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Tatroduction

Clcuringhouscs of the Educational Resources Information Center (ERIC)
are charged with both information gathering and information dissemination.
As the growing movement to convert the busic mcasuring systems of the
United States to the metric system became apparent, the ERIC Clearinghouse
for Science, Mathematics, and Environmental Education commissioned o
paper that would identify and discuss the fundamental mathematical and
psychological issues underlying the teaching of the metric system in the
schools. The result of that commission is the article “Metrication, Mcasure,
and Mathematics™ in this “andbook.

As work on that paper progressed. it became obvious that a compilation
of practical suggestions and recommendations for teaching the metric system
was also needed. Indeed, it seemed that a theoretical paper discussing basic
issues would be enhanced by including it as a componcent of such a collection.
The April 1973 and May 1973 issues of the rithetic Teacher orovided
excellent sources of such recommendations, and the ERIC Clearinghouse
contacted the National Council of Teachers of Mathematics to explain the
concept of the handbook and to seck permission to include NCTM materials.
The enthusiastic response of NCTM resulted in the suggestion of a joint
project. The scope of the original project was greatly expanded, and ad-
ditional short papers were commissioned to fill zaps in coverage within
the handbook.

Although the papers in this handbook present @ remarkably unified set
of recommendations, there are some contradictions in specific details, as
might be expected when seventeen different authors are represented. The
ultimate resofution of these conflicts will depend on what happens in class-
rooms, since successful classroom learning is the final test of educational
theory. For this reason, the handbook is addressed to teachers. It is hoped
that it will prove ta be both a useful and a frequently nsed resource for teachers.

1/'01
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A quick guide to the handbook

This handbook has been compiled to provide a reference for teachers at
alt levels who are implementing the metric svstem in their clussrooms. Here
is w0 brief summary of the articles in the handbook that may muke the task
of finding speeific information somewhat casier,

1. Introducing the Metric System

Are you interested in arbitrary units, fundamental metric units, and schemes
for subdividing units? The article “Activitics for Introducing Metric Con-
cepts to Teachers™ presents these ideas via sample classroom activiries that
require inexpensive or homemade equipment,

Do you nced to convinee someone that the English system of mcasure-
ment is cumbersome? Then read “Inching Our Way towards the Metric
System.”™ This article also presents tables of basic relationships between
metric unats and an explanation of how the metric system was developed.

“The Metric System: Past, Present—Future?™ provides an insight into the
role of mcasure in national affairs. A detailed history of interest in the
metric system in the United States is given, A summary of this history is
provided in “Historical Steps toward Metrication,”

2. Teaching the Metric System: Activities

Suggestions for introducing the metric system in the classroom are con-
taincd in “Experiences for Metric Missionaries.”™ Conversion charts showing
the relative sizes of metric units and their English counterparts are also
included.

Ideas for making vour own metric equipment are expressed in “Metric
Equipment: How to Improvise.™ The article also explains how to subdivide
a line segment into ten equal parts.

“Think Metric—Live Metrie™ emphasizes the importance of estimating
metric measures and provides a series of charts for recalibrating common

3
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houschold measuring devices 1o the metrie system. Sample test items for
judging your own aoility to apply the metrie system are also inctuded.

Games can be exciting tools for teaching both metrie facts and metric
mcasuring skills. “Procedures for Designing Your Own Metric Games for
Pupil Involvement™ lists principles for making such games and gives an
exaample of a game involving weighing objects in kifograms.

The seetion concludes with samples of activities and worksheets relating
to the metric system that have appeared in the “ldeas™ department of recent
issues of the Arithmeric Teacher.

3. Teaching the Metric System: Guidelines

Six ideas for converting a school curriculum to the metric system are
contained in “Schools Are Going Metrie.”

The NCTM Mectric Implementation Committee sugg sts both general and
specific guidelines for teaching measurement and the metrie system in the
article “Metric: Not /7, but How.

Placement of metric-system topics and skills in the clementary and sec-
ondary curriculum is discussed in “Teaching the Metrie System as Part of
Compulsory Conversion in the United States.”

“Metric Curriculum: Scope, Sequence. and Guidelipes™ expands the ideas
of the two previous articles. A sequence of topics relating to the metric
svstem is suggested for primary, intermediate, and secondary fovels. Teach-
ing guidelines are also presented.

4. Llooking at the Measurement Process

What skills are necessary for measuring? “Ten Basic Steps for Successful
Metric Measurement™ considers basic skills and suggests a natural sequence
for their development.

“Thinking about Mecasurement™ reviews the work of Piaget with respect
to measurement and suggests specific teaching activities that are consonant
with Piaget’s findings.

Actual measurements are approximations. The article “Teaching about
“About™™ suggests that a measurement is between bounds  and develops
an arithmetic for theie bounds.

5. Metrication, Measure, and Mathematics

This article considers measurement as a mathematical function, and ex-
plores several measure functions, Psychological diflicultics and considerations
in the teaching of measure functions and the applications of measure functions
to metrication are considered. Teaching suggestions conclude the puper.
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Activities for introducing
metric concepts to teachers

JON L. HIGGINS

T he hest way to learn about the metrie system s to use it! Here are some szinple

activities that show you some of the advantages of the system. They are restricted
to activities that use simple materials. As you work through them, you should
consider how they might be adapted to use other materials, either commereial or

teacher made, and if they are suitable to the age or grade leve! you teach.

Work Card =1: Arbitrary units

Find a textbook. Measure its length using your index finger ax a length
unit. How many fingers fong is the book?

Now pass the book to a neighbor. Have him measure the length of the
book using the length of Jis index finger as a unit. How long docs he say
the book is?

How do your two measurements compare?

Is there a problem if the book is not a whole number of fingers long?
What might you do to help solve the problem?

O
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Work Card =2: Parts of units

Use the same textbook you used for work card =1, Measure its width
using the length of your index finger. What is its width to the nearest whole
finger?

Now measure the width of the textbook using as a basic unit the width of
your thumb. What is the width of the textbook to the nearest whole thumb?

If you are restricted to whole-number measurements, which do you think
1s the better measure to use, fingers or thumbs?

Imagine that you measured the width of the textbook using the thickness
of your fingernail as the unit of length, Which would be the best measure
to use, fingers, thumbs, or fingernails?

What are the disadvantages of using fingernail thicknesses as length units?

Could you improve the process by using some combination of tinger,
thumb, and fingernail units? What rules might you have to make 1o be
sure different people could get the same finger. thumb. and fingernail measure-
ments for a given book width?




O

ERIC

Aruitoxt provided by Eic:

A METRIC HANDBOOK FOR TEACHERS

Work Card =3: Fractional units

[t may be more accurate to measure with smaller units, but most people
gt tired of counting the big numbers that result. A good compromise is
to use a big unit that is subdivided into smaller fractional parts. One can use
the big unit to measure most of the length aad count only the fractional parts
for the fast partial unic of length.

At the bottom of this work card are big units that have been divided into
fractional parts. The name of the big unit is the awkward.

How many fractional parts make one awkward?

Can you name one of the Tractional parts? (You may want to make up
aname of your own for this sabdivision. Be creative!)

Measure the teagth, width, and thickness of o textbook, to the nearest frac-
tional awhward.

Puss the book 1o your neighbor and compare measurements. Do they
mateh? Why or why not?

0 | 2
‘L . N - . . H H 1 H i 1 1 l 1 L S L . 1 1} I 1 1 I L _J
Aweward .

Work Card 4: Computed measures

Imagine a square picee of paper one awkward on cach side. How many
of them could you tay on top of the texthook? Make a guess to the nearest
whole square awkward.

Caleulate the urea of the top of the textbook in square awkwards by
multiplying the fength in awkwards by the width in awkwards.,

How does your calculation compare with your guess?

If your length and width measures included fractional parts of an awkward,
vaur arca neasure should include some fractional parts of a square awkward.
If vou use only the subdivisions shown on work card #3. what would be
the smallest fractional part of a square awkward?

Culeulate the volume of a box that would hold the textbook by multiplying
together the fength, width, and thickness of the book (all in awkwards).
Your answer is the number of awkward cubes that would be required to
il sach & box.

Construct a cubic awkward, Does your answer for the volume of the
textbook box ook reasonable in terms of the cubic awkward? How could
you cheek your work?

What is the smuallest fraction of @ cubic awkward yvou could possibly obtain
it vou use only the subdivisions of the awkward shown on work card #3?

Could we have made a better choice of fractional parts when dividing
the awkward?




INTRODUCING THE METRIC SYSTEM

Work Card =5: Introducing the decimeter

Previous work cards have explored two problems: the necessity to agree
on a standard unit of Tength instead of arbitrary units, and the advantages
and disadvantages of different schemes for subdividing units into fractionad
parts, The bottom of this work card is ruled in a length unit that solves
both these problems. The unit is o standard that is widely agreed on, and
the unit has more convenient fractional parts than the awkward, See if you
can find out why its fructionai parts are casier to work with,

Mceusure the length, width, and thickness of a textbook with this ruler.

Compute the urcu of the top of the book in square decimeters. Write
vour answer in both fractions and decimals,

Compute the volume of a box thut would just hold the textbook.

If lengths, widths, and thicknesses are measured to the nearest tenth of
a decimeter, what will be the smallest fractional part of a square decimeter
that can be culeulated? What will be the smallest fractional part of a cubic
decimeter that can be caleulated?

0 f

! + ! H . H B H

- Decimeter -

Work Card =6: A bigger measure

Measure the height of your neighbor using the decimeter scale from work
card =5, (One convenient way to do this is to first mark his height on a
strip of adding-machine tape: then measure the distance between the mark
and the end of the tape.)

Would o different length unit he more convenient for measuring the
heights of different people?

Suppose you invented a bigger Tength unit. but used the decimeter as
the fractional part of this new unit. Remembering what you know about
computing with fractions und decimals, how muny decimeters should you
choose to make one of the new length units? Explain vour answer.

Alength unit that is ten decimeters long is called a meter.

Using the decimeter szale on work card £5. construct @ meter on a piece
of adding-machine tape.

Find the fength and width of your room in meters.

Calculate the area of the floor of vour room in square imeters,

O
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Work Card #7: Smaller measures

Measure the length and width of @ business calling card. You may usce
cither the meter from work card #6 or the decimeter from work card #35.
Which would be the better choice?

Would it be more convenient to define o unit o7 length smatler than the
decimeter? Could you use your knowledge about .he meter and decimeter
to define this smaller unit? How might you do it?

A smaller fength unit is ruted on the bottom of this work card. How docs
it compure to the decimeter scale on work card =357

The name of this smaller unit length is the centimeter,

Use centimeters to measure the Tength and width of the calling card,

Use centimeters to measure the length and width of a paper clip.

0 | 2 3 4

— e

Centimeter

[

Work Card =8: Relating measures

Measure a length of one meter on a strip of adding-machine tape. Now
remeasure this length using the decimeter scale from work card =5, Com-
plete these equations using decimal notation:

Fmeter = 0 decimeters: | decimeter = 0 mieter

Uise the centimeter scale from work card =7 to measure a length of one
decimeter, Complete these equations:

Pdecimeter = 0 0 centimeters; [ eentimeter = ~decimeter

I meter = .. centimeters: | centimeter = o ometer

It we want to measure even smaller feagths, it is convenient to give a
name to the fractional part of o centimeter. Thas tiny length s called o
millirneter. Make a table of cquations relating the mitlimeter to the centimeter,
decimeter, and meter,

If we want to measure bigger distances, we could invent a bigger length
unit that has a meter as its fractional part. The most commonly used big
length unit is the Ailometer. A Kilometer is 1000 meters. A meter would be
what fractional part of a kilometer?

Make a table of equations relating the Filometer to the meter, decimeter,
centimeter, and mitlimeter,




INTRODUCING THE METRIC SYSTEM

Waork Curd =9: Exploring volumes

Use light cardboard to make a box that is | decimeter long, [ decimeter
wide, and 1 decimeter high. Leave the top of the box open.

What is the volume of this box in cubic centimeters?

Fill a one-quart mitk carton with rice. Pour the rice into the cubic decimeter
box. Is the volume of the box more or less than one quart?

Use a onc-cup measure and rice to estimate the volume of the box 4n
cups. Report the volume of the box as being less than .0 . cups and
more than . cups.

This box is a convenient measure of volume, and it has the advantuge
of being closely refated to the units of length vou have just worke! with.
The name of the volumie of the box is one lirer.

O
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Work Card =10: Exploring weights

If we fill one cubic centimeter with water wo can invent a small unit of
werght. This weight unit is called o gram.

The United States nickel weighs about 5 grams. Use o balance and a nickel
to find the weight in grams of one sheet of paper. (11 the sheet of paper weighs
fess than the nickel, and you cannot cut the nickel up, what clse can you
do to solve this problem?)

What is the weight m grams of an ennire reani of paper?

It a diter box is filled with water. how much would it weigh in grams?

One thousand grams is used as o big unit of weighte calied the Adlogram.
What is the weight of o liter of water in kilograms?

Put a plastic bag inside the liter boy vou constructed Tor work card =9,
Fill the bag (to the rim of the box) with water (always holding it over a
sink). You are holding a kitogram, Have someonce place books in vour other
hand untit the books feel about as heavy as the kilogram.

What is the weight of cach book according to vour estimate?

How could you improve the accuracy of vour estimate?

11
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Inching our way

towards the metric system

GERARDUS

VERVOORT

As assistant professor of mathematics cducarion at Lakchead

aiversity, Gerardus

Vervoort's professional cxperience also includes

teaching in clementary wnd secondary schools. He las worked with

Indians and Eskimos and has taught school in three different

countrics. He grew up in the Netherlands and. thus, is

wused to thinking metrie.

%’V hut is heavier. a pound of gold or a

pourid of feathers?™

“They both weigh the same.” answers
the bright child in whont we have carefully
nurtured fogical thinking,

“Wrong!™ we reply. oA pound of feathers
is determined by avoirdupois weight and
measures 7,000 grains. A pound of gold is
determined by troy weight and measures
S.760 grains. Thus, a pound of feathers is
heavier. Clear? Let us try once more. What
is heavier, an ounce of gold or an ounce of
feathers?”

“An ounce of feathers?”

“Wrong!”

“They both weigh the same?”

“Wrong again! A pound of gold consists
of 12 ounces because it is determined by
troy weight, Therefore, an ounce of gold
is cqual to 480 gruins. But there are 16
ounces in an asoirdupois pound. Therefore
an ounce of feathers equals 437.5 grains.”

It should come as no surprise that many
people in North America have ceased all
critical thinking with respect to measure-
ments. A full-page advertisement for a ecr-
tain smull car in the 18 October 1971 issue
of Newsweek boldly proclaims that it has
a fiftv-seven inch overadl outside  width
whife it s a fol) five feet across on the in-
side! How muany readers noticed the dis-
crepancy?

@ Anyone who feels smug and confident
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reearding his knowledge of the North
American system of weights and measures
is invited to test his mettle on the following
guestions:

1. How many cubic inches are there in
a galton?

2. What is the
liquid quart and a dry quart?

differenee between a

3. How many square feet are there in
an aere?

4. A common aspirin tablet is five
grains. How muany scruples doces that repre-
sent?

5. What is the number of pennyweights
in a troy ounce?

There will be few who can answer all
of these correctly. Yet the list of guestions
could have been made much longer and
more ditticult by including references to

rods, furlongs. square  perches,  poles,
chains, cords. fathoms, cables. nautical

miles, feagues, pecks, gills, drams, hogs-
heads, and barley corns. And it must not
he overlooked that though a bushel gen-
crally represents 60 pounds avoirdupois,
it is cqual to only 48 pounds of barley, 32
pounds of oats, or 56 pounds of rye or
Indian corn. And do not forget the regional
differences. In Massachusetts a bushel of
potatoes is 60 pounds. but only 56 pounds
in North Carolina or West Virginia.
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Is it any wonder that 14 countries are
presently preparing to Go METRIC and join
the 114 countries and territories that have
adopted the metric system already? In-
creasing world trade and the fact that
Britain is in an advanced stage of change-
over from the inch-pound to the meter-
gram systen:, makes a similar change man-
datory for the economic survival of the
few remaining nonmetrie countrics, Most
think as Canada:

The Government believes that adoption of the
metric system of measurement is ulimately in-
evitable—and  desirable—for Canada. It would
view with concern North America remaining as
an inch-pound island in an otherwise metric
world—a  position which would be in conflict
with Canadian industrial and trade interests and
commercial policy objectives. The Government
believes that the goal is clear, the problems
lic in determining how to reach this goal so as
to ensure the benefits with a minimum of cost.

[f such governments arce correct in their
assessments, then the need to begin this
process of change as quickly as possible
is obvious. The longer the decision is de-
layed, the more the cventual cost of the
change will be increased.

I'he implications for the educuiional
system are clear. The children presently
in school will be in their carly thirties in
the year 2000. Presumably. the whole
world will be metric by that time. Inches,
pounds, and yards will have gone the way
of the fountain pen. the kerosene lamp.
and the log cabin—picturesque memories
of the past. surviving in a few standard
expressions and in muscum exhibits, but
otherwise of historical interest only.

In preparation for that time, there is an
immediate need for greater emphasis on
teaching the metric system and a conse-
guent need for retraining  teachers and
revising the textbooks. This is urgent al-
recady because of the years that elapse
between the introduction of new texts and
the graduation of the students who have
used them.

As soon as primitive men learned to
speak and communicate, a need for ex-

© ‘re quantitics must have arisen. No
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doubt first expressions were vague and
incxact, but they served a purpose, just
as similar statements of measurement serve
a purpose today. We are still told to gather
an “armful™ of wood, and to add a “hand-
ful” of flour or a “pinch™ of sult to a
certain cooking recipe. The grocery store
may advertise that a “truckload” of water-
mclons has arrived just in time for the
weekly special. The term truckload serves
i purpose because no one, except the store
keeper, cares whether that mcans 600
watermelons or 1000.

All these mcasurements are casy to
visualize and ofteu directly related to phy-
sical experiences. A nomadic Eskimo reck-
ons distances by so many “sleeps.” A
German farmer may explain that he owns
six “mornings” of land, mecaning the land
arca that can be plowed by a man in six
mornings, We do comparable things in
North America when we measure distance
by stating that it is a “threc-hour drive”
or when we mweasure areas by “city blocks.”
Sometimes such measurements survive in
our language ecven though they can no
tonger be easily visualized. Electoral dis-
tricts arc sometimes called “ridings” from
the distance a man could cover on horse-
back. And just as primitive man developed
new measures as the need arose. so do we.
We talk about a “pack™ of cigarettes and
a “roll™ of paper towels,

However, such inexact measures were
not sutficient for trade or barter—they left
too much room for disagreement because
they meant different things to different
people. Even where agreement existed, it
still could be very confusing. For example,
a last (load) of herring was 12 kegs, but
a last of gun powder was 24 kegs. A last
of brick was 500 bricks, but a last of tiles
wias only 144 tiles. A last of wool was
12 suacks.

If one goes to a market place in Europe,
onc can still buy goods by the ell. An ell
of cloth is a length of cloth stretched be-
tween the hand and the shoulder (this
measure survives in our word elbow), but
when purchasing by the ell, watch the
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salesman closely to sce that he indeed
stretehes his hand and arm completely
while measuring vour purchase. Preferably
buy from people with long arms, and under
no circumstances buy clastic that way.

To make trade possible, Tocal barons and
chicftuins often established certain stan-
dards of measurement. Their foot was al-
ways a popular standard, So was their
thumb. A certain Anglo-Saxon king defined
the vard as the fength of his girth. Picture
the foot, thumb, and waist mcasuring cere-
monics. Imagine all the resulting confusion,
For not only did these measures differ from
place to place, but they changed with the
advent of uny new ruler. And life expeet-
ancy wus rather short in those days,

As long as trade oceurred primarily at
the Tocal Tevell the situation was not dis-
astrous. People did not question why cloth
should be measured by the ell, land by rods,
and a horse’s height by hands. And before
the Arabic numerals were used, convert-
ing from onc measure of length to another
was difticult regardless,

With the growing aceeptince of the
decimul system of numceration. the begin-
ning of science and industry. and the de-
velopment of more powertul national gov-
croments (who were interested in the flow
of goods for purposes of tasationy, the
situation changed. Voices became adamant
in favor of o more rational system of meu-
surement; one that not only would be uni-
versal, but in which the units of Jength,
arca, and capacity would be related in a
simple manner.

If the new svstem was to be truly uni-
versal, with all measures related as much
as possible, then the selection of o basic
unit was important. Several possibilities
were considered. The time of the swing of o
pendutum s direetly related to its length,
The length of u penduJum that would de-
seribe one complete swing per second was
suggested as the fundamentai unit of the
new tinear measure, But that would hardly
be universal. eritics pointed out: a pendu-
lum swings fuster at the north and south
poles than it does at the equator. Morcover,

ERIC
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a measure defined in that way would pre-
suppose a definition of a sceond which was
in itself a questionable measure.

A sector of the equator was also sug-
gested as aounit. But the length of the
cyuator would be difficult to me.sure. Be-
sides. few countries touch the  cquator;
thus. the new measure would not be truly
universal.

Finally, o third proposal was agreed on:
a portion of @ meridian would be used as
a general standard. Although few countries
were on the equator, every nation was on
some meridian, (1t was generally accepted
at that time that every meridian was of ¢x-
actly the same length as any other meridian,
a belief that was later proven wrong.) But
what portion of the meridian should be
used? One millionth, a ten-mitlionth, a hun-
dred-millionth? Practical aspects ¢f daily
life, as well as trade and commerce. had to
be taken into consideration. Since the ap-
proximate cireumference of the carth along
a meridian was alrcady known from astro-
nomicual caleulations, and because dividing
that length by 40 miltion would vield a
length of about one vard, that was the unit
decided on for the basic measure. The new
muasure was called the meter (in French,
metre—trom the Greek merron. “mea-
sure™ Y. In turn the basic measure was in-
creased or deereased by powers of ten to
establish other lincar measures. Greek pre-
fixes to the term merer were used to denote
multiples of the unit, while Latin prefixes
indicated subdivisions.

The result was as follows:

I kilometer = 1000 meters
1 hectometer = 100 meters
1 dekameter = 10 mecers
I mweter = I meter
I decimerer = 0.1 meter
1 centimeter = 0,01 meter
I millimeter = 0.001 meter

For o unit of arca, the square dekameter
was decided on. A square meter would
have been too small for practical purposes;
a square hectometer, too big for a land
where fields were small, A square 10 meters
by 10 meters roughly equaled the size of
a woman's herb and vegetable garden. thus
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making it casy to visualize. The new unit
of arca was culled an are.

At first glance one would expect an cex-
tension of this new measure by the proper
prefixes to create the whole increasing and
decreasing sequence. But a square cqual
m arca to 10 are would have a length of
10§ 710 meters (approximately 31.6 meters),
thus upscetting the simplicity of the system.,
Hence the only aceeptable extensions of
this measure are the following:

I hectare = 100 ares

1 are = Lare

I centiare = 0.0} arce
Of course one can always speak of a square
kilometer or a square meter i the needs
require it.

The busic measure for volume (capacity)
posed no great difficulty. Reason demanded
that it be defined in terms of the meter.
One cubic meter was elearly much too
big (approximately 250 gallons): a ~ubic
centimeter. toa small. Hence the only rea-
sonable choice was the cubic decimeter
which is cqual in capacity to about one
quart. The new measure was called a liter
(from the French fitre). Again the derived
measures followed the same pattern as the
meter:

I kiloler = 1000 lLiters

| hectoliter = 100 liters
I dekaliter = 10 liters
1 liter = | Iiter
I deciliter = 0.1 Lter
I centiliter .01 hiter
I miulhliter = 0,001 liter

it

Convenient though the liter was for pur-
poses of measuring higuids, it was not sutis-
factory in all cases, For instance, firewood
—u cubic meter woukd appear a ot more
reasonable, Tt was adopted as such and
called the stere (from the Greek stereo,
“solid™). The stere was used nearly ex-
clusively for woad: und. as o result, no
names for powers of the stere were cver
adopted because there existed little need
for them,

To us, living in the second half of the
twentieth eentury. the unit of weight (more
properly. mass) agreed on is surprising be-
causc it is so small, But at the time the unit
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wis seleeted, relatively few goods were sold
by weight, Notable exceptions were pre-
cious metals and spices, which were sold in
small quantities.  of course, but
played a very important part in the cco-
nomic structure of the country. And the

which

seientists themselves often dealt in very
small quantities in their laboratories. At
any rate, the unit of mass selected was the
mass of one cubic cendmeter of water at
its greatest density. This was catled the
sram {French gramme). Again the usual
derivations were agreed on:

I kilogram = 1000 grams
| hectogram = 100 grams
I dekagram = 1O grams
I gram = I gram
I decigram = 0.1 gram
I centigram = 0.0} gram
I milligram = (.001 gram

For the measure of angles, the traditional
90 degree angle was called o grade. Tt was
divided into decigrades, centigrades, and
milligrades. (1t is for that reason that the
term centigrade, as applicd to temperature,
is incorreet. It is more properly called
Celsius, after the Swedish scientist Anders
Celsius who ereated that particular tem-
perature scale.) The renaming of anzles
never caught on, however, due to the
cumbersome fractions involved. For in-
stanee the traditional 60 degree angle be-
came 6622 centigrades, Tt is clear that this
change was no improvement,

The metric system originated in Franee
during the period of the French revolution.
What hampered  the aceeptance of the
metric  system in non-French  countries
most. however, was the excessive zeal dis-
played by the metrie creators in other areas.
They began an entirely new calendar start-
ing with the vear one. They fashioned a
new Cweek™ of ten days duration. thus
doing away with the Sabbath. As a result,
the who's metric system came to be asso-
ciated in the cyes of many with a “godless

«

atheism,™ a system “vonceeived in sin and
born in iniquity.” as some put it. Combine
this with a common venceration for matters
old and familiar. and with the distastes of

the English-speaking world for anything
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French that resulted from the Napoleonic
wars.

How long lasting and extreme this feeling
could be was expressed by the periadical
calted The International Standard that was
published in the 1880s bv the Ohio Auxil-
iary of the International Institute for Pre-
serving and Perfecting Weights and Mea-
sures. The president of the Ohio group. a
civil engineer who prided himself on having
an arm exactly one cubit in length, had
this tosay in the first issue:

We believe our work to be of CGod: we are
actuated by no selfish or mercenary motive. We
depreciate personal antagonism of every kind.
but we procltuim o ceaseless antagonism to that
great evil. the French Metrie System. . . . The
jests of the ignorant and the ridicule of the
prejudiced fall harmless upon us and deserve
no notice. . . . It is the battle of the Standards.
May our banner be ever upheld in the cause of
Truth. Freedom. and Universal Brotherhood.
founded upon a just weight and a just measure,
which alone are acceptable o the Tord.

A later edition combined religion and
chawvinism beautifully in the song entitled
“A Pint’s a Pound the World Around.”
Following are some of the verses and the
chorus:

They bid us change the ancient “names™.
The “seasons™ and the “times™.

And for our measures go abroad

To strange and distant climes.

But we'll abide by things long dear.

And cling to things of yore

Chorus:

Then swell the chorus heartily.

[.et every Saxon sing:

A pint’s a pound the world around™,
Till all the carth shall ring.

“A pint's a pound the world around™,
For rich and poor the same:

Just measure and a perfect weight
Called by their ancient name!

O
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Now Great Britain has discarded the
inch-pound system and Canada has de-
clared its intention to go the same way.
The time for decision in the United States
has come, On 6 August 1971 Mr. Clai-
borne Pell, the Senator from Rhode Tstand,
introduced a bill (§.2483) to Congress
“to provide a national program in order to
make the international metric system the
official and standard system of measure-
ment in the United States and to provide
for converting to the general use of such
svstem within ten years after the date of
cnactment of this Act.” The bill has been
passed by the Senate. The ultimate decision
to go metric appears inevitable. Teachers
would do well to start acquainting  their
students with the system more thoroughly
than in the past. THINK METRIC should be
the slogan in the teaching of measurement
for the child wha will spend most of his
adult life in the twenty-first century.
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Thc wife's query in an old cartoon gets
right to the point; “Wello why on carth
don’t we adopt the metrie system if it's so
muchn better?” The husband’s response is
equally direct:
never did, my dear!™

It is unlikely that any simpler explana-
ann, enigmatie vet revealing, could  be
given to summuarize the introduction of the
metric systemn in the United States. One
should not be surprised that this cartoon
first sppeared over twenty-five vears ago
(Committee on the Metric Svstem 1948,
p. ). It could have appeared twenty-five
or ity vears before that, And twentv-tive

“Why, just because we

yvears from now, will proponents for the
increased use of a system stll uncommon
in the United States point in similar fu-
tility to this same cartoon? There s ovi-
dence to the contrary,

This brief paper will endeavor to give
teachers of mathematics some of the rele-
vant buckground on the present status of
the metric system in the United States and
other countries, While we will include some
reference to the problems that must be
fuced in metrication (the word used by the
British to describe the process of converting
or changing over to the metric system), this
paper refleets the official position of the
NCTM which “cncourages the universal
adoption of the metrie system of measure.™
"= 1948 the Twenticth Yearbook of the

NCTM was devoted exclusively to docu-
muenting the desirability of officially adopt-
g the metrie system in this country. In
three of the fast four years, NCTM Dele-
gate Assembly resolutions have focused on
the metric question: these have been ac-
cepted by the Board of Directors and
referred to the appropriate committees. The
1972 “that the NCTM
continue ta support the adoption of the
metric system and encourage that this be
A svstem to be taught by teachers of all
erades, along with other systems of mea-
surement, beginning in the 1973-74 school

year.”

resolution urges

Early measurements

In 1890 1. W, L Glaisher said, *T am
sure that no subject loses more than mathe-
maties by an attiempt to dissociate it from
its history.”™ Certainly we show no  dis-
respect to mathematies if we restate this by
substituting measurement in gencral, and
the mietric system in particular, in  this
dictum. The history of mcasurement in-
cludes practical origins, theoretical aspects,
cultural sidclights, and pedagogical impli-
cations,

We teach our children that the process of
measurement assigns o number to some
physical characterization of an object. It
muay be u characterization of length, vol-

ume, capacity, mass, or weight, To do this

17
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‘¢ must begin with a unit that exemplifics

the same characteristic that we wish to
measure, By determining how muny  of
these units are “contained™ in the object
or quantity to be measured, we arrive at
the appropriate number, or wmeasure, of
the object,

The carliest units of length found in
recorded history clearly indicate that man
found it convenient and simple to use his
own person for defining, and indeed sup-
plying, measuring units. The interesting
story of the historical development of mea-
sures and weights cannot be detailed here.
But certainly our children should hear of
the cubit und the fathom. the thousand
paces, and the “three harleycorns round
and dry from the middle of the car.™”

In carly times the relative size of the
object to be measured  determined  the
choice of a larger or smaller unit as the
mcasuring stick. If one measures the fength
of an object with some particular unit, it is
unlikely that the unit measure will be con-
tained an exuet whole number of times in
the given length. Eventually, simple round-
ing off of such a meusure could not be
tolerated and the use of a “smaller unit”
was needed to give a more careful reading.
The seemiagly natural relations between
certain of the different basie units un-
doubtedly sufliced for a time (hand = 4
digits. yvard = 3 feet). but the basic
principle of subdividing a given unit into
a certain number of cqual subunits was
the inevitable refinement.

W
!

Although cach person had his own
built-in measuring system, the units varied
from individual to individual, If barter or
purchase involved a specificd number of
such units, uncqual sizes of the unit pre-
sented obvious difficulties. It was natural
that persons of the same community would
agree on certain standards reasonably ac-
cossible to cveryone. As commerce grew
and man hecome more mobile. the need
for standards acceptable to larger groups
and  geographical arcus became obvious.
Again, the carly development of standard
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involved to give in any detail here (Ameri-
can National Standards Institute, pp. 7-
14). For our purposes, we pick up the
story at two related points in history.

The Jefferson plan

The United States  Constitution, as
adopted in 1788, provided that Congress
shoul-l have the power “to coin money, . . .
and fix the standard of weights and mea-
surements.” Prior to this, under the leader-
ship of Thomas Jefferson and Robert
Morris, the Congress of the Confederation
had adopted the dollar as the fundamental
monetary unit, based on the Spanish piece
of cight. So that parts and multiples of the
fundamental unit weuld be in an casily cal-
cufated proportion to cach other, the deci-
mal ratio was clearly favored. So in 1786
a completely decimal system of coinage
was approved by Congress, and by 1792
the coinage svstem was finally implemented
with the establishment of a mint,

In 1790 Thomas Jefferson, as Sccretary
of State, was requested to prepare a similar
plan for u unificd system of weights and
measures. His response emphasized several
features. The first was the need for an
invariable standard of length. This he based
on the pendulum principle—essentially, a
cvlindrical iron rod of such length that a
swing from one end of its arc to the other
and back again would take two scconds.
This based the standard on the motion of
the carth on its axis, For linear mcasure,
this rod (about 58.7 inches) was to be
subdivided into five equa parts, cach to
be one “foot.” As a second feature, the
svstem sugeested was, like the coinage sys-
tem, decimal in nature. The basic foot was
to be successively subdivided, ecach time
into ren parts. forming inches, lines, and
points. Similarly. 10 feet were to equal 1
decads und derived larger units, all based
on successive multiplication by ten, led to
roods {sic]. furlongs, and eventually to the
mile (10.000 fect),

The ounce was to be the basic unit of
weight, derived from the weight of a cubic
inch of rainwater. Agiin, the multiples
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and  subdivisions were all decimally ar-
ranged, with o pound equal to ten ounces.
(A cubic foot of water would thus be di-
vided into one hundred new pounds of
ten ounces cach.)

Jeflerson’s plan was discussed by Con-
gress over a period of six vears, but no Liws
were passed as a result of his work. Al-
though Jetferson used some of the same
names (inches, feet, ounces. pounds) for
his new units, which were not oo far re-
moved in size from the old units they were
to replace, the division of the foot into ten
inches and the pound into ten ounces may
have been o part of the reason for hesita-
tion on the part of Congress. Another reit-
son, undoubtedly, was the discussion of «
new  measurement system that was con-
currently taking place in France.

It should be noted that Jefferson's plan
involved three important prineiples: (1)
the standard unit of length should be based
on some unchanging, absolute standard
found in the physical universe; (2) the
basic units of length, volume, and weight
should be direetly related to each other:
and (3 the speeitically: named multiptes
and subdivisions of the standard units
should be decimally related. In presenting
a plan based on these idens, Jefferson was
following the same principles previousiy
advanced by scientists and mathematicicas
clsewhere in the worid, Qur attention turns
to an carlier time. across the ocean,

The beginning of the metric system

By the late middle ages o complex as-
sortment of measuring systems had been in
use throughout all of Europe. Intense
provincialism and the pressure of tradition
contributed to this, as did the custom to
give measarements in the units unique to
the ohjeet to be micasured. Thus, land wias
measured in rods. horse’s height in hands.
depth of water in fathoms, diumonds in
carats, and so on. For many years the state
of trade and technology was such that
socicty could function satisfactority cven
with such variations.
@ U scientitic advances made during the
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seventeenth and cighteenth centuries indi-
cated the need for a change. As men like
Newton (in physies) and, later. Lavoisier
(in chemistry) needed increasingly more
decurate measurements o investigate and
to substantiate their theories, existing sci-
entific instruments were improved on, or
new ones were invented. The need for
iternational standards of mcasurement in
communicating the results of rescarch and
study to seientists wus obvious.

A final impetus tor a reform of the sys-
tem of measurement came at the time of
the French Revolution when reminders of
the feudal system and of kings who ruled
by divine right were to be discarded. Wide
variations existed in measurements, with
accompanying errors, frauds, and disputes.
Fortunately, the change to o new system
wias made with serious regard for broad
implications for the future. The three prin-
ciples listed previously in connection with
Jefferson's work were advanced in secking
arctorm, with the added provision (in 1790)
rhat the Roval Society of London wis in-

‘ted to join with the Academy of Science
ot Paris in deducing an invariable standard
for alt measures and all weights which could
then receive uniform aeceptance.

The French Academy began work im-
muediately—{ortunatelv, for  the  British
never aceepted  the invitation—and  pro-
posed, first of all, u fully decimal-based
system. Shortly thereafter they specified
that the unit of length should be equal to
onc ten-millionth of an are representing
the distance between the North Pole and
the cquator (a quadrant of the carth's
nieridian) . This standard unit of length was
to be called the metre (we write meter).
derived from the Greek wmerron “a mea-
sure.” The basing of the standard on the
length of an arc of some part of a great
circle of the carth was first proposed in
1670, along with its decimalization, by the
French abbé, Gabriel Mouton. He also
suggested an equivalent definition based on
the length of a pendutum that would beat
3.959.2 times in half an hour at Lyons.
France.
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Preliminary calculations  had  already
been madce in 173940 when the land seg-
ment of the meridian passing through Paris
with both cnds terminating at sea level had
been micasured. This segment began on
the northern coast of France at Dunkerque
and ended at the Mediterancan Sea at Bar-
celona, Spain. It was the longest length of
an accessible arc available in Europe, ap-
proximately 9 degrees and 30 minutes. The
preliminary caleulations made in 1740 sup-
plied a provisional form of the meter which
wis 1o be used for almost ten years, In
1793 o provisional kilogram  was
adopted-—the weight in o vacuum of |
cubic decimeter of distilled the
freezing point,

From 1792 to 1798 4 sccond survey of
the arc was accomplished, though only
under the most adverse circumstanees. Also
at this time, additional experimentation was
carricd out in the weighing of water at
various temperatures, since temperature af-
fects density. Thus in 1799, the provisional
meter and kilogram were replaced by the
newly established  standards. (The  pro-
visional meter was 3 millimeter too tong.)
A standurd meter and a standard kilogram
were constructed of platinum and deposited
in the Institut National des Sciences et des
Arts.

The activities in France during the 1790s
coincided with the placing of Jefferson’s
plan before the U, S. Congress. Speeial
committee reports to Congress spoke of
the plans of the French, and although they
noted the desirability of uniformity in mea-
sures and weights of all commercial nations,
they did not recommend a change in the
existing measures in the United States. In
1795, copics of the French provisional
meter and kilogram wore sent to the U, S,
Government in an attempt to obtain true
international uniformity. But the prevailing
political conditions of that day (the United
States had refused to take sides ina dispute
between the British and the French at that
time) did not offer a favorable climate in
Congress. This, together with the Jetferson
=-~oposal and the traditional vicwpoint that

also
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advocated no change, resulted in no action
whatsoever by Congress,

To accompany the establishment of the
metric system in France, all European
countrics were invited in 1748 to send
representatives to Paris to learn of the sys-
tem so that it might be accepted ultimately
as an international  standurd.  Although
none of the nine countrics that responded
to the invitation adopted the system at that
time, the educational impact of this effort
was to be felt at a fater time.

France itself did not achieve immediate
suceess with its new system. Mandatory
though it was, it could not be enforced,
since sccondary standards had not been
distributed to the various governmental
agencies throughout the country, fet alone
the commercial and houschold users. The
situation was further complicated in 1812
when Napoleon Bonaparte issued @ decree
establishing o svstem of measures icrmed
usuelle, based on the metric system but
using old unit names and ratios rather than
the decimal svstem, The confusion resulting
from the increase in the number of mcea-
sures wus so great that in 1837 an act was
passed abolishing the wswelle system and
returning to the original decimal metric
systenm. By 1840 the mere possession of old
style weights and measures was punishable
to the same degree as theirillegal use. Thus,
the conversion was to be effected.

The Adams report

During the carly 1800s. the Congress of
the United States was preoccupied with
matters pertaining to the growth and ox-
pansion of the country to such a degree
that it still did not make provision for the
uniformity of weights and measures pro-
vided for by the Constitution. In 1816
President Madison reminded Congress of
this fact. Heneeo o vear later. President
Monroe's Seeretary of State. John Quincy
Adams, was asked by the Scnate to pre-
pare & new statement concerning the regu-
tations and  standards which  could be
adopted in the United States. The Report
Upon Weights and  Measures, issued by
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Adams in 1821, has become a clussic in
the history of the metric controversy in
the United States, Its exhaustive treatment
of the advantages and disadvantages of both
the English and metric systems to the
United States in 1821 was such that both
proponents and opponents of the metric
system were to turn to it for years to come
m support of their positions. While the
theoretical advantages of the metric system
were described by Adams., the practicability
of the system remained much in question.
The altering of the system by Nuapoleon
was an indication of the inability of the
system to gain proper acceptance. Adams
therefore recommended  that, while  the
United States should confer with the gov-
crnments of  France, Spain. and Great
Britain in the attempt to develop the prin-
ciple of uniformity in weights and mwea-
sures, any action that would be taken to
achicve uniformity in the meantime should
be within the framework of the British
Standurds.

The recommendations of the Adams re-
port were a realistic response to the con-
ditions existing in the United States in
1821, Unfortunately, at the sume time,
they were to preclude further consideration
of the metric system for the next forty
vears.  During  those years the country
would experience such great developments
in transportation, commerce, and industry
as to give it a feeling of independence from
the need for international uniformity in any
sustem.

Uniformity achieved

While no action of any sort was im-
nediately tuken by Congress in response
to tne Adams report, within ten years an-
other clause of the Constitution was to
have its etfeet. In 1830 the Seerctary of
the Treasury was direeted to make a com-
parison of the stundards of weights and
meuasures used in the  principal custom
houses of the United States. The wide
variation in these standards, which were
used for purposes of taxation, clearly in-
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of the Constitution, that “all dutics, im-
posts, and excises shall be uniform through-
out the United States.™ The Treasury De-
partment felt it had sufficient authority to
correct this situation without further legis-
lation, and. theretore, adopted the yard,
the avoirdupois pound, and the Winchester
bushel as the official units. The unofl.cial
stundurd of length was bused on a copy of
the Troughton scale, an 82-inch bronze bar
with an intaid silver scate obtained from a
London instrument maker in 1814, The
distance between the 27th and 63d inches,
representing 36 average inches of the bar,
was taken to be equal to the British vurd
at 62 degrees Fahrenheit. During the period
from 1836 to I856. Congress provided
that complete sets of standards of weights
and measures should be supplied to all
states and territories. and the individual
states adopted these as their standards of
weights and measures, Unitormity of mea-
surements  had been secured throughout
the country!

But interest in the metric system wus not
completely deud in the United States. The
activities of  Alexander Dallas Bache, a
great-grandson of Benjumin Franklin, re-
flected the continuing concern for a simpler,
but more uniform system of weights and
micasures. In 1843 Bache was appointed
Superintendent of the Coast Survey, and
as such was responsible for the Office of
Weights and Measures, In various reports
to Congress, he noted that the current ar-
rangement of weights and measures was
“deficient in simplicity and in system™ and
argued  for the universal uniformity  of
weights and measures,

The attention of Congress to the prab-
lems of the Civil War period gave low
priority to these and other plans for the
adoption of the decimal system. In 1863
the Nationul Academy of Sciences was
established by an act of Congress, Tts first
president was the same Bache, who was to
see that its finst established committee was
on Weichtse Measures. and - Coinage. A
~tinding committee of similur name was
created by the House of Representatives



ERI

[ Q]

2 A METRIC HANDBOOK FOR

in 1864, This committee initiated legista-
tion that, in 1866, made it lawful throvgh-
out the United States of America “to em-
ploy the weights and measures of the metric
syatent.” While o date by which the use of
the system should become mundatory was
not included, it was anticipated that after
a short period a further act would fia the
date Tor its exclusive adoption.

Shortly  thereatter tuken
abroad for the ostablishment of an im-
proved internationad metric system. In {875
the “Treaty of the Meter™ was signed in

.\[L‘PS Were

Paris by seventeen nations, including the
United States. This provided for the estab-
lishment of o permanent  International
Burcau of Weights and  Mceasures with
headguarters near Paris, and for the fabri-
cation of new international prototypes. In
1890 the United States received prototype
meters No, 21 and No. 27 and prototype
Kilogrums No. 4 und No. 26 Three vears
Lter, by administrative action of the Super-
intendent of Weights and Measures, these
were declured to be the nation’s funda-
mental standards of fength ind mass: and
the units of the English customary system
were defined by carefully specifying what
fraction af a meter would constitute a vard
and what fraction of o Kilogram would
constitute a pound,

While the preceeding account summa-
rizes the positive action in establishing nu-
tional standards of measure in the United
States, it by no means covers the entire
story of the proponents and opponents for
the adoption of the metric system in this
country.

The metric controversy

The history of the metric system con-
troversy in the United States has reeently
been published as one of the substudies of
the UL S, Metrie Study (Treat 1971).

Perhaps the longest running debate in the history
of this country iv whether the United  States
should  coavert ta the metric svatezm, 1o the
course of almost two centuries Jdosens of areu-
ments hine heen advanced, attacked, and Jde-
fended with a pussion inspired by o topic with
faplications that are both intensely practical und
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intellectually stimulating (De Simone 1971, p
KRR

The substudy report records, in fascinat-
ing detail and with complete documenta-
ton, this debate, which bas been held not
only in the committee rooms of Congress,
but also in
publications, scientific socictivs, enginecring

cducational institutions and
arganizations and trade journals, boards of
commerce and trade, and in the public
Press.

Some idea of the focus of interest and
time clement involved is obtained from the
following listing of the major periods of
Charles  F,

activity treated by historian

Treat,

b The period of consolidation (1786-
| 866

2. The cducational (1886-
188Y)

3. The movement o introduce the metric
svatem through
(18Y0-1914)

4. The propaganda period (1914-1933)

5. The comprehensive
(1934-1Y068)

moyvenicnt

government  doption

study phase

A sumimarizing paragraph for one of these
periods——it happens to be that of 1914-
1933, although, as indicated. it would do
about as well for any of the previous
periods—-is the following:

For the most part, the argoments used by both
sides during this period were simply maodernized
versions of those that had been advanced for
decades. Fhe proponents continued 10 insist
thar the melric wis superior. that
should be adopted in the interests of interna-
tional uniformity. that the costs and difficulties
imvolved in adopting it swould be surprisingly
Jight, and thar the eventual displacement of
all other systems by the metric system was in-
evituble. Furthermore, it was said. the main-
tenance and improvement of our foreign trade
depended upon metric adoption. The opponents
of the system clatmed that the United  States
had already  achieved  greater uniformity and
stundardization using  the  customary - Fnelish
System than was epjoyed by amy other nation
on earth, that the size of our forcien trade was
in no way related to our system of weights and
measures. and that changing over to the melric
system would be confusing, costh, and  nol
productive of corresponding benetits. I addi-

syslfem



INTRODUCING THE METRIC SYSTEM 23

tion, the opponents claimed that what appeared
to be a popular clamor for metric adoption was
really an artificial demand that had been gen-
erated by insidious pro-metric  propaganda
(Treat 1971, pp. 227-28).

Recent developments

Events over a period of ten yeurs added
a sense of urgency, lacking befoie, -hat
were to culminate in 1968 in the most
significant investigation requested by the
U.S. Congress.

1957 The launching of the Soviet Union's
first Spuanik,

This created new interest in scientifie
cducation and rescarch.

1958 The U.S. House of Representatives
created a standing Conunittee on Science
and Astronautics.

The committee was given jurisdiction
over standardization of weights and mea-
sures and the metric system,

1959 The customary standards were of-

ficially defined in terms of metric units,
Countries using the customary units, in-

cluding the United States and the United

meter (1 inch = 2.54 centimeters) and the
avoirdupois pound us 0.45359237 kilo-
gram.

1960  The Eleventh General Conference
on Weights and Measures (of which the
United States is a member) redefined the
meter.

The “meter bar™ was abandoned as the
international standard of length, and a
wavelength of light was substituted
(1.650.763.73 wavelengths of the orange-
red dine produced by krypton 86 was de-
fined as 1 meter), This new definition was
a return to the original concept undertving
the metric system, namely, that an im-
mutable standard be found in nature, The
new determination is accurate to 1 part
in 100.000.000 and has the advantage of
being reproducible in scientific laborutories
throughout the world.

1960 The Systeme International d'Unités
(51)was established.

ERIC
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Adopted by the General Confercence on
Weights and Measures, it became the of-
ficial system, with the basic units of meter,
kilogram, second, ampere, kelvin, candela,
and other units based on these,

1965 Great Britain announced its inten-
tion to convert to the metric system within
1en years.

This was done after repeated requests
by industry that the conversion be made,
although it previously had been held that
any conver<ion would have to be accomp-
lished simultancously with a conversion by
the United States.

1968  The U.S. Congress directed the
Secretary of Conunerce 1o undertake the
U.S. Metric Study.

The purpose of the study was to evaluate
the impact on America of the metric trend
and 1o consider alternatives for national
policy.

I 1971, the Report of the U.S. Metric
Study was trunsmitted to the Congress of
the United States. The study was conducted
by the National Burcau of Standards of the
Department of  Commerce. The  report
recommended  “that the  United  States
change to the International Metric System
deliberately and carefully,”™ and that “the
Congress, after deciding on u plan for the
nation, establish o target date ten years
ahicad, by which time the United States
will have become predominately, though
not exclusively, metric.”

One of the most important recent de-
velopments to give urgency to metrication
is the increase in internationalized engineer-
ing standards. Engineering standards (not
to be confused with “measuring standards™)
are “norms” regulating size, weight, com-
position or configuration of products. and
standardization of practices. The Interna-
tional Orgunization for Standardization
(referred to as ISO—a simitar agency, 1EC,
is concerned with electrotechnical matters)
is a nongovernmental body “to promote the
development of standards in the world with
a view to fucilitating international exchange
of goods and services and te developing
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cooperation in the sphere of intellectual,
scientific, technological, and economic ac-
tivity (American National Standards In-
stitute, p. 36).7 The American National
Standards  Institute (ANSID) is the U.S.
member of both international organiza-
tions. The great majority of standards still
remain to be developed. Thus, by express-
ing utself in metric units the United States
has the opportenity to influence interna-
tional standards negotiations with its ¢x-
pericnce and technology.,

Closely retated to such international
standards is the matter of world trade. A
relatively slight drop in our exports of
“measurement  sensitive”  products could
mean the ditference between a favorable
and an unfavorable balince of trade for
the United States. The decision of Great
Britain to go metric leaves the United
States as the only industratized nation that
is not committed to metric conversionn.
Canada has mad the commitment, but has
delayed imypicmentation because of the
close trade relations with the United States.

The conversion act of 1972

On 18 August 1972, the US. Scnate
passed on a voice vote the “Metric Con-
version Act of 19727 (S. 2483). However,
action wus not taken by the House during
the final weeks of the nincty-sevond Con-
gress; so new action witl be required in
the next Congress.

Although chapter after chapter of the
history of the efforts to convert the United
States to the metric system has ended with
the words “but no action was taken by
Congress,” there are strong indications that
the last chapter is about to be written.
Even though many important investigations
and studies have been made at the request
of Congress over the nearly two hundred
years since the beginning of our country,
the U.S. Metric Study carried out from
1968-1971 is something different. No pre-
vious study was preceeded by so much dis-
cussion and careful consideration of the
overall objectives that such a study should
mect, No previous study was required to
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be conducted with such breadth and depth
in giving cvery sector of society an op-
portunity to express itself in public hearings
and special investigations.

Though Congress will need to begin
agin on a new metric conversion act in
1973, some idea of possible legislation can
be had by examining the 1972 Scnate
bill which reflected recommendations that
cmanated from the U. S, Metric Study.

1. it declared that it would be the policy
of the United States to encourage the sub-
stitution of metric measurement units for
customary units in all sectors of the ccon-
omy with a view toward making metric
units the predominant. although not ex-
clusive, language of measurement within a
period of ten vears. (Note that the metric
system is not to be the sole official, stan-
dard system of measurement—a football
ficld may very well remain 100 yards long.)

2. It encouraged the development of en-
gineering standards based on metric units
where it would result in simplification, im-
provement of design, or increase in econ-
omy.

3. It recommended  the establishment
of an eleven-member Metric Conversion
Board to oversee and implemient the con-
version process.

4. Tt recognized that federal procurement
policies would have to be used to c¢n-
courage gereral conversion to the metric
system.

5. It called for programs for cducating
the public to the meaning and applicability
of metric terms and measures in duily life,
for assuring that the metric system of mea-
surement becomes a part of the curriculum
of the nation’s educational institutions. and
that teachers be appropriately trained to
teach the metric system.

The following paragraph  summarizes
the UJ.S. Metric Study Report:
The wost and inconvenience of a change to
metriz will be substantial even if it is carefully
dane by plan. But the analysis of henefits and
costs made in [this report] confirms the intuitive
judgment of U. S. business and industry that
increasing the use of the metric system is in
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the best interests of the countrs and that this
should be done through a coordinated nutional
program  There will be less cost and more
reward thun if the change s unplanned and
occurs ever oo much fonger period of time (De
Stmaone W71, p. HTY

Metrication is indeed u decision whose
nme has come” for Amcrica. and pur-
ticalarly for it cducational institutions!
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C()mmonly listed advnntages of the metric system

oo The metric system s o simple. logiculty
plunned system. Iy decimal basis conforms to
QUE UM ration system.

2. the meter, which establishes the basis for

the entire system, s always reproducible from
natural phenomena and. therefore, is immune o
destruction: it s international in character and
well suited for precision work. The coordination
of mewsures of feneth, area, volume and miss,
combined with decimatization, facilitates com-
putatians,

3. Onee the ssstem of  prefixes has been
fearned, the uniformity in names for all types of
meisures makes for greater simplicity and euse
in changing to more convenient-sized units for
specitic purposes.

<, Although many of the claims of the amount
of time that can be saved in learning fractions
are probubly exageerated, less competence in the
manipolation of common  fractions would be
required of many students, and some restructur-
ing of time spent on such computation might be
profitably accomplished. Ultimately. when only
the metric system would be tanght. time could
be saved in the learning of conversion units
1t 120n, b vde = 3 ft 1 rdl = 1602 fr,
I mi o= 5280 ft., and so on) and in the learn-
ing of a second new system for use in science
L'L]\\L‘S.

5. For ordipary work. familiarity  with the
meter, eram, and liter would be sufficient. How-
ever. tor the engineer and the scientist, the new
International System of Units £SI), based on the
metric units, eliminates conversion protlems in
@ lations with derived units. That is, although

E lCr s universally defined as work per unii
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lime, it is variousty expressed in Blusec, therms/
day, fl-Ibhr, horsepower, calories “sec, walls, and
sa on, The use of two different rerms, Ailogram
and newron, for units of muss and force respec-
tively, eliminatex much of the confusion students
have concerning these concepts.

6. Greater participation of the United Stales
in the setting of internaticnal engineering stan-
dards would be possible since the metric system
is the universal language of measure. Exports,
foreign traude, and competition with other nations
will depend more and more on production under
metric standards.

7. A common measurement language that is
used by scientists, engineers, and industrial work-
ers would improve communication and reduce
barriers between different sectors of society.

8. The necessity of conversion would offer
fringe benefits. During the adjustment to the
new measurements, there would be opportunities
to climinate superfluous  varieties in sizes of
products, parts, and containers, and to make
additional worth-while changes in engineering
standards, construction codes, and products de-
sign.

(1t should be noted that men of honest persuasion
hive often listed slatements contrary to thase
given here as advantages of the customary sys-
tem. A comprehensive listing of both promeltric
and procustomary arguments is given in A Metric
America. [Report of the U.S, Metrie Study, 1971,
Order by SD Catalog No. € 13.10:345, $2.25,
from Superintendent of Documents, U.S. Govern-
ment Printing Oftice, Washington, D.C. 20402.]
Listed by ArRTHUR E. Hat1LLRBERG,
Valparaiso University, Valparaiso, Indiana
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1670

1740

1790

1799

1821

1840
IROO

1875

1880
1890

Historical steps
toward metrication

MARILYN N SUYDAM

Gubriel Mouton (u Lyons vicar generally regarded as the founder
of the metric system) proposed w decimal system of weights and
medsures, defining its basic unit of fength as a fraction of the
fength of o great cirele of the carth,

Prefiminary caleufations were made with o provisional form of a
meter.

Ametric svstem of measurement was developed by the French
Academy. The need Jor a wniforne system of weiglhs and measures
ways noted and divenssed inoihe U, Congress, but no action
way faken.

France officially adopted o decinral system of measurement,

A mecting was held in Paris to disseminate information ubout the
metric svstem,

The provisional meter and Kitogram were replaced by newly estab-
lished stundards.

A doctnent was Bvued by Tohn Quiney Adwny exhaustively lisiing
the advantages and disadvantages of both the Fnglish and metric
vvstenisy Adamy concluded thar “the time was nog right.”

France made use of the metric system compulsory.

Legislaion miade v “lawful throughow the US. 1o employ the
weielts and neasures of the netrie system.” The system was ol
made mandarory, although this swas anticipated.

The “Treaty of the Meter.” setting up well-defined metric standards
for length and mass. was signed in Paris by seventeen nations,
including the U5 The International Bureau of Weights and Mcea-
stres wis estabiished.

Most of Furope and South America had gone metric.

The US. received prototepe meters and kilograms.

Adapted from materials published and copyrighted by the Agency for Instructional
Televinion. 1974 Used by permission.
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The meiric protoiypes were declared by the Superintendent of
Weichts and Measures 1o be the “fundwnental standards™ for the
U8 other measures were defined in terms of the standard meter
and Kiloeram. (Thus, the vard iy legally defined as a fractional
part of a meter and the pound as a fractional part of a kilogram.)

Approximately forey hills on merrication were introduced in Con-
gress, hui no action was taken.

Crstomary unies were officially defined in terms of anetric wnits.

The meter was redefined in terms of a wavelength of light. The
muodernized  metric system, the International System of  Units
(Systeme International d'Unités), referred to as SI was established.

Grear Britain announced 1ts Intention to convert to the metric
system.

The U.S. Congress directed the Sceretary of Conmerce to under-
ke the three-vear US. Metric Study, to evaluate the impact of
the metric trend, and to consider alternatives for national policy.

As a result of the metric studyv, it was recommended thar the U.S.
change 1o predominant use of the metric svstenr through a co-
ordinated national program.

The Metric Conversion Act was passed by the Senate, but no action
way taken av the He se, so new action is required by Congress.

27@(
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Expc‘riences for metric missionaries

LOTTIE VIETS

As assistant professor of edwcation at Kansas State College,

Pittsbure, FLotrie Viens teaches methods for elementery school
mathematics. She previowsly served ax clementary supercisor in the
Horace Mann Laboraiory School ar Kansas Staie College and has taught

vrade levels one through cight in Kansas public schouls.

For the past 180 years, the United States
of America has been inching along toward
the almost universally adopted metric sys-
tem of weights and measures. Certain see-

The survey also showed that among those
who had attended college, cight in ten knew
of the existence of the metric system; and
of those who were aware of the system,

tors of our society—science, medicine, en-
gincering. and  athletics—are in various
states of transition at the present time.
Some important developments and major
¢ ~cistons of the United States government
regarding metrication, including a conver-
sion dute projected by the National Burcau
of Standards. are shown in figure 1.

A Gallup Poll, prepared in August 1971
and published in October of that wyear,
found that only forty-four percent of the
adults in the United States knew what the
mietric system was, und of these, only forty-
two pereent were in favor of adopting it.

their opinions favored adoption tive to four.
The former Scerctary of Commeree, Mau-
rice E. Stans, made this comment following
the survey:
The poll confirms our own investigations which
revealed that the more people know about metri-
cation the more they favor its adoption. Wha
is now needed is intemsive cducation of the
public on the significant benefits o be derived
from he system.!

The evidence, therefore, is clear. There
is an immediate need for education to

1. George Gallup, “Metiic Support Grows,” Kan-
sas City Sty (October 3, 1971 SAL

189 Metric Sysiem adepred oy U S War Departrment for medical work
1902 Metr¢ Systern adepted by U S Heaith Depar tment
19245 &1 vo hange to metric system fails

1332 Memc System adopted by

Americon Athietic Union

1268 Possage of US Memic Study Act

1A7 Report of the US Metric Study dedvered to Congress
1983 Froeced dote of the changecver 10
mesric system

1823 Meter ond kiiogram mode stondard

1875 Internchonal Bureau of Weights ond Measures estabiisned

BEG Congress outhorizes use of tne metric system :n ne United Stotes

1B21 Jehn Quincy Adams adveeates tne odophion of the metric system

790 George ‘Washington asks ‘or unifermity i weights ond meosure

O
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prepare the public for metrication. This
cducation can be done in large part through
clementary school children who can carry
the language. measurement  expericnees,
computation exercises, and problem solv-
ing involving the metrie system into homes
in our country. It remains the responsibility
of the school to give pupils the opportuni-
tics for meusuring and estimating measures
that Corle (1964 found nccessary in his
studies, Tt is the purpose of this article to
suggest experivnces that will aid teachers in
aceepting the chatlenge of educating chil-
dren who can be metric missionaries in this
period of conversion to another system of
weights and measures,

The initial emphasis in instruction should
be placed on teaching the fundamental
units—meter, gram,  and liter—and  the
prefixes that indicate the multiples and sub-
multiples of ten. Charts and models show-
ing basic terminology and the interrelation-
ship of the basic units should be given
pernmanent space for display for reference
purposes in the classroom. The picture in
figure 2 shows children muking use of such
materials.

iy MLASZS

To accomplish this beginning instruction,
cach child should be helped to develop a
kit of the units of measure that includes
materials like the following: string or rib-
bon the length of a meter, soda straws of a
decimeter length strung with varn to make
a nicter (can also be folded for decimeter
lengths), centimeter lengths cut from soda

ERIC
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straws, centimeter grid paper for construct-

ing the cubic centimeter and the liter.

Heavy cardboard meter sticks can be con-

structed for home use. These canbe kept at

home with the usual yardstick and used as

a measuring instrumient for homework as-

signments and routine houschold measures.
Children should be given guidance in de-

veloping references or approximate meas-

urements such as the following:

Height or arm streteh of a Kinder-
warten child

Distance of the chalkboard from the
floor

Length of a piece of chalk

Distance across face over eyes of a
child

Width of a finger

Length of a bean or an eraser on a
pencil

Thickness of heavy taghoard

Weight of a paper clip

| meter

I decimeter

I centimeter

1 millimeter
L grum

2 grams Weight of a sugar cube
5 grams Weight of a nickel
1 liter Capacity of gasoline tank of small

lawnmower

Charts and displays like those in figures 3
through 7 show common equivalents that
will be helpful for further reference while
accommodating the English  system  of
weights and measurces.




Conversion charts from pounds to kilo-
grams can be helptul for reference in indi-
vidual graphing of weight in kitograms. The

O
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Units of
Length

lydd  —

yard meter

Fig, 4

Units of
Weight

loz.+ —

ounce gram

Fig. 5
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Units of
Weight

21bs

lb.7

Pound Kilogram

Fig. 6

araphs could be started at school and com-
pleted in the home at regular intervals
throughout the school year. The classroom
graph in figure 8 shows the number of pu-
pils in weight ranges to the nearest Kilo-
gram. It should provide assistance to pupils
in preparation of their individual graphs.

Units of
Liquid Measure

f-fiqisﬁ —

3ats

2q%

Iqts

gallon quart liter

Fig. 7
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Number
of
students
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14

12

22-24 25-27 28-30 3I-33 34-36 37-39

Weight to nearest kilogram

Fig.

Children enjoy using an illustrated meas-
uring tape mounted on the classroom wall
to check their heights in centimeters for
later use in making graphs. The picture in
figure 9 shows children measuring their
heights. Charts of average heights that are
displayed in the classroom for comparison
purposes also appeur in the picture, Fach
child can also be helped to prepare one of
the measuring tapes for his home use.
Adding machine tape is suitable for this
project.

8

The reference measurements listed car-
fier could be put to use in estimating for
solving problems like the ones that follow:
How many meterr lengths of fabric would be
needed to muke vach girl in the first grade o long
dress for the school program?

There are 48 grams of sugar left in the box.
How many people can be served at a tea if
cach person uses one sugar cube?

Homework assignments might require
pupils to locate labels indicating weights

and measurements in metric language, The
following are exaniples:

1 box gelatin 85 grams

1 box soda crackers 198 grams

I can soup 298 grams

I bottle vinegar 355 cubic centimeters
I can vegetable juice 177 millititers

Other assignments could include muking
measurements of parts of  buildings. or
items in and around the home. and finding
perimeters, areas, and volumes in metric
measurement.  Finally, children will be
taught to muke conversions from onc sys-
tem to another.

These methods and materials cannot be
expected to be effective unless the stages
of children’s learning about measures and
the theory of measurce, among other factors
of teaching and learning, are recognized
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and observed by tcachers. However, the
suggestions given are the results of early,
concentrated efforts to provide immediate
and uscful ideas for meeting the impend-
ing challenge of teaching for the metric
changeover. Teachers cunnot  afford to
ignore or delay the privilege and duty of
teaching today’s children for tomorrow’s
world of metries as Congress prepares to
give the green light for conversion. Teach-
ers must assume the obligation to prepare
themselves, their pupils, and, subsequently,

METRIC SYSTEM:
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the public to meet our country’s commit-
ment to go metric.
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"Give me 40 liters"
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Metric cquipment: how to impmvise

JON L. HIGGINS

Mzmy commercial companies are now
making metric equipment for classroom
use, but until a targe number of industries
convert to the metric system, metric mea-
suring tools will probably be more expen-
sive than their English counterparts. Be-
licving that the best way for children to
learn the metric system is for every child
to have metric measuring tools for making
mecasurements, teachers may face sizable
purchasing problems. There is no substitute
for sturdy, durable, and accurate measur-
ing equipment, but if a school cannot
afford to buy such equipment immediately
for every student, there is no reason to
delay teaching the miatric system. Buy a
few good picces of equipment to usc as
standards, and then ook around for sub-
stitutes that cach student can use in the
meantime. You may be surprised to learn
that you are already living in a metric
world!

Dividing by ten

One of the basic difficulties in impro-
vising metric equipment is the problem of
dividing by ten. The problem of dividing
a given unit of length into ten equal parts
does not have an obvious solution to chil-
dren. If one takes a strip of paper and
folds it in half, in half again, and in half
once again, the creases will divide the
strip into halves, fourths, and eighths. (Is
this why the English system was divided
into cighths and sixteenths?) But how can
one divide a length into tenths?
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The answer lies in a nice picce of geom-
etry that older children might enjoy. Start
with a strip of paper representing a length
you wish to divide into tenths. Lay the
strip on a sheet of paper and draw a line
from the beginning of the strip outward
at an angle; any angle will do (sce fig. 1).

{ Strip to be subdivided ]

Fig. 1

Now take any convenient length unit,
and mark ten of them off on the angled
line, beginning at the vertex formed by the
line and the strip. You may nced to ex-
tend the line in order to mark off ten
lengths, or you may not use all of the line
(sce fig. 2).

| Strip to be subdivided

Fig. 2
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Draw a line from the end of the tenth
unit to the other end of the strip, as shown
in figure 3. Then draw parallel lines from
the ends of the other lengths, These par-
allels will intercept the strip, marking off
ten cqual lengths and thus subdividing the
strip just as we want it
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Fig. 3
Children may be able to estimate paral-
lel lines by simply sliding o straightedge
sideways. If this does not seem accurate
enough, they can construct parallels with
a compass and straightedge as suggested
by figure 4.

-

~
| Set compass here— 2. 2 Mark arc of
< . equal radius here
.,\""’ ) \(
o e
L .
3. Place straightedge

on length mark
and touching arc;
then draw the line

Fig. 4

For children not adept at using & compass,
the following method may be somewhat
casier. Perpendicular lines are extended
from both ends of the scgment to be sub-
divided, A straightedge with ten equal sub-
divisions is turned until its ends lic on the
paralicl lines, and the position of the
endpoint of cach subdivision is marked.
(The total length of the ten arbitrary sub-
divisions on the straightedge must be longer
than the segment to be subdivided.) Then
th wtraightedge s slid down slightly and
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the positions arc marked again. Corre-
sponding puirs of marks can be joined with
tines that, when extended, will intercept
the original segment, dividing it as desired.
Figure 5 illustrates this procedure.

' <—— Line segment

b to be subdivided
|

.

Length units

Metric measuring tapes can be made by
copying metric scales on strips of adding-
muachine tape. You may want to make
tapes that are as long as 5 or 10 meters to
help children visualize longer lengths, or
vou might want to usc the tapes for the
construction excercise discussed in the pre-
vious scction. Children can learn about
units and subdivisions in the process of
copying and making their own tapes.

Do you own a sct of Cuisenaire rods?
These rods are one square centimeter in
cross section, and their lengths range from
one to ten centimeters. The notions de-
partments of fabric stores often carry mea-
suring tapes that are marked in metrie
units, If you need smaller units, remember
that a dime is one millimeter thick.

Area units and volume units

Look for graph puaper ruled in squares
that are 2 millimeters on cach side. Rule
a picee of paper into grids of one square
centimeter. You may have a machine in
your school office that will make trans-
parencies for overhead projectors; if so,
make several transparencies using  your
ruled paper. These plastic sheets can he
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taid over ohjects and the squares counted
1o estimate arcas in squarce centimeters.

Building boxes in metric units to iltus-
trate metric volumes is a good exercise in
geometry as well as metric measurement,
Figure 6 illustrates some different patterns
for building boxes. How muany others can
your students think of?
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Weighing and weight units

Because the gram is a very tight unit of
weight, many older balances are not sensi-
tive cnough to be used successfully with
metric weights. Fortunately, it is fairly casy
to build an inexpensive balance that is
casy to use. The muin components of the
balance are shown in Figure 7. The heart

of the balance is a wooden stick, about 40
e long, Three cup hooks are screwed into
the stick, one in the middle on one side
of the stick, and onc at cach end on the
other side of the stick. A small nail s
driven into the stick opposite the middle
cup hook to serve as an indicator, Weigh-
ing pans nade fron small pic tins are hung
from the cup hooks at the ends of the
batance (tins from frozen pot pies work
well for this). The entire balance is hung
ym the center cup hook, A nail on a

wall, a string from the ceiling, or u wooden
upright stand will all make suitable sup-
ports for hanging the balance,

To usc the balance, hang it from its
support. You will need to adjust it so that
the stiek is horizontal when the pans are
cmpty. Onc casy way to do this is to
fasten small nails er paper clips with tape
to the light end of the stick. When the
empty balance is adjusted, mark the posi-
tion of the indicator nait below the center
cup hook. When weighing objects, put the
object in one pan and add metric weights
to the other pan until the indicator nail
returns to the marked position,

Sets of weights can be made by be-
ginning with nickels. A nickel weighs five
grams. Paper clips arc inexpensive and
uniform weights: however, sizes of paper
clips vary from brand to brand, so their
weight should always be checked against
the five-gram nickel. Cubes of sugar weigh
approximutely two grams and can be used
for weights, if you don’t mind losing a few
to nibblers!

For larger weights, check your pantry
at home. Many cans of soups and wvege-
tables are now muarked in both ounces and
grams. Muctric weights arc usually found in
small print on the sides of can labels or
the small side panels of boxes. A quick
trip to one pantey turned up & 305-gram
can of chicken noodle soup. a 425-gram
can of beans, and a 907-gram box of pan-
cake mix.

Temperature units

Thermometers may be reculibrated to
the Celsius  temperature  scale. Put the
thermometer in a pan of ice and water,
and mark the lowest point that the mer-
cury reaches. (Dip only the bulb of the
thermometer in the water; if the stem is
dry you can murk the fevel of the mercury
with o grease pencil or a small piece of
wape.)

Now place the bulh of the thermometer
in a pan of boiling water and mark the
highest Tevel the mercury reaches, The
two marked points are the 0 {freezing) and
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100 (boiling) points on the Celsius scale.
Lay the dry thermometer on a picce of
paper and copy the two muarks. The dis-
tance between these marks must now be
subdivided into 100 equal  picces. This
task is anc of subdividing Tengths, and the
geometrical procedure discussed cartier can
now he used.

Accuracy

Making your own Celsius thermometer
sacrifices  the accuracy in favor of low
cost. The temperature of the ice and water
mixture nmay not be exactly the tempera-
ture at which water freezes, and the tem-
perature of the boiling water depends on
the air pressure of the room. However,

O

RIC

Aruitoxt provided by Eic:

METRIC SYSTEM:

ACTIVITIES 39
you may find that you gain new attitudes
toward measurements and measuring in-
struments when you make or adapt them
voursell, The mystery of a thermometer
scale tends to disappear when it is treated
as a special Iength scale,

In a similar fashion, constructing weight
units out of familar everyday objects may
muake the weighing process seemt much
more practical than if one relied exclusively
on brightly polished brass weighis. Con-
structing units of length, arca, und velume
quickly imparis the idea that the metric
system is a constructed system. In the end,
vou may discover that saving money is the
least important reason  for improvising
metric cquipment.
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Think metric—live metric

RICHARD J.
and JON L.

Supposc we aceept the premise that we
should fearn the metric system. What kinds
of knowledge would be needed? How could
ene best aequire such knowledge? One
place to begin is by looking at yourself.
Try your hand at the following sample
test items, Can you make reasonable esti-
mites or guesses?

. The height of & man playing center on
a typical high school basketball team is
approximateiy

a) 6 m

h) 240 m

¢) 2m

dy 78 cm

20 My car was a little low on oil so the gas

station attendant reccommended that T add
a can of oil containing

ay 2 mi

by 11

¢) 10 ml

d) 201

3. The diameter of a coffee cup is about
a)y 1 cm
b) 8§ cm
¢) 20 em
d)y 50 ¢cm
4. In order to bake a pizza, onc should set
the oven temperature at about
a) 100 C
hy 400 C
¢y 220 C
dy 600 C

O

RIC

Aruitoxt provided by Eic:

SHUMWAY, LARRY A,
HIGGINS

40

SACHS,

5. A good weight for a college-age girl of
average height would be about

a) 130 gm

by 40 gm

¢) 150 kg

d) 55 ke

6. The length of a ear is approximately
a) S m
by 15 mm
¢) 26 m
d) 3 em

7. The capacity of a classroom aquarium
is usually about

ay 10 1

by 200 ml

) 40 1

d) 25 nml

3. A goud temperature to set your home

thermostat at for comfortable living would

be
a)
h)
)
d)

90 C
32 C
70°C
20C

(Answers for these items can be found at
the end of the article.)

Living mctric will certainly  require
cvervday knowledge of the type reflected
in these test items. it probably will not
require cxtensive ability to compute unit
conversions  accurate  to  three  decimal
plices. Decisions will necd to be made more
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rapidly than the time required for com-
puting cquivalents; however, most cvery-
day decisions do not require a high degree
of precision. Thus, except {or a very few
technical jobs, living mwetric will require
fumiliarity with the system so that reason-
able estimates can be madc,

How can you acquire this famibiarity?
We propose that you go “‘cold turkey.”
That is, don’t even think mectric, just live
metric. Two rules arc important: (1) all
measure must be metric, and (2) you must
“get your hands dirty;™ Q.. you must be
willing to mcasure in order to learn mea-
sure,

To quote an old adage, education beging
in the home. Start with your thermometer.
Make ten labels that you can stick over
the scale of your thermonieter, one label
with cach of the following numbers; —40,
=30, =20, —10, 0, 10, 20, 30, 40, 50.
Table | shows over which number to put
cach label.

Table 1
Temperature conversion

Celsius Fahrenheit
— 40} - 40,0
— 30 ~22.0
— 20 -4
- 10 14.0

1] 2.0
10 50.0
20 68.0)
30 86.0
40 104.0
50 122.0

Here is the computer program used to
generate the table:

10 FOR C == -0 TO 50 STEP 10
0 LET F - 9¢C /54232

30 PRINT USING 40. C,F

40 IMAGE

S0 NEXT C

For cxample, the O should be pasted
over the 32 mark on the Fahrenheit scale,
the 10 over the 50 mark, and so on. Be
SUITC you cover up the old numbers com-

E TC‘ely so that you can’t scc the tempera-
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ture in Fahrenheit. Now take o thin strip
of paper and cover up the subdivision
nuarks from the old seale. You can estimate
the appropriate subdivisions between  the
new Celsius numbers,

You may be uncomfortable about read-
ing temperatures in Celsius degrees at first,
but if you muke yoursclf live metric, you
will soon feel just as comfortable with
numbers like 10, 20, and 30 as you uscd
to feel with numbers like 50, 70, and 90.
You have to be ruthless, though, and cover
all the old Fuhrenheit scules so that you
foree yourself to live metric.

Now to the bathroom scale. Make
twenty labels for the numbers S, 10, 1S,
20, ... 90, 95, 100, Peet back the material
around the window of your scale so that
the window may be removed (see fig. 1).

Then, using table 2, paste the fabels over
the appropriate numbers.

Table 2

Weight conversion—bathroom scale
hy ths kg ths

5 1 65 143

10 22 70 154
15 13 75 165
)] 44 80 176
25 55 85 187
30 66 90 198
35 77 95 209
40 htd 100) 220
45 99 105 231
30 110 LD 243
35 121 IS 254
) 132

For ¢xample, the § would be pasted on
the scale at 11, the 10 at 22, the 15 at 33,
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and so on, Again, give yvoursell no svm-
pathy, Cover up the old numbers and the
old subdivision marks completely. Don't
use table 2 to convert back to pounds
again—-put it away! Once your scuale is
labeled, you no longer need wable 2, The
best way to get used to kilograms is to
have to use kilograms.

Now relabel those old vardsticks! Paste
new numbers at the positions shown in
table 3,

Table 3
Length conversions
i o
+4 10
R 20
78 20
1534 40
19 5 8 S0
23508 60
271 2 70
it 2 80
RARI 0

Cover all the old numbers and scale
divisions,  Estimate the subdivisions  be-
tween the new centimeter numbers.

You muay prefer to destroy vour old
vardsticks and make new meter tapes. Two
meters is an ideal length for many pur-
poscs. and buckram  (availuble at most
fabric stores) is a near-perfect, yet inex-
pensive, material, Buckram usually comes
in three-inch widths (fabric stores haven't
completed their metric changeover) that
can castly he torn lengthwise into strips.
Make three strips. cach about 2.5 cm wide.
Cut them into two-meter lengths, Using a
meter stick and a felt-tip marker, dimen-
sion and label your tape measure with
divisions and numerals as are desirable and
practical. (A scale of centimeters is usually
fine. with possibly some millimeters shown
at the beginning. )

Again, remember that the point of Hving
metric is to make a complete change,
Change @l vour yardsticks, or destroy
them, or fock them away forever! You'll
{111(1 that forcing yourself to live metric
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will eventually make thinking metric a very
natural thing to do.

There are many other changes you can
make in your home. Use the information
in table 4 to begin lubeling other things
in vour home. Be a little goofy about it
You can make it fun!

Don't forget to relabel the tools you use
for your hobbies. Sewing. woodworking,
photography, travel, and so on, are all
ideal vehictes for learning to live metric
because the sizes of things are familiar to
youl.

Living metric in the classroom

When you have relabeled your hame,
start relabeling your classroom and school,
You may want to accelerate the pace at
which the metric system is used by creating
special measuring activities, Use the new
meter stick or tape measure to become
fumitiar with some common lengths in
metric. Are you 1.6 m tall with a waist of
60 cm? Is your pencil 11.5 em long and
vour notebook paper 22 cm wide? As you
become more comfortable with metric
lengths, estimate before you actually mea-
sure. You may be surprised at how quickly
the accuracy of your estimates improves,

Do yeu have a juice or Kool-Aid break
in vour class? Turn it into an expericence
with metric volumes. Let the children order
the amount they want in metric nicasures.
An order for ten milliliters receives less
than u tublespoon full; a request for two
liters gets o half-gallon pitcher full!

Besides requiring children to practice
their metric knowledge and adding a little
humor, this is an cxcellent opporturity to
emphasize the volume/mass relationship,
Try using styrofoam cups that have a very
small mass (less than 5§ g). If a child re-
quested 150 ml, how could you check how
accurate the dispenser of the juice was
with his cstimate? If you were thinking
“weigh the juice and cup,” you're right!
Since juice is mostly water and one milli-
liter of water at 4 degrees Celsius weighs
one gram, the weight of the juice in grams
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is a goad approximation of its volume in make for a better game. First, accept “ball
milliliters. park™ answers as correct. I one player
After vou have introduced a scries of oucsses the width of a desk to be 80 cm
individual activities for practicing metric when it is actually 88 em, for example, he
skills, it's interesting to get the class to- should certainly be given credit, A guess
gcther for a metric countdown, Prior to of 50 c¢m, though, is probably not close
its start, cach child should have measured cnough, Onc persoi. can act as  judge,
and fabeled several items for use in the basing his decisions on the ability level of
countdown. Divide the class into two teams the group. Sceond. if one person on cach
and proceed as in o spelling bee, where team misses an item, it is best to announce
the object is to guess the metric measure- the correct measurement and go on to the
ments of different items. Two modifications next item.
Table 4
Other metric conversions
Distances to Places You recel KNitchen Scale Room Dimensions
Sk Imi [0 em RER Y2 0.221h 1.0m RERE
10 km 6 nu 200 am 7.1 0/ 0.4 I 1.5m 4.9 11
t3ikm 9 N0 gm 10,6 07 0,66 1b 2.0m 0.6 11
20 km 12 nu 400 gm 141 o .88 Ih 2.5m 8.2
25 km 16 mi SO0 gm 17.6 0/ 110 .0m 9.8 {1
0 km 19 it 60 gm 2120, 1,321 3.3m 1.5 101
35 km 22 nu TOO gm 24.7 oz 1541 J.0m 1311
40 km 25 8O0 gm 28.2 0z 1.76 1b 4.5m 14.8 11
45 km 2R mi 900 gm M7 oz 1.98 1b S.0m 16,4 I:l
S0 km 3o 1000 am IS 3oz 2.2010b 5.5m 18,0 1t
100 ki 62 mi 1100 gm 388wy 2430 6.0m 19.7 tt
150 km Y3 nu 1200 gm 42,3 0/ 2,635 10 6,5m 2.3 11
200 km 124 mi 1300 gm J5.9 0/ 2871 7.0m 23.0 11
250 km 135 mi 1400 gm 19 4oz 3091 7.5m 23,611
00 km 186 nu 1300 gm 5290/ RPRIN I R.0m 26,2 11
350 km 207 mi 16X) gm 56,4 0/ RERRE IS 8.5m 7.9 1t
400 km 249 nu 1700 am 600 o7 3750 9.0m 2.5 11
430 km 280 mi 1800 gm 63,50 3971 V.5m RIPREL
SO0 km RIR A 1900 gm 67.0 0, J.19 1b 10.0m 2.8 11
1000 km 621 i 2000 gm 0.5 07 440D 10.5m RESNA
1506) km 932 I.Om RIR IR
20600 km 1243 o
2500 km 1353 nu Kitchen Caracition
D0 km 1864 mi Serub Pail
3300 km 2075 2. mi b2 teaspoon
J000 km 285 S oml I teaspoon 11 1.1 gts
15 ml I tablespoon 21 2.1 gts
6 ml I deup 3 3.2 g
Specdometer S0 md I 3cup Ji 4.2 qt8
120 ml I 2cup hl! 5.3 gts
20 km hr 12mi hr 60 mi 2 Xoup 61 6.3 gts
40 km hr 25 hr IS0 mi 3 odeup 71 7.4 gt
60 km hr 37 mi hr 2400 ml I cup b .5 s
8O km hr Srmi hr G 9.5 Gts
100 km hr 62 nu hr 101 10.6 gts
1200km hr 75mi hr
1[40 km hr 87 mi hr Drink by Glass and Pircher Cias Tunk
1060 ml LN os 101 2.6 pal
Ocven Temperature 200 ml 6.8 11os 201 5.3l
300 mi 101 1oz 301 7.9 val
¢ 2127 400 ml 13,511 os EUN 10.6 gal
“C 2577 500 mi 16.9 11 oz 301 13.2 gal
“C 0201 600 ml 2034l os 6o 1 15.9 wal
¢ MTF 700 ml 2371 oz 701 18,5 ual
“C ECRIES 800 ml 271 1oz 801 2001 gal
e 43707 9t il 0.4t os 90 1 23.8 gal
°C JR2°E 1000 ml BRitos HO 1 26.4 gal
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The list of activitics and games that
will encourage children to live metric s
endless, Once you have converted your
house and classroom to the metric system,
get out your plan book and convert your
own time-tested  classroom  activities  to

O
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metric. Once you do, you'll find that think-
ing metric and living metric is not only
casy, but enjoyable!

Oh, yes, the answers to the sample test
ems are 1, ¢ 2, by 3, by 4, ¢; 5, d,
6, a; 7, ¢ 8, .
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Procedures for designing your own
metric games for pupil involvement

CECIL R. TRUEBLOOD

MICHAEL SZABO

and

Currently an associate professor in mathematics education

at Pennsylvania State University, Cecil Trueblood is particularly

interested in the teaching of mathematics in the elementary school.

Michael Szabo, also at Pennsylvania State, is an associate professor

of science education. His educational interests center on instructional

development, individualized instruction, and complex problem-solving.

Although much has been written on the
values of mathematical games in the ele-
mentary grades and many game books have
been published, little has been written that
would help classroom teachers design, pro-
duce, and evaluate games for use in their
classroom. The focus of this article is to
present a set of seven criteria that were de-
veloped in a summer workshop for inser-
vice elementary teachers who decided that
they wanted to be uble to produce metric
games and related activities that would fit
into their “metrication” program.

The teachers in the workshop began by
asking a practical question: Why should T
be interested in producing my own metric
games? They concluded that the game
format provided them with specific activi-
ties for pupils who did not respond to the
more typical patterns of instruction. They
felt that in the game format they could
provide activities of a higher cognitive
level for pupils who had difficulty respond-
ing to material requiring advanced reading
skills.

The teachers then asked a second ques-
tion: Docs the literature on the use of
mathematics games contain any evidence
that would encourage busy classroom
teachers to use planning time to develop
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their own games? The available profes-
sional opinion supported the following
conclusions:

1. Games can be used with modest
success with verbally unskilled and emo-
tionally disturbed students, and students
for whom English is a second language.

2. Games have helped some teachers
deal with students who present discipline
problems because they are bored with the
regular classroom routine.

3. Games scem to fit well into class-
rooms where the laboratory or learning-
center approach is used. This seems re-
lated to the feature that games can be
operated independent of direct teacher con-
trof thus freeing the teacher to observe and
provide individual pupils with assistance
on the same or related content,

Plan for development

If for any of the reasons just cited you
are interested in designing and evaluating
several of your own metric games, how
should you begin? Simply use the following
checklist as a step-by-step guide to help
you generate the materials needed to create
your game. Use the exemplar that follows
the checklist as a source for more detailed
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suggestions. Each item in the checklist has
been keyed to the cxemplar to facilitate
cross referencing.

CHECKLIST GUIDE

e Write down what vou want your
students to iearn from playing your
game, (Establish specific outcomes)

..... . Develop the materials required to

play the game. (Make simple ma-

terials)

Develop the rules and procedures

nceded to tell each player how to

participate in the game. (Write
simple rules and procedures)

. Decide how you want students to
obtain knowledge of results. (Pro-
vide immediate feedback)

.Create some way for chance to en-
ter into the playing of the game.
(Build in some suspense)

- — Pick out the features that can be
casily changed to vary the focus or
rules of the game. (Create the ma-
terials to allow variation)

. Find out what the students think of
the game and decide whether they
lcarned what you intended them to
learn. (Evaluate the game)

The exemplar
Establish specific outcomes

By carefully choosing objectives that in-
volve both mathematics and science pro-
cesses—such as observing, measuring, and
classifying—the teachers created a game
that involves players in the integrated ac-
tivitics. This approach reinforces the phi-
losophy that science and mathematics can
be taught together when the activitics are
mutually beneficial. That is, in many in-
stances integrated activities can be used to
conserve instructional time and to promote
the transfer of process skills from one
subject arca to the other, The excmplar's
objectives are labeled to show their rela-
tionship to science and mathematical pro-
CUSSCS.
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I. Given a set of common objects, the
students estimate the objects’ weight cor-
rect to the ncarest kilogram. (Observa-
tion and estimation)

2. Given an equal-arm  balance, the
students weigh and record the weights of
common objects correct to the nearest
centigram. (Mcasurcment)

3. Given an object’s estimated and ob-
served weight correct to the nearest centi-
gram, the student computes the amount
over or under his estimate, (Computation
and number relationships)

Make simple materials

The following materials were constructed
or assembled to help students attain the
objectives previously stated in an interest-
ing and challenging manner.

I. Sets of 3-by-5 cards with tasks given
on the front and correct answers and points
to be scared on the back. (Sec fig. 1.)

2. A cardboard track (sce fig. 2) made
from ouk tag. Shuffle the E’s (cstimate
cards), O's (observed cards), and the D's
(difference cards) and place them on the
gameboard in the places indicated.

3. An cqual-arm balance that can weigh
ohjects up to 7 Kilograms.

4. A pair of dice and enc different
colored button per player.

5. A set of common objects that weigh
less than 7 kilograms and more than |
kilogram.

6. Student record card. (Scee fig. 3.)

Write simple rules and procedures

The rules and procedures are crucial to
making a game sclf-instructional. In the
following set of directions notice how a stu-
dent leader and an answer card deck serve
to case the answer processing needed to
keep the game moving smoothly from one
player to another. It is essential to keep the
rules simple and straightforward so that
play moves quickly from one student to
the other,
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B card
e — R — ¢ e
5 | 2 poims—-!
The estirmnated weignt of 1
the bricx 15 .. kg S __kg.
L . . o SV e
Front of card Back of card
@j Card
‘ | 2 points
The obsarsed b-ick's
weight 1s .. ._kQ e kg
| S - [P P (P ——
Front of card Back of card
D Card
o ' 4 points
; Ne o blanks below
T e the difference
wetwern no back's estimated
[ obsar sed weigh’ Estimated Difference _______ _kqg.
cooemght as kg Observed
: weaght of brok s Lty
i .
L I — o

Front of card

Fig. 1

1. Numbcr of players, two to six.

2. The student leader or teacher aide
hegins by rolling the dice.

The highest roll goes first. All players start
with their buttons in the “Start Here™ block.
The first player rolfs one dic and moves his
button the number of spaces indicated on
the die. If he lands on a space containing
an E, O, or D he must choose the top card
in the appropriate deck located in the cen-
ter of the playing board or track and per-
form the task indicated. (In the example
shown in figure 1 this would be Card Ej.)
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The player then records the card number,
his answer, and the points awarded by the
student leader on his record card. The stu-
dent leader checks cach pleyer’s answer
and awards the appropriate number of
pcints by rcading the back side on the
task csrd. He then places that card on the
bottom of the appropriate deck and play
moves to the right of the first player. The
player who rcaches “Home” square with
the highest number of points is the winner.
At the end of the play cach player turns
in his score card to the student lcader who
gives them to the teacher,
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Provide immediate feedback

By placing the answer on the back of
the task card and appointing a student
leader, the teacher who developed this
game built into the game an important
characteristic, immediate knowledge of the
results of cach player’s performance. In
most cases this feedback feature can be
built into a game—by using the back of
task cards, by creating an answer deck, or
by using a student lcader whose level of
performance would permit him to judge
the adequacy of other students’ perform-
ance in a reliable manner. Feedback is one
of the key features of an instructional game
because it has motivational as well as in-
structional impact.

Have students record diagnostic infor-
mation. The student record card is an im-
portant featurc of the game. The cards
help the teacher to judge when the diffi-
culty of the task card should be altered
and which players should play together in
a game, and to designate student leaders
for succeeding games. The card also pro-
vides the player with a record that shows
his scores and motivates him to improve.
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This cvaluative feature can be built
into most games by using an individual
record card, by having the student leader
pile cards yielding right answers in one
pile and cards with wrong answers in an-
other pile, or by having the student leader
record the results of each play on a class
record sheet.

Build in some suspense

Expericnce has shown that games en-
joyed by students contain some clement of
risk or chance. In this particular game a
player gets a task card based upon the
roll of the die. He also has the possibility
of being skipped forward or skipped back
spaces, or of losing his turn. Skipping
back builds in the possibility of getting ad-
ditional opportunities to score points; this
feature helps low-scoring studenfs catch up.
Skipping forward cuts the number of op-
portunitics a high-scoring player has to
accumulate points. The possibility of add-
ing or subtracting points also helps create
some suspense. These suspense-creating
features help make the game what the stu-
dents cail “a fun game.”
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Create the materials 1o allow variation

A game that has the potential for varia-
tion with minor modifications of the rules
or materials has at least two advantages.
First, it allows a new game to be created
without a large time investment on the part
of the teacher. Second, it keeps the game
from becoming stale because the students
know all the answers. For instance, the
excmplar game can be quickly changed by
making new task cards that require that
students estimate and measure the area
of common surfaces found in the classroom
such as a desk or table tops. By combin-
ing the two decks mixed practice could
be provided.

Evaluate the game

Try the game and variations with a small
group of students and observe their ac-
tions. Use the first-round record cards as
a pretest. Keep the succeeding record cards
for cach student in correct order. By com-
paring the last-round record cards with the
first-round record cards for a specific stu-
dent, you can kecp track of the progress
a particular student is making. Filing the
cards by student names will provide a
longitudinal record of a student’s progress
for a given skill as well as diagnostic infor-
mation for future instruction,

Finally, decide whether the students en-
joy the game. The best way is to use a
self-report form containing scveral single
questions like the following, which can be
answered in an interview or in writing:

1. Would you recommend the game to

someone else in the class? »,MYes

ERIC
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2. Which face indicates how you felt
when you were playing the game?
SN N A
C) \W L
3. What part of the game did you like
best?

4. How would you improve the game?

Concluding remarks

The procedure just illustrated can be
generalized to other topics in science and
mathematics. The following list provides
some suggested topics.

1. Classifying objects mcasured in metric
anits by weight and shape

88

. Measuring volume and weight with
metric instruments

3. Measuring length and arca with metric
instruments

4. Classifying objects measured in metric
units by size and shape .

5. Comparing the weight of a liquid to its
volume

6. Comparing the weight of a liquid with
the weight of an equal volume of water

7. Predicting what will happen to a block
on an inclined plane

8. Comparing the weights of different
metals of cqual volume
Why don’t you try and create some

games for each of these topics? Then share

the results with your colleagues. Additional

examples developed by the authors are

available in “Metric Games and Bulletin

Boards™ in The Instructor Handbook Series

No. 319 (Dansville, New York, 1973).
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Activities that contribute to the student's personal
understanding of key concepts in mathematics.

Prepared by George Immerzeel and Don Wiederanders, Malcoln Price
Laboratory School, University of Northern lowa, Cedar Falls, lTowa.

Laclt IDEAS presents activities that are ap-
propriute for use with students at the various
levels in the elementary school. After vou have
chosen the activities that are most appropriate
for vour stadents, remove the activity sheets
and reproduce the copies vou need. After a
sheet has been used, add vour own comments
and file the materials for future use.

LUIDUEUAUS

TDEAS for this month relates 1o units of
measure. The focus is on the metric system
Activities ar the lower levels use the familiar
number line to relate hasic units of measure
within the metric system. Upper level activities
wuse the number tine 1o relate familiar English
wunits and basic metric wnits.

For Teachers

Objective: Experience in relating basic units of lincar measure using a metric

number line
Levels: |, 2, or 3

Dircctions for teachers:

1. Remove the activity sheet. Reproduce a copy for cach student.

2. Have a student measure with a meter stick the width or height of a
familiar objecet in the front of the room. Have everyone put his pencil
on his metric number line to show the measure reported by the student.

3. Be sure your students understand the directions for cach part before

they proceed.

Comments: Mctric measures are likely to be morc important to your
students’ lives than English measures. It is the school’s responsibility to
provide learning situations in which the student relates personally to metric
units of measure. H your students have not had cxperiences in actual
measurement with centimeter scales prior to this time, such experiences
should precede the use of this activity sheet.

O
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A METRIC HANDBOOK FOR TEACHERS

E D ‘_E A S For Teachers

Objectives: Experience in relating basic metric units of weight using a
number line model

Levels: 2 or 3

Dircctions for teuchers:

[. Remove the activity shect and reproduce a copy for each student.

2. Hold up some familiar objects such as a chalkboard eraser labeled 52
grams and a book labeled 525 grams. Have each student use his pencil
to show cach weight on his metric number line.

3. Have students do the first set of exercises on the activity sheet. Note that
the abbreviation for grams is used on the drawings.

4. Ask if any of the weights shown could have other names (1000 grams
= 1 kilogram and 2000 grams = 2 kilograms).

N

Have students do the remaining exercises. The sccond set of cxercises
helps to focus on the two names for special points on the metric line,

Comments: These activitics are not meant to replace experiences that
build the student’s basic referent for units of metric weight. Prior to using
this activity sheet, the student should have personal expericnce in weighing
familiar objects using metric scales.

[ 824
Los Angeles 3,352 km
o
London 6,336 km Moscow  7968km
¢ 3 -
Boston 1,560 km' - I NewOrleans 1,486 km
R B T
¥ You E](e here, - e e e Pris. 6,629 km
1 | T Seattle 3,301 km

Washingten,0.C. 1,093 km

e

Tokyo 0080 km

Where are you ?
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54 A METRIC HANDBOOK FOR TEACHERS

E E S For Teachers
D A

Objective: Experience with the metric system of weight

Grade level: 1.2, 0r 3

Dircctions for teachers:

Remove the student activity sheet and reproduce a copy for cach student.
If feasible. ¢ wh student should be given a sugar cube as a referent. Under
less ideal circumstances, you may exhibit one or more sugar cubes to be sure
that each student has at least a visual image of the objeet that weighs =2
grams.”

Dircetions for students:

1. Note that cach stack is made of sugar cubes and that each sugar cube
weighs 2 grams.

2. Decide how much cach stack weighs,

Comments: For sanitary and health reasons, it is impractical to have cach
student personally build and feel the weight of cach stack of sugar cubes.
This expericnce may easily be converted to a hands-on laboratory experience
by using one-inch cubes that weigh approximately ten grams cach. In class-
rooms where the students have had previous experiences with three-dimen-
sional geometry, a work table with a box of wooden cubes will suflice as an
aid for those students who can’t visualize the stacks as pictured. Expect
students to attack these problems in o variety of ways. Some will count by
twos: others will find the number of cubes und multiply that number by two.
Some students may solve G by simply multiplyving the answer to D by five.

Answers

A6 B8 C 16 D12 E12 0 F 20 5060
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D A NAME e
2 grams
Sugar Cube
How much does each stack weigh ?
1 — _grams
—  _ grams i
i - grams
—————Qgrams
F. grams
grams

G____ - grams




n

O

ERIC

Aruitoxt provided by Eic:

A METRIC HANDBOOK FOR TEACHERS

I D @ @ @ For Teachers

Objective: Experience with w=ight and length using the metric system

Gradelevel; 3or 4

Direetions for teachers:

Reproduce a copy of the activity sheet for cach student, You may wish to
exhibit or even pass around several new picces of chalk. Students may note that
most picces of chalk are not identical and correctly conclude that the 8 centi-
meters and 10 grams are approximations. Once the students have the basic
referent in mind they should work independently on this activity.

Comments: The total length as an end-to-end chain of individual pieces is
an important concept. It should not be expected that this concept is intuitive
for all students.

Answers

I. 20 grams, 16 centimeters 2. 5 grams. 4 centimeters
3. 15 grams, 12 centimeters 4. 25 grams, 20 centimeters



I Dl | E Name .
All 1S

Length: 8 centimeters
O EHALK Weight: 10 grams

Estimate the total weight and the total length of the
pieces of chalk shown for each exercise.

L 3
Weight: ____ grams
Length: _____ centimeters
2.
U )
Weight: _________ grams —\
Length____ centimeters _J
N

________grams
[length______ centimeters

U )

Weight______grams  Length: centimeters




A METRIC HANDBOOK FOR TEACHERS

P

E D E For Teachers
AlIS

Objective: Experience with cquivalent English and metric measures
Levels: 4, 5, 6, 7. or 8

Dircctions for teachers:

L. Remove the activity sheets that you feel are appropriate for your students.
Make copies for cach student.

[89]

Use one or more of these activity sheets in a measurement sequence.
Note that the names of some units are abbreviated in the drawings on
these sheets.

3. If students disagree regarding certain answers, they should be encouraged
to perform a physical measurement to determine the correct answer,

Comments: These activitics are not meant to replace the laboratory
experiences that build the student’s basic referent for measurement and the
various units involved. Their use should follow laboratory expericuces that
include actual measuring of length, weight, and volume using instruments
that measure in metric units, Contemporary science programs include the
necessary measuring instruments calibrated in metric units. If the instruments
are not available in your school, contact your science supervisor.

[ 8248
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" The fever is gone. Your temperature
is right ot 37°"



Name ..
Metric
O 100g 200g 300g400g 500g600g 700g 800g S00g kg 1HOOg
rlﬁrjllrFITTIﬁTITIIIII1ﬁ11111r1111111ﬁ11\‘l
0 40z. 8oz |20z llb. 4oz 8oz. I20z. 2lbs 4oz. 8oz
English

Put an X on the measurement line for each measure.

8 ounces 9 ounces IE pound

| pound 2 ounces l-,'; pound 2 .2 pounds
40 grams 100 grams 500 grams
O grams 000 grams 1050 grams

Estimate the weight in grams of each object.

L
| pound
BUTTER
grams grams
BAC(N g B
4 pound grams grams




D

S Name
500 | 1500 2 2500 3 3500 4
0 mi liter ml liters ml liters ml liters
{ { 1 i 1 1 ] ]
I 1 I T T T T T T T T ! T T 1 I
o | l I 3 2 3 l
cup pint quart pints quarts quarts gallon
Put an X on the measurement line for each measure.
I cup 3 cups 2 pints
. i
{7z liters 27 quarts 8 cups
2 .8 liters 495 milliliters 3550 milliliters
Use the measurement line to estimate the metric measure
for each English measure.
. Q
ST U
e L A
cup PINT | R
Use the measurement line to estimate the English measure
for each metric measure.
MILK
quarts
) [
El{lC {.9liters quarts
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TEACHING THE METRIC SYSTEM: ACTIVITIES 61

For Teachers

U\ | T | |t

Objective:  Experience in using conversion tables: English system to metric

system and metric system to English system

Grade level: Sor 6

Dircctions for teachers:

1

12

For cach student, reproduce the activity sheet and a copy of the conver-

sion tables printed at the end of this section.

Have all students study the first two conversion tables. Be sure that they

can “read” them and note their relation to cach other.

Encourage students to work independently.

Observe students to be sure they leamn to read the tables accurately,

Comments:  The tables give all measures to the nearest hundredth. The
rounding causes some appareat inconsistencies in the tables; for example,
6 centimeters is 3 times 2 centimeters, but the corresponding table entry—
2.36 inches—is not precisely 3 times .79 inches. You may wish to discuss
this situation with some of your students.

Answers
l. a. linch b, 8 inches c. 2 inches d. 8 centimeters
e. 4inches f. 8 inches
2, a. | mile b. 2 kilometers c. 6 miles d. 50 kilometers
e. 20 kilometers f. 100 kilometers
3oa. 1 kilogram b. 3 kilograms c. S kilograms d. 50 pounds
4. a. 25.4 centimeters b. 76.2 centimeters c. 68.58 centimeters



lLdiwl=lis

Use the conversion tables.

1. Draw a ring around the longer measure.
a. | centimeter or | inch b. 8 certimeters or § inches
¢. 5 centimeters or 2 inches  d. 8 centimeters or 3 inches
e. 4 inches or 10 centimeters  f. 20 centimeters or § inches

rJ

Draw a ring around the larger distance.

a. | kilometer or | mile b. 2 kilometers or | mile
c. 6 miles or 10 kilometers d. 50 kilometers or 30 miles
e. 12 miles or 20 kilometers f. 60 miles or 100 kilometers

3. Draw a ring around the ! "led\/lc,l‘ weight.

/<//ogram> / pounds __/(;»k//ograms

o

j S VS S} w—
[ pound“ / /g/ograms J \[k//ograms Q pounds

4. Complete each statement to make it true.

a. A stick that is 10 inches long 1s ___ __ centimeters
long.

b. A line segment that is 30 inches long 1s .
centimeters long.

c. A line segment that is 27 inches long is
centimeters long.
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TEACHING THE METRIC SYSTEM: ACTIVITIES

For Teachers

Objective:  Experience in using conversion tables: English system to metric

system

Grade levels: 6, 7, or 8

Dircctions for tcachers:

I

Reproduce for cach student a copy of the Personal Data Shect and of
the conversion tables on the following page.

Place these pages on the activity table along with a tape measure, sev-
eral rulers. and a bathroom scale,

Encourage students to fill out their Personal Data Sheet as an individual
project. Allow a week for this “extral”

Comments:  Some students muay be sensitive about making “public™ some

of their personal data. You may avoid unpleasantness by allowing students
to skip any data they consider too personal. Sorry it is impossible to provide
answers for the Personal Data Shect.



I

Use your conversion tables to help you complete this sheet.

PERSONAL DATA SHEET

Name: Date:
Age: years months
. Height: _ feet ____ _ inches

e _ centimeters

meters
2. Weight: _____ pounds

kilograms

. grams
3. Waist: ____inches _____ centimeters
4. Chest: _ inches ______ centimeters
5.Span: ______ inches; ____ centimeters
6. Reach: ____ _inches; ____centimeters
7. Pace: ____inches; ____ centimeters
El{lC & 8. L:iength of shoe: _____inches; _______ centimeters

Aruitoxt provided by Eic:



CONVERSION TABLES (. 57@5

T
—=/ Inches Converter Centimeters | ——=
Inches | 2 3 4 5 6 7 8 9
Centimeters (254|508 |7.62|10.16 {1270(1524 {778 20322286
——»~/ Centimeters Converter Inches [ —>
Centimeters | | | 2 13 a4 ]5]e6]7]8]09
inches | 39| 791118 | 157|197 |236|276]3.15]354
/ /
— [ Miles Converter | Kilometers ] ——=
"Miles 123 ]4als5]e6e]7]8]09
Kilometers |61 |322 4831644802 (9.66|11.271287{14.48;
—> [ Kilometers Converter Miles ] —>
Kilometers | 2 3 4 5 6 7 8 9
Miles 62 124|186 (249 311 13731435497 | 559
[

— [ Pounds Converter L/_(/’/o grams ] ——=

| Pounds | |23 415 |6 |7 |819
lKiIogroms 45 | 9l {13618l |227][2.72]|3.18 1363|408

.

——» [Kilograms Converter |/ Pounds | ——>=
Kilograms | 2 3 4 5 6 7 8 S

Pounds 220]44! [66] [882]11.02]1323]1543/17.64]19.84
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Schools are going metric

FRED .

HELGREN

A retired research chemise, Fred Helgren has been an officer in

e

Voo Asvociaron, an organization that prepares and  distribures

metric educational aids. He has been active in promoting the adoption

of the metric systent to o replace the several svatems now in

wse oo the United States,

Pur;cl the Tength of King Edear's foot,
the fength froem the nose o the tip of the
finger. the fength of three barley corns Taid
end to end. the amount of Tand that ¢an be
plowed by avoke of aven i one day. For-
ceto if vou have not aleeady done so. the
number of square feet inan acre. the dif-
ference between o dry quart and o Tiquid
quart, the number of pecks in a bushel, and
all the rest of the system of measures that
are learned with ditficulty and forgotten
with the greatest of case.

in the
United States is actuadly the metric svstem.

The fegal svstem of micasure
It was adopted by an act of Congress in
1866, Children should have been educated
i this Linguage of measure following that
important step in the improvement of our
systems of measure. Charles Sumner. the
senitor from Massachusetts who sponsored
the Metric Bill of 1866 that made the met-
ric system legal in the United States, stated
at that time, “They who have already
passed a cartain pertod o life may not
adopt it, but the rising eeneration will em-
brace it and number it
among the choleest possessions of an ad-

cuerafterwurd
vineed cinvilization.”

The sciences saw the advantages of the
metric system, adopted it and have used
it almost exclusively, Tt was not, however,
aceepted for genceral use. and schools ap-
proached the use of the metrie systemein a
way that vave it little encourggement. The

ERIC
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following are some of the poorly conceived
practices:

L. Metric measure was not studied as a
svstem by itsell,

2. People were
MEIRIC,

not taught to THINK

3. Textbooks  often contained only a
single unit on the system, and problems
were merely conversions from one system
to the other.

4. The unit on the metric system was
frequently at the end of the textbook. As
aresult, it was seldom taught. Teachers
had tittle knowldege of the system, and it
was omitted because of fack of time.

Now a new day has dawned. Following
the three-sear metric study by the Na-
tional Burcau of Standards and the Sccre-
tury of Comacrce, Maurice H. Stans, who
was Seerctary of Conunerce in 1971 when
the study was completed. made the follow-
ing recommendations to the Congress of
the United States;

o That the United States change to the
International Metrie System deliberately
and carefully;

e That this be done through a coordinated
national program;

o That the Congress establish a target date
of ten vears ahead:

e That there be a firm government com-
mitment to this goal;
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o That carly priority be viven to cducuting
cveny Aanerean schoolelild and the pub-
Bo ot Leroe o thank o metric terins,
There is nooaced tor our schools o wait

Tor the Congress tooaet, There s goad

roasen tefeel that they will aot setting o

1oveers ahead, beginning in
Ihe metric conversion bill,
1972 by

LnoUs votcs vate n the Senate. The

Con Passad i Anzus

can beoewvpected o vote or the

cinangeswnd the Presidant suppores the bifl,

What shoukd be done in the Beld of ede-

Colion e Gor W e !

PooTeach the metre systens by el so
thot teachers and pupiis learn to think in
By bunvuape of

fearn or teach the metric <ssstem through

measures Doopnot iy o

comeersion problems and dooaet iy o
fearn conversion factors, Tearn the metrie

saatem by atsel THENK ME TRIC,

20 Chinge mhenuetios amd ~cjoncee ioxt-

Bovhs vothat onds

niclric untis of measire

O UL

30 Belore tevibeoks are choneed, wet

meirie workbook<s for cach teacher end
cachpupil, Then the svstem can be learned
withowery Heke dividoad effort

AoSciect one member of the facolts o
bo the metnie L!\lihnl‘i[}' for the ~chool, He
cmocet the anformation and moteriads
necessary to enable the school th Go s

Rie,

S Eneourage teachers to become neme-
hers of wnarvanization that will send them
Hierature that explains the meiric system,
provides Informuation on sources of educa-
tonat aidss and publishes wonewsdetter tha
will heep them alert to miciric progress d
devolopments i the teaching of units of
messure and their use,

fo Teach the metric svstem to sl pros-

puoviy i

acherss Tor the chongee to the new

Astem ef measure by not qustogomathe-

I L0 01 ACIenee projedt,

TEACHERS

The working units of the metric system
are ey Lo fearn. The unit of fength s the
meter (or metre); the unit for mass is the
s and the unit for volume, the liter (or
Ltre . To tiusk stric, it is well o learn
the three basic units in combimation with
the prefises widli - cen, and kil

mifly means ]
1000

et means
100y

Al mweans 1000

For practical purposes: the whole system
can he sammarized as follows:

1o nulhimeters conmi = 1 ometer t
Yomm L ocentimeter fop
Sy D atonmeter (ki
oo nulbigrams v = 1 gram ()

e o = hlowran cha
TN =] et ton (b
oo mdbiliers imbh =4 ler th

PO Culaue cenbimeters tem 3
= 1 vubie decimeter fdmo

T he antliliter and the cubic contimeter have
the sime volume. The term Adlcliter 18 not
reconnmendoed—it s equal to o cubic meter
(m . svhich s more casily eaderstood und
U\L'd.
Muachinists
tradesmien

maesurein o nullimeters,
mensure ino centimeters and
meters: clothing sizes are given in centi-
mcters. And greater feneths are in meters
and MJometers, Muass iy measured in milli-
crame. erams, and kilograms by the chemist;
crams ancd kilograms by the shopper: and
Kograms and mietric tons when
quentities are (Mass s the
guantity of matter. whereas weight is a

large

mnsalved.

Foree. the carth’s attraction for o given
s, Generadly, the term vy s mieunt
when woe use wededie )y Physicians, pharma-
cist~, chemists, and  bacteriologists use
the terms milhiliter, cob's centimeter, and
drer. Consumers will muke purchases of
aasadine and other liguids in lizerst large
quantitios swilh be sold by the cubic meter,
Fhrouch cverviday uses the metric system
can he Tearnad inoa short time,
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E

TEACHING THE

I conclusion, T repeat the recommenda-
tion mude by the former Secretary of Com-
merce, Mr.o Maurice Mo Stans, that curly
priority be given to educating every Ameri-
can schoolehild and the public at large to
think in metric terms,

For the price of $3, the followiag ma-
tertals can be obtained from the Metric
Association, 2004 Ash Street, Waukegan,
IL 6008S, u ononprofit organization  in-

O
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METRIC SYSTEM:

GUIDELINES 71

terested in the dissemination of metric edu-

cational materials and information;

One 20 um plastic ruler

Two 1.5 m plastic, flexible measuring tapes

Two copies of Mewric Units of Mceasure, a book-
let

One copy of Merric Supplement 1o Science and
Muathematics, a1 workbook for use by the
teacher and the pupil

One 6o METRIC bumper sticker

One price fist of metric educational aids

A copy of the last newsletter

An annual membership in the Metric Associa-
tion that includes o subscription to  the
quarterly newsletter
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Thc metrie systemr will soon become the

major way by which we measure

o the

o the

o the

o the room temperature at which we ure
comfortable.

height of a person,
mass (weight) o a humbuarger,
area of o carpet,

A metrication bill is likely to be passed in
of the United States
Congress ~the Senate passed o metrication
bill in a previous session. Business and
industry have already taken strides toward
complete metrication i an effort to enhance
their position in the worid murket. The
automobile industry, for example, is pro-

the current session

ducing engines and cven complete auto-
mobiles to metric spectfications.

The metric system will be the mujor
system used by students now i school
throughout most of their adult life. So
schools are now beginning to teach metri-
cation  to all pupils.  As  mathematics
educators, we huve a responsibility  for
providing leadership and direction in metri-
cation so that these young people will be
competent in day-to-day life with meuasure-
nment in the metric system. We need to
think carefully about the implications for
cach level of schooling
What and  understood

thaoroughly at the various grade levels?!

can  he  learned
What approazh should be taken with stu-
dents who have some knowledge of beth
the American’ and metric systems”
What are the needs of students und of our
ma hee
science,

colleagues  in courses  outside

home  cconumics,

incdustrial arts, or geography?

matics  in

1. The term American. rather than Brivsh, i~ used
bevanse the British have adopted the metric system;
the system wsed in the United States is no Jonger
the British System,
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IMPLEMENTATION COMMITTEE

What responsibitity does the mathematies
cducation community have tor the educa-
tion of parents, and for aiding the media
or any others who present metrication to
the public?

The slogan of the Nutional Council of
Feachers  of  Muthematies THINK
METRIC, which emphasizes thinking in the
metric system. What does it mean to think

1%

and to function effectively in any measure-
ment system?

General guidelines for teaching
measurement

It is imperanve that we use metrication
as o means to putting new vigor in the
teaching of measurement, Too often the
study of measurement has consisted only of
written exercises on workshects or pages
from textbooks, with major emphusis on
conversions between units and on operations
with se-called “denominate numbers.” The
lack of attention to activities that encourage
thinking and estimating in a measurement
system has meant that measurement has
been viewed as dry and dull by pupils and
that our instruction is not adequate for the
students” real needs. What, then, should
guide us in planning a sequence of activities
that will put new life in the scudy of measure-
ment and  assure  that major ideas are
taught and learned?

1. Choose an appropriate wnit of measure
and use it o measure 6 ovariety of objects.
The most important component of thinking
in any measuresient system is a thorough
understanding of the unit used most often,
In the American system, the initial major
unit probably is the foot; in the metric
system, it is likely the meter or centimeter,
Repeated experiences with the basic unit
shoutd lead to estimation of tengths with no
more than about ten pereent error.,
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To highlight the nature of the measuring
process, and to emphasize the arbitrary
nature of standard units, it is advisable to
begin with a nonstandard unit. For fength,
straws, peneils, or paste sticks are readily
available and casily used. From such exper-
ience a standard unit, such as a meter, can
be made from string or cardboard and used
by pupils with a double goal lcarning
about measuring length and learning the
meter as a unit.

The unit chosen should be appropriate to
the size of the object measured. You would
not use a kilometer to measure the length
of a room, nor would you use 4 millimeter;
you would likely use a meter.

2.0 Use mudtiples of the basic unit, as the
need arises for a lorger unit, and subdivisions
of the basic unit, where smaller units are
needed. By referring larger and  smaller
units buck to the basic unit, which is well
known, estimation of larger and smaller
units is casier, Furthermore the construction
of a4 mcasuring system  becontes
cvident,

Limitation of the number of larger and
snuller units taught makes the learning
goals more realistic and more manageable.
The goal of thorough learning of a few
larger and smaller units is much preferred
to mere gequaintance with many different
units.

more

X Limit expectations of mastery of con-
versions  swithing a  measuring
units

system (o
adjacent in o size,
In the Amcerican system, feet are usually
reloted to miles, and inches are related to
feet: but not inches to miles. In metric.
centimeters are usually related to meters,
millimeters to centimeters: but very little is
done in relating millimeters to meters.

commonly  used

4. Use the approximate nature of  the
measuring process in the physical world as a
theme, Helping children to give measure-
ments using language such as “more than

2 meters but less than 3 meters™ and “a
little: more  than a  kilogram™ provides
cxperience  with  approximation, It also
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points to the needs for smaller units and
fractional numbers.

5. Use measurement as motivation  for
Sfractions, for decimals, and for arithmeric,
There 1s no source of applications  of
arithmetic quite comparable to those that
arise from measurement, An active measure-
ment program provides a needed stimulus
for learning many topies in arithmetic that
arc considered important to teach.

6. Use the actual units as often as possible;
acoid the scaled-down versions often found in
rextbooks or warksheors, 1t is folly to try
to teach the meter by drawing a scale version
of 1t. Students have great trouble in respond-
ing to measurement questions and estimates
using such “distorted™ representations. The
time for scaled drawings is much later,
after the initial units are well learned and
well understood,

No matter whether it is the American or
the metric system, a sense of active involve-
mee s essential, New ife will emerge from
measurement it simple relationships  are
emphasized, more estimation is done, and
the process is directly taught -especially at
an carly age. The flavor of “hands-on™
experience is much more important than
anything Creative and  interesting
activities can be developed and can be used
in the full range of muanagement schemes
from whole-cluss to independent work.

clse.

Specific guides for teaching the
metric system

With an active point of view about
measurement in general, what guides should
he used specifically for teaching metric?

Lodnthe elementary school, teach metric
dual  systems,
This means that the major emphasis is on
teaching the metric system in itself. with
relatively little attention to the relation of
units between the two systems: we want to
encourage thinking within a system.

The need for American units in everyday
affairs is hikely to persist for some time after
the adoption of mctric units, Even though

and American systems  ds
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Betty Crocker is in the process of chunging
measures in recipes to metric, many old
but goeu cookbooks will stll be around!
Whe: we do become fully metric- four to
eight years from now - we shall be able to
phase out the teaching of the Americun
system,

2. Begin with the metric system. The
major adult usage by our present-day pupiis
will be nietrie. By teaching it first, we show
its importance and we provide the needed
framework for its eventual emergence as
the only systemi. Further, we avoid the
tendency to overstress conversion.

X For children in the middle and upper
grades, begin measwrement with the meter as
the basic unit. For children ar the primary
lecel, who hace trouble handling so large a
unit, begin swith the centimeter, or with a unit
of 10 10-centimeter unit
serves the needs of younyg children and is
neither too large nor too small for them
to handle. The name 10 centimerers can
help in counting by tens.

For mass (weight) the basic unit is the
kilogram: and for volume, the liter. These
units should be learned initially, before
studying multiples and subdivisions of theny.

centimeters. The

4. Teach only the commonly used mudiiples
and subdivisions, and their  corresponding
prefixes. Such an approach minimizes the
number of prefixes and units @ pupil s
required to learn, The units shown in table
are sufficient through grade 6. Note thut
the prefixes deka und hecto are not included
because of their rure use. Deci is used more
often than deka or hecro, but it is less used
than cenr or milli; hence it is omitted.

A few other prefixes are needed in more
advanced  science courses; for  example,
milligraum for weight in medicine. Such

Table 1

Length Mass twetght)  Capacity

kilometer tkm)
meter (m)
centumeter {cm)
mullimeter (mm)

Kifogram (k)

gram (g) hiter (1)

nulhhiter (miy
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specialized uses should be left to the science
courses and taught there.

Language usage should be natural and
unforeed. Teachers should try to usc the
language and symbols correctly, however.
Pupils will not use periods behind symbols
for the units if the teacher uses no periods.

S. For pupils who already know hoth
and  for
conversions  can be

mewric and  American
PArCnIs. approximare

made. Activities involving approximate con-
versions might be deliberately planned for
pupils in the upper grades. Students should
be taught approximate equivatents  that
allow them to estimate in cither system,
given & measure in the other.

The following list is suggested:

systems,

! kilogram is c licde more than 2 pounds
I meter is a licele more than | yard

I kilometer is a littdle more than [ 2 mile
I liter is a livele more thant | quart

There is, however, almost no need for any
paper-pencil conversions  between  metric
and  American, It is important that the
ctuphasts be on understanding  the two
systems, and that the arithmetic of con-
versions be minimal.

Grade placement of metric topics
The question arises direetly, what should

be the placement of metric topics? One

stggestion on placement is the following:

Meter and centimeter can be introduced at
the prmary level and reinforced at all
subsequent tevels. The initial work should
be done to emphasize estimation with
the basic unit.

Tenth of & centimeter  the millimeter  can
be the topic for middle and upper grades.
Decimal notation will be helpful.

Weight, which is more diflicult to estimate
and so requires more maturity on the
part of students, may be introduced in
upper primary, first using the kilogram.
The gram can appeuar in the mddle
grades.

Capacity or volume, using the liter as the
first umit, can be introduced in the upper
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primary. with the milliliter-—also called a
cubic centimeter---appearing in the muddle
grades,

Celsius temperature can be introduced at
any level,

Much of the current material on today’s
market does not deal with the really
significant concepts of the metric system and
measurement. Rather, it tends to be u series
of puaper-pencil activities using the gamut
of metric notions, without regard for the
principles of estimation and measurement,
or for the components of the metric system
that our students will find necessary. For
example, present-day metric materials often
ask students to perform complicated and
useless conversions within the metric system
itself changing mm to m, km to dm. or
mm to dm. Just as uscless are exereises
requiring addition of unlike units such us
am and m. Rarely uare units mixed in a
metric problem. Instead of using 3 dm 5 ¢m,
the measure would be given us 35 cm.
[nstead of 3 m 22 em, we would say 322 em
or 322 m. Poor instructional materials
make the metrie system seem complicated
for children when it 1s relatively casy. Such
materials should be  screened  and not
purchased.

Metrication in the conununity

Schools should be expeeted to help
parents understand  the  metric  system,
Zarents will want information on what their
chitdren are being tiight so they can provide
reinforcement at home. School people in
general, and  mathematics  educators in
particular, should take the initative in
presenting metrication to the community,
Let us not make the mistake of waiting for
parents to demand it. It is our responsibility,
Creative teachers can prepare single-coneept
handouts to send home periodically to
the parents. Perhaps a4 metric newsletter
an be developed with teacher and student

input. Libraries could prepare displays of

metric materials, For some school districts
there is the possibility of developing parent
workshops as an activity of the parent-
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teacher organmization, Metric educution 1s
our responsibility and we have the cqual
tasks of working with our stadents und
with our community.

Conclusions

Qur goal of mectrication in the school
program is realistic. The amount of new
knowledge required is actuaily quite small.
Success  for the mathematics  education
community in making the change will
depend on how well we follow guidelines
such as those given here. It will depend on
the degree to which we provide appropriate
experiences for maximum development of
student understanding.

In summuary, these are the guidelines:
Teach students to THINK METRIC.
Concentrate on those units necessary from

the utilitarian standpoint.

Develop meaning and feeling for  units
through experiences  centering  around
estimating, and checking of the esti-
mates.

Minimize conversions, Do not immerse
students in the moruss of computing
conversions  between  the  metric and
American systems nor cven within the
metric system itself.

Use metric units at every opportunity. This
includes use in other  subject-matter
fields. Elementary  teachers - use them
throughout the day. Secondary teachers -
teach  metric exclusively  and  provide
inservice materials for your colleagues in
other subject arcas.

METRICATION IS UPON US. IT IS
NOT {F, BUT HOW,

NCTA Mewic Implementarion
Connmittee

Bovd Henry, Chairman

Stuart A. Choate
Donald Firl
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Thcrc is no doubt that the metric system
is rapidly becoming the stundard system
for the Over
nincty pereent of the countries have al-
ready adopted the system. Even England,
from whom we inherited our customary

of  mueasures entire world.

system of weights and measures, is more
than halfway through its own ten-year pro-
gram of conversion.

The matn fact emerging from the recent
study of the Nutional Burcau of Standards
is that conversion is inevituble—the only
questions are when and J2ows The recont
mended when is ot the end of ten years,
thus providing time to plan for and masc
the change, The Ziow can be answered
twotold:

1. Constant ¢xposure to the metric svs-
tem through advertisement,
relabeling of Wl commercial goods, along
with o continual phascout of the customary
system,

conversation,

2, Proper educational programs of in-
struction on four different levels from pre-
schoot through high school.

Since the British are still in the process
of conversion, a complete report on the
educational aspects of British metrication
is not avaituble. We do know that from the
beginning the British counted quite heavily
on the education system to make metrica-

ERIC

Aruitoxt provided by Eic:

76

tion o smooth, gradual process. English
students who are now entering the ele-
mentary grades are learning to think in
metric terms as naturally as their parents
thought in terms of inches and pounds.
Students in the higher grades are success-
fully breaking the habit of thinking in the
old terms. The bhook publishers and cdu-
cational equipment supplicrs are well ahead
in production to conform to the metric sys-
tem. Teachers are being trained in special
courses to teach the system effectively.
The proper education of students, using
a master plan that involves all grades, is
the most important factor for a successful
conversion. An cducational survey, con-
ducted as part of the U.S. Metric Study,
showed that changing textbooks and equip-
ment would cost about $1 billion. If these
changes were muade for no other purpose
than for conversion, then the expense could
be tabbed wholly to metrication. The fact
is. however, that most textbooks are re-
placed after a few years of use. The bulk
of the expense of conversion cun be ub-
sorbed with regular revisions that provide
a planned exposure to the metric system,
Most educators agree that [earning the
metric system is quite casv. The simplicity
of metric tables eads to the assertion that
the metric system can he learned in just one
hour, and continual work at applications
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would make the system completely second
nature at the end of one year. Young peo-
ple arc more receptive to the system than
their clders are. In fact, partly due to the
psychological effect of o totally new system
hased on ten, the slow learner fearns the
metric system more readily than he learns
the customary system. In the English sys-
tenm, there are more terms to learn: inch,
foot. vard, mile, acre, ounce, pound, ron,
pint, qert, gallon, peck, bushel, dozen, and
gross, In the metric system, a child needs to
learn only ecight terms: meter, liter, and
eram: the prefixes milli-, centi-, and &ilo-,
and hectare and merric ton.

Once metrication has been given the
green light, the metric system ean become
an integral part of the mathematics cur-
riculum for cach of the grades. The ap-
proach to the metric system will need to be
adapted to the various grade levels.

Preschool

Up to age five, children should be ex-
posed to the metrie system as a standard
system of measurement, even though their
parents will still be using the English sys-
tem for cveryday. practical purposes, The
family should help children realize that one
system of measures s on the wuay in, and
the other is on the wav out. Children
should be encouraged to use metrie units,
Educational programs would help the pre-
schooler realize that what he is learning is
extremely useful in cveryday life, Educa-
tional toys and planned television programs
could be beneficial.

Kindergarten

At this age, children arc exposed to the
idea of size—Tlarge versus smull, tall versus
short, and hcavy versus light. Students
should learn to associate the basic units
with familiar objects: the meter as some-
thing that is slightly taller, or shorter, than
they are: u decimeter as long as, say. a
sharpened pencil; and a liter of water as
about the same amount as a quart of
water, and weighing about the same as a
‘Q  book like a dictionary.
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First grade

Addition and subtraction can be taught
using the meter stick as i number line. The
introduction of the fraction Y2 should be
accompanicd by the introduction of the
millimeter as a part of the centimeter,
Students should be taught that 22 s equiv-
alent to 5y, and "y ,.. They should ex-
amine two different containers of Ya-liter
capacity, but of different shape, and find
that both can be used to fill a [-liter con-
tainer.

Second grade

Students at this level fearn about mak-
ing change, inequalities, and large numbers.
The teacher can show the relationship be-
tween terms-——how cent is reluted to centi;
how mill is related to milli. The concepts
of more than and less than can be illus-
trated: thirteen centimeters is more than
one decimeter. One dime is less than $0.13.
Students should lcarn that there arc 100
centimeters in [ meter, 100 millimeters in
I decimeter, 100 decimeters in 1 deka-
meter. and so on. Groupings of 100 to
form 1000, and groupings of 10 to form
1000 can be studied with the help of the
metric tools.

Normally at this stage, fractions such as
Tao Tyl a2y and 3y are studied. In the
study of metric measurement, these are
pussed over. Students will learn the tenths

instead-—"14,,. 2 0. * o and so on.

Third grade

Sums up to 100 can be associated with
the meter stick. For example: How many
deecimeters and how muany centimeters
should be added to reach the 95 on the
meter stick? The introduction of the Celsius
thermometer, with O degrees freezing and
100 degrees boiling, provides further oppor-
tunities for additions up to 100. Concepts
of larger numbers can be introduced with
the number of millimeters in a meter, The
degree of error can be introduced with the
idea of the necarest half centimeter. This
tics in with incqualitics on the meter stick.
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With the introduction of arca and volume,
students learn the terms square and cube,
and they should be taught estimation. For
cxample: How muny squares one meter
long on cach side do you think will cover
this floor? Or, How many liters of water
do you think it will take to fill this tank?
Foreign road maps can be used for the
introduction of the  Kilometer and  the
heetare. By this time in their academic
carcer, students should be well aware of
the importance that ten has in evervday
life, as well as in all mathematies,

Fourth grade

Averages of metric measures can be
found. Tt is important that cquivalence be
learned thoroughly, Students shoutd know
that 97 on the meter stick means Y7,
meter, or 90, decimeters, or 97 centi-
meters, or 970 millimeters, and what must
be added to cach of these to obtuin the
cquivalent of one mueter, The process of
finding the least common denominator for
the purposes of measurement is practicully
trivial. Weights are taught at this Tevel. and
the gram should be learned in association
with such things as a small piece of chalk,
The kitogram can be illustrated with o
heavy hook and, possibly, in assoctation
with capacity—the relation of a kilogram
to a liter of water. Decimals can be taught
cntirely by the metric system. Common
fractions can also be related to the metric
system. The example 9 m -+ 7dm < 33 cm
can also be expressed as ™ 4 Ty, R TR
This example, of course, can be changed
entircly to meters, decimeters, or centi-
meters. There is no confusion with the least
common denominator as there would be
with the customary system, The relation-
ship between the shifting of the decimal
point and the corresponding fraction should
be evident,

Fifth grade

For further practice at this fevell students
will be exposed to more dithicult material.
The terminology  of the metric svstem
should be implemented as much as pos-
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sible. Problems in multiplication and di-
vision in measurement ean be studicd at
this time. A typical example in multi-
plication might be

(65! m7dm 2 cm) = (6.5)01.72 m)

= 11.18m

Of course, finding the decimal cquivalent
of & measure must be learned. Manipula-
tion of meusures becomes casier for stu-
dents there is less mechanical
work.

becuuse

Sixth grade

Time, rate, and distance problems with
mietric units are not usually taught until o
physics course is tiken, However, with the
national metric, this s
brought down to the lower grades, which
gives more time for other things in physics.
The use of the metric system can facilitate
the more complicated inequalities with frac-
tions, cspecially inarea, volume, and per-
imeter, The liter should be studied more
carcfully, with applications in both capacity
and weight—a tub that is 1 meter by |
meter by 1 meter will take 1000 liters to fill
it and cach hter of wuter weighs 1 kilogram.
An experiment with scveral students using a

changeover 1o

seesaw is u way to show comparisons. The
introduction of perecuts, with further work
in the degree of crror. can be taught using
centimeters.

The metric study in the sixth grade
should also include a film documentary on
the history of the system and its worldwide
use. with examples in commerce and in-
dustry.

Junior high school

Students should know what a square
centimeter looks like and that 100 square
centimeters covers an arca equal to 1 square
decimeter (100 em® = 1 dm?), and so on.
They should be somewhat familiar with the
notation cm®. Fractional parts of square
units should be taught. For example, 1/2
cm¥ may be arcctangle that is 1 centimeter
in length and 5 millimeters in width, with
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an area cqual to S0 square millimeters,
After such simple ideas are learned, stu-
dents should have no difficulty in finding
the arca of any simple geometrical figure
using fractions or decimals.

In the first year of junior high school,
the student should have plenty of practice
in applyving his knowledge of lincar meas-
ure to the formulas. Volume and its rela-
tionship to weight are studied in the sce-
ond year. Students should be shown models
of cubes, evhinders, and the like for help in
visual perception. The use of metric units
in the formulas should noo be a problem:
but. again. notation needs to be explained.
The notation for cubic centimeters is cm®,
A volume of .2 em® is cquivalent to a
rectangular solid | centimeter by 1 centi-
meter by 5 millimeters. As in arca, work
with fractions and decimals in volume is
important, and not difficult, as jong as the
students know all the components of lincar
meisure.

In working with volume and capuacity.
the basic thing to know is that 1 liter con-
tains 1000 cubic centimeters (11 = 1000
eme). capacity  into
mcters or cubic meters, or reductions of
capacity into millimeters or cubic milli-
meters. can be done easilv. More work
with incqualitics can be provided. For ex-
ample:

All expansions  of

Complete wih >, < or =

OO0 Titer 1 cubic centimeter

The luboratory approach would he an ob-
vious aid in this type of instruction.

The third year of the junior high should
be given to more difficult applications of
all previous work with the metric system.
The only new topic that needs to be cov-
ered is scientific notation.

Senior high school

The metric system is taught in the tradi-
tional way in high school science classes.
Work with the metric system can be con-
tinued in courses like geometry and tri-
gonometry, with applications to problems
Ci""l\'ing measurement.
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There are two important points to make

clear:

I. The metric system should be taught as
a primary language.

2. Conversion manipulation should not be
used at all,

The model program outlined here s
designed for the graduated exposure of
students to the metric system. The exclu-
sive use of the metric system will reduce
the need for common fractions and. thus,
the time given to teaching fractions. Esti-
mates vary, but mathematics teachers say
that in the clementary schools fifteen to
twenty-five percent of class time is spent
teaching the details of adding, subtracting,
multiplving, and dividing common f{rac-
tions. They believe that much of this is un-
necessary. As Lee Edson pointed out in
American Education, if the metric system,
with its simpler decimat relationships, were
taught, teachers could quickly and casily
give their pupils the basic principles of
fractions und then continue to other aspects
of mathematics.

There is no doubt that the schools are
the key to complete muetrication. Few
adults who have lived with the inch-pound
system all their fives will ever completely
Jearn to THINK METRIC, but children who
are introduced to the system when they
start school, and even before. will always
THINK METRIC.

During the period of metrication. not
all school children will be exposed to the
metric system in the same manner. There
are four categories of exposure:

I. Basic, for the preschooter and grades
one and two.

2. Lower intermediate, for grades three,
four. and five.

intermediate,

seven, eight, and nine.

3. Upper for grades six.

4. Advanced, for applications in the puysi-
cal scicnces, such as chemistry and
physics,

Tuble 1 is a chart of how the categories
might be  distributed for the successive
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years of conversion. For example, it a
student cntered the seventh grade during
the initial ycar of conversion, what would
he study? For the first two years he would
be instructed in the basic and lower-inter-
mediate phases. When he had the appro-
priate competence, the upper-intermediate
phase would follow, Since all of this is pre-
sumably new to the student, it is important
that no mention of the English system.
for comparison or conversion, be made,
With much applied use, the student will
sec the simple relationships for himself
and make the necessary mental conver-
sions.

To help students in their learning, the
metric system should always be in evi-
dence-—displays in the classroom can in-
clude such things as foreign road maps;
16-mm and 35-mm strips of film; cultured
pearls; military shell casings; wall charts,
like those distributed by the Department of
Commerce; snow skis; and of course, a
complete set of the standards of the units
of measurement of the metric system.

There is no doubt that the change to the
metric system is an enormous undertaking

O
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Table 1
Programmed conversion chart
T T T T T T e of mevvication.
1 2 3 4 5 6 7 8 9 10
Kindergarten B B B B B 3 B B B B
First grade B B B B B B B B B B
Second grade B 3 B B B B B B B B
Third grade 50,8 23R
PUTHENE BT 1 ! 1 1 1 1 1
Fouth grade 500°8B 3098 25.B
000l 0L 7scr. ! ' Lo L L f
Fifth grade 5000B 0B 2598
sl oeorin 75l b ! L
Sixth grade and plus 00,8 25,8 75,L 00 L 25 L
G0CL 5L 23U U 73 YU uw U u
B = Basie
L = Lowerintermediate
U = Upper intermediate

But neither is there any doubt about the
benefits that will result. The physical as-
pects of converting-—changes in industry
and the like-—can be described in dollars
and cents. but mental conversion cannot
be measured. There will always be the
unconvinced people who fecl that the
present system is perfect and that perfec-
tion should not be tampered with, Tt is
generally true that nearly all of us proceed
on the assumption that whatever is, is
right. This is probably the major reason
why America has been afraid of metrica-
tion. Many people. in the United States
and around the world, want this problem
overcome, and the way to do it is through
cducation,
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Metric curriculum: scope,
sequence, and guidelines

MARILYN N.

Thc metric systeni is merely a system of
measurement that replaces another system
of measurement.  However,  metrication
provides the opportunity to: (1) reevalu-
ate the measurement component of the
mathematics curriculum; (2) reconsider
what we know from experience and from
rescarch about how children learn mca-
surement  coneepls: (3) restructure
the curriculum and modily instructional
practices. The scope and sequence sugges-
tions and the guidelines that follow are
not exhaustive; they are intended to call
attention to some of the imnertant factors
to keep in mind when planming a program.

and

Scope and sequence suggestions
Primary level
1. Develop the busic prerequisite skills

and understandings about measurement

by having the student—

a. Match, sort, and compure objects—
long.'short, heavy/light, large/small. and
S0 on,

b, Mal.e direct comparisons of two ob-
jects by placing them next to cach other
to determine which is longer or shorter.,
heavier or lighter, larger or smuller, and
SO on.

¢. Compare three objects, developing
the idea of transitivity (that is, if A s

Aduapted from muaterials published and copy-
righted by the Agency for Instructional Tele-
vision, 1974 Used by permission.
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shorter than B and B is shorter than C, then
A s shorter than C).

d. Place several objects in order, from
longest to shortest, heaviest to lightest, and
SO on.

e. Make dircct comparisons by using a
third, larger unit to describe the compari-
sons, For instance, give the child three
sticks, Have him el the fength of the first
and sccond sticks in terms of the length of
the third stick.

f. Combine lengths, musses, and vol-
umes, using physical objects, For instance,
put the water from four glasses into one
container, or put two desks together,

¢. Transform objects for comparison,
applying the idea of conservation (that no
Jength, mass, or velume is lost in the
process). For instance, pour sand that is
in two differently shaped containers into
two simifar containers,

fi. Compare by iteration—placing ob-
jeets end to end a number of times, pour-
ing over and over, and so on. This relates
measurement to a process of counting.

i. Usc metric measures in “play’ activi-
tics. Metric measures and  terms should
he used in everyday experiences, although
the metric system itseff is not under dis-
cussion. Metric terms should be used, for
instance, when recording temperatures on
a daily calendar or marking heights of
pupils on a wall hanging.

2. Extend the concept of measurement by
using nonstandard (arbitrary) units,
a. Use varying units. For instance, give
cach student a different fength of string;
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have the student measure an object and
report his measures in terms of that length.
Develop the reason for using a common
measure-—communication with others,

b. Have the class choose an appropriate
(common) unit and use it to make indirect
comparisons, Measure a varicty of objects:
wing John's foot as the unit, have cuch
child make » copy (model) of the length
of John's foot and use it to measure the
room desks, and so on. Even when a
common unit is used, their measures vill
probably not all agree; discuss the approx
matencess of their measurements,

¢ Measure limits, reporting
the mcasurements as “bhetween 2 and 3
units,” for example,

d. As the need arises for a larger unit,

between

use multiples of the basic unit: subdivide
the basic unit when smaltler units will facili-
tate more accurate measurement.  (Sinee
we have a decimal systent of numeration
based on powers of 10, it follows that for
case of calculation the subdivision of the
units should also be based on 10, Mceasure-
ment with the metrie svstem can thus be
inteerated with other topies in the curric-
ulum.)

¢. Develop the idea that a common
standard unit is needed for communication
with others outside the one classroom.

3. Huaving established the background for
developing a deeimal standard system
of meastrement. gradually introducce the
various standard nnits of the metrie
systemt and  the dnstruments used to
measure in these units. (This Tisting s
seneral many speeifics must be added,)
a. The meter and centimeter should

probuably be introduced  first. The  child

should have practice in measuring to the
nearest centimeter with the ruler and meter
stick, He needs to be taught how to hold
the ruler to make carcful measurements
and how to draw lines that reflect careful
measurement, (The child needs similar in-
struction on how to use other measuring
instruments. )

b. After some practice in measuring.
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the pupil should learn to coimate metric
fengths, Begin with gross comparizons (s
a meter about the length of the school
building or about the length of the book-
case? ), then develop finer ones ("About
how many meters long is the room?7).

¢. Discuss the need to use appropriate
measurenment  units—centimeters to mea-
sure the width of a book, meters to measure
the length of a room. kilometers o mea-
sure the distance between two cities.

d Begin to develap the relationship of
the mietric systent to the numeration system.,
For instance, explore connting on a metric
ruler and on the meter stick; note the
1-30-100 correspondence.

e. Provide uctivities in weighing with a
halanee. first using the kilogram, since it is
casicr to handle than the gram weight.
(Weight is a more difficult concept ac-
cording to research and is more diflicult
to estimate. )

f. Introduce the titer as a unit for mea-
suring volume.

¢. Develop time coneepts related to the
hour and minute,

fi. Use the thermometer  in
cvervday situations, huving the child read

Celsius

and record temperature,

Intermediate level

I, Develop the relationships between the
prefixes, stressing the relationship to the
decimal numeration system. Use decimal
notation. (The most ofien used prefixes
are milli, centic deci. and kilo.)

2. Introduee the symbols for the metric
units as the unit is introdueed: m. dm. cm.
mm, km. ¢ kg, 1.ml.

3, Teach the redationships among mcea-
sures. For instance. for length, develop
such relationships as—

TOmm = | ¢m
100 mmy == Ldm ; .
i (emphasis should
1000 mm = | m
he placed on
1 em = Udm
Ithese four)
100 cm = I m

D m = | km
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Later teach such relationships as—

I mm = 0.1 ¢cm = 0.00f m
I oem = 0.0 m
1 m o= 0001 km

4. Meusure to the nearest miflimeter: to
the nearest milliliter; to the nearest gram.
(In the clementary school, the distinetion
between mass and weight can be noted. but
the term “weight™ will probably be used.
Muss thought  of the
amount of muaterizl is an object. Weight

is  sometinmes as
is the measwre of gravitational foree on
muass and varies with the location of the
mass (object). The weight of an astronaut
on the moon is less than his weight on the
carth because the foree of gravity is less
on the moon; he may be weightless in
space station. His mass, however, is the
same in all three places. We have been so
accustomed to using the term “weight™ in-
correctly that it will still probably be used
in cases where the correet term is “mass.”

5. Develop understanding of rectangu-
Lir solids——1 liter = 1 cubic decimeter
(dm) == JOO0 cubic centimeters (cm™).

6. Convert from one metric measure to
another, stressing the refationship o the
system (10-100-1000) . De-
velop the ability to convert mentally.

7. and subtraction
with common measures, Compare with re-

numeration

Introduce  addition
vrouping in addition and subtraction al-
gorithms.  Later
division with measures,

s,
the same in both metric and customary

use  multiplication  and

Develop angle meusures (which ure

systems ).

9. Work with metrie unils in problems
on perimeter, area, cireumference and area
of circles, volume, time, temperature, and
S0 on.

10 Develop understunding of the rela-
tionships wmong units for iength, volune,
and mass.

1o Develop the idea of accuracy and
precision of measurements and of signiti-
cunt digits,

120 Extend time concepts and tempera-
ture ideas.
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13 Discuss the history of measurement,
presenting selected aspects o indicate how
varied systems of measurement developed
(including but not limited to the customary
system of measurement).

Secondary tand adult) level

I. Units for such quantities as foree,
work, power, and  cleetricity
should be presented in science and voca-

pressure,

tional cducation courses as the need arises,

2. Generally, the problems at the junior
and senior high school Tevels will not be
much different from those at the adult
level. The very things that will be taught
to the clementary school child will also
have to be presented to the older student
and to the adult. More extensive develop-
ment of the metric systent will be needed
in some classes—for example, in science—
than in others. Mcetric units can be pre-
sented with limited reference to or com-
porison with a few customary units, The
cmphasis should be on making actual mea-
with No
problems should be presented that involve
from to metric
units or viee versi. The decimal nature of

surcments metric  instruments.

CONVETSions customary
the system should be stressed in realistic
problem settings: comparisons to the mon-
ctary system may be particulurly helpful,
The workshop upproach, in which the
student actually makes all types of mea-
surcments with metric instruments, is highly
feusible and desirable.

Guidelines for teaching meosurement
with the metric system

1. The focus of instruction should be on
measurement, with the iciric system evolv-
ing und tuking its role as the standard
svstem of measurement,

5

Before chitdren can understand the
metric system or any other system of mei-
surement. they must have experiences in
measuring. They must understand - what
measurement is. Some prerequisite skills
and understandings are essential hefore any
standard  measures are used.
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30 Afer knowledae  and
skills are attained, nonstandard measures
should be used to develop the coneept of
why o standard system of saeasurement is
needed, as well as o extend the concepts

prerequisiie

of what measuring meuns and of  how

things can be measurcd in various ways.”

(Only when the child undersiznds how
arbitrary the chotce of @ ounit actuidly s
witl he realize the importance of stan-
Jardization in measurement and appreciate
that the history of measurenmiet s essen-
tally o strugple for standardion))

4. The Jogic of using @ reoosurement
system based on ten-—to correnpond with
our numeration  system-—Iis  thea devel-
oped, and the metric svstem s introduced.

5. Begin with hnear measures, because
the meiric units of length are the busic
units from which the units of muss and
volume are derived. For children in the
intermediate grades. begin with the meter
as the basic unit: for smaller children who
may have  difheulty handling the meter
stick (und who do not vet knew the num-
bers 1o 100 sufliciently). begin with the
centimeter s the busic unit,

6. In the elementary school, “eaeh the
Meiric system as e system of mesure-
ment: fater, the customary system may be
fiscussed s one of the other sywiems of
measurement. Schoods may have o teach

come af the customary. measuies along

with teaching the metric system for o

S

u
since the country as o whole will
offer cxampies of both for vears to come,
Teach the metric and customury systemns

as daal oroalternutive sistenmise—the cus-

tomary ssstem happens to be the ene the
cintldren™ parents used.

7o Avord conversion exercises, coneen-
truting onouse of the metnic system. The
mdividuat needs to fearn metric measure-
ment byt and thus Tearn to think in
that Lincuage of weasurement. Children
who have not fearned any sestem of mea-
surement il have Hide difficulty fearnig
and avcepting the metric sy <o,

o damit conversions within the meric
sustem too commonty used units adjacent
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in size. Present-diy metric materials often
ask students to perform extensive con-
versions, such us changing Kilometers to
decimeters Just as useless are exercises
requiring addition of unlike units: rurcly
will this be needed in actual metric situa-
tions, Instead of stating 4 decimeters 3
centimeters, the measure will be given as
43 centimeters: instead of 5 ometers 16
centimeters. we will say ST6 centimeters
or 3.16 meters. Children will need o un-
derstand the relationship hetween mea-
sires, hut they should b encouraged to
use the standard form.

Y, Use uctual units and measuring in-
struments: avoid completely the use of
scaled-down versions sometimes found in
current text muaterials,

10, Develop the understanding that the
approprinte instrument should e used for
duferent meusurement purposes: the meter
stick for length. the balance for weight
(mussy. the contatner for volume, the
clock for time. the thermometer for tem-
perature.

11, The units should be introduced at
the point at which they are to be used.
Concentrate on those units necessary from
a0 utilitarian standpoint at all age levels,
inctuding adult. Do not teach the metrie-
unit tubles per se.

2. Fsomations ~should be emphasized.,
cach o ass "About how many matchbook
covers dong iy the desk?” or About how
many grams of sugar do vou put m a cup
\\HT"
~tandard mensures and later with metrice

of cotfee?” estimates  with non-

muastres. Develop the meaning of and
a tecling for the size of units through cx-
reriences efitering on o estimating and
chieckhing those estimates,

13, Stress the idea that measurement is
approsimate. Schools have given children
many illustrations of - “exuct” mieasures;
Measiree it 35 nol as prechse as we have
made itoseem. Preciston i opartinlly de-
pendent on the unit of measurement we
TN,

BoWith pupils who ddready know the
customary systenn as well as with adulis,
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approximite conversions may be needed.
Relate metric: measures to common ob-
jects and to body measuees,

The meter is a little longer than a yard.

The liter is a little Jarger than a quart.

The grum s about the weight of an ordi-

nary paper clip.
{'he Kilogram is o litde heavier than 2
pounds.

Body temperature is about 37 €.

L3, Use metric mits at every opportu-
nity, including other subjeet matter fields.

16. The prefizes should be introduced
as they are ceeded, Assodiation and pre-
sentation of the complete set of prefixes
should be done late in the development
and then 1t should be presented only to
serve the function of noting the orderliness
of the metric systemy and its relationship
to our numcration svstem. The prefixes
kito, decr, contic and mlli are the anly
ones that will need to he stressed in the
clementary school

17, Feach only  the commonly used

O
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multiples and subdivisions and their cor-
respotding prefixes and symbols: for in-

stancee,
m, cm 00 cm o= 1 m
numn o mm = 1 ¢m
km o m = 1km
g, ke 1000 g o= 1 kg
1. ml st mit = 1 1

I8, Stress the mmportance of  correct
symbel usage. which is the same in all
Linguuges.

19, Special emphasis should be given to
symbols for arca and volame units that
contain superseripts. Additional emphasis
on exponential and scientific notation will
be necded in the cementary school.

20. Discourage the use of common
fractions with metric units exeept when
needed  to develop specific quantitative
concepts: when a fractional term s used,
write it n decimal form, that is. “one-half™
is written as U3 er TOST

85/5¢
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Ten basic steps

for successtul metric measurement

JON T HIGGINS

I/%L\ adults we have been measuring for
so Tong that we now tend to ke the mea-
suring process for grunted. Today's push
for conversion to the metric system pro-
vides us with new opportunitics to redesign
not onfy the system of measurement that
we teach in our schools but also the way
wo teach measurement itself.

Rescarch over the past thirty years sug-
gests that measurement is @ much more
involved process than we have commaonly
assumed. Measurement requires the devel-
opnicnt of several prerequisite skills and
understandings that are often overlooked.
The following list suggests some of these
prerequisites, wlong with o possible se-
gquence in which they might be developed.
The fist s intended as a summary, The
issues and eritical aspects of cuch step can
be found in the other articles in this hand-
book. W uniticd this fist to treat
length, arca, volume, und nuiss (weight)
found

have

simuftuncously.  Researchers have
thut muny of these understandings must be
developed by children, nstead of merely
being viven by testhooks or teachers, and
that a child’s development docs not pro-
ceed simultancously for length, arca, vol-
ume, and mass (weight)y. Neveriheless, the
prerequisites are similar for all and can be
casily discussed together even though they
may bu separated in the curricetum. Com-
pare this list of ideas and suggested uctivi-
tivs with the texthooks used in vour school,
Arce you skipping any imporuint steps and
prerequisites”?
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Extend the ideus
of to and
“shorter.” “heavier™ and “lighter,” and
“higger™ and “smaller™ by placing objects

b, Cowmpare directly.

more” or less” “longer™

dircetly next to cach other. Be sure 1o
extend  the activitics to inctude not only
fength but wlso area, volume, and mass
{weight) as welll For length, compare pen-
cils, picees of string, chalk, and so on,
FFor compitie of
similar paper cutouts by placing one over
the other, (Keep the shupes being com-
pared geometrically similar at this time.)

dredd, sheets paper or

For volume. compare boxes and cans by
plicing one inside the other (filling activi-
tics should come fater). Compare the mass
(weight) of objects by lifting and by
placing on simple two-pan balances.

2. Compare three objects, Three  ob-
jects o1, B, and € may be compared by
comparing A with B2 and B with €', Develop
the property of transitivity for length, arca,
if A
than 2 and B i less than O then A s fess
than €. which can be verified by o third
direct comparison. Note also cases wherc
transitivity does not apply. For cxample,
it 4 is Toss than B3 and C s less than B, we
do not know how A and ¢ compure with-
out w direct comparison,

Apply the transitivity principle to com-
pare two widely separated objects. Have
one child hold a short pencil on one side
of the room, and another child hold a picee
of chatk on the other side of the room,

volume, and muss (weight): is less
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Which Tooks Joneer? Choose a third object
of intermediate fengthe perbaps w0 dowel
of stick. and use the transitive property by
comparing Hrst the pencil 1o the dowel and
the chatk to the dowcel,

30 Place seceral obijecis fyoonder, Onee
children have learned and mastered the
transiti ity properties, they can pliace so
erab objects in order of increasing o de
craasing size be repeated use of ransinviin .
This sertal ordering depends onmansinsity,
Dut I not necessary Tor the steps i mea-

sturing that follow,

Ao Compare indirecriy. Basie 1o the
meastrement process s i use of athind
Farger unit that cun be used 1o help come
pare. We get around the napplicability of
the transtiive properts by constructing
fovacking) the stze of one object on this
larger unic and using the constructed ~ize
to compuare o the second object. For
example, choose adowel Tonger than cither
the penctl or the chalk in the previous
example. Compare the dowel to the pencil
and murk the pencil's lengih on the dowel.
Fhen compare the marked dength on the
dowel to the fength of the chulk.

Compare the arca of two trinngles by
tracine one of them on o large sheet of
paper (the Lo unity, Then carry the
marked sheet of puper o the other tri-
anvle for comparison,

Two volumes canhe comparec indirectly
by using o volume of cither sand or water
as o intermediate. As before, the volume
of sand or water availuble must be fareer
than the volume of vither of the two con-
aners being compared il one of the
containers with ~and o water. disearding
the extra Cthis is the marking or “construe-
tHon™ siep). Then compure by pouring the
satd or water into the second container.

Masses fuceights) may be comparced by
using samd or water to Tconstruct” o niass
cqual 1o the firste The constructed nyiss
mayv then be compared to the mass of the

second obieet,

Soobdd enorhey, areas, volimes, and

masses. Develop the dea that basic prop-
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erties can be added. Compare the fength
of a penctl (o the length of two picees of
chalk by placing the chalk picees end to
end.

Compare the arca of four small squares
to that of o large square by fitting the
staller squares together fike o puszzle to
form a nes arca. Compare the volume of
several blocks 1o that of o Targer box by
stacking the blocks. Compure the weight
of saveral paper clips o that ol a safety
i by placmg all the puper clips on one
pan of a balonee and the safety pinon the
other.

O Transiornr objecic Tor comparison.
Often it s helpful to ransform objects
to make them appear more nearly ulike
for purposes of comparison. tasential to
this process s the faet that no length, arca,
volume, or mass must be fose i the trans-
Tormution processe—this iy the basic idey
of Teonservaton,”

Form u polveon with toothpicks, Com-
pare ihe fength (perimetery of the polveon
to the length of o penctl by placing the
toothpichs ond to end o form o straight
line,

Compure the arca of o triangle o the
arca of oorectangle by cutting the triangle
into proces that can be ditted together o
form u new shape that is approximately o
rectangle.

Compare a ball of modeling clay with o
block of modeling chay by pinching the
corners off the block and adding them buck
at other ~pots, Use this same transforma-
tion to compare both volume and mass
Cwelvhty,

7. Compare by dteration, T'wo  objects
can now he compared by using o third
interimediate object that is smaller than
cither of the ohjects being compared. A
sonall foneth i wsed to construet the length
of o penal by placing copies of the smull
fencth end to end until the additive length
oequal to that of the pencil, The number
of thes the small Tength s used or re-
peated s counted. and this number be-
comes the measare of tac ength of the
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pencil. I we want to compare the length
of the pencil 1o the length of a picee of
chalk.we can get a number for the measure
of the Tength of the chalk in the sume
manner and compare fengths by comparing
number.

This process is what most people think
ol when they think of measure, There are
o inportant things to note about it. First
of all. the neration process reduces mea-
surenient tooa process of counting, but
counting is the last step of the measure-
ment process. The steps that we have
stmnvarized earlier form the necessury pre-
requisites for the suecesstul completion of
the counting process, Sceondly, the inter-
medinte “small Tength™ forms the unit of
measurement, When we count. we must
be counting cqual or congruent units, This
is why the repetitive or iteration process is
mportant -4t guarantees that we count
congruent units, The unit we choose may
be arbitrary, as long as we use the same
unit for all measurements we wish to com-
pare.

When measuring areas by dteration we
may be arbitrary not only in the choiee of
the size of the unit but in choosing the
shupe of the unit as welll The problem s
to choose a shape for o ounit that can be
used to construet many ditferenty shaped
regions by repetition. The most practical
shape to choose s a square, which can be
used to construet both square and recetangu-
lar regions, To meusure regions of other
shapes, we first transform them into ree-
tungles and then measure the resultant ree-
tangle with the unit squares,

Children should develop the dteruative
process for measuring arcas by covering
square and rectangular regions with small
square tiles and connting the number of
tiles used as the measure. Later, the use
of graph paper or w trunsparent grid may
help speed this process, When this has been
mastered, then parallelograms, trapezoids.
and triangles may be measured by trans-
forming them into cquivalent rectangles,

The tterative process for measuring vol-
ume tollows the same pattern as the process
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for arca. Small cubes are chosen for unit
volumes, and these may be used to con-
struct rectangular solids. Trregular volumes
are transformed into rectangular volumes
before measuring.

To measure mass (weight), a small unit
mass must first he chosen. Identical copies
ol that unit are added to the bulunce pun
until the mass being measured is matched.
The number of unit masscs used s then
counted. and the resulting number becomes
the micasure of the mass, For clussroom
use, paper clips make practical small-unit

THISNES,

S, Meavure herween limits. Unless the
unit has been chosen with respect to the
particular object being measured, it is gen-
crally not possible to construct congruent
fengths, arcase or volumes by u simple
repetitive process. When measuring the
length of a pencil, for example, a child
mav find that five units form a tength
shorter than the pencil, while six units
form « lenath longer than the pencil. Chil-
dren should then repore the measure of
the length ax between 5 and 6 units, or

S om - 6 (where moas the measure).
An arithmetic of measure limits can be
developed. It the measure of the length of
a picee of chalk is between 3 and 4 units,
then the measure of the length of the pencil
and the chalk end to end is between 3+ 3
4. Inwosimilar manner. the length
of two pieces of chalk is between 20 3

and 20 4,

and 6

9. Subdivision of wnits, When children
cheek the arithmictic of measure limits by
mueasuring the combined lengths direetly,
they usually find that the interval between
the imits of the actual measure is less than
the interval between the limits given by the
arithmetic, Thas, although the arithmetic
vives the measure limits for the length of
two picces of chalk as 6 and 8, actual mea-
surement of the fength of two picees of
chatk Taid end to end may give limits of
T oand 80 This happens, of course, when
the length of the original picee of chalk is
much closer to 4 than to 3.
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The difticulty that is raised here usuadly
suggests to children that the interval be-
tween measurement imits should be made
as smadl as possible. There are two ways
to accomplish this——cither choose asmaller
unit of measure, or suhdivide the unit of
measure into smaller picees, If one chooses
the between the
measure becomes smaller, but the counting

a0 smadler unit, interval
process becomes more ditheult, sinee there
e more copies of the unit to count. By
subdividing o Larger unit, we make both
Aspects caster, Counting 1y casicr, since we
have fower Rarger units to count. The in-
tervals between measure limits is smalfer—
arter the Jast whole unit, we can switch 1o
the smaller subdivided unit.

Chidren should subdivide basic units in
anv manner they wish and practice meu-
suring with the new subdivided units of
lengthy area, volume, and mass (weight).

10, Calewdare with measurentents. The
bost wiy to subdivide measurement units
depends on how they are 1o be used, We
can often shorten the counting process by
domyg simple cadeulatons on basic mea-
surenients, For example, suppose we want
o measure the arca of a rectangle. We can
cover it with unit squares and then count,
Or we can count the number of squares

ERIC
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ong the Tength of the rectangle and the
number of squares along the width of the
rectangle and mudtiply these numbers to-
vether to obtain the total count. In similar
fashion, multiptying the Tength, width, and
height of o rectangular solid is a shorteut
for counting stacks of unit cubes,

I'he wlgorithms for calculutions depend
on the place-value system used in our nota-
tons, To keep owr caleulations simple, the
subdivision of units should  parallel our
place-value svstem. Sinee we have a deci-
mal svatent of notation based on powers of
10, it follows that for case ot caleulation,
the subdivision of the unit should also be
hased on powers of 100 Thiv iy exactly
what the metric system does, and this 1y
the poing ar which the metric svsteni be-
comes adrariageons.

Other useful e
other apphications. Tt v often uscetul o

subdivisions may be
consider halves or thivds of units. purticu-
furly in estimations, but no other subdivi-
sion procedure is as useful for computation
as the decimal divisions used in the metric
svstem. As teachers of voung children, we
must ook abead for the svstem that will
ultimaicly be most useful to them and use
that system from the time standard units
are first introduced, That is why it is im-
portant to think metric——now!
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oaciitel envaved Dnoresearcl dealone i

chilidren's thinkine inomathematios. He rooeniy

dacted as co-director of @ conference on rescarch

of thie Plaver tvpe D this article he sieeests

several fdeas Pased oo tindines frory sieel reseanc

Et is essentiab that teachers of mathemat-
ies have agood grasp of the thinking busic
to the mathematical content they present to
their students. When confronted with the
general arca of thinking, mathematics edu-
cato tincluding teachersy have tradition-
ally wurned o payehology for help. Some
nitthematics educators wre currently turn-
ing toward theories of cogmiiive develop-
ment in their quest o understand thinking
basic o mathematios, The search s rich
in content and rewarding in terms of im-
plications for muthematios teaching, The
implications are not necessarily in terms
of pedagogical polemics but fie in the in-
sight that teachers can gain into the think-
iy of the voung child and the origin, of
that thinking.

Praget’s theary of cognitive development
is o theory of mtelligence. One of Qs fea-
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tures is that it deseribes structures  of

thought and
dergo s o child changes in chronologicad

chunges such structures un-

age. Major stages of developmient of these
structures have heen identificd by Praget,
Crucial aees ot which changes i structures
occur have been oluted at approvinmatoiy
cighteen months of tges seven sears of age,

and twelve veurs of ages Stages may be

identiticd noterms of the age intersals:
from birth o cighteen months of age.
cichteen months to seven vears of age.
seven vears of ave to twelve sears of age,

and twelve vears omwards, Two stages are
particularly of concern in this paper—the
stuge from cighteen months to seven vears.
called the stage of preoperationad repre-
sentations and the stage from seven vears
to twelve sears, calted the stage of con-

crete operations. In the cose of individual
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children, exceptions inwhen stages oceur
have been noticed, but not in the sequence
of oceurrence.

In the theory, overt action is viewed as
source frony which inteligence originates.
As the child grows older, the overt actions
are internudized tthey oceur i the mind)
and becoame operations of thought, or,
for shorte operations, Such operations of
thought are viewed as having structure,
Concrete operattons are - alled concrere
to denote tat children can think ina ogi-
cally coharent manner about objects that
exist and ahout actions that are possible,
Children can perforim concrete operations,
Bowever, i the immediate abvence of
whix‘c(\. Somy L‘\;HllplL‘\' ob concrete uperi-
tions are classitication, erdering, counting,
and the Tundimnental operations of the logic
of chisses and relaions, Inowhat Tollows,
the operation of ordering s discussed.

A chidd can perform un overt act ol
conparing o strings s A oand By o

.

NN long as Bow o s
than B, or if

aseeriain if
shorter As Tonger than 8.
In order o explain, cven partially, the
conditions that huve 1o hold for such overt
ACts o represent operations of thought, it
i~ necessary to consider a chitd phiced in g
situation where he is o wshed o order g
hundle of strings from longest to shortes
fasstne the strines are ol of ditterent
Fentharo o avoid the posibilite: of the
child performing the ordering by just Took-
mye ot the strings. the strings have 1o he
close enough in denoth o i ansy two
strines are nat '

obvioushy of - ditferent

fength< That is, 1o dind the relation that
holds. achild actuadly has to compare the
strings by placing one end joint from cich
string adfieent o another and comparing
the two remaining ond points with the
strings drovwn tuut (see figs 1y, To perform
the ordering tsh the child must take two

strimgs. say A and BLownd overtly compare

|
51

O
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é > ) A longer than B
; \ B longer than C
A B C

Poag. 2

theny Suppose he finds that A is longer
than B. Huoe then must take a third string
and compare it with cither A or B, Imagine
that he compares 1t with 2 and finds that
B s Tonger than O (see figs 230 AL this
point. i the overt action represents opera-
tions, there is no necessity for the chld to
overty compare A and Co He s able, in
his mind. to compare A4 and Con the basis
of the premises that A is foneer than /3 and
Bois longer than ¢ That s,

able o

the ¢nild s
compose  the two relations 74
longer than 87 and B longer than ¢ and
mfer that

central aspect of the operation of ordering.

A s longer than C, which is one

In mathematios, it is what is known as the
principle of transitivity. Although not un-
cquivocal, some research (Smedslund 1963)
shows that the average age at which chil-
dren acquire transitivity of Iength relations
fies somewhere boetween seven and  eight
Lo,

Imagine now that when the child com-
pared string O with string B he tound.
instead of B longer than €8 shorter than
it the overt

actions represent operatians, there s no

O tsee g 300 o this case,

necessity for the child to make any further
OVCTL Comparsens ooascertain that 7 s
shorter tan A or that C b tonger than A,
He s ables in his mind, to construet o con-
verse relation. When the child thinks, "B
15 ~horter than C07 it is o relation that has
a directonality from B 1o 7 The converse

rehation, C longer than 877 has o diree-
¢ ¢
{ 4

A longer than B
B shorter than C

S -

l
S
b
\
c

§
4 B
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tionaliny from ¢ to B In other words, the
child B, proceads o C (B
shorter than Ch, then buck to B oC Tonger
than K)o Such an ovpression of reverst-

arts with

bility i~ essential an the structure of the
operations.

In the case of reure 3, the child cannet
establish, in thoughtt iny lovical relation
and O
Boand Cand A and BTt s essential for

hetween o by the comparison of

him e overty compare A and O to com-
plete the seriation torderingy of A1 B, and
CooAssume thar the child found L1 Longer
than (7 <o the order of the strings s asin
oo o4
string. say D0 Imagine he nnds that Boas

Foe cnld muest new take anoiher

longer than B with one overt comgaarison.
The concrete-operational child would not
with 1) nor ¢
with 12 tonfer the corredt relations, Foy

hove to overtdy compare A
cyvamples toonfer that A s Joneer than 1.
he could tobe ot feast two ditferent voutes
o establish the relation, First, becuuse he
knows that o i fonger than B oand B s
ionger than £, he knows that o s longer
s Dyoor, !
A oneer than ¢ oand Ok fonger than
0 he soninfer that s Tonger than . A
most cHicient strategy on the part of the

socond, beenuse he knows that

child would be o reason that B8 06 shorter
than bhoth o and € D s shorter than B,
so Do shorter than both A and ¢ Chil-
dren in the stage of preoperational repre-
sentation do not exemplify such fexibiling
of thinking.

Other structaral charecteristios of con-
crete-operational thoaght east. bur they
are better hrogefn ot in other conteste,
The
and reversibifity discussed o the context of

above characterisios of  transitivity

dOACriHON-0f s trings s are quite cenerid
and apply to other oraer relations: that s,

A longer then (¢

4 / C’ longer than £2
A C V64
O
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“les~ than™ and “more than™ for numbers.
Once point should be mude explicit. That is,
it is not necessarily true that all children
who are cight vears of age are in the staye
ol concrete operations, nor is it necessarily
true that all children who are sixovears of
sge are not i the stage of conerete opera-
tons. [t s importunt to note that children
are notin the present curriculum, taught
directly to think in the wavs characterized.
They do sowithout formal instruction,
Now, consider o child whois placed in a
sitiatton where he iy asked o categorize
(~ticks,

strings, pipe cleaners, etedy into subeollee-

2 collection of “linear™  objects
tions, where the subectections are formed
by asing the relation “as Tong as." That s,
anyoobject inoa given subeotlection s as
fonyg o~ any other object in that subcollec-
non. and any two objecets tahen from differ-
ent ~subcollections are of different Tengths.
Some structural aspects of conerete opera-
tions noted carlier are involved. as well as
others, The child can start by selecting an
and hinding another, sav B3,
so that o s as long as B0 The child nin

Uhik‘k‘(. Ay .

now find another object, suy €L oas fong as
AT these overt actions represent operi-
tions, there is no necessity for the child to
overtly compare B oand € He iy ublel in
thought. to compare - and C on the prem-
sos that o is ws fong as Boand s as ong
as O For the conerete-operational child,
knowing that -1 is as Tong as Boalso implies
that the child knows that B s as tone as A
and knowing that 8 1s a8
Tony as ot and o s as Jong as Cimplies that

(reversiilingy,

the child is able toinfer that B s s long as
O ttransitivite) . Ginven that the i
A B
another, he can freely uee any one of the

fd views
and 7 us all being as long as one
three us representative of the others. or.in
“ooprinciple of substitu-
tien. Moreover, the child can compaose refa-
tons as followse IF he finds an object 1
such that 1 s not as long us € he knows

other words, oo

that 1) 1~ not as fong as cither A ar B3 with-
cut overt comparisons because A s as long
as Cand Bis as long as €

The above principles of thought at the
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B B, By By By By I3 Dy
Fig, 8

stige of conereie Operalions are peeessan
in classifving “lincear™ objects into subeol-
lections on the basis of as tong as7 How
such thinking s imvolved i measurement
tshs follows,

Measurement s a process whereby g
number 18 ussigned to some object. Con-
sider. for example, aline segment 4 as un
object to be measured (a0 taut picee of
string is o physical representation of a line
segment) and another seement B usualh
comsidered as o unit of mensurement. se-
lected to measure the seement A0 T mea-
sure 1L B Taid alongside o and iterated
as meny times as necessary, Consider the
special case i feure S0owhere o is cizht
units in Jenathe The child must conceive
l‘f
parts. determined by the iteration of B,
cach of which is us long ax B that is, B s
as long as BB is as lone as Bound <o on,

A us being partitioned into cight sub-

Obviously, the child e conceive. in
thought, that By is as long as B, <inec
there is no possibijity of diveetly compuring
Boand B.The <cemce holds for any two of
the subparis. Too. the child must conceive
that B, i. shorter than B, BB, B.
meuans the seemant formed by By and B.).
B, B . is shorter than B. B. ..
and <o on: end at the same time he must
conecive tha /- B. s longer than By,
B. 5. Bois lenger than B, R.. and
sooon. Or, i other words, o stick ence unil
fong is shorter thon a stick two units long:
astick two units long s shorter than w stick
three units Jongs and at the same time, o
<tick two units tong i fonger than a stick
one umit long: o ~tck three units long is

foneer thun o stick two units long: and o
(R

Too often measureent is begun i the
clementary schoal by taking o foot ruler.
marked off into units of aninch or frac-
vonal parts thereof. and applyving it to
objects to be measured. obtaining answers
such us “the book iy cleven inches long™
Cussuming o book was to be measured).
Children certainfy like to meusure objects,
However, it they have made their own
mcasuring instruments, awvo children may
well find “different™ answers for how long
the book i<, The resolution of such a con-
ficr may Jead o a quite powerful notion—-
a unit of meusure for cach child that 1s as
long as the unit of measure for any other
child. In the resolution of such conflicts,
other structural charucteristies of conerete
operations beeome immediately apparent.
For example, consider o simple situation
such as thut depicted in figure 6. Scgment
A ffor example. the fength of the book) is
mueasured by two ralers, ruler 1and ruler 2,
With ruler 1,
twelve units Tong, and with ruler 2,
untts long, How can the same seement have
o cdinferent™ lengtoas? It ods ossential at
this point that a child be uable o simulta-
neotsdy conecive that the unit of ruler 1 is
shorter thun the unit of ruler 2 and that
there are more subsceements of ruler | than

ceament 0 is found to be
cight

there are of ruler 20 Foru child in the stage
of preoperational representation, Piaget’s
theory would prediet that he is not able to
conceive simultincously of both refations.
A child at the stage of concrete operations,
however, could establish both relutions und

Segment .1
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coordinate themy thereby 0 would seem

that such o child would have & more pow-
criul coneeptualizing ability than the pre-
P
standurd units of measurement,

oporational child as regards construction of
To iltustrate more Tucidly the point con-
cerning the construction of wstandard anit
of measurement. consider the three situa-
tons depicted i lgure 7. Do each situation,
a child s asked i he can make o length
comparison ot the two polveonad paths, €A
pahveanal path may be thought of as o set
of seements connected at the end points.)
T he paths are not mos able so that the child
cannot moeke oodirect, overt comparison
tirst must

subscgmients of ¢ach path are

between  them. he aseertiin
whether the
of the same engthe The child could do this
by selecting oo stick (aumt) as long as one
subseement and  then comparing it with
cach such subsegment in that path, us -
He

must. by necessity. be able touse trun-

ready discussed relative o tigure S,

sitiviy and reversibility inoorder to con-
coive of s, path 1 oof situation T oas being
inte ~ubscgments ult the
samie fengths Note that i path 2 of situa-
tion 3 one subsegment is shorter than the

partitioned of

unit and one iy oneer so that no come

parison is possibles onoa logical basis, of
I

path Fand path 20 OF course, miore sophis-

teated mcans avarlable to muake the

are
comparison.
In situation 1, all subsegments of puth

Irare of the saome fength and all subseyu-
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necessary for a child to compare one sub-
scgment of path 1 with one subsegment of
path 2 through the use of an external stick
(thus emploving transitivity and reversi-
bility) 1o ascertain that they are of the
same length, Then by establishing that one
subsegment of path s as long as one sub-
scement of path 2. the principle of substitu-
tion must be emploved to ascertain that
any subsegnmient of path 1 s as long as any
subsegment of path 20 Now, in order to
compare the lengths of the paths. the child
must cither construet i one-to-one mapping
between the subsegments of cuch path or
che count them, Inocach cvent, the con-
clusion, path 2 is Jonger than path 1,
bused on the premises that there are more

subscgments in path 2 than in path 1 and
2

s

that cach subsegment of path 2 is as long
as cach subsegment of path 1,

Although in situation 1 it is not neces-
for the o and
ordinate both refations in order to reach a
In
situation 2. cuch subscgment of path 1 s
as long as any other subscgment of path
{obut longer than uny subsegnient of path

sury child estiblish co-

correct conclusion. in situation 2 it s,

2. all of which are of the same length, The
two premises on which o child must base
any logical conctusion are: there ure more
subscgments inopath 2 than in path 1,
and cach subscgment of path 1 s longer
than cach subscegment in puth 2. Consider-
g Just these two premises, the child must
perecive that 10 1s not possible to compare

ments of path 2 are the same length, Ttas the fengths of puth [ and path 20 In figure
Siuation | Situation 2 Situation 3
N o 9o e
3, co o *- g ? ° .
ath | o o & o n Vs R °
' oy N\ ) i
v v ® o-— g o -9 o b
L]
o2 i ° 6 - o - ‘ /“
Path2 » o« . b O o B e A 1 ol
P A e
L S " eome [ 1T
1 D C
O
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6, a similur sitwation exists. There, how-
ever. the polygonal paths forming the rulers
are segmenss that are proximal to cach
that visual

No conclusions

other and to seament A, w0
comparisons dare possible.
about the relative lengths of the two rulers
could be wseertained from the two premises
that the unit of ruler 2
unit of ruler toand there are more subscey-
I than of ruler 2. Those two
elations simuitineoushy were
used to eaplain why two rulers, for which
given thut they of the same
have duferent numbers us
lenuths, In sitaations 1o 20 and 3 of figure
7. the tink s to compare the lengths of
path 1 and path 2 cwhich are not movable)
boe d the Iengths of the
subscuments und how many such subscg-
ments form the pathss In situation 1 osuch

situations 2

is fonger than the

ments of ruler

considered

Howits
length,

were
could

> knowledge of

a comparison is possible. In
and 3
hle, In situation 30 the reason o compari-

SUCH GL COmPArison 1N 0l possi-

ditferent from

In path 2 of situation

possible s
that in situation 2,

RINTI

SO IN ot

child seleets o stick us long as w
he will tind that there
are exaetly two subsegments (C oand D)
not as fong oy the stick «C s Jonger than
A and D is shorter than ). I the child
is at the singe of conerete operations, he
know that cven
as muny subsegments of path 1 oas there
are of path 20 he compure  the
lengths of the two paths, Tis essentiud that
a child have the ability,
tons are presented. to ascertain whether the

subsegment (sav o).

should though there are
cunnot

hefore such situa-

TEACHERS

subsegments of any path are of the same
length.
the abilities outlined above concerning sit-
uations I, 20 und 3 of figure 7 be present
hefore the number line is used as 0 model
for operations with whole numbers.
Considering the above discussion, for a
child to conceive o need for the construe-
ton of u standard unit of measurement it
seems necessary that he be placed into
situations that are resolvable but that in-
volve contlict (fig. 6) or into situations that
are not resolvable Gitnations 2 and 3 of
fie. 7). Such situations must be carcefully
selected so that the thinking necessary for
aonresolution) is available

It would also seem neeessary that

resolution (or
to the child.
Once o cluss of children have
rulers with o standard unit of measurement
(e.g.oaninchy, they should use the rulers
to meastre objects. In such usige, concepts
of inner and outer measure become impor-
tant in forming approximations to  the
length of objects that are not a whole
number of units fong. In figure 8, the inner
nicisure of segment A is Sixounits and the

constructed

outer meisure is seven units. The Jength
of the segnient is benween six and seven
units. The inner measure s the greatest

number of units that are completely in-
cluded in the segment. and the outer meu-
sure is the Jeast number of units needed to
completely include the segment. 1Y the
children to muke two units out of
cach one in their ruler. then o closer ap-
proximation could be made to the length of
esee figure 990 In figure Y.

agree
seement

seg-

Segment .1

s 5 4TE ey
Fig §
B Segment .4
b B L T T, SNy SULPRIDS SUS L 4 i
| 2 34567 8 9 IO 213 14
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ment oo between T3 and T4 units, o in
terms of the original umt, between 61, and
Tounitss Beas necessary that the child feel
no contlict i representing w length by two
numbers i order o obtain successive ap-
prosunations toothe fength of o scement,
as s done wath hgures S oand 9,

A fuller discussion of measuraiment per
se would at feast include Foelish unis of
fincar nmcasurement, metric units ol mea-
SUreCnL e measurament, volume mea-
surement. and comversions from one mea-
surcmient system to another cahich mcludes
aowell-developed coneept of cqual rtios).
Such. however,
paper. Ruther, aspedts of thinking founda-

was not the inten. o this
tional to measurement have been investi-
wited, Inthat mvestization it was Tound
that principles of transitivity . resersibility,
and substitution. as well as an abilite to
conceive of two relations simuliancousdy,
were all toundational. Enooeh sitaations
and examples have been included <o that a
teacher with o e mgemaity can assess

such dspects of thinking i her clissroont.
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Teaching about “about”

HAROLD C. TRIMBLE

A professor of education at Ohio State University,

Harold Trimble describes himself as “a would-be teacher;

would always: “he! as other dutics permir”

Tn many adults mathematics is a mys-
tery, an occult seience beyond their powers
of reason, To test this bald statement, talk
to boys and girls of high school age and
to adults. Listen to what they say. Ob-
serve what they do in simple problem
situations  that involve numbers, Notice
how they try to “remember what te do™
or begin to perform random calculations,
Notice how few people wade into a prob-
lem confident of their own good sense,
Now consider a child who studies al-
gorithms for addition. subtraction, multi-
plication, and division in grades three
through six. Much of his time is spent
learning to fnd “right” answers. Perlaps
he concludes that muthematics is the place
in the world where exact answers are avail-
able and required. At this point in his
mathematical development. a child may
encounter what seems to him to be a con-
tradiction, He has become accustomed to
using numbers to record measurements,
And now the teacher tells him that all
measurements are approximations; that, in
the arithmetic of measurement, there are
no exact answers, and, cven worse, cor-
rect caleulations do not necessarily produce

Q orrect’” answers.
ERIC
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This is. of course, anly onc of the criti-
cul moments in which a person may learn
to believe that mathematics is o mystery.
Perhaps it is an cffective one for many
children. At lecast it would appear to pre-
sent a fine opportunity for a child to lose
his intellectual sclf-confidence.

There are, of course, two ways to try
to correct such a misunderstanding. You
can provide corrective cxperiences  just
prior to the critical moment. OQr, you can
take a longer look to discover how the
misunderstanding was built into the cur-
riculum over the years preceding the criti-
cal moment,

Let's look first for a short-range solu-
tion. As a teacher you may not be in a
position to rewrite the program of study.
Often the best you can do is patch up
mistakes that previous teachers have made.

Have you scen the advertisement in
which one razor blade corrodes more
quickly than another onc? The cdge of a
razor blade appears to the cye as a line
segment. What could be more perfect
than the cdge of a blade used only a fow
times? Yet, under a microscope the edge
becomes a mountain range! A teacher can
use pictures like these to dramatize the

100
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contrast of the perfection of mathematics
with the imperfection of reality. Then he
may be able to get children to sce how
calculations, correct in the mathematical
world, fail to reflect the rough edges of
the physical world.

My own lack of confidence in talking
to students. cven in using pictures to
dramatize the contrast of the mathematical
model with the everyday reality, is based
on cxperience. My efforts along these lines
have failed. Because of this. T am con-
vinced that boys and girls need to use a
correct mathematical model for a while
before they cun appreciate and understand
the incorrect, but good-enough-for-practi-
cal-purposes, model now presented in
most school mathematies programs, So,
to my mind, even the short-range solution
requires more than showmanship.

I proposc. then, providing children with
cxperiences in which they contrast the
mathematical «dea of measure (a real num-
ber, length of a line segment, weight, or the
like) with the physical idea of measure-
ment {the process in the real world). A
child readily accepts a thing as what it is.
It has something that grownups call a
measure. This may be a length. a weight,
a time, or another idea-level property. The
trouble is that real lengths don't fit rulers
perfectly. The measure is an idea. Tt is what
it is. The problem is to express the meas-
ure using numbers on a scale. This is the
basic problem of meaurement. Carpenters
are content to call a mceasure 1242 Ma-
chinists might eall it 12.49. They mean
ahout, and about means good-enough-for-
the-purposes-at-hand. That is why walls
have floor moldings—to heal the difference
between the lengths of wall boards and the
heights of rooms. But about is not a good
mathematical word. Sometimes we ugree
that “about 1242 means 1212 -+ 14 but
a better way to say this is to speak of a
mcasure i, about which we know that
1214 < < 123 At least | like it better
because it keops things straight, There is a
theoretical “hing called a micasure. m. But
‘@ rocess of measurement is a process of
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comparison that inevitably leads to making
an appreximation. So the best we can know
about m is that it belongs to an interval.
For example. we may know that

121 < m o< 123,

or we may know that

12,485 < m < 12,495,

What we know will depend on such prac-
tical questions as the type of measuring
tools we use.

In present-day programs in arithmetic,
children begin the study of mecasurement
by measuring things that come out as whole
numbers, such as 2 or 3 or 5. This scems
wrong to me. It would be much better, 1
think, to begin with things between 2 and
3. ar between 5 and 6. If carly experi-
ences with mcasurement have implanted
the idea that things really do have mea-
sures Hke 2 or 3 or 5. children espe-
cially need to work with the berween idea
as they begin to perform calculations in
the arithmetic of measurement.

A good problem to get fifth or sixth
graders started is to ask How far above
the first floor of the school is the second
floor of the school? There are, of course,
a lot of ways to measure this. Fine. Suppose
one child, or committee of children, drops
a weighted string down the stairwell and
uses a yardstick to measure the length of
the string. Suppose another child, or com-
mittce, measures the rise for one step.
multiplies by the number of steps. and
comes up with an answer. The answers are
different. Who is right?

In a context like this one, it will be casy
to convince fifth graders that a stairstep
has a riser of some definite height. but it is
not possible to say exactly what this height
1s. The best one can do is to make a state-
ment like: The height is A, where

7V < h < T8

For sixteen steps tike this one, the height is
H., where

16X 72 < H < 16 X 70,
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Notice that the calculation required is
doubled when you work with intervals.
Notice that 16 » 7% = 116 and 16
7% = 118, so that an interval 's inch
long (7' to 73%) becomes an interval 2
inches long (116 to 118) when vou malti-
ply it by 16, 1 believe that it is in contexts
such as this one that the absolute errors
and relative errors of the arithmetic of
measurement can he made sensible to
children.

What T am proposing, then, is involving
the children in a few problems in which
they perform simple measurements: lead-
ing them to notice that different methods
or different observers may get different re-
sults: having them express the measures
using intervals; helping them perform cal-
culations with intervals for a time before
trying to teach the more conventional ap-
proach to the arithmetic of measurement—

@ rounding of answers,
ERIC
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The next example may be more suitable
for junior-high age children. When a boy
runs up a flight to stairs, he does work. If
he elimbs /i feet and weighs w pounds, he
does /e foot pounds of work. If this takes
1 seconds, his power is cxpressed as

I .
foot pounds per second.
t

Sinee | horse power is 550 foot pounds per
second, we can write

Irw
P o= horse power.
!

550

You can have children mea .ure their horse
powers using this formu'a. They must
measure /1 in feet and, for cach child, w
in pounds, and ¢ in scconds. To get 2 usable
measure of 7, o stop watch will be needed.
Again, it will be casy to get arguments
going about whether or not Joe is really
more powerful than Sam. Again, intervals
will be needed to allow for the inaccuracies
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of measurement. For example, the children

might agree that
13 <h <113 {Between 1116 8.

and 111, 91n.),

(Weight of one boy

to the nearest pounds,

{Time for the same boy

allowing an crror

of 1 second vither way).

T < < 1128

and 2 <1 < 2!

Notice that

(13 X (1) _ ) X

(350) X (21) (350) X (25)
There are opportunitics for computational
practice. The more students who comp
the more practice. Important mathematical
ideas are also involved. For example, the
smaller the divisor, the greater the quotient,

Between the two examples given, there
are. of course. many of intermediate dif-
‘ty. The idea is not to teacn physics, or

ERIC
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surveying, Tt is, rather. to work with inter-
vals in order to develop some appreciation
of the effect on the answer of approximate
data. With such a background, it may be
possible to get children to understand and
appreciate the arithmetic of measurement
as a shorter way to find answers “good
cnough for practical purposes.” Warking
with approximations #nd rounding answers
is not really mathematies. it is a practical
way to shorten caleulations with intervals.

You may want to think about the longer-
range solution, If you buy the idea that the
corrret mathematical model for calcula-
tions with measurements s calculations
with intervals, you may wish to:

1. Plan the first expericnces with measure-
ment to fit the realities of the sttuation.
Have children measure—and record the
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answer in the form 3 < m < 4, rather
than say “the length is 3.7

Use the students natural desire for
greater precision to motivate the use of
smaller units of measure, aand, later, of
common fractions and decimal
tions.

frac-

Lead up very gradually to the idea of a
real number as a timit defined by a set
of nested intervals. For cxample, the
number = has been a source of great
confusion. However, children  accus-
tomed to recording a imeasure as an in-
terval should not find a set of intervals
like the ones that follow surprising.

I < < d
I < w32
3L <7 < 35

The number = is the measure defined
by the ratio of the circumference to the
diameter of a circle. Tt can be approxi-
mated by intervals obtained by mea-
surement and, later in the study of
mathematics. by intervals obtained by
theoretical methods. '
Usc the arithmetic of intervals as back-
ground for the idea of a vector space.

In this instance, notice that when you

measure with an agreed-upon unit (hun-

dreths of inches, for example) and re-

cord a, b, . in torms of that unit,

then for measures , and m., defined

bya < m; <> bandc < me <d,

a) m, = my if any only if @ = ¢ and
b = d, and

by nmy + myis defined by a + ¢ < my
4omy < b+ d.

¢) For an imeger n, iy is defined by
na < nmy < nb.

So this artthmetic of intervals is remark-

ably like vector arithmetic. It has the

additional, rather unique. property that

d) mymgisdefined by ac < mpme < bd.

Whether you scek a short-range or a
long-range solution for the problem of
making sense out of the arithmetic of meas-
urenient, T have argued that it will help to
view a measure as an unknown clement of
an interval. T have suggested asking boys
and girls to perform caleulations with inter-
vals. T have pointed out several advantages
of such caleulations. But, mainly, T claim
that intervals provide a mathematical model
for the arithmetic of measurement that
contrasts  with the rather sloppy. this-
works-cven-though-it-tsn’t-reatly-right  ru-
bries with which we currently mystify chil-
dren.
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Metrication, Measure, and

Mathematics

ALAN R. OSBORN

Thc United States has achieved an en-
viable industrial technology. The inter-
changeability of parts, standardization of
assembly-line procedures, planned obsoles-
cence, commonality of marketing practices,
and the efficiency of management that char-
acterizes our industry  have solidified a
remarkable number of traditions as shown
in Danicl Boorstin's The Americans: The
Democratic Experience (1973). The per-
vasive orientation to mass production and
uniform consumerism has cstablished mea-
surement as a critical component of Amer-
ican industry. The measurement units and
procedures are an essential tradition of the
mass-production, assembly-line techniques
thuat characterize onr technological, indus-
trial society.

But this measure tradition has created
an extensive problem for trade and. ulti-
mately, our position of leadership in the
industrial and commercial world. The rest
of the world is metric. The cconomy of
the United States is dependent on trade
for our continued health: it affects each
of us. The selters of goods manufactured
in the United States are finding markets
closed. Just a few years ago the benefits
of expanded world trade did not outweigh
the bother and the expense of converting
to the metric system, Now it is necessary
for the United States to shift from the tra-
dittonal, comfortable English systent to the
metric systent in order to enjoy the benefits
of continued and increased commerce in
manufactured goods with the remainder of
the world. This is recognized and accepted
by leaders in government and industry

ERIC

Aruitoxt provided by Eic:

E

107

(US. Congress Senate Bill 100), and the
country is in the process of making the
shift to the metric system.

Ag conversion s instituted, the country
and individuals face new problems and
added expense. The comfortable intuitions
and effective estimations that are part of
every adult’s way of qife will not apply. The
wrenehes and other equipment in the work-
man's tool box will have to be replaced.
In the same way, industry will nced to
retool with considerable inconvenience and
expense. Measures in the comfortable Eng-
lish system will become anachronisms—
useful perhaps as literary referents of sym-
bolic value—but this is an adult problem
and not the problem of a child who will
finish school and move into a metric world.
The child should not be bound by the in-
tuitions and traditions of heritage that
adlults posscess.

The task of this paper is to consider
implicitions of the conversion to the metric
system for the schools. As such, it will not
argue the efficacy of the conversion; this
well documented and discussed  clse-
where (in publications such as De Simone’s
A Metric America: A Decision Whose Time
Has Come, 1971). The advantages are
clear, It behooves the schools not to make
a big fuss about conversion but rather to
treat it simply as the down-to-carth act of
reasonable, intelligent people. Otherwise,
we run the profound risk of helping chil-
dren anticipate nonexistent difficulties in
handling concepts and processes of metric
measurement within the metric system. This
is not to say that there are no difficulties

is
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in the teaching and learning of measure-
ment, Rather, the difficlties are not at-
tributable to the conversion to and use of
the metric system. Indeed, measure con-
cepts do provide major difficulty for teach-
crs and for children. The fact that most
beginning physies courses at the college
fevel devote extensive amounts of time to
the teaching of measurement s testimony
to difficolty in establishing mceasure with
children. This is to say that considerable
attention need be given to considering the
problems of teaching measurement in the
schools. Given the fact that conversion ta
the metric system will entail modifving
curricular content, we submit that the time
is opportune for us to address basie prob-
tems of improving the teaching of measure-
ment. I the content and measurcment
activities and curricular design must be n
terms of a different system of measure-
ment. should we not also modify the nature
of the pedagogical design to treat difficul-
ties in fearning measurement?

The move to the metric system provides
three different but not unrelated opportuni-
ties to maodify the curricular and pedagogi-
cal design of teaching measure. Each of
these will be discussed here in terms of
suggesting important characteristics of mea-
surement that need to be cstablished with
children and highlighting some  problems
and unanswered questions about learning
measurement, First, the nature of measure-
ment in the mathematical sense will be
contrasted with the nature of measurement
in the scientific sense. Second. the psychol-
ogy of measure fearning will be discussed.
Finally, the problems and procedures of
establishing o metric intuition will he con-
sidered,

The nature of meacure

A student teacher in an eighth-grade.

mathematics class faced the task of plan-
ning lessons about measurement for his
class. He looked at the pages of the text,
which contained such words as “relative
crror.” and “uccuracy.”™ Turning to his
supervising teacher and displaving dismay;,
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he stated. 1 thought 1 was going to teach
mathematics, This looks like physics. 1
chose not to major in physics because 1
liked mathematics best. Now what is this
business of teaching seience? Shouldn't this
be the responsibility of the science teachers?
[t certainly is in the science texts and cur-
riculum.” The supervising teacher hesitated
and said, "I have often thought the samc.
I teach measurement because it provides a
lot of opportunity to provide children prac-
tice with fractions—converting  between
English units is a good, relevant context
for drill in multiplication and division. 1
also notice that my children have trouble
with measurement, and they will need these
skills Tater onin life.”

There is an element of truth in the
remarks of both the student teacher and
his supervisor, Measurement is a scientific
process and skill. Children do need these
processes and skills. Premetric curricula
can be rationalized in terms of a relevant
cantext for drill in handling fractions in
conversion between units, but analysis of
measurement with a broader perspective
indicates i much larger potential than in
cither of these points of view. First, meoa-
surcment does provide once of the best
environments for cstablishing the concept
of a mathematical modcel, one of the pre-
micre and most productive concepts of
modern mathematics. Second, the processes
of measurement are firmly based on the
coneept of function, A functional approach
opens vistas of power in using the measure
processes.

What is measure?

Teachers of mathematics arc often con-
fused about the goals and objectives of
teaching measure concepts and skills. The
confusion stems partly from not posscssing
@ clear coneeption of the distinctions be-
tween measure in science and measure in
mathematics. Lacking a clear perception
of the differences and distinctions, teachers
find it difficult to design productive in-
structional materials and to plan effective
teaching strategies, The difficulties  for
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fearners stem from the ambiguitices arising
from the common words and parallel proc-
esses used by scientists and mathematiciuns
in describing and talking of diftferent con-
cepts and goals,

The scientist has a different zoal in
using measure than the mathematici.n, He
is attempting to describe reality carsTully
and precisely in order to predict fuiure
cvents—he is building a madel of reality.
This may be illustrated as follows:

The model iy a system of ceneepts und
propositions repiesenting reat’t,;. Conflicts
within the system prediet how reality will
behave. The soundness and usefulness of
the mode!l as a deseription of reality is
determined by the carrectness of the pre-
dictions.

Nodal Prediction of an event
\ L - . .
< within reality
- Occurrence or nonoceirrence
Reality
of the event

If the predicted event takes place, then the
model “fits”™ reality and has a degree of
soundness and usefulness. IF it does not
occur, then the model does not “fit.”

The building of models  depends on
many inductive and obscrvational proc-
esses, The matching of the model to reality
is strengthened if @ mathematical matching
can he achieved. This means providing a
foundation of measurement—a quantifica-
tion of quuntitics and phenomena—for a
base of comparison for the mddel,” One
eritial process in assuring a good fit of the
model into reality is the seienti't's mea-
surement  process. It necessarily depends
on and involves observation and is. con-

Q tlyv. subject to error.
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Suppose, for example, a scientist desires
to build a predictive madel for the expan-
ston of a metal rod, A8, as a function of
change in temperature, Verifying the pre-
dictive rule (a part of the modet) depends
on accurately ascertaining the tength of the
rod under two different conditions of tem-
perature. (Sce fig. 1.) The scientist must
place a ruler such that a point of the ruler
falls on point .4. This requires judgment
and may introduc> error into the systen.
The scientist then observes where point B
falls on the scale. If he abserves that B
falls between 8 cm and 9 cm, he must
decide which is closer to point B. Again
judgment. and, necessarily, crror is intro-
duced into the system, and this process
must he repeated for the other temperature
condition. The scientist may improve his
judgment by using a more finely graduated
~cale or by introducing some other observa-
tional techniques that refine his judgment.
He then applies the rules of the mathe-
matical system to the model and establishes
his predictive rule. The reasoning may in-
volve mathematical observations, such as
multiplication and addition, that have the
potential for magnifying the cffect of errors
in the observational process,

Error in scientific process or in the use
of models can be made in another manner
—perhaps  the internal structure of the
model has flaws: the reasoning may not be
valid or may lead to inconsistencics; in-
appropriate rules may introduce systematic
crrors leading to uscless rules that do not
predict the cvent accurately when the
scientist verifies the rule. Correctness within
the reasoning of the model is the concern
of the mathematician. He operates within
the model by providing the syntactical
rules that govern the appropriateness of
operations and the relations between op-
crations within the system. Indeed, for the
mathematician the model assumces a reality
of its own. and he may not even care
whether there is a corresponding reality.
Hce is conecerned only with internal con-
sistency, validity of the reasoning, and
whether solutions exist for problems within
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the madel, The scientist is coneerned with Length

whether or not the svstem will fit into
realitv. Cart Allendoerter’s article for par-
ents—The  Nuture  of  Mathematics™
(1965 ) ——-provides a straightforward analy-
sis of the tvpes of thinking that are used
in building mathematical models.

Most people do not operate s cither
just the mathematician or just the scientist
—our workl of mathematics and sciencce is
not so iceatized. We do not typically con-
cern ourselves with building an accurate
“itT of oo model into reality with mathe-
matics. Rather, we tiake previously devel-
oped,intact, svstems or models and use
them. The measure concepts and opera-
tions within Fuclidean plane geometry are
an example of such an intact system. Con-
sequently. we are concerned  with both
establishing measurement as o series of
observational processes and using measure
within the intact model.

The child needs 1o consider measure
from the standpoint of hoth the intact
system and the observational processes. He
needs to deal with, aceept. and incorporate
the intact system so that he mav work
within the world of Tuture muathematical
learnings. He needs the observational proce-
esses inorder to learn future scientific con-
cepts and because this is the sort of mea-
sure that he will find most practical in his
adult Hife as “the man on the street.”™ But
and intact
provide the child with some of the skills
and understandings necessury for coping

these  processes swstems also

with measure today as well as in future
adult Tife. The child measure  to
quantify hi= world, to make mathematical
as well as verbal deseriptions of his en-

needs

vironmeni. Measure and measurement con-
cepts vive the child the means of describing
{hc world hout him,

The example of a scientist determining
the fength of o rod was fraught with obser-
vational difficulties, "These could not be
cvaded and required judgment on the part
of the scientist. Neeessarily, error and in-
exactitude were involved. Leagth in the
model system or in muthematies is not sub-
ject to observational difficulties: it is exact.
Corresponding to a pair of points A and
B s o single real nwnber that is called the
distiance from A to B, That is to sav, dis-
tance s a functon that maps segments of
aline into the set of real numbers.

The distance function may be defined or
characterized  severul different wavs de-
pending on the particular axiomatic struc-
ture used to describe geometry. The clas-
sical axiomatization of Euclid. the structure
for the usual Cartesian coordinate system,
and the intermediate coordinatization ex-
cmplified by SMSG's grade-ten geometry
course cach provide variations of the de-
fining characteristics of the distance func-
ton and the restrictions to which it is
subject. Usually, the axiomatic structure
of geometry in clementary and junior high
school mathematies texts is implicit rather
than cxplicit. Rather than being concerned
with the niceties of the restrictions imposed
on the function by the axiomatic structure,
authors emphasize the characteristics of
the distance function that hold for cach of
the implicit axiomatic structures. These
common characteristics are preciscly the
“big™ ideas that a student needs for future
cncounters with more formal treatment of
length. They provide the organization of
his cognitive structure that assures readi-
ness and reeeptivity for new concepts.

Let us cxamine the distance function
with the intent of identifying some of these
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important chavactevistics, In the manner of
the writers of clementary and junior high
school texts, we will not provide an ex-
plicit description of the axiomatic strue-
ture of geometry, Rather, the  distanee
concepts spelled out below hold in any
Eaclidean context. The intent is not to
produce o minimal. independent. descerip-
tive set of statements but to identify 2
suficiently comprehensive set of primitive
length concepts to oflow the student the
power to deal with most sitnations.,

We define the distanee function  in
terms of g oset M of seaments on a line.
The function d maps clements of M ointo
the sct af nanncgative real nuinbers. We
write:

Wa). o M — R 7. or

I(hy, e, BYSS RV where o and Bare

the endpoints of the Line segment,

In the more leisurely paced development
of school mathematics, the Tuxury of 2
less complex notation is tyvpical. Distance
is fabelled simply as A8 or 48, This de-
velopment uses the functional netation to
emphasize the functional character of dis-
tance and because the d{.4, B) notation
allows @ more precise rendering of the
primitive idecus that. taken wgcether, con-
stitute distance. In the nowation d(A4. By,
the o names the functional rule, the argu-
ment A, B indicates the segment endpoints
in order (we are considering the distance
from 4 to B) and the cntire symbol
d(A. B) is the real number signifving the
distance.

The distance function needs some other
properties if it is to be sufficientiy powerful
to treat the usual problems encountered in
school mathematics. In order to strengthen
the function, somce rather obvious char-
acteristics are needed-—the sort that are so
obvious to the experienced adult that it is
casy to overlook establishing them in the
clementary school classroom. but the dis-

@ function is not complete  withou:
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these primitive coneepts, We state them
first in the functional notation:

2.d(4, BY = d(B. A4). The distance
from it first point to a second is the same
as the distanee from the second to the first,

30 dJded, BY = 0, then 4 = B, and
conversely, If the distance between  two
points 18 zero. then the points named by
A and B oare not different but the same.
The Tand conversely™ indicates that the
distance from a point to iwself is zero,

40 Bisbetween 4 and Cothend( 4. B)
= d(B.C) = d(4. C). This assures that
if two scements are taid end to end on the
line. then the sum of the fength of the
segments is the number naming the length
of the union of the segments,

S.0f B s between A4 and C. then a
whole number p can be found such that
pldtA, BYD = d(4. C). This may be
ranstated to say that if scgment AB is a
part of scgment AC, then it may be copied
cnough times to go bevond € on the line
(sce fig. 20 A mathematician would state
that this makes our geometric space Archi-
median.

QD RS SIS AU S SUOS NN RS R NS
[ Shris conmon Sl Gl SR Sodletl cbasiiag s e e
A B C
p copies
Fig, 2

6. If segment AB ~= segment CD. then
d(4. BY = d(C, D). and conversely, This
says that segments that are congruent have
the same length, and if two segments are
the same length then they are congruent.

When taken altogether, these properties (1
through 6) constitute the idea of distance
on the line. This complex of ideas provides
the ituitive insights cach student should
acquire in matricutating  through  school.
But are these characteristics best acquired
by providing experiences with them sepa-
rately. or should the voung child cncounter
them en masse? Many children’s carly en-
counters with measure are in terms of com-
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putationad formutae. These formulae and
experienees subsume and depend implicitly
on the six primitive properties stated above.
Consequently, the ideas are muddled to-
gether rather than providing the child op-
crational control  and understanding  of
cach property. Because they are so obvious
to the adult, itis casy to overlook the prob-
lem of the ehild who has difficulty with once
or more of these ideas.

The distance  function is  frequently
“strengthened™ by imposing a coordinate
svsiem on the line to turn it into a num-
ber fine. A function is used to mup the real
numbers onto the number line in a one-to-
one fashion. I ¢ is such o coordinatizing
function and + and B points of a line £, then
diA, By = ¢(B)Y — ¢(A) . This assures
that the number line 1 dense. ordered, and
Avchimedian. (By dense we mean that
between any two points a third can be
found.)

The ruler-placement postulate of several
geometry texts currently used in American
schools describes implicitly a coordinatiz-
ing ¢ function. The label “ruler placement™
is suggestive of the close paratiel between
the physical reality of the use of rulers
and actions with rulers but is actually a
description of the ideal world of mathe-
matics within the model of reality. Use of
the deseriptive “ruler placement™ Label may
welb obscure the distinction between physi-
cal reality and the world of mathematics.

Coordinate systems are intrinsic to most
adult experiences with measure. Typically,
coordinates or scales provide the base for
comparison of size. Most conversions from
one measure system to another are based

FOR TEACHERS

on the scales  possessing  propertics |
through 6. Whether within the metric sys-
tem or between the metric and English
systems, the shift from one scale to another
involves the same type of transformations.
Most commionly. the transformation is sim-
phy a dilation. a stretehing or shrinking,
causced by multiplying cach number of the
original scale by a positive real number.
Converting a meter scale to a kilometer
scale is accomplished by multiplving cach
coordinate on the meter scale by 171000,
Note the transformation simply relabels
points. The shrinking is only apparent be-
cause of the relabeling. The point is that
the mathemutical principles arce the same
whether the conversion is within one sys-
tem of measure or whether it involves both
the English and metric systems. Many stu-
dents have become so bogged down in the
computation with conversion
thir they have missed the basic idea of the
transformation.

associated

The conversion of one temperature scale
to another illustrates one more transforma-
tion that is sometimes emploved in conver-
sion, namely, moving the zero point by
shifting or translation. Both translation and
dilation arc used in this conversion. Sup-
posc a line is lubeled to serve as a model
for Fuhrenheit temperature. This is a co-
ordinatization of « line. By subtracting 32
from cach coordinate, we cun shift the
coardinate syvstem. Multiplication of cach
coordinate by 5/9 shrinks the scale such
that we have established @ new coordinate
system, one which serves as a model for
Celsius temperature (see fig. 3).

All that has been accomplished by these

0 32 22 Fahrenheit
. e o
4 v shifted by subtracting 32
-32=(0-32) 0=(32-32) 1BO=(212—32)
SR S S 5
* shrunk by multiplying by 5/9 Celsius
-i7.78 0=5/9 (O} 100
o L v R S
Fig. 3

O
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transformations of stretching or shrinking
(dilation) and shifting (translation) is con-
version from the Fahrenheit scale to the
Celsius scale, Since cach transformation is
one-to-one and onto, the process could be
reversed to derive the Fahrenheit scale
from the Celsius scale,

The transformations of dilation and
translation provide the mathematical means
of converting between the measure scales.
Dilation, the multiplication by a positive
real number, is messy in the English sys-
tem, with fractions such as /12, 1/36,
and 175280, and with whole numbers lcad-
ing to comparable computational drudgery.
A primary payoff of conversion to the
metric system is that dilation is always in
terms of multiplying by a power of ten.

Conversion from one measure scale to
another is an exceedingly uscful property
of a mcasure system, Dilation and trans-
lation do not alter the basic properties of
the underlying coordinate system e s
the scale. The ratios of distances tween
points labeled in one system are . - same
as the ratios of the distances between the
points in the other system, That is, the
ratios are invariant under the transforma-
tions of dilation and translation, The meas-
ure systems most commonly used by scicn-
tists and by the man on the street possess
this property of invariance, Such mcasure
coordinate svstems are frequently  called
ratio scales,

The distance function was established
above in a peculiar manner so that it would
be exactly analogous to children's first
classroom experiences with measure. The
peculiarity is that the domain of the fune-
tion is restricted to o single line; that is,
any measuring must be done on u single
line. Children’s preliminary work in the
carly grades with number fines and with
rulers is typically so restricted. Perhaps
again because it is so obvious to adults, it
is casy to overlook the difficulties in mov-
ing from mcusure in the one-dimensional
space of a single Hine to the more advanta-
geous situation of measure within two- and
three- dimensional space. Rather than care-
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fully developing the mathematies of a more
gencral length function, four specific prob-
lems of moving from the distance func-
tion—with limited domain and restricted
applicability in the world of mathematical
models—to the more general concept of

length will be highlighted.

Problem 1. How can lengths of segments
on two different lines be compared? In
figure 4, is mZD greater than, cquul to, or
less than m 187

1
,/\/
\,—:;/ - D
e T
e A p Tk
Fig, 4

The nature of the problem requires that
a relationship be found that will connect
the distance functions for line & and line [.
The critical characteristic of scgments that
nceds to be established is that all congru-
ent segments have the same  measure
whether they are on a single line or not.
We note thut property 6 of the distance
function is the parallel of this problem but
is restricted to a single line. Indeed, as an
idea, the single-line case is contained in
the new property applying to more than
one line. The particulars of the mathe-
muatics of establishing that the congruence
relation partitions the space into equiva-
lence classes of line segments will not be
addressed. Rather, the point of this dis-
cussion is that the analogue of the mathe-
matical problem is not intuitively obvious
10 all children as Piaget's seriation inter-
views show. This problem of muthematics
eeds to be addressed as a learning and
teaching problem if children are to under-
stand the coneepts of length,

Problem 2. How does one find the length
of a broken line scgment? That is, given a
figure like figure 5, how can onc assign a
number that will give the length?
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Ty
7

Ultimately the solution of this problem
provides the capability of computing the
perimeter of polvgonal figures. By using the
solution to the first problem and allowing
ourselves to add the distunces for cach
segmient, we can comput: the fength of the
broken scgment. Careful treatment of this
problem would require w mupping from the
set of all broken segments to a single line on
which we could apply the distance function d
(see fig. 6). We would need to define our
nmupping neatly for cach segment so that the
mup of 8. the endpoint of segnient 48, and
the map of B, the endpoint of segment BC,
would fall on the same point 8 of line /. so
that the imuges of the segments overlap in
no oher points and so that the length of an
image segmient is the same as the length of

B D
{ .o
' ! ¢ 5 kK N
; ; ; | A
i B « D F
bie. 6

This s similar 10
assuming a nonstretchable string is on the
broken segment ABCDE and Is moved to
the line 1 on which we can apply the dis-
tance function. We should  restrict this
mapping to apply to only a finite number of
seaments constituting the broken segment.
Teachers need to provide children with a
varicty of aetivitics transtorming broken
segments onto g coordinatized line. This
may be as simple as constructing a broken
segment with strung-together soda straws

the original scgment,

to be picked up and justaposed against a
nuimber line or the reverse, which is picking

ERIC
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up a bendable number line und faying it on a
broken segment. The experiences should
address helping children acquire a feeling for
the conscrvation of length under the trans-
formation, but it is much casicr to focus on
the outcome, namely. that we can find the
length of a broken segment by summing the
distances of the segments making up the
broken scgment,

Problem 3. How does one determine the
minimal distance between two points? In
figure 7. is d(A. C) < d(A4. B) -+ d(8, C) for
any point 8 ¢£ ?

Fig. 7

The solution of this problem is generally
accorplished by assuming an additional
characteristic for o, namely, for any three
points of the space A4, Boand C. d(A.C5 £
diA, By + d(B. Cy. Note that this
statement encompasses the single-line case.

Problem 4. The final problem is more
complex. We would tike to be able to deter-
mine the length of curves in space. Given
acurve I, oas in figure 8, how can we deter-
minge its fength?

Solution of this problem is necessary if
we are to be able to find the eircumierence
of cireles. the length of a portion of a
parabola, and other such problems in
which the figure is not a broken line, Solu-
tien of this problem requires a more refined



METRICATION, MEASURE, AND MATHEMATICS 115

treatment of broken lin2 segments in order
to generate the set of all broken line seg-
ments that approximate the curve so that
limit or bounding processes may be ap-
plied to the set. Children can gain some
insight into the fimit processes involved by
comparing the measure of a curve formed
by u jumping rope placed on the floor with
approximations made by first using five-
centimeter sticks and then using decimeter
sticks. A careful mathematical solution to
the measure of curve length may be found
in A. L. Blaker's Mathematical Concepts
of Elementary Measurement (1970).

This concludes  the mathematical  de-
scription of distance and length, The de-
seription depends on determining o char-
acteristic function, the distance function
d. and then exploring carefully the prop-
ertics desired for this function, Primary
among these properties were those relating
the joining segments and addition, congru-
ence and having the same measure, and
tinalty comparison,

The distance function and its defining
properties are ubiquitous in that they
permeate the world of this mathematical
model and their analogues are those used
and obscerved in the world of physical real-
ity. They are obvious; but therein lies the
difficulty in working with the young child.
As adults and teachers, we possess a global
gestalt of the distunce function and its
properties. Since the analogues of these
properties are present within the world of
physical reality, it is casy not to give them
singly the attention they need il they are
to be acquired by children. The implica-
tion for teachers in planning for instruc-
tion is that activities for cach property need
to be sought and included within the child's
preliminary  experiences before  stressing
the computational tormulae for tength and
distance,

The characteristic that has no analogue
in the world of physical reality is that there
is o single. unique number called the dis-
tance between two  points in this ideal
world of the mathematical model. How-

@ he physical world of  observation
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with the inexactitude of ruler placement
and reading offers no such succor to the
learner,

Area

The ideua of arca is mathematically simi-
lar to the idea of length, There is a char-
acteristic function for arca just as for
length, It
some of which are similar to the defining
properties for the distance function. Ana-
logues of most of these properties are cvi-
dent in the parallel world of physical real-
ity. These primitive, defining properties on
which a full-blown area function is built
are often slighted by a too rapidly paced
instructional sequence to the familiar form-
ulae for figures such as squares, triangles,
and rectangles, The primitive subconcepts
constitute the impartant intuitive founda-
ton for the children's acquiring the com-
putational formulac.

The domain of the arca funcetion is lim-
ited initially to the most simple  case,
namely, the set of all polygonal regions,
A polygonal region, such as the one dis-

possesses  defining properties

plaved in figure 9, is u closed. broken line
segment together with its interior. The
figure may be cut up or partitioned into a
finite number of trianguler regions by con-
necting appropriate vertices with straight
line segments. We shall label the set of alf
polygonal regions R and all clements of
the set r.

B D

The arca function A4 associates a single
paositive real number with cach polygonal
region r. We write:

W), A: R— . or
Ihy.  Alry =
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Among the several  primitive,  defining

properties for the arca funetion that are
similar to the distance-function properties
is the one concerning the arcas of con-
gruent regions, For the distance function,
we require that congruent segments be as-
sociated with the same real number. Anal-
ogously, the arca function maps congruent
regions to the same real number. We write:

200 and 1 & N and r, = r, then
A = A,

For the distance function, if d(4, B) =
d(C. D). it could be concluded that 4B =
CD. but the area function does not behave
so nicely; equal areas are not necessarily the
result of the area function applied to con-
gruent regions. A rectangle that is 2 units by
3 units has the same arca us a triangle with a
basc of 4 units and an altitude of § units,
The arca-measure  characteristic function
possesses unique defining properties setting
it apart from other characterizing functions.

The arca function, like the distance
function, necds a mechanism for associating
a number with combinations of clements
from the domain. The join of two non-
overlapping polygonal regions should have
the same arca wumber as the sum of the
arca numbers f the two regions. That is:

a).
only
At ey =

If rio o € R and r, and r, share
points  of their boundaries, then
Wr)y 4 AQr)

Piaget’s observations of small children sug-
gest that thel - acquiring a feet for the sub-
tractive verson of this property is a key
clement in heir forming un operational
foundation £ arca. This subtractive ver-
sion is, namdly:

by, Alrpgry) — Alry) = A(ry).

This proper y of joining regions and the
previous property concerning congruence
provide u necessary, logical foundation for
cxamining arca in terms of ¢ling, or cover-
ing a large region with uniformly sized
preces and counting them to aseribe a num-
ber as arca to the entire region.

Aruitoxt provided by Eic:
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The three primitive propertics of the
arca function that have been speeified do
not provide a means of associating a num-
ber with a region. Instead, they provide
rules that this function must obey when
given a rule for association. Typically, two
different rules for assigning numbers to
regions are used and intermingled in texts,
One is the unit approach, which is a
necessary component of the tiling, or cov-
cring, approach discussed previously, 1t
simply identifics a standard unit with a
particular region. This is usually a square
with a side of length one unit,

4(a). If a square, &, has side of length
I, then A(s) = L.

This provides a mcans of assigning arcas
to all polygonal regions if suitable theorems
relating differcui types of regions are de-
veloped. We need, for instance, to relate
the arca of a square with side different than
one to the arca of the unit square. The
arcas of other polygonal regions, such as
rectangles, triangles, and trapezoids, need
to be related to the square. The unit length
of the side provides a means of tying arca
to the real numbers, yielding scveral nice
properties, such as order.

The tiling, or covering, approach based
on the unit measure ultimately forces the
lcarner to cope with problems of incom-
mensurability, The fundamental idea of
covering s simple and intuitive. This is not
so for the ideas involving incommensur-
ability: the concepts  involved  require
considerable mathematical maturity  and
sophistication, Rather than face these so-
phisticated concepts directly, most  texts
clect to step around the problem by in-
corporating an cquivalent approach that
provides a more direct connection with
the real numbers., We state that for a poly-
gonal region that is a rectungle:

4(b). If b is the length of the base of a
rectangle o and 7 is the altitude, then
A(r)y = bh.

This provides an immediate association of
all rectangular figures with real numbers
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without our having to impose the ‘imit
processes necessary in developmg version
$(a) carefully. Tt should be noted that
4(a) and 4(h) are mathematically cquivi-
lent: one can be deduced from the other,

Three comments are in order. First, we
typically coneentrate our instruction on the
number thal we associate with cach poly-
gonal region rather than the function =ule
or association itself. Classroom talk about
the area of a rectangle of sides six units and
five units identifies the area as thirty area
units. This labeling of the result of the
computation, or the range rvalue, as the
area tunction ignores the mapping. It is
appropriate to label the result—thirty area
units—as the arca, but the function and its
primitive, defining characteristic are a por-
tion of the foundational intuition that cach
child needs.

Second. the careful mathematician would
want to prove that if a polygonal region is
cut up or partitioned in two different ways,
then the same real number naming the
arca results, For example, if the pentagonal
region in figure 10 were to be cut up first
as shown by the dashed lines and second
as shown by the solid lines, the mathe-
matician would deem it necessary that the
arca function applicd to the three triangles

D
!
N
Jre- ‘ . A,\,_T(,‘
L /
\\\‘ S /
J
I j
!’ \ .,'\, !
4
A
Fig, 10

from the dashed-line partitioning give the

same number as the arca function upplied

to the tive triangles from the solid-line
E \l)aning_ This desire for nniquencess on
,.K
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the part of a mathematician appears strange
to many individuals because it secems so
obvious based on our cxpericnee with
measurcment in the reat or seientific world.
It takes just so much paper to wrap a
rectangular box, no matter how we cut it
out (see fig. 11). This is another case in
which an adult assumption leads to ignor-
ing the need to provide a child with foun-
dational, intaitive experiences.

Third, the choice of an area unit, be it
explicit as in 4(«) or implicit as in 4(h),
is arbitrary. We could have selected a unit
trinngle, a unit hexagon, or cven a circle,
although we would ultimately have to deal
with the same problems for polygonal fig-
ures. The choices of 4(a) and 4(h) have
an advantage in that they provide almost
immediate access to solution of several
fundamental problems concerning the are:
function and because they parallel so di-
reetly the instructional sequence of most
texts. [t should be noted in this context
that Euclid’s treatment of arca did not in-
volve o characterizing measuring function
that depended on the real numbers. It also
did not provide the same direct tie to the
measurement of distanee on a line,

The domain of the distance “funetion
was extended to encompass length in the
plane and the length of curved lines. In
an analogous fashion, the area function
requires an extension of domain in order
to treat arcas of closed figures that ure not
polygons. We need to be able to apply our
function to circles, cllipses, cardioids, and
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other such figures, and, as in the case of
the length funetion, we need to also ex-
tend the arca function to treat areus not
contained in a single plane. As in the case
of the length of curved lines, the problem
is solved by applying limit processes ap-
propriately.

In sunmmary, arca measure is a function
characterized by mapping closed figures to
the positive real numbers in such w way
that congruent regions have equal areas.
A joining of a finite number of nonover-
[apping regions produces an area equal to
adding the arcas of the regions, and o rule
stating specifically how the real number
naming the arco is produced. As in the
case of the Tength function, the primitive,
defining characteristics are o necessary part
of the foundational intuition that children
need. These defining characteristics are so
obvious to experienced adults that they are
frequently overlooked in designing instruce-
tonul scquences. The primitive, defining
churacteristics are paralleled in the real
world that the mathematics models.

The properties that were encountered in
area and in length are nicely parallel. In
cach case there is o defining function. Euach
function has severul characteristics in com-
mon {sce table 1).

Volume

The mathematical maodel tor the meuasure
of volume shares many characteristics of the
distance andarca functions. Volume measure
is a function T that assigns to measurable
sets i three-space @ positive real number,

Table 1

Divtance

FOR

TEACHERS

Children  need  experience  with - primi-
tive  subconeepts  of  volume measire
paralleling those appearing in the tuble
above, namely the concepts of congrirence,
additivity, unit, and comparison, Ruther
than explicating these coneepts in terms of
the churacteristic function T, it suflices to
note (1) that children need  experiences
directed  toward the attainment of  these
primitive  subconcepts and  (2) what the
prablems children encounter closely parallel
the difficulties with the analozous  sub-
concepts in other measure  systems, 1t
should be noted that children acquire these
subconeepts for different measure svstems at
difierent points in time most children do
not attwin  additivity  (conservation)  for
volume at the same time they attain addi-
tivity for distance.

The experiences that have been found
to facilitute children’s attainment und ac-
quisition of these prinmitive subconcepts
demonstrate a close comparability 1o those
needed for the analogovs concepts in other
measure systems. The use of blocks to
build volumes in a fashion similur to the
use of urea units as coverings for polygonal
regions can strengthen children’s intuitions
for the unit, additivity, and congrucence
subconcepts.,

Volume does present saome unigue prob-
fems  corresponding to one  subconcept
with no cxact analogue in length or area
measure, The problem is the measure of
irrcgular - volumes, Nice  parallelapipeds
present relatively minor diffieulties mathe-
matically. The characteristic volume func-

Area

1. additivity

The join of two nonoverliapping segments
his the same measare as the sum of the
measures of the individual segmenis.

20 unit The coordinatizing of the line provides
the unit needed to assign a measure to a
segnent,

I comparraon Scegment o 7 segment B means
dCA) < dtB) from the triangle inequality,

- congruence Congruent segments have the same

O
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reiasure,

The join of two nonoverlapping regions
has the saime measure as the sum of the
measures of the individual regions.

A unitis needed to assign a measure
to a region. [t is usually derived from a
redited distance function.

Region A 77 region ¥ means

AN Y.

Congruent regions have the same
raLasure,
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tion assumes its uniqueness through the
principle  of  Cavalieri. Cavalieri’s prin-
ciple may be exemplified as follows: Sup-
pose vou have a deck of playing cards as
pictured in figure 12¢a). The deck s
“pushed™ as shown in figure  12(b).
Cavalieri’s  principle informally,
that although the conformation of the solid
has been changed through paraltel dis-
placements of the points in planes, the vol-
ume is unchanged.

ASserts,

Fig. 12

This primitive concept is necessary for
the full development of volume mcasure
and for the deduction of computational
formulac for many shapes, but note the
complexity of the statement. Fortunately,
the concept is mare simple for children to
apprehend than to state. It is a Piagetian
conservation concept. Children need expe-
ricnce in deformation of solids embodying
the Cavalieri principle. For instance, take
a Slinky (one of those coils of spring steel
that children like to run downstairs) and
fill it with peas. Remove and count the
peas, Deform the eylinder of the Slinky
by pushing. and sce whether it will hold
the same number of peas (be sure the
Shnky does not stretch in length), The
Cavalieri principle provides o unigque con-
servation principle that children need to
acquire, Uhimately, the Cavalieri principle
is realized in terms of being able to find the
volume by multiplying the area of any cross
seetion paratlel to the base of a cylinder
by the cvlinder’s height, Similar to area
measure in that the volume measure de-
pends on measures of lesser-dimensioned
space. the Cavalieri principle provides the
tic to the arca and length functions.

The treatment of volume suggested by
“@ ‘oregoing differs substantially  from

ERIC
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what happens in many clementary school
clussrooms today. It suggests considerable
experience in examining rectangular solids
formed by stacking blocks and determin-
ing their volume. 1t sugeests deforming
these volumes in preseribed ways to em-
phasize the subeoncepts. Most carly in-
struction in
through experiences with liquid measure,

volume,  however,  comes
Experience with liquid measure is impor-
tant, but children need experience with
both volume of solids and volume of
liquids. At some point, the child will necd
to relate liters to cubic decimeters. The
concept of liquid-volume measure appears
to be casier for the child to aequire. The
junior high school child frequently finds
himself being introduced to volume  of
solids with little intuitive experience exeept
for the presumption that volume of solids
“behaves™ quite like arca, The child is fre-
guently Teft to his own devices to bring
liquid-volume measure and solid-volume
MUasure into g common system,

Angle measure in the plane

A final example of o measure function
in the sense of the mathematician's nice
world of cxactitude as opposed to the
world of practical measurement is that of
angle measure. The measure function for
angles is considered because history and
traditions  confuse the definition of the
measure function, as well as the fact that
angle measure is more complex.

The length function and the arca function
are intuitively more obvious than angle
mieasure for several different reasons, First,
it should be noted that we can talk naturally
with precision about length and arca. The
ward length denotes an attribute of a line
scgment. The word arca denotes an attri-
bute of a region that is different than the
region itsclf, but in the case of angle
measure, the word angle is used for the angle
itsell and for the measure of an angle, Often
vou will encounter statements such as " The
angle is twenty-five degrees,”™ We can speak
of the area of a square and know we are
referring to the measure function. However,
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not having a special word for the measure
attribute of angles, we need to use a phrase
like angle measure in order to remove the
ambiguity of confusing an angle with its
attribute, Some texts attempt to remove this
ambiguity by writing £ 4BC for the angle
and m & ABC for the measure of £ ABC.
This helps, of course, but does not remove
the problem of ambiguity when teachers and
learners are operating in an oral mode.
Sceond, the charaeteristics of the angle-
measure function depend on the nature of
the definition of the domain and its cle-
ments. T would be nice if we could simptly
say the domain is the set of all angles in
the plane, but the history of mathematies
indicates -that there at teast a half-
dozen alternate ways of defining angle.
Angle has been defined by saying it is the
rotation of o ray around its endpoint. by
saying it is the wedge consisting of all the
points of two rays with a common end-
point and all of the points of the rays in
between, and by indicating that if two rays
with common endpoint lic entirely within
a half-plane, the angle is the set of points
of the rays, Many of the alternative defini-

are

tions are be found in currently used
texts. Corresponding  to the choiee of

definition of clements of the domain is 2
set of intuitions that children need to ac-
quire in order to possess a “feel” for the
angle-measure function.

Finally, the nature of the range of the
angle-measure map has a potential for
providing confusion. The student of tri-
gonometry, in coping with Demoivre’s
theorem, may want to distinguish between
with meusures of 757, 4357 and
8007, FFrom our experience we know angles
af measure 757 and 285" are remarkably
similar, (Is this a problem of the nature
of the domain or of the range of the func-
tion?) A long, historic tradition of using
degrees as the unit of the

angles

range set exists,
when for many problems it is more nat-
ural to use radians and provide a more
direct tie to the real numbers.

Rather  than carcfully  deseribing  the
‘1"" eteristic function for angle measure

ERIC
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and becoming bogged down in the prob-
lems discussed carlier, the following scc-
tion highlights some of the desirable prop-
erties for the function. The function should
map into the set of real numbers such
that—

L. Every angle shall have a measuare

2. Congruent angles have the same riange
value.

3.0 two angles are adjacent (that is, the
angles have a common vertex and side but
are nonoverlapping), then the sum of their
measures should be the same as the mea-

sure of the angle formed by their “outer”
Fays.
4. Given the measures of the angles

formed by three rays from a common end-
point (sce fig. 13), it can be determined
which ray falls between the other two. This
is to say. given the measures of £ 40C.
4BOC and e A0B. sclection of one of
A0. BO. and €O as fallin g between the other
two should be apparent.

B
SO T
7 A
e
Fip. 13

S. Given the measures of two angles, it
can be determined which angle is larger.

6. A unit measure for angles needs to be
determined.

Most of these praperties have an analogue
in the length functian and area functian,

The primary difference in the measure-
of-angles function comes from the fact that
we generally  prefer that the range be
modulo a real number, If degrees are the
range unit, then the angle measure A4 is ex-
pressed in terms of A7, a real number less
than 360.

A = A'(mod 360)
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This is to say, A" = 4 — n.360 where
n&sintegers and O << A0 <360, In terms of
radians, A = A'(mod 27). It should be
noted that o ratio-scale transformation
converts the degree-unit scale to the radian-
measure scale,

Each of the propertics discussed above
warrants the attention of the teacher or the
instructionat-materials designer in order to
build the intuitive foundation from which
tre learner operates. The building of the
intuitive foundation is more complex in the
case of the angle function than in the casce of
the length function or the arca function
because the attributes of the domain set and
the range set are affected by the choices
established in respect to our traditions und
history.

Angle measure is also complicated by the

fact that alternative natural means of
accurately  deseribing  angles  and  their

measures exist. It is quite reasonable to
deseribe angle measure in terms of ratios.
For example, consider £ ABC in figure 14
Some voung children appear inclined to

C .,
/ i
e
,'// k
N <V -
B X A
Fig. 14

find a point x a specified distance from B
and then to determine a length & on a line
perpendicular to Al through x. This
procedure could be used to measure all
angles, but it poses some inconveniences.
This method. similar to a carpenter’s use of
his squire to measure angles, is a natural
alternative to measure in the degree sense.

Mass

Understanding of mass is more com-
plicated for children than are th~ under-
standings associated with length, arca, vol-
ume, and angufarity, The crux of the mat-
ter, is pereeption. To hold two objects in

ERIC

Aruitoxt provided by Eic:

your hands and say which has the greater
mass is ditticult. In determining  length
comparisons, the child can simply place
one object against another and look. Ap-
paratus is required to provide the child
with the pereeptual refinement to gen-
crate his mathematical model for mass.
The child’s pereeption seems a step further
removed from the model for mass that he
is building than in the case of these other
Two words, equilibriim  and
comparison, serve to categorize some of
the pereeptual ditheulties involved,
Equilibrium is a word describing the
system of balunce necessary to the mani-
pulation involved in finding the mass of
an object. Given a quantity of flour on onc
pan of a beam balance. as shown in figure
15, the learner must established a balance

maasures.

Fig. 13

by adding standard masses to the other
pan. Determination of the equilibrium in-
volves pereeptions of the objects or their
attributes that appear indirectly related to
the original quantity of flour. For one thing,
the mass added to the nonflour pan is per-
ceptually distant from the flour—how can
the mass added to the nonflour pan be con-
cerned with an attribute of the flour? Also,
the determination of the equilibrium state
hinges on the marker on the scale at the
top of the picture, but this marker is not a
dircct measure of the mass—a number to
be part of the mathematical model—-but an
indication or system of whether a state of
balance is achicved. This indirectness of
refation of the underlying perceptual base
to the mathematical model is unavoidable.
It introduces a complexity into the learn-
ing processes. Developmental psychologists
have shown that children’s acquisition of
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equilibrium ideas comes quite late in their
conceptual maturity.

The sccond term, comparison, is another
concept that is required of children when
balances are used to provide the funda-
mental perceptual data for building the
measure concepts for mass. These ideas

hinge on the child having a usable sense of

the transitive property, "o < b and b <
c = a < ¢S the heart of the comparative
processes. The child should clearly en-
counter the transitive property in measure
contexts other than mass: this would give
the child a background on which the teacher
could build in preparation for transfer to
tie context of mass. Nevertheless, because
the comparative aspect is so fundamental to
mass and is so late in reaching fruition in the
mind  of the child, it demands special
attention by the teacher. Confounded by the
perceptual difficultics of a balance system. it
provides the child with significant problems,

The mathematical model for mass gen-
crated from perceptual data by the chitd
is very similar to the models for length.
aren, and volume. Again, the important
subconcepts  desired to characterize  the
mass-measure function are congruence, ad-
ditivity. unit, and comparison. Acquiring
the comparison idea appears to be at the
heart of children’s difficulty. In passing.
one should note that weight measure pre-
sents the same order of learning difhieultios
as mass measure, Mass is a more general
concept than weight, since weight varies
with variation in the strengths of gravity
fields. However. since it is hardly prac-
tical for children to compare the weights
of a given mass in different gravity ficlds,
there is probably little to be lost by using
mass and weight interchangeably  during
the carly vears of school. The mue-weight
distinetion is grounded in scientific prin-
ciples rather than mathematical constraints,
and its placement in the curriculum is
within the domain of the science cducator,

Indirect measures

The importance of mass and weight to
b mathematies curriculum s that it in-
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troduces the concept of perceptually in-
dircet measure. Length, arca, volume, and
angles are mcasured with units that are
lengths, arcas, volumes, and angles—the
unit fooks like the object being measured:
but standard masses seldom look like the
ohjects on the opposite pan of the balance.

Mecasuring mass s also indirect in the
sense that an intermediate device, the bal-
ance, is used in the measurement. Unlike
rulers or protractors, which simply provide
copics of the units used in the measuring
process, the balance serves to magnify our
senses. Here s the first introduction of a
measuring tool or instrument.

Measuring instruments may also mea-
sure in yet another indirect way: they may
measure cffects. In o zero-gravity ficld,
mass may be measured by noting how
much a spring is stretched when it pulls
the mass with a given rate of acceleration.
Temperature is measured  indirectly by
nating the cffect on the fength of mercury
or alcohol in a narrow tube. Electrical cur-
rent is measured by the foree it effects on
paralle] wires,

Thus, measurements may be indirect in
three different ways: pereeptually  differ-
ent units may be used. measuring instru-
ments may magnify senses, and measures
may be made by noting cffects on other
objects, The extension of measure to in-
direct factors calls for a blending of both
mathematics and scienee. The properties
of mathematical micasuring fhnctions must
still be preserved, but properties of scien-
tific measurement must also be corsidered.

The measure functions length, arca. vol-
ume. angle measure, and mass have been
considered from o mathematical point of
view. For cach it has been observed that
only one measure ¢orresponding to u given
domuin element exists. Further, some char-
exist for
cach function and arc necessary if a learner
is to build a functional gestalt. Many of
these  characteristies, such as the equal-
measures-for-congruent-domain - clements,
additivity, and ordering, appear common
to all the functions.

acteristic primitive subconcepts
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Mueasure in mathematies has a key ele-
ment of exactitude that is missing in scien-
tific or practical measurement. It is meas-
ure in the ideal world of the mathematical
model of physical entities. This point of
distinction  between
mcasure in mathematics and in the physical
world is relatively recent. A mathematician
or scientist in the age of Euler would not
have worried about the distinction: indeed.
he might not have considered it valid.
Frecing the mathematics of measure from
physical reality awaited a careful formula-
tion of limit processes and the arithmeti-
zation of analysis, Tt should be noted, in
passing from this discussion of mathe-
matical measure functions to the follow-
ing discussion of measurement  processes

view  concerning

in science, that not all is simple. We have
not attempted to argue the separation but
rather have assumed it as a foundation of
our discussion. The philosophical argu-
ments are not simple and are beyond the
scope of this document. The interested
reader may turn to Eddington (1939),
Bridgman (1938), and Churchman and
Ratoosh (1939 if he is inclined to pursue
these distinctions further. The point of the
distinction is this: the learner needs a dif-
ferent sort of intuition when playing in the
varden of cxactness than when working
with the processes of measurement. Some-
times these differences are confusing to,
and confused by, children.

A concluding point about measure in
mathematics is in order before turning to
measurement in the world of the scientist. A
modern mathematician  often considers a
space of objects or entities to be a measure
or metric space. A space is defined by
McShane and Botts (1959) to be metrie if it
1s a set § with a function m meeting the
following minimal set of conditions where

-
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Euach of the examples—Iength, arca, and
angularity—meets these minimal criteriag
but, in addition, because of what our in-
tuition and experience indicate is uscful
and productive, we ave imposed  addi-
tional characieristics on the characteristic
function and. indeed, on the entire space,
The conditions for a topological space to
be metric are powerful in that they ac-
commodate many different characterizing
functions. Perhaps these three character-
isties need to be stressed above all else,
but that alone would not be suflicient to
provide the typical learner with a sense of
control for all the measure systems needed
in mathematics. One must cope with the
characteristies of cach metricizing function
in the sense of what gives it a uniqueness.

Measurement in science

The measure concept of mathematics is
usceful to the scientist. It is his model for
the proctical world of  observation. The
scientist shoutd understand the concepts
involved, for he needs to fit his observa-
tions of reality to the mathematical model.
In many respects the scientist’s world s
more complex. It involves more ambiguity,
relies on his observational prowess, and
requires some skills not necessary in the
clean world of mathematics. Mcasurement
for the seientist contains the measure of
the mathematician and much more. Fol-
lowing are examples of measuring scales
in sciencee offered as examples of the difTer-
chces.

The geologist uses relative hardness of
mincrals as one tool to help  identity
minerals. A mineralogist, Frederick Mohs,
suggested in 1822 4 hardness scale. Fol-
lowing is Mohs™ hardness scale:

1. tale 6. feldspar

2. gypsum 7. quartz

3. calcite 8. topuz

4. fluorite 9. corundum
S, upatite 10. diamond

To help identify a mineral a, serateh it
with cach of the identified elements of the
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scale, Most steel will not be scratched by
apatite but will be seratched by feldspar.
The hardness of any mineral can be de-
termined this way, There arc intermediate
stages o1y the sealer a fingernail typically
would register about 242, To each material
can be assigned a scale number by a proce-
ess quite similar 10 the old roek. paper.
scissors game. However, there are prob-
fems: some minerals have one hardness
along the axis of their erystal structure but
the kyanite);
thercfore, the apparent characteristic fune-
ton of the metric system simply is not a
function. Further, there is not a nice pro-
portionality in the scale. The relative dif-
ferenee between the hardness of diumond
and corundunt is not the same as between
quuartz and topaz. Indeed. the numbers do
not provide the bhase for operations and
comparisons between points on the seale
that make for a
function.

another aeross axis  (e.g.,

would “nice™ measure

For the geologist Mohs™ hardness scale
provides a uscful measure system. It s
also o prime exumple of the problems of
abservation in scientific and practical meas-
are. It does not vield a predictive mathe-
matical system. It provides a for
categorization and for taxonomic purposes.
In terms of our initial description of the
relation between the physical world and

scale

the model world of mathematics, the op-
crations of scratehing and the pereeption
of scratching provide the “fit” for a weakly
ordered set that is the model.

C\T&!} [ pn ti 1H\ ordered sel)
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The mathematics of the model does not
provide a rich base for prediction. Mohs
hardness scale depends almost totally on
observation, It is not o ratio scale, as wus
consiclered in conjunction with the scales
used for measuring temperature. Ratios of
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distances between refative hardness points
are not preserved when multiplied by posi-
tive numbers,

Mohs™ scale is an example of another
basic category of measure scales, namely,
the ordinal scale. Tt merely assigns a rela-
tive order to entitics. The large muajority
of pereentile achievement scales used in
schools are also ordinal seales. If one stu-
dent scores at the eighticth pereentife on
a standardized mathematies test and an-
other scores at the fortieth pereentile. vou
cannot state that one knows twice as much
as the other: at best you may conclude
that one student achieves better than the
other. That is, an order has been assigned
to their performance on the test.

Nominal scales provide a third category
of measure function thit contrasts sharply
with ratio scales and ordinal scales, Sup-
pose a set of scientists was partitioned into
the four categories  of mathematicians,
physicists, chemists, and psychologists. 1f
cuach of the four subgroups were counted
and the number in cach category assigned
to the name of the category, a nominal
scale would have been created, This type
of measure function is the weakest of the
three types of measure scales in terms of
its inherent mathematical characteristics,
It is very useful for many kinds of in-
formation-gathering and organizing tasks,

The Richter scale, invented in 1935, is
uscd to measure the mugnitude or the
amount of energy of an carthquake. The
Richter seale is the range of a function that
assigns a number to the maximum ampli-
tude of an carthquake’s shock waves, The
logarithm of the maximum amplitude is
used to assign the number. Supposc the
graph in figure 16 is the record of a shock
wave observed at a seismographic station,
The log,, (a) - 3 = Richter number, if
a is the maximal amplitude recorded in
the course of the carthquake for a given
distance from the carthquake. Richter scale
values are dependent oa the distance to
the epicenter of the carthquake. Empiri-
cally derived tables ure used to take into
account this distance factor at different
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observation posts. Now « is an obscrva-
tion. It depends on standardized measure-
ment recording devices. Taking the Tog of
the measure is not necessary unless the
scientist desires the convenience of being
able to graph on a reasonably scaled and
sized picee of paper. Thus, at many points
on the practical side of measurement. the
arbitrariness in the sclection of units s
shaped by the eonditions of measurement
and the convenienee of the measurement
devices. Note that an carthquake of Richter
magnitude 8 is actually indicating an en-
crgy of 10,000 times the energy of an
carthquake of magnitude 4, Further. be-
cause of the conservative factor of measur-
ing only the maximal amplitude rather than
all the cnergy refeased by the carthquake,
it is estimated that an error factor of 10
is introduced. There is, indead, no exact or
preeise measurement of the total energy
released by un carthquake invobveds rather,
caleulated and refined estimation of u sin-
gle symptom of an carthquake’s energy is
given by the Richter scale. A precise and
complete measurement model for the total
cnergy release of an earthquake does not
exist. but the Richter seale is a suflicient
approximation to be u uscful, predictive
model.

The Mohs™ hardness scale and the Richter
carthquake magnitude scale are not part
of the everyday life of most learners. They
provide nice contexts for study of the role
of approximation and the arbitrary nature
of assigning scale or measurement values
to physical phenomena. They are relatively
free of the confounding effects on learning
provided by prior meuasuring experience
and linguistic usage. Thus, they differ from

@ e commonly used basc for teaching
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coneepts and proeesses of scientific meas-
urement, Length, arca, volume, tempera-
ture, weight, time, and mass are cach used
much more extensively to establish con-
cepts and proeesses of scientific measure.
The measuring of length and area arce
typically used as an instructional base for
establishing key concepts and processes of
scientifte mcasurement  with  the voung
child.

One characteristic of scientific measure-
ment is the idea of arbitrariness. Within
the measuring context, the measurer must
scleet an appropriate unit of measure. Two
concepts need to be established: first, that
the measurer has a choice, and second.
that some choices arc better than others.
In the measurement of arca, T could clect
to cover a region with triangles,  with
squares, or even with cireles. My choice
would depend on what 1 use for my mathe-
matical model—which would fit best with
the rules of eperation that T desire to use
and the type of predictions T want to make.
My choice of unit may also depend on the
kind of instruments T have available, 1 1
have a rule sealed in decimeters, then 1
probably would not clect to mcasure in
terms  of centimeters. {(This provides a
practical yet compceHing reason to replace
English-system measurement  tools  with
metric deviees.) For most measure sys-
tems, tradition and obvious convenicence
establish my selection of rype of unit. After
sclecting the type of unit, T need to select
the size of unit. I would not clect to usc a
kilometer scale te measure the leagth of
a room nor a centimeter scale to measure
the distance from Anchorage. Alaska to
New York City. Judement depends  on
convenience and the error factor that is
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acceptable. The point is this: the sclection
of a unit for measuring depends on the
choice of the measurer; it is arbitrary. In
working within the English system, the
matter of arbitrariness appeared to be casy
for the teacher to establish. The same sys-
tem—tect, inches, vards, rods, and miles—-
scemed so different (because of the hor-
rendous conversion computations) that the
choice factor in scis cting an appropriately
sized unit scemed relatively clear, With
conversion to metric, will it be so casy to
establish arbitrariness and choice of the
nicasurer as a factor?

Unit selection is not necessary for a
mathematician to have & space.
However, many of the metric functions
have a unit as an important characteristic
in determining their nature. The Archi-
median characteristic of length and. more
generally, the tying of length to the real
numbers, implicitly  specifics a unit for
the length function. Note, however. that
the scientific process of measurement con-
tains the characteristic of providing the
user a choice of picking size. The sclection
of the size of the unit is within the mathe-
matical model but does not depend on any
external such as instru-
ments used or what is to be measured.

melric

characteristics,

Another characteristic of the scientific-
measturement process is the estimation and
approximation process. This characteristic
has several facets, First. and particularly
distinctive, is the fact that measurement
scales are basced on rational numbers. The
mathematician will state that the distance
between two points is exactly v2 units: but
ruters are designed to measure units and
fractional parts of units. Indeed. limitations
that arc imposced by the selection of measur-
ing instruments and by the base unit mean
that limit processes cannot be used arbi-
trarily to approximate a length that is an
irrational number. Necessurily, measuring
entails approximation and error, and the
learner must beeome aware of this funda-
mental fact of life.

Historicallv, measurement evolved as a
Whole numbers  were
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used to describe the number of units of
magnitude necessary to measure an object.
Indeed, we could have included mceasure-
ment systems based exelusively on whole-
number counting in our discussion  of
The evolution of mceasurement
concepts in Greek mathematics can be
construed us leading from counting to ratio
concepts and ultimately, in the ideulized
Platonic  mathematics  of  Eudoxus  and
Fuclid. to modification of the ratio and
proportion to remove the ambiguity of
incecusurable measures, Hence, in 2

measture.

rean i,

of muasure established the ideal world of

coping with the practicalities

the mathentatics of irrational nambers.
The measurer should also recognize the
implications of crror being part of the
measurement  process. M o measure in-
volves error, then any operations on that
measure apply to that error, Learners need
to develop an awarcness of this, I the
length of an object is observed to be 20
cm with an crror of 0.05 ¢cm, then if the
measure is multiplied by five, the error
as well as the measure is multiplied by five.
The above discussion of arbitrariness
and approximation has not developed the
purticutars of all that is involved. Rather,
the point is that among the goals of teach-
ing measure—>be it in the context of mathe-
matics, scicnee, or practical application—
the teacher nceds to help learners realize
that there is more to the process of mea-
sure than the ideal world of the mathe-
matical model indicates. Error and ap-
proximation are part of measurement.
Many of the processes of measuring
taught in school mathematics address prob-
lems of improving accuracy or reducing
crror of observation in a systematic way, A
student may understand the measure con-
cept of length but may not yct have realized
the nceessity and advantage of careful
placement of the zero point of a ruler or the
zero ray of a protractor. Although the
fearning of the metric concepts and the
learning of the observational skills typically
progress together, these distinctive obscrva-
tional skills require careful attention in
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their own right. Judging a length in terms of
the confidence interval derived from the
unit of observation is also a portion of the
scientitic skills and concepts used to control
error or accuracy. That is. to judge that
point 2. the endpoint of A8 in figure 17,
falls within onc unit around 12 is not r¢-
quired by the mathematics of measure but
is required as an integral part of the measur-
ing process in science. Althougle significant
digits, relative crror, absolute crror, and
many of the processes used to identify and
control error have nice mathematics within
the operations and the background con-
cepts, it should be reeognized that these are
not part of the foundations of measurement;
rather, these processes are dictated by the
necessity for a rationale for processes and
skills directed toward improving the ob-
servational processes, This is not to say that
these concepts and skifls should not he
addressed in the mathematics classroom,
Rather, it is to sav that children may be
confuscd in accuiring understanding of the
measure  fune' ooy oand  control of  the
obscrvational processes and skills if their
cncounters with those two coneepts are not
kept clear wnd distnet.

l o2 i3
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Klopfer's (1971) statement of o tax-
onomy of cducational objectives for the
teaching and learning of science recognizes
the disereteness of observational and mea-
suring processes. Tying these processes to
usc of appropriate language. selection of
appropriate instruments,  cstimation  of
measurements. and recognition of limits
of accuracy, Klopfer is careful to remove
model charaeteristics and formulation from
the obscrving and measuring  processes.
Herein lies a problem: for the novitiate
(lcim-loping a measurement system for, let
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us say. length by an inquiry or discovery
process, it is clear that the length function
is part of Klopfer's separate and distinet
“model characteristics and formulation.™
After the length function and its char-
acteristics are acquired. is this a part of
a theoretical model to be tested and, per-
haps, reformulated? Clearly not. But, in
the teaching of science, it is not precisely
appropriate to label the length function
as o portion of the measurement instru-
ment. Even in talking about processes of
scientific inguiry, some knowledge should
be accepted as such. More importantly,
the teacher of science needs to think cure-
fully about the mathematical modelling
aspects of his science, recognizing  that
not all models are in the process of for-
mulation even in the teaching of inguiry
Processes,

A final word concerning scicnee, mathe-
matics, and  measuremient s in order.
The measuse functions of the ideal world
of the mathematice! model are firmly
grounded in the world of the practicalities
of mcasuring. The models are refinements
of what was and is obscrved in manipulat-
ing reul objects. The process of relating
actions  or operations  with  objects  to
operations in the mathematical realm is
a  powerful idea of  mathematics  and
model building labelled with  the word
homomorphism, A simple cxample of a
homomorphism is that of sets with the
operation of union and numbers with the
operation of addition, as shown in tigure
18, A homomorphism is a function that
relates operations within one set o op-
crations within another sct. This is pre-
cisely the structure that relates using real
objects in building a model of opcrations
(such as joining line segments end to
end for dewermining length) to using the
characteristics of the length function in
building o mathematical model of the
length function. Clearly, children need to
acquire coneepts, skills, and intuitions rel-
ative to the real world of operations
within the physical and manipulative con-
text; this supports and extends the in-
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tuitions withim the model world of muthe-
matics. The model world dsc o a0 Targe
extent. a worid of symbols wnd operations
on those symbols, cach operation possess-
ing an anaogue or parallel in the physical
world. The building of  homomorphisms
between the physical world and the con-
structed world of the mathematical model
heart  of  the

processes sooeritical to the development

is the scientific-inquiry

of ~civave. Kiopter's higher-level objee-
tives for inquiry teaching and feaming are,
indeed. succinethy sumnuarized by saving
that the tivonomy as directed 1o building
“morphismis™ in o a caleulated way, Mathe-
maties teachers can support and extend
the development of intuitions for scientitic
inquiry by maintaining @ ostress on the
homomorphic or model-building  aspects
of mueasure, This is o sav, o mathematios
teacher should constantly stress the dit-
ferenee between the physical world with its
operations wind the model world witdy s
operations. while at the same time reflect-
iny that the operations are mirrored in
cach other. Concepts, sKillse and intuitions
miuist be developed with some thoroughness
in cach systenn, for fearning in one system
is supportive of fearning in the other,

Teaching measure: problems
and activities

[n the foregoing scection, measure wis
cxamined from the mathematical point of
view, The purpose of this scction is 1o
consider pedagogical approaches to meu-
sure from the vantuge point of instrue-
tonal and psychological rescarch.

Three remarks are in order before we
1hvf:in. First, the rescarch dindings of the

A lf\rf(‘(‘\)*.(_(ll)__ 7
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childedevelopment psyehologists are gen-
crally consistent with the orientation to
primitive subconeepts for each churacter-
istic: measure Tunction, The problems in
concept acquisition identificd by such re-
scarchers us Piaget. Inhelder, and Szemin-
sk 1900y Smedslund (19630, Stefle
and Carey (1971, Lovell (1971), Skemp
(1O71y . and Sincliir (1971) tend to
localize on the child's failure to incor-
porate o subconeept into his cognitive
schemata for measure.

Second. the word frudtion was ased
freelv in the preceding section. This see-
ton reflects an o orientation toward  the
child’s constructing pereeptual and con-
coptual intuitions bused on his interaer as
with the physical environment or v @ the
homomorphic mathematical
structures and operations in measurement,

world — of

The components of the homomorphism
provide the base for the intuition, Indeed,
imtuition in the homomaorphic structure of
measure is o simidiar toowhat psyehologists
Label with the word transfer, Tt differs from
the traditional views of transfer in that the
“morphism™ provides an orienting connee-
iton hetween the struetures. Fhe functional
connection is stronger than analogy, com-
other mechanisms

cstablishing

mon - clements, and
identificd ax facilitating or
transfer, Transfer iscin a sense, “rigged”
or “wired™ by the tight, functional relation-
ship between the domain and range scts
and their respective operations, Intuttion.
then, is constituted of concepts learned on
ciach of the “sidex™ of the homomorphism
- the real world of numipulation of physi-
cal entitics and the world of the mathe-

matical model.
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Third, ideas and concepts of measure-
ment are not unique to the particular char-
acteristic-function There is @
parallelism between systems of - measure.

svstenn,

I some cases the parallelism s weak:
there is little similarity between the strue-
tire of Mohs™ hardness scale and the wmea-
sure svstem Tor volume. In other cases the
stifarity s strong: in the Fnglish svstem,
foot-pounds and BTUs “behave™ in the
same wav, Many ol the primitive sub-
concepts for Tength have an almost exact
analogue in wrea measure and in volume
measure.  In the  traditional  sense. the
puratlel structures indicate transfer to be
an important instructional goal. On the
one hand, it appears surprising that trans-
fer is seldom un outcome of instruction,
given the several measure structures that
o child in the clementary
school, The common clements for the

cneounters
mueasure  structures-——such as additivity,
units, congruence, and compartson-—would
appear o fucilitute transfer. but children
and adults often aeed to relearn these com-
mon  characteristics of  measure systens
when encountering a new system of mea-
sure, On the other hand, lack of transter
nity not be surprising but should be pre-
dictable from what is known about how
cheddren learn. The common elements are
svstem ideas—part of an interrelated com-
plex that provides the foundation of mea-
sure structures, The child’s capability for
handling and using  measure structures
characterizes the mature learner who has
attained the Tormal reasoning stage of the
Piagetian model of cognitive development;
perhaps curricular designers and teachers
expect transfer before children are ready.
Although children cncounter cach of the
ideas before attaining the formal reasoning
stage and can indeed use the concepts
separately, can they use them in the struc-
tural  sense? Perhaps
transfer as a specific objective of instruc-

consideration  of

tion should be defayed until the child at-
tains the maturity of the junior high school
vears and then be addressed with con-

ERIC

I oattention, A potentially significant

Aruitoxt provided by Eic:

hypothesis concerning the teaching of mea-
sure is whether children who are at the
Piagetian formal veasoning stage can be
fed more cuasily o trunstfer coneepts from
one measure structure to another if the
primitive subconcepts wre emphasized in
instruction for children at the pre~formal
operations stages of development.

The paralleliam between measure fune-
tions discussed in the preceding pura-
eraph presumes thuat the functions are
alike. The paralletism facilitates transfer
functions,
Rutio-scale measure  systems possess the
inherent  mathematieal
structure and are, consequently, the most

between  ratio-scale  measure

most  powerful

used and pervasive of measure systems.
AlL metric scales are ratio scales. Some
useful metric measure scales are, of course,
derived scales in that they are combina-
mueasured attributes.
Velocity is such o derived scale, sinee it

tions of  directly
is the composition of a distance function
and o time function. For derived scales,
the ritio characteristic may he obscured;
@ teacher may therefore want to present
[earners with situations in which all but
one of the measured attributes are held
constant in order to highlight the ratio
character of the derived seale,

But not all measure functions and scales
are alike. Previously, we examined ordinal
scitles, such as Mohs™ seale, and nominal
seales, such as those counting seales de-
rived from catevorization of sets. These
provide the teacher negative instances 1o
incorporate into instruction tfor the pur-
pose of highlighting important character-
istics of the ratio scales.

The purpose of the next section is 1o
identifv some trouble spots i instruciion
concerning measure and measurement. The
instructionul problems identified are  all
concerned with ratio scales, in recognition
of the pervasive character and importance
of ratio scales. The fact that metric measure
IN ratio-scafe measure attests (o the impor-
tanee of their imitation, Although the dis-
cission of many of the problems is specific
o singte measure context, generally the
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discussion may be extended to any ratio-
scale context,

Specific instructional problems

Children have difficulty incorporating
the idea of unit into their  cognitive
schemata for measure (Montgomery 1972).
Precise information concerning the difhi-
cultios with the idea of unit is far from
comprehensive——more basic research con-
cerning children’s development of the unit
coneept is needed. There is some evidencee
that children benefit from carly, extensive
expericnee with unit-domain clements for
a given measure function before emphuasis
15 placed on the fact that the measure func-
tion maps the domain clement 0 one.
Aman’s article, which appeared in the April
1974 Arithmetic Teacher, coneerns geo-
boards and the arca function; it demon-
strates an approach emphasizing the unit
as providing a base for covering an arca
before stressing the map to the range cle-
ment 1. Note that this approach can also
build to the Archimedian subeoncept, and
with the incorporation of counting activi-
tics, it can build to a child's acquiring a
sense that each domain element maps to a
number. Comparable manipulative activi-
tiecs are readily invented for lincar and
angular measure, The child has experiences
within the context of the physical world
and acquires a manipulative base for the
homomorphic operations with the range of
the function.

The child's progress toward acquiring :
coneept of unit has been shown to be im-
proved if the instructional strategy encom-
passes examination of two measure systems
that possess unit-domuain elements, Mont-
gomery has stared that children’s under-
standing a unit length is enhanced by
expericnee with arca units and vice versa.
She has also demonstrated that children
can acquire this subconcept as carly as
grade 2.

The payoff of examining with children
LWO IMCUsUre systems possessing units sug-
qusts there might also be an advantage in
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comparing measure systems that are not
alike in the sense of one not posscssing a
unit. Rescarch indicates the benefits of
positive and acgative instances for con-
cepts being incorporated into instructional
sequences (Shumway 1973), but how many
curricula ask children to compare measure-
ment systems, such as Mohs® hardness seale,
which lacks a unit clement in the domain
space, to other measure systems, such as
area? Shouldn™t learners explore what char-
acteristies of o micasure function are a
result of its possessing o unit?

One characteristic of the unit within the
context of measure functions is more scien-
tific than mathematical: the arbitrary na-
ture of selection of the unit. The sclection
of kilometers to measure the distance be-
tween Chicago and Chattanooga is a matter
of judgment. Selection of a unit does
possess an affective component: an auto-
mobile engine with a 2000-cubic-centimeter
displacement may be more appealing than
an cngine with a 2-liter displacement. Judg-
ment of convenience is required and this
judgment depends on many diverse factors,
but how does o learner uequire this judg-
ment? Arbitrariness in itself is a concept
requiring some maturity and sophistication.,
[t may well be that the cumbersome caleu-
lattons  within the English systemy have
helped learners realize the arbitrary char-
acter of units. With the convenience of
changing units within the metric system,
will children lose some pereeption of the
arbitrary nature of unit selection?

A hasic property of most measure Sys-
tems diseussed  heretofore has been the
additivity property. For a mueasure func-
ton m mapping from a domain of clements
d; to arange space, woe can writc:

m(d, \J d)) = m(d) + n(d))
where
d, M d, = ¢.

The essentiat intuitive concept that children
must acquire before dealing with the num-
ber coneept is the conservation of the
whole, dJ d,. on subdivision into parts. A
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child must accept, for example, that a line
segment will cover as much of another line
as the segment broken into two or more
picces. The typical child of kindergarten
age does not readily conserve in this sense,
whatever the measure function. The best
operational strategy for helping the child
appuirs to be simply to give him consider-
able experience with conservation situa-
tions, Some teachers attempt to protect the
young child from conservation situations,
arguing that he is not ready, sinee he
cannot function correetly, This is an error
in judgment for two reasons. First, it is
futile; the child encounters many conserva-
tion situations that are outside of the
teacher's control. Second, cxperience within
the conservation, or, in measure-function
terms, additivity, context is necessary for
the eventual acquisition of the concept,
Piagetiun psychology arguces for the neces-
sity of experience: readiness as a limitation
is more of a condition determining when
the child should be held responsible for
producing and using the concept,

The child needs to manipulate situations
requiring conservation and have the oppor-
tunity to test his perceptions. The child
probably does not have adequate control of
conservation until his thinking matures to
the point that he can operate in contexts
requiring complementation or, in the range
space of the measure function, subtraction.
That is, in handling area on a geoboard,
if the child is to find the arca of the shaded
triangle in figure 19, then he looks at the

square as a universe and realizes that the
triungle is the complement of the union of
the three triangles tabelled 1, {1, and 111
Hcgc the computational advuntage in the
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range space is, of course, clear, but the
maturity of handling conservation in this
“subtractive™ or complementation form in
the domain space is a clear indication of
the capability of the child o use conserva-
ton in his reasoming within measure sys-
tems.

Additivity and congruence, the two con-
servation subconcepts for @ measure func-
tion, are factors in almost any lcarning
concerning measure, The unit concept de-
pends direetly on the child possessing a feel
for congruence. To measure the width of a
desk by determining the number of paper
clips that can be laid end to end across the
desk requires that the child have congru-
ence under control. Moreover, additivity's
relation to conservation on subdivision into
parts is the fundamental psychological tic
between the manipulative, physical world
and the mathematical model world of com-
putation, As such, these two primitive sub-
concepts for measure functions are psy-
chologically among the more important
clements of the child’s intuitive base for
measurement,

Children apparently have mare difficulty
in gaining control of the ideas of compari-
son than in using units in measurcment.
Developmental psychologists have found,
for example, considerable difference in the
ages at which a child can function in par-
ticular measure systems; the child may be
able to compare lengths up to two years
before he can accurately compare mass.
The conceptual arca of comparison appears
to be complicated by the child's need for
words to express the comparison relations,
Relational words and phrases such as “big-
ger than,” “less,”” “more than,” and ‘‘not
as large as” arc more difficult to learn than
those that name obircis, Many develop-
mental . psychologists have observed that
the language factor is confusing and inter-
feres with their attempt to design experi-
ments and tests to ascertain precisely how
children acquire control of comparison,

Some distinct problems with which learn-
crs must cope on the path to a mature
understanding of comparison have bcon
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found. One striking difficulty is the com.-
parison of objects that are separated; the
child goes through a phase in which two
objects in close proximity can be compered
correctly, but the same two objects, when
separated by distance or a visnal bavrier.
present the child with an inordinate araount
of difticulty, This is analogous psychologi-
cally to the mathematical situation of mov-
ing from measuring length on one line to
measuring fength on different lines; the
child must apparently create a mechanism
for comparing cach of the objects to a third
standard. The accurate comparison in both
situations (with two objects tegether and
separated)  proceeds without any assign-
ment of number or employment of a mea-
sure function. The child progresses throvgh
a stage of rudimentary covering similar to
& primitive use of unit in which onc object
is compared direetly to another. If more
than one dimension is involved—for cx-
ample, width und fength in comparing the
size of rectungular regions—the child con-
sistently fixutes on a single dimension be-
fore maturing to comparison on a more
appropriate basis. To date, no instructional
strategy other than repeated experiences
followed by routine evaluation of the ac-
curacy of the comparison appears to cor-
rect this difficulty.

Another distinet difliculty of the child is
building inferential capability into his sys-
tem for comparison.  Acquisition of the
transitive  property for measure systems
comes later than the pairwise comparison
but offers the child o portion of the reason-
ing base that he needs. Scriation or the
capability for ordering a finite sct of ob-
jects by size further cextends the capa-
bility of the child in dealing with com-
parison,

Learning situations for comparison scem
to automatically include consideration of
the subconcepts related to conservation.
AsKing a child to compare two sheets of
paper, A and B. by placing one on the
other, as in figure 20, and at the same time
to ignore the uncovered portion of B is
difficult. Indeed, the child’s attention should
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be focused on the uncovered portion. For
pairwise comparison, experience with addi-
tivity's basce of conservation is inescapably
given, and congruencee inextricably appears
as part of the experience of the child in
using « third unit for comparison of two
objects.

Fig. 20

The Piagetiun model of how children
develop geometrical concepts identifies the
important intuitive components of the phys-
ical. manipulative base for the mcasure
functions, Although our discussion has been
general in the sense that it has cut across
different ratio-scale measure functions, cach
of the primitive subconcepts has played a
role in the examples given. The Piagetian
model identifies psychological analogues
for cach of the subconcepts.

The cemphasis on Piagetian psychology
is not all that helpful to the teacher in
many respeets. It does not, for instance,
specify u best sequence for children’s cur-
riculur cncounters with idcas. Indeed, it is
difficult to specify a sequence, since the
concepts arc so intertwined. It does. how-
ever. strongly affirm that readiness is a
factor in teaching measure. First, measure
for any characteristic function is a system,
a structure of subconcepts. Consequently,
it should be noted that system ideas are
characteristic of mature learncers in Piaget's
model. If you accept his model for con-
ceptual development, then you should ex-
peet control of a particular measure func-
tion to come at the upper clementary or
junior high school ages.

Sccond, the particular primitive  sub-
concepts will come carlier, before the child
has o grasp of the total system of the func-
tion. This meuns that experiences with cach
subconcept must be a part of children’s
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geometrical experienee early in their math-
cmatices instruction. The Piagetinn model of
development entails strong implications for
instruction in terms of readiness. The im-
plication is that children must be provided
opportunities for manipulative expericnce
with cach primitive subconcept within a
varicty of measure functions. Conservation
or additivity should be examined for length,
volume, arca, time, and mass. Rate and
force. as well as length, arca, and volume,
should be used as contexts for exploratory
experiences in comparison. The idea of a
unit should be exploited as a source of ac-
tivities for children in a variety of measure-
ment contexts; otherwise the child will
never be ready for the totulity of the
mecasure-function  system  of  concepts.
Rather than readiness providing an argu-
ment against curricular experience in the
case of meusure, it provides a strong bricf
for extensive experienee with a wide variety
of activities,

Third. readiness considerations indicate
thut computational facility for the measure
funetions is at a late stage in the learner’s
cvolution of measure ideas. Computation is
a system or structure idea. The child must
have some understanding of operations and
relations within both the domain space and
the range space und, most importantly, of
the functional connection between the two.

The child's coping with measure con-
cepts in school is not limited to activities
that are designed to teach measure, Activ-
ity-oricnted and manipulative-based mate-
rials designed to teach computational con-
cepts and skills probably constitute the
majority of the child's expericnees with
measure concepts in most classrooms. De-
veloping addition and subtraction facts on
the number line (sce fig. 21) is an effec-
tive mcans of building conservation and
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the additivity propertics needed for fucility
in measure. To use the rectangular array
to devetop the multiplication fact of 2 %
3 = 6, as shown in figure 22, requires

Fig. 22

the child to count squaree and provides
some feeling for units. To ask a child to
use a number line to find how many 3s arc
in 29 informally de-clops un awareness of
the Archimedian property. (See fig. 23.)
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The teacher should recognize that pro-
viding children with these measure experi-
ences is sound pedagogy for building con-
cepts of measure. Albeit informal, in that
teaching measure concepts is not the ex-
plicit primary objective of such lessons,
these secondary objectives provide un im-
portant component of instructional plan-
ning of which the teacher should be aware
as the primary goal of computational in-
struction is addressed.

There are, of course, two ever-present
dangers of which the teacher should be
aware. First, the teacher must not rely
cxclusively on physical models or objects
for computational objectives if those mod-
cls rely on measure concepts to make
them work. Multiple embodiments of the
concepts give children different bases for
acquiring the concepts depending on their
aptitudes, interests, and abilities. A variety
of types of models, some of which are
developed on a nonmeasure base, are
needed by those children who do not yet
have full control of measure ideas. Dis-
crete counting activities for establishing
addition facts supplant the use of the num-
ber line for the child who does not yet
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possess o full concept of length (sce fig.
24), but the teacher should usc the num-
ber-tine activity as well as the discrete
model, since it provides ar important as-
similatory base for the conservation con-
copt. As such, the teacher is providing a
good intuitive foundation for both addition
and measurement,

O @ Qe
4 + 3
7
Fig. 24
Second, if the teacher is not carcful in

the sclection of models for computation,
then the teacher risks establishing cither
proactive or retroactive interference with
leurning; that is, learning can interfere with
learning yet to come or can cause for-
getting of something learned previously.
The takec-away model for substraction
might be used to establish the fact 12 —
8 = 4 by cxhibiting a ruler and breaking
off four units to throw away, as in figurce
25, For the child who as yet does not

T

possess the conservation concept, an inter-
ference with his acquiring it may be estab-
lished. Or consider the case of the student
who possesses a fairly firm grasp of the
primitive subconcept of units; her teacher
approaches  multiplication  of  fractions
thusly: 3/4 > 2/5 means you find 2/5 of

A METRIC HANDBOOK FOR

RIC

Aruitoxt provided by Eic:

TEACHERS

a unit and then 374 of what is left. A draw-
ing like that in figure 26 is cxhibited on
the chalkboard. 1t is modified as indicated,
with an accompanying dialogue indicating
that at 4 the square is a unit, a whole out
of which we want 2/5. When we get
the 2/5 at stage C, we know what to do—
simply look at the rectangle as a whole
unit (like we did at A) and take 3/4 of it.
Muny teachers then return to the original
unit and usc one of the small rectangles of
stage £ as a unit to cover the original
squarc A. Eventually, this yiclds the de-
sired 6/20. Clearly, the “of” approach or
model of multiplication of fractions leaves
something to be desired. For the student
who docs not have the unit concept undcer
control, this is particularly true. In all
likelihood, a proactive interference is estab-
lished between learning about units of mea-
sure in the context of fractions and the
instruction in which measure is the primary
objective. Parenthetically, it might be noted
that the “of” approach to multiplication of
fractions has been the favored approach
in clementary school texts,

Texts contain many sections devoting
cxclusive attention to objectives concern-
ing mcasure, but the incidental learning
concerning measure, which accompanies
instruction directed to objectives, should
not be ignored by teachers and curriculum
developers, Potential for this incidental
learning depends on the sclection of the
models or physical situations that provide
the embodiment for the number concepts.
The cxtent to which such incidental lcarn-
ing can be and should be relied on as a
significant component of a child’s experi-
ence with measure is an open question,
Clearly, such activities cannot be retied
on cxclusively as the meuns to teach

U
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measure; speeifie activities and lessons on
measure are necessary, However, research
appears to indicate uncquivocably  that
multiple embodiments of numerical con-
cepts are preferred. sinee not all children
have suflicient grasp of measure concepts.
This is to say, any instructional program
for computation that makes exclusive use
of the number line should be viewed with
extreme suspicion.

This scction has been concerned with
some  of the psychological problems of
teaching and learning about measure con-
cepts. Primarily, it has addressed the task
of building intuitions for measure in the
clean, pure world of the mathematical
model. The problems of learners with the
measuring skills and approximation judg-
ments have not been considered.

Metrication and the teaching
of measure

What are the implications of converting
to the metric system for the teaching of
measure  concepts?  Will  acquiring  the
processes and sKills of mecasurement be
affected by the metrication  of school
mathematics and science materials? These
uestions are uppermost in the minds of
many teachers of junior high and ele-
mentary school children today.

The questions are significant. Clearly,
text publishers have begun the shift to a
metric base for instruction in school science
and mathematics. Materials based on the
metric system arc becoming readily avail-
able to the teacher, so, for the most part,
material availability is not at issue. (It is
perhaps an issuc in some locations, de-
pending on the availability of funds for
instructional materials.)

The preceding sections have focused on
instruction in measure rather than mea-
surcment, The use of the word measure
was reserved for the mathematical-model
components  of instruction. The word
measurement was restricted to processcs,
skills, and ideas in the real world of prac-
tical and scientific use. The emphasis has
heep ~n the mathematical structures within
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the mathematical models; the functions
that characterize the measures for the
modcls provide the skeleton of instruc-
tional objectives and establish the transfer
potential for measure systems. The  dis-
cussions have been independent of par-
ticular measurement systems; for instance,
discussion of the area function does not
depend on the measurement system being
English or metric, but it would be quite
hasty and misleading to state that metrica-
ton has little or no implication for the
tenching of measure concepts or that con-
version will have small impact on instruc-
tion for the mathematical-model ideas.
Some representative implications are dis-
cussed below.

1. Children need to develop metric in-
tuitions. Children learn measure concepts
in the environment of the real world.
Language, tools of measure, gross csti-
mates of magnitude, and the like are the
“stuff” of instruction. The child needs per-
ceptual bases for learning, because mean-
ingful experiences stem partly from famili-
arity widr the perceptual  environment.
If the child has no fecling for whether
twenty-five degrees Celsius is cold or hot,
the child docs not have available one (of
many) stimuli when he learns about tem-
perature scales. The larger the number of
familiar stimuli, the more likely the child
will enjoy meaningful learning. The teacher
who wants to capitalize on the motiva-
tional potential of children’s enchantment
with the very large and the very small
cannot presume children’s familiarity with
metric measurements if the children have
had little expericnce in the use of the
metric system. In short, the particular
measurement system used in instruction,
along with its vocabulary and tools, pro-
vide the cnvironmental components the
teacher uses. Temporarily, at least while
the country is in the process of conversion,
metric usage will not be a component of
many children’s away-from-school experi-
cnces. Consequently, the teacher must sup-
plement and cxtend children’s experiences
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with the metric world. tn terms ol assuring
teaching  measure  coneepts,

providing extensive opportunitics for huild-

sUCcess  in

ing metric intuitions is one of the most
significant strategies a teacher can follow,

2. Children need 1o acquire « usable
tnderstanding and  computational facility
with decimal - fractions. The  pavoff of
metrication for most individuals will be
the case of conversion from one measure-
ment scale to another, but anderstanding
of the conversion process is possible only
with understanding of decimal fractions. It
is tempting to advocate carlier ¢ncounters
with decimals for children; certainly the
acquisition of understanding of  decimals
at an carlier age would facilitate instruc-
tion, but this requires that researchers and
curriculum developers in mathematics cx-
plore questions of the scope und scquence
of chitdren’s experiences with decimals.
The instructional  sequences most com-
monly uscd develop the mathematies of
decimal fractions from children’s under-
standings of common fractions. Explora-
tory cviluations of curricula that move
directly from whole-number concepts or
integer coneepts to decimal fractions with-
out the intervening stages of  common-
fraction instruction need to be conducted.
In short, understanding of decimals has
assumed greater importance as a goal in
school mathematics.

3. The metrication of American schiooly
and society does ot decrease  the iin-
portance of childrei’s acquiring concepia
and shills for nondecimal fractions. Chil-
dren need to acquire o basic understanding
of rational numbers in all their forms in
order to cope with important mathematicad
ideas. As with the decimal-fraction cur-
riculum of the previous implication. there
are significant questions concerning the
sequencing of children’s encounters with
rational numbers that need exploration. It
may well be that instructional emphasis
on common fractions should be delayed
until after deeimat-fraction understandings
, e acquired.

TEACHERS

4. Mewrication should  allow teachiers
e freedom o include more and betrer
neasirement instructional
plans. Children have needed extensive ex-
pericnee in conversion within the English
svstem beeause of the complexities of com-
putiation with common fractions. Without
the distraction of this computational level,

activities  in

teachers should be able to direct instruc-
tion to the powerful coneepts of measure
more frequently, Although most author-
itics agreed that carcful attention to the”
fundamentals of measure paid ofl in the in-
creased  achicvemient of  students, they
found—-and teachers agrecd—that specitic
INSIIUCLION 0N CORVETSIoN was necessary
when teaching the English system. Con-
version within the metric svstem will not
be u distraction and instead will reinforee
hasic concepts of numceration. Conversion
between the English and metrie systems
will rarcly be necessary exeept for a few
technicians and should not be emphasized
in the curriculum. It should be
noted that the foundational decisions
the unit
speeiad attention. The tundamental ideas
of the rativ-scale transformations of dila-
tion and translation. along with the con-

schoal
of
seale need

convenicnee of or

comitant outcome of ratio invariance, have
never reecived the attention they deserved
at the secondary school fevell Removal of
computational distructions should provide
teachers with the opportunity to reorder
their priorities in planning instruction.

S, Children need to apply measure con-
cepts  and  measurement o da
variety of problems involving the metric
svsternn. Convineing children of the cfficacy
and cfficicney of the metric system is per-
haps best accomphshed through the use
of the metric system in “real™ situations.
Ruther than a frontal, tircsome assault on

processes

the components of metric measurement, o
bulanced program of direct instruction and
frequent application of the ideas and sKills
in realistic problem situations is the best
strategy. The use factor has been found
highly motivating by many teachers. Usc
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provides the argument for the impartance
of the metrie system. Max Bell's Matfre-
matical Uses and Models in Our Evervday
World  (1972) provides numerous  and
diverse examples of  different types  of
measure problems that teachers and stu-
dents can find in obscerving  the world
around them. Repeated attention to the
categories of problems represented in the
Bell  book  strengthen  problem-solving
skills, build familiarity with metric mea-
surement, and provide for a strong general
cducation component of a child's experi-
cnee with measure,

reaffirm the theme
stated in the beginning: teachers should
nat make o fuss about metrication. Metri-
cation is reasanable and rational; teachers
should nat Tead children to anticipate non-
existent  dithenlties. Teachers and  cur-
riculum developers can take advantage of
the move to metrication to
and  redireet the nature of instruction
in measure  coneepts  and  measurement
processes. This redirection should encom-
pass building i1 tuitions for the functional
and homomorplic character of measuore,

In conclusion. we

reconsider
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