:nteJ'cst, -:- ~·P the time pe!'iod 

1:r. year s , m is t!:e ~:w.~Ler o_r aonrpo«ndiY.fJ "&;•ior!:· ·,1 a _,, ,:ar. B.z.· t he w.:e of the 

f ormula it cc.n be sho"-m that the e;feciive annual L•ie ld of a ?% savir.gs aer>tifi ­

cate compounded c!ai l!! f or a 365-day year i s 7 . 25'1 (A = (1 + j~~r165 xi = 1 . 0725) . 

If con;pounder.! t};e [O"t'TriUlo. useC is .4 = / ' t t.'he!'c p is the base c.r 

naturol l.ogm•itr.ms. A = e ' 07 1 ::: 1. 735, ar. e,.c-f"ective annual yield oF 7 . 35%. 

Thus , r:: ?':t certificate could .1ield 7 . 25% Or' 7 . 35% . 

r§l 
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When measuring and recording 

data, the calculator is a 

welcome assistant for ana­

lyzing results and making 

quick numerical comparisons. 

II. Non-Electronic Calculator 

GRXD P8RC8NT 
CALCULATOR I 

CALCULATORS 

This calculator can be used as 

a visual learning aid. The student 

sees percents actually being com­

puted through the use of the simple 

paper model. 
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CALCULATORS FOUND IN CLASSROOM MATERIALS 

RATIO: 

Rate 

FIX THAT LEAK 

I NEED A JOB LIKE THAT! 

Equivalent 

I'D WALK A MILE 

Ratio as a Real Number 

PI'S THE LIMIT 

CLOSER & CLOSER 

PROPORTION: 

Getting Started 

THE SOLVIT MACHINE--A DESK 
TOP PROPORTION CALCULATOR 

Application 

CRUISING AROUND 

WORLD RECORDS 

I MEAN TO BE MEAN! 

PERCENT: 

As a Fraction/Decimal 

THE PERCENT PAINTER RETURNS 

Solving Percent Problems 

THE ELASTIC PERCENT 
APPROXIMATOR EXTENDED 

GRID PERCENT CALCULATOR I 

DETERMINING RATES 

USING RATES TO DETERMINE EARNINGS 

DETERMINING AND COHPARING 

APPROXIHATING 

RATIO AS A REAL NL~BER 

CROSS PRODUCTS METHOD 

USING PROPORTIONS TO CONVERT MEASURES 

USING PROPORTIONS TO COMPARE MEASURES 

DETERMINING MEAN PROPORTIONS 

AS A DECI!>fAL 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 
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GRID PERCENT CALCULATOR II 

GRID PERCENT CALCULATOR III 

GRID PERCENT CALCULATOR IV 

GRID PERCENT CALCULATOR 
EXTENSIONS 

PELARGONIUM 

COUNTING EVERY BODY 

CERTAIN GROWTHS ARE 
BENEFICIAL 

CALCULATORS 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

FINDING PERCENT OF INCREASE 

FINDING PERCENT OF INCREASE 

FINDING AMOUNT OF INTEREST 

77 

§ 
~ 



RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
Piaget and Proportions………………………………………………………………………….10 
Reading in Mathematics………………………………………………………………………...26 
Broad Goals and Daily Objectives……………………………………………………………...42 
Evaluation and Instruction……………………………………………………………………...58 
TEACHING EMPHASES……………………………………………………………………...70 
Calculators………………………………………………………………………………………70 
Applications…………………………………………………………………………………….78 
Problem Solving………………………………………………………………………………...90 
Mental Arithmetic……………………………………………………………………………..100 
Estimation and Approximation………………………………………………………………..106 
Laboratory Approaches………………………………………………………………………..114 
CLASSROOM MATERIALS………………………………………………………………...130 
RATIO…………………………………………………………………………………………130 
Getting Started………………………………………………………………………………...140 
Rate……………………………………………………………………………………………158 
Equivalent……………………………………………………………………………………..180 
Ratio as a Real Number………………………………………………………………………..212 
PROPORTION………………………………………………………………………………...222 
Getting Started………………………………………………………………………………...230 
Application…………………………………………………………………………………….248 
SCALING……………………………………………………………………………………..266 
Getting Started………………………………………………………………………………...286 
Making a Scale Drawing………………………………………………………………………304 
Supplementary Ideas in Scaling……………………………………………………………….328 
Maps…………………………………………………………………………………………...350 
PERCENT……………………………………………………………………………………..364 
Percent Sense……………………………………………………………………………….…376 
As a Ratio……………………………………………………………………………………...430 
As a Fraction/Decimal…………………………………………………………………………450 
Solving Percent Problems……………………………………………………………………..476 
ANNOTATED BIBLIOGRAPHY……………………………………………………………504 



APPLlCA.TIOliS 
RATIONALE 

Over 2000 years ago man developed 

number symbols, arithmetic calculations 

and geometry to describe and record 

real-world happenings. Mathematics was 

used to solve the problems of merchants, 

scientists, builders and priests. 

About 600 B.C. Greek mathematicians 

took a different approach. They 

began studying numerical patterns and 

geometry for their aesthetic qualities. 

Mathematics became an intellectual 

exercise with no necessary applications 

in mind. The development of mathematics 

was soon traveling in two directions: 

practical or applied mathematics, orig­

inating from the Egyptians, and "pure" 

mathematics, originating from the Greeks. 

Practical and "pure" mathematics are 

not ah;rays separable. One often in­

spires and directs the other; they 

become interwoven. As a result, appli­

cations of mathematics fall into three 

categories: 

1) applications to real-life situ­
ations such as business, finance, 
sports, polls and census taking 

2) applications to other disciplines 
(i.e., science, music, art) 

3) applications to other branches of 
mathematics (problem-solving acti­
vities in the realm of "pure" 
mathematics) 

The Egyptians, for example, were inter­

ested in learning as much as they could 

about their environment and how to con-

trol it. Today we are also curious 

about the rapidly changing environment 

we have created. Because of the complex­

ity of our culture and its emphasis on 

technology, mathematics is very important 

to us in our jobs, in our daily living 

and in our future. 

We face many problems in our daily 

living. Since all problems require the 

collection of information before solu­

tions can be found and analyzed, mathe­

matics is often a helpful tool in solving 

problems; yet few people relate mathema­

tics to real-life situations or real­

life situations to mathematics. 

Many teachers have neglected to teach 

applications of mathematics for a number 

of reasons: 

1) "I have little background in 
applications of mathematics." 

2) "My students often have little or 
no background in science, art, 
music and other disciplines." 

3) "Applications require elaborate 
equipment and preparation." 

4) "My students are not interested in 
applications. 

5) "Good applications take too much 
time to teach. There is plenty to 
teach in the math textbook." 

6) "How can my students apply mathe­
matics when they do not even have 
basic computational skills?" 

Yet educators and the public agree 

that applications of mathematics are 

very important and should be taught in 

the mathematics classroom. Society is 

demanding accountability and relevancy 

in our education system. Students need 
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ample opportunity to experience mathe­

matics in a practical sense so that 

they will.be better equipped to apply 

it as adults. 

Even though certain applications of 

mathematics require special equipment 

and materials, much of this equipment 

can be constructed from inexpensive 

substitutes and common materials. Once 

the equipment is collected or made, it 

will last for years. Also, various 

applications can be adapted to fit 

available materials and equipment. 

Applications should include appro­

priate topics and activities. Here 

are a few questions to consider when 

choosing an application of mathematics: 

a) Is it interesting to the students 
and the teacher? 

b) Does it start at the appropriate 
skill level? 

c) Does it extend and develop the 
computational and/or problem­
solving skills of the students? 

d) Does it include topics, skills or 
ideas which might help the stu­
dents contribute to society and 
deal with real-life situations? 

e) Could it be done as a laboratory 
activity? 

f) l,fuat concepts does it imply and 
develop? 

Selected Sources for Applications 

APPLICATIONS 

g) How much time would it take to 
teach? 

h) What equipment and materials are 
needed or available? 

SUMMARY 

1. Applications of mathematics fall into 
three categories: 

a) applications to real life situa­
tions 

b) applications to other disciplines, 
and 

c) applications to other branches of 
mathematics. 

2. Down through the centuries, mathe­
matics has been a useful tool for 
solving real work problems and 
analyzing our environment. 

3. Even though many teachers have ne­
glected to teach applications of 
mathematics, our complex society 
demands that public education teach 
practical mathematics and problem­
solving techniques. 

4. Mathematics can be used to solve 
problems in the real world and in 
other disciplines. 

5. Applications to real life situations 
and other subject areas (i.e., phy­
sics, social science, economics, 
art, music) make abstract mathematics 
more meaningful and understandable. 

6. Applications should include appro­
priate, interesting topics and 
activities for students and teachers. 

Hodges, E.L. Project R-3 Materials, T.M.T.T., San Jose, California, 1973. 

Information Please Almanac Atlas and Yearbook, Dan Golenpaul Associates, 1975 (or 
current yearbook). 

Jacobs, Harold R. Mathematics--A Human Endeavor, W.H. Freeman and Co., 1970. 
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The Man-Hade World, NcGraw-Hill Book Company, 1972. 

HcWhirter, Norris and Ross. The Guinness World Book of Records, Sterling Publishing 
Co., Inc., or Bantam Books, 1975 (or current yearbook). 

The Official Associated Press Sports Almanac, Dell Publishing Co., Inc., 1974 (or 
current yearbook). 

SRA Hath Applications Kit, Science Research Associates, Inc., 1971. 

USHES (Unified Science and Mathematics for Elementary Schools), Education Development 
Center, Inc., 1973. 

The World Almanac and Book of Facts, Newspaper Enterprise Association, Inc., 1975 (or 
current yearbook). 
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EXAMPLES OF APPLICATIONS FOUND IN THE CLASSROOM MATERIALS 

I. Real-World Applications 

From sport events to grocery shopping to government spending, we are exposed 

to applications of mathematics. If we know how to work with numbers and mathematical 

ideas, we ca n often use mathematics to help us deal wi th real-life situations. 

D. I dozen~=t- Jl .q., 

E.3 T-sh;rts 
cast $ 3.36 

F. 5 pou[ds of ho.mbu")er 
cost ~3.45 

B. 2doze1 fJ""Cib costUI.68 

c "' 6-podof p:p calt jp l.l4 

Find -the better l:oj f>:J findi") the uni-t =t, 
-for e.xprnp!e cosT per ounce .. 

G. 12 oz. of =p-!br $1.32 
cr- 15 oz. -fur .$ 1.50 

H. IOoz.of poto.to chips-fur 
8 0¢<>"16oz.-fur $1.1 2 

J . 't q_Ts of milk. -furS 1.2Yor 
7q;~. of rn.!k -fOr $ 2 .2 4 

K. !-2J?5~ :f7' #"'3sp:~"::f" 
jeo..n5 

Physical fitness is measured, 

in part, by one ' s body pro­

portions. Once standar d growth 

pat terns are t abula t ed and 

verified, the average height 

and weight o f a pe rson a t a 

given age provi des a measure 

f or compar ison. 

Unit pricing is frequently posted 

below the items sold in grocery 

and department stores for the con­

venience of the customer. As a 

consumer we can develop an awareness 

of prices and quality. Compare 

prices by finding the unit cost 

and determine which item i s the 

better buy. 

vvhors YOUQ TYPE 
l . Heigh yourself and measu re your height. 

2 . Ch a nge you r weight t <• kil0gr an,t> . 
1 pound~ .t. 5 kilop,r ams . 

pounds inch es 

3 . Cha ng!:l your heigh t t o >.tlntiru::tres . ( 1 i nch ":::::o 2. 5 cen t i metres -; 

4 . lise t l1c dwrt to dcte rr•i.nc your body type . 

5. Sue i s 1 5 years o l ci, ~<. <= i.t,hs 127 pounds , and is 5 feet, 7 inches t a l l. 
a ) Find her \ .. e i ght i n kilograms . ~~-
b ) Find h e r heif;ht in centi metres . (Hint : 12 inches = 1 foot) 
c ) What i s her body type? ~~-

li. J ohn is 11 ye.'.!rs old , weighs 65 pound s , <Jnd is 53 inches tall . 
a ) FinJ J o hn ' s weight in ~ilograms. _ _ _ 
b) Find John ' s he ight in centimet res . 
c) l-.~Hlt i s his body type? ~~-- - -

7 . Fred is 14 ye a rs old, weighs 120 pounds, a nd i.s 65 inches tal l . 
Guess his body t ype. 
Check your guess by c hanging Fred' s measur ements to r.tet r ic. 
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M ILES DRIVER REACTION 

DI STANC[ 

FT 

BRA~ING 

DISTA N CE 

FT 

TOTAL STO PPING 
DISTANCE PER 

HOUQ 

22 

FT 

40 -44 
G9-78 

givenonr.lry, levelground . Storringdi«tances 
in<:reascl-'hen tlw road is•-·et , snowy,or icy . 

l) If you are driving at a speed of SO kilomet r es per hou-r, cou l d vou Hop the 
o.:ar i11 y, metres? 

2) . l f you are drivin!_; at a speed of 8~ kilon•e tres pe r hour, ho" c l ose c.Jn you 

, 1i;~;:l1:i;;;,;:""" ,~~ ··• p::c/ r) 
k <lo•e~ ~~-=---·~ 

4) Ifbothdrive rs ~-- j=y ~·~ 
hit their brakes , I 
::: : .. ~"' cwo em 2 7 mehes ·~, "" 

l20 rnetr es \ ~ £17 kilometres per 'nour 
0 

From Eratosthenes who 

determined the circum-

ference of the earth to 

Boy Scouts determining 

the height of a cliff, 

the use of indirect 

measurement is a useful 

application of mathematics. 

APPLICATIONS 

The automobile is one of the main 

Theans of transportation. Each state 

requires that a motorist pass a 

driver's test and obey certain rules 

of the road, especially speed limits. 

Automobiles and the problems they 

create are frequently discussed by 

students since riding in a car and 

being conscious of driving skills 

are experiences they all have in 

common. 
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II. Applications to Other Subject Areas 

~ 
~ 

A "basic working knowledge" of mathematics is often required for the study and 

mastery of various subjects. Science, music, art, geography, computer science and 

many other disciplines use mathematics in the formulation of their research problems 

and applications. 

The geography of the United 

States and the transportation 

systems are important to any­

one traveling around the U.S.A. 

Thinking of distance in kilo-

metres is a new experience for 

most Americans. 

kilometourihg 
Clround 

the UI.A. 
Use the map on the next page. Measure the distance between the 
following cities to the nearest half centimetre . On the map 
1 em represents 100 km. Figure out the actual distance in km 
between the cities. The first one is done for you. 

1 Reno, Nevada to New York City ~ em 1850 

z Seattle , Washin9:ton to Miami , Florida 

t3 St. Paul , Minnesota to Houston, Texas em 

~ Los Angeles to Cleveland, Ohio em 

s Butte, Montana to Ra.eid City, SD em 

i IVashin<,ltOn, D.C . to St. Louis, :-10 em 

km 

km 

km 

km 

km 

km 

1 Denver, Colorado to Ralei9:h , NC em km 

1 em represents 100 km 
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III. Miscellaneous Applications 

APPLICATIONS 

r1i\ 
~ 

The need for certain mathematical concepts and tools may arise naturally in the 

context of various situations. The teacher can provide interesting activities that 

arouse the students curiosity whether they are real-world problems or not. 

These short story problems 

deal with percents that are 

smaller than 1%. Situations 

are presented to provide 

meaning and understanding. 

2) 1;% of all eggs are re­

jected. 20,000 have been 
checked. __ eggs are 
rejected. 

1 
10 

1 

for every 100 

for every 
for every 20,000 

6) A 1 . f 5-cup serv1ng o 

rice has ~% of the min­

imum daily requirement 
of Vitamin C. How many 
cups would you have to 
cook in order to have 
enough Vitamin C for 
one day? __ 

1) In 1973 about 400 auto 
thefts vere reported for 
every 100,000 people. 
What percent of the popu­
lation had cars stolen? 

400 for every 100,000 
4 for every 

for every 100 

7) Many clothing labels 
say, "Less than 1% 
shrinkage." If the ac-

tual shrinkage is ~%,how 
much is lost if you wash 
100 yds. of cloth? __ 
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APPLICATIONS FOUND IN CLASSROOM MATERIALS 

RATIO: 

Rate 

RATES ARE RATIOS IDENTIFYING DIFFERENT RATES 

THE FRENCH BREAD PROBLEN: DETEIDHNING RATES 

FIX THAT LEAK DETERMINING RATES 

AS THE RECORD TURNS DETERMINING RATES 

NY HEART THROBS FOR YOU USING RATE OF HEARTBEAT TO DETERMINE 
PHYSICAL FITNESS 

STEP RIGHT UP USING RATE OF HEARTBEAT TO DETERMINE 
PHYSICAL FITNESS 

I BELIEVE IN HUSIC DETERMINING RATES 

WHICH IS A BETTER BUY? USING RATES TO COMPARE PRICES 

WHICH IS BETTER? 1 USING RATES TO COJv'J'ARE PRICES 

vlHICH IS BETTER? 2 USING RATES TO COMPARE PRICES 

BUT I ONLY WANT ONE USING RATES TO COMPARE PRICES 

EIGHT HOURS A DAY USING RATES TO DETERMINE EARNINGS 

Equivalent 

EQUIVALENT RATIOS BY PATTERNS CONCEPT, GENERATING 

RATIOS IN YOUR SCHOOL SIMPLIFYING 

ONE HAN ONE VOTE SIMPLIFYING 

PEOPLE RATIO SIMPLIFYING 
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PROPORTION: 

Getting Started 

PETITE PROPORTIONS 1 

PETITE PROPORTIONS 2 

DII' YOU KNOH TF .. AT . . • 

Application 

PROPORTION PROJECTS TO 
PURSUE 

IT' S OKLY MONEY 

ONE GOOD TURN DESERVES 
ANOTHER 

TFAT'S THE HAY THE OLD BALL 
BOUNCES 

GET IN GEAR 

~>~llAT I s YOUR TYPE? 

LIHIT YOUR SPEED 

CRUISING AROUND 

HORLD RECORDS 

PROPORTIONS HITH A PLANK 

I'M BEAT! HOH ABOUT YOU? 

MAKING HEANS MEANINGFUL 

APPLICATIONS 

SOLVING PROPORTIONS 

SOLVING PROPORTIONS 

SOLVING PROPORTIONS 

APPLICATIONS 

uSING PROPORTIONS TO CONVERT CURRENCY 

USING PROPORTIONS TO DETERMINE 
DIST.A.NCES 

USING PROPORTIONS TO FIND HEIGHT 

USING PROPORTIONS HITH GEARS 

USING PROPORTIONS TO CONVERT NEASURES 

USING PROPORTIONS TO CONVERT 

USING PROPORTIONS TO CONVERT 

USING PROPORTIONS TO COMPARE 

USING PROPORTIO:t\S WITH LEVERS 
INVERSE VARIATION 

USING PROPORTIONS WITH GEARS 
INVERSE VARIATION 

HEASURES 

MEASURES 

MEASURES 

APPLYING MEAN PROPORTIONS IN A 
RIGHT TRIANGLE 
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SCALING: 

Getting Started 

A PERFECT FIT 

ELEMENTARY, MY DEAR WATSON 

Making a Scale Drawing 

BE CREATIVE THIS CHRISTY~S 

H0\\1 HUCH IS YOUR GARDEN 
WORTH? 

STAKE YOUR CLAIH 

ANOTHER STAKE OUT 

Supplementary Ideas in Scaling 

Haps 

:tvTAKE A DIPSTICK 

CAREFULLY CONSTRUCTED CARTONS 

A SCALE MODEL OF THE SOLAR 
SYSTEM 

HOI\' HIGH THE MOON 

THE GREAT LAKES 

KILOMETOURING AROUND THE 
U.S.A. 

AROUND THE U.S.A. 

APPLICATIONS 

MOTIVATION 

MOTIVATION 
USE OF A SCALE MODEL 

ENLARGING IHTH GRIDS 

REDUCING WITH A RULER 

REDUCING kiTH AN INSTRUHENT 
FINDING LENGTHS CSING AN ALIDADE 

REDUCING WITH AN INSTRUMENT 
FINDING ANGLES USING A TRANSIT 

CSING A SCALE TO DETERMINE DEPTH 

CONSTRUCTING 3-D MODELS 

MAKING A SCALE MODEL 

~~KING A SCALE MODEL 

USING A SCALE DRAWING TO FIND 
DISTANCES 

USING A SCALE DRAIVING TO FIND 
DISTANCES 

USING A SCALE DRAHING TO FIND 
DISTANCES 

~ 
\1fV 
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PERCENT: 

FOREST FIRES ARE A REAL 
BURN 

WHERE'S IT AT? 

OUR TO~TN 

IT' S ABO liT TIME 

DO YOU KNOH THE HAY TO SAN 
JOSE? 

As a Ratio 

PERCENTS OF SETS-II 

FUN AT THE FAIR 

MORE FUN AT THE FAIR 

BE COOL--GO TO SCHOOL 

PU~"'Y PERCENTS 

Solv ing Percent Problems 

B- BALL TIME 

THE SHADY SALESMAN 

I NTERESTING? YOU CAN BANK 
ON I T! 

AT THAT PRI CE , I'LL BUY I T 

PERCENT PROBLENS 1 

PERCENT PROBLEMS 2 

PELARGONI UH 

STATE THE PATE 

APPLICATIONS 

USING ANGLE READINGS TO LOCATE POINTS 
ON A SCALE DRAHING 

USING A TIME SCALE TO LOCATE POINTS 

READING A MAP 

USING A SCALE DRAHING TO FIND 
TRAVEL TIME 

READING A :t-",AP 

PERCENT OF A SET 

USING PERCENT TO COMPARE 

USING PERCENT TO CO~IPARE 

USING PERCENT TO COMPARE 

PERCENTS LESS THAN 1% 

SOLVING PERCENT PF.OBLEMS 

SOLVING PERCENT PROBLEHS 

FINDING AMOUNT OF I NTEREST 

FINDING AMOUNT OF DISCOUNT 

1-JOED PROBLEMS 

HORD PROBLEMS 

FINDING PERCENT OF INCREASE 

FINDI NG ANOUNT OF SALES TAX 
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COUNTING EVERY BODY 

CERTAIN GROVJTHS ARE 
BENEFICIAL 

HIDDEN COSTS IN A HOME 

APPLICATIONS 

FINDING PERCENT OF INCREASE 

FINDING AHOUNT OF INTEREST 

FINDING AMOUNT OF INTEREST 
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RAT I Ot,J/\LE 
Learning to solve problems is prob­

ably the most important aspect of one's 

education. No matter vrho >.:e are, where 

we live, or what we do, there will 

always be problems for us to face and 

problems for us to solve if we want to 

solve them. Sometimes it is not easy 

to determine whether a situation really 

is a problem for a particular individ­

ual. What is a problem to one person 

may be an exercise to another. Per­

forming or practicing something (a 

task) that one already knows how to do 

is an exercise. Therefore, the task 

may require only a routine procedure 

which leads to the solution(s). How­

ever, if the individual has a clearly 

defined, desired goal in mind, but the 

pathway to the goal is blocked, then 

the individual has a "problem" to 

solve. "A true problem in mathematics 

can be thought of as a situation that 

is novel for the individual called 

upon to solve it. It requires certain 

behaviors beyond the routine application 

of an established procedure." (Troutman 

and Lichtenberg] 

l'fathematics teachers should pose and 

provide problems that have no obvious 

method or algorithm to follow in reach-

ing 2 solution. Too often students are 

given page after page of various compu­

tational exercises which use one or more 

"essential" algorithms the students have 

"memorized." Once outside the classroom, 

students rarely use the algorithms they 

have memorized because the algorithms do 

not seem applicable. They come across 

ambiguous, disorganized situations that 

require considerable thought and skill 

for making a decision or finding a rea­

sonable solution. Developing the abil­

ity to think independently and make wise 

decisions will help people to solve 

future problems by themselves. 

Problem solving is a structured pro­

cess. George Polya, in his book How to 

Solve It, divides the problem solving 

process into four steps: 

1) Understanding the problem. 

2) Devising a plan. 

3) Carrying out the p l an. 
{.,_\ .J Looking back and checking the 

results. 

Other authors have discussed the problem 

solving process with similar steps that 

match or fit into Polya's four steps 

(see Selected Sources for Problem 

Solving). These steps provide a struc­

ture which guides the problem solver 

through a search for the solution(s) to 

a problem. In the discussion which 

follows, several questions to answer and 

"things to try" are given under each of 

the four steps. 

Understanding the Problem: 

l. State the problem in your own words. 
(If the student cannot read the 
problem well enough to understand 
its meaning, the teacher may need to 
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read it to him. If the student can 
read but does not understand the 
problem, the teacher could rephrase 
the problem. The teacher should 
check for stumbling blocks. If 
the student has read the problem 
but seems bothered, ask what he 
thinks about the problem. Perhaps 
the student sees the situation as 
unrealistic, inconsistent or incom­
plete.) 

2. ~~at are you trying to find out ? 
~~at is the unknown? 

3. wnat relevant information do you 
get from the problem? 

4. Is there any information that is 
not needed to solve the problem? 

5. Are there any missing data that you 
need to know to solve the problem? 

6. Are there any diagrams, pictures 
or models that may provide a ddi ­
tional information about the prob­
lem? 

7. Can you try some numerical examples? 

8. Is it possible t o recreate, drama­
tize, or make a drawing o f the prob­
l em? 

9. Can you make an educated guess as 
to what the solution(s) might be? 

Devis ing a Plan : 

l. Make a diagr am , number l i ne , chart, 
t ab le , p i cture , mode l o r graph to 
organize and structure the data. 

2. Guess and check. Or gani ze the tria l 
and e r r or i nvestigations i nto a 
table . 

3. Look for pa tte r ns . 

4. Translate the phrases of the problem 
i nto mathematical symbols and s en­
t ences . 

5. Try to s olve one part of the pr oblem 
a t a t i me (i.e . , break the pr ob lem 
i nto cases) . 

6 . Have you ~orked a problem like t hi s 

PROBLEM SOLVING 

before? What method did you use? 

7. Can you solve a simpler but related 
or analogous problem? 

8. Keep the goal in sight at all times. 

Carrying Out the Plan: 

1. Keep a record of your work. 

2. Pe rform the steps in your plan; 
check each step carefully. 

3. Complete yot!r diagram, chart, table 
or graph. 

4. Follow patterns; organize and gen­
eralize them. 

5. Compare your estimates and guesses 
with your work. 

6. Solve the mathematical sentence; 
record the calculations and answer. 

7. Work out any s imple r but related or 
analogous pr oblems. Compare the 
solutions. 

Looking Back: 

1. Can you check your r esult ? Is the 
answer r eas onable? 

2. hlha t does the r esult t e l l you? 
h11at conclusions can be made ? 

3. Is there another s olution? Is there 
anothe r way of f indi ng the answe r ? 

L1 . Nake up s ome p roblems like t he one 
you worked . Is the r e a rule or 
gener alizat ion tha t can be used t o 
solve similar problems ? 

5. h'ha t me thod (s) he l ped you ge t the 
answe r(s )? 

Teaching Problem Solvi ng 

"The best ~ay t o l earn problem s olving 

is by ~orking problems and studying the 

pro ces ses we us ed i n vwrking t hem ." 

[Hints for Problem Sol ving ] I f a pe r s on 

i~ go i ng t o become a problem s olve r, 

he/she wi l l need t o be invo l ved in a 



TEACHING EMPHASES 

variety of problem-solving experiences. 

Before any problem can be tackled, 

there has to be the desire to solve 

the problem. The teacher can motivate 

the students by giving them problems 

within their range of experience and 

interests. Stimulating question3 can 

guide the students through the problem­

solving process. Getting the students 

to the point where they Wfu~T to solve 

the problem is the most important step 

that will lead to successful problem 

solving. To fur·ther insure the success 

of a problem-solving activity, the 

teacher should stress a thorough under­

standing of the problem and encourage 

students to devise and carry out their 

ow~ plan for finding the solution. It 

is important to provide all students 

with enough time to arrive at the solu­

tion independently without the faster 

students blurting out their solutions. 

In the beginning the teacher should 

realize that most students are NOT prob­

lem solvers. They become frustrated 

quickly and tend to give up easily. 

They often make incorrect conjectures 

and fail to check the reasonableness of 

their ans\vers. They lack a knowledge 

of problem-solving techniques and the 

ability to use them. Some students 

have not acquired the necessary compu­

tational skills or reading/comprehension 

skills needed to carry out the problem­

solving process. 

PROBLEH SOLVING 

No teacher or student has to memorize 

Polya's four steps and its list of 

"things to try," but there are specific 

skills from the list that can be the 

focus of a lesson. Some activities, 

such as Patterns for Intr•oducing Ratio_, 

Ratio of Ages and Proport1~ons u.n th a 

Plank_, have specific patterns to follow 

when finding the solution and then 

finally arriving at a generalized 

solution. Other activities like Poppin' 

M~eelies in a Ring_, Surface Area end 

Ratios 2_, Percent 1.1v1i th Cubes_, The Per­

cent Painter Returns and Scaling a 

Skyscraper all use manipulatives or 

cubes to build models of each situation. 

These activities using visual aids 

encourage active participation by the 

students who often have little confi-

dence in their ability to tackle a 

problem-solving situation. Many of the 

specific problem-solving suggestions 

discussed earlier can be tried and 

applied while working the problem­

solving activities found in the class­

room materials. 

V..'hy Teach Problera Solving?--A Final 

Argument 

II In the minds of all but a few 

college freshmen, problem solving is 

not a process by which one ascertains 

the truth. Rather, it is a process by 

which one gets the ans'''er in the back 

of the book by a sequence·of steps, 

each of which tas been authorized by 
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the teacher." (Edwin E. Moise, Siam 

News, Feb. 1975) Indeed, too many 

mathematics assignments do require rote 

procedures to be followed while finding 

the same answer as the "answer in the 

back of the book," but this is really 

drill and practice, not problem solving, 

and the students are doing exercises, 

not problems. 

If our students are to become 

Selected Sources for Problem Solving 

PROBLEM SOLVING 

independent thinkers and problem 

solvers, it is important that we give 

them many situations which cannot be 

routinely solved. It is important 

that we as educators provide guidance 

and examples that involve a variety of 

problem-solving techniques. Problem 

solving is a process of thinking that 

"emancipates us from merely routine 

activity." 

Atlanta Project. "Mathematics Education: Problem Solving in Elementary Mathematics," 
College of Education, University of Georgia, 1972. 

Butts, Thomas. Problem Solving in Mathematics, Scott, Foresman and Company, 1973. 

Dewey, John. How We Think, D.C. Heath and Co., 1933. 

Gagne, Robert M. The Conditions of Learning, Holt, Rinehart, and Winston, Inc., 
1965, pp. 214-236. 

Hints for Problem Solving, Topics in Mathematics for Elementary School Teachers, 
Fcoklet No. 17, National Council of Teachers of Mathematics, 1969. 

Polya, George. How to Solve It, Princeton University Press, 1957. 

Schaaf, Oscar. "Problem-Solving Approach to Mathematics Instruction," unpublished 
mimeograph. 

Troutman, and Lichtenberg. "Problem Solving in the General Mathematics Classroom," 
The Mathematics Teacher, Nov. 1974, pp. 590-597. 



TEACHING EMPHASES PROBLEM SOLVING 

EXAMPLES OF PROBLEM SOLVING FOUND IN THE CLASSROOM MATERIALS 

I. Manipulatives and Models 

Manipulatives and models enhance the understanding of the problem. They pro-

vide a representation of the situation, creating visual and physical feedback that 

is often necessary in the search for a solution. 
~~~~~~~~~~~~ 

The Spirograph creates many 

exciting patterns. How does 

it work? The wheels and rings 

move together in ratios to 

create intr i cate designs. 

Mater ials : 100 cubes and a calculator 

Activity: 

l) Build a 10 x 10 model with the c ubes . 
If the ent ire model i s painted 
a) What percent of the cub es will have 

4 faces painted? 
3 faces painted? 
2 faces painted? 

2) Build a 9 x 9 model. 3) Build an 8 x 8 model. 

4 fa.ceS pa; nted 

3 fa ces pai nted 

2 faces pa..i n ted 

4 5 
2 8 

- --+---+--
Toto\ 

4 faces 
3 faces 
2. -fo.ces 

Total 

4 

,1',1'/ 8 D _ /1/ C2 
; o\?P'h: Vv'heelies I~R.in~ 
/" 1\\ ' (con\mued) \__) 

Use the information in the table to draw more shapes . Before you start 
drawing , try to decide how many l oops the shape will have and how many times 
the wheel will ha ve to go round the ring before the pattern is repe;;~ted. You 
select the ring and wheel siz"s f_o r the lJst E'XPeriment . 

__8_§_ 
~~-~ _ _ ___ . __ ___ · __ 

____2§_ ____]J,_ --- -- - - - - - ­
___I_QL ____J£ - - ------ -­
_2§_ ____:ill_ --- - -----­
__j_Q_L _ ....:\2_ -------- - - ­
~ _2_2_ ----__ ·_. - ---' -

Can you explain wily you ilavc to go around the inside of the ring a numbe r 
of times to comple te some shapes and why a certain number of l oops appear? 

(1) Predict bow many loops you will get with the 
lOS ring and the 60 wheel . _ ___ . Check 
your answer by drawin g the shape . 

(2) Use the 96 ring . Which whee l would you use 
to get a shape that has 16 loopo; if the wheel 
goes around the ring 7 times before the pat­
tern repeats? 

(3) Draw some more s hapes . Predict how many 
loops each shape will have before you draw it. 

(4) Look at the shape on the right. It was made 
using a 96 ring. By counting the loops, 
you decide which wheel was used? 

Examine the two r ings i n . the set. Both have 
many numb ers on them . One ring has 96 ;;md 144 . 
This means the r e arc 96 teeth on the inside of 
t he ring and 144 on the outside . Look at one of 
the whe e ls . The lar gest number t ells you how many 
teeth it has . 

1) Use the 96 ring and the 32 wheel . Draw 
a pattern with it . 

2) How many loops are there on the shape? 

3 ) How many times must t he wheel go around 
the ins i de of the ring before the patte r n begins 
to repeat? 

r . ,.;slng 100 cubes and a calculator, 

a percent model can be inves t igated. 

By observing the patterns fo und, one 

can predict and perhaps general i ze 

what happens in similar problems. 
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Students learn to inter-

pret a model or drawing 

by experiencing prob­

lem situations that 

involve its use. 

Sometimes students 

will solve a problem 

more readily if they 

build a scale model 

or look at a drawing 

of the situation. 

II. Research Problems 

PROBLEM SOLVING 

L/1 
L 

L 
L _L , 

I I I 
I 

/ ~~ 
'I£ 

1 

1!2 

' Il l 

N 

Use a scale of the edge of a c ub e : 1 metres 
t o a nswe r t hese q ues t ions . 

1) How long is each b u ilding ( front)? 
How wide is each build ing (side )? 
How tall is each building? 

Ill 112 

E 

113 

2 ) A window wasf1er is working on the 
f r ont of build ing //2 , 20 metres 
from the t op a n d 10 me tre s f r om 
buildi n g lfl. Pu t a n x to show 
tile window t,·ashe r . 

3 ) Ano t her window was her is on the side 
o f /1 3, 20 me tre s from the sidewa lk 
and 1 7 . 5 metres f rom building n . 
Put an x to show h im. 

Research is a fundamental process that all disciplines use to gain and expand 

n 
\1' 

knowledge in their fields. Situations are encountered where the answer is not known. 

Unless one performs some experiments, gathers data and, in general, does some 

research, the answer may never be clear, not even with educated guessing . 

Which letters of the alphabet 

occur most frequently in 

printed materials? How can 

we find out?--do a little 

r esearch and compile the 

r esults. Use the informa-

tion to create your own 

"Mors e code" and compa r e i t 

t o the real Morse code . 
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Set up an experiment and record 

weight and distance in a table . 

What patterns are noticed after 

the data is recorded? Is there 

a relationship between the 

weights and distances? 

III. Hiscellaneous Problem Solving 

PROBLEM SOLVING 

PLAN I<. 

Miltocria l s needed : Ten-foot plank, tour-inch concre t e budding block , bathroom 
scale , m"asurlng tap(' , m<.•tr~ or yard stick . 

I. llalance the plank by pl acing t he b l ock in the middle . Ask f or a volunteer (o r 
the teacher) t o stand on one end of the plank . Hav<.> different members of the 
class t ry to balance the plank by standing on t h e opposi t e end . For the plank 
t o balance students should realize the weights of the volunteers should be about 
equal. Weigh t h <: volun teers . 

l1 . Pick t~o~o members of t h e class hJ.ving diffe r ent weights . Weigh t hem a nd record 
t he we i ghts . Keep t he block in t he middle and as k them to stand on opposi t e 
ends of the plank 3nd b alance e::~ch othe r. St udents will probably use t heir pre­
vious t>xperience with teeter-totters to accomplish the task . 

Aga i n pick t wo members of t he class having differe nt weigh ts . This time their 
task is t o stand on t he ends of the plank and bala nce it by moving the bloc k . 

IV . Have the s t udents usc the three activit i es above to formul.:.te a conjecture about 
how a balan ce occurs. S t udents wi ll probably say that the heavier weigh t i s 
closer to t h e block . and the lighte r weigt1t is farther away from t~e block . 

V. As k students tu examine the relationship between th e weights and distances by 
completing a tab l e . By using t wo stude nt s whose weights are dif-
ferent , a pattern can be discovered . Tht< resu l ts in the last column be 
approximately equal . 

Weishl of Di sto....,ce w 

loerson(w ~lo-fc'"k.~ W+D W-D W -< D W<D 

The General Ru.Je is : \v; x D1 ""W2 x D2. 1 O~" W, = _Q_;_ . 
W 2 D, 

-ty 
~~,-

These "petite" story problems give common situations 

that use numbers and proportions. The format of the 

problem makes the proportion easy to identify. 

A bu l letin board display could give stltdents pnctlce i n Fissoc.iating reason­

ab l ~ scales wi.th p i.ctures or scale drawi.ngs. Pictures from magazines, maps , x erox 

copies from textbooks , etc . could be attrac t ively arranged on the bul l eti n board, 

and the corresponding scales posted separ,1te l y . String cou l d bt' used for students 

to Tlkltch c.1ch sca l e with the corresponding graphic or the scales could be moved 

a nd placed next to t he appropriate graphic . For several days discussions ,1nd 

changes on the bulletin bo;1rd shou l d be enti r ely student-centered . ro close the 

11ctivity the teacher could hav e a closs discussion of the finol choices . Thus , 

the bulletin hoard can be used as an active learning tool . 

1) 2 dozen f or $ 1. 68 . 
5 dozen for 

2) 24 pencils for 88c . 
18 pencils for 

3) 6 cans of peas for- $1. 80 . 
9 cans of peas for 

This sarr.ple bulletin board display 

associat es a reasonable s cal e wi t h its 

corresponding drawing or picture. A 

brief di s cussion centered around the 

display may increase the students' 

understanding of scaling and its rela­

tionship to their visual world. 
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PROBLEM SOLVING FOUND IN CLASSROOM MATERIALS 

PATIO: 

Getting Started 

CAN YOU FIND THE PATTERN? USING PATTERNS 

PATTERNS FOR INTRODUCING RATIO USING PATTERNS 

CONSTANT COlvJMENTS USING PATTERNS 

ROWS AND RATIOS DETERHINING RATIOS FROM PATTERNS 

WHAT'S IN A RATIO? INTERPRETING RATIO STATEMENTS 

RATIO OF AGES USING RATIOS TO CONPARE CHANGE IN AGE 

Eate 

FIX THAT LEAK DETERMINING RATES 

~miCH IS A BETTER BUY? USING RATES TO COMPARE PRICES 

Equivalent 

POPPIN' WHEELIES IN A RING SIMPLIFYING 

SURFACE AREA AND RATIOS 2 SIMPLIFYING 

PROPORTION: 

Getting Started 

PERSONALIZED PROPORTIONS SOLVING PROPORTIONS 

PETITE PROPORTIONS 1 SOLVING PROPORTIONS 

PETITE PROPORTIONS 2 SOLVING PROPORTIONS 

COUNTEREXAMPLE RECOGNIZING INCORRECT PROPORTIONS 

Application 

IT'S ONLY MONEY USING PROPORTIONS TO COll:vERT CURRENCY 
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PROPORTIONS HITH A PLANK 

SCALING: 

Getting Started 

YOUR MOD BOD 

CHOOSE THE SCALE 

Making a Scale Drawing 

ROOM DECORATIONS 

Supplementary Ideas in Scaling 

PERCENT: 

THE PERPLEXING PENTOMINOES 

HOW HELL DO YOU STACK UP 
THIS TIME? 

3 FACES YOU SHOULD HAVE SEEN 

SCALING A SKYSCRAPER 

SCALING SEVEfu\L SKYSCRAPERS 

BUILDING A SKYSCRAPER 

Percent Sense 

DOLLAR$ AND PER¢ENTS 2 

PERCENT WITH CUBES 

THE PERCENT PAINTER 

PERCENTS : BACKWARDS AND 
FORHARDS 4 

PROBLfl1 SOLVING 

USING PROPORTIONS HITH LEVERS 
INVERSE VARIATION 

US ING SCALES TO REPRESENT HEIGHTS 

CHOOSING A REASONABLE SCALE 

ENLARGING WITH A COMPASS AND RULER 

WORKING WITH SFAPES 

BUILDING 3-D MODELS FROH SKETCHES 

IDENTIFYING 3-D MODELS FROM SCALE 
DRA~HNGS 

USING A SCALE TO LOCATE POINTS 

USING A SCALE TO LOCATE POINTS 

CONSTRUCTING 3-D MODELS 

REFERENCE SET OF 100* 
HONEY HODEL 

REFERENCE SET OF 100* 
SET HODEL 

REFERENCE SET OF 100 
SET MODEL 

*Indicates percents greater than 100% are used on the page. 
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THE WHOLE THING 

FINDING 100% FROM BELOW 

FINDI~G 100% FROM ABOVE 

PEACE-N-ORDER 

As a Ratio 

PERCENT PICTURES - II 

PUNY PERCENTS 

As a Fraction/Decimal 

THE PERCENT PAINTER RETURNS 

Solving Percent Problems 

A SIGN OF THE TIMES 

PERCENT PROBLEHS l 

PERCENT PROBLENS 2 

CERTAIN GROWTHS ARE 
BENEFICIAL 

PROBLEM SOLVING 

SET MODEL 

AREA MODEL 

AREA r!ODEL* 

AREA HODEL* 

GRID MODEL 

PERCENTS LESS HIAN 1% 

AS A DECIMAL 

SOLVING PERCENT PROBLEMS 

WORD PROBLEMS 

lVORD PROBLEHS 

FINDING MfOUNT 0}' I~TEREST 

*Indicates percents greater than 100% are used on the page. 
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RENTAL AR.lTJlMETIC 
RATIONALE 

Many of our day-to-day calculations 

are done mentally. Without using pen­

cil and paper or a hand calculator, we 

often think about answers to such 

questions as: Did the clerk give me 

the right amount of change? How long 

will it take me to travel across town? 

How many boxes of candy will have to 

be sold for a fund-raising project 

needing $500? 

Mental ari thmetic is an impor tant 

basic skill which can be applied to 

many situations. One might perform 

mental checks on routine computations. 

Mental a rithmetic can help students 

develop a better number sense and a 

better feeling about their ability to 

calculate answers. It may also im­

prove their knowledge of basic fac ts 

and motivate them to move on to more 

advanced or applied mathematics. 

People can use mental arithmetic to 

improve the process of es timation and 

approximation by 

Selected Sources for Mental Arithmetic 

1) Checking for reasonableness and 
correctness of answers. 

2) Getting "ball-park" estimates. 

3) Rounding. 

4) Computing with simplified numbers. 

5) Multiplying and dividing by powers 
of ten. 

The use of mental arithmetic can 

quicken the problem-solving process-­

especially for those problems which 

involve trial and error. 

Just as any skill must be developed 

through practice, the ability to do 

arithmetic mentally can be improved with 

drill and mental calculations. These 

can be short and part of the daily rou­

tine (such as a five-minute warm-up 

activity). Or the activities can be 

longer and stressed early in the school 

year to develop the habit of using 

ment a.l arithmetic. Encourage the stu­

dents t o do menta l calculations whenever 

they are involved in checking pencil and 

paper calculations, calculator activi-

ties, and problem solving. 

Cutler, Ann and Rudolph McShane. The Trachtenberg Speed Svs t em of Basic l-~athematics, 

Doubleday, 1960. 

Garvin, Alfred E. Shortcuts, Checks and Approximations in Hathematics, J. Wes t on 
Walch, 1973. 

Kramer, Klass. Hental Computation, Science Research Associates. 
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TEACHING EMPHASES MENTAL ARITHMETIC 

EXAMPLES OF MENTAL ARITHMETIC PAGES FOUND IN THE CLASSROOM MATERIALS 

I . Games and Puzzles 

Games and puzzles often require quick thinking. 

calculator is not always necessary or convenient . 

Figuring on paper or using a 

Materia l s : Game board 
Har ker for each 
player 
IJie 

Rules : 

1) Playe r s each roll 
t he die . La rges t 
n umbe r goes f i r st . 

2 ) Scales : 

a) 2 spaces for 
each doL on 
Lhe die 

b ) 3 spa ces f or 
each dot o n 
t he die 

c ) 1, s paces for 
each dot on 
the di e 

3) Player s r oll 
the die , choose 
a scale to avoid 
t he Go Back s paces , 
a nd move t heir 
markers f orward. 

For e xampl e , if a 
playe r roll s a 5 on 
th1~ die , and the 3:1 
and t, : l !->Cales both would 
mo ve hi m to a Go Back 
space , he would choose the 
2 : 1 sea lc~ a nd move 10 
spaces forward . 

4) 1f a 11 s cales move a 
player beyond 
Scaly ' s eye, the 
play1~ r l oses his 

5 ) The fi rljt player t o 
e xactly reach Scaly ' s 
eyt:! is t he winner . 

Equi valent rat i os fo rm patterns 

t hat can be ass i milat ed men t ally . 

This puzzl e matches equivalent 

ratios and di s plays s e l f -

correc t i ng answer s . 

This game involves chance and 

strategy . The player makes an 

educated guess between a scale of 

2 :1, 3 :1, or 4 :1 for each t oss 

of the die. This requir es a quick 

mental evaluation of the position 

on t he playing board, the number 

on the die , and the best choices 

of a scale . 
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TEACHING EMPHASES MENTAL AR I THMETIC 

II. Concepts and Patterns 

Once a basic concept is understood, one can use mental arithmetic and shortcuts 

to cut down computation. Patterns often lead to the answ-ers and mentally following 

a pattern can reveal the final answer ~..rith minimal effort. 

We are bot h f ound in proportions. 

Oo yoo koOY' ,Oe ""'""""'"·'' ooooiog of "@ ""'"'""'"'"" middle , 

0 @ =~ L:. 
~ 

Inpollti cs thf<extremes areth,. i ar le~ ri!(ht. 

"'~~ ~ ~0 =0~ 

.... 
1: 2 K 3 : 6 

:xtrbl':lC/ 

Complf'te the table . XTREMES MEANS (XTRE.MES MtA.\.JS 
9 and 4 12o.nd 3 

ADO THEM 2.2 
SUBTRACT THEt-1 5 
MULT IPLY THEM 
DIVIDE TKE M 2.;\: 

D1d youdlsr.ov e r ., r ule? 

~ 
Does H work fur t hesf> proport~ons? ~ 

c ) 1 2 : 18 = 6 : 9 

32 8 ~ 
d) 12"'3 6 b) 6 to 12 ~ l to 2 

Quick ment a l computation discloses 

t he simple pat t e r ns and compari­

sons displayed i n the char ts . 

Proportions can be s o l ved by 

f ollowing a spe cial pattern. 

In any proportion the product 

of the means equa ls the 

product of the extremes . 

EATING CDIHEST 

Harry, ~lnr g.m, ;mJ t:dilv had '-' 
h ;.urburf',I.'Te<Jti nr,and 
drinking ~onL...,sl . 

1 ) Ha r ry nt<' 2 hamburgers f o r <!v e r y l Eddy ate. 
a ) 1-lho ;; t c mon: hamburg~r~;"! Harry o r 
b) How many hamburgers did Harry l.'ilt the contC'st? 

c) Fill in th is dulrt of p_o_"Tlb_u_' ," -" - ,--,--,- -,--,,------r---, 
f\,V'16ER.. O F J..IAN61.11G:c 

HARRY ArE 2 L/ /0 26 

3 4 7 !0 
2) Morgan dr;mk 3 milks hakes fo r eV<'ry 1 milks ha ke Harry drank . 

a) 'Jlw d r a nk the mos t mi l ksha kes? Harry, Morgan or Edd y? 
b ) Fill 1n thi s chart of possib. !l it i es . 

II 
J) !larr y at~ 4 hambuq::e r s for every 1 hambuq~er Mo r ga n att> . 

a ) Fill in thi!:l chart of possi hi. l lries . 
b ) l."ho t r e l arnb rgcrs? Mor~.ln o r Fddy? ;; e. mo u 

"""""""' I<AM&J<W<$1 I 
/"'RGAN ATE 3 5 7 I I 

N\X'\8€ROO'""""""'', 4 
HAAAY A1"£. 8 /6 24 36 I I 

4) Usc the informat i on .ln the problf!ms a bo ve to Lll In tins dtart of possib:l.llll <'S 

2 5 

/6 

6 /6 /2. 

I 
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MENTAL ARITHMETIC FOUND IN CLASSROOM MATERIALS 

RATIO: 

Getting Started 

CAN YOU FIND THE PATTERN? 

PATTERNS FOR INTRODUCING 
RATIO 

Equivalent 

EQUIVALENT RATIOS BY 
~ATTERNS 

EATING CONTEST 

A LOVELY DESIGN 

SPIDER TO FLY RATIOS 

SPICY RATIOS 

A STATEMENT OF PRIHE 
IMPORTANCE 

THE WEATHER REPORT 

P:ROF'CRTION: 

Getting Started 

SC.ALING: 

GETTING BULLISH ON 
PROPORTIONS 

\.JE HUST WORK TOGETHER 

AN EXTREME TOOL 

A STE\vED SUPJ'RISE 

Getting Started 

SCALY 

USING PATTERNS 

USING PATTERNS 

CONCEPT, GENERATING 

GENERATING 

RECOGNIZING 

RECOGNIZING 

RECOGNIZING 

RECOGNIZING 

RECOGNIZING 

MULTIPLICATION HETHOD 

CROSS PRODUCTS METHOD 

CROSS PRODVCTS METHOD 

SOLVING PROPORTIONS 

CHOOSING fu~ APPROPRIATE SCALE 



TEACHING EMPHASES 

PERCENT: 

As a Ratio 

WEAT DO A CAT AND A SKUNK 
HAVE IN CO:Mt<!ON WITH %? 

Solving Percent Problems 

HOLLYWEED SQUARES 

A SIGN OF THE TIMES 

MENTAL ARITHMETIC 

EQUIVALENT FORMS 

REVIEWING SKILLS 

SOLVING PERCENT PROBLEMS 
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ESTllUTION 
tMIIl Al»PR.OXlM.ATlON 

RATIONALE 
Y.lhy estimate and approximate? Y.i'hy 

should we be concerned with educated 

guesses (estimation) or a process to 

ireprove the accuracy of an educated 

guess (approximation)? 

Today, according to some authorities, 

75% of adult non-occupational uses of 

arithmetic is mental. If we are con­

cerned about students having a number 

sense, then we need to work on such 

things as: mental computation, rounded 

results, reasonableness of answers, a 

feel for large and small numbers, and 

numbers representing measures. 

In our daily lives we use inexact 

numbers every time we measure. News 

sources frequently use approximations 

when discussing large numbers. Exact 

results are often not necessary, and 

they often obscure the issue. (wbich 

would be better--49,717 people attended 

the football game, or "about 50,000," 

The family income is $11,978 vs. The 

family income is $12,000?) 

For example, we make many educated 

guesses every time we 

a) plan a trip (How long will it 
take, when will we arrive, how 
much will it cost, what should 
we take?) 

b) determine a budget (I think we 
can go out for dinner and a show 
once this year.) 

We make a life and death estimation 

when \ve decide if it is safe to cross 

the street, or if we can stop a car or 

bike in time. 

The reasonableness of calculated re-

sults can mean a difference of many 

dollars to each of us, whether it be in 

checking the change at the supermarket, 

figuring-taxes, or making time payments 

on large purchases. 

Often we need to locate the decimal 

point in computations by hand, with a 

slide rule, with a calculator, or in 

using square root tables. Even when we 

do long division problems we usually 

use some type of "guess and check" method. 

We make "ball park" estimates for 

a) how many (hot dogs to order for a 
football game) 

b) how things compare (can 1,000 
people fit into the ballroom?) 

c) personal information (if we 
could spend a dollar a second, 
how long would it take to spend 
a billion dollars?) 

d) functioning effectively in our 
daily lives. 

Before anyone can make an estimation 

that is more than just a guess, he must 

first of all have a familiarity with 

certain reference points for measures 

of length, weight, time, area, volume, 

cost, and so on. Most of these come 

from experiences in the person's day to 

day world. They can be extended through 

development of measuring skills, arith­

metic skills, and a number sense for 

large 2nd small numbers. To obtain a 

"good" estimate, it is also useful to 
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have a knowledge of counting methods. 

(For additional information see Peas 

and Particles.) 

Before a person can quickly check the 

reasonableness of an answer he must 

have already developed a wide variety 

of arithmetic skills. These must 

include: 

a) ability to perform accurately 
single-digit operations (9 
million x 7 million requires 
9 X 7 = 63) 

b) ability to multip:'cy and divide 
by powers of ten 

c) ability to perform operations 
with multiples of powers of 
ten--mentally if possible 

d) being comfortable with inequal­
ities and other relationships 

e) ability to round whole numbers 
and decimals to one or two signif­
icant digits. 

It is also helpful for more difficult 

approximations if a person has a 

familiarity "'ith exponential notation. 

Here is an example which illustrates 

most of these points: 

is a billion seconds? 

1,000,000,000 
60 X 60 X 24 X 365 

60 X 60 X 20 X 400 

About how long 

years~ 

3600 X 8000 

0 
1 X 10-' 

32 X 106 

1 2 = 3 x 10 ~ 33 years 

ESTI~ffiTION AND APPROXI~TION 

There is much to be said for knowing 

when to estimate and when to approximate, 

when to use an estimation or approxima­

tion, and \.rhen to use an exact answer. 

The use of estimation and approximation 

should help all persons to deal with 

exact numbers, understand and perform 

operations with numbers arising from 

measurement, deal comfortably with num­

bers through approximate calculations 

and rounding off, and in general develop 

a number sense. Finally, it would seem 

most worthwhile if teaching the tech­

niques of estimation and approximation 

helped to eliminate the "exact ans-w·er" 

syndrome. 

SU~1MARY 

These are the key points to be empha­

sized when teaching estimation and 

approximation : 

1. When do we need to esti~ate and 
approximate to find a rough answer? 

2. lv•hen do we need exac t answers? 

3. 

4. 

5 . 

We often estimate "how many " (e.g., 
objects, people, items) or "how 
much" (e.g., money, air, water). 

We often estimate the dimensions, 
capacity or amount of something v.re 
would measure. (Measurements a r e 
always approximate.) 

Problem solving and computation is 
aided by the use of estimation and 
approximation to • . . 

a) check the r easonableness of 
ansv.•ers 

b) 

c) 

narrow the scope of your i n­
vestiga tions 

simplify computations 
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6. The students need a sound back­
ground in arithmetic skills, 
number sense, and finding re­
ference points. 

Selected Sources for Estimation and Approximation 

ESTIMATION AND APPROXIMATION 

Garvin, Alfred D. Shortcuts, Checks and Approximations in Mathematics, J. Weston 
Walch, 1973. 

Herrick, Marian, et al. Mathematics for Achievement/Individualized Course 2, Book 5, 
Houghton Mifflin, 1972. 

Mathex Book 5 Measurement and Estimation, Encyclopedia Britannica, 1970 

Peas and Particles (Teacher's Guide), Elementary Science Study, Webster/McGraw-Hill, 
1969. 
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EXAMPLES OF ESTIMATION AND APPROXIMATION IN THE CLASSROOM MATERIALS 

I. Estimating "How Hany" 

Estimate the number of 

people that work at your 

school. How is the 

student-teacher ratio 

determined? 

. 
l s : 

Activity: 

BEANSv 
BEANS 

Two !-gallon (same shape)~~~~~~~~ One ja-r is to f illed Ylith 
beans and sealed 
A do\<lel rod to <.:alibrale a 

(2) Make il. team guess . It may be the same as or different from the 
individual guesses . Discussing t he guess should give a good 
approximation of the number of beans in the jar . 

(3) Place the dowel rod nexl to the jar and mark the rod to shov 
top of the jar. 

(4) :-lark thf' rod into several equal part s. 10 ur 20 marks would be 
convenient. Your scale is _ _ leng ths : 1 jar. 

(5) Place the rod in the empty jar and add beans to the first mark. 
Count the beans . \.'hat is your scale? 1 length : bl'ans. 
Repeat this three more times to get an average num~ hcans. 
Sr.:aleof llength ~_ bean s. 

(6) Usc the the 
numb er bea ns 

( 7) How close to t he predic t ion was 
eac h individual guess? 

II. Estimating ''How Much" 

How much money can you save on 

sales? Approximate your savings 

on various items that are dis-

counted a given percent. 

How many beans in the jar? 

The container's volume plays 

an important part in finding 

a reasonable estimate for the 

number of beans. 

AT TAAT PRCCE, 
Clt 8UV CT 

Do"na wishes to stereo. The 
TurnLa blP Towc•r has a of stereo 
cq u irn.ent t hilt was off. To 
find the amount of the discoun t Donna 
thought 

15%mcans SlSforcvPry $100 , so $1J 
x4 • $6ilof f. 

stereo i.s mark~d down 
To know the actual Sue wrote 

20kas .20 andmu lt ip lied .20x S279to 
get a d iscount of $55.80. 

Usc your percent sense to 
amount of these dis counts. 

the percent to a decimal multiply 
th e actual discount. 

APPROXIMATE ACTUAL 
DISCOUNT DISCOUNT 
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Draw the amount of area that 

represents the given percent. 

A reference set is always 

necessary before an area can 

be compared and then drawn. 

SEE-THROUGH DEMONSTRATION 

Bring a number of see~through con tainers to class a nd display them on a table where 
all students c an see them. (i.e., glas s cylinders , test tubes, glass or plastic cubical 
containers, plastic pitchers (cylindrical), househo l d measuring cups, dri nking glasses, 
and some odd-shaped glass containers (i.e., vases, spherical glass bowls , cones, wine 
glasses). 

A number of concepts c an be taught using these containers a s visual aids and mOtiva ­
tion. 
I . Using -a l arge pitcher, pour colored water (or rice o r sand) into each container 
on the table to d if ferent levels. 

Ask the students to identify the amount of water in each container (as compa::-ed to 
the volume of the whole container). For example, how full is t he glass? 
Possible responses: 1/2 f ull, 50% full, . 5 full, 50! empty . The mos t 
coll!Jllon response would be 1/2 f ull. Encoura&e students to give equivalent 
answers in percent and decimal foms. 

II. Let the studen ts take an active part in this demonstrat i on by pouring water into 
the containers, For example, se lect a student(s) to fill each (or one) con t.,1iner 
approximately 1/4 full (or 25% full or . 25 full). 

Why are some containers easier to f ill to the approximate amount than others? (Discuss 
visual illusions of odd - s haped containers . ) 

ESTIMATION AND APPROXIMATION 

R'iCTANGL'E. 
PER..CE.NTS 

IOO%o+ R. 

50% of'R 

100% at R= 

FOR EXPERTS ONLY' 

100% c+R 50%o•R 

Estimate the amount of water 

it will take to fill each 

container t or 50% full. How 

can you tell the real volume 

of each odd-shaped container? 

These experiments with volume 

test spatial relationships and 

the ability to estimate 

three-dimensional quantities. 
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ESTIMATION AND APPROXIMATION FOUND IN CLASSROOM MATERIALS 

RATIO: 

Rate 

MATH IS A FOUR-LETTER WORD 

Equivalent 

RATIOS ni YOUR SCHOOL 

ONE MAN ONE VOTE 

PROPORTION: 

Application 

I HEAN TO BE HEAN! 

SCALING 

Getting Started 

BEANS, BEANS 

CHOOSE THE SCALE 

Making a Scale Drawing 

PACE OUT THE SPACE 

Haps 

THE GREAT LAKES 

PERCENT 

Percent Sense 

GUESS AND CHECK 

DETERMINING RATES 

SIMPLIFYING 

SIHPLIFYING 

DETERHINING HEAN PROPORTIONS 

USING A SCALE TO MAKE PREDICTIONS 

CHOOSING A REASONABLE SCALE 

REDUCING WITH A GRID OR RULER 

USING A SCALE DRAHING TO FIND 
DISTANCES 

REFERENCE SET OF 100 
GRID HODEL 
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THE TRANSPARENT HUNDRED 

ELASTIC PERCENT APPROXIMATOR 

PERCENTS OF LINE SEGMENTS 

PERCENTING: LINE SEGMENTS 

STRINGING ALONG WITH PERCENTS 

PERCENTS OF RECTANGLES 

RECTANGLE PERCENTS 

GEOBOARD PERCENTS 

PEACE-N-ORDER 

As a Ratio 

THAT'S "ABOUT" RIGHT 

BE COOL--GO TO SCHOOL 

As a Fraction/Decimal 

PERCENT WITH RODS & 
METRES - III 

THE PERCENT BAR SHEET 

HALLELUJAH I'VE BEEN 
CONVERTED 

SEE-THROUGH DEMONSTRATION 

Solving Percent Problems 

THE ELASTIC PERCENT 
APPROXI~~TOR EXTENDED 

GRID PERCENT CALCULATOR I 

ESTIMATION AND APPROXIMATION 

REFERENCE SET OF 100* 
GRID MODEL 

REFERENCE SET OF 100 
NUMBER LINE MODEL 

REFERENCE SET OF 100* 
NUMBER LINE MODEL 

REFERENCE SET OF 100 
Nu~BER LINE MODEL 

REFERENCE SET OF 100* 
NL~BER LINE MODEL 

AREA MODEL* 

AREA MODEL* 

AREA MODEL 

AREA MODEL 

AS A RATIO 

USING PERCENT TO COMPARE 

AS A FRACTION/DECIMAL* 
NUM.BER LINE MODEL 

AS A FRACTION/DECIMAL* 
NUMBER LINE MODEL 

AS A FRACTION/DECIMAL 
NUMBER LINE MODEL 

AS A FRACTION/DECIMAL 
VOLUME HODEL 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

*Indicates percents greater than 100% are used on the page. 
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GRID PERCENT CALCULATOR II 

GRID PERCENT CALCULATOR III 

GRID PERCENT CALCULATOR IV 

GRID PERCENT CALCULATOR 
EXTENSIONS 

THE OLD OAK TREE 

ENORMOUS ESTIMATE 

LOVE IS WHERE YOU FIND IT 

INTERESTING? YOU CAN BANK 
ON IT! 

AT THAT PRICE, I'LL BUY IT! 

COUNTING EVERY BODY 

ESTIMATION AND APPROXIMATION 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

USING A PERCENT CALCULATOR 

SOLVING PERCENT PROBLEMS 

SOLVING PERCENT PROBLEMS 

SOLVING PERCENT PROBLEMS 

FINDING AMOUNT OF INTEREST 

FINDING AMOUNT OF DISCOUNT 

FINDING PERCENT OF INCREASE 
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LABOR~TOR.Y APPRPAC}fES 
RATIONALE 
~~at is the Laboratory Approach? 

For many decades, learning, instead 

of just memorization and training, has 

been the primary emphasis of education. 

Each society or community decides what 

should be learned. He are required to 

learn mathematics, reading, science 

and other subjects. Yet our schools 

have been organized for teachers to 

teach and not necessarily for children 

to learn. The laboratory approach is 

a philosophy which emphasizes "learning 

by doing" and breaks free from formal 

teaching methods. "It is a system 

based on active learning and focuses 

on the learning process rather than 

on the teaching process." [Kidd, et 

al.] Experiences are devised to help 

the student learn mathematics by see­

ing, touching , hearing and feeling. 

An environment--the math lab--emerges 

where the teacher and the students 

work and communic a te with each other 

to plan activities and learn by doing . 

At the level of their abilities and 

interests, the students discover 

relationships and study real-world 

problems which utilize specific mathe­

matical skills. 

A laboratory approach breaks the 

monotony of straight textbook teaching. 

It extends and reinf orces the students' 

understandings and skills while pro­

viding background experiences for 

later development of abstract concepts. 

It also offers a unique, concrete way to 

learn mathematics. The laboratory 

approach can be integrated into the class­

room and used along with, not in place of, 

many other equally valuable teaching 

strategies. 

Lab activities help to eliminate the 

unrealistic one-method syndrome so 

characteristic of mathematics classes. A 

variety of methods of attacking a problem 

can be explored. Open-ended activities 

encourage students to make discoveries, 

formulate and test their own generaliza­

tions (i.e., problem solving). Lab 

assignments can be used to challenge the 

students by providing them with oppor­

tunities for developing self-confidence, 

habits of independent work, and enjoyment 

of mathematics. The r e laxed atmosphere 

can encourage student involvement and 

positive attitudes toward mathematics. 

By direct observation, the t eacher can 

assess the student's skills in problem 

solving and computing \<Jhi l e the student's 

attitude and work habits can also be 

evaluated. 

The Nathematics Laboratory 

The math lab is an environment that 

provides for ac t ive learning and encour­

ages active participation. In terms of 

physical organization, three basic kinds 

of mathematics laboratories are most 

of t en discussed. 

1. A centralized l aboratory--a room 
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especially designed (or adapted) 
and equipped for use as a per­
manent math lab. Classes are 
usually brought into the lab 
room on a rotating schedule that 
allows each mathematics class to 
use the lab materials several 
times a week as needed. 

2. A rolling or movable labora tory-­
a set of lab materials placed on 
a cart, stored in a central loca­
tion, and wheeled from classroom 
to classroom as needed. 

3. A decentralized laborat o r y--a 
self-contained set of lab ma t eri­
als stored in the teacher's 
classroom and readily available 
for the students to use. 

For most schools, the decentralized 

labor a t ory i s the mos t pract i cal and 

desirable math lab. Lab materials can 

be collected and organized at a modest 

rate as they are constructed, donated 

or purchas e d. 

Eventually a s e t of lab mat erials will 

grow to a size large enough to be quite 

versat i le. The classroom environment 

needs t o be ve rsa tile as well. Flat 

t ab l es , bookca s es , movable carts and 

other furni ture can be added t o provide 

work areas for the students and storage 

spa ce f or the lab a ctivities. 

\,11at is a Labora t or y Activity? 

A l abor a t ory ac t i v i ty is a t ask or 

ma thematical exercise that emphasizes 

"learni ng by doi ng ." It can be a game , 

a puzz l e, a paper and penci l exer cise , 

a se t of manipula tives with a t ask card, 

or an experiment using apparatus and 

instruments t o take measurements. A 

LABORATORY APPROACFES 

game involving two or more students 

might review the concept of equivalent 

fractions. A challenging puzzle could 

require a student to apply several 

problem-solving techniques. A lab 

activity could use Cuisenaire Rods to 

illustrate decimal concepts, or multi­

base blocks to show place value, or 

wooden cubes to demonstrate spatial 

relationships, or factor boards to 

cl arify an algorithm. Hanipula tive ob­

jects often provide physical models that 

can introduce or clarify a mathematical 

concept to the student. There are also 

experiments which can be pe r fo rmed to 

take measurements and gather data. Stu­

dents learn how to use certain equipment 

and tools in their search f or solutions. 

Labor a tory activi t ies c an dir ec tly in­

volve students i n "hands-on" assignments , 

often with group participation. Lab 

activities encourage the student t o take 

an active r ol e i n learni ng mat hemat i cs 

rathe r than t he pas sive r ole of 

t each me ." 

Getting Started 

" you 

There a r e many ways t o implement t he 

l ab approach. The descrip t ions be low 

provide s eve r al s uggest i ons t o consider 

when starting to use the laboratory 

approach . 

Hr. Langford has a cla s s of thirt y 

seventh g r aders . He wa s no t s ure about 

using l ab ma teri als, s o he dec i ded t o 

s tart small. He s e t up an "activity 
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corner" in the room. Three lab cards 

with the necessary equipment (e.g., 

squared paper, ceramic tile, measuring 

tape, metric wheel) were set up in the 

"activity corner." Each day for a 

week a different group of six students 

were allowed to work in pairs using the 

lab materials. The rest of the class 

worked on related paper and pencil 

exercises. All week was spent on the 

study of area. All thirty students had 

a chance to do the lab activities, and 

the activities integrated well with 

the week's mathematics concept of area. 

Mr. Langford wants to collect or write 

task cards that mix well with his estab­

lished curriculum. Later, he might try 

other ways of using the lab activity 

cards. 

Ms. Wilkins decided to assign each 

Friday as a "lab day" for her eighth­

grade class of 28 students. She had 

watched several classes using a "lab 

day" once a week and decided to try it 

herself. She prepared two sets of seven 

lab cards covering seven different mathe­

matic topics. Each student was assigned 

a partner, and the pair would work 

together for each of the seven "lab 

days." For seven weeks the students 

rotated to a new lab activity each 

Friday. They were asked to keep a 

record of their results and follmv the 

planned rotation schedule. Ms. ~ilkins 

found that this seven-week period with 

LABORATORY APPROACHES 

one "lab day" a week coincided well 

with the nine-week term. She developed 

a second set of lab materials for another 

seven weeks. This time there were 14 

task cards put into 14 shoe boxes along 

with manipulatives, paper, or other mater­

ials needed for each activity. Each card 

was written on the topic of measurement 

and contained various levels of abstrac­

tion and enrichment options for the 

students. 

Hr. Jeffreys and Hs. Slone had adjoin­

ing sixth-grade rooms. They had been 

team teaching a number of units in mathe­

matics. They decided to try the lab 

approach for their unit on Base 10 and 

Other Bases. Their school had recently 

purchased two Chip Trading Hath Lab Sets. 

Hr. Jeffreys and Ms. Slone picked out 

several chip trading activities to be 

used every other day for two weeks. 

They divided the class into groups of 

3 or 4 students. For each "chip trading 

day" one student in each group was re­

sponsible for picking up and distributing 

the manipulatives to each member of the 

group. The days between each "chip 

trading day" were used for discussions, 

board work, and worksheets that emphasized 

paper and pencil computation in base 10 

and other bases. 

The above are examples of teachers who 

were willing to support an active approach 

to learning. They prepared for using the 

lab approach by collecting and organizing 
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materials and deciding on the content 

of lab activities. It helps to gain 

the support of other teachers; their 

contributions and ideas can rapidly 

increase the number of lab activities 

developed. 

Most difficulties that arise in the 

math lab result from students not 

knowing what to do. The teacher needs 

to find, organize and store lab materi­

als for easy use; tell students where 

lab materials are, what to do with them 

and how to schedule their use; prepare 

task cards or directions for the lab 

activities; instruct students in prob­

lem-solving methods of attack and 

investigation; interact enthusiastically 

with students and share in their experi­

ences; and evaluate each student's 

attitudes, work habits and accomplish­

ments. 

Start small--in no way can most 

teachers and students survive a com­

plete change of program. Students who 

have become passive learners need time 

to adapt to the role of active learners. 

They need supervision and guidance from 

the teacher as they learn to function 

in the lab environment. Eventually, 

the students should be able to select 

materials f or each lab activity and 

return materials to the proper storage 

area when finished. By keep ing a work 

r ecord, the students can evaluat e thei r 

progress and try to improve their skills 

LABORATORY APPROACHES 

and understanding. The students need to 

develop inquisitive attitudes that moti­

vate them to keep at a problem and not 

give up. Small groups or pairs of stu­

dents will require the cooperation of 

each individual and the sharing of ideas. 

Initially, when selecting material and 

equipment to use in the math lab, find 

readily available materials in the school. 

As time goes on, you will be able to buy, 

make or scrounge other materials as they 

are needed for particular activities. 

Ideas for laboratory activities can be 

found in any of the sources listed in 

the selected sources. Many periodicals 

(such as The Arithmetic Teacher or The 

Mathematics Teacher) include sections 

in each issue which contain ideas for 

activities that require a minimum of 

preparation and materials. Notice the 

interests of the students. Be creative 

and use your own ideas or their ideas 

as a source of lab activities. Discuss 

and exchange ideas about math labs with 

other teachers. 

Begin with a lab activity that every­

one can do at the same time. Later on, 

the students can separate into groups or 

small t e ams (students usually >wrk best 

in small groups of 2 or 3). Experiment 

with the size and the make-up of the 

groups. In the beginning it is a good 

idea to provide activities where each 

group member has a specific role . Pro­

vide several lab activities and let each 



TEACHING EMPHASES 

group move from one activity to another. 

Have specific objective(s) in mind 

for each activity, and have a clear 

idea of its mathematical content. Go 

through the lab activity to find what 

background concepts or skills the stu­

dents will need to tackle it. Check 

for any difficulties the students might 

encounter as they do the activity. 

SUMfvlARY 

1. The laboratory approach is a 
system that emphasizes learning by 
doing; it involves the student in 
multi-sensory experiences that often 
require social interaction as well 
as physical participation and pro­
blem-solving skills. 

2. There are several types of math 
labs--even math lab is versatile; 
each includes lab materials; each 
requires careful organization and 
upkeep. 

3. A laboratory activity is a task or 
mathematical exercise that provides 
an active role in learning for the 
student. 

Selected Sources for Laboratory Approaches 

LABORATORY APPROACHES 

4. One can implement the lab approach 
in various ways: 

a) Set up an activity corner and 
allow a few students each day to 
work on assigned lab activities. 

b) Declare a lab day; perhpas once 
a week the whole class will be 
involved in lab activities. 

c) Pick out a particular topic or 
unit in mathematics; develop a 
number of lab activities for the 
specific topic and have the stu­
dents work through the various 
activities each day or every 
other day. 

d) Be brave; try the laboratory 
approach and plan your own 
creative schedule and activities 
for the students. 

5. Host difficulties that arise in the 
math lab result from students not 
knowing what to do. 

6. Start small--there are many materials 
and ideas to use in a math lab. Do 
not be overwhelmed, but collect lab 
materials gradually, adding manipu­
latives, games, task cards, etc. as 
you have time to make and/or develop 
them. 

The Arithmetic Teacher, National Council of Teachers of Mathematics. 

Biggs, Edith and James MacLean. Freedom to Learn, Addison-Wesley (Canada) Ltd., 1969. 

Hamilton, Schmeltzer and Schmeltzer. "The Mathematics Laboratory," Teaching Mathe­
matics in the Junior High. 

Kidd, et al. The Laboratory Approach to Mathematics, Science Research Associates, 
Inc., 1970. 

Krulik, Stephen. A Mathematics Laboratory Handbook for Secondary Schools, W.B. 
Saunders Co., 1972. 

The Mathematics Teacher, National Council of Teachers of Mathematics. 

Reys, Robert F. and Post, Thomas R. The Mathematics Laboratory: Theory to Practice. 
Prindle, Weber and Schmidt, Inc., 1973. 
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Sobel, Max and Maletsky, Evan. Teaching Mathematics: A Sourcebook of Aids, 
Activities and Strategies, Prentice Hall, Inc., 1975. 

Teacher-Made Aids for Elementary School Mathematics, Readings from the Arithmetic 
Teacher, National Council of Teachers of Mathematics. 
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EXAMPLES OF LABORATORY ACTIVITIES FOUND IN THE CLASSROOM MATERIALS 
I. "Homemade" Materials 

When selecting materials and equipment to use for lab activities, it is rela-

tively inexpensive and simple to use available materials in the school. Apparatus 

or equipment can often be made by the students. Active participation in measure-

ment activities helps to build concepts through visual, concrete experiences. 

A measuring instrument (in this 

case, an alidade) is often used 

to record mathematical data and 

to analyze our environment. 

There are a number of ways to make a scale drawing of a field. Some methods 
use e xpe ns i ve p i eces of equipment to do this accurately, but it is possible to 
ma ke a good scale drawing using equipment from the classroom . 

Equipment: Flat table or boa rd 
placed on top of an 
inv erted wast e basket 
Rule r 
Tape 

*Alidade 
Large sheet of drawing 
paper 

*An alidade is a straightedge 
...,ith sights and can be made 
with a ruler a nd t wo nails . 

1 . The students should familiarize 
themselves with the reg ion before 
beginning the scale drawing . 
Landmarks, e specially those that 
indicate the shade of the r egion, 
should be located. The l and­
marks could be listed or a 
rough sketch of the region 
drawn with each landmar k la­
beled. Markers are needed at 
the corners of the field if 
natural landmarks do not occur . 

4. Place point P over stake P . 
Use the alidade to line up 
point Q on the paper with 
stake Q (you may have to 
turn the table slightly) . 
The table must remain in 
this posi t ion as you sight 
each landmark from point P. 
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,~AIDtt"-
Materials Needed : 2 or 3 students; metre stick ; string or metri c tape measure. 

--FooT 

for each s tudent measure and 
r ecord these lengths to the 

Useyourcharttofindtheratiosoftheselengths . j@D 
~N::!I'AM~E.!:.___:______.:=!i----+--+---tA"-'V'-"ERA"'-'=jG£ . 0 : 

All./'f\ SPA"' -te he l~ht ~ 

h EAd io -FooT 

II. The Cube as a Lab Manipulative 

LABORATORY APPROACHES 

The students develop an awareness 

of their body and how it can be 

described and compared using 

mathematics. 

Cubes are versatile, "hands-on" objects. They can be used to bridge the gap 

between abstract thinking, scale models and physical reality. 

The students look at the abstract 

two-dimensional drawings of a solid 

and then construct the correspond­

ing three-dimensional figures using 

cubes. 

iJO.i \·!ELL DO YOU ST .L\0: UP TillS Ti : -~? 

Materials needed : A set of cubes 
Activity: Use the three views. First, estimate the number 

of c ubes needed and then build the model. ~----

Exo. rn ple : It helps to do the 
Top l=""ront 

Fill ~~:v~ w tB '( ~t 
r gues~ 

IG cube5 

Top f"T""onT Side Top 1="""..-ont Side 

Ltn CJ.;;I CJ.;;I G Jll±t. ~ 
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Students build physical 

models to clarify the 

problem and help them 

understand the concepts 

of volume and rati o . 

-rJJ.t,~)tTr~~-
C.o <00 cobe' co = >• eech of chH e modo l o oc ""'~= ;:, y look~ng at the diagrams . 
Suppose the pen:ent painter wa s ab l e to paio1t t he ent i r e s11rface , 
including the bottor:~ , ofthemr:>de l . Fil l int!1e t a h le far e ach of 
t!.~ model s t 'nt you make. 

;,rna l per cent of t he cubes would h<Jve : 

6fllcespainted _ __ _ 

5 facespaintcd 

t, fac t.-spaintcd 

3 faces paint e d 

2 ( ace!> p a i n ted 

1 face p a inted 

Ofac<'spa int<•d 

yours 

III. Grid Ac t i vities 

15 CUB£S 
HIGH 

LABORATORY APPROACHES 

Mater ials needed : A s e t of cen t imetre cubes 

Activity : 
(1) a) Use the c ubes and 3make t his model. 

b) The volume (in c~r. ) of this model i s 

(2) Make 3 mode l s : 
a ) One twice as long as Model 1 . 
b ) One twice as l o ng and twice a s wide as Model l. 
c) One twice as long , t wice as wide, a nd twi ce as 

high as Model 1. 

Model Dimens ion s 

0. 

b 

(3) Make 3 mo re models : 

Ro.ti o of the 
Volume volu.mes of th•s 
(em>) m del +o lllodel 1 

12 em' : G 

d) One thr ee t imes as long as Model 1 . 

Simpil tted 
Yo. tic 

e) One three t i mes a s l ong a nd t hree t i mes as wide as Model 1 . 
f) One th r ee t imes as l ong , three t i me s as wide, a nd three times as Ligh as 

Model 1. 

Model D1mens ions 

d 9 • 2. •I 
e 
f 

(4) Compare the simplified ratios wi t h t he simplif i ed rat ios in VoZ.ume and Ratio 1. 
(5) If the s implified ratio o f t he volumes o f a model t o Model l · is 1 6 :1, how 

many <Jf the d i mensions are four times l arger tha n Model 1 ? 

To fill in the table, the students 

can make each model or look at the 

diagr ams, depending on their 

ability to abstract the s i tua t i on. 

Grids and grid paper are used as two-dimensional models that pictorially 

Construction activiti es repres ent many concepts i n ratio, percent and scaling . 

invol ve making models, sca l e drawings or geometric figures 

t hat 

of ten utili ze grid, iso-

metric paper or s quared paper . 
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This activity features several 

puzzles, such as fitting together 

all the pentominoes to cover a 

given area, and a game with 

pentominoes. Puzzles and games 

entertain yet provide important 

practice with shapes and ideas. 

A 

t-

D 

E 

ilom~ ~ ISLAND 
BOARD 

-

B c 

F 

-HH-r- tT 

I 

I 
i I 

rh i sisa 
scal e drawing 
o f a " l.akeand 
Island" board . 
To construct 
t he board cut 
a JO em squllrc 
from colored 
uilroadboar d. 
Enl arge the 
pattern2to l . 
Clip the en­
largement to 
the board and 
pe rfora t e the 
cornersof e:a~:h 

H-t+-+ 
G t H 

compass poi n t . 
Cut the i s l and s 
from pos t er 
paper o f con­
trast ing color 
And use the 
compass marks 
l o helpgl ue 
the islands to 
the bo<~ rd. For 
durability latl-

I 

I =i-
R==f= J K 

H-

Students can 
d e terr.1ine t h e 
s i ze o f each 
islandbyus1 ng 
centimetre 
cubes o ra 
transpare n t 
cent i metre grid . 

1. Use Island C as the reference set . t.~Jat percent of C is each of the fo llowing? 
Est imate first. 

Island A 

Island 8 

lslandC 

is l and I:: 

I s land f 

l s l andC 

Island D l s l andH 

Isl>tndJ 

l s l andK 

Change the r-efet"ence s et. If I s l and J is the r e ference se t, wha t percl:'n t o( J 
is l slandK? E? f? 0? 

J;se the entire board as t he ref e r e nce se t . 
(a) What per cent o f the board i s "·ate r, islands? 
(b} If a ••o.r.an parachutes from a plane o ver t he area what are her c ha n ces of 

landing on Island A? 

LABORATORY APPROACHES 

lYE PER.J!iXlllG 
R'kToM11lc;Es 

Ma t e r i als needed; Five squar es, 3 c entimetres on a side , and centimetre 
grid pap('_r or five l-inch t i l e s and inch grid pape r . 

Ac t ivity ; 

1) A pentomino is a pattern made by joining 5 squares together 
so that each shar es a common side with anothe r . How many 
dif ferent pentominoes do you think there are? ____ _ 

2) Take the 5 squar es and mak'=' all the pentominoes t hat you 
EXA/'IPLES 

can . Copy each p e ntomino pattern o n the grid paper and ~ J , f 
cut o ut the shape , If one u f the patterns can b e tu r ned 
o r flipped t o exactly fit anothe r one, the two patterns 

a r e the s a me pentomino . These f our patterns ar e 

3) Check wi th your teache r 
to see i f you have f ound 
a ll the pentominoes . 

4) Try t o a rrange the 
pentomi noes so that the y 
make the rectangl e . Do 
no t o v e r lap t he pieces . 
There are mor e than 2000 
ways t o do thi s ! 

the samE> pentomino. 

.:; ) Play a game using the pe:tt ominoes . 

Needed : 2 pla ye r s 
Game mat is an 8 by 8 
square cons truc t ed o u t 
of t he grid paper with 
alternate s quares s haded . 

a) Pl a yers a lternate pick ing 
pentomino pieces unti l all 
the pi ec.e s have been se l e c t ed . 

b) Each player i n turn then 
places a pentomino on the ma t . 
Play continues until it is 
imposs i ble for a player to 
place on that mat a pentomino 
t h a t doesn ' t ove rlap another 
pentomino or li e comple t e l y 
on the mat . 

c) The wi nner is t h e l ast p e r son 
t o s uccessfully place a 
pentomino on the mat. 

The Lake and Island Board can be 

constructed for use with a number 

of lab activity cards. Here the 

students use the board to do percent 

exercises. 
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LABORATORY ACTIVITIES FOUND IN CLASSROOM MATERIALS 

RATIO: 

Getting Started 

Rate 

ALL ABOUT YOU 

M & M'S 

MATH IS A FOUR-LETTER WORD 

SPY ON THE EYE 

LET YOUR FINGERS DO THE 
WALKING 

FIX THAT LEAK 

AS THE RECORD TURNS 

MY HEART THROBS FOR YOU 

STEP RIGHT UP 

I BELIEVE IN MUSIC 

Equivalent 

FATIOS AND CUBES 1 

RATIOS AND CUBES 2 

I 1 D v!ALK A MILE 

POPPIN' WHEELIES IN A RING 

SURFACE AREA AND RATIOS 1 

DETERMINING RATIOS FROM STUDENT 
DATA 

DETERMINING RATIOS 

DETE~IINING RATES 

DETERMINING RATES 

DETERMINING RATES 

DETERMINING RATES 

DETERMINING RATES 

USING RATE OF HEARTBEAT TO 
DETERMINE PHYSICAL FITNESS 

USING RATE OF HEARTBEAT TO 
DETERNINE PHYSICAL FITNESS 

DETERMINING RATES 

CONCEPT, GENERATING 

CONCEPT , GENERATING 

DETERMINIKG AND COMPARING 

S IYtPLIFYING 

SIMPLIFYING 
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SURFACE AREA AND RATIOS 2 

VOLUME AND RATIO 1 

VOLUME AND RATIO 2 

CUBISM 

Ratio as a Real Number 

A VERY SPECIAL RATIO 

PI 1 S THE LIMIT 

BUFFON'S PI 

CLOSER & CLOSER 

PROPORTION: 

Getting Started 

AS THE SQUARE TURNS 

THE BOB AND RAY SHOvJ 

THE SOLVIT MACHINE--A DESK 
TOP PROPORTION CALCULATOR 

Application 

ONE GOOD TURN DESERVES ANOTHER 

THAT'S THE WAY THE OLD BALL 
BOUNCES 

GET IN GEAR 

I'M BEAT! HOW ABOUT YOU? 

LABORATORY APPROACHES 

SIMPLIFYING 

SIMPLIFYING 

SIVJPLIFYING 

SIMPLIFYING 

APPROXIMATING 

APPROXIMATING 

APPROXUIATING 

RATIO AS A REAL NUMBER 

RECOGNIZING PROPORTIONS 

GEOMETRIC MODEL 

CROSS PRODUCTS METHOD 

USING PROPORTIONS TO DETERMINE 
DISTANCES 

USING PROPORTIONS TO FIND HEIGHTS 

USING PROPORTIONS WITH GEARS 

USING PROPORTIONS WITH GEARS 
INVERSE VARIATION 
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SCALING: 

Getting Started 

YOUR MOD BOD 

ELEl-iENTARY, MY DEAR WATSON 

BEANS, BEANS 

HAVE YOU GOT SPLIT ENDS? 

Making a Scale Drawing 

GEOBOARD DESIGNS 

BE CREATIVE THIS CHRISTMAS 

PACE OUT THE SPACE 

ARCHIE TEXS' RULER 

PROJECTING THROUGH A PINHOLE 

A SNAPPY SOLUTION TO SCALE 
DRAWINGS 

STAKE YOUR CLAIM 

ANOTHER STAKE OUT 

Supplementary Ideas in Scaling 

MAKE A DIPSTICK 

LABORATORY APPROACHES 

USING SCALES TO REPRESENT HEIGHTS 

MOTIVATION 
USE OF A SCALE MODEL 

USING A SCALE TO MAKE PREDICTIONS 

USING A MICROSCOPE TO ENLARGE 

COPYING DESIGNS 

ENLARGING WITH GRIDS 

REDUCING WITH A GRID OR RULER 

ENLARGING WITH A RULER 

DEMONSTRATION OF PERSPECTIVE 

ENLARGING/REDUCING WITH RUBBER 
BANDS 

REDUCING WITH AN INSTRu~ENT 
FINDING LENGTHS USING AN ALIDADE 

REDUCING WITH AN INSTRUMENT 
FINDING ANGLES USING A TRANSIT 

USING A SCALE TO DETERMINE DEPTH 
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Maps 

PERCENT: 

THE PERPLEXING PENTONINOES 

HOW WELL DO YOU STACK UP? 

HOW WELL DO YOU STACK UP 
THIS TIME? 

3 FACES YOU SAW 

3 FACES YOU HAVE SEEN 

CAREFULLY CONSTRUCTED CARTONS 

BUILDING A SKYSCRAPER 

BUILDING SEVERAL SKYSCRAPERS 

A SCALE MODEL OF THE SOLAR 
SYSTEM 

HOW HIGH THE MOON 

THE GREAT LAKES 

Percent Sense 

STICKING TOGETHER 1-JITH 
PERCENTS 

YOUR BODY PERCENTS 

PERCENT WITH CUBES 

THE PERCENT PAINTER 

HUNDREDS BOARD PERCENT 

LABORATORY APPROACHES 

WORKING WITH SHAPES 

DRAWING SKETCHES OF 3-D MODELS 

BUILDING 3-D MODELS FROM SKETCHES 

MAKING SCALE DRAWINGS OF 3-D MODELS 

MAKING SCALE DRAWINGS OF 3-D MODELS 

CONSTRUCTING 3-D MODELS 

CONSTRUCTING 3-D MODELS 

CONSTRUCTING 3-D MODELS 

MAKING A SCALE MODEL 

MAKING A SCALE MODEL 

USING A SCALE DRAWING TO FIND 
DISTANCES 

REFERENCE SET OF 100* 
GRID MODEL 

REFERENCE SET OF 100* 
Nu:tvfBER LINE MODEL 

REFERENCE SET OF 100* 
SET MODEL 

REFERENCE SET OF 100 
SET MODEL 

REFERENCE SET OF 100 
SET MODEL 

*Indicates percents greater than 100% are used on the page. 
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PERCENT WITH RODS & 
SQUARES - I 

PERCENT WITH RODS & 
METRES - I 

ACTIVITY CARDS - NUMBER LINE 

STRINGING ALONG WITH 
PERCENTS 

PERCENTS OF AN ORANGE ROD 

As a Fraction/Decimal 

BE A REAL CUTUP 

PERCENTS WITH RODS & 
SQUARES - II 

PERCENTS \.-liTH RODS & 
SQUARES - III 

PERCENT WITH RODS & 
METRES - II 

PERCENT WITH RODS 
METRES - III 

Solving Percent Problems 

LAKE & ISLAND BOARD 

LABORATORY APPROACHES 

REFERENCE SET OF 100 
GRID MODEL 

REFERENCE SET OF 100* 
NU~BER LINE MODEL 

NL~BER LINE CONCEPTS 

REFERENCE SET OF 100* 
Nu~BER LINE MODEL 

REFERENCE SET OF 100* 
NUMBER LINE MODEL 

AS A FRACTION/DECIMAL* 
GRID MODEL 

AS A FRACTION/DECIHAL* 
GRID MODEL 

AS A FRACTION* 
GRID MODEL 

AS A FRACTION/DECIMAL* 
NUMBER LINE MODEL 

AS A FRACTION/DECIMAL 
NUMBER LINE MODEL 

USING A MODEL 

*I ndicates percents greater than 100% ar e ~sed on the page . 
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Placement Guide for Tabbed Divisors 
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Reading in Mathematics………………………………………………………………………...26 
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Rate……………………………………………………………………………………………158 
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Ratio as a Real Number………………………………………………………………………..212 
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As a Ratio……………………………………………………………………………………...430 
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¥flO 
Ratio is one of the most useful ideas in everyday mathematics. Here are a 

few examples of the use of ratio in newspapers and magazines. 

TEL AVIV 

Israel has the 
highest ratio of 
physicians. There 
is one physician to 
every 420 people. 

A ratio is an ordered pair of mea­

sures. The ratio of Northern soldiers 

to Southern soldiers in the last year 

of the Civil War was 4 to 1. This tells 

us that for every 4 soldiers from the 

North there was only 1 soldier from the 

South. From this ratio we know the 

relative size of the two set~ but we 

are not given the numbers of soldiers. 

This is the essence of the idea of ratio; 

it gives relative measures which can be 

used for comparisons. 

LONDON 

Jack Nicklaus is 
a 1-4 favorite to 
capture the British 
Open which starts 
Wednesday at Car­
noustie, Scotland. 
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INTRODUCING YOUR CLASS TO RATIOS 
Each of the pictures from the student page Ratios by Picture II in the section 

RATIO: Equivalent illustrates a ratio. For each ratio there is a corresponding 

list of pairs of numbers which are in the given ratio. 

® ® © 
(Q) 

~9 00~ 
c:::rD G::::::J (Q) o o--+G::::::J 

0 

Flashlights to Batteries Shoes to Horses Tires to Cars 

1 for every 2 4 for every 1 5 for every 1 

2 for every 4 8 for every 2 10 for every 2 

3 for every 6 12 for every 3 15 for every 3 

4 for every 8 16 for every 4 20 for every 4 

With these lists of pairs of numbers the student can answer such questions 

as: If there were 6 cars, how many tires would there be? If there are 12 flash­

lights, how many batteries would there be? 

Guessing Game 

This game can help your students develop the idea of ratio. Place two kinds 

of objects in a box, for example, pencils and chalk, and tell your class the 

ratio. Suppose the ratio of pencils 

to chalk is 2 to 3. You may wish to 

explain this means there are 2 pen­

cils for every 3 pieces of chalk. Now 

the class, or possibly teams from the 

class, try to guess the number of pen­

cils and chalk. For example, 8 pencils 

and 12 pieces of chalk would be one 

possibility. Ten pieces of chalk would 

not be possible. ~bat are the possi­

bilities for the total number of pen­

cils and pieces of chalk? 

Pencils 

2 

4 

6 

8 

/ 
Chalk Total 

3 5 

6 10 

9 15 

12 20 
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SIMPLIFYING RATIOS 
Ratios involving whole numbers are usually stated with the smallest possible 

whole numbers. In the example of the Durham, New Hampshire voters there were 14 

against the refinery to every 1 for the 

refinery. The ratio is also 1190 to 85, 

since for every 1190 votes against the 

refinery there were 85 votes for the 

refinery. However, the smaller numbers, 

14 to 1, are preferred. Conveying the 

relative size of large sets by small 

numbers is one of the advantages of the 

idea of ratio. 

In the tables of ratios shown on 

the previous page, each pair of num­

bers is a multiple of the first pair. 

Therefore, dividing any pair of numbers 

in a table by a common factor will 

produce a smaller pair of numbers which 

are also in the table. When the two 

whole numbers in a ratio have no com-

mon factors other than 1, the ratio 

is said to be a simplified ratio. 

Activities for Simplifying Ratios 

Play the Guessing Game described 

above by placing a number of pieces of 

chalk and pencils in a box. This time 

tell the students the number of each 

kind and ask them for the simplified 

ratio. Suppose, for example, there are 

18 pencils and 30 pieces of chalk. When 

a ratio is give~ have them check by list­

ing its equivalent ratios. 

1190 

238 

14 • 1 +--Simplified Ratio 

0 
Pencils to Chalk 

3 

6 

9 

12 

15 

18 

5~ 

10 

15 

20 

25 

30 

Guess Simplified 
Ratio 

Multiply nurr:bers 
the simplified 

ratio by 6. 
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There are some tables in the student text where the students complete the 

data and compute the corresponding ratios. Here are some examples. 

Students that are left-handed 

Students that are right-handed 

Students that ride a bike to school 

Students that do not ride a bike to 

RATES ARE RATIOS 

number 

number 

school 

ratio 

ratio 

simplified 
ratio 

simplified 
ratio 

A rate is a special kind of a ratio in which the two sets being compared have 

different units of measure. Some texts call such a ratio a rate paii. 

The two units in this 

cartoon are dollars 

and cords. The rate, 

$95 per cord, is a 

ratio between number 

of dollars and num­

ber of cords and 

gives rise to the 

pa irs of numbers 

shown in this table. 

Dollars to Cords 

95 • 1 

190 • 2 

285 3 

Sugges t ed Act i v i t ies 

YeLl a.sk. me. wro± I see.. in the. dancing -f\a.rnes? ,. 
.I see l03s -tho± a::>st ninety--five dol lo.rs a. cord 1 i:lut:-5 whrt .. / 

Start a bulletin board of rates. 

Have each student bring in an example of 

a particular r a te. Rates,such as miles 

per hour, cos t per hour, bi rths pe r day, 

accidents per month, gallons per mile, 

etc .,will be easy to find in newspapers 

and magazines. 

GoJfons 
l 
2 
3 
4 

rhiles 
:22. 
44 
66 
88 
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The Guinness Book of World Records 

and almanacs are valuable sources of rates. 

Your students might be interested in finding 

out which countries have: the highest 

birth rate; the greatest income per person; 

the lowest infant mortality rate; the great­

est density of people per square mile; and 

the highest death rate. There are speed 

records for people, animals, birds, planes 

and cars where the rates usually involve a 

unit of length and a unit of time. 

USING REAL NUMBERS TO REPRESENT RATIOS 
Sometimes the first number of a ratio 

is divided by the second number,and the 

resulting quotient is used to represent 

the ratio. For example, Federal law says 

that the ratio of the length to width of 

the official United States flag must be 

1.9. This means that no matter what the 

size of the flag, the length divided by 

the width should be 1.9. The largest flag 

in the world is the Stars and Stripes 

displayed annually on the side of J. L. 

RATIO 

Hudson's store in Detroit, Michigan. Its length is 235 feet and its width is 104 

feet. Does the number 1.9 represent the ratio of the length to the width of this 

flag? 

Students often have difficulty solving ratio problems when a single real num­

ber is used to represent a ratio. The same difficulty often occurs with rates. 

To eliminate this problem the classroom materials of this resource .use the ratio 

notation (1.9:1) whenever practical. 
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Suggested Student Activities 

1. Measure the length and width of your school flag. Divide the length by the 

width and compare this number with the official ratio represented by 1.9. 

2 . Draw several different squares 

and compute the real number which represents 

the ratio of the length of a diagonal to the 

length of a side. Compute this number to 

one decimal place. Will this number always 

be the same? See the student page A special 

Ratio &n all Squares in the section RATIO: 

Ratio as a Real Number. 

3. Draw several circles of different 

sizes and find the ratio of the circumfer­

ence to the diameter. Computing the related 

real number to one decimal place, will this 

number always be the same? See student 

pages: Pi's the Limit~ A Very Special Ratio 

and Buffon's Pi in the section RATIO: Ratio 

as a Real Number. 

Terminology 

8 
The word "ratio" has never been a favorite outside the mathematics classroom. 

In newspapers, books and magazines the word "ratio" and notations for ratios are 

usually avoided by such expressions as: 4 to 3; 2 out of 5; 9 for every 1; etc. 

Ratio is a Latin word for the verb reri (past participle, ratus) which means 

to think or estimate. In the Middle Ages it was commonly used to mean computation. 

To express the idea of ratio as we use it toda~ the medieval Latin writers used the 

word "proportio~' and most mathematical 

works of the Renaissance times used the 

word 1"proportion." This language has by 

no means died out as can be seen in such 

expressions as: "Mix the sand and water in 

the proportion of 3 to 1;" or "Divide this 

in the proportion of 2 to 3." The use of 

the word proportion for ratio was never 

universal, and over the years ratio has 

become the accepted term in mathematics. 



COMMENTARY RATIO 

Notation 

It is pedagogically sound to introduce students to a concept before bringing 

in notation. The examples and activities up to this point have not required the 

use of ratio notatio~and yet the basic idea of ratio has been introduced and 

used. When a notation for ratios is used, two of the most common are 

a:b and 
a 
b 

Both of these are read as: "the ratio of a to b." These notations can be avoided 

in the introductory stages of using ratios and perhaps should be avoided by merely 

writing out the expression "a to b." The fraction notation~ is especially con­

fusing to students when it is used as a ratio to compare two disjoint sets. This 

will be examined further in the next section. 

RELATIONSHIP OF RATIOS TO FRACTIONS 
In some cases,the same situation may be described by either a fraction or a 

ratio. Although not all authors agree, this resource uses the terms "ratio" and 

"fraction" in the following way. 

Ratio: A ratio is an ordered pair of measures. Any 

two positive real numbers may be used in a ratio. 

These numbers may be whole numbers, fractions, or 

irrational numbers. For example, in any 30-60-90 

right triangle the ratio of the length of the hypot­

enuse to the length of the longest side is always 

2 to j3. 

Fraction: A fraction is a number represented by an 

ordered pair of integers, written~ forb # 0. 

Fractions are often used to describe part of a 

whole as shown by the diagram at the right. 

Fractions· are also used to compare 

part of a set to the whole set. In the 
3 1 

example shown here 12 or 4 of the balls 
1 

are white. The fraction 4 compares part 

of the set (a subset) to the whole set. 

A ratio is often, though not a lways, used 

to compare two disjoint sets. For example , 

the ratio of white balls to black balls is 
1 

3 to 9 (1 to 3 or 3) . 

1 

7 
10 of the rectangle 

is not shaded. 
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In this example both the fraction and the ratio tell the relative sizes of the 

two sets, but neither gives the actual size. The fraction i compares a subset 

with a se~ and the ratio 1 to 3 compares two disjoint sets. This example shows 

how the use of fractions to represent a ratio can be confusing. The ratio of 

white balls to black balls is t,and yet only i of the balls are white. 

Sometimes a ratio is used to compare a subset to a set. Using the 12 balls 
1 

above, the ratio of white balls to the total number of balls is 1 to 4 or 4· In 

this case, the idea of ratio is being used like a fraction, that is, part of a 

set is being compared to the whole set. 

Here are four examples of the use of ratio. The first two of these examples 

compare disjoint sets; the third compares a subset and set. How would you inter­

pret the fourth example? 

a) Durham, New Hampshire voted 14 to 1 against a proposed oil 

r efinery. 

b) In the l ast year of the Civil War the North had 4 soldiers to 

every soldier from the South. 

c) In 1973 1 out of every 25 homes in Eugene, Oregon was burglar­

ized. 

d) Israel has the highest ratio of physicians. There is 1 physi-

cian to every 420 people. 

Ratio statements can often be 

r eplaced by fraction statements. To do 

this it is neces sary to look at the 

sets being compa r ed. Suppose , for 

example, that the ratio of hospital 

patients with type 0 blood to those 

wi thout type 0 b l ood i s 3 to 2. In 

t his cas~ two disjoint s e ts a r e being 

compar ed. We can use f r actions and 
3 

say that 5 of the patients have type 0 
2 blood or tha t 5 do not have type 0 

blood. 



COMMENTARY 

Sometimes we wish to convert 

ratio statements given by odds into 

fraction statements. Suppose the 

odds on Blue Boy winning were 1 to 

3. This means that for every dollar 

that is bet on Blue Boy the odds 

makers will put up 3 dollars. In 
1 

terms of fractions Blue Boy has 4 
1 

(not 3) of a chance of winning. 

Ratio is one of the most 

fundamental and important ideas 

RATIO 

'' That meo.t~-s we 
p<1.~ ':}OU. $75 
i.f he wins . '1 

in mathematics; yet it is not given much attention in many elementary or secondary 

classrooms. We could increase students' abilities to understand many word problems 

and applications involving rates and ratios if we would provide them with a better 

intuitive idea of ratio. Using tables and the "for every" phrase seems to make 

ratio much more understandable. Writing a rate such as 30 g/cc as 30 grams for 

every 1 cubic centimetre or 30 g for every 1 cc can help students start a table. 

Answers to rate problems can be seen as logical when they occur in such a table. 

Let's give students a chance to use their intuition and logic on rati o problems 

before they learn to solve them formally. 
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COf~PARI SON 1 

It is often useful to compare numbers or measurements. These are 
some phrases that are used for making comparisons. 

$40 more than 2 sizes smaller than 

$5 less than 6 inches larger than 

10 inches shorter than 2 floors higher than 

3 ·centimetres taller than 4 metres lower than 

20 pounds fatter than 23 years older than 

1~ kilograms heavier than 8 times as long as 

Example #1: 

Write the numbers 2000 and 20 on the chalkboard. How can we 
compare these two numbers? 

I) 2000 > 20 (greater than) 

II) 2000 is 1980 more than 20 (difference) 

III) 2000 has two more digits (zeros) than 20 

IV) 2000 is 100 times as much as 20 (times) 

V) Be receptive to other student responses. 

Example #2: 

Write the measurements "100 em" and "3 metres" on the chalkboard. 
How can these measurements be compared? 

I) 3 metres > 100 centimetres (Note that 100 > 3, but we are not 
comparing the numbers.) 

II) 3 metres is 200 centimetres longer than 100 centimetres. 

III) 3 metres is a shorter way of wr iting 300 centimetre s. 

IV) 3 metres is 3 times as long as 100 centimetres. 

V) Any other student answers? 
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PATTERNS FOR INTRODUCING RATIO 

There are many patterns all around us. Some are difficult to see or 
understand. Other patterns seem obvious and are taken for granted. 

Show the students various patterns. By making some easier, some harder, 
you can set the pace, reinforce responses and challenge the class. Have 
students continue the patterns. 

a) 1, 2' 3, 

b) 1, 2, 4, 8, 

c) 1 2 3 4 
2' 3' 4' 5' 

d) 1, 4, 9' 16' . 
e) 1, 1, 2, 3, 5, 8, 

Continue the patterns by writing the next two pairs of numbers. 

a) (1, 2) b) (1, 2) c) (1, 1) d) (0' 5) e) 
1 

C-z. 2) 

(2' 3) (2, 4) (2, 4) (1, 4) 1 
(3, 3) 

(3, 4) (3, 6) (3, 9) (2, 3) 1 
(4, 4) 

( 4' 5) ( 4' 8) ( 4' 16) (3, 2) 1 
(5, 5) 

Each set of number pairs is related by a constant (same) sum, difference, 
product, or quotient. Discuss these relationships carefully with the students. 

Students should identify the pattern and write three more number pairs in 
each problem. 

a) (10,5) 

(8' 3) 

(16' 11) 

b) (3, 4) 

1 C-z. 24) 

(12, 1) 

c) (70, 10) 

(28, 4) 

(21, 3) 

d) (2, 5) 
1 3 

(4, 64) 

( 4' 3) 



Look at the following sets of number pairs. The pairs in each set are related 
by a constant (same) sum (+), constant difference (-), constant product (x),or 
constant quotient (~). How are the pairs related? Write three more number pairs 
which fit the pattern. 

~pie: The pa:tkr'n ·~ s 

C10J 2) 10-7-'2. =5 
50-H0=5 

(50) 10) :2.5-7-5=5 

<~;_,{~_ / 
100)20 
-37, 7 5 isthe 
-- ConstCAntq__u::>h'ent 

(12) 2) 
(18) 3) 

( 6) 1) 

( 2) 3) 
( 6) 9) 

(1f)J 24) 

(6) 6) 
(36) 1) 
(2) 18) 

( 4) 1) 
(20) 5) 
(12) 3) 

(12) 0) 
(2) 10) 
(8) 4) 

(8) 2) 
(1 ql) 2) -2 
(5) 5) 

65) 
1) 

( 3) 77) 

(l7J 34) 
(48) 65) 
( 3) 20) 

(18) 9) 
Cl4J 7) 
(6) 3) 

3) 
8) 
1) 

( 3) ]J) 

( 6) 14) 
( 4) 12) 

1 
(2) 96) 
(6) 8) 

(2) 24) 
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RATIOS BY PICTURE I 

WRITE THE RATIO THAT IS SUGGESTED BY EACH OF THESE PICTURES, 

A) ~~e=J e:=J 

FLASHLIGHT FOR EVERY ___ BATTERIES OR 1:2 

B) HORSESHOES FOR EVERY ___ HORSE OR . ---·---

c) 
TIRES FOR EVERY CAR OR . ---·---

o) ~oooo 
~oooo 

0 0 0 0 
0 0 0 0 

0 (:) 0 0 
~~ 

•••• • • • • • • • • ___ CHECKERS FOR EVERY 

EGG CARTON FOR EVERY _ EGGS OR 

SQUARES ON A CHECKERBOARD OR 

DRAW A DIAGRAM AND WRITE A RATIO FOR EACH OF THESE STATEMENTS, 

F) 1 SINGLE DIP ICE CREAM CONE FOR EVERY 15¢ 
G) 6 CANDY BARS FOR 79¢ 
H) 3 TENNIS BALLS FOR 1 CAN 
I) 25¢ FOR EVERY 3 PACKS OF GUM 
J) 5 BATS FOR EVERY 9 BASEBALL PLAYERS 

. ---·-

. -·-



1. A) The ratio of the number of shaded 

rectangles to the number of unshaded 

rectangles is 3 to 5. This ratio 

3 . 

3 may be written 3 to 5 , 3:5, or S 

B) The ratio of shaded rectangles 

to small rectangles is 3 to 8, 
3 

3:8, or a· 

C) The ratio of small rectangles 

to unshaded rectangles is 
8 

8 to 5, 8:5, or s· 

Use the figure to describe a ratio of: 

A) 3 to 6--3 shaded triangles to 

B) to small triangle s. 

C) triangle s to 

9 :17) 

Use this figure to describe a ratio of: 

A) 5 to 4 

B) 
4 
9 

C ) 9: 5 

D) 1 to 9 

The ratio is all small triangle s t o one l arge t riangl e . 

IDEA FROM : Activities with Ratio and Proportion 
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4. For the figure on the right write 

and describe at least 3 ratios. 

A) 

B) 

C) 

D) 

E) 

6. Write the ratio of: 

5. Write the ratio of: 

A) Number of shaded squares to 

number of unshaded squares. 

B) Number of shaded squares to 

number of small squares. 

C) Number of small squares to 

number of unshaded squares. 

A) Shaded rectangles to unshaded rectangles. 

D) Small rectangles to shaded rectangles. 

C) Unshaded rectangles to shaded rectangles. 

7. Shade to show a ratio of 

6 shaded hexagons to 1 

unshaded hexagon, 6:1. 

In how many different 

ways can this be done? 

8. Shade the circles to show a 

ratio of 7 to 10. In how 

many different ways can this 

be done? 

148 IDEA FROM : Activities with Ratio and Proportion 
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can use 

compare the 

numbers of two 

The ratio of small triangles to rhombuses is 22 to 11. 

We can write this as 22:11. 

Determine these ratios: 

1) Rhombuses to Small Triangles 

to or 

2) Hexagons to Rhombuses 

to or 

3) Small Triangles to Hexagons 

7¥aJ.-
8) J?v.;: to ~: - :. ... .. ·· ···· --.... . :· .. :. 

to or 

4) A to '\7 _ to or 

S).to' to or 

6)+ tol = to or 

. ----

. ----

to or --

to or --

9)~and.Ato¢ 
. ·. .:: , 

. : .. · 

to or --

: --

: --

: --
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-

• 

THESE GRIDS EACH HAVE 100 SMALL SQUARES, 
WITHOUT COUNTING~ GUESS: 

A) WHICH NUMERAL SHADES THE MOST SQUARES? 
B) WHICH NUMERAL SHADES THE LEAST SQUARES? 

i-
-
-
-
-

c) WHICH 3 NUMERALS SHADE THE SAME NUMBER OF SQUARES, 

FOR EACH NUMERAL COUNT THE SHADED SQUARES AND WRITE 

THE RATIO OF THE NUMBER OF SHADED SQUARES TO THE TOTAL 

NUMBER OF SQUARES, 

I 2 3 4 

G 7 8 'i 

IN THESE GRIDS SHADE THE VOWELS OF THE ALPHABET, 

.. "" II 

5 

THEN WR!TE THE RATIO OF SHADED SQUARES TO UNSHAPED SQUARES, 

:.. :· 
:.: :·: .. . ... .•. 

~: 

WHICH LETTER OF THE ALPHABET 
DO YOU THINK WOULD SHADE 
THE MOST SQUARES? 

ID EA FROM: Activities with Ratio and Proportion 

Permission to use granted by Oakland County Mathemat ics Project 
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ROWS AND RAT I OS 

1. Write the ratio of the number of: 

How many letters are in 
the extended triangle? 

a) A's to B's b) E's to D's c) C's to F's d) J 's to G' s 

e) H's to I's f) C's to all the letters g) letters in the top 5 rows 

to letters in the bottom 5 rows h) letters in the top row to letters in the 

bottom row. 

2. a) Could the triangle be extended past 10 rows? 

b) What letter would be in the 24th row? 

c) How many of this l etter would be in the 24th row? 

d) How many r ows would be in the completed triangle? 

e ) How many total letters would be in the completed triangle? Study the 
chart below. You might see a way to do it without adding each row. The 
total is ---

3. If you had the completed triangle of letters write the ratio of the number of: 

a) different letters to total letters. 

b) lette r s i n the top 3 rows to letters in the bottom 3 rows. 

c ) lette r s in the 5th row t o letters in the 15 t h row. 
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In a group of 24 people there is about a 50 percent chance that 2 people 
in the group will have the same birthday (month and day, not necessarily year). 
This interesting fact can be the lead-in to using the birthdays of the students 
in your class to study ratios. (See Probability and Statistics for Everyman by 
Irving Adler.) 

Record the birthdays of your students on the overhead or chalkboard. Be 
sure to include your own birthday. A chart or table will help to organize the 
data. 

J"AN.. f'\.A.Y SE.Pl . 'J F M A /"\ J" :r A 5 0 N 

fE8. ;:ru.t.~\0. oc:r. 

f"\AR. JUL'( Nov. 

APR. Au.c.. pt.c. 
I 

Older students are sometimes hesitant about revealing 
personal information. You may have to record the 
data with a show of hands or r ecord a birthday with 
no reference to a name. 

Questions such as these can be used. 

1 ) What is the total number of birthdays recorded? 
2) Which month has the most birthdays? The fewest? 
3) What is the ratio of birthdays in ( May ) to the total number 

of birthdays? (Fill in any of several months.) 

D 

4) What is the ratio of birthdays in ( March ) to birthdays in ( May ) ? 
5) What is the ratio of the number of birthdays in the first half of 

( March ) to the birthdays in the second half of ( May )? 
6) What is the rat·io of birthdays in t he first 6 months to the 

birthdays in the second 6 months? 
7) What is the ratio of birthdays that are holidays to the total 

number of birthdays? 
8) What is the ratio of people having a birthday on the same day 

as another person to the total number of birthdays? 

Note: This is a nice way to ge t information about your s tudents 
so you can personalize your class and wish them a Happy Birthday. 



Materials Needed: 2 or 3 students; metre stick; string or metric tape measure. 

<AT<M SPAN > 

NAME ----7 

Af2./Y\ SPAI'J 

hANd SPAN 

'PAlft\ SPAN 

heAd 
-foo-t-

~LittlE. 

fi~E.tZ. 

HA~D 

SPAN 

nearest 

Use your chart to find the ratios of these lengths. 

NAJV\E ~ 

AfJ./Y\ SPAI'J -+<::> nei0rd· 

-foc.-t- To hei~n+-
,._,if.LE FJIJ<AE.R. To I"'IPOL.E Fi"'<":,~ 

~ll,tVD SPAI'JTo rr\IDOI..E: FIIIJGE~ 

pALM SPANTC 1-JA~DSPAN 

hEAd lo -fooT 

IDEA FROM: Activities with Ratio and Proportion 
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AVER.AG£ 
numbers in 
the average 
column to 
find these 
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Get a package of M & M's from your teacher. Carefully open 
the package and put the candy on your table. 

How many M & M's are in 
your package? 

How many different colors 
do you have? 

COLOR 

Brown (B) 

Tan (T) 

Red (R) 

Orange (O) 

Yellow (Y) 

Green (G) 

NUMBER OF M & M's 

Use your numbers and write these ratios in 
fraction nota tion. 

a) G to 0 e ) B to G 

b) R to B f) R to T 

c) T to Y g) (R + Y) to total 

~ 
\9 I I 

(j) 0 \U 
/, 

(!) l 

CD 
I 

® 
I 

® 
d) Y to 0 h) (G + R + B) to (Y + 0 + T) 

Write these ratios in fraction notation. 

T t o total - -- 2) d) 0 to B 
---

B to total e ) R t o Y - -- ---

1) a) 
b) 
c ) (T + B) to total - -- f) (0 + R) to (B + Y) 

* NOW YOU CAN EAT THE CANDY 
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3) g) G toR __ 
h) G toY __ _ 
i) G to (R + Y) ---



WHAT'S IN A RATIO? 

1) The ratio of the length of Lucy's hair to the length of Sharon's hair is 3 to 1. 

A) 

B) 

C) 

D) 

has the longer hair. 

Lucy's hair is --- times longer than Sharon's hair. 

Sharon's hair is very short. T or F? 

The ratio of the length of Sharon's hair to Lucy's hair is 

2) The ratio of the area of the red triangle to the area of 
the blue square is 1 to 2. 

A) The color of the shape with the greater area is 

f,LUE B) The area of the red triangle is square centimetres. 

C) If the area of the red triangle is 10 square centimetres 

3) 

then the area of the blue square is square 
centimetres. 

D) The ratio of the area of the blue square to the area of 
the red triangle is ____ _ 

E) The -------------

In this picture the ratio of the 
the number of bikes to the 
number of cars is 10 to 2. 

A) There are times 
as many bikes as cars. 

B) A car is times 
longer than a bike. 

C) If there were 150 
bikes there would be 

cars. (Assume 
the ratio is the same 
as in the picture. 

has the greater perimeter. 

D~DD 
DODD 
00[;]11 

4) The ratio of the distance Lenny Lightfoot lives from school 
to the distance Sally Speedball lives from school is 4 to 1. 

5CI-\OOL 

DODD 

A) lives farther from school. 

B) If they bike to school at the same speed,what can you 
say about the time each takes? 

C) If they bike to school in the same amount of time what 
can you say about their speeds? 

D) The ratio of Sally's height to Lenny's height is ____ _ 

IDEA FROM: The School Mathematics Project, Book D 
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RATIO OF AGES 

Part I: 

There are two brothers; Jon is 13 years old, Ron is only 1 year old. As the 
two grow older the ratio of their ages will change. Neatly organize a chart so 
the students can compare the ages. Do a few lines and suggest that they continue 
the pattern until Jon is 24 years old. 

J on Ron Ratio of Ages Times As Old As 

13 1 13:1 Jon is 13 times as old a s Ron 

14 2 14:2 Jon is 7 times as old a s Ron 

15 3 15 : 3 J on i s 5 t imes as old as Ron 

16 4 16 : 4 Jon is 4 times as old as Ron 

24 12 24:1 2 Jon is 2 times as old a s Ron 

Ask t he students if they s ee any pa tterns i n the chart. 

a) How old will Jon and Ron be when Jon is 2 times as old as Ron? 

b) When will J on be 11. 
2 

times as old as Ron? 

c ) If Jon is 100 years old, t he n he is t i mes as old as Ron . 

d) If Jon is 500 year s old, t hen he i s times as old a s Ron. 

e ) When will Jon be 1 t i mes older than Ron? 

If s t udents fai l to s ee that the rat i o of their ages approaches but doesn' t equal 
1 another example may be needed . Pe rsonalize the activit y by sel ecting a student 
with a younge r brothe r o r sister . 

IDEA FROM : Synchro-Math/ Experiences 

Permission t o use granted by Action Math Associates, Inc. 
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RATIO OF AGES (CONTINUED) 

Part II: 

The ratio of ages pattern can be investigated by working backwards in age. 
Suppose Lynn is 12 years old and Mark is 8 years old. 

Lynn Mark Ratio of Ages Times As Old As 

12 8 12:8 ll 
2 

times as old as 

11 7 11:7 

10 6 10:6 

9 5 9:5 

8 4 8:4 

7 3 7:3 

6 2 6:2 

5 1 5:1 

4 0 nonsense 

Extend the table using months. If calculations become too burdensome 
calculators. 

60 12 60:12 5 times as old as 
59 11 59:11 
58 10 58:10 
57 9 57:9 
56 8 56:8 7 times as old as 
55 7 55:7 
54 6 54:6 9 times as old as 
53 5 53:5 
52 4 52:4 13 times as old as 
51 3 51:3 17 times as old as 
so 2 50:2 25 times as old as 
49 1 49:1 49 times as old as 

Change Lynn's and Mark's ages to days and continue the countdown. When will Lynn 
be 100 times as old as Mark? . 1000 times as old as Mark? . . . 10,000 times? 
1 million times? (Try hours and minutes.) 

IDEA FROM: Synchro-Math/Experiences 

Permission to use granted by Action Math Associates, Inc_ 
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RPJES ARE 
RiiTIOS 

A rate is a special kind of ratio. With the rate the two 
measures being compared have different units, and the units cannot be 
converted to one another. One common rate is the rate of speed, 55 
miles per hour. This means the ratio of miles traveled to the number 
of hours spent traveling is 55 miles to 1 hour, or 55 mph. 

RAT£ 

WHAT AATES 

Do THESE 

~ PlcrUR£5 

r\AKE You 

THINk of=? RAT£. 

~ 

RATE 

RATE 

RATE 



I 

At the bottom of the page are 40 numbers. By placing your fing er 
on each circle touch each number in orde r starting at 1. You will have a t 
most 1 minute. Don't start until you hear "Go" and stop immediately when 
you hear "Time's Up." In the table record the number you finish on and the 
time in seconds . If you finish before one minute, stop and record your time. 
Write your rate in the table. See if you can improve your rate with each 
trial. 

Tvio..l Number Seconds Ro.te = Numbev-: Seconds 
I 
2.. 
3 

IDEA FROM: Ideas and Investigations in Science: Life Science, by Harry Wong, Leonard Bernstein, 
and Edward Shevick. © 1973, Idea 6 / lnvestigation 6. Reprinted by perm ission of 
Prentice-Hall, Inc., Englewood Cliffs, New Jersey. 

------------------------------------------- · · ··~---
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PATTERN GAlV:ES 

T\'"io.. I - d - Numbev--: Secon s Number- Seconds _R_a.te -
I 
2 -
3 -

ience: Life 
162 

Leonard Bernstein, . by Harry Wong, . f 
S Sc1ence, . d by permiSSion o A FROM: Ideas and /nvestl~at/0';; ~~7~. Idea 6/ lnvestigation 6. Repnnte 

IDE d Edward Shevlck. d Cl "ffs New Jersey. an Englewoo I ' Prent ice-Hall ' Inc. ' 



IS A FOUIC 
LETTE~ WORD 

A. 1. Look at the four-letter words and 4-digit numerals on the next page. 

2. Record in the table an estimate of how many words you could copy EY 
printing for 15 sec., 30 sec ., 1 minute. 

3. Check your estimate by copying words as your partner times you. Don't 
co:ey the same word twice. 

4. Record your results in the table . Write your rate. 

5 . Are the three rates for 15 sec., 30 sec. and 1 min'Jte equivalent? 

6. How many words could you copy in 5 minutes? 

-- -------'·------ ---- -----

---------
GO sec. 

B. 1. Repeat A, excep t this t ime copy in cursive writing. 

2 . Record in the table . 

3. How does your printing r ate compare to your cursive rate? 

C. 1. Repeat the same procedure, excep t copy from the list of 4- digit numerals. 

2 . Record in the table. 

3 . For which of the three activities is your rate the best? 

4. Why d o you think your rates differ? 

DID YOU KNOW .. Monks used to copy the Bible by hand. Using your 
rat e , how long would i t take you to copy the Bible? 

IDEA FROM: New Oxford Junior Mathematics, Book 4 

Permission to use granted by Oxford University Press 
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math boat 
word mice 
bike love 
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IS A FOUQ-
LETTER WOI2D 

(CONTINUED) 

four 4159 5268 
post 3917 3045 
swim 6134 8898 
come 7751 2506 
nice 4887 6586 
much 3221 3531 
slip 4945 2543 
late 1036 3031 
bill 4924 8454 
here 5074 3283 
find 9973 6561 
same 9614 3254 
know 8123 1504 
hand 3425 9054 
shoe 8754 8093 
snow 2494 3425 
pill 3425 5054 
help 5064 8612 
that 7349 5243 
less 2935 5204 
grid 2763 6531 
bent 1173 4328 
cold 2554 7639 
mean 3986 4104 
over 5243 9061 
fair ll23 7946 
tall 2793 4103 
card 7728 1749 
fail 4196 4085 
heat 5877 7415 
past 7351 2663 
sent 8924 6223 
note 4605 8604 
case 1084 3335 
wave 7037 3425 
path 8773 4141 
life 3154 3080 
rail 
hear 
fall 
tape 
mate 
palm 
drip 

IDEA FROM: New Oxford Junior Mathematics, Book 4 

Permission to use granted by Oxford University Press 
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SPY ON THE EYE 

Materials Needed: Clock with a second hand 
2 secretive, spying students 

Activity: (1) For 1 minute count the number of 
blinks your partner makes and record 
blinks per minute in the table. Ask 
your partner to blink in a natural 
way. 

(2) Have your partner find your rate of 
blinking. 

(3) Move to a bright area--near the 
window, near a lamp, in the sun­
shine--and find out if the blinking 
rates increase. 

(4) Secretly find the blinking rate of 
4 other students, 2 girls and 2 boys. 
Record. 

(5) Do the same for your teacher. 

(6) Find and record the blinking rate 
of someone wearing contact lenses. 

(7) Is there any difference in the blinking rate of boys and girls? 

(8) Is the blinking rate of the student wearing the contact l enses 
faster than the other rates? Why? 

(9) Use your blinking rate to find the number of blinks you will make 
in a day? a year? 

(10) If your eyelids move 2 em in a blink (1 em in closing and 1 em in 
opening), how far will your eyelids move in a day? 
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Telephone book 

needed: Telephone book, 
paperback novel, catalog, 
stopwatch or clock with a 
second hand. 

(1) Turn the pages in the telephone 
book one page at a time. Have a 
partner time you for 1 minute. 
Record the number of pages turned 
per minute in the table below. Now 
time your partner as he/she turns 
the pages. Record in the table. 

(2) Repeat the activity with the paper­
back novel. Record both rates in 
the table. 

(3) Repeat the activity with the catalog. 

(4) With which book did you get the 
fastest rate? your 
partner? 

(5) What are some reasons why the rates 
might differ? 

Pa.perba.ck book. 1 ___ ---t~.!..!..!:...- ---~~.L!....l:...-
Ca.ta.l 



French bread comes in many sizes and shapes. Some loaves are fat and 
round. Some loaves are braided or odd-shaped. Other loaves are long and 
thin, about 1 to 2 metres long. 

Bring a 60 em loaf of French bread to class. Cut the loaf into two 
equal pieces. How long would each piece be? (30 centimetres) 

How long would each piece be if the loaf was divided into three equal 
pieces? (20 centimetres) 

Make a chart on the chalkboard (or overhead transparency) and list 
the answers that students 

Numb e r of 
Pieces 

2 

3 

4 

5 

6 

give. 

Rate 

60 
30 centimetres 

2 
60 

20 centimetres 
3 

60 
15 c entimetres 

4 
60 

12 centimetres 
5 

60 
10 centimetres 

6 

Have students continue 
the pattern for a while . 

per piece 

per piece 

per piece 

per piece 

per piece 

1. How many pieces of bread will there be in the loaf if each piece is two 
centimetres thick? 

2 . Bread is slice d a bout one centimetre thick to fit into a toaster. How 
many pieces of toast could be made from the loaf if each piece was one-

centimetre thick? ~-centimetre thick? (Have students follow the 

pattern in the chart if they do not know how to find the answer.) 

3 . 150 pie c e s of toast are n eed e d f or a large breakfast. About how many 
60-centimetre loaves of French bread would be n eed ed? 

4. 1 out of ev e ry 5 pie ces of toast is too dark to serve. How many pieces 
out of the 150 slices of toast are too dark? How many more 
loaves will b e nee ded to g e t enough toast? 
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Fl X Tl-IAT L[AK 
~ A t ~ ~ 

Materials needed: Graduated beaker 
Clock with a second hand 
Calculator, if available 

Activity: (1) (a) Turn on a faucet so it drips at a 
steady rate. 

(2) 

(b) Count the number of drops falling 
from the faucet in 30 seconds. 
Repeat the count for accuracy. 
The water is dripping at a rate of 

(a) Measure the volume of 100 drops of 
(b) Use the data above. The faucet is 

of millilitres per minute. 

millilitres per hour. 

millili tres per day. 

millilitres per year. 

--- per 

drops per hour. 

drops per day. 

water in millilitres. 
dripping at a rate 

rate is equivalent to a rate of ___ _ 
litres per year. 

(3) Call your local water board to find the rate charged for 
residential wate r use. (The rate will probably be dollars 
per 1000 gallons of water. 1 litre~ .2624 gallons.) How 
much money is wasted by this dripping faucet in one year? 



Materials needed: Record player with variable speeds 
1 

Several popular 333 albums, 45 singles and a 78 

record (if available) 

Stopwatch or clock with a second hand. 

Questions: How fast does a record turn? 

I. 

What do the speeds on a record player mean? 

Place a small marker 

the record player to 

1 
on the outer edge of a 333 record album. 

1 31] and carefully count the number of revolu-

tions the marker makes in 1 minute. Make a table like the one 

below and record the number. Repeat the count two more times for 

accuracy. 

Nu.mber ot Find the sum of the revolutions. 

Yevolutions Find the average by dividing by 3. 

minute I 
mmute 2. 
W\tnute 3 

II. Repeat the activity again using a 45 record. 

III. If you have a 78 record, repeat the activity again. 

1 
IV. Place a small marker on the label of a 333 album. Repeat the 

activity. Find the average for the marker on the label. 
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The following are additional activities and questions that can be used as 

a follow-up to the As the Record Turns student page. 

(a) 
1 

Play a 333 album at 45 rpm. How is the sound distorted? How 

many times faster is the record revolving compared to its normal 

speed? 

(b) Play a 45 single at 33t rpm. How is the sound distorted? How 

many times slower is the record revolving compared to its normal 

speed? 

Note: Most record players have a different needle setting for 78 rpm 

records, so you should not try to play one of these records at a different 

speed. 

(c) Measure the time a song plays at its normal speed. (This figure 

can also be found on the label.) Compute the time of the same 

song played at a slower or fas ter speed. 

(d) If a song takes 3:30 minutes (3t minutes) to play at 45 rpm, 

how many revolutions does the record make? 

(e) If it takes 21 minutes to play one side of an album at 3~ rpm, 
3 

how many revolutions does the turntable make? 

Did you know that • . . 

the first needle used to play records was a cactus needle? 

78 rpm was the first speed used for records because it seemed like 

a convenient speed? 

RCA tried to corner the market on records when they patente d the 

45 rpm single record with the large center hole? 

with the invention of more refined and sharper needles, records 
1 could be made with finer grooves which played best at 333 rpm? 

some commercials played on radio stations run at 16 rpm and start 

from the center and play to the outside? 



~ 
My HEARTTHRO S 
~~Yo~ 

Materials Needed: 2 students 
Stopwatch or clock with a second hand 

Activity: 1 . On your paper draw a chart like the one below. 

No. me 
Ino.c.five Active Re.covey-y 

Pulse. 'Pulse Pulse 
Sel.f' POY+ ne. v- Se\f' Pa.rtnev- Se\t Pa.~+nev-

2. a) Guess how many times your heart beats in 
one minute. bpm (beats per minute) 

b) Hav e your pa rtner t a ke your pulse a nd 
r e cord it i n the i nactiv e column as 
___ bpm. 

c) Take and record your partner's pulse . 

3. a ) Run in place f o r two minutes . 

b) Re cord your puls e r a t e in t he act ive 
co lumn. 

c) Have your partner run in place for two 
mi nutes. 

d) Record your partner 's puls e rat e. 

REST 5 MINUTES 

4. a ) Record bo t h o f your pulse r a t e s in t he r e c ov e r y col umn. 

b) Have you r pulses re turn e d to normal? 

c ) Is your recov ery rate fas ter than your pa r t n e r' s? 

171 



172 

STEP R I G!H ur 

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 pulse will recover to the resting rate quicker 
following strenuous exercise than 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. 

I. 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 before 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 s econds. 
The student should continue to rest in the lying position for 2 more minutes and 
repeat the count. 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. 

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 physi­
cal fitness rating. 

TABL~ A 
Physico. I 

Fi +ness 
R.a. tin 

Pulse Di.ff'erehce 6 9 lO 10 10 II 11 

IDEA FROM: Physical Fitness Workbook, by Thomas Cureton. Copyright © 1944 by Stipes Publishing 
Company. 

Permission to use granted by Stipes Publishing Company 



STEP RIGHT UP 

(COIHI NUED) 

III. Simplified Pulse Ratio Test: 
(a) While sitting, have the student count and record her heartbeats f1or 

one minute. 
(h) Have the student face a chair (approximately 45 ern 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 the required speed or play a taped record­
ing of the cadence. 

(c) Immediately after completing the 30 steps, the student should sit, 
count and record her heartbeats for two minutes. 

(d) Have the student write her pulse ratio. Pulse Ratio = Heartbeats for 
2 minutes following the exercise : Heartbeats for 1 minute before 
exercise. Simplify the 
ratio by dividing the first 
number by the second, cor­
rect to one decimal place. 
Check Table B to find the 
physical fitness rating. 

IV. Three Minute Step Test: 
This test is administered like 

the previous test, except the 
student steps for three minutes, 
and the cadence is 24 steps per 
minute. In addition wait one 
minute after the student com­
pletes the exercise and count 
the heartbeats for only 30 
seconds. The efficiency score 
is the ratio of 

number of seconds stepping x 100 
pulse for 30 seconds x 5.6 

Divide and check Table C to find 
the physical fitness rating. 

*This table is accurate for junior 
high girls. The efficiency scores 
may need to be raised for junior 
high boys. At the grade school 
level there is not much differ­
ence between boys and girls. 

TABLE B 

Pulse Ph'jsico.l_ 
Ro..tio F""i+ness Ra..+w'IQ 
1.5- \.7 Exce\le.Yl+ J 

1.8- 2.0 Ver~ Good 
2.1-2.3 t-bo_ve A_ver-o..'je 
2.4- 2..5 Avera.~ e. 
2.6-2.8 Below Avera.~e 
2.9-3.1 Poov-
3.2-3.4 Vel(u. PooY' 

TABLE C* 

~t.f\ciency 
Score 

PhysicO-~ 
Fi+ness 'Ra.tlno 

72_- 100 ~xce.llent 
..J 

62-71 V(;H'"~ Good 
51-b\ Good 
41-50 l='o...ir 
31-40 Poor 
o-30 Ve.v-1...4 'Poor-

IDEA FROM: Physical Fitness Workbook, by Thomas Cureton. Copyright© 1944 by Stipes Publishing 
Company . 

Permission to use granted by Stipes Publishing Company. 173 



II music 

Mater i als Needed: Records and record player, clock with second h a nd, 
metronome, piano, drums, guitar, flute or other 
instruments, sheet music. 

I. (a) Se lect several musical pieces that have different tempos 
(beats per minute), for example , a slow country western 
song, a Sousa march, a rock and roll piece, and a classical 
arrang ement. Ask your students t o bring some of the i r 
records to play. 

(b) Have the students determine the tempo of the song by 
counting the number of beats in 10 seconds . The students 
can keep time with the music and count the beats by 
t a pping their feet or hands, dancing, or setting a metronome. 

(c ) Have the students repeat the count t o ch e ck for accuracy a nd r ecord· the 
r e sults i n the table a s a r at e ; number of b eats : 1 0 seconds. 

(d) Rewrite the rate and express it in the table as number of beats : 60 sec. 
(e) Look at the record to find the total time of the song and record the time 

in the table. 
(f) Estimate and record the total number of beats in the song. 

Musica.l 1\1 u.nJber of Number- ot Tot a.} time. Esfima.te of -\-ofa.l 
Selection bea.+s = lOsee. beo.-\-s : GO sec. of sono numbev ot beo.ts 

'· lOsee. : GOsec. 
J 

2. : : 

3 . : 

4 : 

5 : . 
b. : : 

II . Have a s tude n t o r t h e muslc t each er play a sel ectlon at varlous tempos. 
Use a metronome to determine the tempo. 

A student with a s e t of drums could keep the beat. Time a s on g at a specifie d 
t empo and r e c o rd the t i me in the t able. Select a n ew t empo a nd es t i ma t e t he 
n ew time for t he song. Check the e stima t e by havi n g the mus i cian p l ay the s on g 

a t the n ew tempo . 

Mu.sica.l Tempo:= Tota.. \ time Nei..U tempo= Es+.tma.1ed 
Selection bea.tS: lmin\.lte of sonQ bea.+s : \ minu+e t\me cfsonq 

J J 

I. . . . 
2 . ·---- - : : 

3. : : 

4. . . 
Ill. Select s ome sheet mus i c. Read the t empo suggested on the musi c . Hav e a 

s tude n t estimate t h e tempo by t apping his foot. Ch eck the e sti mate wi th 
the metronome . Ha v e t h e mus i c i a n play the sel e c t i on . 
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WHICH IS BETTER ? 1 
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h nd -the un·,+ cogt 
(cost of one iteY't) it: 

A. 3 -tennis b:Jis cost .$.2.c;? 

D. I dozen €9~ coSt$ .q 6 

F.3 T -Shirts 
cost .i$3.36 

F. 5 ~Ifls of hambuf9er 
coSt -w 3 . L.f5 

B. 2 dozen petx.i ls cost $1.68 

c. o.. G-pad:of pop ccst $1.14 

Find -the better OO:J b_j fi ndi n9 the uni-t cosT, 
for example cosT per ounce. -

G. 12 oz. of sco..p-fbr $1.32 
or 15 oz. -for $1.50 

H. 10 oz. of poto.to chips--fer 
80¢or 16 oz. for $1.12. I.$ 7.55 -for 5 lbs. of steJ..k or 

$4.50-For31bs. of steo.k. 

J Lf ~Is. crf milk ~r .$ I .24 or 
7 ctis. o-f rnifk -for$ 2.24 

K . .$20.Cf8 -for 2~rs of jeo.ns 
or S 31.77 -for 3 po-irs of 
jea.ns 



I NEED A JOB LIKE THAT! 

That 1 s ok, Hr. Pushover. 
me 1 penny the first day, 
second day, 
pennies the 
20 days? 

Fill in this chart of earnings for Hr. Pennypusher. Use a calculator to 
get each day's wages and the total earnings for all 20 days. 

DAY EARNINGS 

I $ . 
2. ~ . 
3 f . 
4 $ . 
5 $ . 
6 $ . 
7 $ . 
8 $ . 
9 $ . 
10 $ . 

ToTAL FoR 20 

DAY 

ll 

\2 
13 
14 

15 
1(:, 

17 

18 
19 

20 
P~'<S 

£:A~WlNGS a ) What is the ave r age 
amount Hr. Pennypusher 
made per day? (Divide 
the total earnings by 
20.) 

$ 

:$ 

~ 

$ 

$ 

:ft; 

$ 

~ 

~ 

:it 

$ 

b) If he worke d 8 hours 
per day, what is the 
average amount he 
made per hour? 

c) How much did Hr. 
Pennypusher 
average per 
minute? 

(d) I f you were paid a s much as 
Hr. Pennypus her av eraged 
per mi nute, how much woul d 
you make fo r the t ime you 
a r e i n your ma t hemati cs 
cl ass? 

per day? 

per week ? 

per schoo l year? 
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RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
Piaget and Proportions………………………………………………………………………….10 
Reading in Mathematics………………………………………………………………………...26 
Broad Goals and Daily Objectives……………………………………………………………...42 
Evaluation and Instruction……………………………………………………………………...58 
TEACHING EMPHASES……………………………………………………………………...70 
Calculators………………………………………………………………………………………70 
Applications…………………………………………………………………………………….78 
Problem Solving………………………………………………………………………………...90 
Mental Arithmetic……………………………………………………………………………..100 
Estimation and Approximation………………………………………………………………..106 
Laboratory Approaches………………………………………………………………………..114 
CLASSROOM MATERIALS………………………………………………………………...130 
RATIO…………………………………………………………………………………………130 
Getting Started………………………………………………………………………………...140 
Rate……………………………………………………………………………………………158 
Equivalent……………………………………………………………………………………..180 
Ratio as a Real Number………………………………………………………………………..212 
PROPORTION………………………………………………………………………………...222 
Getting Started………………………………………………………………………………...230 
Application…………………………………………………………………………………….248 
SCALING……………………………………………………………………………………..266 
Getting Started………………………………………………………………………………...286 
Making a Scale Drawing………………………………………………………………………304 
Supplementary Ideas in Scaling……………………………………………………………….328 
Maps…………………………………………………………………………………………...350 
PERCENT……………………………………………………………………………………..364 
Percent Sense……………………………………………………………………………….…376 
As a Ratio……………………………………………………………………………………...430 
As a Fraction/Decimal…………………………………………………………………………450 
Solving Percent Problems……………………………………………………………………..476 
ANNOTATED BIBLIOGRAPHY……………………………………………………………504 



RATIO: EQUIVALENT 

TITLE 

Ratios by Picture II 

Ratios and Cubes 1 

Ratios and Cubes 2 

Animal Ratio 

Equivalent Ratios with 
Geometric Models 

Equivalent Ratios by 
Patterns 

Eating Contest 

I'd Walk a Mile 

A Lovely Design 

Spider to Fly Ratios 

Spicy Ratios 

A Statement of Prime 
Importance 

The Weather Report 

Ratio Dominoes 

Monster Ratio 

Ratio Rummy 

Animal Ages 
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184 

185 

186 

187 

188 

189 

190 

191 

192 

193 

194 

195 

196 

198 

200 

201 

TOPIC 

Generating 

Concept, generating 

Concept, generating 

Concept, generating 

Concept, generating 

Concept, generating 

Generating 

Determining and 
comparing 

Recognizing 

Recognizing 

Recognizing 

Recognizing 

Recognizing 

Recognizing 

Recognizing 

Recognizing 

Simplifying 

TYPE 

Paper and pencil 

Manipulative 

Manipulative 

Paper and pencil 

Paper and pencil 
Transparency 

Activity 

Paper and pencil 

Activity 

Paper and pencil 
Puzzle 

Paper and pencil 
Puzzle 

Paper and pencil 
Puzzle 

Paper and pencil 
Puzzle 

Paper and pencil 
Puzzle 

Game 

Game 

Game 

Paper and pencil 
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TITLE PAGE TOPIC TYPE 

Ratios in Your School 202 Simplifying Paper and pencil 

One Man One Vote 203 Simplifying Paper and pencil 

Poppin' Wheelies in a 
Ring 205 Simplifying Activity 

Manipulative 

People Ratio 207 Simplifying Activity 

Surface Area and Ratios 1 208 Simplifying Activity 

Surface Area and Ratios 2 209 Simplifying Activity 

Volume and Ratio 1 210 Simplifying Activity 

Volume and Ratio 2 211 Simplifying Activity 

Cubism 212 Simplifying Activity 
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RATIOS BY PICTURE II 

Write the equivalent ratios suggested by each of these pictures. 

® flashlights for every 4 batteries 

- cD-- e=:J flashlights for every 6 batteries ( 

e::=J flashlights for every 8 batteries 

flashlights for every 20 batteries 

® ((],-A( 
8 horseshoes for every horses 

(()) 12 horseshoes for every horses 

((] {[)) 16 horseshoes for every horses 

28 horseshoes for every horses 

© 001$ tires for every 6 cars 

0 0~ tires for every 50 cars 

0 
@ 

~ ~~~-c::cz::9 egg cartons for every 144 eggs 

oooo 

® ice cream cones for ever y 30¢ ?--- '6¢ 
ice cream cones for every 45¢ 

ice cream cones for ever y 60¢ 

ice cream cones for every 90¢ 

® inches for every 1 foot 
1"'1'"1' 'I I I "111 '1n'l 

inches for every 3 feet 

24 inches + 2 feet inches for every 5 f eet 

@ 50¢ for every candy bars 

dl?£{7$ 75¢ for every candy bars 

$1.25 for every candy bars 

25¢ for 3 $2.00 for every candy bars 

183 



Materials: 24 blue cubes and 24 red cubes 

Activity: 

A. Use 1 B and 2 R. 

1. The ratio of B to R is . ----
Use another group of 1 B and 2 R. 

2. The ratio of B to R is now 2 . ----
Use another group of 1 B and 2 R. 

3. The ratio of B to R is now : 6 . 

4. If you continued using groups of 1 B and 2 R, 

write the ratio of B to R that you would get. 

___£_: -- 1 -- : .22.. 1 _jQ_: -- 1 --: _1_8_ 

Each ratio was formed using groups of 1 B and 2 R. 
The ratios are equivalent ratios. 

B. Use 4 R and 3 B. 

1. The ratio of R to B is : ----
Use another group of 4 R and 3 B. 

2. The ratio of R to B now is : ----
Use another group. 

3. The ratio of R to B is now : ----
4. Continue using groups of 4 R and 3 B. 

Write the ratio of R to B. 

_16_: -- J --: ___1.5:_ I --: .2A:.. J 2.4 : 

184 

Each ratio was formed using groups of 3 Rand 4 B. The ratios are equivalent ratios. 

c. Use these groups and write equivalent ratios. 

CD 3:5 , __jL -- _:_3.Q__ 

@ I: 4- 5 . : _lL --·-- --

® 8=3 __ :__15,_ __3Z_: _ 

IDEA BASED ON: The Laboratory Approach to Mathematics by Kenneth P. Kidd, Shirley S. Myers, 
and David Cilley.© 1970, Science Research Associates, Inc. 

Permission to use granted by Science Research Associates, Inc. 



Materials: 24 blue cubes and 24 red cubes 

Activity: 

A. Use 8 B and 16 R. 

1. The ratio of B to R is . ----
Separate each color into two equal 

2. Using one group of each color, 
the ratio of B to R is : 8 . ----
Separate each group into two smaller 
groups. 

3. Using one smaller group of each 
color, the ratio of B to R is _2_: __ 
Separate again. 

4. Using one group of each color, 
the simplest ratio of B to R is : 
The ratios above are equivalent rati~ 
Each can be formed using B and R. 

B. Use 24 R and 18 B. 

c. 

1. The ratio of R to B is ----
Separate each color into three equal 
groups. 

2. Using one group of each color, 
the ratio of R to B is . ----
Separate each group into two smaller 
groups. 

3. Using one smaller group of each 
color, the ratio of R to B is 
Separate again. 

4. Using one group of each color, the 
simplest ratio of R to B is ___ _ 
The ratios above are equivalent ratios. 
Each can be formed using R and B. 

Find the simplest ratio that could be used 

1. 8:4 4. 25:40 

to 

2. 18:30 5. 30:100 

3. 9:27 6. 180:150 

form these equivalent 

IDEA BASED ON: The Laboratory Approach to Mathematics by Kenneth P. Kidd, Shirley S. Myers, 
and David Cilley.© 1970, Science Research Associates, Inc. 

Permission to use granted by Science Research Associates, Inc. 

ratios. 
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c: 

1. 

2. 

I 
I 

a) 
b) 
c) 

d) 

e) 
f) 

g) 

h) 

i) 

a) 
b) 
c) 

d) 

AN Ir/IAL RAT I 0 

I I I I I I I I 

2 5 6 7 8 q /0 II 12 /3 
I 

llf !5 16 

How long is the fish? 
How long is the snake? 
Write a ratio to compare the length of the snake to the length of 
the fish _____ _ 
How many fish placed end-to-end would be needed to have the same 
length as the snake? 
The snake is times as long as the fish. 
Find two lengths on the ruler, so the longer length is 3 times the 
shorter length. and __ _ 
What are the two shortest lengths (whole number of centimetres) on 
the ruler, so that the longer is 3 times the shorter? and __ _ 
Write the ratios from (e) , (f) and (g) 
These ratios are called equivalent ratios. Can you see why? 
Write another ratio equivalent to the ratios in (h) 

Write a ratio to compare the lengths of the gerbil to the snake 
The gerbil is times as long as the snake. 

I 
17 

Find two lengths on the ruler, so the shorter length 
length and write their ratio 

is 
1 - of 
2 

the longer 

---
Find the two shortest lengths, so the shorter length 
length. and __ _ 

is 
1 

the longer -of 
2 

e) Write the ratios from (a) --- ---' (c) --- ___ , (d) 
1 

These ratios are equivalent ratios because the shorter length is of 
of the longer length in each case. 2 

f) Write another ratio equivalent to the ratios in (e) 

3. a) Write a ratio to compare the length of the gerbil to the length of the 
fish. 

b) The gerbil is times as long as the fish. 
c) Find two lengths, so the longer is 1 1/2 times the shorter. and ---
d) Find the two shortest lengths, so the longer is 1 1/2 times the shorter. 

and 
e) Write the ratios from (a) , (c) , (d) 

These ratios are equivalent ratios because the longer is 1 1/2 times the 
shorter. 

f) Write another ratio equivalent to the ratios in (e) 



EQUIVALENT RATIOS WITH GEOMETRIC MODELS 

A series of equivalent ratios can be generated by keeping the shaded 

area and total area of a figure constant but changing the number of 

parts. EXAMPLE 3 

EXAMPLE 1 
. . . . . . . . . . . . . . . . ... : . · ...... ·. 

• • • • • • • : • • •••••• • •• 41 2 3 . . . . . . . . . : 

1:3 2:6 3:9 

I I 

4:12 

1- ••••• o I • . • . . . . • I" •• • • • . . . • . . . • • • • • • • • . . . . . . . . ' . . . . . . . .......... ·~-· ..... · .. · ... [1. 6 
T ' 

EXAMPLE 2 

' 
••• ·.[ ••. ,. • • •J· ••• . . . . . r.. . . . ........ 

• • • • • •I • • • • •]_• • • • • 
••• I .•• "l··· .. , ...... . . . . . . . . . . . 

• • • • •I• • • • • • • • • • 8:12 
I ; l I 

1:2 2:4 4:8 
Sample questions in example 1 might be: 

1) Has the shaded area changed? 

2) Has the size of the square changed? 

3) Can you see a ratio of 1:3 in each diagram? 

Student worksheets can be developed to: 

a) have the students shade the figures to represent the equivalent ratios. 
I I I I 

' I 

I 
I ' I I I I 

1:5 4:20 3:15 

b) partition the figures to show the equivalent ratios . 

1:4 

;...-:·~. 
. · .. ... .. . .. . .. . . ··· 
.. ': 
. ·.: 

2:8 

. . .·: ·: .· .· . . .. 
·.·· . ·. · 

.. . .. ·. 
4:16 

. . . . . 
. . · . .· .. 

. ·. 
0 • •• 

.::·-: 

I 
I 

I 

' 
' 

5:20 

These activities can give an intuitive feeling for generating equivalent 

ratios by the algorithm of multiplying both terms of the ratio by some 

number. The models show how the number of shaded parts and total parts 

are both doubled, tripled, etc. 

IDEA FROM : Activities with Ratio and Proportion 187 
Permission to use granted by Oakland County Mathematics Project 



EQUIVALENT RATIOS BY PATTERNS 

Developing the concept of equivalent ratios by using patterns can be accom­
plished as a bell work, warmup, or mental arithmetic drill at the beginning of 
class. These activities can be started in advance of the introduction of ratio 
notation by presenting problems with different word phrases in place of the colon. 

Examples of problems which can be prepared for an overhead or the blackboard 
might be: 

1) $ 4 for 1 hour's work. 2) 30 students for every 1 class . 
$ 8 for hour's work. students for every 2 classes. 
$12 for hour's work. students for every 5 classes. 

for 4 hour's work. 300 students for every classes. 
for hour's work. students for every classes. 
for hour's work. students for every classes. 

Various ratio notations and ratio tables can be used. The problems might 
start with the "unit quantity" given (see 3, 4, 5) and then develop into ones 
where the "unit quantity" must be found (see 6, 7, 8). 

3) 1 to 4 4) 2:1 6) 2:16 

5) 

2 to 4: 1: 
to 12 :3 3: 

4 to :4 8: 
5 to 

to 
to 

1 4 
s' 10• -. 40' 

10: 

16 10 
8 ) 20' 

1 
' 8' 

7) 18 to 6 
to 1 

12 to 
to 5 
to 
to 

12 - -
' 

Rates that students would be familiar with can be given in the form of ratio tables 
(see 9, 10, 11). 

~~~~~~~~~~~~~~~~~~ 

I ::::: I 5: 1100 I 3 I 200 I 250 I I 9) 

10) 

typed 
43 172 86 

words 

minutes 1 10 5 

pounds 
4 1 2 of meat 

11) 
cost $6.00 $4.50 $12.00 

In each problem provide a f ew blanks for students to write their own equivalent r a tios. 
The development of this technique will be useful in the solution of simple proportion 
problems, such as : A bagge r in a supe rmarke t works 2 1/2 hours and earns $8 . How 
much would the bagger make in 10 hours? 1 hour? 
This t ype o f s olution avoids work with 
cross products and division using f r actions. 

188 

Possible Solutions: 2 1/ 2 hours at $8 
5 hours at $16 

10 hours a t $32 
1 hour at $3 . 20 



EATING CONTEST 

Harry, Morgan, and Eddy had a 
hamburger eating and rnilkshake 
drinking contest. 

1) Harry ate 2 hamburgers for every 1 hamburger Eddy ate. 
a) Who ate more hamburgers? Harry or Eddy? 
b) How many hamburgers did Harry eat during the contest? 
c) Fill in this chart of possibilities. 

NUIY16ER OF 1-/AMSU~ 

2 4 10 26 HARRY ATF 

NUMBE£ o!=~8!J~ 

I 3 4 7 /0 EDDY ATE. 

2) Morgan drank 3 milkshakes for every 1 milkshake Harry drank. 
a) Who drank the most milkshakes? Harry, Morgan or Eddy? 
b) Fill in this chart of possibilities • . 

NUMBER- OF Mll.J<5!-lAKES 3 q 12 18 {Yb RGAN 'DRANK 

NUMBER OF P'\ll..KSHAKES I 2 5 8 II HARRY DRANK 

3) Harry ate 4 hamburgers for every 1 hamburger Morgan ate. 
a) Fill in this chart of possibilities. 
b) Who ate more hamburgers? Morgan or Eddy? 

NUMeF-R or= 1-iAMBU~GEI<S I 3 5 7 MJRGAN ATE 
NUMBER OF HAMBURGERS Lf 8 16 2.4 36 HARRY ArE 

4) Use the information in the problems above to fill in this chart of possibilities. 

N~E~OF ~BVRGB.D I 2 5 JVDRGAN ATE 

NUMBER. OF i-¥V"l8URGER5 
16 l/0 HARRY ATf= 

NUM~ OF HAMBJ~ 6 '' I~ EDDY ATE 

189 



190 

fDVAll~ 
MILE~ 

Materials needed: Stopwatch 
Tape measure 
Bicycle 

(1) Walk in a straight line for 15 seconds, 30 seconds and 1 minute. Re­
cord your rate in the chart above. 

(2) Find the speed for each of the below in fe e t per minute. A calculator 
can help with the computation. 

200 \Osee. 

~pm ~pm 

(3) The speed of the sprinter is --- times fas t er than your walking rate . 

(4) If the speed of the dragster is 200 times an adult 's walking rate what is 
the adult's speed? 

(5) Outside, find your speed for riding a bicycle 15 seconds, 30 seconds and 
1 minute. Record. 

(6) How does your bicycle speed compare to your walking speed? 

IDEA FROM: New Oxford Junior Mathematics, Book 4 

Permission to use granted by Oxford University Press 



G8 52. 

2.9 II 

70 30 tO 50 

31 9 

71.. 48 

Start with 1 and use a line segment to connect each point with another point,so 
that the numbers joined are in the ratio 1:2. For example, connect 18 to 36 and 
connect 37 to 74. 

IDEA FROM: Aftermath, Book 4 

Permission to use granted by Creative Publications, Inc. 
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SPIDI 

START AT EACH SPIDER AND FIND A PATH TO THE FLY USING EQUIVALENT RATIOS. 

IDEA FROM: PatternsinSpace 

192 Permission to use granted by Creative Publications, Inc. 
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PATIOS 

WE.'o f'Y\Ak(. 
A G-R(AT ••• 
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20 

4 
12. 

..L 
/Lf 

/Ot:o50 6t"o8 15-tb 18 4-to 8 

.32. 
/00 
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10 

5 
15 
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Lf 

10 

12 
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20 
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P.ATIO DOMINOES 

Wanted: 
2 or more players 
Set of ratio dominoes 
1 gallon of enthusiasm 

These are the rules: 

a) All dominoes are placed face down 
on the table. 

b) Each player draws 5 dominoes one 
at a time. 

c) The player drawing the largest 
double (equivalent ratio on both 
parts of the domino) plays it in 
the middle of the table. If no 
player gets a double in the 
first 5 draws all players 
continue to draw in turn until 
someone gets a double. 

d) The next player to the left tries 
to play a domino on the end of 
the double. If a play cannot be 
mad~ the player draws extra 
dominoes until he can play. Play 
continues to the left. 

~ 9 : rl £~I :J I :3 I~ 311 : 8 j 
· ······ ·· ····· ······~·· · · ··· ·· · · ···· · ··· 

: ••••• • • • • : . . • • • • ••• • • •• •• ••• : ••• '!. •• •• : 

This domino can be played on 
either end of the double. 

e) All doubles (except the first) are placed at right angles to give more places 
to play . 

(J) 
•• 

t ~ -,..,.,0 
'i I:~ Ito~ I: 8 

-I«> 

f) The first player to play all of his dominoes is the winner. 



RATIO DOMINOES (CONTINUED) 

CONSTRUCTION HINTS 

a) A suggested size is 3 em by 6 em. 

b) The dominoes can be made from note cards, tagboard, poster board, or scraps 
of lumber. (Perhaps you have a student that would like to cut the lumber 
as an extra project.) 

c) The following are suggestions for a set of 45 dominoes made using the ratios 
1:2, 1:3, 1:4, 1:5, 1:6, 1:7, 1:8, 1:9, 1:10. Of course, you may choose any 
set of ratios that you want. Each is paired with an equivalent ratio to form 
nine doubles. Then each is paired with all other ratios to form the remainder 
of the dominoes. 

d) 

e) 

1 
For each ratio the three ratio notations should be used, 1 to 2, 1:2, and 2' 
and also two equivalent ratios are needed, say 5:10 and 50 to 100. 

Suggested pairings for the 45 dominoes. 

1:2 1:3 1:4 1:5 1:6 

1 1 to 2 1 1 
2 to 8 1 20 2 

2' 1:3, 3 4' 
to 5, 100 1:6, 12 

50 1 3 25 20 6 
100' 3 9' 1 to 4 100' 100 

1 to 5, 1 to 6 36' 1 to 

1 to 2, 
1 
4 1:3, 1 to 5 1:4, 2 1 

1 to 6 10' 1:7 6' 7 to 

7 

56 

3:6, 2:10 1 2 1 4, 1:7 
20 

1 to 8 1 6, 1:9 3' 12 
to 100' to 

1 to 2, 5:30 

1 4 
- -
2' 28 

1 
5:10, 8 

1:2, 1:9 

50 
1:10, 100 

1:7 

1 
l' 1:7 

4 1 
28' 8 

1:7, 1 to 9 

1:7, 1:10 

1:3, 2 to 14 

4 to 12, 1:8 

1 
3' 1 to 9 

1 to 
10 

3 • 100 

1:8 

1:8, 1 to 8 

1 1 
8' 9 

1 to 8, 5:10 

2 to 8, 
3 

24 
6 2:8 54' 

10 
1 : 4 , 100 

1:9 

1 to 9, 2:18 

1 
1:9' 10 

1 1 
1:6, 1 10 5' 9 

to 

1:5, 1 to 10 

1:10 

5 
50 , 10:1oo 
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Rules: 

MONSTER 
RATIO 

You will need the 
Monster Ratio cards 
and 2 or more players . 

a ) The dealer deal s out a l l of the cards , one at a time , to t he p l ayer s . 

b) All players lay down the matches in the i r hands. A match is two cards 
showing equivalent ratios. Some examples of matches are shown. 

A 
..-----, r-~-:=---..., 

ltol 6 
r-----18.-------. 

r:s 

r-=---~D....--_,_ __ 
l. 2:tt8 
12. 

c) When all matches have been l a i d down f r om t he players ' h ands, t he dealer 
draws a card f r om t he hand of the pl ayer t o the l e f t and, using the card, 
tries t o make a match . I f no match can be made , the playe r keeps the card 
in hi s hand . 

d) The player t o t he l eft then draws a car d from the next player , and so on. 

e) The player that finishes the game holdin g the i1onster card is t he loser. 



MONSTER 
RATIO 

( CON''Ft'NUE.O) 
DIRECTIONS FOR MAKING RATIO RUHHY 
AND MONSTER RATIO CARDS. 

a) The deck consists of 54 cards 
with an additional Monster card. 

b) There should be 6 cards for each ratio used, 
3 cards using the 3 ratio notations, and 3 
cards using equivalent ratios. For example, 

1 2 
1 to 2, 1:2, I• 4 to 8, 4, 50:100. 

c) If possible, one of the equivalent ratios should be expressed with 100 as 
the second term as readiness for percent. 

d) The choice of ratios is left to the teacher with these suggestions. 
Perhaps two decks, Ratio 1 and Ratio 2, could be made with 1:2, 1:4, 3:4, 
1:5, 4:5, 1:10, 3:10, 7:10, 9:10 (these all easily convert to hundredths) 
as the first deck, and 1:3, 2:3, 2:5, 3:5, 1:6, 1:8, 3:8, 5:8, 7:8 as the ) 
second deck. 

e) The cards can be made from 3 x 5 note cards. By cutting the note cards into 
1 two 3 x 22 cards you will have convenient sized cards. Blank cards with 

rounded corners may be purchased at the rate of $3 . 30 per 500 cards. These 

cards must be ordered on an order form that can be obtained from: 

Personalized Instruction Center 
NCEBOCS 
830 South Lincoln 
Longmont, Colorado 80501 
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a) 2-5 players are needed. 
b) Each player is dealt 7 cards. 
c) The remaining cards are placed 

face down to form a stack with 
the top card turned up to form 
the discard pile. 

d) The player to the left of the 
dealer draws the top card, either 
from the stack or the discard 
pile. A player must discard each 
turn. 

e) Each player tries to lay his 
cards on the table by: 

1) Making a Type I book of 4 simplified ratios having the same ratio notation. 

I: to I :5 

~peT 
2 ) Making a Type II book of 3 or more cards that show equivalent r a t i os. 

2.. 
8 ..L 

Lf lt.a-4 

3) Playing a card on a Type II book already played by someone e l se . 1:4 or 
3 

12 could be played on the above book. 

f ) Scoring 
1) Score 5 points for the first pe rson to l a y down a ll his cards. 
2) Score 1 point for each c ard l a id down. 
3) Subtract 1 point for each card not l a id down. 
4) Fi rst player t o get 30 points wins the game . 



ANIMAL AGES 

Average Life Span (in years) 

Buffalo - 20 

G 
<0 a:::-

""\Cat - 15 

:;;Jv Elephant - 50 
Chimpanzee - 30 

Write a ratio comparing the average life spans of these animais. Then simplify each ratio. 

a) Buffalo to Rabbit ---
b) Gorilla to Elephant 

c) Chimpanzee to Cat 

d) Rabbit to Buffalo 

e) Chimpanzee to Elephant 

f) The ratio of the average life span of the Buffalo to Man is 1:3. About how many 
years can Man expect to live? 

g) The ratio of the average life span of a Gorilla to a Gerbil is 5:1. About how 
long can a Gerbil be expected to live? 

h) The ratio of the average life span of a Buffalo to a Guinea Pig is 5:1. About 
how long can a Guinea Pig be expected to live? 

i) The ratio of the average life span of a Cat to a Dog is 1:1. What is the 
expected life span of a Dog? 

j) The ratio of the average life spans of a Bat, a Cat, and a Grizzly Bear is 1:3:6. 
About how long is the average life span of a Bat and a Grizzly Bear? 

IDEA FROM: Activities with Ratio and Proportion 

Permission to use granted by The Oakland County Mathematics Project 
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Fill in this 
chart. Guess 
first then 
get the 
actual 
numbers from 
your teacher. 

I. Us e the chart of actual 
numbers to find these 
ratios. If possible 
write each ratio in 
simplest form. 

The r a tio o f : 

TOTAL 

a) Males to females in your class is ___ to ___ or 

b) Students in your class to all students is to or ------
c) Principals to all students is to or -- - --
d) Cooks to ev e ryone in school is to or 

e ) Fema le t eachers to ma l e teache rs is 

f) Female teachers to t otal teachers is 

g) 

h) 

Male cooks to f emale cooks is to 

Ma le principals to f emale principals is 

to 

to 

or 

i) Female s e cretaries to ma l e s ecre tarie s is 

j) All teachers to all students is to 

--- - --
or . -----
or -----

- ---
to or 

to or - - ---
or -----

TOTAL 

Pupil-Teacher Ratio is the c lose st whole number of stude nts for eac h 
t eache r. For example, in a school with 224 students a nd 10 t e ache rs 
the pupil-te ache r r a tio i s 224 to 10 or about 22 to 1. 

k) 

1) 

Fi nd the pupil-te ache r ratio for y our school. 

Find the pupil-couns e l or ratio f o r your s chool. . -- - --



From a world almanac find 

• • • 

ONEMAV 
011£Ye»TE 

(a) the number of senators in Congress ------
(b) the number of representatives in Congress 
(c) the ratio of senators to representatives is 

or about -------- -----

How many senators does your state have in Congress? 
How many representatives does ~our state have in Congress ? 
Write the ratio of senators to representatives in your state ________ _ 
Are the two ratios equivalent? 

In the 94th Congress the House of Representatives has Democrats and 
_____ Republicans. The ratio of Democrats to Republicans is about _____ _ 
What is the ratio of Democrats to Republicans in the House of Representatives 
in your state? 

There are 16 women in the 94th Congress. All serve in the House of Representatives. 
The ratio of >vomen to men is , or about 1 woman for every men. 

The number of representatives each state has is based on the population of the 
state. Oregon has 4 representatives out of 435 or about 1:100. If the population 
of the United States is about 200,000,000 people, approximate the population of 
Oregon. 

Check in the almanac to see how close your approximation is. 

Use 2,000,000 people as the population of Oregon and approxima te the population of 
these states. 

Nu..mbeY of Appr-ox.i ma. te Actu..a.l 
Sto..te. 

Representa:+ives Popu.l a. t ion Popu..lo.tion 

TenYtessee 

Mo.."! VIe 
Mo..ssa..chuse++s 

Nevo.da. 
Co...\ i -For-VI 1 o. 

On a map of the United Sta t es color t he states a ccording to the numbe r of 
representatives. 

1 - 5 
6 - 10 
11 - 15 
16 - 20 

Red 
Orange 
Yellow 
Gr een 

21 - 25 
26 - 30 
31 - 35 
36 - more 

Blue 
Purple 
Violet 
Black 

Can you see an area of the United States tha t has a large population? a small 
population? 
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Use Spirograph rings and wheels for your experiment. 

Look at the patterns below. Can you decide which rings and wheels have been 
used to draw each of them? If you think you know, try drawing them to see whether 
or not you are right. 

Look at the numbers on the ring and wheel for each pattern. Do these 
help you decide what patterns you can get? 

Examine the two rings in the set. Both have 
many numbers on them. One ring has 96 and 144. 
This means there are 96 teeth on the inside of 
the ring and 144 on the outside. Look at one of 
the wheels. The largest number tells you how many 
teeth it has. 

1) Use the 96 ring and the 32 wheel. Draw 
a pattern with it. 

2) How many loops are there on the shape? 

3) How many times must the wheel go around 
the inside of the ring before the pattern begins 
to repeat? 
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\ . 1/ b \ ./vf/ cs ; o?P'i?: Wheelies I~R.in~ 
·; ~~ 1 \ ~ \''(continued) \_) 

Use the information in the table to draw more shapes. Before you start 
drawing, try to decide how many loops the shape will have and how many times 
the wheel will have to go round the ring before the pattern is repeated. You 
select the ring and wheel sizes f or the last experiment. 

96 32 9G :32. 3: I 
-----

96 2.4 ----
96 72.. - ----

105 75 
96 48 

\05 45 
96 56 

Can you explain why you have to go around the inside of the ring a number 
of times to complete some shapes and why a certain number of loops appear? 

(1) Predict how many loops you will get with the 
105 ring and the 60 wheel. Check 
your answer by drawing the shape. 

(2) Use the 96 ring. Which wheel would you use 
to get a shape that has 16 loops if the wheel 
goes around the ring 7 times before the pat-
tern repeats? ____ _ 

(3) Draw some more shapes. Predict how many 
loops each shape will have before you draw it. 

(4) Look at the shape on the right. It was made 
using a 96 ring. By counting the loops, can 
you decide which wheel was used? 



PEOPLE RATIO 

Population density is the average number of people for each square mile of 
land considered. It is computed by comparing the total population to the total 
land area. To make this ratio meaningful to students modified popula tion densities 
can be investigated. 

I. Gather data from the students informally during class discussion. 
a) Find the average number of people per household for the class. Example: 

There are 28 students in the class, each from a different household. Each 
student reports the number of people living at home. These numbers are 
added to obtai n the tota l populat i on, say 105. The ratio 105: 28 is about 
equivalent t o 4:1 or 4 people pe r 1 household. 

b) Find the average number of pets per household for the class. 
c) Find the average number of dogs (cats) per household for the class. 

II. Use local census data and an almanac. 
a) Have students find the population density of their city (county). (Popula­

tion figures can be obta ined from cens us data wh ich is usually f iled in 
city librar ies.) Has the popula t ion de ns ity increased or dec r eased in t he 
last fifty years? What are some of the changes that occur in the community 
when the population increases (decreases)? How are jobs, transportation 
systems and housing affected? 

b) Have students find the popula tion density of their state. Compare this 
densi t y t o the population dens ity of the city or coun t y . Compare the 
dens i t ies of nearby s t ates . Wha t conclus i ons can one make? 

c ) Ask if t he r e a r e students who have v isited or l i v ed i n f orei gn countries . 
Have students make a chart of these countries which includes the population , 
area and population density for each country. 

Country Popula tion (1970) Area (s q. mi l es ) Population Densit y 

u. s. 203 , 235 , 298 3 ,536 
203 ---+ 

4 
51 people 

1 s q. mile 
Canada 

Mexico 

Compare and discuss the population density of the dif ferent countries. 
What problems r esult from high popula tion density? 

III . Have s tudents use the a lmanac t o find t he birth r a t e for the fo r e i gn count ries 
lis t ed i n II. (c ). 
Does t he birth r ate have any rel a t ions hi p to the population density? What 
eff ect s does the "population explos ion" have on population dens_ity? Why do 
some countr ies have higher birth r ates than others? 
Discuss the "population explosion" problem. Predict the populat ion of various 
countries by the year 2000. How will t he predi c t ions affect the population 
dens i t y? 
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SURFACE AREA & RATIOS 1 

~ACE 

Materials needed: A set of 125 centimetre cubes 
~~-[OGE 

Activity: 

CD a) 
b) 

Use 1 cube. Call it the unit cube . 
How many faces on the cube? 

2 c) Each edge is 1 em, so each face is 1 em by 1 em or 1 
2 

em . 
d) 

b) 
c) 

The unit cube has a surface area of x 1 em or 

Build a model of a larger cube, so all edges are 2 em. 
You should have used 8 cubes. 
What is the area of each face? 
What is the area of this cube? 6 x or ____ _ 

~ Continue to make larger cubes with edges of 3 em, 4 em, 

'l. 
em . 

5 em ... until you run out of cubes. Find the surface 
area of each cube and record it in this chart. See if you 
can finish the chart up to a cube that has an edge of 10 em. 

~Predict the ratio of the surface area of a large cube to the 
surface area of the unit cube if the large cube has an edge of: 

a) 20 em 

b) 12 em 

c) 1. 5 em 

d) n em 

IDEA FROM : New Oxford Junior Mathematics, Book 5 

Permission to use granted by Oxford University Press 



SURFACE AREA & RATIOS 2 

Materials: A set of centimetre cubes (at least 200) 

Activity: 

MODEL 
I 
2 
3 
4 
5 
6 

MODEL 1 

CD a) Make a 3 x 2 x 1 model from the cubes. 
b) Each face of each cube has a surface area 

c) 

d) 

b) 
c) 

d) 
e) 

area of 1 
'L 

rm 
The model has 6 faces. What is the surface area of the 

2 
bottom? 

2 
front? 

2 
top? em ' 

em 
' 

em 
2 2 2 ' 

back? em ' 
left? em 

' 
right? em 

The surface area of the entire model is 
2 

em 

Enlarge Model 1, so it is twice as long, twice as wide 
and twice as high. 
Model 2 is now x x 
In Model 2 what is the surface area of the top? 

bottom? cm2 , front? cm2 , back? 
2 

left? em , right? cm2 

of Model2is 2 em . 

2 
em , 

The surface area 
The ratio of the surface areas of model 2 to model 1 
is or 

2 
em , 

@a) Enlarge Model 1, so it isthree times as long, three times 
as wide, and three times as high. 

b) 

c) 
d) 

Model 3 is now x x 
2 

The surfa~e a r ea of Model 3 is em . 
The ratio of the surface areas of Mod e l 3 and Model 1 
is . or ---- ----

Use the results of Surface Area & Ratio 1 to complete this chart 
for models that have dimensions 4 times the dimensions of Model 1; 
5 times; 6 times. 

SIZE 
3 x2 X I 
bX 4- X2 
qx~x3 • • • 

• 16 • • 
• • 

® Can you predict the ratio of the surface a r ea of a mode l with 
dimens ions that are 10 times the d i mensions of Mode l 1? ___ __ 

that a r e n time s the dimensions of Mode l 1? ____ __ 

IDEA FROM: New Oxford Junior Mathematics, Book 5 

Permission to use granted by Oxford University Press 
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VOLUME AND RATIO 1 

Materials needed: A set of centimetre cubes. 

(][)Use a centimetre cube as the unit cube. 
3 cube is 1 em x 1 em x 1 em = 1 em . 

® Make 3 different models: 

a) one twice as long as the unit cube. 

b) one twice as long and twice as wide 

6) 
The volume of this unit 

as the unit cube. 

c) one twice as long, twice as wide and twice as high as the unit cube. 

® 

DIMENSioNS 

2 X 1 X 1 

2 X 2 X 1 

2 X 2 X 2 

Make 3 different models: 

d) one three times as long as the unit cube. 
e) one three times as long and three times as wide as the unit cube. 
f) one three times as long, three times as wide and three times as high as the 

unit c ub e . 

DIMENSIONS 

~ Make 3 differ ent models: 

g ) one four times as long a s the unit cube . 
h) one four times as long and four times as wide as the unit cube. 
i) one four times as long, four times as wide and four times as high as the 

unit cube. 

ModEl DIME.NSIQ\15 Vol (cr"l 3) 

® 

210 

The Jones have a swimming pool that is 2 metres deep, 4 metre s wide a nd 7 
me t res long . Mr. Smith, who lives next door , wants to build a l arger pool. 
How many times a s much wa t er will Mr. Smith need if he builds a pool t wice 
a s long and twice as wide ? 

IDEA FROM: New Oxford Junior Mathematics, Book 5 

Permission to use granted by Oxford University Press 



Materials needed: A set of centimetre cubes 

Activity: 
(l) a) Use the cubes and~make this model. 

b) The volume (in cmJ) of this model is 

(2) Make 3 models: 
a) One twice as long as Model 1. 
b) One twice as long and twice as wide as Model 1. 
c) One twice as long, twice as wide,and twice as 

high as Model 1. 
MODEL 1 

0.. G 

b 

(3) Make 3 more models: 
d) One three times as long as Model 1. 
e) One three times as long and three times as wide as Model 1. 
f) One three times as long, three times as wid~ and three times as high as 

Model 1. 

~-) Compare the simplified ratios 'dth the simplified rc1tios in Volume and Ratio 1. 
5) If the simplified ratio of the volumes of a m.odel to Model 1. is 16:1, how 

many of the dimer,sions are four times larger them Model 1? 

IDEA FROM: New Oxford Junior Mathematics, Book 5 

Permission to use granted by Oxford University Press 211 
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Materials needed: Construction paper, scissors and 
paste, glue,or tape. 

Activity: (1) Copy this pattern on the construction 
paper. Cut it out and fold it on the 
dotted lines to make a cube with each 
edge 2 em long. 

(2) Use a simila r pattern and make 3 
cubes with edges of 1 em, 4 em 
and 8 em. 

(3) Make a table like this and write 
the s implified ratios of l engths 
of the edges, areas of the faces 
and volumes of the cubes. 

I em to 2cm 2cm to 4cm 4cm to 8cm 

Len9th of' edge.s 
Area. of fa.ces 
Volume of cubes 

(4) 

( 5 ) 

I : 2.. 

I :4 

Make cubes 
s im]2lified 
edges of 1 

Compar e the 

Do you s ee 

and a chart to show the 
ratios of 3 cubes with 
em, 3 em, 27 em. 

1 em cub e t o the 4 em 
1 em cube t o t he 8 em 
2 em cube t o t he 8 em 

any patte rns? 

IDEA FROM: New Oxford Junior Mathematics, Book 2 

Permission to use granted by Oxford University Press 

cub e ; 
cube ; 
cub e . 
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RATIO: RATIO AS A REAL NUMBER 
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I~ SPECIAL RATIO HI i~LL S'}U{\RES 

All 
I I 

sq_uo.res a.re +he so.me shape 
I 

I 

A If sq_ua.res a.re1sirYitiQr D 0 
Mnterials needed: Metric ruler and centimetre (or T em) grid paper.~de~ 

dia~ona.l 
Activity: (1) On the centimetre grid paper draw a square 4 ern on a side. 

Side. 
(em) 

1 
2 
3 
4 
5 
6 
7 
8 

Measure the diagonal of the square. Did you get about 5.6 ern? 

(2) Draw a square 7 ern on a side. Measure the diagonal. Is it 

about 9. 8 ern? 

(3) Draw squares with the sides shown in the table, and measure 

the diagonals. 

Record the results on your paper. 

Dia.gona.\ 
~ 

Simp\ I tied l<a..+io ot 
[cvn) dia.qona.\ +o ~\de ~a.tio 

1 
__ 1_ 

: 1 
5.6 S.6:4 1.4 : 1 

: 1 
: 1 

9.8 9.8:7 : 1 
1 

(4) For each square write the ratio of the length of the diagonal 

to the length of the side. Then simplify each of the ratios 

by dividing the length of the diagonal by the length of the 

side. 

(5) The simplified ratio is always about :1. This means the 

diagonal of a square is about times the length of a side. 

(6) Use the above fact to find the length of the diagonal of a 

square if the side measures 
(a) 1. 5 ern (d) 3.8 ern 

(b) 1.8 ern (e) 5.7 ern 

(c) 2.5 ern (f) 6.5 ern 

Check these by drawing the squar€s and measuring the diagonals. 

Challenge: What is the length of a side of a square if the diagonal is: 

(a) 1. 4 ern? (b) 4.2 ern? (c) 7 ern? 

IDEA FROM : New Oxford Junior Mathematics, Book 3 

Permission to use granted by Oxford University Press 



DIAGRfoJVI A Materials: Metre stick, cans of varyi~g 
diameters, rolls of tape, small wheels, 
string or paper to wrap around objects 

Procedure: 
1. Place the metre stick on a level surface. 
2. Measure the diameter of a can by placing it on the metre 

stick. Record on the chart. (See Diagram A.) 

DIPGRAM 8 3. Wrap string or paper around the can one time and measure 
the length of the string or paper. 

4. Record the measurement in the chart. 
5. Carefully roll a can along the metre stick for one 

complete turn to check for accuracy in step 3. (See 
Diagram B.) 

6. Complete the chart. Use a calculator to find the values 
correct to two decimal places. 

In which column are the numbers nearly the same? 

If you were careful in carrying out your experiments,you found that 
the circumference (length of the string) divided by the diameter of the 
can is about 3.1 or 3.2. This can be expressed as the ratio, 
circumference : diameter = 3.1:1, which is approximately 3:1. 

To represent this ratio we use the Greek letter TI (pi). n is pronounced 
"pie." 

TI cannot be exactly expressed as a decimal, no matter how many decimal 
places are used. 

n is approximately 

IDEA FROM: Math Workshop, Level F 
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DI.ACAAM:I DIPGRAMII 

1. 

:11. 

J!L. 

fl· 

Draw a circle with a radius of at least 6 em. Mark between 
on the circle any distance apart. They need not be equally 
the points with lower case letters. (See Diagram I.) 

8 and 15 points 
spaced. Label 

Connect consecutive points with line segments. 
the length in millimetres next to the segment. 
total in the top part of the table below. (See 

Measure each segment and record 
Add the measures and record the 
Diagram II.) 

Record the di. <:trneter of the circle in rnillimetres. 

Outside the circle draw line segments that touch the circle only at the points 
you have already marked (a, b, c, etc.). Label with capital letters the points 
where the line segments cross. You should have the same number of capital 
letters as lower case letters. Measure each new line segment and record its 
length as before. Add these measures and record in the table below. 
(See Diagram III.) 8 : :~P<::ord the diameter of the circle in rnillirnetres. 

Total of measures of segments inside of the circle 

Total of measures of segments outside of the circle 

Compute: 

Average of totals 

Average of totals 
Diameter of ci r c le 

Repeat the experiment with a larger circle. 

IDEA FROM : Math Workshop, Level F 

compute the 
average, add 
the two totals 



Purpose and Use: 

This activity provides the student with an alternative and historical method 
for approximating n. In addition, the activity could be used as an exercise 
for measurement with a ruler. A calculator would facilitate the computation. 

Suggested Procedure: 

After the activity, introduce the t e rm circumference as the distance around 
the circle. Some s ample discussion quest i ons could be: 

1) Do you understand why the circumference is smaller than the total of 
outside measures and larger than the total of inside measures of segments? 

2) Is the average of totals a good approximation to the circumference? 
3) How does the number of points on the circle affect the accuracy? 

Content : 

. average of tota l s The ratlo d. f . 1 closely approximates the ratio 
lameter o Clrc e 

ci~cumferenc~ 0~ a ~ir~le, which is about 3:1. The Greek letter TI is used to 
iameter o t e clrc e 

circumference 
exp r ess the r a tio s i nce the r a tio is a constant and cannot be diame t er 

exact ly expres sed as a f r action or dec imal . 

Historical Facts & Curiosities: 

1) Archimedes (28 7-212 B. C.), a great mathematician and scientist of 
anci ent Gr eece, used a me thod s imilar t o the one per fo rmed by t he 
s tudents t o es t i ma t e tha t TI was between 3 .140845 and 3. 142857. 

2) I n Chi na Tsu Chung-Chih (470 A.D.) gave TI = 3.1415924 which i s correc t 
to seven decimal places. 

3) Today with the help of computers TI has been found to more than 500,000 
pl aces . n correct t o twenty p l ac es is 3.14159265358979323846. 

4) The s ymbol TI was fi r s t used i n the 17th century . 
5) I n 1873 us i ng a fo rmula and ma king t he computa tions with paper and pencil 

Wi lliam Shanks of Engl and computed p i t o 707 decimal p l aces . His r epre­
senta t ion of pi was used until 1948 when two men, using a c omputer , 
discovered that Shanks had made an error in the 528th decimal place. 

3. I 4 I 5 Cf 2' 5 
6) Another met hod is to set TI t o music . The music shown abov e repr esents n 

i n the key of C, with F having a value of 3 , D the value of 1, and so on . 

An excellent source for informat ior_ about TI i s !_.-_ His tor,y__.2.i__~ by Pe tr 
Beckmann pub lished by the Golem Press . 

IDEA FROM : Math Workshop, Level F 
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I METRE ~UARE. 
CLOTH 

A 
8 

c 
D 

E. 

F 
c;. 

~ 

l 
3" 

Equipment: 
10 toothpicks 
1 metre square cloth 

Mark the cloth with parallel 
lines. The distance between 
the lines should be twice 
the length of a toothpick. 
The cloth will keep the 
toothpicks from rolling. Total 

number 

T 
Total 
number 2-4 people of picks of picks 

dropped touching 

I IOO D 
I I c:oo D 
I I 300 D 
I I 400 D 
I I I 500 D 
I I I ~00 D 
I I I 700 D 
I I I I sec D 
I I I I 900 D 
I I I I ]000 [ I 

1,..------, 

Pla ce the c loth on a f l a t surface . Se l ect a person to r ecord the data a nd one to 
drop the picks. You may wish to exchange posit i ons. 

l. 

JI. 

m. 

218 

Hold the 10 toothpicks a metre above the cloth and carefully drop them. Repeat 
this t en times. Each time record in Chart A the numb er of toothpicks touching 
or cros sing a line. Total the number of picks touching and r ecord in Column T. 
Divide 100 by this total. Round to two decimal pla ces and r ecord in Column R. 

Repeat the experiment. Recor d i n Chart B. Total the numbe r of picks touching 
and add this to the previous total of toothpicks touching. (See Column T.) 
Record the new total in Column T. Divide 200 by this total and r ecord in 
Column R. 

The r a tio Tot a l toothpicks dropped : Tota l t oo thpicks t ouching a line s hould 
a ppr oxima t e n whos e v a lue is about 3 .14. Cont i nue the exper i men t and check 
the r a t io af t e r ea ch trial. In 1901 Lazz er ini, an I talian, found n correct 
to 6 decimal places or 3.141592 from 3408 drops. 

IDEA FROM: Exploring Mathematics on Your Own 

Permission to use granted by Donovan A. Johnson and John Murray (Publishers) Ltd. 



I nvesti9o-.t(oh I : 
A) Hake a sequence of counting numbers by selecting two numbers and writing them 

in the first two blanks below. Each number after the first two is obtained by 
a d.ding the two previous numbers. 

5 7 12 19 
' (5 +'7) ' ( ( + 12) 

~xo.mple: 

Choose you~r owY'I number-s. 

---' --- ' -----, ___ , .. 
H) Now us e the sequence above to wri te a sequence of ratios. The ratios are 

obtained by comparing each number to the number on the right. 

If you used: 5 7 12. 19 ) ... 

5 7 1'2 
12:"" T9 TVIe v-o..tios axe (I) 7 (2) ' (3) ) . . . 

(I) ' (2..) ' (3) ' (4) ' (5) ' (G) (7) , (B) 

(9) ' (10) ) (ll) ' (\Z) '(13) '(1~--

C) Use your cal cu lat o r to ch an ge each r a tio to a decimal. 

I. 8. 

2.. 9. 

3. 10. 

4. I \. 

5 12. 

G. t3. 

7. t4-. 

D) What do you notice about t h e sequence o f ratios ? 
E) If e ach deci ma l is r ounde d t o t hree places, the r at ios get close to wha t 

numbe r? 

F) Pick two different numbers and repeat the steps. What do you notice about 
this sequenc e of ratios? 

G) Suppose your frie nd picks 
get a seque n ce of r a tios. 
ma l s , what n umber do the y 

any two counting numbers and repeats the ste ps t o 
If the se r a tios a r e writte n a s three pla c e deci­

ge t close to? 
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Investigo.t·,on TI: (CONTINUED) 
A) Make a s equence of counting numbers by selecting thre e numbers and writing 

them in the first three blanks below. Each number after the first three is 
obtained by a dding the three previous numbers. 

Exo.mple: 5 7 2. 14 2.3 
'(5+7+2)' (7+2+ \4Y 

Choose youY own Y\umbev-s. 

---, 

---, ---, ---, .. 
B) As in Investigation I, write a sequence of ratios by comparing each numbe r 

the number on the right. If' yo\..J.. \...lSed: 5 7 2.. 14-

s 7 
Tne ro..ti OS a.re: (I) -=,- ,(24 -y- ,(3) 

(l) ) l2) 
' 

(3) 
' 

(4) 
' 

(5) 
' 

(G) ) (7) ' (8) 

(9) ) (10) } 
(II) , (12) , (13) ) (14) 

C) Use your calculator to change each ratio to a de cimal. 

220 

(. I 8.-------------
~ z. i 9. ____________ _ 

3. jlo. __________ _ 
I ' 

I 4. i " · ----------
! :- 112. 

~-------·----1~---------
D) \fuat do you notice about the sequence of ratios? 
E) If each decimal is ro1,.1nded to three places, the ratios get close to what 

n umber? 
~ ) Pick three different numbers and repeat the steps. What number do these 

ratios get c l ose to? 

to 

) . 
2 
~ 



RABBITS) PLANTS AND RECTANGLES 

Agnes, Betty, Carol , and Diane are competing in a beauty 
contest. You are the judge. \\Tho has the best shape? 

. Use a ruler to find each girl's -"'-...,"" 

in millimetres. Complete the table. Divide -the. measurements 

rthbythe 
~ 

Length Ro.ti o of 
length a.nd 

Contesta.VIt Width ~express a.s / (hei9hi) +cwig:~h 
.J . I a. three-

AG~ES . 
. 1/pla.c.e 

BETTY ; :I deci rna.\. 

CAROL . : l 

D\At-JE ; : I 

Is the ratio of Diane's width to height about .618:1? 

The ratio .618:1 is called the Golden Ratio. In a rectangle if the ratio of the 
width to the height is the Golden Ratio the rectangle is a Golden Rectangle. Many 
examples of the Golden Rectangle can be found in both art and architecture--the 
United Nations building, the Parthenon at Athens. Find pictures of these buildings 
and check to see if they are Golden Rectangles. Can you find examples of Golden 
Rectangles in the classroom? 

221 



RABBITS) PLANTS AND RECTANGLES 

Can you make a Golden Rectangle? 

First, draw 
a 4 em square. 

Extend side AB 
and mark point 
F so that EF is 
the same length 
as segment CE. 

:o: 
A 4 B 

D,-----,. 

A F 

To check your drawing, find the ratio: 

Next, locate point E, DOC 
the midpoint of segment 
AB. Join C to E. 

A 2.E 2.B 

Complete the 
rectangle. 

length AD 
length AF c:.nd express it as a three-place 

decimal. 

Write the ratio: length BF d it 
length CB an express 

as a three-place decimal. ~fuat can you 

say about rectangle CBFM? 

The circle to the left has five equally 
spaced points marked on it. 

Join points A and D, D and B, B and E, 
E and C, C and A. You have just drawn 
a five-pointed star. 

A 
Locate the point where line segments 
EC and AD cross and label it T. 

222 

Measure the segments TD and AT. Find 

h . TD d l.t t e ratlo AD = ---- an express as a 

three-place decimal. \\That do you 
notice? Do you see a ~vay to draw a 
smaller five-pointed star? 
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In 1973 the ratio of juveniles to adults prosecuted for burglary was 11 to 

9. This ratio can be represented by any of the pairs of numbers in the table 

below. These pairs of numbers are called equivalent or equal ratios. 

Juvenile Adult 
Burglars Burglars 

11 9 

22 18 

33 27 

44 36 

''It ~5 herte1 \ you. htve permMentl ~ I ost ~ut" 
prcture - -the fYlidnite A1o.rtrorY\.' '' 

A proportion is a statement of equality between two ratios. Here are two 

ways of writing a proportion: 

a:b = c : d or 
a c 
- = 
b d 

These proportions are both read as "the ratio of a to b is equal to the ratio 

of c to d." Sometimes the expression "a is to b as c is to d" is also used. 

INTRODUCING YOUR CLASS TO PROPORTIONS 
Two equal ratios contain 4 numbers. When 3 of these numbers are give~ it is 

possible to determine the fourth number. For example, using the ratio of juvenile 

to adult burglars, 11 to 9, how many juvenile burglars would there be for every 

90 adult burglars? Your students will be able to answer this question by extend­

ing the above table to the tenth row, which is the row containing the 90 adult 

burglars. Most students will understand this use of tables, and given any 3 num­

bers, they will be able to use multiples of a given ratio to find the fourth 

number of the proportion. 

Proportions occur naturally when 
Cost Number of 

dealing with rates. Here's a familiar in Cents Kilowatt Hours 

kind of question. If the cost of elec- 3 2 

tricity is 3 cents for 2 kilowatt hours, 6 4 
9 6 

how much will 8 kilowatt hours cost? 
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COMMENTARY PROPORTION 

Your students will find a variety of ways to answer such questions. Here 

are a few examples of sound reasoning which all produce the correct answer • 

I used. -this -to..ble. 
-to show -the cost 

is 12 cen-ts . 

Kilowatt 
Hours 

.I Know -f:hcrl: 8 Jdlotooi:t hoUf"S 

is -four ·times a.s 9'"'eo..i Cl.S 

2 k.i 1oUJ0t1: hcxJrs. 
-the cost~ 8 ~10\Mrlt 

IS 4-tim~ 3f.. or 
r2¢. 

You may wish to have your students graph some rates. These graphs will 

always be straight lines if the rate stays constant. The following graph shows 

the rate of 3 cents for every 2 kilowatt hours. Some of your students will be 

able to use this graph to determine the cost of 5 kilowatt hours. 

18 

I? 

t-JUMB£12. 12 

OF CENTS 
q 

<0 

3 

I / 

/ 
v 

/ 
v 

I 

i v I 

./ 

/ 
/ 

~ 
/ 

v 
/ 

v 
2 3 4 5 b 7 8 q 10 II 

NUMBER OF KILOWATT )-lOURS 



COMMENTARY PROPORTION 

A TEST FOR EQUALITY 
When a proportion is written in the form a:b = c:d, the first and fourth 

numbers are called the extremes,and the second and third numbers are called the 

means. Two ratios are equal whenever the product of the extremes is equal to the 

product of the means. 

a..:b=c:ci whenever o...d.:: be 
t ~ J 

t:"XTIZGM~S 

When the proportion is expressed by fractions,we have: 

0.._ 

b 
G 

d wheneVe'r ad.= be 

The products ad and be are commonly called cross products. Students can 

_ba~.£_d remember this with the following aid. ~ 

The test for equality of ratios is 

useful for finding the fourth number of 

a proportion when 3 of its numbers are 

known. Here is a typical rate problem 

which can be solved by using cross pro­

ducts. The Boeing 747 has a cruising 

speed of 595 miles per hour. How long 

will it take to travel 1500 miles at 

this rate? 

It will be instructive for the students to try solv­

ing this problem with a list of numbers. The student will 

be able to see that the answer is between 2 and 3 hours. 

Some students will estimate that the answer is close to 
1 22 hours. 

Hours 

1 

2 

3 

Miles 

595 

1190 

1785 
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COMMENTARY PROPORTION 

Letting T be the unkno~~ time, the given information can be expressed by 

the following equation. It must be emphasized to the student that the ratios 

are hours to miles on both sides of this equation. 

1 T 
595 1500 

Using cross products, (1) x (1500) = 595T, and so T = 2.52. 

It is somewhat remarkable that proportions can be set up in so many d:ittere:n t 

ways and still produce the correct answer. Look at the examples below. The same 

value of T = 2.52 satisfies each of the equations. 

~ 
(- 1 hr. T hr. e95 mi. 1500 mi. 595 mi. 1 hr. 1500 mi. T hr. = = = = 595 mi. 1500 mi. 1 hr. T hr. 1500 mi. T hr. I 595 mi. 1 hr. 

li 
~ 

Could we use the expression 1 hr. 1500 mi. to solve this problem? If we 
595 mi. T hr. 

examine the cross products 1 hr. x T hr. and 595 mi. x 1500 mi.~we see the unit 

of measure in the first product is hr. x hr. and in the second is mi. x mi. The 

units of measure of the cross products are not the same; we cannot use the expres­

sion above to solve the problem. 

Often students try to apply proportions without noticing the units of measure 

given in the problem. Consider this problem: "A worn. travels 12 em every 4 seconds. 

How many metres does he travel in 48 seconds?" A student might set up the prob-

lem 
12 y 

as-z; = 48' ignore the units and give 144 as the answer. If the units are 
12 em Y m included and their cross produc t s checked, 4 it can be seen that 

sec. 48 sec .' 
em x sec. is not the same. as s e c. x m. The problem can be solved by changing 12 em 

to metres or by finding an answer in centimetres and t hen converting it to metres . 

• 12m 
4 sec. 

y m 

48 sec. or 
12 em 
4 s ec. 

y 
where 

100 
the number of metres . 

Being conscious about the units of measure will not guarantee that the pre­

portion is set up cor r ectly . A student might try to s olve the airplane prob l em 
' , b h h T hr. 595 mi. ui s cuss ea a ove wi t . t .is proportion: The units of the cros s 

1 hr. 1500 nd. • 
products are the same,but this is certainly not a correct proportion . To avoid 

this confusion teachers of t en have students forrr1 proportions in a s t anderd way, 

s ay miles to hours on both sides of the equa tion. 



COMMENTARY PROPORTION 

Suggested Exercises 

Some interesting proportion problems can be solved by using cross products. 

If your students use the Guinness Book of World Records, they will find that fre­

quently three of the four numbers of a proportion are given. 

The numbers in the Guinness Book 

of World Records may be too large for 

some of your students. These propor­

tion exercises from the student page 

Petite Proportions 2 contain some 

common rate questions with smaller 

numbers. 

9) 2 pantsuits for $35. 
7 pantsuits for 

11) Car goes 10 km on 2 litres of gas. 
Car goes km on 16 litres 
of gas. 

There are many interesting proportion ideas and applications in the classroom 

materials. Here are a few examples: measuring heights of objects by using 

shadows; determining gear ratios on 10-speed bikes; using the Golden Ratio; plac­

ing weights on balance beams or teeter-totters; computing driver reaction times 

and braking distances for cars; using money exchange tables; and comparing your 

weight and height to standard growth charts. 

I NEQUALITIES OF RATIOS 

There are times when it is useful to determine the greater of two ratios. 

2 out of 5 households watched the Super Bowl. 

1 out of 3 households watched the World Series. 

7 out of 25 households watched the Riggs-King Tennis Match. 
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COMMENTARY PROPORTION 

One way to compare two ratios is to write them in fraction notation and find 

the greater fraction. Since i is greater than }, more households were tuned into 

the 1973 Super Bowl than the 1973 World Series. Another approach is to represent 

each ratio by a real number. Since 2 ~ 5 = .4 and 1 ~ 3 ~ .33, the Super Bowl had 

the greater audience. How did the T.V. audience for the Riggs-King Tennis Match 

compare with that for the World Series? 

You may have noticed that in the above examples the ratios were used to corn­

pare part of a set to the whole set. The following examples 

use ratios to compare disjoint sets. 

For every 8 men there were 5 women who watched the Super Bowl. 

For every 5 men there were 4 women who watched the World Series. 

For every 9 men there were 11 women who watched the Riggs-King Tennis Match. 

Was there a greater ratio of men to women watching the Super Bowl or the World 

Series? To answer this question we may use the same approach as above. The 

ratio 8 to 5 is greater than the ratio 5 to 4 because f is greater than Z· 



COMMENTARY PROPORTION 

Let's use our test for proportion to determine the cost per ounce of the 

69¢ package of Complete Buttermilk Pancake Mix. 

L.jOoz. _ I oz.. -~Cfcents Ycer1ts 

By cross products, 40y = 69,so y = 1.7¢. In a similar manner we can find 

that the cost per ounce of the 85¢ package is 1.5¢. The contents of the first 

package sells for 27¢ per poun~and the second package sells for 24¢ per pound. 

How does the price per pound of the Variety Baking Mix compare with the price 

per pound of the Buckwheat Mix? 

There is an abundance of practice with proportions in computing unit prices. 

Your students could collect information (prices and weights) of different brands 

for unit pricing comparisons. Using a calculator will simplify the computations 

and allow students to focus on the proportions and comparisons. 

For additional ideas in using proportions to compare rates see Proportion 

Projects to Pursue in the section PROPORTION: Application. 
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PROPORTION: GETTI NG STARTED 

TITLE 

I Like Your Form 

Prop or Shun 

As the Square Turns 

Getting Bullish on 
Proportions 

The Bob and Ray Show 

We Must Work Together 

An Extreme Tool 

The Solvit Machine- - A 
Top Proportion 
Cal culator 

Desk 

Personalized Proportion s 

Pet i te Proportions 1 

Petite Proportions 2 

Did You Know That 

A Stewed Surprise 

Counterexample 

PAGE 

23 2 

233 

234 

236 

237 

240 

241 

242 

243 

244 

245 

246 

247 

248 

TOP I C TYPE 

Recognizing Paper and pencil 
equivalent notation 

Generating Paper and pencil 
proportions 

Recognizing Activity 
proportions 

Multiplication method Paper and pencil 
Activity 

Geometric model Activity 

Cross products method Paper and pencil 

Cross products method Paper and pencil 
Puzzle 

Cross products method Activity 
Manipulative 

Solving pr oportions Paper a nd pencil 

Solving proport i on s Paper a nd pencil 

Solving proportions Paper and pencil 

Solving proportions Paper and pencil 
Puzzle 

Solving proportions Paper and pencil 
Puzzle 

Recogniz i ng incorrect Paper and pencil 
proport ions Puzzle 
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:l: ~=#:6. 

/fo 3-=2-to{,. 

3~=/-t.2.• 

~ YOllt9 
.J 

E-:!:1:.. • 
3 6 

~ Use line segments 
to connect the dots 
that name the s ame 

proportion. 

The result is startling ! 

• g _J_ 
,- 2. 

0 "3'6:1b=5to/O 

Write the other forms for these proportions. 

Ll - 12 
5 - 15 

2io2 =6to I 

232 

se the f our number s 2 , 6 , 9 , 
a proportion . Then write the o t her forms . 

Did you ge t t he same propor t ion as your 
ne i ghbor ? Compare and s ee . 

Can you make another propor t i on from 
the four numbers? 



SIIIJUJN[ 
In order to introduce or diagnose a student's concept of equivalent ratios, 

one could approach the subject intuitively. The presentation of various methods 
of checking for equivalent ratios can come later. Students need to be shown 
equivalent ratios in various forms such as 2:3 and 6:9, 1 to 5 and 4 to 20, or 
3 6 
4 and s· 
A first activity might be as follows: Several pairs of ratios can be written with 
open frames. The student fills in the frames with the appropriate value and deter­
mines if the ratios are equivalent. For exampl~ let: 

Set up several pairs of ratios, 

D 
0 

6 
0 

) O:Oo.Nd. 0=6 
0=4-

0=12 

6=8 

0=6 and ask the students to determine which pairs are equivalent. 

The ac tivity could be done as a student worksheet or as a class activity on 
the overhead. 

A second activity might be to present students with one of the ratios and ask them 
to supply an equivalent ratio. 

For example let: a = 
b 

c = 
d 

3 

5 1. 
9 2. 

15 3. 

Sample questions could include: 
a 

What ratio is represented by b? 
Write a ratio equivalent to the above ratio. 
Represent this ratio using the letters. 

Write a ratio equivalent to ~ c---
b 
d 

_ _ _ ; etc. 

At this time you may also wish to acquaint students with the t erminology 
"a is to bas c i s to d." 

A third activity could then ask students to supply pairs of equivalent ratios 
given four numbers. 

For example : 
Use the numbers 1, 12, 4, 3 and write as many pairs of equivalent 

ratios as you can. 

Extension: Have students write 3 equivalent 
ratios us ing these numbers . 2, 9, 
6, 3, 4 (The numbers may be used 
more than once .) 

IDEA FROM: Similarity and Congruence 

Permission to use granted by Oakland County Mathematics Project 233 



(1) Make a square. Label it like this. D 15 

(2) Fl i p the square over and l abel the back l i ke this. 
5 I I 

I 
I 
I 
I 

15" I 3 I 

(3) Look at the original square. See two ratios 
1 

and 
5 Do the ratios form a 

proportion? (Yes or No) 3 15' 

0 D 
5 15 
- = 

(4) Rotate the original square. Yes 1 3 

Ratios 
5 15 

Proportion? 

are 1 and 3' 

15 3 0 D (5) Rot a t e again. Ratios 5 and 1· 
Proportion? 

r 

(6) Rotate again. 0 D 01 

Proport i on? 

(7) Flip the original square. 
s Proportion? 

3 15 

~ 

(8) Flip the original square. Proportion? 

(9) Flip the original squa r e . Proportion? 

' 
(10) Flip the original s quar e . 

''r-,---r:--., ,, ~ 

' D Proport i on? 

-
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(CONTI t'JUED J 

Similar activities can be developed using a hexagon, octagon, etc. A general 
form can be generated using non-zero values to a, b, c, etc. 

o.6 6c 

c.d cd 

def 

a.bcd bcd'v1 

o.bce. cdgh X 

a.bte d.Pgh X 

Qgfe d'gh 

In the example on the student page 
a = 1, b = 1, c = 5, and d = 3. 

• • 

• • 

• • 
X 

X 

• • 

Using the six rotations and six 
reflections of a regular hexagon, 
twelve proportions occur. The 
placement of the numbers that 
form the proportion are shown in 
the second diagram . 

Using the eight rotations and 
eight reflections of a regular 
octagon, thirty-two proportions 
occur in each position of the 
octagon. The placement of the 
numbers that form the proportion 
are shown i n the s econd diagram. 
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Some proportions can be solved by multiplying. Study these examples. 

0~- 0 ® ~ _ £ ®Lt To 0 = s -ro 18 ®o : ro = 9: z. 
28- 0 s - 15" 

3x 

B•---2 ·4-

£8 .• :::_ [1] ><4 

~·4---~ _§_ 
'2.x ~---=-~18 

D•.:-g ~'3 
b•-=--2 ~3 

Solve the proportions to discover the answer to this feed problem. 
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IF PAPA BULL (1200 POUNDS) CAN EAT 80 POUNDS 

OF HAY IN 4 DAYS, AND BABY BULl (2.00 POUI\lDS) 
CAt-J EAT 80 POUNDS OF ~AY \1\l 2 4 DAYS, 1-\0W 

LOI\lG wiLL IT TAKE MAMA BULL (GOO POUNDc:;)) 
TO EAT 80 POUNDS OF" HAY? 

3 B 
-=-

7 5 25 

U TO 8 = 25 TO 40 

9 TO 8 = G3 TO H 

3:8 = I: 24 

~ 12 3 9 
-=- -=-
5 20 T l2. 

7 TO 0 = 28 

32 TO ~0 = R TO 

9:7=27~M 



THE BOB AND RAY SHOW 

This activity uses geometric models to determine equivalent ratios and can be 
used to solve simple proportions. Using the included script, taping the lesson in 
advance and/or having students present 'the l esson could provide a unique experience 
f or your class. 

Included in this activity are (1) a teacher page indicating the steps used to 
determine if two ratios are equivalent, (2) a transparency master for a demonstra­
tion of these steps, (3) a sample script that could be used with the demonstration 
and (4) a student page to follow up the activity . 

A. Is the ratio 1~ equivalent to the ratio i? 
Use two rectangles that are the same size. Divide one vertically and one hori-

5 2 
zontally as shown and shade the appropriate parts, 10 of one and 4 of the other. 

B. 

Place one rectangle 

on top of the other 

and draw i n t he 

dividi ng l i nes of 

each rectangle on 

the other. 

Slide the r ect-

angl es apart and 

r estate the r a tios 

i n t e rms of t he 

new s ubdivi s ions. 

S . 5 20 d 1nce 10 = 40 , an 

2 20 h . 4 = 40 , t e rat1o 

5 
10 is equivalent 

h . 2 
t o t e r a t 1o 4 

Is the ratio 2 . 1 5 equ1va ent to 

The same transparency master 
s . 2 8 1 5 

1nce 5 20 and 4 20 ' 

Transpa r ency I 

/ 

the . 1? ra t1o 4· 
can be used for 

2 1 
5 f 4• 

IDEA FROM : Activities with Ratio and Proportion 

Perm ission to use granted by Oakland County Mathematics Project 

thi s 

5 
10 

5 20 
10 40 

2 
4 

demonstration . 

Transparency II 

/ 
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THE BOB AND RAY SHOW (PAGE 2) 
Transparency Master for Geometric Models 

. 

238 IDEA FROM: Activities with Ratio and Proportion 
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THE BOB AND RAY SHOW (PAGE 3) 

Use these rectangles to decide if the ratios are equivalent. Remember to divide 
one rectangle horizontally and the other vertically. 

(!)--~,--~~--~~~,--~~~ 

-
A 
3 

®l __ ____.l - fi 

L....,_ _______ __,ji 

®L _ __.jl - t 

_____ ]~ 

See if you can use rectangles to solve this proportion: 

D = _l 
8 6 

IDEA FROM: Activities with Ratio and Proportion 

Permission to use granted by Oakland County Mathematics Project 
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We are both found in proportions. 
Do you know the mathematical meaning of mean? The means are in the middle. 

fV\EANS 
In politics the extremes are the far left and far right. 

means r-. 
1:2 = 3:6 . .. 

I 
extremes 

Complete the table. 

ADD THEM 
SUBTRACT THEM 
MULTIPLY THEM 
DIVIDE THEM 

·~ s ~:O=Q:~ 
t t 

E'XTR.EMES 

extremes 
I t • 

3 to 4 = 12 to 16 y 
means 

£XTRDVIES M[ANS 
9 and 4- 12o.nd 3 

5 

2.' 4-

~XlO extremes are 4 and 15 
6 15 means are 6 and 10. 

7: 2\ = \:3 

EXTREMES MEA.tJS 

2.'2. 

Did you discover a rule? Does it 

3 9 a ) - =-
5 15 

b) 6 to 12 1 to 2 

240 

c) 12:18 = 6:9 

32 8 d) - =-
12 3 



The Cross Products Rule can be used to check if two ratios are equivalent or 
used to solve proportions. Rule: In a proportion the product of the extremes 
equals the product of the means. 

Examples: 
2 5 

3:4 18:24 15 to 10 6 to 4 - = 
4 10 

2 X 10 4 X 5 3 X 24 4 X 18 15 X 4 10 X 6 

20 20 72 72 60 60 

no these ratios form proportions? Solve these proportions. 

if Yes, connect A to D 
~ = 4:0, ifD= < ~~: connect B 

(1)5:8 = 10:16 <if No, connect B to J 
3:9 connect E 

® 12 to 3 < if Yes, connect I to L i= D ifj )=< 8 connect D to H 
36 to 9 if No, connect C to G ® 9 18' 72, connect L toM 

to E 
to J 

1! <if Yes, connect M to N 
45 if No, connect G to L 

D Q)-6- 12 ifo. = < 72, connect D to 0 
24' 3, connect G to J 

® 14:4 < if Yes, connect H to K 
35 :lO l.f N F N o, connect to 

D . D 15, connect M to P ® 5 to · = 15 to 9' lf = < 3, connect B to G 

A 
.~ D 

0 
• 

G-
• 

• "' J }'YI • 
€. 13 

0 \ •I-

I •o J{ 
k 

0 I 
p r: c. • 

241 



242 

THE SOLVIT MACHINE -
A DESK TOP PROPORTION CALCULATOR 

Needed for Construction: 1) A piece of pegboard, 5 holes by 9 holes. 

2) 

3) 
4) 

a) Paint the discs and the symbols 
with chalkboard paint. 

b) Put a staple on the back of 
each disc, loose enough to 
allow the disc to move freely 
along the string. 

c) Place the brads and strings 
in the positions shown. 
Thread a disc on each string. 

EXAMPLE t: -=-
? 4 
2.. 8 

1" 
4 wooden discs - about 14 in diameter. 

String and 8 brads. ~ 
Chalkboard paint 

• • 

• • 

EXAMPL( 2_: 
5 15 
-:: 

? 9 

xQ)=G)x x@=@)x 
a) The student writes the numbers 

® ® 
on the discs. ® ® 

@x(V=\j)x@ @x@==@Cl) 

@ 

b) By sliding the lower discs carefully 
along the strings, the student can 
show the cross products. 

c) By sliding the coefficient of the 
unknown down the string, the 
student can see and compute the 
sol ution to the problem. 

IDEA FROM: C.O.L.A.M.D.A. 

@x®= x® 

Permission to use granted by Nort hern Colorado Educational Board of Cooperative Services 



The names and interests of students in your class can be a viable source of 
material for word problems. By directly involving the student (and teacher), story 
problems can be more interesting than those typically found in textbooks. Textbook 
problems, however, can be adapted simply by using the students' names. Personalizing 
word problems is a neat way for humanizing instruction and establishing teacher­
student rapport. Here are some sample problems to be used in a proportion unit. 

1. Mark can talk at the rate 
of 16 words every 5 sec­
onds. How many words can 
he say in a minute and a 
half? 

3. Doris can read 4 pages of 
a novel in 7 minutes. At 
this rate how long will 
it take her to read a 
chapter which is 26 pages 
long? 

"'GOOD MlttH 
5. June gets the top score 

a math test: 29 out of 
30. If she always does 
about the same,how many 
points would she get on a 
100-point math test? 

,, EPJER. ,, 
7. Derek 1 s favorite candy 

bars cost 25¢ for 3. Hm..r 
much does he pay for 20 
of them? 

9. can correct 
math papers at the rate 
of 2 assignments every 3 
minutes. How long will 
it take her to correct 
the papers from this 
class today. (There are 

students here.) 

2. Brooks lifts a 4-ft. 
steel pipe that weighs 
15 lbs. How much does 
he lift with a similar 
pipe that is 7 ft. long? 

IUE. CLASs'' R4PERPtR.OW~u 
4. Paul hits the waste­

basket 4 times for every 
6 wads of paper he 
throws. At the end of 
the week how many hits 
will he have if he 
tosses 30 wads of paper? 

'-,yPIST" 
6. Amy can type 155 words 

in 5 minutes. How 
long would it take her 
to type a 2500-word 
English theme? 

111Row ONE IN PER l-ESSON 
~AT CANT BE SOLVED 

8. Cindy saved $27 in 4 weeks. At that 
rate how wuch does she weigh if she 
is 5 feet, 2 inches? 

10. Julie can work 3 math problems 
in 14 minutes. How long will 
it take her to do this work­
sheet? 

Have the students make up some problems about each other. 
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Tired of those large numbers creeping into your problems? Want to avoid straining 

your brain? Pounce on the problem. Try ~~t:: ~)(t)}=t)~Tjt)~, our most 

popular prescription,and become a positively perfect and proficient problem solver. 

1) 13 heartbeats in 10 seconds . 
How many in 60 seconds? 

Tr y these 

Divide before you find the final product. 

2) 100 kilometres in 2 hours. 3) 5 hits every 15 times at bat. 
How many in 3 hours ? How many hits in 75 times at bat? 

4) 5 candy bars cost 59¢. 
How much for 20 candy bars? 

5) $3.50 f or 5 magazines. 
Ho'\-7 much for 10 magazines? 

6) $3.98 f or 4 pounds . 7) 4 cans of beans f or $1.00. 
How much for 2 pounds? How much fo r 6 cans? 

8) Run 50 metres in 8 s econds. 9) 6 donuts f or 53¢. 
How many in 4 seconds ? How much pe r dozen ? 

10) 21 prob l ems solve d in 3 minutes. 
How many solve d i n 24 minut e s? 



'' ~ NeED A REFil-l a:: 't'Ov~ 
fV\0'51 Pe>'PV.L..A~ 'PR~RIPT/ON, 

f/ 

1) 2 dozen for $1.68. 
5 dozen for ___ _ 

2) 24 pencils for 88¢. 
18 pencils for 

3) 6 cans of peas for $1.80. 
9 cans of peas for ----

4) A drill t urns 240 times in 3 seconds. 
A drill turns times in 60 
seconds. 

5 )' 192 em of pipe weighs 8 kg. 
em of pipe we ighs 2 kg. 

6) 100 metres of fencing cost $89.50. 
20 metres of fencing cost ___ _ 

7) 3 records for $11.94. 
2 records for ----

8) 20 minutes to do 30 math problems. 
50 minutes to do math 
problems. 

9) 2 pantsuits for $35. 
7 pantsuits for 

10) 2 em on a map represents 100 km. 
5.3 em represents km. 

11) Car goes 10 km on 2 litres of gas. 
Car goes km on 16 litres 
of gas. 

12) Check 14 cars in 30 minutes. 
Check cars in 75 minutes. 
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DID YOU KNOW THAT I I 

There is an 8-word, 32-letter sentence that uses all 26 letters of the 
alphabet. The sentence is a great typing exercise. 

Solve the proportions to discover the sentence. Write the problem 
letter under the answer to the problem in the table below. 

~ 8 correct out of 15. 
correct out of 75. 

8 1 inch represents miles. 
10 inches represen~500 miles. 

C 5000 revolutions per minute. 
revolutions per 15 minutes. 

D 45 words per minute. 
225 words per minutes. 

E 17 miles per gallon. 
238 miles on gallons. 

F yards per pass. 
162 yards on 9 passes. 

~ heartbeats per minute. 
yg-heartbeats per 15 seconds. 

~ 10 feet in 20 seconds. 
feet in 60 seconds. 

! ' 12 apples for 60¢. 
apples for $1.00 

~ for 1 pound. 
$1.95 for 3 pounds. 

K 46 hits out of 200 times at bat. 
hits out of 1000 times at bat. 

L for 3 cans. 
$1.55 for 5 cans. 

M 55 miles in 1 hour. 
385 in hours. 

35 qo 
7, I$ )0 

(30 ? 00 12.50 

5 2.5 3G 14 114.Lf'f 

I 

50 25 9 

' 

~93 20 8 

I 

N $.74 for 1 dozen. 
for 6 dozen. 

0 pounds per cubic foot. 
150 pounds per 6 cubic feet. 

p made out of 56 tries. 
5 made out of 8 tries. 

Q 250 kilometres on 40 litres. 
50 kilometres on litres. 

R 240 kilometres in hours. 
80 kilometres in 1 hour. 

S 3 centimetres represents 90 
kilometres. 

centimetres represents 
---180 kilometres. 

T $4.00 per hour. 
for 8 hours. 

U 100 won out of 150 played. 
10 won out of played. 

V $200 per month. 
$2400 per months. 

~·3o rise in 1 hour. 
12° rise in hours. 

X 4 beats per measure. 
36 beats in measures. 

Y for 5 yards of fabric. 
$2.50 for 1 yard. 

Z 3 tennis balls per can. 
tennis balls in a dozen 

cans. 

if 2.0 t32 30 18 20 12 

15 2.5 3 ~c;S 15 7~ ~ 

14 



A 
' ct ~ 

~SURPRISE 
SOLVE THE PROPORTIONS BELOW AND F"IND YOUR 

ANSWEQS lt-J THE CODE AT THE BOTTOM Of:" THE PAGE. 

~OQ EACH ANSWER IN THE CODE WRITE THE LETTER. 

IN THE PROPORTION ABOVE IT. 

Kt:EP WORKING UNTIL YOV HAVE DECODED THE 

LIMERICK.. 

\. \:2.-=T:8 
T= __ 

2 . 8 =W= 2...:3 
W= __ 

3. 2.;5 = 10 :C 

C-= --
4. G=S-=3=7 

S= __ 

5. L:15=G:5 
L= __ 

G. 7:2 = B=l2. 
B= --

7. v: 14= 12.:7 

V= --

8. 

9. 

10. 

\I. 

12.. 

\3. 

5=7 =A: 14 

A= 
4:3=H:6 

H= 
'1: 5 = 28: G 

G= 

M:G = 18=36 
M= 

3G:9 = F:4 
I="= 

3:8 = 30:0 

0= 

\4. 3=\\=G:D 

D = 

\5. 3= 5 -= 21: u 
U= 

{6. 3:2 =Q:2.0 

Q= 
17. 9: 10 =45; R.. 

R= 
18. 8=72.-= 9~ I 

I= 
\9. 15:27= 5:E 

E= 

20. 7:4 = N: \G 

N= 

\0 20-9-28-4-18-9-3-10-28 2.2.-81-28-81-28-2.0 10-4 25-50-9-12-9 

\G- 80-35-28-22. 30-35-81-4-9 10 18-10-2.0-50·9 3-80·35-14-9 81-28 8·81-14 14-4-9-12 

14- 10· 81-2.2. 4-8-9 12-\0-81-4 -9-SO 22·80- 2.8-4 14-8-80-35-4 

10-28-22 12-10-24-9 81-4 10-42-80-35-4 

80-50 4-8-9 50-19-14-4 12-81-18-\8 42.-9 \2-10-28-4-81-28-20 80·28-9 4-80-80 
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COUiHEREXN·-:PLE 

248 

Is~t ·,t wo"'<ievf'ul, 
Dr. Eil'lstei n! Tno..t Yoeket 
eYperimeht p.roved your 

theo.ry Cl.<ja.i n. 

a c 
Assume b = d and 

none of a, b, c, or 

d are zero. Try to 

find counterexamples 

for each of the prob­

lems. Shade the 

problems that have 

counterexamples to find 

a letter in the alpha­

bet. 
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PROPORTION: APPLICATION 

TITLE 

Proportion Projects 
to Pursue 

It's Only Money 

Stretch Smith 

One Good Turn Deserves 
Another 

That's the Way the Old 
Ball Bounces 

Get in Gear 

What's Your Type? 

Limit Your Speed 

Cruising Around 

World Records 

Proportions with a Plank 

I'm Beat! How About You? 

I Mean to Be Mean! 

Making Means Meaningful 

PAGE 

251 

253 

254 

255 

256 

257 

258 

259 

261 

262 

263 

264 

265 

266 

TOPIC 

Applications 

Using proportions 
to convert currency 

Using proportions to 
check a prediction 

TYPE 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Using proportions to Activity 
determine distances 

Using proportions to Activity 
find height 

Using proportions Activity 
with gears 

Using proportions to Paper and pencil 
convert measures 

Using proportions to 
convert measures 

Using proportions to 
convert measures 

Using proportions to 
compare measures 

Using proportions 
with levers 

Inverse variation 

Using proportions 
with gears 

Inverse variation 

Determining mean 
proportions 

Applying mean 
proportions in a 
right triangle 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Activity 

Activity 

Paper and pencil 

Paper and pencil 
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ROPORTON 
ROJECTS 

TO 
URSUE 

1) In an almanac find the world records 
for the 100-metre dash, 400-metre 
dash, 1500-metre run, and the 3000 
metre run. Are the rates of distance 
to time for each race proportional? 
If a 6000-metre run were a track 
event, predict the world record time. 

2) Go to the supermarket and find several 
sizes of the same product. Record the 
prices and the net weights (weight of contents only) of the different sizes. 
Are the rates of price to net weight proportional? Investigate cereals, soap 
powders, shampoos, hamburger, and sugar. 

3) Check the phone book and approximate 
the number of Smiths living in your 
city and surrounding area. Choose 
several other cities and approxi­
mate the number of Smiths living in 
these cities. (Most public libraries 
have phone books of other cities.) 
Compare the ratios of number of 
Smiths to total population for each 
city. (Remember to use the total 
population of the city and surround-
ing area.) Are the ratios proportional? 
Use the ratio of your city to predict 
the number of Smiths living in San 
Francisco; New York; your state, the 
United States. 

IDEA FROM : The School Mathematics Project, Book 2 

Permission to use granted by Cambridge University Press 
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PRJJKTS TO 
(COf\JTIN UED) 

4) From the post office get the rates 
for mailing letters and packages . Is 
the cost of mailing a light package 
proportional to the cost of mailing 
a large package? Is the cost of 
mailing a package a short distance 
equivalent to the cost of mailing 
the same package a long distance? 

5) From a catalog of Montgomery Ward, Penney, Sears Roebuck, or Spiegel, 
find the shipping rates for orders. Is the cost of shipping a light 
package proportional to the cost of shipping a heavy package? Is the 
cost of shipping a package a short distance proportional to the cost of 
shipping the same package a long distance? 

6) Find out the cost 
of train fare from 
your nearest rail­
road station to 
four other sta­
tions. Are the 
rates of cost to 
distance traveled 
proportional for 
the trips? 

Find the same information for buses and airplanes. Which of the three 
types of transportation has the most consistent rate? 

IDEA FROM : The School Mathematics Project, Book 2 

Permission to use granted by Cambridge University Press 
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(c) 

(d) 

Foreign Exchange 
NEW YORK CAP)- Tuesday Foreign 

exchonoe In dollars and decimals of a 
dollar, New York prices. 

Argentino (peso) 
Aus!ro llo (dollar) 
Austr ia (schilling) 
BelgiL'tn (franc) 
Brazil (cruzeiro) 
BrH~in (pound) 

30 Oov Fu!ures 
60 Dov Futures 
90 Dov Futures 

Canada (dollar) 
Colombia Coeso) 
Oenmork (krone) 
France (franc) 
Holland (guilder) 
Hong Kong (dollar) 
Israel (pound) 
Italy (lira) 
Japan even) 
Mexico Coeso) 
Norwov (krone) 
Portugal (escudo) 
Sou!h Africa (rand) 
Soain (peseta) 
Sweden (krona} 
Switzerland (franc) 
Venezuela (bolivar) 
W. Germany (dchmork) 

Tues. Fri. 
.0900 .0~00 

1.3)2) l.J500 
.061) .06 10 
.028675 .028900 
.1310 .1310 

2.3260 2.3260 
2.3175 2.3170 
2.3090 2.3090 
2.3010 2.3000 

.9760 .97)0 

.0340 .0340 

.1860 .18)0 

.1515 .2515 

.4168 .4165 

.2050 .2050 

.1800 .1800 
.001615 .001610 
.003440 .003440 
.0801 .0801 
.1040 .2035 
.0415 .0415 

1.4750 1.4750 
.0180 .0181 
.2560 .2560 
.4050 ,4030 
.2340 .2340 
.4300 .~295 

IT'S ONLY f10NEY 

This chart is taken from the financial page of 
a newspaper. It can be useG as a source of many 
proportion exercises. Students can bring the chart 
from home. Before starting an activity, explanation 
of the chart may be necessary; necessary, i.e., 1 
peso = $.09, 1 Sweden krona = $.256, and 1 South 
Africa rand = $1.475. Explanation of the decimal 
part of a cent may also be necessary. 

Exercises could be developed like the ones that follow. 

(a) A family planning a trip to the United States 
wishes to exchange 1000 dchmark. What country is 
the family from? How much 
American money will the family receive according 
to the Tuesday exchange rate? 

(b) An American businesswoman will be visitirL6 a 
factory in Hong Kong. She wishes to exchange 
$2000 into Hong Kong dollars. About how many 
will she get? 

An investor in Belgium has 1,000,000 francs to 
the better day to make the exchange? 

exchange. Which would have been 
How many more American 

the better day? dollars would the investor receive by choosing 

An unlucky investor waited until Friday to exchange 700,000 
to American dollars. How much did he lose by waiting? 
he keep his money and wait until next week? 

Australian dollars 
Should 

(e) A livestock buyer will be going from the United States to Spain and then to 
Argentina . To avoid exchanging the peseta ba ck to American dollars and then 
to peso, find the exchange rate between peseta and peso. 

One solution strategy: 

1 peso = $. 09 + 200 peso $18. 00 } -+ 200 peso 

1 peseta = $. 018 + 1000 peseta = $18.00 
1000 pese ta, so 

1 peso = 5 peseta 

(f) Investigate the different coins of a country . Is the value of each coin 
r elate d to the decima l system or to s ome othe r place va lue system? 

(g) Investigate the monetary system of countries not listed on the exchange table. 
Can you find the exchange rate according to an American dollar? 
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"Stretch" Smith, a basketball 
star, predicts his age and height 
will remain in the same ratio. 
At 12 years "Stretch" was 160 
centimetres tall. 
Age : Height = 12 yrs . : 160 em 

Complete the tables: 

How To.{ I Will ''S+retc.~· Be ~ 

A H 
12. Yrs- \GO ern 
IS Y~r,s . 

18 Yr-s. 
2.4 Yrs. 
30 Yv-s. 
3G Y\o"s. 

a) Graph the information 
from the tables. 
b) What do you notice 
about the graph? 
c) Use the graph to 
approximate his height 
at these ages . 

1. A= 0 yrs., H 
2 . A = 33 yrs. , H = __ _ 
3 . A = 4 yrs. , H = __ _ 
4. A = 50 yrs . , H = __ _ 

d) Use the graph to approximate 
his age when his height has 
these values. 

1. A= __ _ 
2. A= ---
3. A= __ _ 
4 . A= __ _ 

H = 
H = 
H = 
H = 

30 em 
100 em 
600 em 

0 em 

Are your age and height propor­
tional, that is, do they stay 
in the same ratio? 

Does "Stretch" know what he is 
talking about? 

Can you think of any two things 
about you that are proportional? 

Hew 0\d Wo..s ··s-h·e+d1'? . 
A H 

12. Yrs. \60cm 
Yvs. \2.0 em 
Yrs. 80 em 
Yrs. 40 ern 

Yrs. 2..0 ern 
Yr-s. 10 em 

550 

500 
1/) 450 ~ 

~ 4-00 
f 

+ 350 
s= 
QJ 300 u 
~ 

'2.50 
:E 200 ()I 
' Qj 

....5:: 150 ... ... .. .......... .... ... ..... 

(00 

50 

0 3 6 9 12 15 18 21 24 27 30 33 



Materials needed: 1 bicycle wheel or a round 
piece of wood 

1 tape measure 
1 piece of rope 
1 roll of masking tape 

Activity 1 : Place a marker on the wheel. Tape a straight line 
on the floor approximat ely 4 me tres long. Place 
the wheel so the marker is at one end of the tape. 
Carefully roll the wheel 1 turn along the tape. 
Measure this distance in centimetres or feet. 
Repeat this to check your measurement. Write the 
ratio that compares 1 turn of the wheel to the 
distance measured (the circumference of the wheel). 

I +u~n: (teet or centirne.i'res) 

Activity 2: Find the length and width of your classroom. 

Activity 3: Find the l ength of the sideline and baseline of your baske tball floor. 

Activity 4 : Us e the ratio to find the number of turns needed to go 50 metr es. 
Check the answer with the wheel. 

Activity 5: Tape the r ope to the floor in a curved line and use the wheel to 
find its length. 
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Materials needed: Tennis ball 
Metre stick 
Strip of paper or tape 

3 metres long 

(1) Use the metre stick to mark the strip of 
paper (tape) into decimetres. Mount the 
strip of paper on the wall. Be sure the 
ze ro mark is at the base of the wall. 

(2) Drop the ball from the heights listed in the table. Each time write down the 
height of the first bounce. Repeat the drops to check the accuracy of your 
readings. Select four different heights for the last four trials. 

(3) Examine the table and compare the ratio: 

for the various drops. 

height of bounce in decimetre s 
he i ght of drop in decime tres 

If you measured care fully, the e ight ratios should be nearly equivalent. 
Since the ratio of the height of the bounce to the he ight of the drop is 
nearly the same , we ca n say that "the bounce is proportiona l to the drop." 

(4) Use this infor ma t i on to comple t e the foll owing : 
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If the height of the drop is 40 decimetres, the bounce will be 
about ----------------------------If the height of the bounce is 7 de cime tres , the ball wa s dropp ed 
from a he i ght of ----------------------------

IDEA FROM: The School Mathematics Project, Book 4 

Permission to use granted by Cambridge University Press 



Have a student bring a 5 or 10 speed bicycle to 
that the gears can be shifted. Put a piece of 
Have the students count the teeth in 
each gear and record in Table 1. (The 
number is not standard. The front gears 
vary from 52 to 39 teeth and the rear 
gears from 34 to 14.) 

\.Jrite the gear ratios and simplify. 
Record in Table 2. 

The following activities are suggested 
for student investigation: TABL[ 1 

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.\"' 

X 
y 

A 
B 
c 
D 

E 

Numbe\"' 
of teeth 

class. 
tape on 

Turn the bike upside down so 
the rear wheel of the bicycle. 

E r--

r-C IB 
r-D 

~--A 

101 ::::::' 

l©] 
TABLE 

Geo..Y Ra.tiob of Simplified 
R.a.tio 

num e\"' 
Teeth Ro..tio of teeth 

XtoA 
XtoB 
XtoC 
X to D 
X tot: 
Yto A 
Vto B 
Yto C 
Yto D 
Yto E 

2. Select a back gear and use the small 
shift to the large front gear. Continue 
change do you notice in the back wheel? 
gear ratios? 

front gear. Turn the pedals slowly and 
turning the pedals at the same rate. What 
Can you explain? What are the corresponding 

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 . Select a gear setting. Suppose you pedal at a constant rate (one turn per 
second, thirty turns per minute, etc.). How far would you travel in 20 minutes? 

7. Select a gear setting. How many turns of the peda l are needed for the bike 
t o travel a distanc e of one mile? 257 
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vvho~ YOUQ TYPE 
1. Weigh yourself and measure your height. pounds inches 

2. Change your weight to ki lograms. 
1 pound~ .45 kilograms. 

3. Change your height to centimetres. (1 inch :::::::: 2.5 centimetres1 

4. Use the chart to determine your body type. 

Weight in kiloqrams 

Heigh+ in Centimetres GROWTH CHAR.T FOR GIRLS 

\0 Yr-s. II Yr-s. 12. Yrs. 13 Yr-s 14 Yrs. 15 Yrs. 

Tall 143-155 153-lG3 157-168 IG2-170 IG2- 173 IG4 -173 

Aver-a.qe 134-142 140-152. 147-156 152- IG1 154-IGI 15G-IG3 

Short 125-133 (30-139 135-14-6 140-151 14G- 153 147-155 

Heav 40-52 45-59 49-G3 55-68 57-71 G0-72. 

Aver-o.qe 2.9-39 33-44 3G-48 41-54 45-56 47-59 
L\qht 2.3-28 25-32. 28-35 31-40 3G-44 39-4G 

We.1ght i'rl k1\oqv-ams 

l-\e iqht in Cehtimetres 

I I I I 
GROWTH CHART FOQ BOYS 

10 Yrs. I I Yrs. 12. Yrs. 13 Yrs. ~4 Yrs. \ 5' Yr-s. 

149-155 149 -IG3 157-168 IGZ-178 \G9- \83 169- 185 

e 134-148 139-148 142-15G 149-IGI \54- \68 159-IG8 

1::<.5- 133 130-138 133-141 \38-148 143- 153 148-\58 

H ea..vy 38- 52. 43-57 48~ G3 50-70 Gl-75 G7-78 

Avev-o.C1e 30~37 33-42 38-47 39-49 45-60 49~66 

Liqht 23-29 27-32. 29-37 31-38 34-44 40-48 

5 . Sue is 15 year s old, v. e i ghs 127 pounds , and i s 5 feet, 7 inches t a ll. 
a ) Find her u e i gh t in k i logr ams. _ __ _ 
b ) Find her height i n centime t r es. (Hint: 12 inches = l f oot ) 
c ) \li1lat is her body t ype? ----

6 . John is 11 yea r s old , we i ghs 65 pounds, and is 53 inches t all. 
2 ) Find John' s we i ght i n kil ograms. 
b) Find J ohn ' s height i n cent i metre s . 
c) Wh a t is h i s body t ype ? - - - -

7 . Fred i s 14 year s old , weighs 120 pounds , a nd is 65 inches t a l l . 
Guess his body t ype. 
Check your guess by changing Fr-ed 1 s measurement s t o raetric. 
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L\ MIT YOUR. 

SPEED 

The state of Oregon has the following speed laws. 

20 MILES PER HOUR. . 
• In any business dlstnct. ds or crosswalks when 

. chool groun 
• When passmg s d signs are posted. 

children are present an 

fSPEi2~ 
MILES PER HOUR 

25 I anY residential area. motor vehicles are per-
• n ches where 
• On ocean bea . '.t or as posted.) 

\SPEED 

2.0. '12.5l 
mitted. (A maxi~um \lmlu,nless otherwise posted. 

·t publiC parks. 
• In Cl Y 

SsMILt::s ~~ 
• On t Pf:A Ho 

a/read he op lJA 
Y rnentio en highw. 

ned ay in 
, Unfes locat · 

S Oth IOns 
e'Wise P other th 

Osted an th . ose 

I. Find out the speed laws for your state or use those for Oregon to answer 
these questions. 

1) What is the speed limit in kilometres per 
hour in front of your school? 

2) What is the speed limit in kilometres per hour in front of your home? 

3) What would be a reasonable speed limit in kilometres per hour for freeway 
driving in your state? 

4) If a trailer is 
is 50 miles per 

5) 0 
40 mph 

being towed by a pickup or truck, the maximum speed limit 
hour. What is the speed in kilometres per hour? 

This curve can be safely driven at 
per hour. 

kilometres 

6) What speed in kilometres per hour will cars be going in the Indianapolis 
500? Use an almanac to he lp you. 
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MILES 
PER 

HOUQ 

20. 
30 
40 
50 
GO 
70 
80 

Ll M (I YOUR. 

· SPE E __ D __ 

PASSENGER CARS 

DRIV[R REACT\ ON BRAKING TOTAL STOPPING 
DISTANCE DISTANCE DISTANCE 

FT FT. FT 

22. 18- 22. 40-44 
33. 3G-45 G9-78 
44. G4-80 108- 12.4 

55. 105-\31 \G0-18G 
G6 162-202 228-268 
77 . 2..37-295 314-372 
88 . 334-418 . 42.2-SOG 

The distances in the table are based on tests 
given on dry, level ground. Stopping distances 
increase when the road is wet, snowy,or icy. 

1) If you are driving at a speed of 50 kilometres per hour, could you stop the 
car in 24 metres? 

2) 

3) 

4) 

If you are driving at a speed of 84 kilometres per hour,ho~ close can you 
safely follow another car? metres 

If a driver's 67 kilometres per hou.v-
,.-.c~ 

reaction time is ~ "'" ;,~~%} 

~~~u~P~:d m~~res, '~JJ 
about Jil. ~ 
kilometres per o ~ /1 

-··1~ l hour. r~ 

I I If both drivers 
hit their brakes, 
will the two cars 
crash? 

120metres \ "' ~ 0 fl7 kilornetl'"eS peY houv-
o [] \ 
\ 



Bakersfield 

5an<3o~'" 

j,.. 
0 
()""' 
c 

~~!;i.:L:~ .. :\ c8 

,. 
/ 

/ 
~.k?L//SING 

ARDUND 
/ 

• Santo. F"e 

• 

f--2._7_G_O-+~;.:.:..o.:·.\'-'-'::r.:._,_s;·..::.,~}/+:: -:-=CD:;;;~~ <n ~ 
B"t~min<jha.m 1900 1300 ·;:.~<;.\{\/ ~ f 
0
0

e
1
s Mo;nes 1440 1310 800 (/i~' ' cf '· § ; g 
ympto.. 8GO 2GGO 21GO 1540 /·\=::J\·; en c 1) 

San Antonio 132.0 1980 760 92.0 1880 ~/.::: ·<:·::: .: J? J!! 
Santa. Fe 760 2.180 12GO 820 1250 73~··· );::_;::,':·:::) jf 
PiHsburc:3h 22.00 640 GGO 

0 0 0 0 
e 0 0 0 

0 ~ cOV" 

Sca.le of 

miles 

The table to the left is a 
mileage chart for air routes. 

Change each distance.to 
kil ometres and r ecord in the 
t able below . 

Remember : 1 mile = 1~ 
ki l ometres 

27GO m i les 

~ k; lometres 1~ ki lol'netre s 

10 
- X '2.7GO = ~ X 2 G .. 

0 

If a p l a ne cruises 
at a rate of 570 
mil es per hour the 
rate in kil ometres 
per hour is ____ _ 
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WORLD RECORDS 

WORLD RECORDS 
1) 1 mile - 3:51.0 Each of these three records is 

roughly proportional to running 2 miles - 8:13.8 
3 miles- 12:47.8 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) Canoeing (1000 m) 3:48.06 e) Running (1000 m) 2:16 
b) Swimming (1500 m) Men 15:31.85 f) Swimming (1500 m) Women 16:49.9 
c) Running (1500 m) Women 4:01.4 g) Cycling (1000 m) 1:7.51 
d) Ice Skating (1500 m) Men 1:58.7 h) Ice Skating (1500 m) Women 2:15.8 

5) Is the world record of 9.9 seconds for 100 metres faster or slower than the world 
record of 9.1 seconds for 100 yards? 
(1 yd. -z 914 m or 1 m ~ 1.1 yd.) 

6) The world land speed record for a jet-propelled automible 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? 
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a 

Materials needed: Ten-foot plank, four-inch concrete building block, bathroom 
scale, measuring tape, metre or yard stick. 

I. Balance the plank by placing the block in the middle. Ask for a volunteer (or 
the teacher) to stand on one end of the plank. Have different members of the 
class try to balan~e the plank by standing on the opposite end. For the plank 
to balance students should realize the weights of the volunteers should be about 
equal. Weigh the volunteers. 

II. Pick two members of the class having different weights. Weigh them and record 
the weights. Keep the block in the middle and ask them to stand on opposite 
ends of the plank and balance each other. Students will probably use their pre­
vious experience with teeter-totters to accomplish the task. 

III. Again pick two members of the class having different weights. This time their 
task is to stand on the ends of the plank and balance it by moving the block. 

IV. Have the students use the three activities above to formulate a conjecture about 
how a balance occurs. Students will probably say that the heavier weight is 
closer t o the block, and the lighter weight is farther away from t~e block. 

V. Ask students to examine the relationship between the we ights and distances by 
completing a table. By using two students whose weights are considerably dif­
ferent, a pattern can be discovered. The results in the last column will be 
approximately equal. 

VI. 

Weight of Dista.nce w 
is -from W+D W-0 w~o wxo loey-son(w) bloc.k. CD) 

The General Ru.\e is : w, 0'2. -- =--· 
W2. D, 

Students can apply the general r ule to solve problems: 
90 lbs. and stands 4 feet from the block. Tim balances 
feet from the block. How much does Tim weigh? 

For example, John we ighs 
the plank by standing 3 

E.o.. .... th "Give me a pl a ce to stand, and I will move the Earth." 
This is what the famous Greek scientist Archimedes (287-
212 B.C.) was supposed to have boasted after discovering 
the law of the lever: wl X Dl = w2 X D2. Assume that 

Archimedes weighs 150 lbs., and the fulcrum of the l ever 
is 4, 000 miles from the Earth . How far from the fulcrum 
would he have to stand in order t o move the Earth? The 
Earth weighs 13,176,000,000,000,000,000,000,000 lbs. 
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Materials: 1 hand eggbeater 

crank one complete turn and have your partner count the number of 
turns of the beater. 

(2) How many beater revolutions are there when you turn- the crank 4 times? 
6 times? 

(3) Write a ratio showing the number of beater revolutions for 1 turn of the 
crank. 

(4) Predict the number of beater revolutions if the crank makes 8 turns. 
Check your prediction by turning the crank and counting. 

(5) If the beater revolves 45 times, how many times will the crank turn? 

~o~..J. know how 
9ea...~ +ee+h a.t+' ec.+ 

my bea.+e~ +u.v-ns ~ 

(6) Count the teeth in each gear and record your answer. 
Write a ratio that compares the number of teeth in the large gear to the 
number of teeth in the small gear. 

(7) There are teeth in the large gear for each one tooth in the small 
gear. Write this ratio. This ratio should be equivalent to the 
ratio in question 6. 

(8) Compare the ratio in question 3 to the ratio in question 7. (Beater revolu­
tions : 1 turn of the crank = number of teeth in large gear : 1 tooth in 
small gear) 

(9) 

(10) 

(11) 

264 

Is the ratio of beater revolutions to turns of the crank always equivalent to 
the ratio of the teeth in the large gear to the number of teeth in the small 
gear? Use the information in questions 4 and 6 to help you decide. 
beater revolutions : 8 turns of the crank = teeth in large gear 

teeth in small gear. 

An egg beater has gears with 64 and 14 teeth each. If the crank is turned 
28 times, how many revolutions will each beater make? 

In making the meringue for a lemon meringue pie, you must beat the egg whites 
until they are stiff. This may take 4 minutes of rapid beating. If you turned 
the crank 100 times a minute, how many times would each beater revolve during 
the 4 minutes? 

IDEA FROM: Activities with Ratio and Proportion 
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I meo.n to be 

MEAN/ 
A pr-opor-fio\1"\ is a. rneo.Y\ pY""opor1\on 

wheVl -the two VV\eo..hs o.y-e eq uo. \. 

0® 
®=6 

Ciytle the proportions tho.t a.r-e 

\"nea.n py-oportions. 
I 7 -=-

6 _ G -----
7 49 5 5 

EXAMPLES: 

I~ o. mea.n 
p ropor-fi ono..l 
b e.tUJ ee n 
Qo.ndQ 

4- z -----

A) F\nd o.. mea.n pv-oportioV\o..l 
betwee'rl 3 o.V\d \2.. 

B) Find o.n o.pproX.Imo..te. Yt'\eo..n 
proportiona.l between \2..o.nd 4. 

3 ® 
® - \2 

3x12=~x® 
3G-=®x~ 
6=~ 

~-----,.~ So\ution~ , 
7-x7= 49, so 

r;.., a. 1 it+\e 
\ess +no.n 

7, a.bou.t G.9 

~® 

12. 

® 
~ =--=-
4 

Find +ne mea.n pv-oporf ioVlo. \ 
between: Appv-oximo.te -\-he. mea.n 

propov-t ·\OV\<1.\ between: 

a.) 4 a.nd 16 a.) 3 o.nd 
r " b) 5 and 45 b) 5" a.nd 

c) 2... a.Vld 50 Cha.lle.V\c:le: Rnd thY"ee po.."1Y"s c) 8a.nd 
d) 8 O.V\d 2. of numbers toY which 8 d) 5a.nd 
e) \00 a.Vtd 4 ·, s -The mea.n propoYti ono..l. e) \2. a.nd 

IG 
7 
4 
3 
4 
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,MAKING 
.M"E:'ANS .. 

MIANtNGFUI. 
In each right triangle below draw a line through B perpendicular to the 

line through A and~. Where the two lines cross, label the point E. Measure 
the line segments AE, EC, and BE to the nearest centimetre and record below to 
complete each ratio. 

A E 

CD .A£~ 4c.m 
BE 2crn 

A 
G) Ar. ~ 

BE 
A 

B 

® AE 
= 

BE 

c 
A 

BE=-­
EC 

BE 
EC 

BL = 
EC 

B 

® 

=. 

AE 
BE 

:: 

c 
you 

When 
they 

The 

BE=-­
EC 

c 

c 

In each problem what do 
notice about the ratios 

AE BE 
a.nd-

BE EC 
two ratios are equal, 
form a proportion. 

AE BE 
=--

BE EC 
extremes are AE and 

The means are and 

Since the means are equal , 
proportion is called a mean 
proportion. 

the 

BE is the mean proportional. 
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THE MEANING AND USES OF SCAL I NG 
The words scale and scaling are used in many different ways. 

There are 

ten<pcratures . 

pay scales, musical scales, and scales for comparing weights and 

In this resource the word scale will refer to a ratio. A scale of 

1 em : 2 krn can be interpreted as the ratio 1 em for every 2 krn. The scale might be 

useful on a city map where 1 ern on the map represents 2 km in the actual city. A 

scale (ratio) of 1 ern : 100 people might be used as a basis for a number line graph . 

0 100 200 300 400 500 600 700 800 

Scaling means to make use of a scale. Some 

examples of scaling are: finding distances 

with a map csing the given scale, scaling a 

recipe up or down according to a given 

rati~ and making a scale enlargement or 

reduction of a drawing. 

Scale DrawiP~ 

Scale dravlings are indispensable in the 

design and construction of objects. The huge 

tire shown in the picture at the right was 

designed from small scale drawings. Host 

manufactured objects were initially drawn 

to a scale. The dimensions of a scale 

drawing may be smaller than, equal to, or 

larger than the dimensions of the object. 

If a l , 996-pound t i re f a l l s on a 25-pound dog- -

ti led" w:ts evidently t.Jken literally by this little who was 
, hocognp h ed recently in Zanesv i lle. Ohio , t:tk i ng a norni ng rest th e cen ter 

eart h mover tire. Th E account "'ent o n to out t hat tlw tire 
po unds and th e weighs 25 of wh i.ch i o;n ' t 

dimensions are 
of an inch thick. 
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Small objects,such as those found in clocks, transistors, radios and miniature cal­

culators,are scaled up so they can be conveniently designed. Buildings, cars, 

furniture, clothing and other relatively large objects are scaled down to fit on 

blueprint and drawing paper. 
Dra.wn ~c A duo..\ s, ze. 

When the dimensions of the scale 

drawing are equal to the dimensions of the 

object the scale drawing is said to be to 

actual size. This scale drawing of the 

grasshopper is drawn to size with a scale 

of 1 to 1 (1: 1). 
Sca.le of l: I 

When the dimensions of the scale drawing are greater than the dimensions of the 

object, the scale drawing is called an enlargement. The scale drawing shown below 

is a 2 to 1 enlargement. Using ratio notatio~ this can be written as 2:1. Using 
2 

fraction notation,we can write land say that the scale factor is two. (A few text-

books reverse the notation for scales and instead ot writing 2:1 enlargement as we 

have here, they will write 1:2 enlargement.) 

Sc:a.le of 2. ~I 

Hhen the dimensions of the scale drmving are smaller 

than the dimensions of the object, the scale drawing is 

called a reduction. This scale drawing of the grasshopper 

is a 1 to 2 (1:2) reduction. In this case,we can say that 

h 1 f . 1 
t,e sea e actor lS z• 

Reduction 

I~ 
Sco...le of I: 2 
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"Twice as Large" 

An exerpt from a magazine states, 

"If you want to make the original design twice as high and twice as wide, make the 

square twice as large . " While it is common to speak of something as being twice as 

large when its linear dimensions are doubled, 
SQUAI2E A SQUAR.E B 

this practice can be a source of confusion. 

For example, the sides of square B are twice 

as long as the sides of square A,and yet its 

area is four times as great. 

D D 
This newspaper clipping 

says that the big knife is 

three times larger than the 

conventional Scout kni fe. 

This means that t he length 

and width are t hree times as 

great. As in the above exam­

ples, the comparis on of sizes 

refers to the linear dimensions 

and not to the surface area, 

volume or weight. For example, 

the weight of the l arge knife 

is~ pounds,and this is much 

more than 3 times the vleight of 

a conventional Scout knife. 

~~ile such expressions as, 

"twice as large," "three times 

as large," "half as big," etc., 

usually refer to lengths, there 

are exceptions. If a farmer 

Prepared f o r anyt h i ng 

Wha t could be t he wor l d ' s l arges t Scout-type knife is ready for the world's 
largest po t a t o. h'ayne God<..iar d , a profess ional knife- maker who wo r ks at his 
home a t 473 Durham St., Eugene , t urned t hi s o ne ou t for Dennis and Raymond 
Ellingsen, Eugene kn if e co llec tors. Completely f unctional, t he knife is 24~ 
inches l ong when op e ned . It we i ghs 4;.4 po unds and is t h ree t i mes larger than 
th e conventiona l Scout kn ife. 

speaks of one plot of l ane as being twice as large as another, he is referring to the 

area or acreage and not the length and width. If he wants a silo which is twice as 

large, then he is referring to a volume which is twice as large and not the height or 

width of the silo. The change in area and volume as related to a scale is discussed 

further in this commentary under "Supplementary Ideas in Scaling." 
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GETTING STARTED ON SCALING 
Representation 

Representation is very important in the study of scaling. Bar graphs use a 

given scale to represent information. Maps represent geographic areas based on the 

seal~ given in the legend of the map. Since scaling is often concerned with repre­

senting information and/or objects, you might 

like to begin a unit on scaling with some 

discussion of representations. Students can 

be asked to think of pictorial ways to repre­

sent or identify people. They might think 

of snapshots, shadow profiles, fingerprints 

or sketches. The student page Elementary~ My 

Dear Watson would be appropriate here. 

The page 0mat Am I? can be used to begin 

a discussion on identifying objects from 

their outlines. When do we need to know 

more than size and outline to identify some­

thing? 

Scales on Enlargements or Reductions 

Representations of objects can be the 

same size, smaller than or larger than the 

objects. This idea can be introduced along 

with the use of ratio notation for scales 

with the page Bug Off! The page shows three 

Equipmen t : T'"' o ~" x 6 " i nrlex c. a rds 
Tn k 

~l « SS 

l. l' i c k a pa r t ner . 

2 . Cs e em i nd ex 
a nd l :.tbe l t he <:R r d as 

) , Us e ;< n i n k 
re co r d you -r 

4 . Cl e-.Jnyo urf ingers 
th u r o .... g h l y . 

Us c r il e 

7 . Ca r e f ully describ e t wo of yo ur fingerprints t o yo ur pa rtner . See if you r 
pa r t ner can se l e c t the co rrec t one s . 

l lJ [.~ UAS~D ON SHA M Jrl • A p plu:auur>> Korby Alle n C. f "~bel ~nd Caoolyn 
Ka1· G1 ng r~ ch . t;• 1971 , 5c•cncc Rc•corch A•sc>e •ate• . Inc 

scale drawings of a grasshopper, one of which is identified as actual size. (Note: 

if you show the page on an overhead screen, your students might point out that all 

of the grasshoppers are enlarged.) 

Once students know the meaning of the 

scales 1 : 2, 1:3, they can be given activi­

ties which require them to determine the 

scale. The student page ~mat Scale? 

offersopportunities for this. 

SCAL~ OF" __ : __ 
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MAKI~G A SCALE DRAWING 
Students have already made many 1:1 scale drawings. Common examples are tracing 

the outline of a hand or figur e, or making fingerprints which are mirror 1:1 scale 

representations of the patterns on fingertips. Usually the scale drawings we want 

to make are enlargements or reductions. A 

2:1 enlargement means that each linear mea­

surement on the scale drawing will be 

twice as long as the corresponding linear 

measurement on the original. A 1:2 reduc­

tion will have linear measurements one-half 

the corresponding measurements on the 

original. 

ORIGINAL 

-I em 

2:1 !:.NLARGEMENT 

l=Z REI)UCTI01J 

2cm -..l.cm 
~ 

Snapshots, television shows, and billboards are examples of scale representations. 

Most of these are made with the aid of cameras, projectors and other technical devices , 

but there are s everal useful methods for making scale drawings by hand. These methods 

a re discussed below. 

Using Grids to Hake Scale Drawings 

Grids can be used to make scale drawings in several ways. Since each of these 

ways involves t r ansferring a design from one grid to another, some practice in copying 

designs is hel pful. The student page Border 

Designs a sks s t udents t o continue geometri c 

patterns with a 1:1 scale. These same pat­

terns could l a ter be enlarged or reduced in 
A BORDER DEStGtJ 

size . 

The grid of nails on a geoboard can be the basis f or a rubbe r band pattern. Thi s 

pa ttern c an be trans ferred onto a pape r gri d of dots whe r e each do t on t he page repre­

sents a nail on the geoboard. The dot grid can be any size. If it is sma ller than 

A GEOBOAR.O DESI<~N 

the geoboard, the s cal e drawing will be a r eduction. The 

but t e r f ly shown a t the l eft is a r educ tion of a geoboard 

design. Any two nail 's whi ch are j oi ned by a rubber band 

on the geoboar d are repr e sented by two dots joined by a 

line s egment. I n bot h of the activities Bo~er Designs 

and Ceoboard Designs students are involved i n counting 

squares or dot s , f i nding corresponding poi nts and check-

i ng to see that their scale drawi ngs r eally look propor ­

tiona l t o the originals . 
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To make an enlargement or reduction 

to a specific scale, place the original 

design on a grid of squares. To enlarge 

the design to a scale of 2:1, make a 

grid with squares twice as long and wide. 

Copy the design one square at a time onto 

the new grid. To make a 1:2 reduction, 

make a grid with squares half as long and 
wide. Copy the design. The classroom 

pages I Have Designs on You~ Grid Graphs~ 

and Paint Your Wagon use these ideas 

with grids. Sometimes it is helpful to 

number the lines of the grid as shown 

in Grid Graphs. 

ORlGINAL ):2. REDUCTIOlJ 

3 : I [N L ARGEMENT 

SCALING 

ORlGI~AL 2.: I t:NLARGEMEMT 

i'.. 
v ....... r-.... 

......... . r--lr. ~ 

I :2 REDUCTIO~ 

Another way to make a grid 

enlargement is to use the same size 

grid for the scale drawing as for 

the original. For a 3:1 enlargement 

the edge of one square on the original 

will correspond to the edge of 3 

squares on the enlargement. Notice 

on the scale drawings at the left 

that the circle on the original 

occupies one square, but on the 3:1 

enlargement it occupies 32 or 9 

squares and on the 1:2 reduction it 
1 . (1)2 occuples 2 or 4 squares. The stu-

dent page The Parthenon has students 

make a 1:3 reduction using the same 

size grid paper. Your students can 

probably draw other designs to enlarge 

or shrink. 

Students who have enjoyed making scale drawings in two dimensions might 

like to try scale drawings of three-dimensional objects. Isometric grids 
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are useful for three-dimensional scale 

drawings. The edges of the figure at 

the right are not on the grid lines them­

selve~ but they do connect vertices of 

the grid. To draw a 2:1 enlargement of 

this figure, count the horizontal and 

vertical spaces for each edge of the 

figure and double these lengths on an 

isometric grid. 

Using a Ruler to Make Scale Drawings 

Perhaps you have seen a triangular 

ruler like the one shown here. Rulers 

like this are used by architects and 

engineers for scaling. There is a pat­

tern for making an architect's ruler on 

the student page Archie Texs' RuZer. The 

page can be run on tagboard to make a 

sturdy ruler. The students are asked to 

complete the six number lines according 

to the given scales as shown at the 

right. 

2.~1 ENLARGEMENT 

ORIGINAL 

ORIGitJAL 

1:3 Rt:DUCTIOt-.1 

D 
. 1 ~ 

SCALING 

ISOMETR.lC 
GRIDS 

.... 

I 

ARCHIT[CTS 

RULER 

(PATTERN) 

I : I 

2.: I 

3: l 
4: I 
5:1 
G: l 

I ~i 3 4 5 ~ 7 8 9 10 II 12. \3 14 15 IIi 1"7 It> !9 

I :1. 3 't ? G 7 1' ~ 

T ~ 3 + 5 ~ 

2 3 4-\ ----~---L-,.__J. ____ 
I 

I 2. 3 

l 'f 3 

FOLD UNDER A~D PASTE TO BAC~ Of C. 

Enlargement To make a 2:1 

enlargemen~ measure each side of the 

original using the 1:1 scale, then 

reproduce the figure using the 2:1 

scale. Notice that the units change 

when making the scale drawing, but 

the number of units read on the ruler 

stays the same. 

Reduction To make a 1:3 reduc-

tio~ meas ure each side of the original 

using the 3:1 scale and then reproduce 

the figure using the 1:1 scale. 

)> 

273 



274 

COMMENTARY SCALING 

Combinations of these scales can be used. For example, for a 3:2 enlargement 

first reproduce the original figure by a 3:1 enlargement and then reproduce the 

resulting second figure by a 1:2 reduction. 

Architect's rulers are useful, but most of our measuring is done with common 

inch or metric rulers. Using a ruler with one number line to make a scale drawing 

involves a different process than using the architect's ruler which has several 

number lines. 

To make a 2:1 enlargement with a centimetre ruler, the number of units for 

each linear measurement must be doubled. 2 em_..4 em, 5 cm---.10 em, . . . • In 

other words, the units stay the sam~ but the number of units changes. 

3 em. 

The rectangle at the right has width 
1 To make a 12:1 enlargement, each 

centimetre in the original must be stretched 

to lt centimetres in the enlargement. This 

is equivalent to multiplying each linear 
1 measurement by 12. For the 2:3 r eduction 

3 centimetres on the original is shrunk 

to 2 centimetres in the reduction. This is 

equivalent to multiplying each length by f 

\_!_ ENLARG[MENT 2 

ORIGINAL 

I I 
2. '3 

2: 3 REDVCTlON 

I 
4 

I I 
2. 3 

LINE DESIGN 

2. 
I 
3 

I 
4 

I 
5 

The ability to enlarge with a 

ruler is useful for making home decor­

ations. The geometric design at the 

left is the basis for an elaborate 

line design. To make a wall-size line 

design, the geometric pattern must be 

enlarged to the desired size. Nails 

or holes are spaced at equal distances 

along all the edges. The design is 

then sewn or wrapped with thread. To 

enlarge this design with a ruler, the 

basic geometric shapes must be identified 

and scaling techniques applied. You can 

find patterns for line designs in Line 

Designs by Dale Seymour. 
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The classroom page. in this resource which involvesmaking scale drawings using 

a ruler is Take Me Out to the BaZZ Game. 

Using Projection Points 

to Make Scale Drawings 

The Renaissance painters 

were interested in depicting 

the natural world. The 

specific problem they coped 

with was that of painting 

three-dimensional scenes on 

canvas. The solution was 

the creation of a new system 

of mathematical perspective. 

The most influential of the 

artists who wrote on per­

spective was Albrecht Durer. 

Durer thought of the artist's canvas as a glass window through which the scene to 

be painted is viewed. From one fixed point lines of sight are imagined to go through 

the artist's canvas to each point of the scene. This set of lines is called a 

projection. 
1' Durer's method is very handy for reproducing 

figures for a given scale factor. In the figure 

shown to the right, triangle A'B'C' is a 2:1 

enlargement of triangle ABC. To obtain this 

enlargemen~ the points A, B and C are projected 

(pushed out) from projection point P so that the 

points A', B' and C' are twice as far from point 

P as the corresponding points A, B and C. By 

this method the sides of ~A'B'C' are reproduced 

twice as long as the sides of ~ABC. 

~----------~~/Ct 

"'' 
p 

c// 

"-----'? 
I ; ; 

I / 
I I /"' 
It/ 
j/ 

/ 
/ 

/ 
/ 

/ 
/ 

/ 
/ 

Surprisingl~ it does not matter where the projection 

point is placed. If we place the projection point P in­

side ~ABC as shown at the left and then project the 

points A, Band C out twice as far from P, we again ob-

C' tain a reproduction which is a 2:1 enlargement. 
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The scale factor for a projection 

may be a fraction or a negative number. 

A scale factor of -2 has been used here 

to enlarge the smaller flag. For a 

negative scale factor the original 

figure and its reproduction will be on 

opposite sides of the projection point. 

For example, Y' is twice as far from 

the projection point P as Y, but in the 

opposite direction. 

SCALING 

x.' 

The lenses of our eyes and of cameras invert the images of 

scenes much like a projection with a negative scale factor. The 

scene is reproduced upside down on the retinas of our eyes and 

PIN HOLE CAMERA 

on the film of a camera. Your class might like to make a pinhole 

camera. You can find plans for such a camera in World Book 

Encyclopedia. The following student pages use perspective points 

to make scale drawings: What's the Point~ Bigger Than Life~ A Shrink~ A Negative 

Feeling and Projecting Through the Pinhole. 

Using a Pantograph to Make Scale Drawings 

A pantograph is a mechanical device 

for enlarging and reducing figures. It 

can be easily constructed from four strips 

of cardboard or from an erector set. 

These 

four strips are connected so the strips 

move freely. Point P acts like the pro­

jection point and should be held fixed. 

As point D is placed over each vertex of 

a polygon, a pencil at point A can be used 

to mark each vertex of the enlargement. 

Nrv."R 
M~ 

As the new points are found, the ratio PA:PD remains the same . In the picture above 

PA is twice as long as PD, so the scale factor is 2. In order to use the pantograph 

for a reduction, the pencil should be placed at point D, and point A should be placed 

over various points of the original. 
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The pantograph on the student pages has just one set of holes for enlarge­

m~nts with a scale factor of two. There are several holes in the arms of the 

pantograph shown below to allow for different ratios of PA to PD. The following 

illustrations show two more settings of the pantograph. 

As the pantograph is changed 

so that D moves closer to P, 

the ratio PA:PD gets larger. 

In this illustration the 

scale factor is 4. 

As D moves farther from P, 

the ratio PA:PD gets smaller. 

In this illustration the 

scale factor is % 

Pantographs are not always made out of rigid material. Your students might 

enjoy using the rubber band pantograph described in A Snappy Solution to Scale 

Drawings. 

Using Indirect Measurement to Make Scale Drawings 

Often we cannot measure distances 

directly--can you imagine a tape measure 

stretching to the sun? The heights of 

trees, buildings, mountains,etc. can be 

determined from scale drawings which are 

reductions of the actual scene. The 

Greeks created and applied methods of 

indirect measurement. They found the 

circumferences of the earth, moon and sun 

and computed the distances to the moon 

and the sun. Such things,which at first 

seem incredible, can be accomplished with 

only a knowledge of scales and proportions. 

SVRE. IS A LoNG FALL 

B.C. by permission of Johnny Hart and Field Enterprises, Inc. 
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Measuring with Shadows: The use of 

a.stick and its shadow to measure the 

heights of objects is very old. As 

long ago as 600 B.C. the Greek mathe­

matician Thales (tha/lez) used this 

method to measure the heights of pyra­

mids. The method is simple and uses 

proportions. Suppose a stick of height 

4 metres is held perpendicular to the 

ground and has a shadow of length 3 

metres. Then the ratio of height to 

length is 4:3. If the length of the 

tree's shadow is 24 metres, then the 

height of the tree can be found by 

solving .the following proportion. 

X 4 
24 3 

Measuring with a Hypsometer: The 

hypsometer is a simplified version of 

the quadrant, an important instrument 

in the Middle Ages, and the sextant, an 

instrument for locating the positions 

of ships. The grid on the hypsometer 

is used to set up a scale. For example, 

if you are 55 metres from the base of an 

object, this distance can be located on 

the right-hand side of the hypsometer by 

repres enting t en me tres as one unit on 

the edge of the grid. Following the 

dotted line on this hypsometer to the 

string of the plumb line and then down to 

the lower edge of the grid shows that the 

height of the object above eye level is 

25 me t r es. The units on the grid may 

repres ent feet, yards, centimetres, 

metres or any other convenient measure . 

HOMEMADE HYPSOIV\ETER.. 
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A common mistake in using the hypsometer is forgetting to add the distance from 

the ground up to eye level. For the position of the hypsometer which is shown above, 

the height of the wall from A to B in the following diagram is 25 metres. To get the 

total height of the wall, the distance of the eye above the ground must be added to 

25 metres. 

A 
55 METRES 

GROUl-lD 

Using a Plane Table to Make a Scale Drawing 

A plane table is one of the simplest ways of making a scale drawing of a small 

region,such as a room, backyard or field. With this device it is unnecessary to 

measure the angles or distances between objects. Only one distance needs to be known. 

The following series of pictures show the plane table being used to map the location 

of objects onto a piece of paper. In the second picture the line PQ has been repre--sented on the paper by the line P'Q'. The use of a plane table is illustrated on the 

student page Stake Your Claim. 
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Using a Transit to Make Scale Drawings 

When making a scale drawing of a 

geographic area, it is often necessary to 

know the angles formed by imaginary lines 

joining trees, buildings and other land­

marks. The transit is an important instru­

ment for measuring horizonta l and vertical 

angles in civil engineering. Like the 

SCALING 

Pin st..-aw o.t centev 

1-\0MEMADE. TRANSIT 

early transit, the homemade transit shown here and developed on the student page 

Another Stake Out is capable of measuring only horizontal angles. 

Suppose we wish to find the distance between points Q and T shown in the diagram 

below. If we had a scale drawing of the area, we could easily determine the distance. 

A stake can be placed at point Q and another stake placed at an arbitrary point P. 

The distance from P to Q is measured. The transit is used to measure the angles P and 

Q of the triangle PTQ. In each case the metre stick part of the transit should be 

held parallel to the line through stakes P and Q. 

I n the cl as sroom a scal e drawi ng of t he tri-

angle can be drawn on paper with angles P' and Q' 

equal to angles P and Q, r espective l y . The l ength 

of P'Q' can be chos en conveniently to s e t up a 

scale b e tween the l engths of PQ and P'Q ' . For 

example , 1 centimetre might repres ent 10 metres. 

Since Q'T' is 5 em long , QT has l ength 50 m. 
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SUPPLEMENTARY IDEAS IN SCALING 
Scale drawings and maps are common topics in scaling, but there are many other 

scaling activities which involve important mathematical content. Students might use 

a given scale to make a dip stick (see Make a Dip Stick) for measuring the volume of 

irregular containers. The effect of different scales on graphs can be tested 

These and other topics in scaling are developed in the classroom 

materials in this section. 

Many of the student pages in this 

section are devoted to 3-dimensional 

scaling. One of the simplest ways of 

introducing scaling in three dimensions ORIGlNAL 
is through the use of cubes or building 

blocks. The larger of the two figures 

shown here is a 2:1 enlargement of the 

smaller figure. This means that the 

length, width and height of the larger 

figure are each twice as long as the 

length, width and height of the smaller 

figure. 

Some Classroom Activi t ies 

a. Build some skyscrapers out of 

cubes. Set up a scale and pose some 

questions. For exampl e, if the edge of 

a cube r epresents 15 feet, how long is 

the building on Main Street? For 

similar questions see the student pages 

Scaling a Skyscraper and Buildi ng a 

Skyscraper. 

2:1 ENLA~GEM[NT 

A 2:1 enlargement can also mean that 

each cube or building block is to be 

replaced by a 2:1 enlargement. In this 

case, the 2:1 enlargement of the smaller 

figure would have bigger cubes. 

Since different size cubes are 

normally not available , enlargements 

with the same size cubes are used in the 

following illustrations and on the stu­

dent pages. 

MAIN 
STREET 

STREET 281 



282 

COMMENTARY SCALING 

b. Build a box-shaped figure of cubes and then build an enlargement for some 

given scale factor. For a 2:1 enlargement, as shown here, each linear dimension of 

the original figure is doubled. 

OR!G\NAL 2: I [NLA~GEMENT 

c. Build some irregular figures, such as the one shown here, and then build a 

2:1 enlargement. This activity is much more difficult than enlarging box-shaped 

figures as in Activity #2 and will probably generate discussions. 

Sca les, Area and Volume 

Imagine meeting the Terex Titan 

on a highway. This truck is so wide 

that it would require three regular 

road lanes. It is 4.6 times larger 

and 4.8 times wider than the 

Chevrolet Luv pickup which is shown 

on its dumpbo x . Needless-to-say, the 

Terex Titan does not cost just 4.8 

times more than the Chevr ole t pick­

up nor is its capacity only 4.8 

times greater. 

2:1 ENLA..RGEMENT 

General Ho t o r s has unveiled ~the world ' s l a r ges t t r uck, this 67- foot- long 
Ter ex Titan . The o ff- h ighway ha ule r is 25 feet wide a nd can carr y mo re 
than 350 tons, GM says . The t ruck is sch e duled t o unde r go a minimum o f 
1 2 months of t es t i n g a t a mining site in sou the rn California . For s ize 
comparison, that ' s a Ch e v r olet Luv pickup on the Titan ' s bed . 



COMMENTARY SCALING 

The relationships between scale enlargements and the increase in area and volume 

can be discovered by your students through the use of cubes or building blocks as 

suggested in the above activities. These relationships are discussed in the following 

paragraphs. 

Area. If we refer to the figures 

shown here as buildings and the faces 

of the cubes as windows, the area of 

each side of the smaller building can 

be compared to the area of the corres­

ponding side of the larger building in 

terms of windows. For example, there 

OR\GINAL 2:1 ENLARGEMENT 

are four times as many windows on each side of the larger building. By varying 

the scale factors and comparing areas,your students will be able to see that the 

area of the enlargement is always the product of the square of the scale factor 

and the area of the original figure. 

Volume. In the enlargement activities 

suggested on the previous page your stu­

dents will quickly discover that if the 

original figure has too many cubes, they 

may not have enough cubes for the enlarge­

ment. For the 2:1 enlargement shown here 

there are 8 times as many cubes in the 
ORIGINAL 2: I Et-.JLARGEM£NT 

large building as in the smaller one. By varying the scale factors and comparing 

the numbers of cubes needed in a building and its enlargemen~ your students will 

become acquainted with the fact that the volume of the enlargement is always the 

product of the cube of the scale factor and the volume of the original figure. 

The relationships of linear dimensions with area 

and volume are responsible for governing the sizes of 

living things. For example, it would be impossible for 

a fly to be the size of a horse , or a r abbit to be the 

size of a hippopotamus. For an interesting discussion 

on this topic read "On Being the Right Size" by J.B.S. 

Haldane . This essay can be found in Readings i n 

Mathematics, Volume 2, edited by Irving Adler, Ginn 

and Co. or i n The World of Mathemat ics , Vol ume 2 , 

edited by James R. Ne~man, Simon and Schuster. 

FLY HORSE 
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COMMENTARY 

MAPS 
Maps have been indispensable since 

the beginning of recorded time. The 

first maps may have been directions 

drawn on the ground. Today there are 

many types of maps which represent the 

earth's surface and parts of this sur­

face. There are maps of towns, sta-tes, 

regions and countries, all of which can 

be easily obtained for use in the class­

room. Maps show the relative locations 

of objects, and it is the lack of ob­

jects which is causing the difficulty 

for the cartoon character at the right. 

SCALING 

Scale8 on maps are often indicated by a line segment and the distance \vhich the 

line segment represents. Here is an example which was taken from an American Automo­

bile Association map of Western United States. The five small spaces to the left of 

0 can be used for smaller subdivisions of the 20-unit intervals. 

20 0 
••• 

2.0 40 80 GO Scale in Miles 

20 0 20 40 GO 80 
Ill I 

Scale in Kilometres 

One inch represents approximately 40 miles or 64 kilometres. 

Since scales are ratios, it is common to see scales written in the following two 

ways. 

1 inch to 40 miles or 1 inch : 40 miles 

While the use of equality, such as 1 inch = 40 miles, is mathematically incorrect, 

it is frequently found on maps. Students will need to realize that 1 inch on the map 

represents 40 miles on the corresponding geographic region. 



COMMENTARY 

Local, state and regional maps are 

available for classroom use. The mileage 

to various points of interest ean be 

computed along with the travel costs to 

such points. The bus, train or auto­

mobile costs can be approximated, includ­

ing gas, oil and tolls. The scales on 

SCALING 

different maps can be compared. What happens to scales for larger and larger 

regions of the earth? Most of the student pages on maps contain examples and 

questions for developing and reading maps. 

You could obtain some contour maps of 

your region and have your students find 

the highest and lowest points of eleva­

tion. All the points which have a given 

elevation are shown with a contour line. 

For example, the points with 150-foot 

elevation on the contour map shown here 

are on the heavy line. 

Your students might enjoy making a 

map of an area of their own choice. They 

can measure the distance to each landmark 

by counting blocks, paces or turns of a 

trundle wheel. A homemade transit can 

be used to measure angles between objects 

and a convenient scale chosen to fit the 

map onto paper. Some students might like 

to make a treasure map and have other 

classmates use the map to find the treasure. 

A 

B 
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SCALING: GETTING STARTED 

TITLE 

What Am I? 

A Perfect Fit 

Bug Off! 

Your Mod Bod 

Elementary, My Dear 
Watson 

What Scale? 

Scal y 

Bean s , Bean s 

A Picture 's Worth 
1 000 Words 

The Pirate ' s Dream 

Beware the Cobras! 

Through the Rocky 
Mountains 

Cl assy Calendar 

Choose the Scal e 

Have You Got Split Ends? 

CONTOJJS 

PAGE 

289 

290 

291 

292 

293 

294 

295 

296 

297 

298 

299 

300 

301 

302 

303 

TOPIC 

Identifying by 
outline 

Motivation 

Motivation 

Using scales to 
represent heights 

Motivation 
Use of a scal e model 

TYPE 

Transparency 

Bulletin board 
Activity 

Transparency 

Activity 

Activ ity 

Determining the scale Paper and pencil 

Choosing an Game 
appropri a t e scal e 

Us ing a scal e to ma ke Activity 
predictions 

Converting measure - Paper and pencil 
me nts using a scal e 

Converting measure- Pap e r a nd pencil 
ments using a scale 

Converting measure - Paper and pencil 
ments using a scale 

Conve r t ing measure- Paper and pencil 
ments using a scale 

De termining and con - Bulletin board 
ve r ting a scal e Paper a nd pencil 

Choosing a r easonabl e Bulletin board 
scal e Activity 

Using a microscope Activity 
to enlarge 

------------------------------------------------------ -
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IDEA FROM: Minnemast, Unit 18, Scaling and Representation 

Permission to use granted by Minnesota Mathematics and Science Teaching Project 
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,----------------
1 Project: 

A 
Have a student bring 

I 

bodice fr-ont 

in a clothing pattern 
to be displayed on the 
bulletin board. The l ~-:-_::-_-_-_-_-_-_-_-_-_-_-_-_-_-_--__ -_-_-_..., 

---
I\ 
I I 

I 

actual pattern, the \ 
I 

be 1 

as 

1 cutting layouts, and the pattern package should all 
displayed. A background of actual fabric would be 
attractive. The bulletin board display could serve 
an emphasis and motivation for several concepts. I 

I I 

-----------------------------------~ 

G~-------------------------------------------, 
1 The pattern is a 1:1 scale drawing of the pieces needed l 
1 to construct the garment and also is a scale drawing of 1 
l I the size of the garment needed to fit a particular per- 1 

1 son. 1 

'------- ------------------------------------- -~ 

t2.------ - - - - --- - --- - - - - -- -- --- - ----- - --- - - - I 
1 The pattern package shows the amount of material 1 
I l 
' needed for the garment according to the size and to ' 

the width of the material. 
I 

,_ - - - - - - -- - - -- - -- ---- - -- -- ---- --- - - - - - - - --- - -- -! 

~-------------------------------------------
(3. l 
t TI1e cutting layout is a representation (scale 1 

I drawing) showing how the pattern should be laid 
\ out on the material. 

' ~-------------------------------------------~ 

l t4 
I 
I 
I 

I 
I 
I 

290 

A lab activity could be ueveloped where students--\ 
actually lay out a pattern on material. This ! 
could show a student how the left and right [ 
sides of garments are cut (also, how to elimi- 1 

l 
nate a seam by laying out the material along 1 

the fold). If several widths of material are : 
available, the student can see how the arrange­
ment of the pattern is changed to waste the 
least amount of material - -- -- --

I 
f 
I 
I 
I 
I 

K 
sleeve 



I. The sa.me coiz.e a.s the object. 

2.. Srno.ller 

Sca..le o.f I : 2 

3. Lo..~ge.,.- tV\a.n the object-. 

Sca.le of 2.! I 

IDEA FROM : Greater Cleveland Mathematics Program, 6 

Permission to use granted by Educational Research Council of America 291 



Materials needed: Long piece of string, scissors, name label, stapler or 
thumbtack. 

Activity: 

(1) 

(2) 

Have a classmate measure your 
height with a piece of string. 

Cut the string to represent 
your height. 

(3) Fold the string into two 
equal pieces and cut. 

(4) Attach one piece of the 
string to the bulletin 
board. Label it with your 
name. 

(5) Save the other piece of 
string. 

. . ... . 
. . . . 

'Po..pev-

. ..... 

When all of your classmates have placed their strings on the bulletin board, you 
will have a scale representation of everyone's height. 

(6) Use the other piece of string; fold it into equal pieces to make a scale repre­
sentation of your height that will fit on the piece of paper on the bulletin 
board. How many times did you fold the string? 

(7) How are the two scale representations different? How are they the same? 

292 

(8) Use another piece of string for measuring and draw a scale 
representation of yourself that will fit lengthwise on a 
piece of notebook paper. 



Equipment: Two 4" x 6" index cards 
Ink pad 
Magnifying glass 

1. Pick a partner. 

2. Use an index card. Rule 
and label the card as 
shm.;rn. 

3. Use an ink pad and 
record your finger­
prints. 

4. Clean your fingers 
thoroughly. 

5. Use the magnifying glass 
to study your prints. 
How do the prints differ? 
Count the ridges or 
loops in different parts 
of one fingerprint. 

Le++ 
Middle 

Let+ 
R\nq 

6. The Henry system divides finger prints into eight types of patterns 
for identifications. Study the patterns below and try to classify 
your fingerprints. 

5. Pla.."IY\ whor-l 

7. Carefully describe two of your fingerprints to your partner. See if your 
partner can select the correct ones. 

Le-t+ 
Lit-tle 

IDEA BASED ON: SRA Math Applications Kit by Allen C. Friebel and Carolyn Kay Gingrich.© 1971, 
Science Research Associates, Inc. 

Permission to use granted by Science Research Associates, Inc. 293 



Sco.\e of __ 

294 

Sca.le. ot __ 

Sco..le ot __ : __ 

For +hese: 

CD use CL. tra.nspa .. •re.nt 

grid , OY" 

@tv-ace Oh 

j r--id pa.pey-, or-­
@) I'Y\eo.sure. 
with Ct. r-uler-. 

Sco.le of __ : __ 



Materials: Game board 
Marker for each 
player 
Die 

Rules: 

1) Players each roll 
the die. Largest 
number goes first. 

2) Scales: 

a) 2 spaces for 
each dot on 
the die 

b) 3 spaces for 
each dot on 
the die 

c) 4 spaces for 
each dot on 
the die 

3) Players roll 
the die, choose 
a scale to avoid 
the Go Back spaces, 
and move their 
markers forward. 
For example, if a 
player rolls a 5 on 
the die, and the 3:1 
and 4:1 scales both would 
move him to a Go Back 
space, he would choose the 
2:1 scale and move 10 
spaces forward. 

4) If all scales move a 
player beyond 
Scaly's eye, the 
player loses his 
turn. 

5) 
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Activity: 

BE .. AN··: S',.· .. ·. 
\ •• l • 

• • , f ·.- ''· • v 
~EAN. -s··. g;.... '.; ··: ; ·~ ,' 

s: Two 1-gallon jars (same shape)~~~~~~~~~~~~~ One jar is to be filled with 
beans and sealed 
A dowel rod to calibrate a 
scale for the empty jar 
A supply of extra beans 
A team of 3 students 

(1) Each student should make and record an individual guess of the 
number of beans in the jar. 

(2) Make a team guess. It may be the same as or different from the 
individual guesses. Discussing the guess should give a good 
approximation of the number of beans in the jar. 

(3) Place the dowel rod next to the jar and mark the 
top of the jar. 

(4) Mark the rod into several equal parts. 10 or 20 marks 
convenient. Your scale is lengths : 1 jar. 

(5) Place the rod in the empty jar and add beans to the f i rst mark. 
Count the beans. What is your scale? 1 length : beans. 
Repeat this three more times to get an average number of beans. 
Scale of 1 length beans. 

bottom wi II 

results. 

(6) Use the scale to predi ct the 
numb er of beans in the s ealed j a r. 

(7) How close to the prediction was 
e ach individual guess? 



T 
I 
I 
I 
I 
~ 

A PICTURES WORTH 

lOOO WORDS 
The dictionary uses pictures to illustrate its definitions . Sometimes a 

scale is given near the picture to indicate the size of the picture compared to 

the real thing. 

Measure each picture in mm or em and use the scale to figure the size of 

the real thing. Choose your answer from the bottom of the page by taking the 

measure closest to your answer. 

'\., 
"\ 

'\ 

' ' ' "\ 

'~ 

Pv.f'.fin Sco.le of I: 10 

(a) A puffin is em. 

T 
I 
I 
I 
I 
I 
I 
I 

i 
Sea.. Hor-se Sco.le of 1:4 

(b) A s ea hors e is 

T 
I 
I 
I 
I 
I 

mm. ·---

~-----------..j 

Who.le Sca.le of I: 300 

(e) A whale is _____ m. 

CockYoo.c.h Sco.le of I: 2 

I 
I 
I 

.!. 

Antelope Scale of ! :50 
(c) A cockroa ch is em. 

(d) An antelope is --------

~-------------------~ 

Albo.tross Sca.le of I: 35 

(g) An albatros s is em. -------
Dinosa.uv- Sco..le of' I : 250 

(f ) A dinosaur is --------- m. 98, 30, 100, 12., 3.0, 15, 1.2.5 

IDEA FROM : The Metric System of Measurement 

Permission t o use granted by Activity Resources Company, Inc. 297 



HELP BLACKBEARD FIND THE SHORTER DISTANCE TO THE TREASURE, USE 
YOUR METRIC RULER TO MEASURE EACH LENGTH~ CONVERT THE LENGTH ACCORDING 
TO THE SCALE~ AND THEN ADD TO FIND WHETHER PATH A OR PATH B IS SHORTER, 

1----cm ·z --· • YYI \ 

WHICH IS THE SHORTER PATH 
IF YOU USE THE ACTUAL 
LENGTHS OF THE SEGMENTS? 

298 

\cm:lC>m\ 
\ 

--

MAKE A PATH OF YOUR 
OWN SO THE LENGTH OF 

OUR PATH IS BETWEEN THE 
LENGTHS OF PATHS A AND B 



Two of these chests contain deadly cobras and the third contains a 
treasure to make a person rich beyond their wildest dreams. 

Use a metric ruler and find the treasure by following the directions 
on the parchment. 

should be 
parallel to 
these lines. 

5ca.le: I em : 10 pa.c.es 
N 10 pa.ces>NE 40Jnces, 5 .20pAces,NW 25po.ces,E \Opx:es) 

SW 35pa.ces, N 40pAces,E 75p:;.ces, N 2.0~ces, NW 30p<AcesJ 
5\N Y5po..ces}W f:tJpx:.es, SE 15ptces, N 35~>E 50fXAces, 

SW 25 po.c.es, 5 5 paces, NE 40 pa.c.es, NW 35 pa.ces. 
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1-tOQSE 

300 

THROUGH THE 
ROCKY MOUNTAINS 

t 

' \ I I / 
' \ " .. 

.. ~CKET .. 

A to B 

B to C 

C to D 

around 
& back 
to A 

ROLL 

HOW FAR? 
(in km) 

by path by air 

~- - - - -- - - - -- - ---100 k.m - - ---- -- - --- - - - - -)­

SCALE 

SOURCE: The Metric System of Measurement 

Permission to use granted by Activi ty Resources Company, Inc. 



On the bulletin board arrange colored strips of paper to represent the 

twelve months of the year. The color of each strip could correspond to the color 

of the birthstone for that month, and the length of each strip should be propor­

tional to the number of days in the month. Select a scale that is suitable for 

the size of the bulletin board, e.g., 1 day represents 5 centimetres. 
I.· .... . - · ·· · ·. · · ... · -. · · -· · · · .. . · .. .. .. -.... · · · .. ·. · ·. · .. ·1 T + deep v-ed ~- - · ..... .... · ,.·.- .. ·. ·.· ...... ,, ..... ·.· . .... ... .. ... :.:- : ·.·.·:·: .·.·:.: · .. ·.·:--: .· ·. Ja.nv..o.r'j -<jo.rne- ' 
1·.· _. ... : .. ·. · .. : .: : · .. : ... . · ; ... · . .. ·-: .· : ·. · .. ' ... · .··. -. : ·.·:1 . . . reb~uo..ry -o.meihys+-lavender-
1:-·.-.::·:.:::::·: :<. ·:::·:"·: : .-·.-.-.-:.; :-;.:·-: ::::=.-:.·:.·.: :- ::_ ... _. ·.-.:.::: .:.:: .. :.:·,: ·. ::.-:;:.•:·.:::·:.-:::::;:.-·.::.-1 Mar-ch- a.q_ u.ama.rine- sky blue 

.· · .. · . · .. · · .· ·. · . ... . ·. ·.· · · · · · April- dia.rnond- white 
!:':::-:-:.-.:_,_=:~:=.,': :: :.= _.·.::: .. :.=.: =-.=::: :.:-.: =·:··:·:::.-::-: =~·-·: : . .-.. ;·:.-,·.-· .. ,·:.:::··:·:·:·.: -: :.~:'.:::-'.::·;'! tv'! o.y - eme ra.ld -green 

Ju.ne- a.lexa..ndri+e- purple 
1:: :-:.-.. .-.: . .-.-.. :·_,:-::: .-:.::.: -:.·.- :.-: .. : .::-:.·:-::·.: .. -.. · . .-.: .-. ~ :·. : ... . ::. :- .-· .- :.-.. ·.:.-,-·. :: ·:::·: :-·.: :: .. ·:: .:.-.-'.: .- ·. ··.;:I July - ruby- red 

· · · · · : .·.· · . · · · . . Augusi-perido+-yellowish-gr-een ,. 
1·.-... :·:·.=::.->:·: ::·.::::·~:·:.:.:::~-:,:-::·:z··.::.-::_.':::.:::: ::-:·_.::.-: ~:-: :·:-.::-:-:-:-::·.:-:,: . .-.-:-::-:;::.::·:: ~ ::.1 · S g p t ember- so. pph'~re- daY.k blue. 
1-:. · ·_ =· ·. =. ·.·. : .·. ·: · :- ·:. ·.· :-·. · ··. : ·. : ··. : : : : ' : · :: ·.-· · ··.: :-· .-.: ::· .. -:I October-fourvno..\iY\e..- pink 
1·.·.· ·. · . ·.· .·. ·. · . . : · .· . · ·. · . . · . . · · ·. · · ·.· . : ··.·. ··. ·:-1 · November- topa."Z.-yellow 
1:::.:: :::·.::.;·:-·:: .=:.:.:~;;_.::=.::: ~·.::.:.-:·.::.-:: -::.:·::;.:::;.::_;/,: =;=: =.·:·.: .-.~ ="·:·-.: .• ·.·: :: •• ·; :::::·;-·.; :. :.-·.:;::::~x.-.=:::. 1 0 ec em bey- -t u. r q_ uo 1 ~ e- 61 u.e. 

(1) Have a couple of students measure the strips and determine the scale used. 

(2) Each student should then use the scale to locate his birthday on a 

strip. After each has colored in his birthday, these questions could 

be asked. 

(a) Which month is the most popular month for birthdays? Least popular? 

(b) Number of birthdays in a month : Total number of students? 

(c) Number of birthdays in 1st half of year : Number of birthdays in 2nd 

half of year? 

(d) Number of boys having a birthday in a month 

birthdays in the same month? 

Number of girls having 

(e) Number of months with 31 days : Number of months with 30 days? 

(f) Number of months starting with the same letter of the alphabet 

number of months? 

Total 

(3) Vacation times, weekends and/or holidays could be colored in on the strips. 

Special events, such as the World Series, state fairs or Mardi Gras, could 

also be shown. 

(4) Specify a scale, e.g., 1 ern represents 1 day and have students draw a model 

of the bulletin board calendar on their papers. Have them locate their 

birthday~ and the birthdays of those in their families. Holidays and days 

of special importance to each student could also be marked. 
301 



A bulletin board display could give students practice in associating reason­

able scales with pictures or scale drawings. Pictures from magazines, maps, xerox 

copies from textbooks, etc. could be attractively arranged on the bulletin board, 

and the corresponding scales posted separately. St~ing could be used for students 

to match each scale with the corresponding graphic or the scales could be moved 

and placed next to the appropriate graphic. For several days discussions and 

changes on the bulletin board should be entirely student-centered. To close the 

activity the teacher could have a class discussion of the final choices. Thus, 

the bulletin board can be used as an active learning tool. 

inc.hes 
• • 

• 3 Meires • 

• I mm • 

• 
• 

• • 
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HAVE YOU GOT 
SPLIT ENDS? 

Materials: Microscope 
Several slides of small objects 
Ruler 

HUMAN 
11'\IR 

Activity: 

1) Guess (in millimetres) the width of a 
hair from your head. 

Pull out a hair and try to measure it 
with the ruler. 

Place the hair on the stage of the 
microscope. What scale enlargements 
can you see under the microscope? 
The numbers are usually written on 
the lenses. 

a) __ b) __ c) __ 

Compare the width of your hair with a 
hair from another person with a dif­
ferent color of hair. Is one color 
of hair wider than the other? If so, 
which color is the widest? 

5) Compare the widths of a curly hair and 
a straight hair. Is there a differ­
ence? 

6) If you have other slides, 
compare the width of 
your hair with the width 
of the other objects. 
In each case which is 
wider? 

7) This picture shows the 
width of a hair drawn to 

a scale of 
600:1. If 
this hair is 
45 mm wide hovJ 

' wide is the 
actual hair? 

8) Using the same scale, about how long are each of the other objects on the 
picture above? 

a) Pollen 
b) Spore 
c) Water 
d) Bacteria 

IDEA FROM: Arithmetical Excursions: An Enrichment of Elementary Mathematics 

Permission to use granted by Dover Publications, Inc. 
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SCALING : MAKING A SCALE DRAWING 

TITLE 

Geoboard Designs 

Border Designs 

I Have Des i gns on You 

The Parthenon 

Grid Graphs 

Pa int Your Wagon 

Pace Out the Space 

What's Your Angl e ? 

Archie Texs' Ruler 

Ta ke Me Out t o the 
Ba l l Game 

Room Decorations 

Wha t' s the Point? 

Bigger Than Life 

A Shrink 

PAGE 

307 

308 

309 

310 

311 

313 

31 4 

315 

316 

317 

318 

319 

320 

321 

TOPIC 

Copying designs 

Copying designs 

Enl arg ing/reducing 
with grids 

Reducing with grids 

Enlarging/reducing 
with gr i ds 

Enlargi ng wit h grids 

Reducing with a 
grid or ruler 

Enlarging/reducing 
wi t h i s omet r i c 
gri ds 

Enlarging with a 
rul er 

Reduc ing with a 
ruler 

Enlarging with a 
compass and ruler 

TYPE 

Activity 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Act ivity 

Activity 

Activity 

Paper and pencil 

Activity 

Paper a nd penc il 

Activity 

Enla r ging us i ng Paper a nd penc i l 
simi l ar figures and 
a perspec t i ve point 

Enlarging using Paper and pencil 
similar figures and 
a per spective point 

Reducing us i ng Paper and penci l 
s imilar f i gures and 
a perspective point 
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TITLE 

A Negative Feeling 

Projecting Through the 
Pinhole 

A Snappy Solution to 
Scale Drawings 

Stake Your Claim 

Another Stake Out 

PAGE 

322 

323 

324 

326 

328 

TOPIC TYPE 

Enlarging/reducing Paper and pencil 
using similar figures 
and a perspective 
point 

Demonstration of 
perspective 

Enlarging/reducing 
with rubber bands 

Activity 

Paper and pencil 
Activity 

Reducing with an Activity 
instrument 

Finding lengths using 
an alidade 

Reducing with an 
instrument 

Finding angles using 
a transit 

Activity 



Use only 4 or 5 rubber bands on the geoboard. 

1) Make each design on your geoboard. 

0.. b. c. 

• • • • • 

2 ) Make a design of your own on the geoboard. Copy your design on dot paper. 

3) Make a stop sign on the geoboard. Copy the sign on dot paper. 

4) Make the largest number you can on the geoboard. Copy the number on dot paper. 

5) Make your name on the g eoboard. Copy e ach lette r on dot paper. 

6) Make a house, a boat or an airpl ane on the geoboar d . Copy each design on dot 
paper . 

7) Make a triangl e on the g e oboard . Copy t h e triang l e on dot paper. Is your 
triangle the same as your neighbor's? How many different triangles do you 
think you could make? 
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OQDE 
DESIGNS 

Continue these border designs. You could use colored penci l s. 

I. 

II 

2. I • I 
L 
r 

3. 

4 ~I I I I I I I I I I I I I I I I I I I I I I I I I I I 

Create a design of your own. Repeat the pattern. 

5
111111111111111111111111111111111111111111 
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I HAVE DESIGNS 
ON YOU 

1. 
Copy the design on the grid 

below. The scale is 1:1. 

Z Make an enlarged copy of the 
·design that fills the grid below. 
On the enlargement the scale is 
2:1. That is, 2 lengths on the 
enlargement r epresents 1 length 
on the original. 

Make a design of your own on 
graph paper. Have a fri end make a 
2 to 1 enlargement of the design. 

Make a reduced copy of the 
design on the grid below. On 
the reduction the scale is 1:2. 
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Use the ~-centimetre grid provided to make a scale drawing of the Parthenon below. 

Reduce the dimensions of the drawing to one-third their present length. Look for 

shortcuts 

~!o"""" ........ 1-oo.. 

~I""'" -~ ...... l,.ooo' 

L.,..oolo--'" i""""' ....... ............ 
~~ ....... ...... 

"""" --"' 
,_. ....... ....... 

"""""" 1---"!o"""" f""""o r---. ..... .... 
I I I I I I 1 _l I I I _l I I I I I _._._._ I I I _. . _I I _I • _.___.__. I I • 

' 
, 

" 
, ~ ~ " / ~ , ~ / 

I 
I 

I 



How to make grid graphs and distorted graphs: 

Ask students to bring comic books, newspaper comic strips, Mad 

magazines, and picture magazines for use in the classroom. The school 

library often has old copies of newspapers and magazines. Used-book 

stores are another source of such materials. 

Let students choose a cartoon character, a comic strip character, 

a real life photograph, or a real life drawing. The first pictures 

should be simple. 

Instruct them to make an enlargement, a reduction, and/or a 

distortion of the picture they select. 

STEPS TO FOLLOW: 

a. 

b. 

Cut out the picture. 

Using a ruler and a 

pencil, draw a grid 

over the picture. 

Make the squares a 

standard size (i.e., 

square centimetres, square 

inches, square half­

centimetres--whatever seems 

the most appropriate size.) 

c. Use graph paper sizes provided, 

or create your own grids to 

enlarge, reduce, and/or distort 

the picture. 

d. The following grids show various 

distortions of the original figure. 

Students can use these illustrations 

for ideas. Students could draw an 

0 2 7 

original distorted grid and give it to another student to complete. 

These scaling assignments make a nice bulletin board display. 

IDEA FROM: Art 'N' Math 

Permission to use granted by Action Math Associates, Inc. 311 
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CONTINUED 

7 8 

312 IDEA FROM: Art 'N' Math 

Permission to use granted by Action Math Associates, Inc. 



Below are instructions for making a wagon. 
Make a wagon twice as long and twice as wide. 

A. The Body 

1. Copy this shape on squared paper. Count the 
spaces you need for each line. 

2. Cut on the heavy solid lines. 
3. Fold along the dotted lines. 
4. Use the square flaps to fasten the body 

together. 

B. The Wheels 

1. Use a poker chip, 50¢ piece, or small lid. 
Place it on an index card and draw around it. 

2. Cut out the circle. 
3. Make three more wheels like this. 
4. To find the center of each wheel, draw another 

circle, cut it out, and fold it in half. Open 
it out and fold it again in a different place. 
Open it out. The center of the circle is where 
the fold lines cross. Fit the circle on each 
of your wheels and use a pin to make a hole 
through the center. 

C. The Axles 

1. Use squared paper to mark out two strips of 
index card, each 12 spaces long and 1 space 
wide. Cut out the strips. 

2. At each end mark off one square. 
3. Find the center of each square by drawing 

the diagonals. Make a small hole at each 
center. 

4. Bend down the end squares. 
5. Turn the body of the wagon upside down and 

stick the axles to it. 
6. Put a pin through the center of each 

wheel and fasten the wheels to the axles. 
You may need to tape the pins to the bottom 
of the wagon to keep the wheels from coming 
off. 

IDEA FROM: New Oxford Junior Mathematics, Book 1 

Permission to use granted by Oxford University Press 
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2) On a piece of grid paper using a scale of 
1 unit of length : 1 pace or on a piece of 
plain paper using a scale of 1 ern: 1 pace, 
make a scale drawing of your classroom. 
Include the arrangement of the desks by 
pacing the distance the 1st desk is from 
the front and side wall. 

3) Compare your scale drawing to a 
classmate's drawing. Are the 
drawings similar? Why might 
the drawings be different? 

4) With a tape measure or 
me tre stick find out 
how many centimetres 
long your pace is. 
Measure several times 
to get an accurate answer. 

Count the 
to pace 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

number of paces needed 

the length of the room. 

the width of the room. 

the length of the black 
boards. 

the length of the heating 
units. 

the length of the teacher's 
desk. 

the width of the door. 

the distance from the corner 
of the room to the door. 

the width of the windows. 

the width of other prorni-
nent objects in your class-
room such as large tables, 
bookshelves, or filing 
cabinets. 

5) Use your scale drawing and the length of your pa ce to find the approximate 
l engths (in me tres and c entimetres) of the obj ects in part (1). Measure with 
the tape measure to check your approximations. 
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Materials needed: Isometric grid paper, straightedge 
Activity: 

1) Draw a copy of this 
figure. Use a scale 
of L:L 

3) This is an 
enlargement 
drawn to a 
scale of 3:1. 
Draw the 
original 
figure. 

5) This is a reduction drawn c,· ·--::.:.,/. ·· 
to a scale of 1:3. Draw · 
the original figure. 

·.. . '· ... : 

6) 

, \. 

2) Draw an 
enlargement 
of this 
figure. 

of 2:1. 

4) Draw a reduction of the figure 
below. Use a scale of 1:2. 

. . .·. i ' · 

.... \/~ .... \,/ ....... 

Wha t do you see ? 
Draw an enla r gement. 
Choos e your own s cale . _/'-. 

_:· ...... 
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Activity: 

(1) Complete the ruler by marking 
sides B and C to show the given 
scale. 

(2) Cut out this chart, fold on 
the lines, and paste the flap 
under to make your architect's 
ruler. 

(3) On another paper use the 1:1 
scale to draw a rectangle 2 
units wide and 4 units long. 

(4) Now use the 2:1 scale to make 
an enlargement of the rectan­
gle that is 2 times as wide 
and 2 times as long . 

(5) Use the 1:1 sca l e and draw 
another r e ctangle. Make 
a 3 to 1 enla r gement. 

(6) Use the 1:1 scale and draw a 
square 3 units on a side. 
Make a 6 to 1 enlargement of 
the square. 

Challenge: Make a 4:1 enlarge-' 
ment of J ennifer's doghouse. 

A 

(J) 

a) 

t: 

{0 -

\{) -
s: 
co -
('! 

--
0 

(J) 

00 

t-

tO 

II) 

..q. 

('f) 

r-J 

-
-.. -

8 c 

(j) 

(() 

t-

<..0 

l.r) 

~ 

(1')· 

('J I 

-

- - --- . . .. .. . . . . 
0l ('() <::{ l.o '-0 
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Using a scale of 1 em: 20ft., make a 
scale drawing of this baseball field. 

Place this diagram 
bottom of your 
paper and trace 
over these lines · 
to help you get 
started. 

of home plate at the 

A major league baseball diamond is a 
square 90 feet on each side. Outfields 
do not have a standard size. Using a 
ruler, draw this baseball field so that 
the distances from home plate to the 
outfield fence are the same as shown in 
the diagram. 

380tt 
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1) Use your scale drawing to find how far it is: 
a) if you run around the bases after hitting a home run. ft. 
b) across the infield from home plate to 2nd base. ft. 
c) across the infield from 1st base to 3rd base. ft. 

2) The pitcher 's 
the pitcher's 
plate? 

mound is located approximately in the middle Df the diamond . 
mound on your drawing. How far is it from the mound to home 

ft. 

Put 

3) Hank Aaron smashes a 250-foot hit into left field. Mark an "X" in your drawing 
to show where the ball might hit if the left fielder misses the catch. Comp a r e 
your answer with a friend. 

4) Reggie Jackson hits a towering fly ball 310 feet that is not a home run. With 
an "0" mark three possible spots where the ball can be caught. 

5) The longest measured home run was hit in 1953 by Mickey Mantle. It traveled 
565 feet. On the scale drawing this home run would have landed 
centimetres from home plate. Can you show this on your drawing? 

6) How far will the ball travel from the pitcher to the first baseman if the batter 
hits a line drive to the third baseman,who catches the ball while standing on 
third base and relays the ball to first base? 

7) The batter hits a Texas l eaguer (a short fly ball) into center field 190 feet 
from home plate. The second baseman receives the throw from the center fielder 
at second base. How far did the ball trave l? 

IDEA BASED ON : Fraction Factory and SRA Math Applications Kit by Allen C. Friebel and 
Carolyn Kay Gingrich. © 1971, Science Research Associates, Inc. 

Permission to use granted by The Math Group, Inc. and Science Research Associates, 1 nc . 
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Most students enjoy constructing designs 
of various kinds. The designs shown here can 
be enlarged by any scale. Students could make 
enlargements according to the given scales or 
could choose their own scales. Other designs 
can be found in Creative Constructions by 
Seymour and Schadler and Line Designs by 
Seymour and Snider. 

Students can make a bulletin board by 
creating their own designs and enlarging them. 

318 IDEA FROM: Creative Constructions 
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B 

! ! 

i ~-·· 
: i : .... 

2. Do all your ratios simplify to about 2:1? 

:-. r"r- ... , 
: ~ : : ,· 
: ·. • • r. : · .. : ~ . . ... 

~. Use a metric ruler to measure the 

sides of each figure to the near-
1 

est 2- em. Write these ratios. 

AB' AB= 
B'c' Be :: 

c'o' co = 
o'A' DA : 

3. Draw lines to connect A to A', B to B'. C to C', D to D'. Extend these 
lines until they cross . Label this point P. 

4. With a metric ruler measure these line segments and write the ratios. 

PA': PA = 
PB': PB = 

I 

PC : PC ::: 
Po': PO= 

These should o.ll simplify to 
about 2.:1. 

····· · ··· · ······································· · ··········· · ··················· ~ ··············· · ··· 
/.A' B'C'D' is an enlo.v-gement of' ABCD by a. sca.te fa.ctoY of 2. ·• .•• 
~ . 
\ P is the. sta...-ting point for- the enlaYgement. i 

··· ·····················•·•·•·•·•·•·•·• ·•·•·•·• ·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•·•········ 

5. Find P (the starting point for the enlargement). Measure the sides 
of the figures to find the scale factor of each enlargement. 

A 

c~ 
B 

IDEA FROM: The School Mathematics Project, Book D 

Permission to use granted by Cambridge University Press 319 
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To make an 
enlargement of 
triangle ABC using 
a scale factor of 2 
do the following: 

1) Draw lines from 
A, B and c. 

2) On line PA mark 
= 2:1. 
On line PB mark 
On line PC mark 

p through 

point A' so 

point B' so 
point C' so 

PA' :PA 

PB' :PB = 
PC' :PC = 

THAN 
LIFE 

c 

2:1. 
2:1. 

3) Use a metric ruler to measure the sides of 
two triangles. Write these ratios. 

A'B' = AB = 
B'cl :Be = 

c'A : CA = 

Is each side in the new triangle about twice as long as its corresponding 
side in the original? 

scale factor ~ 
of 2 ~ 

Trace each figure on another sheet of paper and use the 
scale factor to make an enlargement. P is the starting 
point for the enlargement. 

scale 
factor 

factor 

Po 
of 4 

(;;;\ scale factor of 2 
~p then scale factor 

of 3 
scale factor 

IDEA FROM : The School Mathematics Project, Book D 

Permission to use granted by Cambridge University Press 



If the scale factor is less than 1, the drawing actually becomes a reduction or shrink. 

@ 

p 

F 

1 Reduce triangle ABC bv a scale factor of 2· P is the starting point for the 
C reduction. 

1) Draw segments PA, PB, PC. 

2) Find A' so that PA' :PA 1:2. 

B Find B' so that PB' :PB 1:2. 

Find C' so that PC' :PC 1:2. 

3) Measure the sides of triangle 

A'B'C'. Is each side in a 1:2 

A 
ratio with its corresponding 

side in triangle ABC? 

On another piece of paper trace each of the figures and do the reduc­
tion. In each proplem P is the starting point for the reduction. 

Reduce by a factor 1 1 
of 3. @ Reduce by a factor of 4. - A ..-----------------.B 

c 

IDEA FROM : The School Mathematics Project, Book D 

Permission to use granted by Cambridge University Press 
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A NEGATIVE FEELING 

When the starting point of an enlargement or reduction is between the original 
design and the new design, the new design >Jill be upside down. The scale factor is 
written as a negative number. 

For example: Enlarge this design by a scale factor of -2. P is the starting point 
for the enlargement. 

1) Draw lines PA, PB, PC, PD, PE. 

2) On line PA locate A' so that P is 

between A' and A, and PA':PA 2:1. 

Do the same for lines PB, PC, PD, and 

A PE. 

Copy 
copy 

322 

3) Measure the sides of the new design to 

see if each side is in the ratio of 

2 to 1 with a corresponding side of the 

original design. 

4) Is the new design upside down? 

another sheet of paper and make the new design. Be sure to 

enlarge by a scale 
factor of -3 

. p 
by a scale 

1 factor of 
2 

Challenge: Stand the box 
on its end by making an 
enlargement with a scale 
factor of -2. 

enlarge by a 
scale factor of 

Challenge: Find out what I think of 
my mother by making an enlargement 

of the wordM D M 
Use a scale factor of -4. 

IDEA FROM: The School Mathematics Project, Book D 
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PQOJECTING THROUGH 
THE PINHOLE 

......... 
1) This is a "prac~ica~" demonstration elf:~.------------ ---------- ----- ---~--

~~~~~e concept ln &gger 11um r:::r:=~r~:::-~:~tr:::·::: ··::.·:·: ····· 
1ft. -..... 

Construct a 6-in. square and 
place it 1 ft. in front of a 
projector. Locate a screen 
behind the square at various distances 
from the projector, e.g., 2ft., 3ft. or 

~-------------v-------------~J 

4 ft. Have students estimate the length of the shadow at 
each distance and then measure to check. Students should discover that length 
of square : length of shadow = distance of square from the projector : distance 
of screen from the projector. A discussion can be held on the ratio of the 
areas of the square and the shadow at each distance. 

3) Use a slide pro­
jector and a 1-foot 
square frame to 
generate a series 
of enlargements 
with a constant 
scale factor, 
e.g., 2. 

2) This is a "practical" demonstration of the concept in 
A Negative Feeling. 

Make a small pinhole in a piece of heavy paper. Hold 
the paper about 4 inches from the wall and hold a 
lighted candle in front of the pinhole. The image of 
the flame projected onto the wall will be inverted. A 
diagram of how a simple camera works also illustrates 
this concept. 

a. Select a slide. Mark the 

b. 

c. 

center (dot with pen) for a reference point. 

Mount the frame on a wall. 

Position the projector about 2 feet from the wall so that the 
dot on the slide is projected in the center of the frame. 

d. Observe the portion of the slide projected ~nside 
the frame. Select an object(s) near the center 
of the frame (like the button above) and measure 
its length. 

e. Double the distance of the projector from the 
wall (keep the reference dot in the center of the frame). 

f. Note the image in the frame. Remeasure the object(s). 

g. Repeat. Students may predict new lengths of object(s) for new distances. 
323 
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Materials needed: Several identical rubber bands, a thumbtack, a centimetre 
ruler, butcher paper, large table. 

Activity: Loop two identical rubber bands together to 
form a knot in the middle. 

To enlarge triangle ABC: 
1) Pick a point X so the distance from X to A is longer than the length of a 

rubber band. 
2) Hold one end of the rubber band 

the thumbtack. 
3) With a pencil in the other end, 

until the knot is over A. Mark 
and label the dot A'. 

4) Repeat step 2 with the knot over 
find B', then over C to find 
C'. 

5) Connect A', B', and C'. 

X 

-...... 

Measure the lengths of the sides of 
the two triangles and write these 
ratios. Then write the ratios in sim­
plest form. 

A'B' :AB 

A'C' :AC = 

B'C' :BC 

on point X with your thumb or 

stretch the rubber bands 
a dot with the pencil 

B to 

--

...... ...... ...... ....... ...... 

The rubber bands have helped you make a 2 to 1 enlargement. Do one of your own. 

C' 

IDEA BASED ON: Activities with Ratio and Proportion, and The Laboratory Approach to Mathematics 
by Kenneth P. Kidd, Shirley S. Myers, and David Cilley,© 1970, Science Research 
Associates, Inc. 

Permission to use granted by Oakland County Mathematics Project and Science Research Associates, Inc. 
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A-:SNAPPY-~SOLUT\0~ TO 
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SCALE DRAW\NGS 
( CONT\N UED) 

1) How many rubber bands would you use to make a 3 to 1 enlargement? 
Could you make a 1 to 3 reduction? 

3) Find a design that you like and make 

2) Designs with curved lines can be en­
larged by watching just the knot and 
moving the pencil so the knot traces 
over the design. 

a 3 to 1 enlargement. A large, simple 
design is easier to enla rge. 

4) Use an enlargement done by a classmate 
and make a reduction of the design. Com­
pare your reduction to the origina l design. 

Cha l l enge : Make a 5 t o 2 enlargement 
of a design of your choice . 

IDEA BASED ON: Activities with Ratio and Proportion, and The Laboratory Approach to Mathematics 
by Kenneth P. Kidd, Shirley S. Myers, and David Cilley, © 1970, Science Research 
Associates, Inc. 

Permission to use granted by Oakland County Mathematics Project and Science Research Associates, Inc. 
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There are a number of ways to make a scale drawing of a field. Some methods 
use expensive pieces of equipment to do this accurately, but it is possible to 
make a good scale drawing using equipment from the classroom. 

Equipment: Flat table or board 
placed on top of an 
inverted wastebasket 
Ruler 
Tape 

*Ali dade 
Large sheet of drawing 
paper 

*An alidade is a straightedge 
with sights and can be made 
with a ruler and two nails. 

1. The students should familiarize 
themselves with the region before 
beginning the scale drawing. 
Landmarks, especially those that 
indicat e the shade of the region, 
should be located. The land-
marks could be listed or a 
rough sketch of the region 
drawn with each landmark la-
beled. Markers are needed at 
the corners of the field if 
natural landmarks do not occur. 

2. Label two wooden stakes P and Q and place them ten metres apart in the middle 
of the field. Be careful that the stakes are not in line with any of the 
landmarks. 

3. Tape the large sheet of paper to the table. Select a suitable scale so that 
the drawing will fit on the paper. Near the center of the paper, mark and 
label two points corresponding to the stakes in the field, i.e., if a scale of 
1 em: 1m is chosen,draw the two points 10 em apart. 

IDEA FROM: Making Mathematics, A Secondary Course, Book 4 
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4. Place point P over stake P. 
Use the alidade to line up 
point Q on the paper with 
stake Q (you may have to 
turn the table slightly). 
The table must remain in 
this position as you sight 
each landmark from point P. 

5. To sight a landmark from 
point P place one edge of the 
2lidade against point P. Line 
up the landmark and draw a 
line to the edge of the paper. 
Repeat for each landmark. 

6. To complete the activity move 
the table over stake Q. Line 
up point P with stake P. As 
above, use the alidade to 
sight each landmark from 
point Q. On the scale draw­
ing each landmark is repre­
sented by the intersection 
of a line from P and a line 
from Q. 

7. The field can now be repre­
sented by connecting the 
appropriate intersection 
points. 
The students should write 
the scale at the bottom 
of the drawing. Students 
may wish to check the 
accuracy of the drawing by 
actually measuring the dis­
tances between landmarks. 

(continued) 

IDEA FROM: Making Mathematics, A Secondary Course, Book 4 
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A homemade or commercial 

transit can be used to make a 

scale drawing of a field or 

playground. 

Stakes P and Q should be 

positioned as they were in the activity entitled 

Stake Your Claim. Place the transit over stake P, 

record the transit readings for each landm·ark, and 

then repeat for stake Q. To make the ~~~~~ 
commercial transit readings easier to 

interpret: place the transit over stake 

P, sight stake Q, and set the transit 

at 0° before sighting any landmarks. After 

moving the transit to stake Q, be sure to 

sight stake P and set the transit at 0°. 

A table will help students organize the 

results so that each landmark is paired 

with the appropriate transit reading. 

In the classroom select a suit-

able scale. Use the scale to label 

two points, P and Q, i.e., if a scale 

of 1 em : 1 m is chosen, P and Q are 

10 em apart. Connect P and Q with a 

line segment. The scale drawing can be completed 

liqht pole 

by using the table of angle measurements, a protractor 

and a straightedge. 

Pin stra.w a.+ CenteY 

ma.t-k of the 
pt-ctro..c.tor. 

IDEA BASED ON: SRA Math Applications Kit by Allen C. Friebel and Carolyn Kay Gingrich. 
© 1971, Science Research Associates, Inc. 
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COIIT£tfTS 
SCALING: SUPPLEMENTARY IDEAS IN SCALING 

TITLE PAGE 

Make a Dipstick 331 

Wrap-A-Rounds 332 

The Perplexing 
Pentominoes 335 

How Well Do You Stack Up? 336 

How Well Do You Stack 
Up This Time? 

3 Faces You See 

3 Faces You Should 
Have Seen 

3 Faces You Saw 

3 Faces You Have Seen 

Carefully Constructed 
Cartons 

Scaling a Skyscraper 

Scaling Several 
Skyscrapers 

Building a Skyscraper 

Building Several 
Skyscrapers 

337 

338 

339 

340 

341 

342 

344 

345 

346 

347 

TOPIC TYPE 

Using a scale to Activity 
determine depth 

Distorting with grids Paper and pencil 
Activity 

Working with shapes Activity 

Drawing sketches of Activity 
3-D models 

Building 3-D models 
from sketches 

Drawing sketches of 
3-D models 

Identifying 3-D 
models from scale 
drawings 

Making scale drawings 
of 3-D models 

Making scale drawings 
of 3-D models 

Constructing 3-D 
models 

Using a scale to 
locate points 

Using a sclae to 
locate points 

Constructing 3-D 
models 

Constructing 3-D 
models 

Activity 

Paper and pencil 

Paper and pencil 

Paper and pencil 
Activity 

Paper and pencil 
Activity 

Activity 

Paper and pencil 

Paper and pencil 

Activity 

Activity 
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TITLE PAGE TOPIC TYPE 

A Scale Model of 
the Solar System 348 Making a scale Activity 

model 

How High t he Moon 349 Making a scale Activity 
model 
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This activity calibrates a dowel which can then be used as a 
dipstick to check the level of fluin in a container. 

Equipment: Eight to ten containers approximately the same 

height but having different shapes, e.g., 

detergent bottle, starch bottle, pop bottle. 

catsup bottle, milk carton, vase, bubble bath 

containers 

Eight to ten thin wooden dowels 

Eight to ten graduated cylinders that measure in 

ml (medicine cups from a hospital work nicely) 

1. (a) Use an irregularly shaped bottle for a 

classroom demonstration. Let the students 

make conjectures about where the marks will 

appear. Pour 50 ml of water into the 

bottle. Carefully lower a thin dowel into 

the bottle until it touches the bottom. 

Lift the dowel out and mark the water 

level. Repeat the procedure until the 

bottle is full. 

(b) The dowel is now calibrated to measure 

fluid levels in the bottle to the nearest 

50 ml. The dipstick represents a scale 

for the bottle just as a legend represents 

a scale for a map. 

(c) Discuss how the spacing of the marks is 

related to the shape of the bottle. 

2. (a) Divide the class into groups. Give each group a bottle and have them make 

a dipstick for their container. 

(b) Collect the bottles and the dipsticks. Have each group try to match the 

d~psticks wi t h the appropriate containers. 

3. (a) Ask students if they know of any uses for dipsticks. 

(b) Suggest that each student check the oil and/or transmission fluid level in 

the family car. 

(c) How does the gas station operator measure the fuel in the station's tanks? 

Suggest that each student check at their neighborhood station. Perhaps the 

attendar: t \vill demonstrate the use of the dipstick. 
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5 
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3 
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(PAGE 2) 

~ere is another- exa.mple. 

The or- igi no. I dra.w·\ nq ca.n be drawn Oh tracing 
paper~ .flipped over for the reverse \ moqe, OY\d 

copied onto the cyl indrica.l gro.ph papeY. 

OR 0 
,o3 Sl EG 

ON Ho 
5 
'"I 

3 

2 

0 I '2.3-4 s .. . . .. . . 5 4 3 2 I 0 

.f\i pped yever-se. image 

copied 

IDEA FROM: Art 'N' Math 
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IDEA FROM: Art 'N' Math 
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Tllr PER.J!iXlKG 
R"kToM1-:N'oEs 

Materials needed: Five squares, 3 centimetres on a side, and centimetre 
grid paper or five l - inch tiles and inch grid paper. 

Activity: 

1) A pentomino is a pattern made by joining 5 squares together 
so that each shares a common side with another. How many 
different pentominoes do you think there are? EXAMPLES 

2) Take the 5 squares and make all the pentominoes that you 
can. Copy each pentomino pattern on the grid paper and 
cut out the shape. If one of the patterns can be turned 
or flipped to exactly fit another one, the two patterns 
are the same pentomino. 

3) Check with your teacher 
to see if you have found 
all the pentominoes. 

These four patterns are 
the same pentomino. 

4) Try to arrange the 
pentominoes so that they 
make the rectangle. Do 
not overlap the pieces. 
There are more than 2000 
ways to do this! 

5) Play a game using the pentominoes. 

Needed: 2 players 
Game mat is an 8 by 8 
square constructed out 
of the grid paper with 
alternate squares shaded. 

a) Players alternate picking 
pentomino pieces until all 
the pieces have been selected. 

b) Each player in turn then 
places a pentomino on the mat. 
Play continues until it is 
impossible for a player to 
place on that mat a pentomino 
that doesn't overlap another 
pentomino or lie completely 
on the mat. 

c) The winner is the last person 
to successfully place a 
pentomino on the mat. 
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HOv! \~ELL DO YOU STACK UP? 

Materials needed: A set of cubes 

Activity: Make each of these models with cubes. On your paper draw a sketch of 
each model that shows the top, front, and side views . 

. 15J:~ . . ...... - - ~ . 

2. 

I. 

BEEE 
Top Fv-ont 

3 . 

.........__ 3 cu.bes il'1 
th\s row 

Side 



HOW WELL DO YOU STACK UP THIS TIME? 

Materials needed: A set of cubes 
Activity: Use the three views. First, estimate the number 

of cubes needed and then build the model. 

Exa.rnple: 
Top ~v-ent Side 

Top Side Top 

~G. 

3.1.__.. •• 8. 

4 ,I illlilllll-

5. 

10. Cha! lenge. 

Side 
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c:c0(.:Jp_7Jl~ 0.9K-A~o 
~.,Us~ \9\ifJ .. 

.:::· ·l-~·. · .• i~~--~· . .. 

These sketches show the outlines of this block. 

Top Side 

These drawings are only rough sketches and are 
not drawn to scale. 

On another piece of paper sketch the top, front, and side of these blocks like 
the example. 

I. 

C ha.l \ en<3 e 

5. 



Circle the letter that shows the correct top, front, and side views. 

EJ 
B r::::3 
0 

E}] ~ BJ ~ 
OdOd 6000 
A B C D 

w rn ca w 
Dotted lines w ~ rn cJ [d cztj [d d 

stand for edqes A B C 0 

A B c 0 

B CD B B 
t0JDJ ~D I6JCD ~OJ 
A 8 C D 

IDEA FROM : Seeing Shapes 
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Materials needed: Metric ruler 

Activity: Use 

Exa.mple ~ 

Make a scale drawing of the top, front, and side of each model. 

a scale of t em : 1 m. 

a. 

b. 

d. 

340 

IDEA FROM: Seeing Shapes 

Top Fv-on+ 

[3m 
Gm 

Grn 

Es timate the numb er of 1-metre 
cubes needed to cons truc t each model. 
Che ck your estima t e by building each 
model with cubes. 

Permission to use granted by Creative Publications, Inc. 

Side. 

4m D4m 
3m 



Haterials needed: Hetric ruler 

~0 
~ 

Activity: On another piece of paper make a scale drawing of the top, front 
1 and side of each model. Use a scale of em : 1 m. 
2 

IDEA FROM : Seeing Shapes 

Estimate the number of 
1 metre cubes needed to 
construct each model. 
Check your estimate by 
building each model. 

Permission to use granted by Creative Publications, Inc. 

dro.w o.. dotted \ine to 
+he hidden 
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TAB 

B 

ARE FULLY 
ONSTRUCTED 

~ARTONS 

(J . 

' 

B 
' 

~ 
~c 

TAB 

A 

c 
TAB 

1) Cut out these patterns along 
the solid lines and fold along 
the dotted lines. 

2) You can color the pattern 
before pasting it together. 
Don't color the tabs. They 
won't stick together. 

3) Put paste or glue on the tabs 
and make these models. 

4) On another piece of paper 
make a sketch of the top, 
front, and side views of 
each model. 

IDEA FROM: Open-Ended Task Cards 

Permission to use granted by Teachers Exchange of San Francisco 



AREFULLY 
ONSTRUCTED 
ARTON s (COI\!IINUED) 

1) Bring several cardboard containers for the students 
to take apart to see the patterns used to construct 
the container. Some suggested containers are shown 
on the right. Students could pick a pattern and 
use butcher paper to find an arrangement of the 
pattern that minimizes wasted space. 

2) Have students draw the pattern for each figure below. 

6cm 

The patterns could be checked by cutting them out and 
folding them back together. 

5 ern 

IDEA FROM : Open-Ended Task Cards 

Permission to use granted by Teachers Exchange of San Francisco 

Gem 

Bern 
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..L/// /-' 
L////-" 
~ // / /., /'/ 

1//'/ 

//'/ 
Use a scale of the edge of a cube : 10 feet 

/'/'/ 
to answer these questions about the skyscraper. 

//V 
/'/V 
/ v 
/'// 
//'/ 

1) a) 
b) 
c) 

How long is the building along the front? 
How wide along the side? 

'/'/~ 
How high? 

~~ 
2) There is a broken window on the front of the 

building, 50 feet up from the bottom and 20 
feet from the left side. Put an x on the 
broken window. 

3) A wind9w washer is working on 
the right side of the building, 
10 feet from the back and 30 
feet from the top. Put a 
small * wher e he is working. 

4) The flag pole carrying the 
company flag is in the middle 
of the front of the building , 
35 fe e t from the sidewalk. Put 
a ~where the flagpole is. 

5) At night the company's neon 
sign is turned on. It is a 
sign 20 fee t long and 5 feet 
high. The upper left hand 
corner of the sign is 15 feet 
from the top and 15 feet from 
the left side. Draw a rectangle 
in the position of the sign. 

6) The building has a ventilating unit 
on the roof. If the unit is 15 ft. 
from the front and 15 ft. from a side, 
put a V on all places where t he unit 
could be l oca t ed. 

7) Lobbies, hallways, restrooms, storage 
areas, etc. take up 1/3 of the sky­
scraper. I f an office is 10' by 10' 
by 10', how many offices are in the 
skyscraper? 

8) How much office rent is collected each 
month if the offices on f loors 1, 2, 3 
rent for $150 per month, f l oors 4, 5, 6, 
7 rent for $175 per month and floors 8, 
9, 10 rent for $200 per month? 



N 
lf3 

/IIIII 

E 
LJIII ,lj 
/IIIII 
/IIIII 1111 w 

I I I I I 111 1111 
1111 1111 
1111 llv 

J I I I II 111111 s 
/ I I 7 7 ~ 11 11111111 

/ I I I IV 1111~11 
l I I VII I I 7-, 

Use a scale of the edge of a cube 
to answer these questions. 

5 metres 

J I I II I 
v !J /tl It 2 ft3 

v IJ 
vv.~ 

1) How long is each building (front)? 

~ffl 
How wide is each building (side)? 
How tall is each building? 

ft2 

A window washer is working on the 
front of building #2, 20 metres 
from the top and 10 metres from 
building /fl. Put an x to show 
the window washer. 

3) Another window washer is on the side 
of #3, 20 metres from the sidewalk 
and 17.5 metres from building /fl. 
Put an x to show him. 

5) Mr. Jones has an office on the 3rd 
floor of building #2. If his office 
is 15 metres from building #3 and 
10 metres from building /tl, put a 
J on Mr. Jones office. 

6) Mr. Smith has an office 15 metres 
higher, 10 metres to the right of, 
and 30 metres behind Mr. Jones 
office. Put anSon Hr. Smith's 
office. 

Lobbies, hallways, restrooms, etc. take up 7) 

t of each building. If each cube represents 

There is just one elevator for 
all 3 buildings. Shade the place 
that would be the most convenient 
place for the elevator to be 
located. 

one office, and each office has one parking 
space, how many spaces are needed for 

building /fl 
building /f2 
building #3 

8) Which buildings could you see if you were standing far away with your 
back to the: 

a) South 
b) West 
c) North 
d) East 
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A set of 100 centimetre cubes. froni 

1) a) Use a scale of the edge of a cube : 20 metres. Make a model of a 
building 60 metres long (front), 40 metres wide (side), and 100 
metres high. 

2) 

b) Does this sketch show the top of your model? EtETOP 
c) How many cubes are in your model? 

d) How many cubes would be in the model if you used this scale, the 
edge of a cube : 10 metres? 

a) Use a scale of the edge of a cube : 5 metres. 
Make a model: 20 m long (front), 10 m wide (side), 50 m high. 

b) Draw a sketch of the front of your model. 

c) If this scale was changed to the edge of a cube 
cubes would be needed? 

2 metres, how many 

3) a) Use a scale of the edge of a cube : 10 metres. 
Make a model: 20 metres long (front), 40 metres wide (side), 80 
metres high. 

b) Draw a sketch of the side of your model. 

c) How many cubes are in your model? 

d) If you changed the scale to the edge of a cube 
cubes would be needed? 

4) a) You choose a scale to make this model. 

5 metres, how many 

30m long (front), 30m wide (side), 30m high and a tower on top 
10m wide (front), 20m wide (side), 30m high. 
Scale --------------------------------------------------------------

b) Draw a sketch of the front, the side, and the top of your model. 

c) How many cubes are in your model? 

d) Compare the scale you chose to the scale chosen by a friend. If 
different, how does the number of cubes needed to make the model 
compare? 



Materials Needed: A set of cubes, a metric ruler. 

Activity: Use the cubes to make models 
of the buildings below using 
a scale of the edge of a 
cube : 50 m. Fit the build­
ings together like this 
sketch. 

Length (front) Width (side) 

Skyscraper 1 50 m 50 m 

Skyscraper 2 400 m 50 m 

Skyscraper 3 50 m 250 m 

TOP VIEW 

I 3 
-

Height 

150 m 

200 m 

300 m 

a) Draw a sketch of what you would see if you were 

far away with your back to the East. 

b) Draw a sketch of the view with your back to the South. 

N 

w 

s 

c) Make a scale drawing of the East view. Use a scale of the edge of a cube 5 em. 

d) Make a scale drawing of the South view. Use a scale of the edge of a cube 1 em. 

Challenge: 

Make your own skyscrapers, 
decide on a scale, and make 
a sheet like this for a 
classmate to do. 

E 

347 



A ~ALE Mo~£L LJr 
'/HE SoLA.e,SYsTEM 

Materials needed: 

Basketball, grain of s-and, several 
peas, large straight pin, orange, 
peach, plum (or objects similar in 
size), metric tape measure. 

Activity: 

(1) Look up the actual sizes and dis­
tances of the planets from the sun. 

(2) Take your class outside. Have one 
student stand at home plate of a 
ball field (or goal line of a foot­
ball field) holding the basketball 
to represent the sun. 

(3) Have the students estimate the 
positions an·d sizes of the planets. 

(4) Place students holding the objects 
at the appropriate distances (until 
space runs out). 

(5) Refer to other distances as homes 
where students in your class live, 
i.e. Uranus would be the size of a 
small plum located at Nancy's 
house. 

(6) Some student(s) may wish to find 
the scale used for this activity 
by using the actual distances of 
the planets from the sun~ The 
scale is about 1 m : 2,400,000,000 m 
or 1m : 2,400,000 kilometres. 

(7) This would be a good activity to 

348 

be done in cooperation with the 
science teacher during the study of 
the solar system. 

If the sun is the size of a basketball, 

Mercury is the size of a grain of sand 
25 metres away. 

Venus is the size of a pea 43 metres 
away. 

Earth is the size of a pea 65 metres 
away. 

Mars is the size of a large pinhead 
99 metres away. 

The asteroids are specks of dust 
averaging 366 metres away. 

Jupiter is the size of an orange 
402 metres away. 

Saturn is the size of a peach 644 
metres away. 

Uranus is the size of a small plum 
1 kilometre, 207 metres away. 

Neptune is the size of a smaller plum 
2 kilometres away. 

Pluto is the size of a pea 2 kilo­
metres, 414 metres away. 



One of two movies, Powers of Ten 

or Cosmic Zoom, or the book, Cosmic View 

by Kees Boeke, can be used to emphasize 

the immense size of the solar system 

arid the universe. If the book is used, 

the concept can be made more relevant 

by having students construct a square 

1.5 metres on a side. In one corner 

draw a series of squares 15 em, 1.5 

em and .15 em on a side. These sides 

will show four successive powers of ten. 

The measurement of 15 em is being used 

because it corresponds to measures 

used in the book. 

Outside have students measure 

off a 15 metre square and place the 

1.5 m square in one corner. If the 

school ground is large enough, measure 

off a 150-metre square. 

Then, on a city map a 1500-metre 

square can be drawn with the school 

in one corner. By relating the series of squares to the pictures in the book 

numbered -2 through 4, students might get a "sense of scale." The .15 em square 

will be similar to the picture numbered -2, and the city map square will be 

similar to the picture numbered 4. 

The films are available from: 

COSMIC ZOOM (8 min. color) POWERS OF TEN (8 min. color) 
1968 Producer: Charles Eames 
The University of Southern California 
Division of Cinema 

1970 Producer: National Film Board of Canada 
Contemporary/McGraw Hill Films 

Film Distribution Section 
University Park 
Los Angeles, Ca 90007 
Rental @ 10.00 

Western Regional Ofc. 
1714-Stockton Street 
San Francisco, Ca 94133 
Rental @ 12.50 
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SCALING: MAPS 

TITLE 

The Great Lakes 

Kilometouring Around 
the U.S.A. 

Around the U.S.A. 

Forest Fires Are a 
Real Burn 

Where's It At? 

Our Town 

It's About Time 

Do You Know the Way 
to San Jose? 

CONT£1fTS 

PAGE TOPIC 

352 Using a scale drawing 
to find distances 

353 Using a sclae drawing 
to find distances 

355 Using a scale drawing 
to find distances 

356 Using angle readings 
to locate points on 
a scale drawing 

358 Using a time scale to 
locate points 

359 Reading a map 

361 Using a scale drawing 
to find travel time 

362 Reading a map 

TYPE 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 
Activity 

Paper and pencil 

Paper and pencil 
Activity 
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tHE REAl LAKts 

The GYeo..t La.kes 

a.. La.ke Erie. 

b. Lake Hur-on 

c. La.ke Su.per ioY 

d. lo.ke Michiga.n 

e. La.ke Ohta.r-io 

352 

---

Sco.le: \ inch to 190 m; les 

Estimate the mileage for the following routes 

1. Cincinnati to St. Louis by riverboat 

2. Duluth to Cleveland by the shortest water 
route 

____ 3 . Chicago to Cleveland by lake streamer 

4. Detroit to Chicago by air 

____ 5. Montreal to Milwaukee by water 

____ 6. Buffalo to Minneapolis by land 

SOURCE: Greater Cleveland Mathematics Program, 6 

Permission to use granted by Educational Research Council of America 



kilolnetourihg 
"round 

the US.A. 
Use the map on the next page. Measure the distance between the 
following cities to the nearest half centimetre. On the map 
1 em represents 100 km. Figure out the actual distance in km 
between the cities. The first one is done for you. 

1 
2, 

a 
~ 
~ 

G 
l 
a 
i 
10 
11 
lZ 

• 
• 

Reno, Nevada to New York City 18.5 em 1850 

Seattle, Washington to Miami, Florida em 

St. Paul, Minnesota to Houston, Texas em 

Los Angeles to Cleveland, Ohio em 

Butte, Montana to Rapid City, SD em 

h'ashington, D.C. to St. Louis, MO em 

Denver, Colorado to Raleigh, NC em 

Tucson, Arizona to Atlanta, Georgia em 

Santa Fe, New Mexico to Salt Lake City em 

Tulsa, Oklahoma to Portland, Maine em 

Omaha, Nebraska to Chicago, Illinois em 

Memphis, Tennessee to New Orleans, LA em 

Debbie flew on a business trip from Washington, D.C. to 
Los Angeles, and then to Miami and back to Washington D.C. 

km 

km 

km 

km 

km 

km 

km 

km 

km 

km 

km 

km 

How far did she travel? em which r e presents km 

John lives in Los Angeles and is flying to Washington, D.C . 
for a vacation. He can either fly from Los Angeles to Chicago 
and then to Washington, D.C., or from Los Angeles to Atlanta 
and then to Washi ngton, D.C. Which i s shorter? 

Los Angeles~Chicago__.Washington em 

Los Angeles--.Atlanta--.washington em 
SOURCE: Metric Measurement: Activities in Linear Measurement 

Permission to use granted by The Math Group, Inc. 

km 

km 
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0 N If) 0 

1) Find and record the distances between these cities. (Measure to the nearest i-inch.) 

cJ 
(/) l. 1 Vt 1 \( ( '1 ... ~ n · t >d' ' v 

UJ ~ ~ t I'JE t T 1Vl t ; L ;t J. 
> UJ 
::2 <..9 '\ , t ' t ) r-i 
UJ ~ Cl 

C/) 1 

DENVER. 
C/) f ill l ;z 

LOS ANGEL£S <f. 
w 
_..J 

MIAMI 
~ )11 0 

5 v 

MI~NEAPOLI S uJ 
z 

NEW ORLEANS 

NEW YORI( 

St::ATTLE 1000 

ST. LO\Jl S 

2) Us e a two-rubbe r band pantograph to hel p you draw a rough sketch of 
State s from the picture at the top of the page. Locate the cities. 
scale is now How will the measure d distance s 
cit ies change? Wi ll the mileage b e tween the cities chan ge? 

t 

PH 

(/) 

the United 
The ma p 
between 

3) Plan a trip that starts and finishes in New York and includes stops at all the 
cities listed on the map. Write down the trip and the mileage between cities. 
What is the total mileage? Could you find a shorter way to make the 
trip? Compare with a friend. 

IDEA FROM: Operating with Mathematics 
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s 
A fire breaks out on the 

eastern slope of Saddle 

Peak. Draw lines from 

the fire to each of the 

lookouts. Place the 

center of the compass 

on a lookout with North 

(0°) on the line between 

the lookouts. Read the 

angle from North to South. 

What compass readings 

would each of the look-

outs report? Raven 

Peak Charles ------
Mountain ------

Raven Peak reports a fire 

at 113° and Charles Moun-

tain reports the fire at 

53°. Where is the fire 

located? 

How far is the fire from 

Raven Peak? Measure to 

the neares t mile . 

Materials needed: Ruler and compass 

Activity: Draw a line connecting Raven Peak Lookout and 

Charles Mountain Lookout. 

N 
ltrr 

''r,( Hu, 

Qo.ven Peo..k ,1 
LooKout 2' 11-;. - ~ 

-

Miles 

I 
0 

\\\\l\li'l<r, 

Tvv ·, r"\ Pea.ks ~ 
f ltl\.\.\\ IH\'' 



3. Raven Peak reports a column of smoke at 150° and Charles Mountain reports 

this at 100°. Find the location of the fire. 

4. A fire breaks out on the northwest tip of Rolling Hill. What compass read-

ings will each lookout report? Raven Peak Charles Movntain ---------- -------
Which lookout is nearer to the fire? 

5. A hunter is reported missing in the Upper Twin Creek area. A flare is seen 

during the night at 101° from Raven Peak and 42° from Charles Mountain. Where 

did the flare originate? -----------------------------------------­
it from Raven Peak? Measure to the nearest mile. 

How far is 

6. Since Millstown Sawmill is always burning scraps, what smoke readings should 

both lookouts ignore? Raven Peak ---------- Charles Mountain ---------
7. Locate the following fires. 

Raven Peak Reading 

a. 

b. 

c. 

d. 

Charles Mountain Reading 

35° 

Fire Location 

8. The ranger at Charles Mountain Lookout has to deliver supplies. His route 

will take him to Raven Peak Lookout, Millstown Sawmill, Trapper's Cabin, 

Bar-B Ranch, Wilderness Camp, and then back to Charles Mountain Lookout. 

Describe the route. Record the distance and compass reading from each stop 

to the next stop. 
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1. Your home is at the center 
circles. Use the scale 
to find the time 
each circle 
is away 
from your 
home. 

4. Place 
the letter 
for each of 
these places 
according to the 
time from your home. 
Try to determine the correct direction. 
a) school b) grocery store c) 
d) gas station e ) camp ground f) 
g) zoo h) swimming pool i) 
j) public library k) boating a rea 1) 
in) bowling a lley n) playground 

358 

A • 

church 
movie 
clothing store 
tennis court 

p~ 

SC \ I \It; 

If it 

N 

s 
2. How many 
minutes from 
your home 
are points 
0,{Y), 
and (!]? 

takes 
the same amount 
of time to 
travel to A or 
to B, are A a nd 
B necessarily 
the same time 
distance from 
your home ? 

IDEA FROM: The Nature of Recreation 

Permission to use granted by M.I.T. Press 
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~~~~ING ~ 

OUR TOHN 

Local maps can be used to develop ffiap r~arling skills. A rap of LaCrande, 
Oregon and sample student questions are provided. If a map of vour tmvn is not 
dVailable, this map may be copicf for class use. 

As readiness for the activitv,have students sketch the route the} take froM 
ho~e to schoo~. The sketch should include streets crossed and landmarks passed. 
A tallow-up dlscussion should point out tl1at even though these sketches are not 
scale drawings, they communicate valid in:ormation. The technique could te further 
developed by having students drmv sketches for routes between two 1 d k · an rna r s , 1 • e • , 
the post office and the high school. 

StudeDLS should be given time tc familiarize themselves with the map before 
-nswering the worksheet. 

1) How many schools does LaGrande have? 

2) The railroad depot is located on ---------------- Street. 

3) The postoffice is located on the corner where ---------------­
Avenue meet. ----------------

4) The location of the library is 

Street and 

5) The main highway from Pendleton to LaGrande to Baker is U.S. Route Number ____ __ 

6) The highway from LaGrande to Wallowa Lake is State Route Number ____ __ 

7) Locate the homes of three of your friends. Name the locations by writing one 
or two streets. 

a) 

b) 

c) 

Hand your descriptions to another student and see if he or she can find the 
houses. 

8) Start at Eastern Oregon College and describe a route to the Union County 
Fairgrounds. 

9) Use the scale of the map to estimate the length of your route in question #8. 

10) Give your directions in question #8 to another student and see if he or she is 
able to follow your route to the fairgrounds. 

11) Describe a route from your home to school. Estimate the distance. 

12) Describe a route from your school to Pioneer Park. Estimate the distance. 

13) The bridge on 2nd Street has been closed because of an accident. Describe an 
alte.rnate route from the library to the Union County Fairgrounds. 

14) Check with the fire department for a description of the fire routes . Sketch 
the route on your map if a fire is spotted on the corner of Greenwood Street 
and "X" Avenue. 

15) Ask your mailman for a des cription of his route. How many miles does he travel 
in one day? 

16) Check with the newspaper office or ask a f riend with a paper route for a des­
cription of his route . Ske tch the route on the map . Estima te the distance. 

17) Plan a ten-mile benefit walk-a-thon through LaGrande. 

i y I t: !:' .li y & l l 1 • 1 I l ~ i vi t 
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Assume you could drive in a straight 
line. Use the scale to find the number 
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DO YOU KNOW THE 
WAY TO SAM JOSE ? 

Tl<~ACHER IDE\S 

Fe""<l··n,J a Mc.p~ 
Maps 
SCALING I 

A state road map can provide students with a variety of interest­
ing and practical activities. If done at the beginning of the school 
year, the road map activity could be a diagnostic tool to use in ascer­
taining students' computational and problem-solving skills. These maps 
can be obtained from your State Highway Division or from oil company 
service stations. You may wish to obtain two or three different maps 
as each has some features of interest not found on the others. 

To prepare the students for map reading, use the map's coordinate 
system to name your students' seats. Indicate the rows by letter and 
the columns by number. Refer to each student by his coordinate. ·"who 
is student A-5?" "Who is sitting next to student B-2?" "What answer 
does student C-2 have to Problem #4?" 

When students first receive the map, they should be given time to 
investigate the map. Refer to the chart of symbols and ask students 
to find examples on the map. The back of the map should also be inves­
tigated. City maps, mileage tables, and park information are usually 
provided. 

On the following page are three sample student pages based on an 
Oregon map and a teacher idea for an extended activity using maps . 

. . . 

012EGON 
TYPE: »aptr & PLnc..il/Activltj 

IDEA FROM: "Road Maps in the Mathematics Classroom," Oregon Council of Teachers of Mathematics 
362 Monograph, December, 1973 
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DO YOU KNOW THE WAY TO 
SAN JOSE? (CONTINUED) 

LOCA.TIONS 
1) The largest city in coordinate square H-2 is 

2) Is there a mountain over 10,000 f eet in square D-3? 
If so, what mountain? 

3) Find the location of each town and its population. 

TOWt>.J LOCATION POPULATION 

Eu.gene 

Ba.ke..-

Medford 

Bend 

Podla.nd 

4) Give the coordinate squares where ski areas can be found. 

5) What counties are in square F-7? 

6) Is there a fish hatchery in square D-4? 

7) Find the location of Crater Lake National Park. 

B) In section J-2 what type of road surface would you drive on in 
traveling from Imnaha to Hat Point? 

9) How many interstate freeways pass through the state ? 

10) 

11) 

12) 

13) 

14) 

15) 

16) 

Name them. 

Does Roseburg have an airport? 

Is there a game refuge near Lakeview? 

What i s the county seat of Wallowa County? 

Ar c t.here any state parks with overnight camping facilities in 
squa re F-9? 

Can y ou drive on the beach at Lincoln City? 

What national monument is located near the southern border? 

In the winter would it be wise to travel from Springfield to Sisters 
on Highway 242? 

A BICYCL[ TR\P 

A person is planning a 6-day bicycle trip. The route will be as 
follows: 

FIRST DAY: Eugene to Florence to Newport 

SECOND DAY: Newport to Astoria 

THIRD DAY: Astoria to Portland on Hwy. 30 

FOURTH DAY: Portland to Madras on Hwy . 26 

FIFTH DAY: Madras to the junction of Hwy . 97 and Hwy. 58 

SIXTH DAY: The junction back to Eugene 

Based on the information related to this route, answer the following 
questions: 

l. 

2. 

3. 

4. 

Could this person be you? 

What will be the farthest distance for one day? 

What will be the shortest distance for one day? 

What will be the total distance for the trip? 

5. What will be the average distance for one day? 

6 . If you could maintain this pace, could you bicycle from Eugene to 
New York City in 37 days? 

7. Explain your answer to Question 6. 

DISTANCE AND ARf.A 
1) How far is LaGrande f rom Eugene by paved highway? 

2) How far from La Grande to Eugene by air? (Use the scale on y our 
map.) 

3) Find the distances to fill in the table below . 

Use the Add munbers g;ven Use a_ s+nfi<J a.nd 

m't\eo..:3e. on hi:Jhcua_ys- (Use the the. ma.p SCQie on the 

ta. ble shortest !"O. ved roe<te). Shortes1 po.ved roCLte. 

Bend to Bu.v-ns 

Corva.lli 5 -\-o 
Sea. side 

4) How many miles long is the southern boundary of Oregon? 

5) List the state parks within 15 miles of Redmond. 

6) What is the airline distance from Brookings to Astoria? 
What is the distance along Highway 101? 

7) Determine which route is shorter: Ontario - Burns - Bend or 
Ontario - John Day - Redmond - Bend. 

8) Find the distance up the Rogue River from Gold Beach to Agne s. 

9) Lake Owyhee near Ontario has a perimeter of _________ miles . 

10) 

11) 

12) 

13) 

Find the difference in elevation between Klamath Falls and 
Ashland. 

Can you find two towns whose difference in elevation i s the same 
as the air distance between them? For 
example, Scio is 142 feet lower than Lost.1ne and 142 miles away. 

What is the largest lake in Oregon? What is i ts 
coordinate section? Use transparent g rid paper 
to estimate the area of the lake in square miles. 

Suppose you wish to build an airport in the center of the state. 
Find and describe its location. 
The flying distance from the airport to Portland International 
Airport will be miles . 

SEE THE SIGHTS 
Studen t s can be given an amount of money, $500 apiece, and told 

to design a vacation trip lasting from 4 days to two weeks . Trave l 
brochures, motel guides, sight-seeing fliers, and road maps can help 
them choose a destination and plan a route. During each class period 
the student can record the distance and expenses incurred for one day's 
journey of the trip on a log sheet. 

0 0 

111i les d ,..·, ven 

Fin··sh of da.y 
odometer rea.d·'"'l----

mph f'or do.y ___ 000 

c:lrivin'3 time 

Amount of money 
o.t be':l·tnnin'3 
of day 

EXPENSES 

Mea.ls 

Amount of money 
lef-t a.t end 
of do.'l 

FOR. DAY 

(Fo...-es) 

Several students may decide to travel together and pool their resourceS . 
"Hazard" cards can be provided to give the students practice in planning 
ahead and budgeting for the unexpected. Each day the student draws a 
card that might cause him/her to have a flat tire, find $20 , pay a 
traffic violation, lose a wallet in a restaurant, etc. Students should 
also budget enough money to return home from the vacation. At the end 
of the trip students could give a written or oral acCount of their 
vacation to the class . 

This activity could be developed as a long-rarige class and/or individual 
project . A contest could be made between groups of students, the winner 
being the group who took the "best" trip for the money. 

As an introductory or final activity, invite a ·travel agent to speak 
to the class. 

The game "Mille Barnes" by Parker Brothers is a nice extension. 

IDEA FROM: "Road Maps in the Mathematics Classroom," Oregon Council of Teachres of Mathematics 
Monograph, December 1973 363 
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RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
Piaget and Proportions………………………………………………………………………….10 
Reading in Mathematics………………………………………………………………………...26 
Broad Goals and Daily Objectives……………………………………………………………...42 
Evaluation and Instruction……………………………………………………………………...58 
TEACHING EMPHASES……………………………………………………………………...70 
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Applications…………………………………………………………………………………….78 
Problem Solving………………………………………………………………………………...90 
Mental Arithmetic……………………………………………………………………………..100 
Estimation and Approximation………………………………………………………………..106 
Laboratory Approaches………………………………………………………………………..114 
CLASSROOM MATERIALS………………………………………………………………...130 
RATIO…………………………………………………………………………………………130 
Getting Started………………………………………………………………………………...140 
Rate……………………………………………………………………………………………158 
Equivalent……………………………………………………………………………………..180 
Ratio as a Real Number………………………………………………………………………..212 
PROPORTION………………………………………………………………………………...222 
Getting Started………………………………………………………………………………...230 
Application…………………………………………………………………………………….248 
SCALING……………………………………………………………………………………..266 
Getting Started………………………………………………………………………………...286 
Making a Scale Drawing………………………………………………………………………304 
Supplementary Ideas in Scaling……………………………………………………………….328 
Maps…………………………………………………………………………………………...350 
PERCENT……………………………………………………………………………………..364 
Percent Sense……………………………………………………………………………….…376 
As a Ratio……………………………………………………………………………………...430 
As a Fraction/Decimal…………………………………………………………………………450 
Solving Percent Problems……………………………………………………………………..476 
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Percents are a very useful way to 

convey information, The graphics and 

percents at the rjght tell us quickly 

that the United States has a very small 

part of the world's population, but uses 

almost half of the world's resources. 

Substituting percent for actual data gives 

us a much more efficient way of making 

comparisons. Besides being a convenient 

way of conveying and comparing information, 

percents are constantly being quoted by 

newspapers, news announcers and busine~ses 

as rates of discount or increase. 

Many students acquire notions about 

percent before they formally study it in 

school. They hear about a 50% chance of 

r ain, and many can even compute a 15% tip 

at a res~aurant. Before beginning a unit 

on percent, why not have an informal dis­

cussion with students to see how extensive 

the i r intuitive grasp of percents is? Can 

t hey compute a tip? What does 10% chance 

of rain mean? 100% chance? What does 100% 

mean? Can anything be over 100%? 

POPULATION 
WORLD'S 

RE.SOURC.E. s 
USE.'D 

ltJ 
Q~€ 
'(EA~ 

IS UNCLE SAM A GLUTTON? 

The U.S., with only 5.7% of the 
world population, consumes 40% of 
the resources the world uses in a 
year. If all other peoples were 
raised to our standard of living, 
the known resources of the world 
would be exhausted in decades. 

Banks advertise their interest rates and 

stores promote sales with "X% off." Many 

important questions come out of the per­

cents we confront daily. With the cost 

of living rising as it has, will that 10% 

raise make your salary worth as much as 

last year's ? Would you be money ahead by 

borrowing money for one month rather than 

taking money from a savings account and 

losing a quarter's interest? 

365 
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COMMENTARY PERCENT 

PERCENT SENSE 
When teaching percent we tend to rush toward fraction, decimal or proportion 

computation. Students move the decimal point two places, then multiply or divide 

without knowing whether their answer is sensible or whether they could have solved 

the exercise in their heads. There are activities which can help students focus on 

understanding percent without reverting to decimals, fractions or proportions . I n 

this resource we have placed such activities unde::- t he t opi c Percent Sense . Pages 

from the Percent Sense section can supplement the learning of percent in many ways; 

they are not intended to be taught first in all cases . You might choose to use some 

of these activities after percent has 

been introduced as a ratio or r a tional 

number. Some of the specific ideas 

stressed in this section are discussed 

below. 

Percent Means Per Hundred 

Percent is closely tied to the wor d 

hundred . Here are some typical state­

ments included in introductions or defi-

nitions of percent. 

a) Pe rcent; by the hundred; in 
the hundred. 

b) A special ratio which compares 
a number to 100 is called a 
percent. 

c ) It is reasonable fo r s t udents 
to think of 5% as me aning 5 
for every hundred . 

d) ••• percent means per hundred. 
Thus , 61% means 61 per hundred. 

f'(' 

~~· '""' .._y THE SYM BOL USED 
FOR P£RCEN"!C 

15 RED APPLES ~ l QQ APPLES I S 15% RED APPLES · 

I.J5 BOYS ~ 100 STUDENTS I S 45% BOYS , 

'0-lit Jy 
OTHER PHRASES USED ~~\ ~ ;e; 
FOR PERCENT ARE ~ ~ 

~ic~~OO, A~D ~~~~1" 
COMPARED TO 100. '--() 

WRITE ::CH 3:F D:::S:U:S O: :::C:::: % 
--· B) 65¢ COMPARED TO 100¢ 

c) 40 CM PER 100 CM 

D) 12 BLONDS FOR EVERY JQQ PEOPLE 

E) } ROTTEN APP Lt FOR EVERY }QQ APP LES 

F) 73 SHADED SQUARES COMPARED TO l QQ SQUARES 

G) 83 PROBLE~~S CORRECT FC'<:! EVERY l QQ PROBLEMS 

H) 98 YES VOTES PER lQQ VOTES 

I ) 21 GRE EN CARS FOR EVERY lQQ CARS 

J ) 8 MI SSPELLED WORDS OUT OF }QQ WORDS 

DESCRIBE EACH OF THESE SITUATI ONS I N OTHER WAYS, 

K) 40 BLUE MARBLES, }QQ MARBLES IN ALL 

L) 30 POODLES , }QQ POODLES I N ALL 

M) 15 CHINES E, 100 PEOPLE IN ALL 

N) 80 CORRECT ANSWERS, 100 QUESTIONS ! N ALL 

o) 55 DOLLARS~ 100 DOLLARS IN ALL 

p ) 8 TREES DEAD, 100 TREES I N ALL 

The everyday phr ases shown i n the above student page can be used i n building t he 

concepts of per cent. If 25 f or every 100 can be wri tten as 25% and i f t here a re 25 

seniors for every 100 students, then 25% of the students are seniors . Hundred grids 

of various sizes and shapes can be used to represent the 100 part of percent. A 

pattern of squares can be shown aside f rom the 100 grid, and students may be asked, 

"What percent of the reference gr i d i s shown by the des ign ?" Since t he design i s 

i s % of ---

made of 20 squares and the grid has 100 

squares, the design is 20% of 100. This 

s uggestion and other such ideas are de­

veloped in the classroom ma t eria ls. 



COMMENTARY PERCENT 

Questions based on the idea of 100 should be answered and understood before 

going to more complicated work with percent. The so-called three types of percent 

problems may be included. 

a) 17% of 100 b) 80 is % of 100 c) 21 is 21% of 

d) 32 is what percent of 100? e) What is 57% of 100? 

f) Sam answered 67% of the questions correctly. If he answered 67 questions 
right, how many questions were there? 

Exercises like these require no computatio~ but they do focus on the close 

relationship of percent to 100 and on word phrases which are used to relate pairs 

of quantities and percent. Later these phrases will be used in more complicated 

settings. 

But 100% is Everything! 

Students often think the idea of 150% is absurd,since 100% of something is 

all there is. Perhaps we encourage their objections by overconcentration on 

phrases like "20 out of 100" and diagrams like the one shown 

at the right. It seems ridiculous to say "150 out of 100," 

and how could we shade 150% of the squares? To avoid this 

problem the phrases "for every 100, per hundred or compared 

to 100" could be used instead of "out of 100." Percents 

over 100 can be used when introducing percents--not reserved 

for later. The reference 100-grid can be kept to the side 

and various percents of the grid shown. 

R 45% of R 

20% of the square 
is shaded 

150% of R 
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Number patterns can be used to make percents over 100 

plausible. A sequence of exercises leading to percents 

greater than 100 can be given. 60 = 
of 100, 100 ___ % of 100, 120 % of 

100 . Those students who understand when 

a glass is 100% full can be asked, "How 

full is a glass of mounded-up slushes or 

ice cream?" 

% of 100, 80 = 

There is an important idea about 

percent which sounds very much like, "But 

100% is everything!" The combined parts 

of a whole are 100% of the whole. The 

% 

_ % is like IT] 
_%is like ~ 
_4isltke ~ 
_ % is not shaded 

PERCENT 

_7. is like fZ:] 
_ % is like fEJ 
_ % islike !Z?J 

page at the right addresses these ideas 

and is a good readiness activity for 

making percent circle graphs. If 25% of 

the money is spent, 75% is left. (A 

question for discussion is, "If 25% of 

the money is spent, is there any left 

over? Can you think of any cases where 

125% of the available money was spent?) 

'£wo ol Lhese circle graphs have sensible percents . See if you can find tile 
ciccle wit h percents that are wron g . Explain why these percents are impossible. 

If You Know 10%, You Know a Lot! 

If an item is advertised at 10% off for a $12 savings and later it is marked 25% 

off the original price, what is the dollar savings for the new discount? The computa-

tion and method-oriented person might write: 

10% of y = $12, (by the proportion method) 10 so 100 lQQ X 12 
Now lOy = 100 X 12, so y = 10 120 

25 z 25% of y = 25% of 120 and 100 = 120 
1 30 

lOOz 25 X 120, SO Z 30 

A person using his percent sense can reason like this: 
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10% of the price was $12. 
20% of the price is twice as much 
5% of the price is half as much or 
$24 + $6 = $30. 

0 0 

12 
y 
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The computations required for the first type of solution are much more complex 

than for the second type. Some people develop the ability to solve problems men­

tally; they are fortunate. We can encourage more mental computation by providing 

appropriate exercises. Some questions from the student page The Who l e Thing are 

given below with a way of solving each. Students might find other reasonable ways 

to solve these. 

rn 11$11 
This is 75% of -the cost. 
Ea.ch one w iII re __% of -the (J)-9.:;. 

Two will be__% of-the coSt. 
·-_Th~ _te~ ~"! _i~ ~t-- ---­

Think: 3 is 75% of -the cost . 
I is 25% 
2 is 50% 
4 is too% 

II 

II 

II 

uuuu 
80% ci the barrels. 

f-bv man~ wrels in oJ I? 

Think: 4 1'5 80% of -the bo.rrels . 
I IS 20% " 

5 IS 100% II 

-

The stra t egy her e is to multipl y (or divide) both numbers by t he s ame factor . 

The same idea can be developed using geometric figures. I f LJJ i s 50% of an obj ect, 

what might 100% of the obj ect look like ? Possible answers : LLlJ or l:JJ LiJ 
or ..•• Activities which incorporate this strategy are Per cents of Line Segments ~ 

Percents of Rectangles~ Finding 100% From Above~ Finding 100% From Below~ Percents : 

Backwards and Forwards (1~ 2~ 3~ 4) and Peace- N-Order . 

Comparison 

A useful part of percent sense i s knowi ng hm-1 N% of A compares wit h A. I s 

N% of A less t han, gr eat e r than or equa l to A? When a student computes 85% of 

20 and ob t ains 170, his percent sense can ca tch the error if he knows t hat 85% of 

"something" is l ess than the " something ." This kind of percent sense can a l so 
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be used to catch keypunch mistakes on 

a calculator. The skill-building page 

shown at the right includes comparing 

a percent of a number to the number, 

and it also asks the student to compare 

numbers like 50% of 80 to 25% of 80 or 

120% of 90 to 120% of 70. How do the 

values compare when the base number is 

kept the same and the percent is changed? 

How do they compare when the percent is 

kept the same and the base number 

changed? Other pages covering this 

concept are A Sign of the Times~ 

Enormous Estimate~ Love Is Where You 

Find It and Smile. 

Percents Backwards and Forwards 

On the student page Percents : Back­

wards and Forwards 1 students determine 

the percent one geometric shape is of 

another. When A is 20% of B, B is 500% 

of A. The completed table from this 

student page is shown at the right. What 

i s the relationship between the two 

columns of percent? Students being 

introduced to percents might notice that 

as the percents increase on the left, 

they decrease on the right. A more ad­

vanced class which can change the percents 

to decimals could discover that the pro­

duct of the two decima~s is always 1.0000. 

PERCENT 

YOU AI.~ WHA'r 
YOU SA'r 

AN APPLE A DAY KEEPS THE DOCTOR AWAY 
AN __ __ _ A DAY KEEPS __ E ______ A\rJAY 

11 e 3 13 s 1<! 7 1 14 4 9 2. G 10 

For e ach e xercise c.ircle che let t e r in ei ther the <, "' • or > column 
tha t compare !l side A t o side B. 

/ 

A < 
1 ) 130% of 80 .. c 
21 30% o f 40 • 0 

3) 100% of 90 . . M 

4) 1 0 % of 20 • y 

5) 25% of 22 . L 

6) 50% of so . . u 
7) 5% of 100 . . v 
8) 10% of 50 . • A 

9) 100% of 12 . B 

10) 75% of 4 0 . . s 
11),. 40% o f 160 . 0 

12) 120% of 90 . H 

13) l / 2% of 200 .. 0 

14) 100% of 30 • T 

L__ - - -

100 
200 

/ 

--
K 

T 

I 

E 

F 

R 

X 

p 

G 

y 

A 

N 

" 
R 

L___ 

> 
® . 

A 

s 
N 

0 

I 

N 

J 

M 

T 

E 

D 

c 

-

B 
80 

10 

90 

1 0% of 50 

25% of 18 

25% of 80 

12% of 100 

• 1% of 5 0 

.. 100% of 16 

• • • 75% of 4 0 

• • • 5 0% of 160 

. • 1 20% of 70 

. 1% of 200 

• , • 50% of 60 

is_% of 
500 
400 
:2,00 

/00 
50 
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PERCENT AS RATIOS 
How would a student find 5% of 400? If he had been told 5% means 5 for 

every hundred, he might reason that there are 4 hundreds in 400 and then multiply 

4 x 5 to ;find 20. This contrasts to the decimal method of dividing the percent 

number by 100 and then multiplying times 400. Even though percents were histori­

cally developed as another form for fractions and decimals, the treatment of per­

cent as a ratio is desirable and mathematically sound. If a percent is wri tten 

as a ratio (a. pair of numbers) as shown 

at the right, both numbers can be 

multiplied or divided by the same num­

ber, and the same percent number can be 

used to relate the new pair of numbers. 

Approximation can also be used with 

percents or ratios. The exercise below 

is from That's "About" Right. 

15% MEAl-JS 

75 FOR EVERY 100 75 '7"o OF"" 100 IS--

g~ 
o3 FOR t:VER.Y Lj 15% OF 4 15 3. 

;~ 
"15 FOR EVERY __ 75% 01=" _ 13 15. 

30 !="OR EVERY __ 75% OF __ IS-. 

11 ~o /VIEANS 

~ II f""OR EVERY \00 
0 

~ o ABOUT \ FOR EVERY 9 

0 oo oABOUT 

~ 
7 FOR EVERY G3 

14 FOR EVER'<--

\l% OF 100 IS 

I l % OF 9 IS ABOUT __ 

!l% OF 63 IS ABOOT __ _ 

11% Ot--IS ASWT-- -

In late middle school the trea tment of percents as ratios can be supplemented 

by the use of formal proportions for solving percent problems. A proportion is 

a statement of equality of two ratios. When using proportions to solve percent 

problems,the ratios are usually written in fraction form. Instead of writing 30% 
30 

as 30 for every lOO,we write it as 100 • To find 30% of 40 we need only t o find 

the missing term in the proportion 30:100 = A:40 or in frac tion f rm 30 A 
0 100 = 40 ' 

Using cross products we have 30 x 40 = lOOA or 1200 = lOOA and A= 12. Some 

basic properties of equality are applied in such a solutio~but this is often less 

difficult for students then the traditional decimal methods. Students need to 

know that they can multiply or divide both sides of an equation by a nonzero number 

and that equality is reversible (4 = A--.A = 4). Some preliminary work with 

simple equations like 10 = 3A would be beneficial. 
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The proportion method unifies the three types of percent problems to the 

problem of finding the missing term of a proportion. The student will still have 

the task of deciding how the numbers in the problems relate so that a correct pro­

portion can be written. See Solving Percent Exercises by the Proportion Method 

for more ideas on this. Below are three word problems and their proportion 

solutions. Students will probably use more steps in solving the proportions. 

A sale advertises 15% off. 15 X 10 = lOOA 

A= 150 = 1 
100 2 

How much is saved on a $10 shirt? 

answer: $1.50 

N 1800 
100 = 3000 

A car was bought for $3000 but 
is now worth only $1800. What 
percent of the original price 
is the current value? 

3000N = 100 X 1800 

N = 180000 = 60 
3000 

answer: 60% 

80 96 --=-
100 B 

A tent is marked 80% of the 
original price. What was the 
original price if it costs $96 
now? 

SOB = 100 X 96 

B = 9600 = 120 
80 

answer: $120 

Of cours~ there are other percent problems which do not fit into the three 

basic types of problems. Two such problems are given below. 

25% of the class is done 
with their work. What 
percent of the class is 
not done? 

b) A car was bought for $3000 
and is worth $2100 a year 
later. What was the 
percent of depreciation? 

No proportion is needed here, but it 
is necessary to have a good under­
standing of percent to see that 75% 
of the class is not done. The stu­
dent page Help! in Percent Sense 
covers this cone t. 

This is a 2-step problem, a variation 
of the car problem above. It must be 
seen that subtraction is necessary. 

M 2100 $3000 - $2100 $900 or 100 = 3000 , so 

N 900 
100 = 3000' so N = 30 100% - 70% = 30% 

answer: 30% 
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The Elastic Percent Approximator Extended and the Grid Percent Calculator in 

the section on Solving Percent Problems both use proportions to solve percent 

exercises. To find 20% of 60 the proportion 1~~ = 6~ would be used. Solving the 

proportion gives x z 12. Can you see how the calculators below relate the numbers 

12, 60, 20 and 100? 

/0 

ELASTIC PERCDJT APPR.OXlMATOR 

70 

so 

qo 

0 /0 

GRID PD2CC~T CALCULATOR. 

PERCENTS AS RATIONAL NUMBERS 
Most of us learned about percents through fractions and decimals. 25% means 

l~g or .25 and 4.6% = ia~ = 16~o = .046. 

The rule for changing a percent to a decimal is, "Move the decimal point two 

places to the left and drop the %" and for changing a decimal to a percent, "Move 

the decimal point two places to the right and add the %." Now, if all the computa­

tion with decimals is clear, a percent exercise reduces to a decimal computation. 

The understanding of percents as decimals is useful when using a calculator. The 

percent key on a calculator usually moves the decimal point two places to the left. 

To enter 35. 7% !TUSh QJ , !}] , c:J , [1] then [!] . The calculator will read . 

. 357, The question "What percent of 80 is 50?" translates to N x 80 = 50 or N 

50 ~ 80. A calculator will give 50 ~ 80 as .625000. This number must then be 

changed to a percent: .625000~62.5%. 
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To change a percent to a fract~on,we write the percent number over 100 and drop 

the percent sign. Changing a fraction to a percent is not so simple. We usually 

convert the fraction to a decimal <1-~.667) and then to a percent (66.7%). 

Knowing the fraction equivalent for certain percents is very helpful. If 25% 

is exchanged for the fraction% and approximation is used, the question 25% of 83 

is ? becomes an easier mental exercise: 25% of 83~ t of 84 = 21 . 

We can help students learn the decimal and fraction equivalents for percents 

with manipulatives, 100-grids, number lines and various skill-building activities. 

See the classroom activities The Percent Bar Sheet~ Hallelujah I 've Been Converted~ 

FJ>actions -+ Percent 1 and Fractions -+ Percent 2. 

SOLVING PERCENT PROBLEMS 
Word problems involving percent are usually confusing to students. They can 

work a series of problems when an example is given and the problems are of the same 

type as the example, but when word problems of different types are mixed, they can't 

decide what operation or proportion to use. If we encourage students to spend time 

understanding the problems before manipulating the given numbers to find "answers," 

their ability to solve problems might improve. 

Suggested Activities 

1. Put two simple percent word prob­

lems on the board or overhead. Ask the 

students if the problems could be worked 

in the same way or not. The problems (a) 

and (b) at the right could both be solved 

by taking the given percent of the given 

number. 

Now add a few more simple problems 

like (c), (d) and (e) as shown. Ask if 

any of these can be solved like problems 

(a) and (b). Some students might pick 

problem (d) but notice the extra step in 

(d); subtraction is also involved. 

Are any two of the new problems 

solved in the same way? Yes. (c) and 

(e) are both solved by finding what per­

cent one given number is of the other. 

a) 50 math problems. Got 90% 
correct. How many correct? 

b) 30 girls. 20% are blond. 
How many are blond? 

c) Played 10 games. Won 6. What 
percent of the games were won? 

d) Regular price $9. Sale is 10% 
off. What is the sale price? 

e) 40 trading cards. 12 are base­
ball cards. What percent are 
baseball cards? 
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2. After comparing and discussing problems of various types and complexity, 

students can be asked to match problems which would be worked in the same way. There 

are 6 types of percent problems given below; two of each type. Each problem on the 

left can be matched with one on the right. This is not an introductory activity--it 

is necessary that students have previously solved and discussed each of these kinds 

of problems. Whether students have learned to solve percent problems with the pro­

portion method or by changing the percent to a decimal or fraction should not affect 

their matching of the problems. To keep confusion to a minimum you could sort the 

problems into 2 groups with 3 types per group. The "matches" are given below. 

a. If the annual interest rate is 7%, 
find a year's interest on $1200. 

b. Chris spent 40% of her savings for 
a bike. If the bike cost $60.00, 
how much was in her savings before 
she bought the bike? 

c. A school has 5500 books. 45% are 
being used. How many are not 
being used? 

d. A city has 12,000 people. Its 
population is expected to increase 
15% in 10 years. What is its 
expected population in 10 years? 

e. There are 30 teachers for a junior 
high. 18 are women. What percent 
of the teachers are women? 

f. A radio was originally $60. Its 
reduced price is $48. What is the 
percent of the reduction? 

1. Jon took $8 to the fair and 
came home with $3. What 
percent of his money did he 
spend? 

2. A class has 30 students. 
55% are girls. How many 
are boys? 

_____ 3. A babysitter receives a 
10% raise. He was making 
80¢ an hour. How much 
does he make per hour now? 

_____ 4. A basketball team won 60% 
of its games. If 12 games 
were won, how many were 
played? 

5. A record is regularly 
$5.98. It is on sale at 
15% off. How much is saved 
by buying it on sale? 

6. Jay was given 8 problems 
for homework. He got 6 
problems right. What 
percent of the problems 
were right? 

Match a to 5, b to 4, c to 2, d to 3, e to 6 and f to 1. 
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REFfR£NC£ SET 
Prepared transparencies are a convenient means for an introduction to percent. 

The same transparencies can provide a review of the basics of percent. The trans­
parencies that follow and the suggestions below can be used for this introduction. 

Teacher Strategy 

Tell students that percents are easiest to understand when they are based on 
a reference set of 100. Write REFERENCE SET on the board (or overhead) and say 
that this reference set might be the number 100, 100 squares, 100 pennies, or 100 
centimetres, or any other convenient set. 

Square Grid Transparency 

Use the first transparency, showing only the 10 x 10 grid. Talk about a 
10 x 10 array as a convenient (but not the only) way of arranging 100 little 
squares. This 10 x 10 grid will be the reference set (which we'll call R) for 
this transparency. Uncover the entire top row. Tell the class that each of the 
figures is a certain percent of the Reference Se t R. Write "20% of R" under the 
first figure and ask the students to raise their hands if they know what should 
be written under the next figure. 

Students then volunteer phrases to place under the remaining figures in the 
top row. Ask them to describe what 50%, 60%, 90% of R looks like. At this point 
discuss counting the squares to determine the percent of R shown. Emphasize that 
when the reference set (R) i s 100 objects, N% of R is N of the obj ects. 

Ask them if they know what 100%, 120%, and 200% of R looks like . Hav e stu­
dents look at the second row and discuss and label each of the figures. The last 
problem brings out different arrangements of 20% of R. Emphasize that 20% of R 
is less than R, 100% of R is the same as R, and 120% of R is greater than R. 

The third and then fourth rows of figures can then be uncovered and labe led 
with percents of R. 

Line Segment and Dollar Transparency 

To give students other models for percent look at the line s egment and dollar 
transparency. Ask students to describe how to draw N% of the l i ne s egment R f or 
various values of N (see transpa r ency). 

Othe r Grids Transparency 

Look at the unusual 100 grids brief ly to r e inforce the idea that the r e f erence 
s e t of 100 could be things other than s qua r es, line s egments, or pennies . 
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~ 10 I 10 Jo 10 10 10 
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100 UNITS 
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REFERENCE SET 

® 
-~ 'R =:. 1 .$ Q~$ l = ONE DOLLAR. 

1i t-~ rto~V -........._ --
( 100 PENNIES) 

®®® 
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Percent Sense WorJ PhMSOC miS~ 
~...-.-P.-.LR_,C..,.EN....,T-._...:f:_ 

15 RED APPLES FOR EVERY 100 APPLES IS 15% RED APPLES, 
45 BOYS FOR EVERY 100 STUDENTS IS 45% BOYS, 

OTHER PHRASES USED 
FOR PERCEJIJT ARE 

PER 100 

~ Ul Jr~,;. 
.... -- ~\~ ~ 

OUT OF' iOO 
tOR EAC~ 100, AND 

COMPARED TO 100. 

WRITE EACH OF THESE AS A PERCENT, 

__ A) 30 DAYS OUT OF 100 DAYS 
__ B) 65¢ COMPARED TO 100¢ 
__ C) 40 CM PER 100 CM 

% 
__ D) 12 BLONDS FOR EVERY 100 PEOPLE 
__ E) 

--E) 
__ G) 

--H) 
I ) 

__ J) 

1 ROTTEN APPLE FOR EVERY 100 APPLES 
73 SHADED SQUARES COMPARED TO 100 SQUARES 
83 PROBLEMS CORRECT FOR EVERY 100 PROBLEMS 
98 YES VOTES PER 100 VOTES 
21 GREEN CARS FOR EVERY 100 CARS 
8 MISSPELLED WORDS OUT OF 100 WORDS 

DESCRIBE EACH OF THESE SITUATIONS IN OTHER WAYS, 

K) 40 BLUE MARBLESJ 100 MARBLES IN ALL 
L) 30 POODLESJ 100 POODLES IN ALL 
M) 15 CHINESEJ 100 PEOPLE IN ALL 
N) 80 CORRECT ANSWERSJ 100 QUESTIONS IN ALL 
O) 55 DOLLARSJ 100 DOLLARS IN ALL 
P) 8 TREES DEADJ 100 TREES IN ALL 
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E -- ---- ----
5 8 lf IO I b 7 2 t:t 3 

equa.l i"o R ~rea. fer -thQn R 
/. 30% of R is T VI 
2. 85% of R is I R s 
3. /00. '% of R is E. H R. 
J./. 150% of R is M p 0 
5. I~% of A J5 N 8 
6. 22S% of R /s l> H R 
7. /00% of R is w L 
8 500% of A is c 
q_ b6%%ofR is y 
10. /0/% of' R /s 
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UNUSUAL 100 GRIDS - I 

What percent of the grid is 

a) 

b) 

c) 

~ 
J.....:A? 

---

---

---

% 

% 

% Color each percent of 

the grid as indicated. 
% ---d) 

% ---e) 

% ---f) 

Without counting, what 

percent of all the shapes 

are in this position \_J? 
% ----

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

j ) 

GRIDS FROM: The Metric System of Measurement 

Permission to use granted by Activity Resources Company, Inc. 

19% blue 

12% red 

21% green 

8% brown 

28% orange 

3% purple 

8% yellow 

1% black 

What % of the grid 

is colored? % 

What % of the grid 

not colored? % 

is 
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UNUSUAL 100 GRIDS - II 

What percent of the hexagons are: 

a)~? 
b) 0? 
c)®? 

d) • ? 

e) touching a • on all 6 sides? 

% ---
% ---

% ---
% ---

f) touching a. on only 4 sides? 

What percent of the triangles look like: 

a) A ? % 

b) ~ ? % 

c) ~ ? % 

d) D ? % 

GRIDS FROM: The Metr ic System o f Measurement 

Permission to use granted by Activity Resources Com pany, Inc. 

% ---

% ---



FILL IT UP! 

Needed: 2 to 4 players 
Game grids 
3 dice marked as 

Ill marked 1%, 3%, 7%, 
18%, 21%, 33% 

112 marked 2%, 4%, 8%, 
19%, 27%, 30% 

113 marked 5%, 9%, 
13%, 6%, 

IDEA FROM: Enhance Chance 

GRIDS FROM: Metric System of Measurement 

Permission to use granted by Activity Resources Company, Inc. 

Each player selects 
a grid to fill up. 

Each player rolls 
Ill die. Highest 
percent goes first. 

Each player rolls 
all dice and 
selects one 
amount to shade 

his grid . 

all amounts are 
too large, no part 
may be shaded. 

Winner is the first 
player to exactly 
fill his grid. 

387 



In each problem the REFERENCE SET (R) is the l a r ge square . 

Fi rst, approximate the percent of R that is shaded. Then, 
100 grid, find the exact percent of R that is shaded . 

using the transparent 

Q) 

Guess: 
Exact: 

% of R shaded 
% of R shaded 

@ 

Guess : 
Exact: 

% of R shaded 
% of R shaded 

(7) 
On how many of problems 
1- 6 was the % you 
guessed withi n 5 o f 
the exact %? 

@ 
This b lob has about 

t he 

388 

t he same area as 
refer ence sets 
above . Approx imate 
t he p ercent of the 
blob t ha t is s haded. 

% 

® 

Guess: 
Exact: 

• • • • • • • • • • . . . . . . . . . . . . . . . . . . . . . . ... ·. . . . . . . . . . 
• • ••••• • ••••• • ••• . . . . . . ... 
·.·.·.·.·•·.·.·.· ••••••••• 

% of 
% of 

fir\ ::·:·:·:::= ~ .......... . ... . ... ... . 
: ·. :. · .. : :: .. ..... : ·. ·.: .. .. 

. . .. :. ~ :.· 

R shaded 
R shaded 

...... ~ ~ :::·.::.::~ 
...... ... ·.: ;·.::=:: 

: :_:: :·::: . .. . . · .. . 
... . . ,,;::.\\(' ... . 
.. . . ... 
:·:.:: :::· .. . ........... 

. . . . ;.::::::·.;:.: .. ·· ···· :·:. : .· . .-. 

Guess: 
Exact: 

% of R shaded 
% of R s ha ded 

® .. ::· ... ·,:.~!::·.·--··.·w :--::~·-·: :J •••••••••••• ·····' ••••••••••• 

. ................ \ ..... , I!··:.:::·:=····:· .. ··.·:··:·· ..... . "···· ...... ······ ........ · .. . . .... ····· ... : .......... . . ····· ................... . 
• • • • • • • • • ••••• • • •••••• •••• -4 

• •• , •••••••••••••••••••••• !I 

~-.::: =· .-.1·:~ ~ · .... ·:· ·:·. ·: ~ ·. · ...... -.:~ 
Guess: % of R shaded 
Exact: 

@ 

Gues s : 
Exact : 

% of R shaded 

% o f R s haded 
% of R shaded 



/ / 

v IOO GRID v 100 G-RID 

/ / 

~ 100 G-RID / too ~·o 

/ / 

~ 100 G-RID ~ IOO <:rRIO 
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THE TRANSPARENT HUNDRED 

THIS IS A HUNDRED GRID, 

~ 

GUESS WHAT PERCENT OF THE HUNDRED 
GRID EACH SHAPE BELOW REPRESENTS, 
WRITE YOUR GUESS INSIDE THE SHAPE, 
THEN USE THE TRANSPARENT 100 GRID 
TO FIND THE ACTUAL PERCENT, 

D 

D 



_____ % of the square is shaded 

__ % of the square is not shaded 

Solve these problems. Try to find the easy way. 

% is shaded ---· % is shaded --
% is not shaded % is not shaded ---------

____ % is shaded __ % is shaded 

% is not shaded -----
__ % is not shaded 

% is shaded --
% is not shaded ---· 

_____ % is shaded 

__ .% is not shaded 
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% is like --
% is like --
% is like --
% is not shaded 

----' 

la.rge sq_u.aY"e3 with v-ed, ora.nge, 
and yellow penc\ Is. Some pa:rts 

of' the sq ua.v-es 
not color-ed. 

COLOR 
RED 

YELLOW 
Nor COlORED 

% 

% 

% 

% 

is like m % is like ~ / 

is like~~ % is like • is like G!] % is like ~ 
is not shaded % is not shaded 

20% 

33% 75% 

32%35% 
35%27% 247o 

/00% 

'i'wo of these circle graphs have sensible percents. See if you can find the 
circle with percents that are wrong. Explain why these percents are impossible. 

25% 25% 
Cjellow red-

50% 



STICKING TOGETHER WITH PERCENTS 

EQUIPMENT: 1 SHEET OF GRID PAPERJ SCISSORS) PASTE 

ACTIVITY: 

1, A) CUT A PIECE OF THE GRID PAPER TO 

2. 

SHOW 100% OF R, CUT A PIECE OF 
THE GRID PAPER TO SHOW 50% OF R, 

B) SLIDE THE 2 PIECES TOGETHER, HOW 
MANY SQUARES DO YOU HAVE IN ALL? --
WHAT PERCENT OF THE 100 SQUARES OF 
R DO YOUR 2 PIECES SHOW? --

c) ON ANOTHER PIECE OF PAPER PASTE THE 2 PIECES BESIDE EACH OTHER 
AND LABEL THIs 150% OF R I 

D) THE SENTENCE BELOW SHOWS WHAT YOU HAVE DONE, 
100% OF R + 50% OF R = 150% OF R. 

A) CUT A PIECE TO SHOW 100% OF R, 3. A) CUT AND PASTE 2 PIECES 
CUT A PIECE TO SHOW 35% OF R, TO SHOW 110% OF R. 

B) HOW MANY SQUARES IN ALL? B) WRITE A SENTENCE TO 
c) PASTE THE PIECES AND LABEL, DESCRIBE THIS, 
D) WRITE A SENTENCE TO DESCRIBE c) DO THIS AGAIN BUT DO NOT 

THIS, USE A 100% PIECE OF R. 
D) WRITE A SENTENCE TO 

DESCRIBE THIS, 

4. A) CUT AND PASTE 2 PIECES 
TO SHOW 200% OF R. 

B) WRITE A SENTENCE TO 
DESCRIBE THIS, 

c) CUT AND PASTE 3 PIECES 
TO SHOW 200% OF R. 

D) WRITE A SENTENCE TO 
DESCRIBE THIS, 
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"(OCJR SODV PERCENTS 

Let a metre (100 em) be your reference set. 

What percent of a metre is: 

·~\Ot?, 

your span c::;? 

~ your palm [~ your little finger length 

shoes) 
0 

your foot length (without ·~o I 0 
I I' I 

your foot length (with shoes) :•...-: 

a) 

b) 

c) 

d) 

e) 

f) 

g) 

h) 

i) 

j) 

the distance between the centers 

your arm span ~F fu j 
of your eyes <I;> <:]> 

your height ~ ~J 

distance around your waist <S.0J> 
~ 

distance around your head ~~ 
c,IJ 
0 

PERCENTS IN 

Let a metre (100 em) be your reference set. 

Find: 

a) the height of the wastepaper basket 

b) the di stance across the wastepaper baske t 

c) the length of the flag (or door) 

d) the width of the flag (or door) 

e ) the width of your teacher's desk. 

C.l.A3SROOP\ 

f) the l ength of the gradebook (or light swi tch plate ) 

g) the width of the grad·ebook (or light switch plate) 

h) the length of a piece of chalk 

i) the width of the filing cabi ne t (or bulletin board) 

in em 
% of 

a metre 
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Show three different ways to make 30% 
of a dollar. 

Show four different ways to make 120% 
of a dollar. 

What are the fewest number of coins needed to make: 

4% of a dollar 20% of a dollar 137% of a dollar ------

55% of a dollar 82% of a dollar 98% of a dollar -----------

CHALLENGE: q 
I have items to sell that cost from 1¢ up to 99¢. 
A customer gives me a $1 bill. What is the few- • ~ )J/ ./'": 
est number of coins I must have in the cash reg- ____ '\~~ If~~ 
ister to give change to the customer regardless --qe 
of what she buys? What is the total value of cy-:: --~ 
these coins? ~- \L..J 

1J '1.~-rl'll 

IDEA FROM : C.O.L.A.M.D.A. 

Permission to use granted by Northern Colorado Educational Board of Cooperative Services 



Your reference set for this activity is 100 unit cubes. 

Buil'l models with these dimensions (if you can ). 
l~1at percent of the 100 cubes do you use in each cas e ? 

Build models with these dimensions. 
What percent of the 100 cubes do you use in each case? 

a) 4 cubes long, 3 cubes wide, 2 cubes high % 
b) 6 cubes long, 5 cubes wide, 3 cubes high % 
c) 5 cubes long, 10 cubes wide, 2 cubes high % 
d) 5 cubes long, 6 cubes wide, 5 cubes high % 
e) 2 cubes long, 1 cube wide, 1 cube high % 

Percent of 100 cubes used Dimensions of the model 
BUILD 

THESE 
P/ODE.LS 

Length Width Height 

TO HELP 
Yov. 

50% 

64% 

36% 

60% 

60% 

110% 

81% 

1% 

1:% 2 0 

(all dimensions 
different) 

(all dimensions 
same) 

(two dimensions 
the same) 

(another way) 

(all dimensions 
different) 
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Get 100 cubes to make each of these models 
by looking at the diagrams. 
Suppose the percent painter was able 
including the bottom, of the model. 
th0. models that you make . 

Wha t p e rcent of the cubes would have: 

MODEL A B c D 

6 faces painted __ 

5 faces painted __ 

L:. faces painted 

3 fac e s painted __ 

2 faces painted __ 

1 face painted --
0 faces painted __ 

398 

to paint the entire surface, 
Fill in the table for each of 

E 

Make a model 
of your own. 

yours 

MOD£L 
0 

10 

CUBE.S 
LONG 

5" CUBES 
HIGH 



HUNDREDS BOARD PERCENT 

Equipment: Hundreds Board or hundreds chart 

Number tiles, 1 to 100 

Activity: Put the numbers in order on the board. 

Make these charts on your paper. 

Find the percent each set of 

numbers is of the 100 numbers. 
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PERCENT WITH RODS & SQUARES - I 

EQUIPMENT: ORANGE CUISENAIRE RODS (10 TO 15 IF POSSIBLE) 
~mITE RODS 

ACTIVITY: 

1. HOW fv1ANY ORANGE RODS ARE 
NEEDED TO COVER THE SQUARE? 

2. HOW MANY WHITE RODS IN AN 
ORANGE ROD? HOW MANY WHITE 
RODS ARE NEEDED TO COVER 
THE SQUARE? 

3. EACH WHITE ROD COVERS WHAT 
PERCENT OF THE SQUARE? 

4, EACH ORANGE ROD COVERS WHAT 
PERCENT OF THE SQUARE? 

5, COPY THIS CHART ON YOUR PAPER, FILL IN THE BLANKS, 

RoDS 

3 white 

7 wh i t e 

15 white 

whi t e ---

1 ora ng e 

5 ora n ge 

400 

PF-R.CENT OF 
SQUARE CCIJER.£D 

% 

35% 

The name Cuisenaire and the 
colo r sequence of the rods are 
t rademarks of the Cuisena ire 
Com pany of Amer ica , Inc. 

~OS 

10 o r a n g e 

100 white 

1 or an ge + 1 white 

2 or ange + 5 whi te 

7 or ange 
+ 5 white 

PERcENT oF 
SQUARE CCVEI<.ED 

% 

67% 



PERCENT WITH RODS & METRES - I 

EQUIPMENT: METRE STICK 
ORANGE AND WHITE CUISENAIRE RODS 

ACTIVITY: 
1. HOW MANY ORANGE RODS ARE NEEDED TO MAKE THE LENGTH OF A METRE 

STICK? 

2. HOW MANY WHITE RODS IN AN ORANGE ROD? HOW MANY WHITE RODS ARE 
NEEDED TO MAKE THE LENGTH OF A METRE STICK? 

3, THE LENGTH OF A WHITE ROD IS WHAT PERCENT OF A METRE? 

4, THE LENGTH OF AN ORANGE ROD IS WHAT PERCENT OF A METRE? 

5, MAKE THIS CHART ON YOUR PAPER. FILL IN THE BLANKS. 

ROD PERCENT OF ROO PERCEI'lT OF' 
A METI2E: 

1 white 

5 white 

10 white 

37 white 

100 white 

1 orange 

3 orange 

5 orange 

10 orange 

15 orange 

(·· .. 
: ... "":.. ·.·· "/ 

A 

2 orange + 5 white 

7 orange + 5 white 

10 orange + 5 white 

20 orange 

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

METRE: 
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I 

A piece of elastic or a rubber band can be made into a percent calculator 
approximating. 

can use: 
a) a 3" p1'ece of]_,, 1 · ( h 11 16 e ast1c tLe sma er the width, the more the 

stretch) 

b) a 21" - 3" piece of a rubber band that is lrr lrr 
2 8 2 

I I I I I I I I I 
Two students work together to mark the 

elastic (rubber band). One stretches the 
material along the scale at the top. while the 
other marks the divisions on the elastic (rubber 
band). If the material is wide enoug~ the left 
end can be labeled 0%, the middle 50%, and the 
right end 100%. Note: These labels assume that 
the part of the elastic with the marks is the 
reference set (100% quantity) . 

At this point, the students should experi­
ment with the elastic to see that the marks 
remain evenly spaced regardless of how much it 
is stretched. They should be reminded that 
their answers will be approximate and that each 
segment r epresents 10% of the reference set 
because the reference set (100%) was divided 
into 10 equal parts. 

The next page shows examples of student 
problems. Depending on your students, you may 
want to supply s eparate worksheets on t he l ength, 
area , and volume concepts or include a ll three on 
the same worksheet. It is hoped that students 
will see that n% of a quadrilateral with 
opposite side s congruent can be shown in two 
ways and that n% of a 6-sided polyhedron with 
opposite face s c ongruent can be showrt in three 
ways. 

wide 

I 

IDEA FROM: Activities with Ratio and Proportion 

Permission to use granted by Oakland County Mathematics Project 



CE!bLXJ~CC?D@ 
PeRCENT APPROxJtfli\To~ 

(cot-.~Tl!-!UED) 

Example 1: Divide this line segment so the left-hand part represents 40% of the entire 
line segment. 

a) Place 0% on the left-hand endpoint. 
b) Stretch the elastic until 100% falls on the right-hand endpoint. 
c) Mark a point to represent 40% of the line segment. 

Example 2: Divide a parallelogram so the left-hand part represents 75% of the 
parallelogram. 

a) 0% on left endpoint - 100% on right endpoint 
b) Approximate 75% and mark. 
c) Repeat on top segment. 
d) Connect points. 

I 

I 
I 

I 

Note: If the side dimension is less than the length of the elastic, the elastic 
could not be used to find 75% of the parallelogram. 

Example 3: Divide a cube so the left side shows 50% of the cube . 

a) 0% on left endpoint - 100% on right endpoint. 
b) Mark 50%. 
c) Repeat on other edges. 
d) Connect points. 

Note: Similarly the front 50% and 
the bottom 50% can be found. 

These three concepts could be developed into a series of lab activities using 1) 
different l engths of string for the lines, 2) t ransparent quadrila t erals and a 
felt tip pen for ma rking, and 3) transparent commercial polyhedron mode l s with a 
fe lt tip pen for marking. 

IDEA FROM : Activities with Ratio and Proportion 

Permission to use granted by Oakland County Mathematics Project 403 
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Percents af Line 
S~men-fs 

In sowe c:1ses jt is possible to split an object or number (R) into into 100 equal 
pieces and byi taking N of the pieces determine N~{ of R. This N could be 2Df', 1001;, 
200%,or even~~. In other cases it is easier to split R into 10 equal parts. In 
these cases 1ofie part is 107 of R so 20% of R would be 2 of the parts, 75Z of R 
would be 72 parts .erd so on. In still other cases <1 split into 2, 3 ... parts is 
more helpful. 

The suggestio.ns below apply these concepts to line segments. These suggestions 
could be developed on a blackboard, overhead, or on dittoed sheets. Some students 
may need to review the number line concepts covered in Number Lines I - VII. If 
student worksheets are written, the Elastic Percent Approximator or a prepared key 
can be used by the student to check his work. 
I. T'-''0 line segments are given (R ar.d _;; c,f R). The student is asked tn cst5rrate 

what percer..t one is of the other. 
R = 10 10 10 JO ---'----'-~ · ··- ·~~ '- ~- ~-..&.-..---' 

[xaE:Ple: <77 
~odf~-= -----

Sol.uti<>n Str_.:,_te:;y: Split Pinto 10 nppro;:irnately C'<'\ k ;.l p;~rt:'. 

Each part is 10% of R. % of R is about 4 parts. A good 
guess is 40. 

a) Cover percerts <, = and > 100. 
h) Some problems can be included where the 

ments do not "line up" at the left end. 
below.) 

:> line seg­
(See example 

c' Vory P. fr< 'r' the first to sec end line se,;mert. 

f'YC' ITT Jc - --'%of R:: ---------------­
~=--·--

Il. A li~e segment (R) is given. The student iF asked to draw ~~ of the line 
segment. Do not expe~t exact m~asures. 

~~· ~~-----------
30%af~:: 

Solution Stra~: Split R into 10 a,:.proximately e0112.1 parts. 
30~ of R is 3 of the parts. 

30/ocrl'R-= 

Problem Suggestions: 30%, 50%, 80%, e tc. first, then move to 25%, 75%, 5%. Include 
100% and th~~ percents over 100. 

III. A line c'egrnent (N~; of F.) is given. TJoe stwle•1t L.s :Jr.h.•d lo drnH P.. 

SoluLi.on Strat:ehl': 4m:. of R is 2 of the f_.·egments sh0w-n. 
607 of R is 3 of the segmE·nts shoHn. 

100/: of R is 5 of the segments shown. 

No te: An alternate strategy is to determine 10% of Rand then find 100% 
of R. This (or some other c>.l ternRte strategy ;j._s necessAry \vhen 
80% of R is given). 

Problem Suggestion~: Include percents <, > 100. 

example: 30o'ZofR.-=-

Solution Strat~~: 

--------------------------R-= 
The segment shown is 300 pieces. 
Split this into 3 segments. One 
of them is 100% of R. 



ACTIVITY CARDS - NUMBER LINE 

On your paper draw 5 lines. 
Mark 100 mm on each. Show 
two numbers on each line. 

1) 20, 60 
2) 90, 50 
3) 95, 35 
4) 25, 75 
5) 27, 63 

for a number. 
I guessed that 
the number is 40: 
c1y ruler says 
50 rnrn. Next 
time I' 11 try 
t o guess closer. 

I 

70 

0 

p 

I 
100 > 

100 

!";uess and check the nuTPbers for these letters. Record in a chart like this 

A 8 
0 

• • 
c 
• 

0 • 
E. 
I > J£rTER. 

GUESS RULER 
NlJfV\BC.R NUJY\BE.R roo 

A 
8 
c F H I 

0 IOO 
I > • • • • • • 

[.....-- -- - --
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ACTIVITY CARDS - NUMBER LINE (PAGE 2) 

greater than 
100 and less 
than 10 on a 

Guess and check 
letters below. 

the numbers 
Record in a 

A B 

0 

I 
0 

100 can be placed 
any distance from 0, 
but once it is placed, 
50 comes halfway between 
0 and 100. 

I > 
So 100 

for the 
chart. 

100 

100 

0 

Draw five lines on your paper . 
Make 0 and 100 on each. 
Show two numbers on each line. 

1) 120, 5 4) 105, 1 
2) 150' 3 5) 125, 6 
3) 200, 8 

LEITER 
G-uESS R11L'Er.l 

NlJfV\S& NUMBER 

A 
8 

c D E F 

k L- ~ 

NL -
NL -

50 

N o 

III 
IV 

IOO 

I I > I » I I I I 
0 50 100 0 30 100 0 go 10~> 

406 

Draw five lines. Place 0 and 100 on each line so there are 
five different distances from 0 to 100. 

Show 25, 50 and 75 on each line. 



0 

0 

Js 

0 

1) 175,125 

2) 200,150 

3) l10,120 

4) 300,150 

ACTIVITY CARDS - NUI~BER LINE (PAGE 3) 

100 

On these line 
segments, 100 is 
shown at•different 
distances from 0. 
Estimate the numbers 
for each of the letters~ 

s c 

/00 

D £ • • 0 100 

I \f L 

100 0 100 

Compare your estimates with someone else's. How well do you agree? 

Make your own line segments like these. Put letters on the line 
segments. Give them to your teacher or a classmate. 

How well can he guess? 

0 

0 

0 

0 

Can you find 
numbers greater 
than 100? 

100 

100 

100 

Use your ruler 
to copy these 
lines on your 
paper. Show 
the given 

numbers on each 
line. 

100 

Hake up a problem. 
Give it to a classmate. 

NL - V 
NL - VI 
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Can you 
use your ruler to ACTIVITY CARDS - NUMBER LINE (PAGE 4) 

0 

0 70 

copy these on your 
paper. Show 100 

Q ~--------------------------------------~ 0 ~~ 

7) 

~0~---------------------------------------7 
0 1?0 

~ ~--------------------------------------~ 
0 125 

I~ ~----------------------------------------~ 
0 1/0 

ilake up a hard one for your teacher! NL - VI I 



PERCENT,NG : 

rLIN[ SEGMENTS , 
Ca.n you. dra.w 

a.. \ine segment tho..t 
is 40~o of' this l'lne 

segment (R)? R = ----------

' 
Ill pYetend -\-he 

segmen-t ·\s \00 

un·,ts \ong o.nd draw 

J/ ~ a. segment a..bout 

~~~~~~~~~4~0~%~o~f~R~= ~~~~~~~~~~~4~0~u.~n~it~s lonq. 

HINT 

Draw a line segment the given percent of each shown line segment (R). 
Don't expect to be exact. 

lO 10 tO 10 

R= ~~~~~~--~--~~--~--~--~~ 
Q::. ______ _ 

70% of R~ 50% Df R = 

R= R= -----------------------------

30% ot R.= 90% o.P R.= 

R = 

25% cf R. = 

R= R= 

75% o.fR= lOO o/c of R= 
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Equipment: String 
Scissors 

Activity: 1) Cut a piece of string as long as the line segment below. Lay it on 
the line segment. Call this string R. 

R 

2) Cut pieces of string so that their lengths are about the following 
percents of R. Put each piece of string next to its percent. 

20 °/o o+ R = 

80o/o o.P R -= 

100 c;/o of R= 

2.00% o-f R = 

150% of R = 

3) Write the answers on your paper: 

a) Which string is the longest? ----% of R 

b) Which string is the shortest? % of R ----

c) Are there two strings which are the same 
length? If yes, which two? 



The suggestions below apply the ideas used in Percents of Line Segments 
to rectangles. The suggestions can be developed on a blackboard, overhead or on 
dittoed sheets. 

I. A rectangle (R) is given. The student is asked to draw N% of the rectangle. 
Reasonable (but not exact) answers are expected. 

Example: D 
R= 

Solution Strat~gies: 

so% of R= 2CXJ/o o-f R = 

a) One possibility is to split R into 10 equal,vertical parts. Each part is 10% 
of R (since each part would contain 10 of the 100 equal pieces). 5 of the 
parts are needed for 50% of R. 20 are needed for 200% of R. 

b) Some students might reason as follows: "If R were 100 equal pieces,SO% of R 

would be 50 of those pieces. Therefore, SO% of R is~ of R. 200% of R would 

be 200 of the pieces. So, 200% of R is two R's. 
c) Another strategv i.s to imagine a number line at the base of the rectangle. 

Example· D 
R= 0 50 150 ';tOO :1.50 

II. A reference rectangle is given (R). The student is asked to estimate what per­
cent various rectangles are of R. 

Example: 01 

R= : 
I 
I 

Solution Strategies: 

%of R=~ _%afR= 

a) Split R into 10 equal, vertical parts. Each part is 10% of R. The first 
rectangle is about 1 of these parts. Guess 10% (a rough but reasonable guess). 
The second has about 14 parts--guess 140% (actually 150%). 

b) Sketch a number line at the base of the rectangle. Place 0 and 100 at the 
edges of the rectangle. Estimate the number corresponding to the edges of 
the rectangles in Question 1. 

General Suggestions: 

0 ---, 
i 
I 
I 
I 
I 
I -__ _, 

100 \ 
o..bout 10 o..hovt 140 

a) Keep the percents relatively simple. 83% of R is difficult to estimate. 
b) Accept reasonable answers--or let students give a range. 
c) Vary the size of the reference square. 
d) A key could be pr0vided so work can be checked by students. 
e) See Rectangle Percents for a sample student page. 
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R= 

R= D 

R= 

FOR EXPERTS 

R = 

412 

R.'ECTANGLE 
PER-CENTS 

-%of Q IOO%o+' R. 

-%of' R - %ot'R 50% ofR 

D D 
-%of'Q - 0/oofR 300% o.f'R= 

D ~ 
-%o+'R -%ot'R 100% of R= 

ONLY: 

100% c+R 50% o.f R 



Equipment: Container of Cuisenaire Rods 

Activity: 

Find an orange rod. It will be 100 units for this activity. 

-- --- ------... -~] 

OAAN6£ = loo UNITS _ 

Record your answers on your own paper. 

1. How many white rods are needed to make the length of an orange rod? 

How many units are in one white rod? 

One white rod is ---% of an orange rod. 

2. How many units in one red rod? 

One red rod is % of an orange rod. ---

3. Make these charts on your paper. Use rods to help you fill the blanks. 

RODS NUMBER. PERcENT oF- AN 
"'RODS NUMBER.. PERcENT oF AN 

OF UNITS O~N&E. p,oo OF UNITS ORANG-E ROD 

\ LJ 6+-IT G-l<EE.N I YEllow+ l whiTE 

2 RED I PuR..piE + I l19hf9REEN 

30 

I BLUE.. 

I BLAck 

I ORANG-E. 

I bROWN+\ ~Ec( 

50% I o~Ar.i&£ + I YEllow 

2 blAck 

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

/40 

150% 
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PERCENTS: BACKWARDS AND FORWARDS 1 

A--

B--~---L--~--~-- \00% 

Think: 
B is lOO% aYJd 8 has five 

eq_LAal sect'tons. The first 
section of B is 20'Yo ( !00%-:-5), 
so A ts 20% o-f B. 

~\))j~ 
{~~ 

A-- lOOo/o 
B--~--~--~--~--

-~ ..-::/ ,, 

''\'''" 

ThiYlk : 
Now A is \OO%. 
8 i3 t'ive t'tmes a.s long 

a.s A"" so B i-s 500% 
of A ( 100°/o x5 ). 

USE THE DIAGRAMS BELOW TO FILL IN THE CHART, 

CD ~ =~+----+---+---+--

®~---+----

®;--+---

Ais_%ci8 8;s_%ofA 
CD __ 
® -----@ __ 
® ------
® 
® 
0....._ __ ..___----J 

17\ A -----i-----+----+----
~8--

a) Do you see any pattern between 
the percents in the first column 
and the percents in the second 
column? Explain. 

b) What percent would go in the 
second column if 10% were in 
the first column? What if 
5% were in the first column? 



PERCENTS: BACKWARDS AND FORWARDS 2 

A a 
CDO 

Think: 
B is 100% and B has 
ten equal sections. 
The first section of 
B is 10% (100% ~ 10), 
so A is 10% of B. 

Think: 
Now A is 100%. 
B is 10 times as 
big as A, so B 
is 1000% of A 
(100% X 10). 

USE THESE DIAGRAMS TO FILL IN THE CHART, 

A 
®o 

13 
EE3 

®0 111111 
®01 I 
®0 D 

®OJ D 

(?)EB D 

@I 

@I 

CD 
® 
@ 
@ 
® 
® (?) 
@ 
® 

As ~JB Sis 7orSFA 
/0 /000 

a) What % would go in the first 
column if 5% were in the 
second column? ----

0 b) vfuat % would go in the first 
column if 1% were in the 
second column? ----
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A 

® 
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PERCENTS: BACKWARDS AND FORWARDS 3 

USE THESE DIAGRAMS TO FILL IN THE CHART 

8 

a 

A B 

A 8 

@/ z z 7 z 71 rC7I 
IIIII~ LY 

/ / 

___,/ 

A 8 8 

/ 7 ~ / 7 
I I 

(f) ___ _ 

8 
@ ___ _ 
® ___ _ 
® ___ _ 
® ___ _ 
@ ---
(J) - --®.....__---L, __ __, 



® 

PERCENTS: BACKWARDS AND FORWARDS 4 

USE THE DIAGRAMS BELOW TO HELP YOU FILL IN THE CHART, 
SOME PROBLEMS HAVE MORE THAN ONE CHOICE FOR THE ANSWER, 

® 

® 
( ( ( ( ( 0 

K IS 5C.O% of 

I IS 20% o.f' 

... IS 25% o-F 

J IS /00/o of 

LIS 50% of' 

0 IS 400% o-f 

P\ IS :25/o of' 

C IS /OO% 

A ts 20o% 

I IS 50% 

@ 

0 

of 

of 

of 
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5EDBDRRr> 
PERCENTS 

The geoboard can b e used to motivate and r e inforce th e conc e pt of 50% (4x~ nail 
geoboard); 50%, 25%, and 75% (JxJ nai} and 5x5 nail geoboards); and 20%, 40/, 60%, and 
80% (6x6 nail geoboard). If students are not familiar with geoboards, theY should 
first do the readiness activities found in the s e ction on Lab Materials i n the resour ce 
book, .~l!_l]!b e r Sense and Arlthmetic Skills. 

l) ICD/o 

R 

2) 50% 

f~a ch student could 1nake tl1 e largest square possible on th e g eoboard. 
l'his square wilJ he the REFERENC E SET (100% quantity) . For example: 

OR 

Each student could b e asked to 
make as many different polygons 
as possible that represent 50% 
of the geoboard and record the 
results on dot paper or gee­
board record paper. 

a) Polygon 

----

OR 

Note: If tt1 e large square repres e nts 
100% of th e gcoboard, and if this 
square is divided into two congruent 
polygons, then each polygon wlll 
repres ent 50% of the geohoard. 

"THESE ME O.K. THESE ARE NOT O.K. 

D[JLJ [ncfJ[><J 
b) Di ff C' rent i mp]i.t:>S po l ygons that are not congruent. 

IS 

fhe 
so.me 

o..s 

IS 

ihe 
SI!J)'le 

0.5 

IS 
the 

so. me 
0..5 

Only one of thes e shap es should be r e cord ed 

c) Th e "obviouS 11 50%-of-the-geoboard polygons are thes e . 

. . ... 
. . . a .... 

J) Students c.oulJ now be shmvn a d emonstration of how the 11 obvious 11 

polygons can be changed into other polygons that represent 50% of 
the geoboard. -m .. : . . . . . . . 

G_. . .... . . . . . 
~ 
: ~: . .... 

e) Students will now have many different polygons that represent 50% of 

the g eoboard. An easy way for teachers to check these polygons is to 

apply PICK'S LAW . This states that AREA~ Jl + I - l where B is the 
2 

numb e r of nails in the boundary of the polygon, and I is the number of 

nails in the interior of the polygon. Using the first example in (d) 

above, 

B ~ 12, I ~ 3, 

then B ~ 16, I 

so AREA~~+ 3- 1 ~ 8 (50% of the 5x5 nail geoboard), 
2 16 

~ 1, so AREA~ -z + 1- 1 ~ 8 (50% of th e 5x5 nail geoboard). 

[A student discove ry activity of PICK'S LAW can be found in The Mathe­
matics Teacher, May, 1974, p. 431.] 

3) A similar deve l opment can be done with th e other percents listed in the opening 
paragraph. 



I 
• • • 
• • • 
• • • 
• • • 
• • • 

tf 
• • • 
• • • 
• • • 
• • • 
• • • 

7. • • 
• • • 
• • • 
• • • 
• • • 

10 • • • 
• • • 
• • • 
• • • 
• • • 

GEOBOARD PERCE:~TS (COhlT\~UED) 
RECORD SHEET 

2 3 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

5 6 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • 8 '1 

• • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

1/ /2 • • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 
• • • • • • • • • • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 

• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
• • 
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This is 2J% of a class. 
Show 40% of the class. 

THE HHOLE THING 

How many in tile entire class? 

® 
1: 0 :1 1: 0 J 1: 0 :1 

This is 75% of the cost. 
Each one will be % of the cost. 
Two of them will be % of the cost. 
The total cost is $ __ _ 

@ 

This is 30% of the apples in a bag. 
Show 10% of the apples in the 
Show 50% of the apples in the 
How many apples in the bag? 

® 

This is 1% of the bikes. 
How many bikes altogether? 

® uuou 

bag. 
bag. 

These are 10% of the dresses on a dress rack. 
How many are 20% of the dresses on the dress rack? 
How many are 50% of the dresses on the dress rack? 

® 

® 
1 

+ 1 

1 
- 1 

l1ary has read 
50% of her book. 

How many pages 
are in the book? 

8888 
These are 80% of the barrels. 
How many barrels in all? 

2 3 4 5 6 
+ 2 + 3 + 4 + 5 + 6 

2 3 4 5 6 
- 2 - 3 - 4 - 5 - 6 

These are 60% of the problems 
on a test. 
How many test problems in all? 

This is 33~% of the players. 

Show 66~% of the players. 

~how 100% of the players. 

How many players on the team? 

----

----

How many are 100% of the dresses on the dress rack? 
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This is 25 ~~ of a 
larger rectangle. 

larger 
diamond 

Draw the larger 
diamond. 

FINDING 100% 
FROMB!lDY 

Draw 50% of the larger 
rectangle. 
Draw 75% of the larger 
rectangle. 
Draw 100% of the larger 
rectangle . 

This is 75% 
of a larger Shade 

I 

25% of 

D 
D 

is about 66% of a design. 
raw about 33% of the design. 
raw 100% of the design. 

t he 
figure. larger figure. 

Draw 100% of the larger 
figure . 

rl _ _____. 
~ 10% of a larger rectangle. D; % of a l arger 

Draw 20% of the l arger rectangle. 
Draw 100% of the larger rec tangl e . 

20% of 
a l a rger 
design . 

Draw the 
larger 
design . 

IDEA FROM: C.O.L.A.M.D.A. 

SO% of a 

Draw the larger design. 

Draw the larger 
design . 

squa re . 

Draw the l arger 
square . 

0 ~ is 50% of a 
larger design . 

Draw the larger design 
a round this part. 

421 
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F'IRDING tOO% 
FROM ABOVE 

This is 150% of a smaller 
rectangle. 
Shade 50% of the smaller 
rectangle. 
The unshaded part is 100% of 
the smaller rectangle. 

This is 200% 
of a smaller 
figure. 
Shade the 
smaller 
figure. 

This is 160% of a 
smaller figure. 

Draw 10% of the 
smaller figure. 

Shade 100% of the 
smaller figure. 

0 

------
D This is 100% of a 

square. 
Draw 25% of the 
square on another 
paper. 

Draw 50% of the square. 
Draw 100% of the square. 

This is 120% of a smaller figure. 
Can you show 20% of the smaller 
figure? 
Shade 100% of the smaller figure. 

This is 700% of 
a smaller design. 

Shade 100% of the 
smaller design. 

This is 160% of a 
smaller figure. 

lllllllllllllllllllllllllllllllllllllllllllllllllll.. Shade the 
smaller 

< ) < ) < ) < ) figure. 

This is 140% of a smaller design. Draw 10% of the smaller design. 
Shade 100% of the smaller design. 

422 IDEA FROM : C.O.L.A.M.D.A. 
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I. 

3 

5 

7. 

P[AC[ -N-OJ2D[I2 , 
For each of these diagrams use the letters and 

a) list the pieces in order from smallest to largest. 
b) let the smallest piece be the reference set R (100% quantity). 
c) approximate the percent of R each of the other pieces will be. 

It will help to draw dotted lines to divide the pieces into convenient 
sections. 1 and 2 are done for you. 

B - \00 "/o of' B 
A-200% of B 

2. 

4. 

6. 

8 

c 

c- \00% of' c 
A-150% of C 
B-150% of' C 

IDEA FROM : Seeing Shapes 

Permission to use granted by Creative Publications, Inc. 423 



YOU All£ WHAT 
YOU SA'!' 

AN APPL[ A DA'1' KEEPS THE DOCTOR AWAY 
AN _ADAYKEEPS E _____ AWAY 

u e 3 13 s 12. 7 l 14 4 9 2. G 10 

For each exercise circle the letter in either the <, =, or > column 
that compares side A to side B. 

A < > B 
l) 130% of 80 . c K 0 . . . 80 

2) 30% of 40 . 0 T B . . . 40 

3) 100% of 90 . M I A . . . 90 

4) 10% of 20 . y E s . . . 10% of 

5) 25% of 22 . L F N . . . 25% of 

6) 50% of 80 . u R D . . . 25% of 

7) 5% of 100 . v X I . . . 12% of 

8) 10% of 50 . A p N . . 1% of 

9) 100% of 12 . . . B G J . 100% of 

10) 75% of 40 . s y M . . . 75% of 

11) 40% of 160 . 0 A T . . . 50% of 

12) 120% of 90 . H N E . 120% of 

13) 1/2% of 200 . . . 0 w D . . 1% of 

14) 100% of 30 . . . T R c . . . 50% of 

424 

50 

18 

80 

100 

50 

16 

40 

160 

70 

200 

60 



CHANGING PERCENT SHAPES 

Which of the 2 squares at the right 
have 50% shaded? Teachers will probably 
assume that both are 50% shaded but 
students might not be so sure. The two 
squares aren't the same size. The shaded 
areas are not the same. One square is 
divided into more parts than the other 
and the numbers of shaded parts are not 

.· :~ ·,;.;. ·:;' -;:~ ~~ ·:;_ :.::: ::-: ·=~· ::·.: 
:·:, ::·. :~: :.:; :.:. ~~: ·::. ;:: ·.~· ':; 

equal . The next four pages are masters for transparencies which can be used to help 
students make the transition from a 100 grid as a reference set to percents of figures 
with different sizes and shapes. The transparencies can be used as a teacher directed 
activity with the students deciding what needs to be shaded and what numbers to place 
in the blanks . 

50% Transparency 
The squares on this transparency are the same size . The first square has 100 

equal parts, so shading 50% of the square means to shade 50 of the parts. The other 
squares do not have 100 parts, but since they are the same size, 50% of each square 
is the same area as was shaded in the first square. After shading 50% of each square 
and counting the parts, students can see that 50% of 40 is 20, 50% of 20 is 10, 50% 
of 10 is 5, etc. The statements at the bottom can be answered by referring to an 
appropriate square above. 

10% Transparency 
This master is similar to the 50% transparency. The same area is shaded to 

show 10% of each square and the number of divisions varies from 100 to 20. 

30% Transparency 
This transparency makes the transition from squares of the same area to figures 

of different area and shape. The first square has 30 of its 100 equal parts shaded. 
To shade 30% of the second square the same area can be shaded or 3 out of 10 equal 
parts. The third figure is a different shape but it has 10 equal parts, so it is 
logical to shade 3 of the parts to show 30% of the figure. 30% of each of the other 
figures can be shaded by shading 3 out of 10 equal parts. 

55% Transparency 
Three percents, 55%, 40%, and 25% are carried through the same transition as 

described for 30%. The transitions follow this outline: 

55% of a figure 
out of 100 
out of 20 (same area) 

a figure 
100 

10 (same area) 

To shade 
shade 55 

or 11 
or 11 out of 20 (different figures). 

To shade 40% of 
shade 40 out of 

or 4 out of 
or 4 out of 10 (different figures). 
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CHANGING PERCENT SHAPES (PAGE 2) 

A) 50% OF 20 IS ____ 

B) 50% OF ____ IS 1 
c) ____ % OF 10 IS 5 

D) 50% OF 40 IS __ 

E) IS 50% OF 100 
F) 2 IS ____ % OF 4 



.· . .. 
: · . 
. . 
. . .. 
· .. · .. .. . 
. · . .. .. . . · . 
.. · .. 
. . ... . . . .. . . . . . .. 

CHANGING PERCENT SHAPES (PAGE 3) 

J 

/ 

A) 10% OF 30 IS __ D) 10 IS % OF 100 
B) 5 IS 10% OF __ E) 10% OF 40 IS __ 

C) 10% OF ____ IS 2 F) 6 IS 10% OF _ _ 

---------------------------------------------- ----
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CHANGirlG PERCENT SHAPES (PAGE 4) 

. . . . . . . . . . . . . . . • • .• · ••••• · •• ·.1. • •• • • • •• • •• •• ·.· ·.· .. · ... · .... · · .... · · .... . . . . . . . . . . . . . . ..... . ... ·. ... .. .. . .. ·.· ·.· ..... · .................... 
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CHANGING PERCENT SHAPES (PAGE 5) 

55% 
~ 

0 

r40% 
\ 

0 

I 77 I I~ (( [( ( 

r25% 
\ 

0 
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RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
Piaget and Proportions………………………………………………………………………….10 
Reading in Mathematics………………………………………………………………………...26 
Broad Goals and Daily Objectives……………………………………………………………...42 
Evaluation and Instruction……………………………………………………………………...58 
TEACHING EMPHASES……………………………………………………………………...70 
Calculators………………………………………………………………………………………70 
Applications…………………………………………………………………………………….78 
Problem Solving………………………………………………………………………………...90 
Mental Arithmetic……………………………………………………………………………..100 
Estimation and Approximation………………………………………………………………..106 
Laboratory Approaches………………………………………………………………………..114 
CLASSROOM MATERIALS………………………………………………………………...130 
RATIO…………………………………………………………………………………………130 
Getting Started………………………………………………………………………………...140 
Rate……………………………………………………………………………………………158 
Equivalent……………………………………………………………………………………..180 
Ratio as a Real Number………………………………………………………………………..212 
PROPORTION………………………………………………………………………………...222 
Getting Started………………………………………………………………………………...230 
Application…………………………………………………………………………………….248 
SCALING……………………………………………………………………………………..266 
Getting Started………………………………………………………………………………...286 
Making a Scale Drawing………………………………………………………………………304 
Supplementary Ideas in Scaling……………………………………………………………….328 
Maps…………………………………………………………………………………………...350 
PERCENT……………………………………………………………………………………..364 
Percent Sense……………………………………………………………………………….…376 
As a Ratio……………………………………………………………………………………...430 
As a Fraction/Decimal…………………………………………………………………………450 
Solving Percent Problems……………………………………………………………………..476 
ANNOTATED BIBLIOGRAPHY……………………………………………………………504 



COJIT£t»TS 
PERCENT: AS A RATIO 

TITLE PAGE 

Percents - No Model Needed 432 

Percent Pictures - I 433 

Percent Pictures - II 435 

Shady Percents 436 

For Percent's Sake 437 

That's "About" Right 438 

Other Convenient Percents 439 

Percents of Sets - I 440 

Percents of Sets - II 442 

What Do a Cat and a Skunk 
Have in Common With %? 443 

Fun at the Fair 444 

More Fun at the Fair 445 

Be Cool - Go to School 446 

Puny Percents 447 447 

Solving Percent Exercises 
by the Proportion Method 448 

TOPIC 

As a ratio 

Grid model 

Grid model 

Percent of a grid 

As a ratio 

As a ratio 

As a ratio 

Percent of a set 

Percent of a set 

TYPE 

Paper and pencil 
Transparency 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Paper and pencil 

Equivalent forms Paper and pencil 
Puzzle 

Using percent to compare Paper and pencil 

Using percent to compare Paper and pencil 

Using percent to compare Paper and pencil 

Percents less than 1% Paper and pencil 

Using proportions to Paper and pencil 
solve percent exercises 
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PERCENTS - NO MODEL NEEDED 

Can't you do percent) 

problems without 

using a picture? 

:)5; is 
..... . · 

20% __. 20 for every 

5 for every 

30% of 

30% __,. 30 for every 

~ ~ 0 o(is) for every 

100. 

50. 

....... 
8 
.... 

40 

% of 

for 

for 

so 40% 
~~0 · .. •• 

~~~~~)»~ so 30% of 50 is 15. 

.--- ~ 
--=:::::; i ~ 

~ ' 
~ ~ Of course, you could draw 

-. ~ :--.' 
/J))))) 

Do these problems. 

A) 48% of 25 is 

B) 83% of 100 is 

C) 2% of 50 is 
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a picture to see if your 

answers look right. 

D) 50% of is 1. 

E) 40% of is 8. 

F) 90% of is 9. 

20 is 8 ··::. 

every 

every 100 -+ 40% 

of 20 is 8. 

G) % of 10 is 8. 

H) % of 50 is 21. 

I) % of 4 is 3. 
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Shade the smaller 
grid to show the 
same percent of 
shaded squares. 
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• • ... . • • • • • 
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• . . . • . . . . 
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. . • . . 

EE 

. . • ... ... ... . . . . . . .. 

out of 

out of 

. .. . .. . . • ... .. • . . .. .. . . . . 

100~ __ % 

4~ 

. ..... . . . . 
:·: :-: 
••••• • .... . . . . . . •••• ... · .. · ................. ·. ·.· . . . . . . . . . . . ...... . . . . . . . . . . ...... . • • • • • • • • . . . . . . . . . ...... . 
. . . . . · .. · . 
••• ••• • • • • 
•••• • • .... 

out of 100 • ••••• • •••• • • •• ••• ••• ••• ••• . ................ . 

out of 

% 

• ••••••••••••••••••••••••• . . . ............. . 
•••••••••••• ••• •••••• ••• ••• • • • ••••••••••••••• 
:·: :.: :·: :·: :·: :·: :-: :·: :.: . .......... ·.· · ........ ·.· 
• •••••••••••••••••• 
• • ••• 
• • • •• 
• • ••• .. . 
• • ... 
• . 

• • ••• . .. • • 
• . . . • • • • • • .. . ••• • • • • 
• . . • . • . . . • . .. .. • 
•• • • 

• •• • • 
• • • • • 
• • • . . 
• . • • • 
• • ... 

.·: :-:~·: :·: :·: 
•••• ••• ••• ••• .... · ...... . 
• ••••••••• •• •• • •• • •• • •• • • 
• • ••• •• • ••• ••• .. ........ . 
•••••••••• 
• ••• • •• • •• • •• • • 

II I I I I 

20 

out of 100 

C3 
ou t of 10 
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• •• •• .. .. 

~ERC.ENT PICTURES-I (CONTJNUED) 

20 100 AND I 0 OUT OF 

20%~ 
50 

o~ so rs __ , _ o/o o!='" so 1s \O, A~D ~0%0~--

36 OUT OF 100 AND q 25 

36% 
9, 3Go/o OF-lS 

60 Ol!r or= 100 AND 3 OUT OF 

~~%../ 
5 

0~--15 ' 
GO% 5 \S--, AND 3 lS % 

OUT oF /00 AND q OUT OF /0 

~CfOY~ 
90 o/o or:-__ tS 9 __ 0 /o OF" tO IS 9 

' A~D-- • • •• • • ••• .. . . 
• • • • • . ~ ... ·. -::.~.~-----........ -""-..... -.......... ,.~ • • ••••••••••••••• ••••••• ••••••• ••••• 

• ••• 
~~1!""--~~:-:~----· ... --...... -~':" ....... . ·····-·:····.·.·····················::::-::· .: .. ····· ·.·: =·=······.: .•. ~-··~~~· ., ..... . • • • ••• • • • • • 

•••• • •• ••• 
••• •• •• so OVToF /00 AND 

. ...... · ....... ·.·.~·.···· .. ·.·: ... · ... · . . . . ...... : ...... . 
2.. Ot.rr OF 

· ... : . : ••• . .... 

50%~ 
. .. .. . .. 

Z \S_o/o OJ:" 4, 50o/o OJ:" 4 ~~-- AND 2. \S 50% 



Shade the larger 
grid to show the 
same percent of 
shaded squares. 

16 out of 

out of 100 

PERCENT PICTURES - II 

So % of 20 is 16. 

® 
r-~~:~::~-~~ ~~~~~-r~~~~~ 

·:·':. 

.:.::: 
,::·: 

out of 

out of 100 

So 5 is ~~ of 25 . 

5 out of 10 

out of 100 

So 5 is ~~ of 10. 

out of 

out of 100 

So 9 is % of 25. 

out of 

out of 100 

So ~~ of 20 is 8. 
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fA\ IIi\ SHADY PERCEIHS C\ 
~~~~~~~~~~~~~~ 

Shade 40% of A. 

out of 100 

Shade 25% of D. 

Shade 10% of B. 

out of 100 

out of 100 or out of ® -@-

F 11111111111 r----r--r---r--

Shade 10% of F. 

out of 100 

out of 

®11111111111 
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Shade 90% of I. 

out of 100 

out of 

Shade 80% of G. 

out of 100 

out of 

Shade 50% of C. 

out of 100 

·:;.: .. c: out of S i.") 

®I I I I I I I I I I I 
Shade 5% of E. 

out of 100 

out of 

Shade 20% of H. 

out of 100 

out of 

~ IIIII 
Shade 90% of J. 

out of 100 

out of 



25% means 

25 for every 

1 for every 

6 for every 

for every 48 

So 25% of 100 is 

25% of 4 is 

25% of is 6. 

of 

50 for 

1 for every 

18 for every ___ 

for every ___ 

for every ___ 

So SO% of 100 

SO% of 

50% of 

SO% of 

50% of 

100% means 

100 for 

1 for 

for 

So 100% of 

100% of 

100% of 

is 

is 1. 

is 18. 

is 

is 

2a' /o 

every 100 0° 
0 0 ~w-

every ___ ~u~~Y 
oO 8V '? 

every ___ 0 • 

100 is 

is 1. 

is 

means 

2 for every 100 

for 

8 for 

So 2% 

2% 

2% 

10% means 

10 for 

for 

9 for 

of 100 

of 

of 

is 

is 

is 

for every __ _ 

for every __ _ 

10% of 100 is 

10% of 10 is 

10~~ of is 9. 

10% of is 

10% of is 

8. 
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THAT'S "ABOUTu RIGHT 
(OR PRETTY CLOSE PERCENTS) 

II % means 
If fore~ teo ...... II% of 100 is _ 

I fer evet"j g . . . . . . I I % of g i s ah:d: -~ 

~ 3 -for~ 27 ...... II% of ·,s <J.b,u-t 3. 

{Uxx.it 7 -forev€fY 63 ...... l I.% of 63 is o.OOu..-t_-~ 

~-t _ -ftr a€':j -· •..•. I I 7o of _ i 5 oJ:ctit _ 

~ _-& E3/et"~ -----· • • • • • I I % of is abcui:_" 

'f8% means 
48 for ever:; 100 ••••• 48 7o o-f 100 JS 

l -Rr ~ 2 ..... 48 %of' 2 is al:Pu.t_ 

15 -foreVEnj 30 ..... 48/o of 1·s about I 5. 

~t 8 -br e,ery _ •••••• Lf 8 % of is o.h:u.t 8 . 

Ob:ut -fOr~ _ •••••• Y8 7o of is obout_o~ 
0 

Obou.t -ibrevery -· ••••• 48% of isolbut 

35% means 
35 -ft>rever<j lOO ••••• 35/o <5f I 00 ,·s 

\ -fbrev€1\j 3 ..... 35%of 3is~t_ 
20 -tt>r aErlj • . . • • 35 7o of __ is o.bou.i: 

6 -foreRry_ ....• 35% af is ~t 6 . 

.... ....,..,.~ o (ti:wt -fOr every _ . . • • • 3 5% of' \ s 0-.boo.t 

~every 35% of is oln.Jt 
- -····· 



OTHER CONVENIENT PERCENTS 

With some percents it is convenient to convert to the ratio "1 for every_," 
',ut for other percents it is not. 

75%rneans 

3 

_is 15. 
__ IS __ 

IS __ 

qo -& EVeNJ too · · · · · · · · · · qo % af Joo t" s --
Divide b<j to. oo A -fOr every · · · · · · · · · CfO % of is 9. 
multi 'j 7. ~3 -for evet"j ······ ·· · 90% of 70 ics __ 

r muftip bj '~·~P8 -br every ········ · gQ%of is 108 . 
.....___-fOrevery ········· 90/oof IS __ 

-fOr evet"'<J ·········· 90% of IS __ 
L-::::=:::::::::::=--=====-~ 

60 /o trlEnnS 

. 
-fOr eve _IS __ 
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Circle 20% of this set of triangles. 

Circle the given p e rcent of each set below. 

20% of this s et 

10% of this set 

25% of the set 

(Hint: 25 out of 100 
or out of 4 
or out of 12) 
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® 

•• • II 
75% of this set 

® 

80% of this set 

® 

There are 25 JJ;: s. 
I need to find 20% 
of 25. 

•••••• •••••••• •••••• 
25% o f tnis set. 

.............. .... .. .,. .... .............. .......... 
12% of this set 

••••• • •••• •••••• 
75% of this set 

(Hint: 75 out of 100 
or out of 4 
or out of 16) 



PERCENTS OF SETS - I (coNTINUED) 

EQUIPMENT: 30 OBJECTS (LIMA BEANS) PAPER CLIPS) BLOCKS) ETC,) 
STRING 

ACTIVITY: 1, COUNT OUT 25 OBJECTS, PUT A STRING AROUND 20% OF THE 
25 OBJECTS, RECORD WITH A PICTURE, 

2, PUT A STRING AROUND 30% OF 10 OBJECTS, RECORD BY PICTURE. 
20% OF 5 OBJECTS, RECORD BY PICTURE, 
12% OF 25 OBJECTS, 
25% OF 20 OBJECTS, 
75% OF 4 OBJECTS, 
10% OF 20, 
25% OF 12 OBJECTS, RECORD 
50% OF 6 OBJECTS, 
75% OF 80 OBJECTS, 
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PERCENTS OF SETS - II 

gO%AR£ 7"th GAADeiU ~ .- -OFTHE 1000 STUDE~ ARE 7-th GAADEI.s • 
. "'S% APE. 8-th GRADERS ,. .- -OFTHe. 1000 STUDE~T.S ARE Bin~. 
__%ARE qfh G-RADERS s .- -OFTf-IE looo STUDENTS ARE ctin GRADERS. 

@ 5% SALES lAX 

__ ¢FoR ~'r' $J.oo 
__ ctFoR $q.oo 

¢FoR $15.oo 
--¢FOR. tJLfq.oo 

@ 6% SALE.S TAX 

__ ¢oN $J.Oo 
__ ¢ON $0.50 
__ ¢oN $2.50 
__ ¢oN $6.50 

3 10% ltJTErlEST 2ATE 

ro¢oN EVE.R.Y __ 
$1.20 ON EVERY __ 
$5.00 ON BIERY __ 

51\\/E_ 24% 

$_oF EVERY $ JOO EARNED 
S_OF EVER'( $ 50 EA~ED 
$ OF f.\/ER..Y $22-5 EAANEO 

- EVERY $q50 EARNED 

® 88% oF THE FLOW£12 SEEDS WILL GROW. 
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__ OF EV~Y 100 SEEDS 

--oF EVERY 750 SEEDS 
--OF EVERY 20.,000 SEEDS 

--OF EVERV 55,000 SEEDS 



;-nL~T DO A CAT AND A SKUNK 

HAVE IN COMMON WITH %? 

CIRCLE THE ANSWERS THAT HAVE THE SAME MEANING AS THE PERCENT WRITTEN 
IN THE FIRST COLUMN, THEN WRITE THE LETTER IN THE CORRECT BOX, THERE 
ARE FOUR CORRECT ANSWERS FOR EACH PROBLEM, 

I07o 
~ FO~ lza I 'NRON<":r :13 10 : I 5 I 35" 13 $Jo 11'-J 
EVERY I FORtiVERY PER 'A our OF 1/8 J:"OR. EVERY i A FOR f=AC~ I 
60 lT /0 PROBI..Ehlsl N ~00 I 2.S !0 3SO 1 t SHIRr 1 E 

2..ENDS lag 50 HilS :q 25 lzo 25¢ I I I 12. I 

25% FORAN II lA FOR 2oo OUT 0~ FOR EACH liS our oF IZb F'o~ EYEE:VI 7 
SHcrrs 

IT IR DOLLAR :u Lj 'e 48 15 MAN lEAH\ I I 7'5 I I 

5DIM.ES :~ I I 50¢ I 
50 :,9 23 I 60 f.4rTS I 

507o FOR B.IE~Y J/O I 17 1/{o F='OR 12<:> J/2. 
COMPARED:A F"'R IH rOREVERY 1 N PER ~K ro $1.oo 2 lR ~00 Pll'-l$ I /00 1 2f) SWINGS lA 

75% 
s No's 1.3 15" 12.3 75 lry THREE ls 150 1 3 Z5 cl: I 
FOREACH I our oF 

I 
1=0R EVE'RI(I 0 our oF CON\PAR9:) I i!() I="OR EACI-I 1ZI 

G VOTES JA 50 
IT 

FOU~ Il-l TO 200 ~I( D CU.. ,A. R_ : 1-f I 100 I I 

Lf HITS 
I 6'3 : ItO 

IZ. I '+ 61 RlliS : 13 100 
I 

F"IVE I 

lOOk 1~3 
EGGS P£R.: 2. :n I I 

FOR U I our oF 
'5 P!;R 100 1 OUT OJ= IR PER. IN 

SWINGS 15 1'03 I DOZ.EN IC PEOPLE IC roc I l=IFTY I 

MORE THAN 2 I 85" I 
/Of) l9 999 T'5 I fz7 ero :,7 /00% FoR EVER'dZ.lf IZ,Z. 

FoR SAC+-~ I A LbMPAT{ED 1 U FO~EV~YIA our oF 
'A t="OR EAa-11 K 

ONE 15 100 ! To 100 1 I I 100· I 20 I 

LE':>S THAN I 16 3 I 5 :a I CHA~CEIZ? I 
2 :~ 

17o OUT OF I I (0 our Of= A I 
10 115" 

PER OUT OF !="OR E.VCRY1 T ~DMPAI'leo 1 c 
15o lA IS IP MILUON :N 50 I "0 0 I 100 ! ifo C..50 1 

I ~ '3 -\- 5 6 .., 8 9 to II I'Z. ll '4 

15 IE> 17 18 19 2.0 2.1 2.2. 'Z.'3 2..,. 25 26 27 '2.8 
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l="UN' AT THE 

Mike, Tammy, and Mark stopped at a booth to shoot arrows. After shooting 

for awhile, this is what their scores were. 

Mike - 18 bull's-eyes out of 25 shots 

Tammy - 16 bull's-eyes out of 20 shots 

Mark - 7 bull's-eyes out of 10 shots 

Mike said, "I'm the best shot because I have the most bull's-eyes." 

"No," said Mark, "I'm best because I have missed the least." 

Who do you think is the best shot? 

A) Suppose someone made 18 bull's-eyes out of 50 shots. Is this 

better than Mike? 

B) How about someone who made 18 bull's-eyes out of 18 shots? Is 

this better than Mike? 

C) If a shooter misses 3 out of 4 shots, is this better than 

Mike? 

D) How about someone who misses 3 out of 50 shots? 

Suppose all three continue to shoot like they are now. How many bull's­

eyes would each have made after 100 shots? 

Mike 

18 out of 25 0 0 
.,o 

out of 100 

% 

Tammy 

16 out of 20 

out of 100 

% 

Mark 

7 out of 10 

out of 100 

% 

Who is the b e st 

shot? 

Assuming they continue to shoot like they are now, what percent of 

bull's-ey es would e ach of the se pe ople h a v e if they took 100 shots? 

Sam- 33 bull's-eyes out of 50 shots % 

Mary- 20 bull's-eyes out of 25 shots % 

Debbie - 3 bull's-eyes out of 4 shots % 

Rick - 2 bull's-eyes out of 2 shots % 

Tom- 82 bull's-eyes out of 100 shots % 

Sue- 4 bull's-eyes out of 5 shots % 

IDEA FROM: Synchro-Math/ Experiences 
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On Saturday afternoon a contest was held at the archery booth. 

During the contest these were some of the results. 

---
-=--~ 

Tom- 21 bull's-eyes out of 35 shots 

.Dick - 28 bull's-eyes out of 40 shots 

Harry - 27 bull's-eyes out of 36 shots 

Who is leading at this point? 

If they continue to shoot like this, who will be leading after 100 

shots are taken? 

Tom 

21 for every 35 ~ 
oo~ 

Dick ~ 
28 f 40 o DIVIDE. BY 4 · 

or every o 

for every 5 

for every 100° 0 0 

% 

Harry 

27 for every 36 

for every 4 

for every 100 

% 

0 

for every 10 

for every 100 

% 

Predict what percent of bull's-eyes each of these archers will have a 

after taking 100 shots. 

Cindy - 42 bull's-eyes for every 70 shots 

Tony- 60 bull's-eyes for every 80 shots 

Ben- 36 bull's-eyes for every 72 shots 

Kathy- 44 bull's-eyes for every 55 shots 

Terry- 12 bull's-eyes for every 48 shots 

Barb - 40 bull's-eyes for every 60 shots 

---

---
---

---
---

---
Of all nine shooters who will probably win the contest? 

Who probably need shooting lessons and more practice? 

% 

% 

% 

% 

% 

% 
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BE COOL - GO TO SCHOOL 

Ted, Sally, and Phil moved into the school district at different times. 

The chart shows their attendance so far. 

NAME DAYS DAYS 
PR.ESENT EN ~I...I.EL> a) Who has been present the most days? 

TED 20 33 b) Who has been present the fewest days? 
SALLY II 17 c) Who has been absent the most days? 
PHIL 7 I I d) Who has been absent the fewest days? 

If the attendance pattern of all three students remains about the same, 

who will have the highest percent of days present in school? Work the 

examples below. 

Ted 

20 out of 33 

about 

about % 

out of 

Phil 

7 for every ll 

about 

about % 

for every 100 

Sally 

11 of 17 

about 

about % 

of 

Find the approximate percent of days present for these students. 

BETTY 13 lq ::::::: Can you pick a period of ten 

r1EL '27 35 ~ 
consecutive school days that 

TERRY 15 26 ""' shows you would have ,...... 

HELE.N 6 7 :::::::. % 1) an excellent attendance 

CLARA 1:2. 15 ~ % record 

DAN 7 Cf ~ % 2) a poor attendance record 
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Kathy, John, Eric and Lucy each sent an entry 
to the McDuffs' hamburger contest. McDuffs advertis 
it would award prizes to 1% of the total entries. It 
was reported that 1600 entries were received. How 
many prizes were awarded? 

What percent of the 
total were the four 
students' entries? 

1 2) 10% of all eggs are re-

jected. 20,000 have been 
checked. eggs are 
rejected. 

1 
for 100 

10 
every 

1 for every 
for every 20,000 

Le~~~~ 
~oMBl.E-.,.,_.,,__ ___ 

5) In counting the letters 
in a paragraph Jack found 
5 z's in 2000 letters . 
What percent -of the let­
ters were z's? 

5 for every 2000 
1 for every 

for every 100 

1% means 
1 for every 100 

for every 1600 

4 for every 1600 
1 for every 400 
1 
4 for every 100 

So, 4 t% of 1600 

3) Mark's family has 6 
members . Mark's family 
is % of Enterprise. 

6 out of 3000 

1 out of 

out of 100 

6) A 1 . f 6-cup serv1ng o 

rice has t% of the min­

imum daily requirement 
of Vitamin C. How many 
cups would you have to 
cook in order to have 
enough Vitamin C for 
one d ? 

1) In 1973 about 400 auto 
thefts were reported for 
every 100,000 people. 
What percent of the popu­
lation had cars stolen? 

400 for every 100,000 
4 for every 

for every 100 

4) Rhode Island is % 
of Alaska. 

1000 sq. miles for every 
600,000 sq. miles 
1 sq. mile for every 

___ sq. miles for every 100 

7) Many clothing labels 
say, "Less than 1% 
shrinkage." If the ac-

tual shrinkage is %%,how 

much is lost if you wash 
100 yds . of cloth? __ _ 
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SOLVING PERCENT EXERCISES 
BY THE PROPORTION METHOD 

Almost all exercises involving percent can be solved by using a proportion 

format, -- = 100 . Many words can be used to describe the terms of the propor­

tion, but these pages will emphasize the use of "is," "of" and "percent." So 

the proportion format to be used is 

is number 
of number 

= percent number 
100 

One advantage of this method is that only one format is needed to solve per­

cent exercises, rather than three; p br, b = ~· r =f. Another advantage is 

that the percent need not be converted to a fraction or a decimal. The use of the 

form perce~~Onumber allows a student to write 3.4% as io6· Obviously, students 

will need the skills for computing with fractions and decimals. 

For those teachers who have used the ratio method of the previous pages for 

solving percent exercises, the proportion method can be motivated by examining these 

examples. 

(1) SO% of 40 is ? (2) 15 is what percent of 60? 

50% means 50 out of 100 15 out of 60 

or 1 out of 2 5 out of 20 

or 20 out of 40 25 out of 100 

" 20 50 " 15 25 
ot --....- 100 ,._-of' ot - = 100 .-of 40 -.60 

These examples emphasize that the "of terms" become the denominators of the pro­

portion. 

Students will probably need practice in converting exercises to the proportion 

method. A worksheet of "set 'em up, but don't solve 'em" would be appropriate. It 

is easiest to first write the "percent number," then the "of number" and finally 

the "is number." For example, 

What number is 30% of 90? 
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? (3rd) 
90 (2nd) 

30 (1st) 
100 



SOLVING PERCENT EXERCISES 
BY THE PROPORTION METHOD (coNTINUED) 

While providing this practice, show students many different forms of the 
exercise. 

(a) 50% of 60 is ? 

(b) ? is 50% of 60 

(c) What number is 50% of 60? 

(d) 50% of 60 is what number? 

(e) What is the discount if a $60 

pantsuit is marked down 50%? 

? 50 -=--
60 100 

Emphasize that the "of number" is always written behind the word "of," but 

the "is number" may be written bef ore or a fter the word "is." For example, 35 is 

50% of 70 or 50% of 70 is 35. 

(1) 

(2) 

(3) 

Examples of percent exercises solved using the proportion method. 

What percent of 25 is 20? is II = percent II _.1Q = _}___ 
of II 100 25 100 

Find ~% of 200. 

20 X 100 = 25 X ? 

2000 25 X ? 

80 ? 

1 
is II = percent II ? 42 

_. 200 = 100 of II 100 
? X 100 200 X 4% 

? X 100 900 

? 9 

3. 3% of what number is 99? is II = percent II _. 22_ = 3 . 3 
of II 100 ? 100 

99 X 100 = ? X 3.3 

9900 ? X 3. 3 

3000 = ? 

(4) An airline ticket costs S400 not 1."nclud1."ng tax. F" d h , 1.n t e tax if the tax rate 
is 5%. 

Restated: 5% of $400 is ? is II percent II __. __J_ = _5 _ _ 
of II = 100 400 100 

? X 100 400 X 5 

? X 100 2000 

? 20 
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CONTCNJS 
PERCENT : AS A FRACTI ON/DECI MAL 

TITLE 

F , D, & P-The Shady Trio 

F, D, & P-A Shaded Trio 

Be a Real Cutup 

Fraction~ Percent 1 

Fraction ~Percent 2 

Percents with Rods & 
Squares - II 

Percents with Rods & 
Squares - III 

Percent s with Rods & 
Metres - II 

Percent wi th Rods & 
Metres - III 

The Percent Bar Sheet 

Hallelujah I've 
Been Converted 

Pianos are Heavy! 

Suspended for Ten Days 

Duck Soup 

I See It 

PAGE 

453 

454 

455 

45 6 

457 

458 

459 

460 

461 

462 

463 

464 

465 

46 6 

467 

TOPIC 

As a fraction/decimal 
Grid model 

As a fraction/ decimal 
Grid model 

As a fraction/ decimal* 
Grid model 

As a fraction 
Grid model 

As a fraction 
Grid model 

As a fract i on/decimal* 
Grid model 

As a fraction~': 

Grid model 

As a fraction/decimal* 
Number line model 

As a fract ion/decimal* 
Number line mode l 

As a fraction/dec imal* 
Number line model 

As a fraction/decimal 
Number line model 

As a fraction 

As a decimal~': 

As a fraction/decimal 

As a fraction/decimal 

*Indicates percent s greater than 100% are used on the page . 

TYPE 

Paper and pencil 

Paper and pencil 

Manipulative 

Paper and pencil 

Paper and pencil 

Manipulative 

Mani pulat ive 
Paper and pencil 

Manipulative 

Manipulative 

Paper and pencil 

Paper and pencil 

Paper and pencil 
Puzzl e 

Paper and pencil 
Puzzle 

Paper and pencil 
Puzzl e 

Paper and pencil 
Puzzle 

451 



452 

TITLE 

See-Through Demonstration 

Only the Names Have 
Been Changed 

Games Students Play 

Search & Circle 

The Percent Painter 
Returns 

PAGE 

468 

47 0 

473 

475 

476 

TOPIC 

As a fraction/decimal 
Volume model 

As a fraction/decimal 

As a fraction/decimal 

As a fraction/decimal* 

As a decimal 

*Indicates percents greater t han 100% are used on the page . 

TYPE 

Activity 

Game 
Paper and pencil 

Game 

Paper and pencil 

Manipulat i ve 



Qefer-ence set 

toY +his pa.ge. 

FI~P 
THE SHADY TQIO 

In ea.ch 9rid shade the 

amou.ht shown be \ow. 

453 



__ % 

__ % 

454 

lilt. 
A SHADED TQ\0 

'w\··ite eq_u.ivo.len+ fo~ms 

for the sha.ded po.r t of "R. . .---r--.-r--r--,--,-.--,--,---, 
\v'ri te the fra.ctions 

in simplified form. 

__ % 

IDEA FROM: Project R-3 

Permission to use granted by E. L. Hodges 



jBE A RIAL CUT,UP~ 

Reference Set to\'" this po.<3e. 
Cu.t and paste the grid pa.per 

to show eo.ch o.mou..nt. Write ihe 
other two eq_u.lvoJences. 

EX AMPLE ! H-+++--'H-t-++-1 

,.1. Q. l -'75 
4 

\ '75o/o 

-<D IZ 0/o of R. ---- --<ID .87 R. 

-(ID .35 R. ---- Gl 

!OO of R ----· 

~ I.?R ___ _ --<§) 130 °/o of R 

....(§) '2.. 0 I Q. ---

455 
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FRACTJON ~.-PE QCENT 1 

REFERENCE SET 

R= 

WHAT PERCENT OF 

SHADE 
I -of R. 
4 

---% 

I 
2 of R 

---% 

2. of R 
4 

--<Yo 
R. IS SHADED? 

This diagram shows 

that l of R is shaded. 

What percent of R is 

shaded? % 

3 \ I I 
- =-+-+-
8 8 8 8 
3 

B 
3 
8 

__ c;/o 

I 2.. I I 
- =--=- +- 3 l I \ -=-+-+-
2 4 4 4 4 4 4 4 

I 
2.. = 2.5 Yo+ 25% _i_ = 0{, +- 0/ + % 4 -- /~ --/0 -- 0 

- 1 =50% 
2 

3 
-- 0/ 4 ---/0 

5 
B 

5 -
8 

I 2 I I 
- ·-=-o::::-+-
4 8 8 8 
I _ o1 _ ~.- · ::) ... o of 

4 -25/0 -~/'6+ __ /o 

I 8 = __ o/o 

7 
-= 
8 
7 
-= 
8 

2::: 0~ B -/C 
7 
-- 0/ 8 ---/0 

Can you see shortcuts for cioing t he::;e problems '? 

Challenge: 
. 1 3 5 7 9 11 13 15 

Find the percent eqm.va1ences for 16' 16' "'16' J 6, 16' lf' 16' 16' 



fRACTJON----.•PER.CENT 2 

REFERl;:NC'E SET 

1 
Shade 3 of R by shading 

1 out of every 3 

squares. The last 

square is divided into 

3 parts to help you. 

What percent of R is 

shaded? % ----

2 1 1 2 
If 3 = 3 + J' what percent of R is represented by 3? 

Challenge: 
1211. 1 5 If - = - = - + - f1nd the percent of R represented by 6; by 6' 

T 3 6 6 5 6' 
6 = %; 6 = % 

Use grid paper to help you complete this chart. Save it for future use. 

( 

/o I % f % 
I 

% 1 /o I % 
l 

z.= 3= 4-= 5= c;= a= 10= 
2 % 2._ % 2. - % Q_ 

/o 
2 % _g= 3= 4- -- G- --

5 8- 10 

~= % .l. .. % 3- % 3 % 3 
G- 8"" -= 

5 10 

4 = % 4_ % 4 % 4 
5 G- 8= 10= 

SAVE YOUR.StlF 5_ % 5 /o JJ..:!: 6- -= 

~~ SOME TIME. 8 10 

~~~ REMEMBER: 6 /o Q.:t 

fi~ J_=2., 
a= 10 

~( 
E\C. '7_ /o '7 2.. 4 8- IB= 

a= 
!0 
9 m= 

II 

/o 

% 

% 

/o 
% 

% 

/o 
/o 
/o 

457 



PERCENTS WITH RODS & SQUARES - II 

Equipment: Orange and white Cuisenaire 
Rods. 

Activity: 

1. Use the orange rods to cover 
1 2 of the square. 

How many did you use? 

What percent of the square did 
you cover? 

2. Use the white rods to cover 
3 

100 of the square. 

How many did you use? 

What percent of the square did 
you cover? 

3. Use orange and white rods to find the corresponding percents and decimals 
for these fractions. 

Fm.c-t i or~ of' Pey-c«n+ o~ 

tne squa.v-e the squ.ay-e 

1 
10 

9 -
10 

3 
10 

2 -
5 

4 
5 

1 
2 

1 
4 

458 

Dec"trnQ\ at' llf,,, 

.. ~~ rra.ctiol'l of 
the sq,ua.ye : 'tl -:;;::. '· \....,.... ,: 

-the sq,uo.r-e 

•' l(f!~' ~ ~ l 
~VER.3 
OF '-1 EQUAL 

PAR~ 
-
-

~DIVIDE~ 
CIUARE IIIITO 

~ S~LPA~. cov£1t 2 oF 
~~ePA~ 

-

-
/covER 0111~ 

~ 
OF Fourt 

~VAL/ 
-

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

4 

1 
50 

1 
20 

1 
25 

13 --
100 

3 -
1 

217 
100 

'Pev-c.ent o-f Deci \'no. I of' 

the Sctua.v-e the sq,uo..re 



PERCENTS WITH RODS & SQUARES - III 

~quipment: 100 white Cuisenaire Rods 
or 100 cubes 

Activity: 

1. a) Use the rods to completely 

cover the square. 

1 rod will cover % of the 

square. 

b) Can you use the rods to exactly 
1 

cover 3 of the square? 

c) Use the rods to cover approx­

imately ; of the square. 

Hint: Divide the 100 rods 

d) 

e) 

into three equal groups. 

How many rods in each group? 

Are there any rods left over? 
1 3 of the square~ ___ % of the 

square. 

2. Find an approximate percent to correspond to each fraction. 

The name Cuisenaire and the 
color sequence of the rods are 
t rademarks of the Cu isenaire 
Company of America , Inc. 

Fraction Approximate 
Percent Fraction 

Approximate 
Percent 

1 
6 

1 
8 

1 
11 

1 
7 

1 
9 

Section the square 
into 8 equal pieces 
with as little as 
possible leftover. 
Cover 3 of the 

equal pieces. 

2 
3 

3 
8 

5 
8 

4 
3 

5 
3 
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PERCENT WITH RODS & METRES - II 

EQUIPMENT: METRE STICK 
ORANGE AND WHITE CUISENAIRE RODS 

ACTIVITY: 

1. AN ORANGE ROD IS WHAT PERCENT OF A METRE? 

WHAT DECIMAL PART OF A METRE? 
I 

WHAT FRACTIONAL PART OF A METRE? ~t~0~--

2. A WHITE ROD IS WHAT PERCENT OF A METRE? 

WHAT DECIMAL PART OF A METRE? .Ol 

WHAT FRACTIONAL PART OF A METRE? 

3, MAKE THIS CHART ON YOUR PAPER, FILL IN THE BLANKS, 

ROO PeRcENT OEC/MQ l. '/WI.T 
oFA tvn:r~{ Pf' A J')IETRE. 

1 WHITE 

3 WH ITE 

10 WHITE 

50 WHITE 

85 WHITE 

100 WHITE 

125 WHITE 

1 ORANGE 

4 ORANGE 

5 ORANGE 

FAA.CIICN 
oF A f\'\ETRf ROD 

10 orange 

15 oran ge 

2 oran ge 
+ 5 >vhi te 
7 orange . 
+ 5 white 

6 orange 
+ 2 vvhi te 
12 oran ge 
+ 3 v:hite 

The name Cuisena ire and the 
colo r sequence of t he rods are 
trademarks of t he Cu isena ire 
Company of America , Inc . 

PERcENT DECI/"''"'L11'1Al 

oFA~ETR~< oF A triETRE. 

.37 
3 

10 
3 -
5 

FRACTION 
~A Y'JE/RE 

45% 



PERCENTS ';/ITll RODS & METRES- III 

EQUIPMENT: METRE STICK 
ORANGE AND WHITE CUISENAIRE RODS 

_l 1 1n07 • LENGTH OF AN ORANGE ROD IS 10 OR ,_ OR u~ OF A METRE. 

_l_ 
LENGTH OF A WHITE ROD IS 100 OR ,01 OR 1% OF A METRE, 

_l = _l_Q 
10 100 

AND 
., 

.l = .10 

MAKE THIS CHART ON YOUR PAPER, FILL IN THE BLANKS, THE RODS CAN 
HELP THE DECIMALS} FRACTIONS AND PERCENTS MAKE SENSE! 

FPACTION 
OF A 
ME.T/2£. 

EXAMPLE: _L 
10 
..!-
10 
.z 
/0 
..!-
2. 
..!-
5 
'2. -g 

t 
_!.-

"' 9 
7i" 
.J-
2.0 

I 

2:-:s 
.a 
I 
~ 
2.. 

#OF #oF 
OAAN&. WHIT£ 
RoDS USED RODS US~D 

I 0 

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

DECIMA\... PE.RCEN'r 
"PART OF or:: A 
A ME.T12£ rYlET/2£" 

.I 10% 
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Use The Percent Bar Sheet and a straightedge to make these conversions. 

a) percent ___..fraction 
30% ____. 

b) fraction___.. percent 
7 ____. 

10 
c) percent __.decimal 

45% _____... 

d) decimal __.percent 
.9 ____. 

75% ____. 

4 
10 

78% ____. 

. 35 _____... 
Fill in the blanks with the other two forms. 

50% ' 

.16 

67%__. 

11 ____. 
16 

.06 ____. 

8% 

7 
8 

Let the length of the percent line be the REFERENCE SET R. Circle the longer of 
these three lengths. 

50/~ of R, 

15% of R, 

1 3 of R, .4 of R 

1 
- of R, .09 of R 
8 

55% of R, 

75% of R, 

5 -of R, 
8 

1 of R 
4 ' 

.7 of R 

.8 of R 

A pantsuit is marked t 
off. What percent 

A loan has an annual in­
terest rate of 18%. What 
decimal is this? 

The purchase of a new stereo 
requires 25% down. What 

is this? fraction i s this? 

IDEA FROM: C.O.L.A.M.D.A 463 
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PIANOS ARE 
HI:AVYI 

Decode the riddles by writing the letter above the correct answer. 

I 
2 

12% 

Change each of 

A= 

T = 

M = 

SO% 

30% 

7S% 

I 
5 

= 

= 

I 

25 

Change each 

R= i=--
A = 41 = so --

4 
M = - = s --

these to a fraction in simplest form. 

L 4% A= S% = 

0 

I 

I 
20 

10% = R = 90% 

2S% N = 3S% 

F = 20% = 

piano down a mine shaft? 

l 
10 

to a percent. 
3 

A= 2S = ---

1 
T = 100 = --

6 
6 

0 = 

I 

4-
7 
20 

17 
F = - = 

I 

10 

20 ---
1 

A= - = so ---
3 

L = - = s --
13 

J = 100 = ---

85% GO% 82% 1% 80% 2.% 

9 
10 



SUSPENDED 
FOR TEN DAYS 

~Vhy was the "A" student in a cannibal school suspended for 
ten days? 

To find the answer circle the true equations in each row. Over each equation is 
a number and a letter. The number tells you in which box at the bottom of the page 
to put the letter. Each row contains only three correct statements. 

4/o = .04 2.9/6= .29 8%::.08 773%=77.3 15.G%= .\86 

Zl- H 7-E 13- p 4-8 21-0 

IG.3% ==. IG3 5%=.5 40%=-.4 2.5%=.025 3%-=-.003 

9-S I\- D 20-L 9-R 24-S 

2%==.2 I o/o = .01 92%=9.2 98.9%::.989 35%=.35 

3-E \7- T \0-A 12-U 19-H 

3.72°/o=.0372 .9%-=. 009 9°/o = .9 15.2%=.152. 1.5% = .15 

8-E 16- s 1- s l8- J 5-U 

G?%=.67 10%=.01 123°/o =I. 2 3 IG.3<y'o= I.G3 .8%= .008 

2.4-P 18- E !0-E 23-R. 17-M 

77.3%=773 5cro=.05 .2%=.002 97'Yo = .97 2.9%::. .2.9 

13-T 22-E 14-W 2.-H 19-A 

128% = 12..8 .9% =.009 3.2.%= .0032 150% = 1.5 .4% .... 004 

15- E 7-T 12-A II- N 16- R 

7.9%=.079 20%=.2. 3%-==.3 \2.5 %=-1.25 

z 3 4- 5 G 7 10 II 

IDEA FROM: Mathimagination, Book E 

Permission to use granted by Creative Publications, Inc. 465 
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•••a ••• Connect each pair of equivalents in the first and second columns and each 
pair of equivalents in the second and third columns. The connecting lines 
tell which letter should go above each number at the bottom of the page. 

0 
3 9 13 -1 1f 58 

<D 
0 @ 

@ 

® 

12 4 15 
SOURCE: Beefing Up Basic Skills, Decimals and Percents 

Permission to use granted by The Math Group, Inc. 
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SEE-THROUGH DEMONSTRATION 

Bring a number of see-through containers to class and display them on a table where 
all students can see them. (i.e., glass cylinders, test tubes, glass or plastic cubical 
containers, plastic pitchers (cylindrical), household measuring cups, drinking glasses, 
and some odd-shaped glass containers (i.e., vases, spherical glass bowls, cones, wine 
glasses). 

.,..---... 
"' "' ; 

I 
I 
I 
I 
I 
I 
I 
----~---

A number of concepts can be taught using these containers as visual aids and motiva­
tion. 
I. Using "a large p i tcher, pour colored wate r (or rice or s and) i nto each container 
on the table to differ ent l evels. 

Ask the students to identify the amount of wate r in each container (as compar ed to 
the volume of the whole container). For example , how full is the glass? 
Possible responses: 1/2 full, 50% full, .5 full, 50% empty. The most 
common response would be 1/2 full. Encourage students to give equivalent 
answers in percent and decimal forms. 

II . Le t the students take an active part in this demonstrat i on by pouring water into 
the containers. For example , select a s t uden t (s ) to fil l each (or one ) conta i n e r 
approximately 1/4 full (or 25% full or .25 full). 

Why are some containers easier to fill to the approximate amount than others? (Disc\ 
visual illusions of odd-shaped containers.) 

468 



SEE-THROUGH DEMONSTRATION (cONTINUED) 

Continue to select students to take part in the demonstration, 
i.e., fill the glass cylinder 50% full. 

fill the test tube 1/3 full. 
fill the plastic pitcher .75 full. 
fill the glass cubical container 90% full. 
fill the measuring cup 2/3 full. 

If a student fills a container approximately 75% full, and other students disagree 
with the approximation,it may be necessary for students to "check" the approximation by 
other means than "eye-balling" (guessing by looking). Students can check actual volume 
of odd-shaped containers (vases, cones, spherical bowls) by using standard containers 
that display volume measurements in cups, 1/4 cup, tablespoons, millilitres or litres. 
Other strategies for checking answers: 1. Put masking tape along side of container and 
mark intervals on the tape with a ruler. 2. Use the elastic percent approximation and 
stretch to find the percent of water in the container. 3. Make a "dipstickw to measure 
level of the water compared to the height of the container. See Make a Dipstick in 
Scaling. The demonstration could be reversed by having students pour from full con­
tainers to leave them x% empty. 
ALTERNATIVES TO THIS TEACHER DEMONSTRATION: 

The teacher can provide an overhead transparency with outlines of empty glasses (or 
test tubes or aquarium tanks or other see-through containers). The demonstration is in 
3-dimensions; the overhead transparency would abstract the concept to 2-dimensions. 

Using 2-D pictures of containers, students can approximate the fraction and corresponding 
percent of liquid in the container in two ways: 

A. 

Let students guess the fraction, percent, and decimal amount of liquid in each 
container pictured. 

B. 

25% 
1 
4 = .25 

9 
10 = • 9 90% 60% .6 3 

5 
1 
2 

1 s-= 
Let students color in the amounts on an overhead transparency or shade drawings 

on the chalkboard. A worksheet or an activity card could provide a number of pictures 
of containers to be "filled" to the given amount. Ask students to identify the amount 
of water "filled in" with fraction, percent, and decimal equivalencies. 
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Each activity below was presented 
earlier to help students develop a "sense 
of percent." However, the activities can 
be adapted to develop informal equival-
2nces between fractions, decimals and 
percents. Some suggestions for each 
page are provided. 

1. Fill it Up! 

Alternative dice may be substituted. 
1 1 1 

f/4 marked 

ItS marked .01, 

1 1 
100' 
.OS, 

S' 
.13' 

4' 
. 10, 

25' 20 
• 03' • 09 

2. Percents of Sets - I 

A similar page could be designed 
which asks students to circle the 
given part of each set. The part 
may be expressed as a decimal, 
frac~ion or percent. 

@ 

~-I 

•••• •••• •••• 25% ofthes"t 

(Hint: 2Soucof100 

' 
"' 

® 
•• • • 75% of t hb ~e t 

® ® 

•••••••• •••••• •••••• 

-------------~----..--------
® •• 0 ., 

SO% ofchis:>et . 

--- .. --
12%ofthisset 

•••• • ••••• •••••• 
75 % of ctlisset 

(flint: 7Soutofl00 

' 16) 

3. Changing Percent Shapes 

For each picture the students 
could be asked to express the 
number of shaded parts compared 
to the total number of parts as 
a fraction and as a decimal. 

FILL IT UP ' 

Needed: 2to4playcrs 
Game g rids 
3 dice marked as follOW's : 

11 marked 

~ 2 marked 

/13 marked 

1%, 3%, 7% , 
18 %,21% , 33% 

Enhance c_;nance 

Each player selects 
agridtofillup. 

GRIDS FROM: Metric System of Measurement 

Permission to use granted by Activity Resources Company , Inc. 

CHANG JljG PERCENT SHAPES 

Which of the 2 squares at the I"ight 
have SOt shaded? Teachers will probably 
assume that both are 50% shaded but 
students might not be so suce . The two 
squares aren ' t the same size . The shaded 
areas are not the same. One square is 
divided into more parts than the other 
and the numbers of shaded parts ar e not 

. • equal. The next four pages are masters for transparencies which can be used to help 
students make t he transition from a 100 grid as a reference set to percents of figures 
wi th different sizes and shapes . The tran,;parencies can be used as a teacher directed 
activity with the students deciding what needs to be shaded and what numbers to place 
in the blanks. 

50% Transparency 
The squares on this transparency are the same size . The first square has 100 

equa l parts, so shading 50% of the square means to shade 50 of the parts. The other 
squares do not have 100 parts, but since they are the same size, 50% of each square 
is the same area as vas shaded in the first square. After shading 50% of each square 
and counting the parts, students can see that 504 of 40 is 20, 50% of 20 is 10, 50% 
of 10 is 5 , etc . The statements at the bottom can be answered by referring to an 
appropriate square above . 

10% Transparency 
This master is similar to the 504 transparency . The same area is shaded to 

show 10% of each square and the number of divisions varies from 100 to 20. 

30% Transparency 
This transparency makes the transition from squares of the same area to figures 

of different area and shape . The first square has 30 of its 100 equal parts shaded. 
To shade 30% of the second square the same area can be shaded or 3 out of 10 equal 
parts. The third figure is a different shape but it has 10 equal parts, so i t is 
logical to shade 3 of t he parts to show 30% of the figure . 30% of each of the other 
figures can be shaded by shading 3 out of 10 equal parts . 

55% Transparency 
Three percents, 55 %, 40%, and 25% are carried through the same transition as 

des
4
cribed for 30% . The transitions follow this out l ine; 

To shade 55% of a figu r e To shade 40% of a figure 
shade 55 out of 100 shade 40 out of 100 

or 11 out of 20 (same area) 4 out o f 10 (same area) 
or 11 out of 20 (d i fferent figures) . or 4 out of 10 (different figures). 



4. Guess & Check 

Decimals as well as percent 
could be used to estimate the 
shaded portion of R. The trans­
parent 100 grid could be used 
to f ind the exact decimal 

5 . The Transpa:t'ent Hundr ed 

The teacher may wish to create 
new s hapes for the studen t t o 
me asure. 

THE TRANSPAREiiT HU:·IDRED 

TH I S IS A HUflDRED GR I 0 • 3UESS WHAT PERCENT OF THE HUNDRED 

• 

GR I D EACH SHAPE BELOW REPRESENTS , 

WR ITE YOUR GUESS I NSIDE THE SHAPE . 

THE N USE THE TRANSPARENT 100 GR I D 

TO F I NO THE ACTUAL PERCENT , 

~~1~ 
~[g]DO 

6 . Dolla:t'$ & Per ¢ents 1 

De cimals coul d be used by 
adding a column l abel ed "Va l ue 
of coins in ¢" or fract ions 
could be used by addi ng a 
column t hat a sks fo r t he value 
of the coins as a f ract i onal 
part of a dollar . 

ln e ach problem t h e REH;Rt;NCE SET (R) i s the la ff:; (' squa re. 

F'irs t, approxi ma t e t he pe r c e nt o f R that is sha de d . The n , using the t r ansparen t 
100 grid , f i nd the e xact per cent of R t hat i s shaded . 

Guess : 
[xa c t : 

®r~J ®:::-:;:l\ ::\:· ... , .......... ;·:t:~ .. .. 

~!?\i!j)) ~J1~\~~N¥~~i!,~~t~M~! 
: : i ·:-: .·.::";'. ·• ~:::-~;:;~ ::~\:• :•:.· 

% o f R sh aded Guess : 
% of R shade d Exact : 

% o f R sh aded Guess : 
% of R sha ded Exac t: 

% of 1\ s'tade d Guess : 
% of I( shaded Exa c t : 

X of R s haded 
:r. of r, sha ded 

Guess : 
l::xact : 

%of n shaded 
7. o f R s hade d 

% of R shaded 
% of R s haded 

fj) 
On how many of probh:ms 
1-6 was the % yo u 
guessed .,[th i n 5 of 
the e xar.t %? 

@ This blob loa ,; LJbou t 
the s ame a rea as the 
r efer e nce. sets 
above . A~proximatL' 

theper cenL of th.­
h l.o b tha t i s s · .. .,de d . 

lJOLLA4ANo + .n_ 
COINS 

l q uarter 

!penny 

22pennios 

J quJ.>: t crs 

lr,uar t crs a nd 
l pennic~ 

6dimes and 
lquart:er 

1 half- dollar , 3 
dime&, & l nicke l 

PERCENT CW 
1 DOLLAR COINS 

5guartcrs 

21 4 pcnn i c:s 

3 quarter,. , 6 d imes , 
a nd 4 penn i es 

6 dime s , 4 pennies, 
and l quarters 

4 pennies, Jqelar­
ters, & 6 dimes 

2 of each coi n s ho wn 

IDEA FROM : C.O.L.A.M.O.A. 

PERCENT OF 
1 DOLLAR 

Permission to use granted by Northern Colorado 
Educational Board of Cooperative Services 
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ONLY THB HAMES 
KAYE SZEX 

CH.ANGE.1) (PAGE 3) 

(Eib/JfJ~Llll© 
7. Elastic Percent Approximator P~CENT APPP.OXJI"V'rr'oR 

Mark a second piece of elastic with /Ap:~.cceo f elasticor arubbcr band cau bcmadcinto,.. per~entcalculator 
approxim.:Jting 

u m use 

a ) =t~~t~~;ce o f ft e las tJ c (l'uc sm1ller t'le Wldt'• , the mo r e the 0 1 1 3 1 2 3 the fractions l' 4' 2' 4' 10' 10' 10' b) a ct" - )" piece of a rubber ba nd thilt is i" - t" wide 

4 6 7 8 9 1 0 
10' 10' 10' 10' 10' l so that 1 corres-
ponds with 0% and f corresponds with 

100%. Use both pieces of elastic to 

measure the examples. 

THE EL,~ST I C PERCE~IT 

1\PPROW!~TOR EXTE:IDED 

,\\~~~~\!I ))4 

-'tct(~ hJ_ 
~ 

t\ piece of cln!ltic can be used to solve o r check per cent proble ms . 
Even ~ flough the el a s tic h as li111itat l.ons due to it,; s tretch or t lw s<..:al.:: 
th:lt i s being used, it will g i ve good a p proxi mations. 

A c l assroom mode l can be made on t he back of a metre stick or a piece 
o f wood fro m t he shop . It s hould b e th i c k eno ugh to s taple the elas tic s t rips 
on the e nd and wide enough f or the percent scal e and the s t rip (or s trips ). 
A good s i ze for the e las t ic s t rips i s 3/16" •.-ide ilnd 30 inches long . 

A scale (RrFERENC£ SET) is dr(lwn on the wood (or on a piece of t<Jpe 
placed on t h e wood ), a nd a ll percents will be re<Jd from ~his scale. A convenient 
length for the s cale i s 20 inch e s o r 50 centime tres f o r the percents fro m 0% 
to lOOt with 2 inc hes (or 5 em) for each 1 07. of che II.EFERENCE SET . Be sure 
t o extend your $Cale b eyond 1007., a s this model will solve pro blems ~ori th perce nts 
greater than 100 . The elastic is fastened to the e nd of the wood ( s t aples work 
we l l ) and then marked . (Sec the above.) Othe r scal es can b e used, e . g., a 
scal e from 0-50 could be made t o like - 20% of 30 ""' Hate : 
Do not use s taples on the face o f 
s t r e t ch o f the c l astic . 

IDEA FROM : Activities with Ratio and Proportion 

Two s tudents war;.; together to milrk. the 
clastic (rubber band) . Orw stretches the 
mHt e r ial along th<' s cale at the t op , "'hile the 
other marks the divisi on s on t he elas t ic (rubber 
band) . lf the mate rial is ,.:ide enough, the left 
end c an be l abeled 0~, t iLe middl c 50~ , and the 
r ight end 1001 . Note : Th ese labels assume that 
the part of t he clas ti c "'it.h the marks is the 
r e fen':nce set (100% quanti t y) 

At t h i s point, t he students s~1ould e xpe r i ­
men t with t he el as t ic to sP.e t hat the m,uks 
remain e venly spaced re[..a rdless of how much it 
is strecc:1ed . They s hould be reminde d that 
their ans wers will be approxim;1 t e and t hat each 
segment represen t s 10% of t!le r e f erenr.e set 
because the reference set (100 %) was di v i ded 
into 10 equal parts . 

The next page s hows ex<Imp l es of student 
probleJr.S . Uepe nding on your s tudents, you may 
want to supply separate workshe cts en t 11e length, 
area , a nd volume concepts or i nclude all three on 
~he same works:•eet. l t is hoped that students 
will see that n% of a quadri l ateral w"ith 
opposite sides congr ue n t c an be shown in two 
ways and t hat n% of a 6-sided polyhe dron "'ith 
opposite faces congruent cAn be sho\JTI i n three 

IDEA FROM: Activities with Ratio and Proportion 

8. The Elastic Percent Approximator 
Extended 

This manipulative can be used to 

approximate answers to problems like 
5 8 of 140. Using the Percent Bar 

5 
Sheet~ 8 can be converted to about 62% . 

Then 62% of 140 can be found on the 

percent approximator . In a simila r 

way, .34 x 98 could be approximated. 

Permission to use granted by Oakland County Mathematics Project 
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tpLll.Y 
The following are examples of games found in the resource, Number Sense 

Arithmetic Skills, that can be adapted for use in this section of the Ratio, 
Proportion and Scaling resource. These games will provide drill on fraction, 

and 

decimal, and percent equivalences. 

1. Fractions and Decimals Puzzle 

2. 

Three games, one with fraction­
percent equivalences, one with 
decimal-percent equivalences and 
one with all three equivalences, 
could be constructed using this 
idea. In order to save the game 
for future use,the page can be 
dry mounted and laminated before 
the page is cut into sections. 

Solve each 
pnJblem . 

Cut out 
one piece 
Ma time 
and paste 
i t in t he 
b ox wi t h 
the c orrec l 

Cu t i n s ide 
the bo rde r 
o f e a ch 
piece . 

.24 

.08 

.32 

DEC IMAL NIDDY GR IDDY I 

.01 .125 .12 

1.6 .40 .075 

.5 .15 .8 

f. f':!!!!!!!!~~~~~~~~~ 
F6AC7'ION~ lt8 
IIECIMAI.$ 

Pll%%1.£ 

IDEA FROM: Math Amusement in Developing Skills, Volume 1 

Permission to use granted by Midwest Publications Co .. Inc. 

Decimal Niddy Griddy I 

This self-checking game could 
be adapted by using either percent­
fraction equivalences or percent­
decimal equivalences. Again, dry 
mounting and laminating the pieces 
before cutting them out wi11 
preserve the game for future use. 
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GAMES 
STUJ)ENTS 

PLAY (CONT\l\lUEDJ 
3. 

Fraction and Decimal Concentration 

This game can be played with 5 sets of 
cards, each set showing 4 equivalent 
expressions, e.g., 

l 

2 
.5 50% 

50 
100 

i'or t :lis game you wl ll n e ed 20 c ards in pairs. Ea c :1 pair wi l l c ont ain one 
f raction card and one de<.:imal card . 

SAI"'PLE. 

Pflll'-5: 

4. Monster Decimals 

4 . 

474 

The game deck includes 12 sets of 4 
cards. One of the 4 cards 
as a percent expression. 
will remain the same. 

can be written 
The other rules 

Thisgameispl ayed in muc h the 

same way as the c ard game Old :-laid . 
I 
2 

NUMBER OF PLAYERS : 2 t o 6 

~\ATER ! I\LS; 49 cards - 12 groups of 4 c a rds e ach , 

a nd the monster r.a rd. Each g r oup 

consists of 4 equivalent exp ressions. 

~ULES : Dea l a ll the cards . Eachplayerdiscardspairsuf~.:l!r<:!s 

showing e quiva l ent nur:~bers . if t he p l a ye r ha~ 3 cards that 

mat ch he may d i sca r d only t\o"O of them. When thi s i s com­

ple ted each pl<1yer has only unm,~tche<.l car ds in h i ,; hand. 

Next, without l ooking , the dea l er t akes one c ard f r om 

t he han<.l ot the player on her right . l f tltat card matches 

a card in he r hand s he may d i s card t he pair face up . 

Play cont i nues t h i s "'"-"i around t he c ircle to the r tr,ht . 

As the canlH move from plilyer to player they will evenn:a lly 

be pai r ed ilnd discarded - e xcept fo r the l:'lOnst~r card . 

\.'hen a pl<l ye r di:>ca r ds a ll his card!\ he is a winner and drups 

out of t he p l ay. 

The loser is the one who last ho l ds t he monster car d. 

s. Mor e Dominoes 

1. 
I 

Percent e quivalences can be 
substituted on one end of several 
dominoes. 

The f jrst time studtmt~;; play this game be sur e to usc 
only f r actions t hat have te rmi.n<~t iug dec:imal fo rms . 

On not usc f ract ions su<.:h as 1 or i· 
RULES : !'Jar.:"' ~he ca r ds fa cedown in t o 4 rows of S cards each . 

more card>< . 
f;J cedo"m ag<J ; n in t~e 

tvm Ciltds f aceup . If the t wo cards 
keeps them and t u r ns over t wo 

Play proceeds to t he lett until a ll cards havt! been paire d . 

".-II:l:lER : The playe r with thl:! mO !H c ard!'; at the end of the game. 

STRATEGY : Pla yers s ho uld try to r.:mcmber the p l aceme n t s of the C-" rd s as 
they a r c turne d fac e up . 

RULES: 
PLACE ALL 

DOMI NOES FACE 

DOWN, EACH 

PLAYER DRAWS 

S I X DOMI NOES . 

LARGEST 

DOUBLE GOES 

F I RST, YOU 

CAN PLAY ! F 

YOU HAVE A 

DOMINO 

THAT MATCH ES 

ONE HALF A 

DOM INO 

ALREADY 

PLAYED , I F YOU 

CAN'T PLAY YOU 

MUST PULL FROM 

THE FACE- DO\•ON 

DOMI NOES UNT I L 

YOU GET ONE 

THAT CAN BE 

PLAYED , WH EN 

ALL THE 

DOMINOE S HAVE 

BEE N PULLED, 

A PLAYER LOSES 

A TURN I F HE 

CANNOT PLAY, 

THE F I RST 

PLAYER TO 

PLAY ALL OF 

HI S DOM INOE S 

I S THE WINNER . 



S[ARC~ ~ CIRCL~ 

For each grid the 
reference set is 
the same. 

The student is to 
construct any true 
mathematical sentence 

IG% 

20% 

I 
5 

.207 

I 
2 

0 15% 

within the grid by putting in an +, 
enclosing the sentence in a bubble. 
tally, or diagonally. 

x, or • sign and an equal sign, and by 
Statements may be made vertically, horizon-

Construction of the grid: (see Grids #1, #2 below). 
a) Identify the concept(s) you wish to review: 

PERCENT, FRACTION 1 DECIMAL EQUIVALENCES 

b) Select specific sentences to be used: 

\0°/o +40 o/o :: 50% 50%+ ~ :: 

~ + . \4 = 34 cyo l - IG % ~ . 34 
c) Construct a grid using each sentence (see Grid #1). 
d) Fill in the remaining cells with appropriate quantities (see Grid #2). 

50% 70% 
3 
4 .(9 

10% J._ 
2. IG% .34 

40% .14 

I ? .18 :2. 
3 5 

:et1 •Z 
Purpose: Number grids can be used to stimulate thought and enjoyment on the part 

of the student and also provide drill. Students who are reluctant to 
do homework could be challenged by an assignment. "Find as many true 
sentences as you can using the grid," or "Construct a grid of your own 
and exchange with a friend." 

IDEA FROM: "If We Just Turn the Crank," Mathematics Teacher, Jan., 1975 

Perm ission to use granted by the National Council of Teachers of Mathematics 475 



Materials: 100 cubes and a calculator 

Activity: 
1) Build a 10 x 10 model with the cubes. 

If the entire model is painted 
a) What percent of the cubes will have 

4 faces painted? ---
3 faces painted? 

---
2 faces painted? 

2) Build a 9 x 9 model. 3) Build an 8 x 8 model. 

4 f'o..ces painted 

3 faces po.inted 

2. fa.ces po..inted 

Toto.\ 

4 

28 

4) Build these models. 

4 

3 
2. 

Tot a.\ 

4 

3 
~ 

Total 

] X 7 

numbev 0/o 

numbe~ % 

5 

6 X 6 

f\umber 

4 
3 

2. 

Total 

3 X 3 

number 

4 

3 
2. 

% 

O,k 

number- o/o 

4 f'a.ces 
3 fa.ces 
2. -f'o.ces 

To+a.l 

4 
3 

2. 

Tot<Al 

4 
3 
2. 

Tot a.\ 

4 

5 X 5 

numbeY 0/o 

2 X 2 

number % 

5) Pr edict t he numbers and f ind the percents on vo :cr c a lculator for each of thesP 
moJel s . 

a) 12 x 12 c) 20 x 20 e) n x n 

476 b) 15 X 15 d) 1 X 1 



RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
Piaget and Proportions………………………………………………………………………….10 
Reading in Mathematics………………………………………………………………………...26 
Broad Goals and Daily Objectives……………………………………………………………...42 
Evaluation and Instruction……………………………………………………………………...58 
TEACHING EMPHASES……………………………………………………………………...70 
Calculators………………………………………………………………………………………70 
Applications…………………………………………………………………………………….78 
Problem Solving………………………………………………………………………………...90 
Mental Arithmetic……………………………………………………………………………..100 
Estimation and Approximation………………………………………………………………..106 
Laboratory Approaches………………………………………………………………………..114 
CLASSROOM MATERIALS………………………………………………………………...130 
RATIO…………………………………………………………………………………………130 
Getting Started………………………………………………………………………………...140 
Rate……………………………………………………………………………………………158 
Equivalent……………………………………………………………………………………..180 
Ratio as a Real Number………………………………………………………………………..212 
PROPORTION………………………………………………………………………………...222 
Getting Started………………………………………………………………………………...230 
Application…………………………………………………………………………………….248 
SCALING……………………………………………………………………………………..266 
Getting Started………………………………………………………………………………...286 
Making a Scale Drawing………………………………………………………………………304 
Supplementary Ideas in Scaling……………………………………………………………….328 
Maps…………………………………………………………………………………………...350 
PERCENT……………………………………………………………………………………..364 
Percent Sense……………………………………………………………………………….…376 
As a Ratio……………………………………………………………………………………...430 
As a Fraction/Decimal…………………………………………………………………………450 
Solving Percent Problems……………………………………………………………………..476 
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CON'IIE'NTS 
PERCENT: SOLVING PERCENT PROBLEMS 

TITLE PAGE 

The Elast i c Percent 
Approximator Extended 479 

Grid Percent Calculator I 481 

Gr id Percent Cal cula tor I I 482 

Grid Percent Calculator II I 483 

Grid Per cent Calculat or IV 4 84 

Gri d Percent Calculator 
Extens i ons 

La ke & I s l a nd Board 

Hollyweed Squares 

B-Ball Time 

The Shady Sal esman 

The Ol d Oak Tree 

A Si gn of the Times 

Enor mous Estimate 

Love i s Where You Find It 

I nteresting? You Can 
Bank on I t! 

4 85 

48 6 

48 7 

48 8 

48 9 

490 

491 

492 

49 3 

494 

TOPIC 

Using a percent 
calculator 

Using a percent 
cal cul ator 

Us ing a percent 
calculat or 

Using a percent 
calcul a t or 

Us ing a per cent 
calculator 

TYPE 

Activity 

~1anipulative 

Manipulat i ve 

Ma nipulative 

Manipulat i ve 

Us ing a percent Manipula tive 
cal culator 

Us i ng a mode l Manipulat i ve 
Paper and penci l 

Reviewi ng skills Game 

Solving percent problems Paper and penc i l 

Solving per cent problems Paper a nd penc i l 

Sol ving percent probl ems Paper and pencil 
Puzzle 

Solvi ng percent probl ems Paper and penc i l 
Puzzle 

Solving per cent probl ems* Paper and penc i l 
Puzzle 

Sol v ing percent probl ems * Paper and penc i l 
Puzzle 

Finding amount of 
i nt erest 

Paper and pencil 

*Indicates percents great er t han 1 00% are used on t he page . 
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TITLE PAGE TOPIC TYPE 

At That Price I' 11 Buy It 495 Finding amount of Paper and pencil 
interest 

Percent Problems 1 496 Word problems Paper and pencil 

Percent Problems 2 497 Word problems Paper and pencil 

Pelargoniurn 498 Finding percent of Paper and pencil 
increase 

State the Rate 499 Finding amount of Paper and pencil 
sales tax 

Counting Every Body 500 Finding percent of Paper and pencil 
increase 

Certain Growths Are 
Beneficial 501 Finding amount of Paper and pencil 

interest 

Hidden Costs in a Horne 502 Finding amount of Paper and pencil 
interest 
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THE ELASTIC PERCENT 
APPROXIMATOR EXTENDED 

A piece of elastic can be used to sol ve or check percent problems. 
Even though the elastic has limitations due to its stretch or the scale 
that is being used, it will give good approximations. 

A classroom model can be made on the back of a metre stick or a pie ce 
of wood from the shop. It should be thick enough to staple the elastic strips 
on the end and wide enough for the percent scale and the strip (or strips). 
A good size for the elastic strips is 3/16" wide and 30 inches long. 

A scale (REFERENCE SET) is drawn on the wood (or on a piece of tape 
placed on the wood), and all percents will be read from this scale. A convenient 
l ength for the scale is 20 inches or 50 centimetres for the percents from 0% 
to 100% with 2 inches (or 5 em) for each 10% of the REFERENCE SET. Be sure 
to extend your scale beyond 100%, as this model will solve problems with percents 
greater than 100. The elastic is fastened to the end of the wood (staples work 
well) and then marked·. (See the diagrams above .) Other scales can be used, e . g . , a 
scale from 0-50 could be made to do problems like - 20% of 30 ~ Note: 
Do not use staples on the face of the mode~as this will affect the uniform 
stretch of the elasti c . 

IDEA FROM: Activities with Ratio and Proportion 

Permission to use granted by Oakland County Mathematics Project 479 



480 

THE ELASTIC PERCENT APPROXIMATOR 
EXTENDED (CONTINUED) 

SAMPLE PROBLEI\'1S 

A) 40% of 140~ 

1) Use the bottom scale when the number > 100. 
2) Stretch the elastic until 140 is located opposite 100. 
3) Find 40% and read the answer 56 opposite the 40%. 

B) % of 80 ~ 50 

1) Use the bottom scale when the number < 100. 
2 ~ Stretch the elastic until 80 is located opposite 100. 
3) Find 50 on the elastic and read the answer 62% opposite 

the 50. 

C) 60% of ~54 

1) Stretch the elastic until 54 is located opposite 60% . 
2) Find the answer 90 opposite 100. 

Special Notes: 
1) Emphasis to the students on why this model works is important. It 

should be stressed that when a number is placed opposite 100, the 
distance from 0 to the number has, in effect, been divided into 100 
equal parts. 

2) By setting up one problem, many others are also set up, e.g., 50% 
of 140 ~ 70 also sets up 60% of 140z 85, 120% of 140 z 168, etc. 

3) A problem that can't be solved because the elastic will not stretch 
might be solved by using patterns. 25% of 20 can't be done but 25% 
of 100 ~ 25, 25% of 80 ~ 20 , 25% of 60 ~ 15, so 25% of 40 ~ and 
25% of 20 ~ 

IDEA FROM : Activities with Ratio and Proportion 

Permission to use granted by Oakland County Mathematics Project 
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r::::J l:.:.:..:. 

BRXD PeRCeNT 
CALCULATOR. I 

0% 

A gYid l'rke +his can 
be u.sed to find 

a.pproximo.te answeys 

to percent problems. 

10% 2.0 7o 30% 

IDEA FROM: ThePercentCalculatorBook 

Perm ission to use granted by Oakland Cour ty Mathematics Project 

Atto...ch a. piece of ya.r'A 

OY" string a.t po\ Y'lt A. 
A sta.ple orta.c.k could be 
used. The strin<j needs 
"to be lon9 enou.g h to 

CY'05S a.ny pa.v+ 
of the percent 
{ine (bottom). 

80% 90% 100% 
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cGR?XD P0R<O~NT 
C!ALCOLATCOR ~ 

ya.rh across 

20 on +he 

Rnd 2.0% of GO. 

80~~-\4--+--+--~~-4--~ 

90 ~--+;---H--+--+--~~-4--+--4... 0 

20o/o of GO~ R 

from the example above you can also find 
a) 20% of 50~ b) 20% of 20 ~ c) 20% of 90 ~ 

Are each of the problems below set up correctly to f i nrl the answer? 

80% of40 70% of20 35% of50 

~ 1~~ 
"\ r'\ 

~ 
'\ 

I'\ 1\ I"'\ 
I'\ ['\ 

I\ ['\ 1\ '\ 
T '\,. 1"'\. 

"' 1\ 1"'\. 
Tl'\. If'\. 

\ 
Use your grid percent calculator to approximate 

a) 30% of 60 ~ c) 40% of so~ e) 75% of 50~ 

b) SO% of 70 ~ d) 80% of 65 ~ f) 62% of 85 ~ 

C) 
0 

0 
Oo oo 

482 IDEA FROM: The Percent 9Jculator Book 
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GJQ.lrD P8Q<OE!JNT 
CALCOLATORM 

Move the yarn 
a.loY\q the 
hori zontoJ 

line uV\t\l i+ is 
o'Ver 30. 

A ~\nd ___ % o-r 60~ 30 

10 

30 1---t-·\-t-~ 

40 1---t--\,..----!--~ 

so 1---+--+-\-t--1-~ 

70 ._-+=-=-+-+-'·-+-+--t-_,..,_ 

ao..._-t--1-+--r-+--t--1-~ 

90..._-t--1-+--+~-t--t--1-+-~ 

\00 I--...L--.....1-..&.---'--'\ _ __,____._-'----'-- 50% of 60~30 

From the example above you can also find 

a) % of 40 ~ 20 b) % of 90 z 45 c) % of 65::::::: 32 

Are each of the problems below set up correctly to find the answer? 

%of50~20 __ %of20~0 _% of90:¥/5 

~' ~ 
' 1\ r--. ' -... 1'.. ' r--. ' \ ' ' "' I'\. 

1\ " 1'\.. 
\ II'.. ..... II'... 

Use your grid percent calculator to approximate 

a) % of 80 ;::::: 20 c) % of 50~ 15 e) % of 75 ~ 25 

b) % of 90 ~ 30 d) % of 100 ~ 10 f) % of 35 ~ 24 

IDEA FROM: The Percent Calculator Book 

Permiss ion to use granted by Oakland County Mathematics Project 483 



G~XO P8RC8NT 
CALCOGATOR JCir-----

A ~ind 40% of __ 
\0 

201--\+-~ 

30 1---+\·-t---'""' 

From the example above you can also find 
a) 40% of ~ 28 b) 40% of ~ 12 c) 40% of 'Z 40 

Are each of the problems below set up correctly to find the answer? 

50% of __ ~40 30%of __ ~\5 75% of __ ~ 60 GO% of __ ~ 15 

~~ 
\ !'-

~~ 
1'\ 

i\ ' 1\ ' \ ['\. 

"' 
r-t-\ I'\ 

"'\ 
\ "' 1'\. 

"' \ 1'\. 
\ If'.. I 1'\. 

Use your grid percent calculator to approximate 

a) 50% of ~30 c) 75% of ~30 e ) 48% of ~ 27 

b) 20% of ~ 10 d) 80% of ::::::.55 f) 85% of ~ 63 

IDEA FROM: The Percent Calculator Book 

Permission to use granted by Oakland County Mathematics Proiect 

484 



GRXD P0QC8NT 
C~LCOLATOR 
8XT8NSIONS 

Attaching another string at A allows 
comparisons of two problems, e.g., 
which has the larger percent for an 
answer? 

2) Percents greater than 100% can 
be worked by two methods. 

A) _% of 80::::::: 30 B) _% of 50 ::::,- 25 

A 

10 

30 r--.\-,,-t-___,_ 

4 0 r--t-,r-\---t----'~ 

50 1------+-- \-!-'\--+---+-~ 

GO 1------+-----i 

70 1------+--f- \-+-'•-+- +---+---''lo.. 

801----~-+- ~~-+--+-~~ 

90 1---t----t--+ 

P..-ob\ern A- -Problem B 

A 
10 

A) 160% of 70 ~ 
100% of 70 is 70, 
so the student 
can find 60% of 
70 on the grid 
and add. (See 
the solid line.) 

30 ~-J....-'\. 

40 1---+-1--~-i 

B) 160% of 70 
will be 
twice 80% 
of 70, so 
the student 
can find 
80% of 70 
on the grid 
and double. 
(See the 
dotted line.) 

801--+-~-+--~~+--~ 

901---+~~4--4-4-'\.-4-~~~~ 

3 ) Pe rcents greater than 100% can a lso be done by changing the percent scale . You 
could either extend the percent base line or relabel the percent line using 
intervals of 20. 

0% 20% 40%60% 80% \00%120% l40%\GO% \80%200% 
4) Percents less than 1% can be done by relabeling the percent line using intervals 

of .1. 

0 % .1 % .2 % .3% 4 % .5% .6% .7 '% .8% .9 7o 1.0% 
~ ) Save the grid percen t calculators to be us ed i n l ater act i vities as an aid i n 

checking the reasonableness of answers. 

IDEA FROM: The Percent Calculator Book 

Permission to use granted by Oakland County Mathematics Project 
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A 

D 

E 

I 

; 

fl~~lli: ~ ISLAND 
BOARD 

B c 

F 

G H 

J K -

'--

--
-
-
-
-
t--

t--

t--

t--

1--

t--

t--

t--

This is a 
scale drawing 
of a "Lake and 
Island" board. 
To construct 
the board cut 
a 30 em square 
from colored 
r a ilroad board. 
Enlarge the 
pattern 2 to 1. 
Clip the en­
largement to 
the board and 
perforate the 
corners of each 
island with a 
compass point . 
Cut the islands 
from poster 
paper of con­
tras ting color 
and use the 
compass marks 
to help glue 
the islands to 
the board. For 
durability lam­
inate . 

Students can 
determine the 
size of each 
island by using 
centimetre 
cubes or a 
transparent 
centimetre grid . 

I. Use Island C as the reference set . What percent of C is each of the following? 
Estimate first. 

Island A Island E Island I 

Island B Island F Island J 

Island c Island G Island K 

Island D Island H 

Change the ref erence set. If Island J is the reference se~ what percent of J 
i s I sland K? E? F? D? A? 

II . Use t he entire boa rd as t he ref erence s e t. 
(a ) What percent o f the boa rd i s water, islands? 
(b) If a woman parachutes from a plane over the area what are her chances of 

landing on Island A? 



Materials: 1) Overhead projector or 
chalkboard 

PERCENT 
APPUCATION 

FRACTION-
2) Prepared list of problems 
3) Spinners (dice) FRACTIONS PERC[NT 
4) Coordinated seating chart ~QUIVALENCt:S 

I. To prepare the game shlet construct a 
tic-tac-toe grid on an SZ" by 11 '-' 
transparency. Select n1ne categories 
depending on which concepts you wish FRACTION-
to review and write them in the squares. PERCE. NT 
The game sheet pictured to the right DECIMAL CALCULATIONS 
might be used for percent drill and a EQUIVALENCES 

GUESS 
WHAT? 

review of fractions, decimals and 
whole numbers. 

Construct twelve small transparent 
squares, six labele·d with an "X" and six 
labeled with an "O", to be used as 
markers on the game sheet. DECl MALS 

II. For each of the nine categories listed 
on the game sheet pre~are five or six 
problems on 3 by 5-inch ce1.rds. The 
"guess what" category could be a non­
math related question on current 

PERCENT 
SENSE 

WHOLE 
NUMBER-S 

events. 

III. Use the coordinated seating chart to 
divide the class into two teams. The 
sketch on the right depicts a classroom 
with 36 students arranged in rows. 

B 

Construct two spinners or dice so that 
you can randomly select students on 
either team. 

A 

c A 2. 3 4 

B 5 

Al 

TEAM1 < 8l 

Cl 

AI 

TEAM2 < Bl 

Cl 

A2 A3 A4 AS 

B2 B3 B4 B5 

C2. C3 C4 C5 

AZ A3 A4 As 
B2 B3 B4 B5 

cz C3 C4 C5 

IV. To begin the game each team chooses a captain. The captain's job is to select 
the category from which the team will be presented a problem. Spinners (dice) 
determine the person on the team to answer the problem. If the answer is incor­
rect, the same problem is given to a member of the opposing team. 1Vhen someone 
does correctly answer the problem,one of the team's markers is placed over the 
appropriate square on the game board. The captain for the opposing team then 
selects another category and the play continues. 

The game is won by the team that gets three of their markers in a rm~ or has 
the most markers on the board when all categories are covered. 

A6 

BG 

cs 

A6 

BG 

C6 

IDEA FROM: "Games in the Classroom" Oregon Council of Teachers of Mathematics Monograph, 
December, 1973 487 

Permission to use granted by the Oregon Council of Teachers of Mathematics 



488 

A'2\ w B-EALL TIME 

&sk.et~J I sto..+is+ic.s - Fi~s+ 

.Tones - 1..13 ~0 
s,.,..,;th- 21 5o 
Po.~ne -35 36 

Who did make the most baskets? 

6 go.mes - E o..$T :Tr. Hi s,hoo I 
PeRc.et~it Mod.e. &skeis MAde 

30% 
40% 
50% 

And what if a 
player took only 

3 shots and made 
100% of them? 

Complete the statistics for the rest of the team. 

Hodge -15 16 ~~ 
Brig9s -22 20 25% 
Do-tson- 41 30 30% 
To..~ lor- ---- I 2 50 LfO% 
kho.n -- 31 IO 60% 
Fowler - L..J4 LlO 25% 
Bielo.wski-33 b 50% 
Lopez.- IJ..I 20 40% 
Williams-23 15 20% 
TecunTot'o.l s 

Find the team totals. 

Based on these statistics, what five players would you pick to be the starting 
lineup for the next basketball game? 

IDEA FROM: Synchro-Math/Experiences 

Permission to use granted by Action Math Associates, Inc. 
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Find the original cost of these other bargains 
from the shady salesman. 

Pants 

Now $8, or 80% of 
the original cost 

Camera 

$30, 30% of the 
original cost 

110-pound set of 
Weights 

Now $14, reduced to 
70% of the original 
cost 

AM-FM Radio 

Only $15, 60% of the 
original cost 

Stereo 

Now $80, reduced to 25% 
of the original cost 

Bikini 

$12, 75% of the 
original cost 

Deluxe Hair Dryer 

$24, 50% of the 
original cost 

10-speed Bike 

Now $105, 70% of 
the original cost 

Bargain of the week 
Electric Guitar 

Only $100, reduced to 
40% of the original 
cost 
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THE OLD OAK TREE 

~ WHAT DID THE LITTLE ACORN SAY WHEN 
IT GREW UP TO BE A LARGE OAK? 

8 2 5 

1) 22 IS ABOUT 13% OF ·· · · · · 

2) 24 IS ABOUT 16% OF .. ... . . 

3) 

4) 

8 IS ABOUT 9% OF ... . . 

20 IS ABOUT 14% OF .. .. . ·· 

5) 5 IS ABOUT 19% OF ···· ·· ·· 

£ 
I 7 3 

WRITE THE LETTER 

? . 
? . 
? . 
? . 
? 



A SIGN OF 
THE T\MES 

This is not a sign of the zodiac, but it may be your lucky sign 
today in mathematics class. 

For each problem on the left shade the boxes on the right that 
contain a correct answer. 

Some problems have more than one correct answer. 

I 0/o of GO> 2. 0/o of60 1% otGO .5°/o of60 ~ 0/o o.f60 3 .I% of GO 

.?%of 5 I 0/o of' 5 .8% of 5 .3% of' 5 2. ~ 0/oof' 5 > 2-% of'S 3 

IO%of98 <:: .2.0% of98 5% of'98 15% of98 10~% o{? 50%of98 

%ot 100 = 1% of SO .5% of200 1% of200 .5% of 50 5%of{00 

{%of 117 <. \'Yo ot 100 I~ %of \17 £:..% o.f \\7 3 .4% ot\17 \%of' 1\7 

1°/o of60 = .1% ot GO . 5% of' GO i% of\2.0 -k_% o.f' 30 l%of80 

~%of' 34\ /' l%of341 .9.% of 341 Zl%ot341 % of341 G~ of'341 

o.f'lGOO !% of800 .2.5%af800 zi% of'40o 

2. 
35 %of't38 ~% o.f 138 ~%of 138 

1% of 575 G% of 5'75 9t% of575 

1% of' $700 31.%of$700 
~ 

Now turn the paper sideways to see the sign. 
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~Circle the best ESTIMATE for each problem. Put the~\. 
~ letter from your answer above the problem number. ~~ 

jf.Jud, ~~ amd ~amd ~OJ~? 
E 

59 /3 3 7 II 15 I ltf 8 <D 12. I~ Z lO Lf 
~------) 

1) 40% of 60 100 A 

2) 100% of 316 415 T 

3) 1% of 85 . 8 5 N 

4) 320% of 10 32 T 

5) 22.2% of 25 55 s 

6) 100 % of 8 16 v 

7) 6.5% of 80 80 E 

8) 15 % of 220 300 M 

9) 125 % of 448 56 0 N 

10) 75 .8 % of 50 50 z 

11) 8% of 5225 418 I 

12) 82% of 5 5 F 

13) 480% of 15 10 1-1 

14) 100 % of 16.5 .0165 G 

15) 3. 2% of 75 2.4 p 

16) 208% of 92.5 92 .5 N 

492 SOURCE : Beefing Up Basic Skills, Decimals and Percents 

Permission to use granted by The Math Group, Inc. 

31 B 

8500 y 

3 D 

2 5 L 

2 J 

5. 2 R 

22 0 B 

448 G 

37.9 N 

5225 Q 

6. 3 X 

72 u 

102 w 

52.6 A 

60 R 

316 A 

85 c 
--------

10 F 

5.55 A 

8 E 

100 X 

33 L 

5.6 p 

7 5 . . 8 s 

u 
--------
4.1 p 

15 I 

192.4 1-1 



1.0\'E 11 WH£1\.£ 
YOU FI~D IT 

CIRCLE THE BEST EST! MATE FOR. EACH PROBLEM. 
PUT THE LETT(R FROM YOUQ ANSWER ABOVE THE PROBLCM 
NUMBER. TO COMPLETE TH[_ M~SSAGE BELOw. 

2 

3 

4 

5 

G 

7 

8 

9 

10 

II 

l2 

13 

14 

15 

IG 

1'7 

G% of 48 is -~ 12- B 3 A 240 c 

% o.f'lO is 10 -~ 200% D !Oo/o F \00°/o E 

35% of is 25 -~ 70 I 8.5 y 195 s 
460% of 8 is J ~ 3.2 T (5 J 3G 0 

6.5% o-F 241 iS J ~ 135 I 15 u 2 Q. 

100°/o of is 87 J ~ 8 Q 830 }.i 87 y 

GO% of' 48 is I ~ 30 L 50 G 70 K 

350% of is 50 J ~ \5 M \O'l H 21000 K 

3Gis 0;b ot 6 J ~ !2. o/o G 12_0% u GOO 0/o l--J 

72 is %of' 25 -~30% I 300 <J'o S 3 °/o E 

125% of' iS 320 J ~378 r:- 253 v 117 l 

o/oof70 iS 78 -~ 75% I 95% w 110% T 

2.4is o/o of 100 J ~ 4% R. 9G% v 140% N 

5% o-f is 892.. I ~ 44 M \8000 c 983 D 

%ofll7is 24 -~ 20% w 40% B 100% 0 

100% of' 2.34 I '1 S I ~23410 A 2.3.41 X 2.341 p 

G is 0/o of 8 -~ 100°/o p \2.5 °/o C 75 °/o G 

-------
10 I I I 2. 

-- -- ---- -------
14 4 9 \0 5 7 12 G .L.t 5 13 G 2. 7 7 4 15 

-----
1<0 I 17 2 !0 
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SAV\NGS 

$900 

$589 

$\000 

$\3\4.50 

$ '700 

$842.25 

494 

INTERESTING 1 
YOU CAN BANK ON \T! 

Jim put $50 per month in a savings account from 
money earned on his paper route. If the interest 
rate was 5% per year, how much interest did Jim 
earn? 

Think: $50 x 12 months = $600 per year 
5% means $5 for every $100, so the 
interest was $5 x 6 or $30. 

Debbie put all of her extra money earned on her 
paper route in the bank. Last year this was 
$738.20. At 5% how much interest did Debbie earn? 

Think: 5% means $5 for every $100, so 
Debbie's interest was slightly 
more than $5 x 7 ($35). 

To keep accurate records Debbie needed to know 
exactly how much interest she earned. Since 5% means 
5 out of 100 or .05,she multiplied .05 x $738.20 and 
got $36.91 interest. 

Use your percent sense to approximate the amount of 
money earned from each of these savings accounts. 
Then change the percent to a decimal and multiply to 
get the actual interest. 

INTEREST RATE INTEREST ACTUAL INTEREST 
PER YEAR. APPRO X l MAT\ ON (ARNED 

5 0/o 

5°/o 

4~o 

G% 

G% 

4% 

IDEA FROM: Synchro-Math/Experiences 

Permission to use granted by Action Math Associates, Inc. 



AT TAAT PR(C£, 
c'LL 8UV Cl 

TT~M COST 

STEREO $GOO 

AM-FM RADlO $ 49 

ELECTR\C GUITAR $\8.9 

10- SPEED BIKE $200 

CALCULATOR $\50 

SKIING EQUIPMENT $300 

TV $245 

CAMPING EQUIPMENT $\25 

MOTORCYCLC $975 

Donna wishes to buy a stereo. The 
Turntable Tower has a $400 set of stereo 
equipment that was marked 15% off. To 
find the amount of the discount Donna 
thought 

15% means $15 for every $100, so $15 
x 4 = $60 off. 

Sue looked at a stereo set costing $279 
that was marked down 20%. She thought, 
"20% means $20 for every $100, so the 
stereo is marked down about $60 ($20 x 3)." 

To know the actual discount Sue wrote 
20% as .20 and multiplied .20 x $279 to 
get a discount of $55.80. 

Use your percent sense to approximate 
the amount of these discounts. Then 
change the percent to a decimal and multiply 
to find the actual discount. 

P["RCENT APPROXIMATE ACTUAL 
DISCOUNT DISCOUNT DISCOUNT 

15~ 

IOYo 

20% 

10% 

15 Yo 

30% 

12~ 

50 Yo 

25~ 
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PERCENT 
PR.OBLEMS f 

-------------------------------------, 
I 

The. wet.9ht of -the. br-a.r·n is I 
Q bout 2. 5 IYJo D~ the -brl:.o I body I 
weight. How much would the. l 
bro.tn of. o.. 120 pout1d pe.v-son l 
we\·9h ~ l 

--pounds 1 

~-----------------------------------~ 

~------------------------------------
: Je.a.n ha.d. a. pid:.ure -lha.1:: \N'QS 30mm 

: \on_g. She. a.sked the.. photo shop to 
: Y"educ.e. -the. p·,tbJY~ . OLD N E \.-/ 
: to CoS C?o o.f. its ong'n;::.o..~l ------; 
I lengih aY\d wid+h. !-+ow 

I ~ 1 !o.ng wi II the. new 
1 ptc.tu(e be? __ mm 
I ---3o"""'- ~~ ... ...,-
l-----------------------------------~ 

r------------------------------------1 
2.10 people Qttended the sc.hoo\•s bQnq I 

c.onc.ed:. last ~ear. n,·,s ~ear's attendance. is : 
e.l<. pected to be J40'Yo of last years. How many I 

I 
people are 1 

€'lCpeded : 
~h\s 'leo.c?: 

I 
I 
I 
I 
I 

L --------------------------

_______ _, 

E"d has owed a -:,tore g 
$ I SO tor one.. month . 
He must pay i.he. s-\:.ore ~® ~) J 
l.,o '* the. amount he owe..s ...., ~ 
as a. .f\nonc.e.. charge. How ~ 
mu'-h i~ $the. t1.nance. char.9e ?~ 

____________________ j 

r---------------
Meandev-in9 e.v-e.ek 
·, s 112 kilo me. tre.s. 
\on3. 3'7'f a,7o ot 
t: he cv-ee.k i5 
; n~ide. 0. r~ r k... 
How muc.h ot 
the cY"e e.k is 
·,f'l~ide the. pc.rk? 

_ ktlome.t..Yes 

---------------, 
The.Y"e we.'(· e. 30 
py-oblems on the 
rnc\th te~t. &ndy 
got. IOO'?o o+ the 
pro b \ems Gorfe.ct, 
How many 1 

pro blem.s M~~~ ~~~ 
d1d she ')/ 
9et 0 .--- 7)/ 

'")/ . 1)/ 

corf"ed: ? ~) / w"' 
¥)/ jl)/ 

1) / 

! ______________ _ 

SOURCE: Beefing Up Basic Skills, Decimals and Percents 

Permission to use granted by The Math Group, Inc. 



,--------------------------------------------------------------~ 

I C""' -~ ~ Fred planted eo strQw berry ! 
j ~ C~ ~ 0.) -ft'csh p\Qnts. loS ot the plants grew. ! 
! ~ 'IJ C~ ~ Strcwberr s Wnai: perc.ent ot the plants ! 
I ~~ ·~ ? 01 I 
iP~ VCy~ ~ grew. _fo j 

~--------------------------------------------------------------

----------------------- -----; 

Our Cf>C.hool c.olled:.ed t 1'-'"0 
for the Red Cross fund. 
Our goal was t.o c.olled: -"80 
Wha.t pe.rc.ent of cur goal 
dt'd we collect ? 

_"Jo 0 

I 

I 

~---------------------------~ 

r----------------------------
1 

I i Mo.rtho. bought Q.. mini-
i b\·ke. tor fDOtlf~ of the or\gincd 
I price . She pQ·,d Sq~. Wh~t 

wa.s the or1.9\no.\ pnce ? 
.t 

_ ___________________________ j 

1-----~-~ -----------.-: -~ 1---~ 
I 0 I 

I - I 
I - i 
i i 
! During a. basket.bcdl! 

qC\me. the Dunkers.! 
mQde LfB~o ot -the I 
s\-tot.s they ~.r'1ed. ! 

They made. 3lo ! 
shots. Hew many ! 

shot5 did they -f:ry ? \ 
I I 

L---------------------------~ 

r----------- ----------------l 
i Thl5 'fea:r we had 2ti.lnt.he!:l 

j of snowto.ll durin_g J"rAnua.ry. 
! This ·,s 1'2.0'o ot ihe snow 
! f-or last J~nua.rY.. How many 
! ·,nc..hes o-t snow tell last 
! January ? inc..hes. 
I 
I 

I I ' ,. \ I ) I .' I I ' ' i . I .., • ~ - ' I 

I ,, '. LS"D\' ·., I 
! • ~~n~-~ ~. ~~ 
!~~~~ 
L:: -------- ---- ------ -- ---- -- __ : 

~------------------------------------------------------------- -, 

i Tne cookmg c\o.ss mo.de 175 cookies ,w, .. .,. i 
i tor the Open House. ttl cookies burned (~~ i e t_Q3 ~· , i 
i o.nd cou \ dn't be. uS>e d. What ~r::!_ -S i 
j percent couldn't be. used? ~o i L_____________________________________ _ _______________________ I 

SOURCE: Beefing Up Basic Skills, Decimals and Percents 

Permission to use granted by The Math Group, Inc. 
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PELARGONIUM 
I 23Y-0678CJO 

Store cost --
Markup __ 

Percent of 
markup __ 

PLN 
$2.75 

Store cost --
Markup __ 

Percent of 
markup 

Store cost --
Markup __ 

Percent of 
markup 

cost --

markup 

LERG 
$08.50 

Store cost --

markup --

Store cost --
Markup --
Percent of 

markup 

Markup __ 

Percent of 
markup --

Store cost --
Markup __ 



1) How many states have a sales 

You will need a 1975 or newer almanac 
and some advertisements from a local news­
paper or catalog to do this assignment. 

What is the year of your almanac? 

Use the index to find the page for Taxes 
(State) -- Sales. 

tax? (D.C. is not a 
state.) 

2) How many states do not have a 
sales tax? 

D 
3) What percent of the 50 states 

have a sales tax? 

4) Does your state have a sales 
tax? If so, what is 
the rate? ---

5) What is the highest rate listed? 
What state(s)? 

6) What is the lowest rate listed? 
What state(s)? 

7) Select ten items from the newspaper or catalog, 
and find their total cost. 

a) Use the tax rate from 115 to find the sales tax on the total cost. 

b) Use the tax rate from 116 to find the sales tax on the total cost. 

c) Your answer to (a) is how much larger than your answer to (b)? 

d) If the tax rate in your state is not the highest or lowest rate,use it to 
find the sales tax for the ten items. 

IDEA FROM: Project R-3 

Permission to use granted by E. L. Hodges 
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CENSUS 
Y(AR 

1790 

1800 

1970 

500 

@ 
POPULATION 

3, 92.9, 2.14 

COUNTING 
EVERY BODY 

4-,000,000 

IDEA FROM: Project R-3 

Permission to use granted by E. L. Hodges 

You will need a 1971 
or newer almanac. Use 
the index to find the 
page location for United 
States population. 

The national census 
was first taken in 1790. 

0 0 

Since then a census has 
been taken every 10 
years. 

a) From the almanac copy 
the population for each 
ten-year period from 
1790 to 1970. 
b) Round each figure to 
the nearest million. 
c) Find the change in 
population for each 
period--use the numbers 
in Column ~ to get your 
answer. 
d) Find the percent 
change for each period 
by dividing the change-­
Column(ST-by the rounded 
population of the 
previous census year-­
Column@: 

Which column gives 
you more information-­
Column @or Column@ 

Why? 

What major trend do 
you see? 



CERTAIN GROWTHS ARE BENEFICIAL 

Many kinds of growth occur and are studied in mathematics. Some involve growth 
by a fixed amount, some by a fixed rate. These two can produce surprisingly dif­
ferent results. 

Have students compute the outcome of depositing $1000 at a bank at a 5% interest 
rate compounded annually for 20 years and compare it with a deposit of $1000 in­
creased annually by a fixed amount of interest ($50.00 = 5% of $1000) for 20 years. 

Tables could be used to organize the result~ and a hand calculator would sim­
plify the computation. Interest payments should be rounded to the nearest cent. 

SIMPLE INTEQEST 
COMPOUND INTEREST (.fi')(ed ""a.te) (fixed o.rnou..n~) 

A9e o+ Amount Interest Amount Age of Amount Fixed 

depos"t+ a.+ o..t + posit o.+ o.moun.+ 
\Y) eginnn1g 5o/o Interest tn beg·,nning ·lnterest 

yea.v-s of' yeo.Y"S of' cred\-ted 

ot 

yea.Y" yea.v- ea.c.h yeo..Y" 

~lOOO.OO $50.00 !!.1050.00 $\000.00 $50.00 

2 •roso.oo $52..50 $1(02..50 2. $1050.00 ~50.00 

3 $\102..50 $55.13 $1157.63 3 1100.00 $50.00 

$57.88 4-

Discuss the two outcomes. In the first table the amount of growth each year 
shares in the growth during the next year. 

Suppose that the interest is compounded semi-annually or quarterly. What 
effect would this have? Some banks compound interest continuously. What does 
this mean? Investigate the savings plans offered at banks and savings and loan. 
~lhich would be the best for short term deposits? long term deposits? 

In the bank compound interest amounts are calculated from the formula 

A = (1 + ~)mt where r is the annual rate of simple 1:nterest., t is the time period 

in years~ m is the number of compounding periods in a year. By the use of the 

formula it can be shown that the effective annual yield of a 7% savings certifi­

cate compounded daily for a 365-day year is 7.25% (A (1 + 3~~) 365 x 1 = 1.0725). 

If compounded continuously~ the formula used is A = ert where e is the base of 

natural logarithms. A= e· 07 x 1 ~ 1.735~ an effective annual yield of ?.35%. 

Thus, a ?% certificate could yield 7.25% or 7.35%. 

IDEA FROM: "Mathematics Applied in the Modern Bank," The Mathematics Teacher, November, 1974 

Permission to use granted by the National Council of Teachers of Mathematics 
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Time payments allow the consumer the use of an article before he has com­
pletely paid for it. In exchange for the convenience the consumer must pay a 
service charge. 

In buying a horne few people realize that the interest (service charge) they 
will pay on the mortgage may amount to more than the money they borrowed. In addi­
tion, long term payment plans can increase the total service charge considerably. 

Pose the following situation to your class: 
You are borrowing $10,000 to buy a horne. The interest rate is 8% each year on the 
unpaid balance. Only one payment each year is made on the loan. How large would 
the yearly payment have to be in order to cover the service charge (interest) the 
first year? If the loan is paid off in 20 years~ how much money do you think is 
paid in interest? If the loan is paid in 30 annual payments, how much interest is 
paid? 

Two tables are provided that give a year by year breakdown of the payment of 
the loan--one, a twenty-year plan, the other, a thirty~year plan. All amounts are 
rounded to the nearest dollar. 

(4) is 8% of Column (2) 
(5) Column (3) - Column 
(6) Column (2) - Column 

. _. # ... .. ~ 

Hand out the tables or make a transparency for the overhead. The following questions 
are suggested for discussion. 

1) 
2) 

3) 
4) 
5) 

For each plan how much is the yearly payment? 
How much of the first payment in ea ch table i s used for 
money is still owed at the end of the first year? 
After the tenth payment how much money is still owed? 
Students could draw a bar graph showing the balance owed 
In paying off the 20-year loan how much money is spent? 
interest? 

6) Which loan is the most costly? By how much? 
7) Why would someone select the more cos t l y plan? 

Extension: 

interest? How much 

for each year. 
What is the amount of 

Have students select an itern(s) they would like to purchase, e.g., stereo, 
10-speed, skiing equipment from a local store or mail-order catalogue. Investigate 
the time payment plan(s) of the store and/or catalogue. Students could organize 
the results in a table simila r to the two mortgage t ables. Suppose a credit ca rd 
we r e used for the purchase . Discuss the inte r es t charge. How long would it t ake 
to pay for the item if $10 a month was paid? What would the total service charge be? 
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RATIO, PROPORTION, AND SCALING 
 

Placement Guide for Tabbed Divisors 
 

Tab Label                  Follows page: 
DIDACTICS…………………...……………………………………………………………...10 
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Evaluation and Instruction……………………………………………………………………...58 
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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. Donovan A. Johnson, Viggo P. Hanson, 
Wayne H. Peterson, Jesse A. Rudnik, Ray Cleveland, and L. Carey Bolster. 
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 activities covering the areas of graphs, statistics, 
proportions, and geometry are contained in this book. 

ACTIVITIES WITH RATIO AND PROPORTION. Oakland County Mathematics Project. 
Pontiac, Michigan: Oakland Schools, 1970. (Oakland Schools, 2100 Pontiac 
Lake Rd., Pontiac, MI 48054) 

paper; b/w; workbooks; medium reading level 

This is one of a series of 23 topical workbooks covering such general 
areas as geometry, statistics, probability, measurement, ratio and 
proportion. 

AFTERMATH, Volumes I-IV. Dale Seymour, Mary Laycock, Verda Holmberg, Ruth Heller, 
and Bob Larsen. Palo Alto, California: Creative Publications, Inc., 1971. 
(Creative Publications, Inc., P.O. Box 10328, Palo Alto, CA 94303) 

97 pp in each; paper; b/w; teacher reference 

A collection of four booklets each including reproducible student 
worksheets on a variety of topics. 

THE ARITHMETIC TEACHER. Reston, Virginia: The National Council of Teachers of 
Mathematics. (National Council of Teachers of Mathematics, 
1906 Association Dr., Reston, VA 22091) 

This magazine, published eight times a school year, January through 
May and October through December, contains a wealth of ideas and activities 
for elementary and middle school mathematics teachers. 

ARITHMETICAL EXCURSIONS: AN ENRICHMENT OF ELEMENTARY MATHEMATICS. Henry Bowers 
and Joan E. Bowers. New York: 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. 
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ART 'N' MATH. Karen Billings, Carol Campbell, and Alice Schwandt. Eugene, Oregon: 
Action Math Associates, Inc., 1975. (Action Math Assocates, Inc., 1358 Dalton Dr., 
Eugene, OR 97404) 

63 pp; paper; workbook; b/w; medium reading level 

This is a collection of 19 activities that combine math skills 
with an art project. 

BEEFING UP BASIC SKILLS. Minneapolis: The Math Group Inc., 1974. (The Math Group, 
Inc., 396 E. 79th St., Minneapolis, MN 55420 . 

40 pp each booklet; paper; workbook; b/w; low reading level 

The series includes three booklets: Whole Numbers, Fractions, 
and Decimals and Percents. Each booklet contains puzzle pages for 
drilling basic skills. 

C.O.L.A.M.D.A. Longmont, Colorado: Personalized Instruction Center, Northern 
Colorado Educational Board of Cooperative Services, n.d. (Northern 
Colorado Educational Board of Cooperative Services, 830 South Lincoln, 
Longmont, CO 80501) 

374 activities; workbook; b/w; unbound; medium reading level 

The collection of materials provides instruction for reluctant 
learners in grades 7-12 through a laboratory approach. Included are 
games, disguised drill worksheets, activity cards and a guide for 
recommended use. 

COSMIC VIEW: THE UNIVERSE IN FORTY JUMPS. Kees Boeke. New York: John Day 

Company, Inc., 1957. 
New York, NY 10019) 

(John Day Company, Inc., 666 Fifth Ave., 

CREATIVE CONSTRUCTIONS. Dale Seymour and Reuben Schadler. Palo Alto, California: 
Creative Publications, Inc., 1974. (Creative Publications, Inc., P.O. Box 10328, 
Palo Alto, CA 94303) 

62 pp; paper; b/w; workbook; medium reading level 

This is a workbook containing many designs that can be created from 
inscribed triangles, squares, pentagons, hexagons and octagons. 

THE DIVINE PROPORTION. H.E. Huntley. New York: Dover Publications, Inc., 1970. 
(Dover Publications, Inc., 180 Varick St., New York, NY 10014) 

186 pp; paper; teacher reference; b/w 

The golden ratio, ~~ is the basis for many seemingly unrelated 

topics in mathematics. This book covers those topics in a sophisti­
cated manner. 

Chapter XIII: Spira Mirabilis (pp. 164-176) emphasizes the 
golden triangle, (a 72°, 72°, 36°, isosceles triangle) the golden 
ratios to be found, and the logarithmic spiral that can be drawn by 
connecting vertices of a nested sequence of similar golden triangles. 
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ELEMENTARY SCHOOL MATHEMATICS. Second Edition. Robert E . Eicholz and 
Phares 
1968 . 
94025) 

G. O'Daffer. Menlo Park, California: Addison-Wesley Publishing Company, 
(Addison-Wesley Publishing Company, 2725 Sand Hill Rd., Menlo Park, CA 

cloth; textbook series; color 

This textbook series covers grades K-8 . The usual topics of an 
elementary curriuclum are covered . The series was written to provide 
students with many opportunities to think mathematically. 

ENCYCLOPAEDIA BRITANNICA. Montreal, Canada: Encyclopaedia Britannica 
Publications, Ltd. (Encyclopaedia Britannica Publications, Ltd., 2 Bloor St. I'J., 

Suite 1100, Toronto , Ontario, M4W 3Jl, Canada) 

THE ENCYCLOPEDIA AMERICANA, International Edition. New York: Americana Corporation, 
1973. (Americana Corporation, Subsidiary, Grolier, Inc., 575 Lexington Ave., 
New York, NY 10022) 

cloth; teacher/student reference; b/w 

Much useful information is found in this (and other) sets of 
encyclopedia . 

ENHANCE CHANCE. Jan Becker, Mary Laycock, and Genevieve Waring. Los Gatos, 
California: Contemporary Ideas, 1973. (Activity Resources Company, Inc., 
P.O. Box 4875, Hayward, CA 94540) 

58 pp; paper; teacher reference; b/w 

The book contains 45 games that use dice to reinforce and e xtend 
mathematica l concepts. Game mats are provide d and rules are concisely 
explained. 

EXPLORING MATHEMATICS ON YOUR OWN. Donovan A. Johnson and Glenn William. 
London: John Murray (Publishers), 1965. Copyright is held by John Murray 
(Publishers) a nd Donovan A. Johnson. John Murray (Publishers) Ltd., 
50 Albe rmarle St., London, England, WIX 4BD. Donovan A. Johnson, 
4 360 Brookside Ct., 213, Minneapolis, HN 55436 

303 pp; paper; teacher reference; b/w 
The book contains many interesting ideas and activities that can 

be presente d in the classroom. Special emphasis is given to numeration 
systems, numbe r patterns, the Pythagorean theorem, sets, sentences, 
operations, topology and fun activities. 

FIBONACCI AND LUCAS NUMBERS. Ve rner E. Hoggatt, Jr. Boston: Houghton-Mifflin 
Company, 1969. (Houghton-Mifflin Company, Educational Division, 1 Beacon St ., 
Boston, MA 02107) 

92 pp; paper; teacher r e ference; b/w 

Many interesting properti es of Fibonnaci and Lucas numbers are 
e x plored in this booklet which is one of a series of e l e v e n booklets 
i n the Houghton-Mifflin Mathe matics Enrichment Series . 

------------------------------ -- ~ 
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FRACTION FACTORY. Minneapolis: The Math Group, Inc., 1973. 
396 E. 79th St., Minneapolis, MN 55420) 

(The Math Group, Inc., 

21 activity cards; b/w 

Twenty-one activity cards presenting situations where fractions 
are needed for solution of a problem make up t hi s set. 

FREEDOM TO LEARN. Edith E. Biggs and James R. MacLean. Canada: Addison-Wesley 
(Canada) Ltd., 1969. (Addison-Wesley (Canada) Ltd., P.O. Box 580, 
36 Prince Andrew Place, Don Mills, Ontario, M3C 2T8, Canada) 

206 pp; cloth; teacher reference; color 

This book emphasizes the active approach to learning in e lementary 
mathema tics and gives many s ugges tions for organizing lab lessons, 
classrooms, materials, etc. to promote an active approach. 

"Games in the classroom." Charles Renderer. OCTM MONOGRAPH, (December, 1973), p. 3. 
(Oregon Council of Teachers of Mathematics, 4015 S.W. Canyon Rd., Portland, 

OR 97221) 

GREATER CLEVELAND MATHEMATICS PROGRAM. Chicago: Science Research Associates, I nc., 
1968. (Educational Research Council of America, Rockefeller Building, 
Cl eveland, OH 44113) 

cloth; textbook series; b/w 

This set of standard textbooks for grades one through six places 
emphasis on the unde rstanding of basic mathemati cal ideas. It is now out 
of print . 

GUIDE TO ADVENTURES IN MATHEMATICS. B. Hewitt . Langley, Bucks: St . Paul Publications, 
1970. (St. Paul Publications, Middlegreen, Slough, SL3 6BT England) 

144 activity cards; looseleaf, b / w 

An activi ty approach to the concepts of geometry, weight , area, 
time, volume , numeration, length and proportion is promote d i n this 
s e t of 144 cards . 

HISTORY OF PI . Peter Beckman. New York: St. Martin's Press, Inc ., 1964. (St. Martin's 
Press, Inc., 175 Fifth Ave., New York, NY 10010) 

HOW TO LIE WITH STATISTICS. Darrell Huff. New York: W.W. Norton and Company , 1 954 . 
(W.W. Norton and Company , 500 Fifth Ave ., New York , NY 10036 ) 
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142 pp; paper ; b/w; teacher r e f e r e n ce 

A delightful book illustrating how statistics can be used to demon­
strate any point of view. Although published i n 1954, the examples of 
distortion and suggestions for critical examination of data are still 
relevant. 
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IDEAS AND INVESTIGATIONS IN SCIENCE: LIFE SCIENCE. Harry Wong, Leonard Bernstein, and 
Edward Shevick. Englewood Cliffs, New Jersey: Prentice-Hall, Inc., 1973. 
(Prentice-Hall, Inc., Englewood Cliffs, NJ 07632) 

410 pp; cloth; color; textbook; low reading level 

This textbook uses a laboratory-investigation approach to life 
science. Students are asked to discover concepts and build several 
small concepts into a big idea of how things work. 

"If we just turn the crank." James Hutcheson. THE MATHEMATICS TEACHER, Vol. 68, 
No. 1 (January, 1975), pp. 33-35. Reston, Virginia: National Council of 
Teachers of Mathematics. (National Council of Teachers of Mathematics, 
1906 Association Dr., Reston, VA 22091) 

INVESTIGATING SCHOOL MATHEMATICS, Second Edition. Robert E. Eicholz, Phares G. 
Menlo Park, California: Addison-Wesley 

(Addison-Wesley Publishing Company, Inc., 
CA 94025) 

O'Daffer, and Charles R. Fleenor. 
Publishing Company, Inc., 1976. 
2725 Sand Hill Rd., Menlo Park, 

cloth; textbook series; colqr 

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. 

THE LABORATORY APPROACH TO MATHEMATICS. Kenneth P. Kidd, Shirley S. Myers, and 
David M. Cilley. Chicago: Science Research Associates, Inc. ,- 1970. 

282 pp; paper; teacher reference; b/w 

This is an excellent resource that details the organization, planning 
and facilities needed for using a mathematics laboratory. A series of 
activities concerning the use of ratio is presented. 

LINE DESIGNS. Dale G. Seymour and Joyce Snider. Palo Alto, California: Creative 
Publications, Inc., 1968. (Creative Publications, Inc., P.O. Box 10328, 
Palo Alto, CA 94303) 

MAKING MATHEMATICS, A Secondary Course. D. Paling, C.S. Banwell, and K.D. Saunders. 
London: Oxford University Press, 1970. (Oxford University Press, 200 Madison Ave., 
New York, NY 10016) 

6 topical books; textbooks; b/w; medium reading level 

This is a series of six topical books designed to cover a five-year 
secondary course. 

MATH ACTIVITY CARDS, Levels A-E. (Macmillan Elementary Mathematics). David M. Clarkson. 
New York: The Macmillan Publishing Company, Inc., 1969, 1970. (Macmillan Publishing 
Company, Inc., 866 Third Ave., New York, NY 10022) 

48 cards in each level; color; activity cards; low reading level 

A series of five sets of 48 activity cards basically for grades 
2-6 which cover the concepts of graphs, shapes, measurement, patterns 
and reasoning. 
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MATH AMUSEMENTS IN DEVLOPING SKILLS, Vol. I. Alice A. Clack, and Carol H. Leitch. 
Troy, Michigan: Midwest Publications Company, Inc., 1972. (Midwest Publications 
Company, Inc., P .O. Box 129, Troy, MI 48099) 

87 pp; paper; workbook; b/w 

The book contains fifty-seven puzzles for disguised drill in whole 
number, fraction and decimal operations. The pages can be reproduced 
for classroom use. 

MATH WORKSHOP, Level F. Robert Wirtz, Morton Botel, May Beberman, and W.W. Sawyer. 
Chicago: Encyclopaedia Britannica Educational Corporation, 1967. (Encyclopaedia 
Britannica Educational Corporation, 425 N. Michigan Ave., Chicago, IL 60611) 

320 pp; cloth; textbook series; color 

This sixth book in a series designed for use in grades 1-6 covers 
the main topics of structure, sets, number and counting, numeration, 
addition and subtraction, multiplication and division, functions and 
relations, geometry, and measurement. 

MATHEMATICS A HUMAN ENDEAVOR. 
Company, Publishers, 1970. 
San Francisco, CA 94104) 

Harold R. Jacobs. San Francisco: W.H. Freeman and 
(W.H. Freeman and Company, Publishers, 660 Market St., 

529 pp; cloth; textbook; b/w; high reading level 

This text for a liberal arts course is an excellent resource book. 
Many of the ideas are suitable for or could be adapted for middle 
school students. 

"Mathematics applied in the modern bank." Lee E. Boyer, Philip J. Hippensteel, 
and Robert J. Lutz. THE MATHEMATICS TEACHER, Vol. 67, No. 7 (November, 1974), 
pp. 611-614. Reston, Virginia: National Council of Teachers of Mathematics. 
(National Council of Teachers of Mathematics, 1906 Association Dr., Reston, VA 
22091) 

THE MATHEMATICS TEACHER. Reston, Virginia: The National Council of Teachers of 
Mathematics. (National Council of Teachers of Mathematics, 1906 Association Dr., 
Reston, VA 22091) 

This magazine, published eight times a school ye ar, January through May 
and October through December, contains a wealth of ideas and activities for 
middle school and secondary mathematics teachers. 

MATHEMATICS: THE STORY OF NUMBERS, SYMBOLS AND SPACE. (The Golden Library of 
Knowledge). Irving Adler. New York: Golden Press, 1958. (Western Publishing 
Company, Inc., 1220 Mound Ave., Racine, WI 53404) 
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56 pp; paper; student reference; medium reading level 

The book contains easy-to-read sections on number concepts, 
geometry, mathematics in nature, navigation, probability, the slide 
rule, etc. 
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MATHEX. Montreal, Canada: Encyclopaedia Britannica Publications, Ltd., 1970. 
(Encyclopaedia Britannica Publications, Ltd., 2 Bloor Street West, Suite 1100, 
Toronto, Ontario, Canada, M4W 3Jl) 

approx. 45 pp in each; paper workbook; b/w; medium reading level 

MATHEX is a series of ten student workbooks with corresponding 
Teacher Resource books. Books 1-5 are designed for primary grades 
and books 6-10 are designed for grades 4-6. The topics covered 
in books 1-5 are matching and graphing, numeration, operations, 
geometry and probability, numeration, operations and problem 
solving, geometry, and measurement. 

MATHIMAGINATION, Books A-F. Steve Marcy and Janis Marcy. Palo Alto, California: 
Creative Publications, Inc., 1973. (Creative Publications, Inc., P.O. Box 
10328, Palo Alto, CA 94303) 

48 pp in each; paper; workbooks; b/w 

Each book provides drill in the form of a puzzle on basic concepts 
and skills of a mathematics topic; Book A: beginning multiplication 
and division; Book B: operations with whole numbers; Book C: number 
theory; Book D: fractions; Book E: decimals and percents; Book F: 
geometry, measurement and cartesian coordinates. 

METRIC MEASUREMENT: ACTIVITIES IN LINEAR MEASUREMENT. Diana Hestwood, Royce Helmbrecht, 
Anne Bartel, Earl Orf, and Ed Harter. Minneapolis: The Math Group, Inc., 1974. 
(The Math Group, Inc., 396 E. 79th St., Minneapolis, MN 55420) 

36 pp; paper; workbook; b/w 

The book presents 36 pages, all of which involve linear measurement. 
Many pages are puzzle types with clever messages about the metric 
system. 

THE METRIC SYSTEM OF MEASUREMENT. 
Resources Company, Inc., 1973. 
4875, Hayward, CA 94540) 

98 pp; paper; workbook; b/w 

Verda Holmberg. Hayward, California: Activity 
(Activity Resources Company, Inc., P.O. Box 

The book is a collection of metric activities; linear area, 
volume, weight and temperature measurements are included. 

MINNEMAST, Unit 18: SCALING AND REPRESENTATION. Minnesota Mathematics and Science 
Teaching Project. Minneapolis: University of Minnesota, 1971. (Minnesota 
School Mathematics and Science Center, 720 Washington Ave., S.E., Minneapolis, 
MN 55414) 

80 pp; paper; b/w; teacher's guide 

This title is one of 29 units for grades K-3. The unit covers 
activities and observations students can do to investigate the idea 
of scale representation. 
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THE NATURE OF RECREATION. Richard Saul Wurman, Alan Levy, and Joel Katz. 
Cambridge, Massachusetts : Massachusetts Institute of Technology Press, 
1973. (Massachusetts Institute of Technology Press, 28 Carleton St., 
Cambridge, MA 02142) 

76 pp; paper; color; teacher reference 

This is an interesting book with several topics that can be used 
to illustrate mathematical concepts in the field of recreation. 

NEW OXFORD JUNIOR MATHEMATICS, BOOK 1-5. E.M. vJilliams and E. J . James. Ely House, 
London: Oxford University Press, 1971. 
New York, NY 10016) 

(Oxford University Press, 200 Madison Ave., 

approx. 150 pp in each; paper; color; textbook; medium reading level 

These student textbooks, which use a dis covery approach to a 
variety of mathematical concepts, provide real-world applications 
and include some drill and practice pages to che ck basic computations. 

NEW WAYS IN GEOGRAPHY, Introductory Book and Books 1 & 2. J.P . Cole and 
N.J. Beynon. Oxford, England: Basil Blackwell and Matt, Ltd., 1968. 
(Basil Blackwell and Matt, Ltd., 108 Cowley Road, Oxford, OX4 lJ.F, England) 

46 pp (Introductory Book); 61 pp (Book 1); 64 pp (Book 2 ); paper; color ; 
workbook; medium reading level 

The three books stress the mathematical aspects of geography. 
Much use is made of drawing maps, reading maps, collecting data, 
and discovering relationships. 

OCTM MONOGRAPH. Eugene, Oregon: Oregon Council of Teachers of Mathematics. 
(Oregon Council of Teachers of Mathematics , 4015 S.W. Canyon Rd., Portland, 

OR 97221) 

The OCTM MONOGRAPH is now part of the Oregon Mathematics Teacher, 
a magazine published eight times a school year that contains many 
useful ideas for teachers of mathematics at all levels. 

THE OFFICIAL ASSOCIATED PRESS SPORTS ALMANAC 1974 . Keith Fuller. New York: 
Dell Publishing Company, Inc., 1974. (Associated Press , 50 Rockefe ller 
Plaza, New York, NY 10020) 

927 pp; paper; student reference; b/w 

The book contains an ext ensi ve collection o f sports records 
and facts. 

OPEN-ENDED TASK CARDS. J . Risk. San Francisco: J. Risk, 1 971. (Teachers 
Exchange of San Francisc o, 600 35th Ave., San Francisco, CA 94121) 
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21 cards; color; activity cards ; low reading l e v e l 

This is a series of 18 teacher- writte n a c tiviti es using supplies 
available in the classroom to s upple ment r egular mathe matics lesson s . 
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OPERATING WITH MATHEMATICS, Teacher's Annotated Edition. Robert B. 
Robert A. Oesterle, James L. Fejfar, and James W. Goodfellow. 
American Book Company, 1969. (American Book Company, Division 
Educational Publishing, 450 W. 33rd St., New York, NY 10001) 

555 pp; cloth; color; textbook 

Kane, 
New York: 
of Litton 

This textbook is the seventh in a series for low achievers in 
mathematics. The reading level is lower and the pace of the material 
is significantly slower than for most mathematics series. 

PAPER FOLDING FOR THE MATHEMATICS CLASS. Donovan A. Johnson. Reston, Virginia: 
The National Council of Teachers of Mathematics, 1957. (The National 
Council of Teachers of Mathematics, 1906 Association Dr., Reston, VA 22091) 

32 pp; paper; teacher reference 

This book is comprised of a collection of exercises which use 
paper folding to illustrate and help students discover relationships 
of lines and angles. This technique can add realism and interest to 
your mathematics teaching. 

PATTERNS IN SPACE. Colonel Robert S. Beard. Palo Alto, California: Creative 
Publications, Inc., 1973. (Creative Publications, Inc., P.O. Box 10328, 
Palo Alto, CA 94303) 

THE PERCENT CALCULATOR BOOK. Oakland County Mathematics Project. Pontiac, 
Michigan: Oakland Schools, 1970. (Oakland Schools, 2100 Pontiac Lake Rd., 
Pontiac, MI 48054) 

PHYSICAL FITNESS WORKBOOK. Thomas Cureton. Champaign, Illinois: Stipes Publishing 
Company, 1944. (Stipes Publishing Company, 10-12 Chester St., Champaign, IL 
61820) 

150 pp; hardback; teacher reference; b/w 

This book was written as a manual for students in physical fitness 
classes. 

PROJECT R-3. E.L. Hodges, ed. San Jose, California: T.M.T.T., 1974. (E.L. Hodges, 
T.M.T.T., 990 Asbury, San Jose, CA 95126) 

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. 

READINGS IN MATHEMATICS, Book 2. Edited by Irving Adler. Lexington, Massachusetts: 
Ginn and Company (Xerox Corporation), 1972. (Ginn and Company {Xerox Corporation], 
191 Spring St., Lexington, MA 02173) 

188 pp; paper; teacher reference; b/w 

Many selections written by both contemporary authors and by great 
scientists and mathematicians of the past are included in this 
book. The selections relate mathematics to everyday life, science and 
literature. The book will be interesting reading for the lay person 
as well as the mathematician. 
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"Road maps in the mathematics classroom." Albert Gardner. OCTM MONOGRAPH, 
(December, 1973), p. l. Eugene, Oregon: Oregon Council of Teachers of 
Mathematics. (Oregon Council of Teachers of Mathematics, 4015 S.W. Canyon Rd., 
Portland, OR 97221) 

THE SCHOOL MATHEMATICS PROJECT, Book A-H. The School Mathematics Project. 
Great Britain : Cambridge University Press, 1971. (Cambridge University Press, 
32 East 57th St., New York, NY 10022) 

approx. 300 pp in each; paper; textbook; b/w; medium reading level 

The series is intended for students in grades 7 - 10. The books 
present a spiral acitivity-oriented approach that interweaves arithmetic, 
algebra and geometry with an attempt to emphasize the practical 
applications of each topic . 

THE SCHOOL MATHEMATICS PROJECT, Books 1-5 [Metric]. The School Mathematics Project. 
Great Britain: Cambridge University Press, 1969. (Cambridge University Press, 
32 East 57th St., New York, NY 10022) 

approx. 300 pp in each; cloth; textbook; b/w; high reading level 

This is the first series of t extbooks produced by the School 
Mathematics Project. Like Books A-H, it presents a spiral activity­
oriented approach, but the coverage of topics is more comprehensi v e 
and the reading level is higher. 

SEEING SHAPES. Ernest Ranucci. Palo Alto, California: Creative Publications, Inc., 
1 9 73. (Creative Publications, Inc., P.O. Box 10328, Palo Alto, CA 94303 ) 

94 pp; paper; b/w; teacher reference 

An excellent collection of materials designed for use from grade 
7 to the junior college level, this book provides exercises to strengthen 
visual perception and the understanding of spatial relationships. 
Emphasis is on discovery and an attempt is made to provoke i maginative 
thinking. 

SIMILARITY AND CONGRUENCE . Oakland County Mathematics Project. Pontiac, Michigan: 
(Oakland Schools, 2100 Pontiac Lake Rd., Pontiac, MI 48054) Oakland Schools, 1971. 

SRA MATH APPLICATIONS KIT. Allen C. Friebel and Carolyn K. Gingrich. Chicago: 
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Science Research Associates, 1971. (Science Research Associates, Inc., 
259 East Erie St ., Chicago, IL 60611 ) 

270 cards; color ; acitivity cards; me dium reading l evel 

This is an excellent collection of 270 activity cards that presents 
a large number of problems and activities in science, sports and games, 
occupations, social studies , and everyday things that students, using 
e l ementary school :nathematics, can explore . Al so inc luded are 10 
reference cards and student and teacher handbooks. 
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SYNCHRO-MATH/EXPERIENCES. Oscar Schaaf, Scott McFadden, and Klaas Kramer. 
Chicago: Lyons and Carnahan, 1972. (Copyright now with Action Math 
Associates, Inc., 1358 Dalton Dr., Eugene, OR 97404.) 

469 pp; cloth; b/w; textbook; medium reading level 

This is a textbook that emphasizes a discovery technique of learning. 

515 




