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STATEMENT OF ASSURANCE

Oregon Department of Education

It 1s the policy of the Oregon Department of
Education: that no. person be subjected to
discrimination on the basis of race, national ongul
-religlon sex, age, handicap, or marital status in any *
cprogram, service, or activity for which the Oregon
Departmant -of Education is responsible, The
Department will comply with the requirements of
state and federal law &oncerning nondiscrigination
and will strive by its actions to enhance thedtgmty
and worth of all persons. . -
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A chahgeover to the metric system of easurement appeart to be inevitable in the United States. On Dec. 23,

1975, President Fold signed S, 100, The Metric Conversion Act of 1978 The act established a U. S. Mefric
Board to'coordinatejvoluntary conversion to the metric system. The act officially defines ‘metric system” as

the International System of Units (S1).” : .

L) b , 5

Most of the world is already using St, # fact, the United States is th.é last industrial nation to adopt it. This
transition is necessary if the U. S, is to maintain its national competitive position in world trade. Many‘U. S.
bustnesses and industries are developing plans for the changeover, while qthers are already using the metric
systern to manufacturg or measure tﬁgir products. T S

Adults and chiidren alike will appreciate the cansistent interrelationships of the new system once they have
become famihiar with it. A speoial need during the transition years, therefofe, will be to emphasize instruction

in the most commonly dised netric units. \

. * ]

', A
. e P

In response to projecte‘;i netds in Oregon, the State Board of Education adopted a resolution directing the

changeover to the metric system in public school operations by 1983. MEASWREMENT. . .with Metric is part

of our efforts to meet the Board’s directive. For addjtional copies or for assistance is planning workshops in
. metric measurement, contact the Metfic Coordination Committee here at the Department of Education.t

-

>

: " Cordially,

- . } e . r
Verne A. Duncan

r State Superintendent of
, Public Instruction
|
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1. INTRODUCTION

——
/

- ’
MEASUREMENT. . .with Metric has been designed as a guic ide for anyone planning to teach the metric system to teachers,
parents, children or the general public. 1t includes measurement learning theory, technical Information about the metric
system and sample diagnostic and learding activities. The handbook presents one approach to the instructional process and
can be used to, teach all ages. It can be used as a complete guide or as a resource. The approach leads to and includes the se
of the International System of Units (SI) . - . C

!

¢
The metnic system offers several advantages in comparison with the present system. The set of multiples and submultiples of
the base untts is a decimal system compatible with the monetary and bage-ten numeration systems being used. Furthermore,
units of length, mass, area and volume are interrelated and are therefore easy to learn. .

b 4]

N

1.1 THEME FOR , ' The ODE Metrlc Coordmatlon Caommlttee firmly holds that the fiye characteristics described
METRICATION below should bé primary cpnsiderations in af/ efforts toward metrication. These characteristics
are the major premise of this handboek—watch for each! In addition, these characteristics
should be the-central theme, for all teacher in-service workshops on metrics, and for metric *
“information workshops for parents or the general, public. They should also be used in
developing Jodal district program guides for teaching the metric system.

k)

Emphasis should be placed on measurement Méasurement is a baSrc conce\)t In mathematics
and has application in nearly. all curricular areas. A developmental program based on sound
learning theory is a primary consideration in successfully teaching measurement.

.
[
'

The "handwn «approach is the best way to learn measurement. The "hands-on” adtivigies
should be. Iearner-centered experlences that recognize the level of competence (readiness) of
.each individual and build upod and expand that competence. ‘The use of appropriate
experiences will gradually lead to the discovery of measurement concepts. They will also
motivate the learner’s interest and epthusiasm. -

. !
Estimation should be encouraged early and continued throughout measurement learning
experiences. The idea is to estimate, record, then verify with a measurement. Sqme measuring
experiences should be provided before asking students to eStimate. No penalties should be given
for poor estimates since this will discourage estimating. -

Whilebteaching measurement there ,is no need. far exercises involving converting between
systems. These are no more than rote drill exercises on multiplication and division. Evidence
further indicates .that such.exercises actually delay the acquisition of the ability to THINK
METRIC. (In the application stage some corversions may seem to be necessary. When this
occurs, the use of charts, tables or calculators is suggésted.) .

-

<
’

-

This handbook and workshops using this handbook should both demonstrate that an effective
measurement program can be taught with low cost materials. Some basic tools, homegade
instruments, collected items and equipment borrowed from science supplies can provide a goad
activity centered approach at .the early developmental levels. At the apphcatron levels,
specialized measurement equipment-may be needed in order to obtain the required degree of
accuracy and precision. Some teachers have observed that learners who make 3nd use their dwn
measuring instruments get a "feel” fo(\metrw units more quickly.

4

.
‘

*S1 s the shortened form of Le Systeme Internationat d'Unites.

.
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LEVELS OF
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2. RATIONALE AND KEY CONSIDERATIONS -
FOR MEASURING WIT{ METRIC

)
0 v

’ ' ,

The United States is going metric. The transition began’m 1866 when the metre became the
official” unit of length. Americans have adjusted to the change slowly; however, during the last
few years, they have begun to use the metric system \much’.more frequently. Majar. United
States industries are using metric measurements so that they can trade more easily with
industries in otherscouritries. The U.S. educational community has suppprted the transition
taking place in American industries. Educatqré are helping to teach the metric system, which is
.a much simpler, more logical®one, ® industrial employ ees. ’ y

On December 23, 1975'. President Ford signed the Metric Conversion Act of 1975. It declares

that the changdover to the metrio system is national policy. It also establishes,a U. S. Metric

—Board to coordinau\e the volyntary changeover. <
- . . i /

N \y,

.

2
The metric system has numerous features which justify its adoption as the official system of

measurement_for use in'the U. S. The chief features are:
>

¥ ' - .

1. The metric system is developed on the same base-ten system as the numeration system used
N ‘ N
inthe U. S. . 1

’
~ -

2. The units of metric measurement form a logical ;ystem. Larger units are created by
multiplying a base unit by appropriate powers of 10 (10, 100, 1,000, etc.). Submultiples

are created by dividing a base unit by appropriate powers of 10 (1/10,.1/100, 1/1,000,

* “etc.). This system avoids the difficulties involved in working with multiples of 12,3,5 1/2,

5.280\, etc. ' . .

3. . The decimal nature &f the metric system is used through'out. This permits greater yse of
decimal fractions and less use of comman fractions. : N .
‘ , L]

4. All metric measurement units for mass, area and volume are based on metric units of -

length. Students find it easier to understand the relationships when they use the metric
system than when they yse the present nongelated measurements.
Y
5. The United States monetary sysjem has the same decimal base as the metric system.

»

3

~ *
The strengths of the metric system have long been recognized by other countries. The United
, States is among the last of the world powers to make the transition. The country has made
great strides in the last few years. - - .

!nAOregon,'mor,e than 85 percent of surveyed busifesses and industries suppert conversion to
the metric system. They favor the transition despite the initial costs associated with changing
over. . ' )
. v ‘ 4

The State Board of Education is committed to a ten-year changeover period. On June 6, 1974,
= ._it adopted a resolution calling for conversion to the metric system in all phases of public school
operation by.1983. The resolution also said that metric measurement should be the primary
System of measurement used in textbooks as of November 1976. This resolution has the
support of the Oregon State Textbook Comrission.
Oregon school districts are now including an understanding of the’ metric sys'tem in their
graduation requirements. They are doing this to better prepare studef'_ns \foithe world in which

<

they will live and work as adults. - - ,
\
N -

N .
The cost to public school districts \can be kept to a minimum. Textbooks using metric.

measurement as the primary system can be adopteds<in the normal pattern of textbqok
—__adoption. “Additional supplies needed for teaching metric measurements are minimal. Many
instryments, such as metre sticks and centimetre rulers ‘and Jbalances are already available in the

- - R

M -

.

3
.10 f .,
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. school’s science supplles Other materials can be made inexpenstvely at home The process of
making them can serve as an effective learning activity in itself.

., . - 1
. 2.3 EXPECTATIONS + Durmg the years of transmon from our customary system to the metric system, the rate of
., FORTHE changeoverwnll vary in different sectors of society. Some competence with both systems will be
. + CHANGEOVER needed during this period. Probali’y the most efficient way to handle the transition will be to
PERIOD have two separate systems of measurement. The advantage of having separate systems is that all
T ] students will learn to THINK METRIC. People should be discouraged. from relying on mental‘

co‘nversnons between systems, as this may hinder rather than facilitate the adoption of 2 new
system. ~ Conversion requires an extra W®p and dlverts attent»on from the new system.
.. The transition\o the metric measurement system in packaging merchandise may occur,n
\ ) several stages. During the first stage, packages will show two sets of measurements, with the old
system written first, e.g., “Net ‘contents: one pound (454 g).” During the second stage,
packages will also show two sets of {abels, but this time the metric units will appear first and
' will reflect a convénient number, e.g. “’‘Net contents: 500-g (17 5/8 0z.).”” Only the metric units
will appear by the third stage. L , ,

Y

Much of retail trade 1s already in the first stage. A sixth grade class saw evidence of this in one
O:egon city. Students found over 500 different products with dual ldbeling. Some companies
had reached the third stage of labeling. Those which sold motorcycies, pharmaceuticals and
photography equipment fell into this category. .

24 SCOPE AND Teachers often ask, “What metric competencies afid skills should be taught in grade __
SEQUENCE Clearly, teaching specific concepts in each grade will not help individual students who are either
. not prepared for them or beyond them. Hence, teachers need to diagnose each learner’s
development and readiness. Teachers can then plan activities to reach the comprehension level
\ , of each learner. The key 1s that each of the learning stages does not occur at a specific age even
though these stages generally occur at approximately the same age for most youngsters.

teachers may use some general guidelines in devreloping instructional programs. These gutdelines
take into account the sequential, developmental learning stages learning theorists have
identified for learners. The following general guidelines were adapted from-Metric Competency
Goals, a report of the Natignal Council of Teachers of Mathematics, Metric mplementation
- ) Commuittee. - ‘ .

# " Generally by the end of the primary level: - J s .
. I\ '
T . . oo 1. The child will be able to apply the general measuring process, using a model of a
. . n&nstandard'd?ﬁt to determine a measure. Example: The child can tell *“about how many”’
sticks represent the length of a classroom. - BN

’ .

* 2. The child will be able to_use a centimetre ruler (centimetre markings only) to determine

~ lengths to the nearest %nmetre for distances equal to or shorter than the ruler.
‘/———\ S~ .
. 3. . . . .

The child wilt be able to select and use the appropriate type of unit and measuring
’ instrument for specific measuring situations. For éxample: /

. -

- Situation Unit Instrument ' :
“shorter lengths centimetres - centimetre ruler
' . : ' longer lengths metre metre stick |
s tape measure
) _ trundle wheel
. .

volume litre titre container ’
mass kilogram balance

‘ < ‘ . bathroom scale

: temperature degrees Celsius __thermometer

.

Q . . 4 11.
ERIC - | N T

. . / — -

£

. Although a’diagnostic approach avoids associating specific skills ‘with specific grade levels,

s

“
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4. The child will be able to include names of metric units and other metric expressions jn
his/her conversation. . » .

. N
LI .

5. Given models of a centimetre, a metre and a litre and other choices substantially larger and
smaller than each the,chlld wnll be able to select the correct unit model. .

.
-

6. The’chuld will be aware that ob;ects are commonly measured in specific units.
Example: Q. What s bought in litrés? A. Milk, juice, gasoline.

7. The child will be able to comprehend metric language as it is encountered in reading and
associate names of units with their symbols. .

8. The child will be able to .fead temperqtur@rﬂmfa Celsius scale and associate that -
[

- temperature with specific experuhces

»

: Examples.
At- 10°C it is ""cdld”’ outsnde
At 0° C water freezes, ) s
At 100° C water boils, NS - ’
30° C means "swimming’’ weather, . :
20° C is room temperature. ‘

+* Generally by the end of the intermediate levels: . 7

1. The student*will be able to demonst@(qte competency in the objectives listed above to the
extent théy are appropriate to his/her developmental level.
2. The learner will be able to use more upits “of the same kind than he/she did at the prlmary
devetopmental, fevel. .
Example:
{n addition to the centimetre and the metre, the student will be able to use units such
as the millimetre and kilometre to measure length. He/she will be able to use millilitres
to measure volume'and grams to measdre mass. The student will be farniliar with
common uses of such units. . .

’ © .

.

3. The Iearner will be able to use numbers such as 10, 100, 1000, and later 0.1 0.01, 0.001, to
convert measures in a .given unit to equivalent measures in a related unit. The learner will
be able to measure to the nearest tenth of a centimetre, metre, litre or kilogram.

, . . co- o N .

4. The student's concept of unit size will improve for purposes of estimation. The student will
be able to use previous experiences to decide whether an estimate is reasonable.

-

5. The student will be able to recognize and use symbols for the more common units. o

6. The learner will bs able to'apply metric knowledge and skills in all areas of the curriculum.

.
~

7. The student will be able to. demonstrate basic skills Tor readlng measures on common
metnc measuremenr instruments. -

8. The Ieafner will be able to find more SpECIfIC uses for }nore metric units than durmg the
primary level. The individual will be able to give his/her own body measurements for mass,
height, hand span gr width of Im,le finger. . .

9. The student will be able to choose appropriate units for measuring a variety of objects. \
Example: : . .
The student will be able to give the Hnear dimensions of a standard model of a square
centimetre, square metre, cubic centimetre, cubic metres »

4 .
. . ’a
» Y

Generally by the end of the secondary level: '
~ - ‘ N :
1. The student will be able to demonstrate compgtency in the objectives listed for bdth
primary andintermediate levels, as appropriate to his/her age, maturity level and needs.

_ ) T :
N ’ 0:12 ¢ . - * - : -~
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R 2. The student will be able to comprehend the prefixing system and change related units
. . - decimally. He/she will be able td read some measures directly in tenths, hundredths or
’ . , ) thousandths of a metre, litre and kilogram.
. -t -
R . . 3. The student will be able to comprehend the equivalencies 1 dm3 = 11 = 1000 ¢m3 and
Y ‘ 1 cm3 = 1 ml. He/she will be able fo comprehend @nd use correct symbols for square and
cubic units. . '
l , A .
o= S~ 4. The learner will be able to appreciate the metric system-sthe efficiency of the decimal.
. « . nature of the preflxes the use of decimal notations In recofd'@g measurements or
computing them, etc. The student will also be able to appreciate the advantages of hevmg
¥ - mass, area and volume-all related to length and to each other. . 7

. 5. The learner will be able to master the use of those metric units and their symhols which
i consumers need; for example, metre, kilometre, centimetre, mllllmetre kllogram gram;
Titre, millilitre; degrees Celsius.
6. The student will be able to comprehend Iess frequently used .measures such as the tonne
(metric ton), kilolitre, milligram and Hectare and some common, derived units suth as
’ km/h. - .

- . 7. The student will be able to demonstrate estimation skills with common measures to a
- ’ reasonable degree of accuracy.

- -~

8. The learner will be able to "think metric” in situations which call for a measurement in
‘ metric units. .

9. The student will be able to use metrics to his/her economic advantage.
Example:
. Given different prices which are based on different metrlc amounts of the same item,
< " _tHe student can determine the “best buy.”
, - ~

10. The student will Know where to find information about the metric system.

Generally at the Post Secondary/Adult level: ‘

- .

)
1. Each person will be able to demonstrate competency in the objectives listed for all previous

: levels, as appropriate to his/her needs. .
. —t 2. Each person will have the metric measurement skills necessary to perform successfully the

' - specialty measurements required in his/her occupation or profession.

& s
3. Each person can.“pgrform' the necessary metric measurements and the éomputations

necessary for informed purchasing of such items as food, clothing, fuel and real estate.

4. Each person has acquired sufficient metric measurement knowledge and skills to perform

various life-coping skills: e.g., cooking from a recipe, computing gas consumption and
. . travel distances, using metric tools and other household measurement devices,
understanding metric measurements it weather forecasts and sports. .
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. " 3."PHILOSOPHY ANI? METHODOLQGY - -
. . . - *»
' v . . 3
The previous chapter was designed as a metric educz_nion program guide. Let us turn now to the
* teaching of measurement. - ‘ S

°

- - ’

. v

-

. 3.1 PHILOSOPHY OF > The method for teaching wmeasurement with metric suggested : in this handbook —the
. , TEACHING METRIC “"CONTINUOUS NONGRADED MEASUREMENT LEARNING APPROACH"'-and the prem- .
MEASUREMENT , ise that concrete experiences (“hands-on”) are the best way 10 teach measurement draw heavily
C . on the Iea’rr"fing theories of Jean Piaget, Barbel Inhelder, Richard Copeland, Robert Karplus, .
. Herbert Thieg and others. In the booklet, Diagnostic and Learning AcfiVities in Mathematics
for Children, Copeland reviews Piaget’s learning theories and points outlteaching implications.
He then states: Coe! . -
, o “The third and highest form of cognitive function is knowledge characterizéd as ..
toe x/ _logico-mathematical. This knowledge devel8ps in stages and is largely an internal process. It
) is not an_acquired knowledge in the sense s0 many think of, the familiar stimulus-response
* . , sequence. This places the problem"of’ 'teachiF\g' logico-mathematical knowledge in a whole
- new context. Jéhnny may ﬂot‘\be able to learn certain ideas regardless of how he js
. stimulated until a certain point in time when he has ‘the necessary mental structures,
~ { Telling him aBom,the transitive property, this is, if a=b and b=c then a=c, will have no
* . f emeaning until he has the.necessary thought processes and then the knowledge is almost
) automatie, The te@er then becomes a person who uses the verbal medium to ask ™,
. v questions rather than give answers. o . .

v
- -
v

) . Another important function of the teacher is to provide* an environment which allows the
- child to explqgg physically the objects around him: From actions performed, such as

counting a rbw of objegts in both difections, the child discovers the commutative property. , -

- . In geometry he needi to physically explore shapes as a basis for the necessary f

abstractions.””* - . .

s s "

Karplus and Thier in A Naw Look at Elementary School Science also refer to Piaget:

o

4 .6

W

L]
“This school of thought [Piaget's developmental learning stages] has two related central”  *
‘ideds: (1) cpildren’s intellectual capacity passes through a number* of qualitatively
contrasting stages before adulthood, and (2) a child’s interaction with his environment
"t e

"Plays a very significant role in his transition from one stage to the next.”’, .

2 -

' . Itisin this spir#t that the strategies in this handbook are offered.
° o " ..
. . Teachers are encouraged to adopt programs based on both the basic concepts students need and .
” o tach student’s present level of readiness. The CONTINUOUS NONGRADED MEASUREMENT -
. LEARNING APPROACH can help them design appropriate programs. This leaming approach is*
° nongraded in that students begin with concepts which they understand and then contjnue
£ - through subsequent learning levels in an orderly sequence. Because each-child’s understanding
\ - of measurement concepts is at a different level, it is important for the teacher to chqose
e activities apprOpriate'.to each student’s needs. Activities presented in the second section of this
handbook may be used as diagnostic tools and/or as learning experiences. , .o,

- 31.1°% . " The following chart outlines the CONTINUOUS NONGRADED MEASUREMENT LEARNING
. “-MEASUREMENT APPROACH. It presents four major measurement concepts: length, mass, areatand vqumg.’A .
. *LEARNING fifth concept, temperature, will be dealt With briefly later. The measurement concepts of time,
CHART money and angles should also be learned, Since these concepts are not directly related to the
. a metric system, however, they are not presented in this handbook.
. ) *Copeland, Richard W., Diagnostic and Learning Activities in Mathematics for Children. ) »

* »  New York, Random House, Inc., 1974, Preface, '

" **Karplus, Robert, and Herbert D. Thier. A New L ook at Elementary School Science.  *
' Chicago: Rand McNally, 1967.’p.21. e T .

\
.
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: R ) . _THE CONTINUOUS NONGRADED RAEASUREMENT LEARNING AP’PROAQH
: ) LEARNING LEVELS . .
. . e, .- ¢ -
- Pre-Measurement Unit Standard Measure- -
, Skills Concept |- Units- ment Ap-
Conser- | Compari- ) Metric plication
) v vation |son * * System K .
- ., \ -
- Concept N N N \ N
. AN N\ . N \ N
Length S N\ N N .o\ -
. N N\ . .\\ . N \. :
N Mass , - AN \\ —E \\ \\ —=
- . \
' - . Area ° . o N \\ \\ N N o
~ ) - N N \\ N \\ \
. . Volume e N AN AN N -
[ ’ AP ‘.‘ u'.‘ , ) ot . i .
,( \ ——The horizontal axis represents the sequence of learning levels. The vertical axis represents the

S

-

32 PREMEASUREMENT:
CONSERVATION
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measurement copcepts (length, mass, area and volume) to be learned.
. ' . N ~ B

The concept of length should be introduced first, because other measurement concepts,
especially ip the metrig system, are related to it. Students do not need to master all learning
levels in length, however, before being introduced to mass, aie‘q and volume. The activities
presented in this book will often lead to student progress in both the measurement concepts
ang the learning levels presented in the preceding chart. Students begin with the development
of premeasurement skills and progress to nonstandard and standard measurement learning
jevels. The students may progress at thelr own learning rates through several levels of
premeasurement and measurement. At any point, indi¥idual learners may. be at different

learning levels for each of the measurement concepts. <

’
.

Learning theorists generally refer to a premeasurement learning stage as "‘conservation.”. The
principle of conservation {constancy) of quantity states that length, mass, area and volume do
not change when. physical ,objects or materials are subjected to deformation, rearrangement or
partitioning. This is a relatively advanced concept. 1t takes many ""hands-on’’ experiences using
manipulative materials before conservation of quantity is fully comprehended. Indeed, it is
generally agreed that understanding this concept involves several stages of intellectual

development. .

~ .

%, RECOGNIZING EQUAL QUANTITIES
, . | ,
. soda straws ' tall, slim volume .
1) Q
_(_— = . (1) . .
. (2) short, fat volume
length of (1) ' — :
length of (2) ==
\ (1) —3 (2) . .
(2
S e
« volume of
. A flat oject
volume of Gall -
unbroken length - ., bartitioned lengthe .
L A 1 —] -1 1 1 ] = L J L ) /l 3 L J
8 15 . ‘

:
Tt W
- 3
.
~

O

e e e R A A WAy A Te bk aak e el e ey s o e S s 8 = 8
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COMPARISON Recognizing similarities and difzferences between and among objects is the foundation on which

unit measurement is built. At 'the beginning, a child may place two objects side by side to

. ' compare their lengths. Later, threé or more object lengths may be compared in this manner. - ’
Eventually, the lengths of two objects thay be compared by relating both of them to a third

object. . % -
Simple comparison begins at a very early age and grows increasingly complex as learners
. develop skill in this area. Children should be encouraged to estimate relationships and then .
verify them by making actual comparisons of concrete objects. Penalties for poor estimates
shouid be avoided as this will discouFage students from trying. ’
v

f

L) .
. e Qualitative Comparison: identifying olijects avhich are similar in one or more properties,
for instance, color, shape, texture, prettiness, hardness, flexibiity.

- " L 4

- 0O -0 O~ o . mmm -
’ r0 AH OP HHaaD O .

. (Color) (Shape) {Shape) . (Tcxlur(:) s -
' o Size Comparison: identifying objects that are larger, smaller, shorter, longer, etc.
. ﬁ I

e Matching: recognizing objects that are the same in number, color, size, shape, texture,
weight, or other characteristics. f

-—— e —— - —

, - &‘/\ ‘<:[‘ (O_b\) 0O Q (Size) :

- e —

s ) S / —_————— T
ET DTN / N
T O @A LN mmeia
N T = e —— - .
(No. Sides) N (Color)
’ . T ) -
. o Ordering: arranging various sized objects in a progression, for example, from the shortestto '
' longest, largest to smallest, lightest to heaviest. ) o, -

; : —— 1
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34 MEASUREMENT: The skills and understandings of the two learning levels described aboye can be considered
" UNIT CONCEPT measurement readiness. Upon acquiring competence at the first two levels, the learner is ready

to experience activities designed to motivate him/her to discover the need for “units”; 1.e., the

repeated use of the same quantity for purposes of comparing other quantities. Learners will

., find that,while they can do very simple comparisons with their senses alone, they eventually

need more sophisticated means of measurement to supplement their senses. Thus, the learner

will be led to choose arbitrary units of measurement and also appropriate measufing

instiuments, «

» 3

A

Instructors should help the class become familiar with the unit concept. Have students measure |
objects with a variety of nonstandard units. A list of such units might include paper clups-
pencils, books, stlcks, straws, floor tiles, fingers and hands. Teachers should encourage students
to pick their own unlts@nd discover advantages and disadvantages for their chorces«’

© Ot . ’,

341 . Experiences with a variety of measuring instruments (all njqnstandard) will demonstrate that:
INSTRUMENT . ! toL '

DEVELOPMENT 1. Obijects can be measured in a variety of ways. ) A

2. Efficiency in measuring comes from choosing an instrument a%ﬂroprlate to the object to be
* mbasured.

. . R

.

Some instruments provide a more accurate measure than others.

Units of various sizes are needed. (Paper clip units are satisfactory for measuring short
distances, but a broom handle is better for measuring longer distances.) .

.

35 MEASUREMENT. Understanding acqurred ‘at the premeasurement levels provides the foundation from which the
STANDARD learner will discover the need for standard units. Standardization is necessary to obtain
UNITS consistent results and to communicate findings.

Before being introduced to standard units, students should be famihiar with estimation and
verification through the use of nonstandard units. Such experience helps them to think in'terms
of approprlately sized units and instruments. It alsopelps them to gauge the reasonableness of
their results . s

S

3.5.1 Having .discovered the need for standard units, learners are ready for the metric system. Here

INTRODUCTION the teacher can develop the logic of a measurement system which is based on ten and which
OF METRIC corresponds with the base-ten numeration and monetary systems.

SYSTEM ' ) “ )

‘ In the metric system, units of length are the basis from which units of mass, area and volume

are derived. Therefore, units of length should be studied first, with various prefixes being

introduced as they are needed.

. \/ t . L4

The six common prefixes should also be studied in some detail for purposes of continuity and

completeness and also for illustrating the base-ten nature of the metric system. The lggic of the

complete system must be developed in such a way thatds decimal nature is clearly @tood.

Only the commonly-used prQ(es, however, will be stresséd for most measurement purpgses.

- . .
5
L]

3.5.2 ) . The following metric ghart. is presented here te show \the logic of th®& metric system, to
METRIC introduce the metric prefixes and syimbols and to emphasi @the units that gre commonly used.
CHART . f '
" The units in boldface type are thfse that students will Iearn early and use most often. Note by
the boldface lettering that there are only four commonly-used units of length, two of volume
and two of mass.

10

-
- T
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METRIC CHART
Added | R 1 ] commonty
Prefix Results * Written- “Written | Used

i —~ ‘

milli millimetre *+ |, 0.001m | mm " Yes
centi |- centimetre 001 m " {em Yes
deci decimetre 0.Tm 1dm
. metre o om m Yes
" deka dekametre 10m . 1dam

hecto’ hectometre 100 m 1hm

Kilo | kilometre 1000 m Tkm Yes

~

milli milltitre | 0001/% | 1ml Yes
centi centilitre 001! i
deci decilitre 01! 1d!
litre o 'l Yes
deka | _dekalitre 101 1dal
hecto hectolitre 100/ 1 hi’
kilor kilolitre 1000/ “ki

milli milligram 0.001¢g 1mg
centi centigram 0.01g 1cg
deci decigram 01g 1dg
* gram* gram ] g g
deka * | dekagram 10¢g 1 dag
hecto hectogram 100 ¢ 1 hg-
kilogram* kilo kilogram 1000 g Tkg
7

o

*For definitions of the most wmportant metric units——the metre, the Inre,&e grag/4n

* Glossary .-

.

35.3
METRICS AND
MONETARY

N METRIC UNITS

" metre’ litre

*

deka

00- ' hecto -

A
/ 1000 kito *

Prepared by Sharon Bergier, Associate Teacher, OMSI, 1975,

*Units most commonly used for measurement purposes.,
ok ’

1’




354 b The metric prefixes can also be related to the place values of our base-ten numeration system.
METRICS AND The chart relates six common metric prefixes to the place values most commonly stressed as
. *° BASE-TEN students learn the base-ten numeration system. Note that those place values which are less than
NUMERATION one are expressed decimally. p
SYSTEM f .
. - . Numeration System Metric System .
. i = (Place Values)
thousands 1000 kilo 1000
hundreds 100 . hecto 100 .
] tens 10 deka - 10
ones 1 base 1
tenths 0.1 deci 0.1.
hundredths 0.01 centi 0.01
) thousandths 0.001 mills 0,001
Decimal Nature .
The previous chart imp!ies that students need to be able to multiply and divide mentally by
10, 100 and 1000. This abiity will make it easier for them' to convert to smaller or larger metric
urtits. Learners should be encouraged to use decimal notations (0.5 as one-half) rather than
) fractions. Decimals are easier to use, once the system is understood. They provide more
convenience in computation whether «t be by hand, calculator or compyfer.
E 3 N
Relationships
The original U. S. measurement system does not ’have a consistent relationship am Sng length,
. volume and mass, but the metric system does! To see this, contider the containers bélow. They
are all filled with distilled water at 49 C. The amount of water in each is the same.
, L N
° . . \
. . )
A A
' 9
* 1kg
ﬁ& 1dm A/
C e * 1dm3 = 1 =. ,-7Ikgofwater b
"1‘ K4 » »
N ~ v
- <\ e
. N B . :
; ' . @ / \
. : X . 19
2
- 5 { . . - P
. 1cm Te M {
\ . % 1cm3 = 1ml = .1 g of water v Y
sl :
" @ .




355
RULES FOR
SYMBOL
USAGE

3.5.6
SPELLING AND
PRONUNCIATION

3.5.7
MASS vs
WEIGHT

- e
»

~

The metric symbols are used internationally and students should become familiar with them.
Some rules for using the symbols of the International System of Units (S1)* follow.

1. Symbols of base units: . )
metre = m litre=/(notl) o .
square metre = naz . kilogram = kg N

cubic metre = m degree Celsius or ° C

v P

2. Metric symbols should not be capftalized nor followed by a period unless their position in a
sentence requires 1t. (Exceptions are units named.in honor of a person, for instance,

Celsius.) .

3. There must be a space between the numerical value and the symbol of the unit.

4. The symbol for the plural is the same as that for the singular.

.

5. Umts of area and volume should be written with an exponent, for example, m2, km?2, m3 )

3, (The pharmaceutlcal "cc is not used to indicate metric volume or capacity.)
, .
6. An ordinary lower case “1"" could be mistaken for the numeral 1;'therefore, the symbol for
litre should be written in italics or cursive script. '

7. If a numerical value is less thgn one (1), a zéro must precede the decimal point: 0.5 instead

of 5. »
- '
8. 1t’is necessary to use the degree symbol () with Celsius (°C} in order to dlstmgunsh it.from
coulomb (C) whlch is a unit for measuring electrical current..

9. The Celsius scale is preferred to the Kelvin scale as the intefnational temperature scale,
even though the Kelvin is the basic S| unit for absolute temperature. NOTE: the Celsius
scale was previously called the "centigrade” scale,

. .

Considerable confusion exists regarding the spelling of some metric words. Sometimes a writer
or agency will use one spelling, sometimes another. The Oregon Department of Education
Metric Coordination Committee recommends using the spelling and pronunciation system first
used by the General Conference of Weights and Measures {CGPM) on the International System
of Units in its report, It was the 1960 conference which revised the older metric system to
create the International System of Units. The CGPM used the te-r suffix for names of
instruments; for example, odometer, micrometer, thermometer and meter. The suffix t-r-e is
used for names of units; for instance, micrometre, hitre and metre. '

£
The CGPM plan for_pronunciation also Yeflects internal consistency. The second syllable in
names of instruments should be the accented one, as in odometer, micrometer and'
thermometer. The accented syllable in names of units should be the first one, as in centifiietre,
micrometre and kilometre. Thus, internal consistency becomes a factor in both spelling and
pronunciation. This system has the added advantage of continuing the spelling and
pronunciation of instruments to Wh]fb Americans are already accustomed. .
If this intemal consistency in both spelling and pronunciation is maintained, particufarly in
regard to the words “kilometre’” and “micrometre,’’ ¥e potential for confusing readers or

. listeners is reduced. Furthermore, this system is consistent with the spellings and-pronun-

ciations used in the 1960 International General Conference on Weights and Measurements
repOrt. > . . ° - .
The confusing and inconsistent use of the terms “mass” and “weight" is a different type of
matter (pun intended!). The terms "mass’ and “weight”” mean different things and should not
be used as synonyms. “‘Mass” refers to the amount of matter in an object. Mass is measured in
terms of grams in the metric system. “Weight"” refers to the influence of gravity on an object.
Gravity is measured in newtons. An astronaut will have the same mass on earth as on the moon,
because the amount of matter will be the same in either case, but his/her weight will differ d
to the different gravitational forces. ‘

-*These initials are based on the Frénch Spellin'g of the term, Le Systeme International d Unites.

. .

N




35.8
AUTHORITATIVE
REFERENCES

.

3.6 MEASUREMENT:
APPLICATION

3.6.1

MAKING
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! '38.2.
APPROXIMATE
NATURE OF

MEASUREMENTS

! 36.3
CONVERSIONS,
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. Some referents are useful, however,°during the early stages of the chanyeover.
- ~ G

The common use of the verb “weigh™ contributes ‘to confusion over these two terms. More
accurate words would be "measure " ‘rdetermine’’ or ‘'find.’”’ This handbook deals wnth units of

mass rather than Weight; thus grams and kilograms are used. ‘

Every metric education leader should have a good reference for questions on spelling, symbols,
definitions and style. The ODE Metric Coordination Committee recommends the following
documents. Each is reliable, widely acceptable and low in cost.

. The flrst is the Metric Practice Guide, E 380.76, American Society for.Testing and Materials,
1916 Race Street, Philadelphia, PA 18103. It costs $4.00. The second is the NBS Special
‘Publication 330, The International System of Units (SI), National Bureau of Standards (SD
Catalog No. C 13.10:330/3), Superintendent 8f Documents,.U. S. Government Printing Office,
Washington, D. C. 20402. 1t costs $1.00. A_third reference is the Metric Units of Measure and ®
Style Guide, “USMA Metric Practice Commlttee U.S. Metric Association, Inc., Boulder,
Colorado 80302. )

3 . - Al
.

Thts handbook contains an **application”” section for each kind of measurement, from length to
temperature. Students should be encouraged to gain experiences in masuring everyday objects.
While going through the “application” exercises with the Tlass, the teacher should remember
the following prlncrples

1. All measurement Iearning should originate from “"hands-on’’ activities and experiences.

2. The importance of estimating measurements and then vernfylng that estimate should be
stressed. ‘ -

3. Many activitigs should inupive direckmeasurement with metrically scaled mstruments.

The actual sige units should be used, not the scaled-down versions found in son‘}i
commercial metric materials. This will help students acqutre a correct impression of un
size. .,

K
1 » . N,

As students progress, teachers shouId continue to place emphasls on chooslng appropriate units .

of.measurement (e.g., a unif of length to measure. Iength) . . .

< ‘“ hd

In addition, students should_become sensitive to the size of the units they use. Choosing small
units for small distances ana large units for large’dlstances is more conveniept and results in
more atcurate measurements Students should also learn to choose instruments appropriate to
the attrlbutev to be easured e.g., the balance to measure mdss. ¥

- 3 d
<

:

» .
Learners have often been given the idea that measurement is an exact science. Fextbook
measurements like 0.37_Sometimes*ereate the impression that this measurement is exact, but
0.37 probably means the quantity is somewheye.between 0.365 and 0375 Every now and
again, learners should be reminded of the approximate ndture of measurement. {In the interest
of byevity, this handbook doey nqt deal Wlth precnslon significant digits, greatest possible’ error
and relative error.) s

“

During the teaching bf basic metric measurement concepts and skills, 1t 1s not wise t0 teach,
conversion between systems. In fact, uslhg conversions and teaching standardrzed units before
the learner’s discovery of a need for standardizing may be the two most f'requent errors|in the
teaching of measurement! If conversions becamg necessary, conversion tables, charts or
calculators should be used tather than memoruzed conversion factors: . %

v

~

Y : . -
A metre is a little longer than a vard.
+

A litre is a little larger than a quart. ¢ )

o 140> - | ' , -
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A kilogram is a little more than two pounds. -
An inch is about 2'5 centimetregs. .

o
2oLe 9. .
Teachers might introduce common metric measurements by relating them to objects with
_ which the students are familiar, for instance:

One white Cuisenaire rod is a cubic cantimetre.
1500 m is approximately one mile. .
One plump raisin has & mass of about one g. * N

One nickel has a mass of about five g.

'-The,.temperature at which water freezes is 00 C.

The temperature at which water boils is 100° C, N

379 C is normal body temperature.
One L (about one ‘quart} of water has a mass of.oné€ kg.

. A jumbo paper clip is about five cm by one cm. It has a wjre diameter of one mm and a ,

mass of less than two g. °

a

Think Metric ,
Students need to THINK METRIC They should nof be dependent on a translated measurement
* system. Thinking metric means vrsualuzmg relatlve size in metric units. Students should be
encouraged to use the more common ‘metric units even when domg conversions within the
metric system. Cdnversion from one less-used unit to another (such as km to dm) and the
addition of unlike units are generally. impractical exercises. The emphasis should be directed
toward understanding the relationships among metric units, which are all based on powers of
ten. . ' s, N .
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4, MEASUREMENT ACTIVITIES
F ’ -
DIAGNOSTIC AND/OR LEARNING EXERCISES

This section of MEASUREMENT. . .with Metric’ presents a series of premeasurement and
measurement activities. The suggested act®ities at each of the learning levels may be used as
diagnostic or learning exercises, Teachers are encouraged to tailor each actwity to meet their
students’ needs.
1 v “/
A diagnostic approach allows the teacher to prescribe the most appropnate learning Getvities as
the student progresses from concept to concept on a given learning level and/oreto advance
from learning level to learning level within a given measurement concept. (See chart on page
'8 } In some instances an activity m!iy be designed to help a child achieve a new learning lgvel
and it may involve two or more measurement concepts Additional fearntng activities are
exhibited in the AIT television series and in the teacher guide which accompanies it. (See pages

36-37.)
N

METRIC: A RESPONSE

It should also be noted that this handbook does not spell out spec7f|c strategies for introducing
the‘metric system itself, except to mdn@ that this may occur at the learning level referred to
as ‘‘standard unit.” This placement suggests that dntroducing the metric system occurs as a
response to a discovered need for a standardized unit. This strategy will also be observed in the
television series “MeasureMetric."’ ‘ 4

Teachers generally recommend that only those parts of the metric system be introduced which
are needed by the stuc!ents at that point in their development. These parts are referred to in this
handbook as ‘'standard units.’* Students can add units to their collection as they need them.

MEASUREMENT. . .with Metric stresses the commonly used prefixes. The entire set of prefixes
will be presented, however, as the base ten nature of the metric system is developed.

Although the recommended approach to the teaching of measurement is the “hands-on’’ one,
teachers will still need to make some decisions regarding the rhemorization (base units, system
of prefixes, symbols), drill and practice which they require of students. In geperal, the teaching
*of the metric. system as a part of the more basic area of the teachmg of measurement, offers
many options to teachers in choosing from their personal collection of stratégles materials and
methods of evaluation. ] #

* The following activities are presented in the form of instructions to teachers. The exercises are¥
simple but demonstrate important measurement concepts. Some of them include an
“extension’ activity which represents a step forward from the basic actwity. It may be
appropriate only for some students.

§
CONCEPT I: LENGTH

4.1.1

4.1.11

LENGTH: CONSE RVATION

»
. 1 - -
See ""The Paper Strip Activity’’ in ‘“Teacher Workshops'* pages 45-47, for a series of activities
" dealing with the concept of length. The series involves all five learning levels. s

Provide two.strips (such as'paper or string) which are about tht same length. Ask the learner if
their Jengths are ¢he same. Trim the strips, if necessary. Perform several expenments to see how
bending, curving and folding influence the length. Then have students cut 6ne strip into three
pieces to determine how cutting influences the tength. N o

Y

.
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4113 Provide two sticks of about the same length. Have students place one on top of the other, shift ’ .

one a little to one side and compare the lengths. Have them place one stick farther from the
viewer than the other and compare the lengths. Then have them place the two sticks in several
different positions to determine if this changes their length.

. 4114 Loak at the illustration and determine which of two straight line segments represents a greater
distance; for instance, is the‘distance Hetween A and B the same if the line is slanted? If one line

. is vertical and one horizontal? If+an object is placed between A and B? v
[ ’. o * -
3 : B
- A o N ‘ . ’
. T A B * P * - .
[ — -
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41.15 Have the learner form two identical rows of 10-15 precut squares. The learner can see that the

number of squares in each row is equal to the number in the other through a one-to-one
— correspondence. Have students place the squares in one row further apart. Which row has more

squares? Place the squares from one row m_g pile and question the learner about the number of "
squares in the pnle compared to the numbef"o'»i<5quares in the remaining row. -
o . -
v . . ‘ N
4.1.1.6 Hadve students color one edge of each square with short, diagonal lines. Then have them arrange
the squares so that the colored margins férm a continuous straight line. Rearrange the squares
-~ s, that’ the line forms a zig-zag pattern. Ask students nf “the total length of the colored line e

changed when the squares were rearranged. Explore various patterns.

R '

. ~z . o
- . LT 4
4.1.1.7, Have learners demonstrate on a geoboard a number of different shapes which all have the same .
. perimeter. Strips of paper ribbon or string should be substituted for the rubber bands usually
used in order to maintain the constancy of the perimeter. X
‘ ’
4118 %% * Have teams.build towers out of the same number 'of equally sized blocks. Have different teams
build their towers by starting from various levels within the room, for example, from the floor, -
. a chair, or a stairstep. Discuss and compare the heights of the towers, ,
\-’j - :
. 4.1.2 LENGTH: COMPARISON .
4.1.21 Arrange for the class to view the first program of the metric television series MeasureMetric*
- and participate in appropnate pre-program and post-program activities selected from
¢ MeasureMetric Teacher’s Guilde® and/or the activities listed below.
Y, * - . ,
4.1.22 Have students list some common properties «other than s:ze—-color shape, texture, odor and
© taste, for example—that can be ysed to compare objects. Compare them by observing each .

property. ’

P . |

’MeasyreMatrlc, Agency for Instructional Television, Bloomington, Indiana, 1976.
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41.23

41.24

. 4.1.25

4.1.26

- 41.2.7

4.1.29

.,  -4.13
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4.1.3.2

4133

.
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v
Have students make two belts from ribbons, string or unmarked tape, and compare the length
of the two,belts to thair heights. Then have them use ribbon, string or unmarked tape, and
compare the distance around their heads to that of their waists, their heights, and their feet.
Compare the distance arund their wrists to that of their heads, waists and ankles. What
relationships can be tound? Are they the.same for all students?
Ll . .
]
Measure the height of each student. Then cut indwidual strips of adding machine paper equal to
each student’s height. Tape the strips to a wall, starting each from the floor, thus forming a
graph. Have the class rearrange the order of the strips from tallest to shortest Simular graphing
may be done with various body measures.

Have the class keep a graph to show the increasing heights of plants as they grow. Use paper
strips or paper straws, cut to each plant’ s height, as vertical bars.

, .

-

anect the students to prepare v graph showing how tall everyone in their families 1s. Have
them %rrange the graph so that their family is ordered, tallest to shortest. They mlght even
include pets ‘ . .
-
7

Have students.measure animals such as hamsters, berbils, dogs and cats to learn if a “‘measuring
string”* or a “measuring stick”’ is better to measure height, length, tait and tummy girth. Which
animal 1s taller? longer? fatter? Measure'each animal’s cage. Is there room enough for it to stand
up7 e down? stretch out? hide in a corner?

.
4 .-

Have students use string to measure each other’s shadows and heights. Have them compare the
length of their shadow to their height. Have students try thisgt diffetent times of the day. Have
teams of three students measure each other’s height, and arrange the results in ‘order from
tallest to shortest. Now have them measure their shadows. Arrange shadow lengths from longest
to shortest. Extension, Have students graph then fundrngs according to ascale of one to two or
one to four.

Lead the class in comparing two objects directly by placing them next to each other. Consader
heights, widths and lengths. Then have students compare three objects by placing only two ata
time next to eagheother (transitivity). Compare two large oblects which cannot be placed next
to each other (e.g., door and window) by comparing each agaunst a third smaller object, such as
a sheet of paper, unsharpened pencil, chalkboard eraser etc. This exercise introduces the unit

concept . .
LENGTH: UNIT-CONCEPT o )
? A )

-

2

Arrange for the class to view program 2 of MeasureMetric and participate in appropriate
pre-program and post-program activities selected from MeasureMetric Teachers Guide® and/or
the actlvmes below.

~ ) - . ‘

)

Have learners measure various gistances by making lines {trains) of sticks, straws, Cuisapaire
rods, paper clips, lima beans, macaroni and their own foot or hand patterns. For instance, have
students place seven straws end to end. Extension: Measure some distances by using only one
object counted repeatedly, for instance, one straw moved and counted seven times. &

N

1
~ .
N -~

* . A4 ‘Q
By st(pplng off, heel to toe to heel, have the students determine the ‘’foot’’ count for various
objects or shadows. Have them cut out a paper ‘‘personal foot”*.pattern and use it for measuring
a variety of objects. They may use a hand or a finger, too. Ask several s'tudents or groups to

-
.

*MeasureMetric Teacher’s Guide, Agency for | 'nstructio nal Television, Bloomington, Indiana, 1976.
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measure the same object and compare th«ij Its. Have the class choose one person’s hand,
fihger or foot as a common unit, then have several persons or groups measure the same object
and compare their results.

o .

4134 ( Have each learner use his/her "pace’” or Iengé of step to measure & variety of objects and
' shadows. Encou ragé comparison of results. R v J

. . N ' “

. a

4.1.35 Have students cut a string to, match their heights and ask them to find objec#half as tall or

' twice as tall as themselves. Drrect them to fold the string in half and use this new length as a

unit for measuring other objécts. ) W -

. N - ) \

4.1.3.6 . Have the class estinfate the length of the chalkboard P terms of penculs Sthk’S paper c]nps ,
books, paper strips, sheets of paper, linoleum tiles or erasers arid then measure.and verify the
estimations. Have them tell a friend in face to face conversatlon, by telephone or by letter,

s . about the length of the chalkboard e .

.

.
- d * l/
.

4.13.7 Have learners choose their own Measuring units and maké measurmg “sticks” and measuring
: "tapes.” The sticks may be made from unmarked moldu;g (scraps from the local lumber yard).
Tapes may be made from adding machine tape (perhaps.;emforced with a strcp of masking tape)
or two strips of maskmg tape put together. Learnerp:may wish to,name units or instruments in
their honot. .

. ° s
ey . "o

.

- -
.

’

> Students sholtld use these instruments in a variety of measurement activitel. Have them

compare their results with those or?eother students. Extension. Have learners use their chosen
units -to measure some very small objects and some large objects. Disws?’?ﬁ%"’advantages
inherent In using dlfiejnt umts in each case so that students discover the need for more than
one unit. :

\
o .
IS

“y . * -
4.1.3.8 . Make chains of various lengths from, paper clips, and use each chain as a unit. Have students-use
' one of their units to measure a pre-sefected distance (known only bydhe teacher to be ab&ut 10
paper clips long). Then have them measure the pre-selected distance in terms of the following .
chain units; a chain of Z, 5, 8, 10 and 20 paper clips. Measure olS]ects of arious sizes Wvith ¢
different chains. Which size unit results in a measurement system which is most compatible
with the base ten numeration system? Extgnsion: Have learners develop a base ten-measuring
~ system with multiples and submultiples according to learner discovered needs for convenience
and accuracy. Basic units may be straws as.well as paper clips. Then submultiples can be.made
by cutting, and multiples cart be made by threading straws on a string. .

4

4.1.39 " Use a paper chip for a unit called "chp'* and a chain of ten paper clips for a unit called “chain.”

1, Have the class measure a variety, of object desk, hand, foot, book, box, sheet,of paper—to
the nearest “clip.”sThen have them meastire other objects—doors, windpws, rooms—to ‘the s
nearest ‘‘chain.”” How can bétter accuracy be obtained? Devise and try oyt a plan. Encoutage’
estimation as apafm "chain’ and "‘clip’’ measurements. N

~

i ‘.

4.1.3.10 " Have students measure large objects in terms of a small basic unit. Help thedeiscover the need .
for a larger unit as a multiple of the basic one. Then have them feasure between limits. A sheet o
of paper, for example, ntht be between two and three pencrls n length Help students see the
need to subdivide the basic unit when smaller units will make accurate measurement easier.

g .
-

K .

: . ) N . -
. 414 LENGTH: STANDARD UNIT R s
N o,
4 ‘ . -7y

4.1.4.1 . Arrange for the pffs to view program 38 of MeasureMetric and_participate in approbruate

pre-program and Post-program activities selected from MeasuréMetric Teacher's Guide* and/or
) the activities below. . )

*MeasureMaetric, Ageﬁcy for Ihstrucuqnai Teteyision, Blogmiagton, Indjana, 1976. ’
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Ask students to use a tape measure and ruler to find some dimension of their bodies that
closely approximates a metre, decimetre, centimetre and millimetre. Record the findings. These
results will be useful in estimating distances.

Provide paper or plastic straws. These can be cut into one cm, five cm or.any other lengths. A
different color for each length is helpful. Have the class measure a variety of objects in terms of
the straws.-Students in the primary grades enjoy straw “rulers” and they provide a neat
transition from nonstandard units to standard units. So do ““jumbo’ or five cm paper clips.

Happiness Contest: Form groups or teams of two to four people. Have students measure the
smiles of their group to the nearest millimetre. Who has the widest smile? Which group has the *
w‘ldgst smile, collectively? E xtension: Graph the results.

3

Place’ two one-metre sticks or two actual size drawings end to end, as in the diagram. Pojnt Ais
at zero. Other labeled points are located as shown. Have students write the decimal form of -
each of the following lengths in ‘metres: AB, AC, AD, AE, AF, AG, AH, Al. (Try FH, GH, HI.)
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(

is.illustration is not to scale, but models%&se in the classroom should be actual size.)

L4

Extension: Some teachers have found that metre sticks in which the numerals on the stick
count centimetres are excellent physical models of number lines and are useful for teaching
number concepts in primary grades. Older students may gain practice with ‘‘thousandths” by
finding points along the millimetre,marks. Millimetre marks are not included in the illustration
.above, but do appear on many metre sticks. -

3

Renaming metric measurements: This activity provides an opportunity for some “guided

* discovery” exercises utilizing decimal-fraction notation. Such exercises should be based on

previously learned mental short-cut procedures for multiplying or dividing decimals by 10, 100
and 1000. Some wellselected exercises may lead the learner to two generalizations: (1) to
change a Hetric measurement to smaller units, multiply by 10, 100, or 1000 and (2) to change
a metric measurement tgglarger units, divide by 10, 100, or 1000. After students discover this
generalization, design some follow-up exercises which use the decuBaI nature of the metric
prefixes and which guide fearners to the following conclusion: To rename metric measurements,
write the numeral so that the decimal point is just to the right of the digit in the column which
names the measurement .unit to be used. Observe the first of the four examptes below. in
3579.1cm the digit 9 names the number of centimetres. In 35.791 m the digit 5 names the
number of metres. In 3 579.1 cm the digit 5 also names the number of metres.

! /

Examples: - - ¢ .

g £ g £ ~
s £ s 5 E e 55§
30 5.7 9 | 35791 m . 2 4 6 8 m=2 468 mm

& v .

- E g% E . ’ .
E E3 e §5c¢ : :
3°4,5 6°7 8 9 mm= 3456789 cm 53 456789 m = 3.456 789 km

§ . ’ . L7
Note that numerals are arranged in blocks of three digits, without commas, and that a-space .

occurs between the last digit and the symbol for the unit.




\

4.14.7 Teachers have used severaf forms of “expanded notation” to reinforce the place-value concept
of decimal numeration. Use.an analogous procedure to Bring out the decimal feature of the
metric system. ¢
o Examples: v . :
. 356 =300+50+6 P s
3BEcm=3m+5dm+ 6cm
.t 256,73=20+5+.7+ .03 °. .
, 273m=2dam+5m+7 dm+ 3cm -y
) . he a .
4.14.8 Mr. Boyd Henry illustrates the idea of decimal point placement with a simple, mechanical -

procedure for changing from one metric unit to another. He uses a staircase chart.* Have
students locate the original unit on one‘of the $teps, count the steps to the new unit.and move
the decimal point that many steps iri the same direction, as illustrated below. The chart-and the

proceduure will work in the same manner for units of lergth, volume or mass., -
[
. - v

kilo- - .
unit :

hecto- .
unit count steps

. deka-
unit 394567 m
base unit

. deci- .

: unit 345.67 cm
Ex. 345.67cm = 34567 m.- )
centi-

-_/ !
. ‘
.

unit

milli-
' unit

¥ °
) - . ~ . N .

4349 Have the learners make their own metre or centimetre sticks or tapes by using unmarked
;& ' 2 molding, adding machine tape or masking tape. They should use their own instruments ina ,
/ . variety of measuremePt activities. Have the learners compare their results to those obtained by ‘

others. Include some activities which create_a need for multiples ‘and sub-divisions of basic

. rd
units. . .

v

.

4.4.10 +  Conduct a unit recognition test. Give the student five lengths of paper, varying from each other |
- by about 15 percent. Make one of the lengths one m. Have the student select the one metre
length. Use the same procedure for the centimetre length.

s

v

. 4.15 LENGTH: APPLICATION . ;

3 s

o

4.15.1 . Arrange for the class to view program 4 of MeasureMetric and participate in appropriatef :
pre-program and post-program activities selected meeasureMetric Teacher’s Guide and/or
. the activities below. o

. 4.15.2 Have students estimate and draw the following straight line segments: 1 cm, 10cm, 10 mm,
100 mm, 0.01 m, 0.1 m. Then have them use a ruler and draw the actual length. Outdoor
activities may. involve the metre a@hd kilometre. For an alternative activity give students line
segments of vdrious lengths and have them estimate and then verify the lengths.

o

Boyd Henry, Teaching the Metric System, (Chicago: Weber Costello, 1974), p. 16. .

S
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4.1.55

wln

Have the student measure each of the following: his/her height, tength of smile, cubit, arm
spar® length and width of forefingér, length of shoe, length of stride and height. Then ask
him/her to measure the length and width of a dollar bill, tength and width of a door, diameter
and thickness of a nickel, length and width of a jumbo paper clip and the diameter of the wire.
Measure many common objects. Extensiop: After some experiences measuring objects, learners
should be encouraged to estimate lengths. Do-not penalize poor estimates as this discourages
estimating. The procedure should be to estimate, record and then verify with a measurement.

«Estimating can be made easier by using the results of measuring such things as those listed

above. For example, have students mark off a 10 m distance and count the strides in it. Repeat
several times and determir)e the average. )

- ( .
Instruct students to measure the “bounce height” of several different balls when dropped from
‘several different heights and record the results. Extensnon ‘Graph the results to scale, e.g.,

1 mm=1cm, e ,

%
o

Make a deck of cards for playing “'twenty-one.” Each card should have a line segment on its
face. T-he segments are one, two, three, four or five centimetres in length. The three cm length
should be included more than the others, and the one cm and five cm lengths3should occur least

frequently. Use rules as in the card game called "twenty-one.”” Have each player decide lengths

through estimating’ rather than measuring. Players win when they get a sum closer to 21 cm
than the dealer does, without going over. An actual measurement will verify winners. For use at
the primary level, ten may be chosen rather than 21, although any number may be used.

. .
Hold a prediction contest. Participants may practice and measure the events until they feel
confident. Then each participant predlcts what he or she will do in each event, records the
predlctlons, performs each event, measures and Tecords. Determine tbe .jotal numerical

- difference between the prediction and the actual measurement. This activity may be conducted

as a competition between individuals or teams. (It's more fun for teams!), This entire activity
may also be done with nonstandard units.

4

Four possible events are:

(a) Standing 10ng step. Participant takes one giant step from a starting line and measures from
line to heel with a centimetre tape measure;

F
>

(b) Cotton ball put. Participant “puts” a cotton ball from a startmg line and measures with a
centimetre tape from line to where the ball stops;

°

~

(c) Straw |avelme throw. Participant hurls a straw |avelm from the startlng line and uses a
metre stick to measure in centimetres from the line to the J?admg point of the javelin;
¢ [y

(d) Paper plate discus throw. Participant hurls the discus, then uses a trundle wheel to measure
in.metres from the line to the leading edge of the discus.

»

.
H

Have students measure the height of objects and the length of their shadows to discover a
relationship. Then determine the height of other objects by measuring their shadows.

Extension: Graph the results.

-

Hold a “‘Mystery Measurement” contest. Have the ctass measure assorted Objects in the
room—boxes, books,, games, cards, furniture. Include some standard-sized items.. Record the
dimensions. (Areas or volume may be used, depending on the learning level df the student(s).)
Write sets of “mystery dimensions” on the chalkboard. Ask students to use their measuring
instruments to measure objects uritit they can identify the mystery objects. Extension:
Students may play a mystery contest by contributing their own mystery dimensions.

“ ) . 23 " .29 Sofen

-
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? 4.1.5.9 Help students determine perimeters, Prepare a worksheLt by drawingha number of geometrical
’ ‘ ~ shapes. Use actual metric lengths. Tell students to use zs‘metric ruler and find the perimeter or
distance around each figure. Draw a variety of shapes, making the degree of complication
appropriate to the learner. Here are a few examples:

Group 1: s

|
|
Piss *
4
Group 2: Find the total perimeter of the letters. ‘

- ) '

' -> , 4.1.5.10 Help students find a way to measure the distance a nut travels up or down a bolt during on‘e
complete turi®@ Work with students in measuring the thickness of one sheet of paper. One way
of doing this is to measure the thickness of a stack of 100 sheets, then compute the thickness of

one sheet. A
- Y

e

41.5.11 Have students construct as many rectangles as possible, such that the perimeter of each is 20 cm

¢ and. the widths are a whole number (i.e., 1, 2, 3....) of centimetres. This may be done on
geoboerds, metric graph paper,” or plain, Raper. Extension: Have students create a variety of
closed, two-gfmensional figures such that each side is a whole number of centimetres long, and
each perimeter isa givén amount. (See cm< paper at back of book.)

4.1.5.12 ) “ Are model cars reatty models? Find a foreign car, if possible, its brochure and a model of it.

Have Students use a metric ruler to measure the modei’s wheel base, frqnt track, rear track,

length, width and height. Then help them determine th¢ scale anid calculate the dimensions of

» the real car. Compare the results to the, specifications given in the new car brochure.
Comparisons can bring out some interesting results! >

.

4.1.5.13 Have the class medsure some outdoor physical objects. Make gcale drawings and paint tﬁ"e
. pictures. (The scale could be one m to one dm or one m to one cm.) ’

4.2 CONCEPT 11: MASS

‘= 'y 2 .
. .
4:21 MASS: CONSERVATION '
‘ v 4211 . Place-a lump of modeiing clay in one pan of an equal arm balance. (This may be a homemade
" . balance like the one described in 4.2.2.5.) Have students add object$ to the other pan until the
. * Ask science teachers where they get metric (cm?) graph paper or make a copy of the centimetre square geid
. . , . atend of book. . ! “
A ‘ T .
t ERIC : b M
: 2o * 30
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4.2.1.2

4.2.13

4.2.14

4215

4.22 MASS: GOMPARISON

4.2.21

4.223

4.224

y

two pans balance, Now have them roll the modeling clay into a long, skinny “snake.” Does it
still balance? Does it balance if the “snake” is broken into little pieces? Does it still balance if
the clay is molded into the shape of some animal? Have the class compare a ball of clay with

the clay squashed into a “’pancake.” : 1

~

’

Using an equal arm balance, have the student compare the mass of an arbitrarily chosen unit
against a small bag of “goodies," for examplé, corn ¢hips or potato chips. Afterthe two objects
have balanced, remove the bag of “GBodies” from the balance and crush the contents: (Careful -
with the bag!) Have the student return the bag of “‘goodies” to the balance. D oes it balance

now? What does this show?

Balance a quantity of unpopped popcorn with an equat mass of an arbitrarily chosen’amoun #
mass, perhaps of modeling clay. Instruct students to pop the corn,and return it including’ the
unpopped kernels, to the balance. Does it balance now? . o N

Using ice cubes placed in a container, have a student balance them with an equal mass, perhaps
odeling clay. Let the ice cubes melt. Return the container and its contents (now water!), to
the balance. Does it balance now? ;

-« . >

.
~

Have students balance a pie or cake with an-equal mass. Then cut the pie or cake into a number
of servings, being careful that crumbs are not removed with the knife. Does the “goodie*’ still
balance with the same amoun;iof mass? What does this show? ,

. .

Make a see-saw with a plank and a brick or building tile. (The world's first equal arm balance?)
Find out which of two children has a greater mass. Compare different objects.
. .

’

Cut the tops from several milk cartons. Provide supplies ‘of sand, rice, beans, marbles, popcorn
or other substances. Have the student‘s put amounts of the granular substance in two milk
cartons. Mark off two equal rectangles on a larger rectangular card. Label one of the pair with
the word “heavier.” Then place the cartons on the card to show the corfect mass relationship.

) > : .
- . r e

Heavier | Heavier

L] . »

Compare pairs of objects to determine which has greater mass. Have students lift them to
compare the mass of each and then verify thejr findings with an equal arm balance. Some
suggested pairs are: ten Eennies and ten dimes, 200 kernels of unpopped and 200 kernels of |
popped popcorn, a bottle of ‘glue and the same sized bottle of water, a chunk bf metal and a
bag of feathers, chunks of different metals like lead and aluminum, an apple and an orange, a
banana and a tangarine, five potatoes and five onions, a baseball and a football, a softhall and a
basketball. st ’

/. - . PN
Provide each team of two students with a variety of small objects. Have the students lift them
to compare their masses. Find objects having about the same mass’ Ask"students to arrange
them in order from lightest te heaviest. Verify the order by using a balance. Extension: What is
the minimum number of times a balan07 must be used to order three objects? Four objects?
Five objects? _ ! .

25 \

31
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l.2.3.1

4232

4,233

4234

4.2.35

Q

S -

Help students make an.equal arm balance. Use one metre stick (or piece of moldmg, stick or
ruler about 40 cm or more in length): three clamps Ike the ones on clip boards; two contamers
v for exemple, styrofoam cups, cottage cheese cartons, refrigerator plastic containers or cutoff
milk cartons; some string and some masking tape. Have the student place one clamp, handle up,
at the center of the stick and one clamp near each end of the stick, handles down as illustrated.
Instruct the student to suspend the stick by putting a pencil or dowel through the handle of the
center clampand then fasten.the pencil to a table top or a box so that it projects beyond the
edge. Cut the string into six 25 cm lengths and tape three strings to-each container. Tape the
three strings from each container to the handles of the two end clamps. Have students adjust
o the clamps back: and forth until the stick is level. ,
<
Estignate the mass of many different objécts and then use your balance to compare thelr
. masses.

Supporting pencil or

dowel through here _\)_ * \
. X l& .. S

. 3 clamps ,
; .
| -

MASS: UNIT CONCEPT

.

- Arrange for the class to view program 11 of MeasureMetric 3hd participate in appropriate
pre-program and post-program activities selected from MeasureMetric Teacher’s Guide and/or

the activities below. \

.

- . ¢
Collect several sizes of iron washers. A large number of each of the sizes is needed. Some should
be very small, others quite large. Have the class use a balance 10 measure the mass of various
small objects in terms of combinations of washers. Students may have more funoby making
_ estimations,first. Record and compare results.

Using the metre stick balance constructed in 4.2.2.5, have students compare the mass of small
objects to some arbitrarily chosen unit of mass. They may experiment by seldcting-“units”
from collections of different sized stones. Different students should compare their findings for
the mass of the same object. Have them write to a friend about the mass of the objects
measured to see if communication can occur when such units are used.

« -
Using the balance Iearne?aconstruc,ted in 4.2.2.5, have them choose a unit from collections of
objects such as marbles, flaper- clips, iron washers, lima beans, thumb tacks, nails, unused pieces
of chalk or chalkboard erasers. Then have them measure the mass of a variety of small objeets

. in terms of the unit themhave chosen. Have students compare results. |s.communication easier
now than when they used stones for units, as in 4. 2.3.37 Discuss. Extension: Choose from the
above materials an amount represeqtmg one unlt. Use baggies of material to make multiples of
that unit, in particular, two units, four units and eight units. What amounts of mass could be
balanced with combinations of these units? '

N \ ) .
Using a balance, have students determine the mass of a rock jp. terms of the mass of an

arbitrarily chosen unit. Have them cofmpare a unit mass of clay, for instance, with the mass of
the rock. . ,




. N If the rock has a greater mas(s, more units will be needed. Have students make another unit mass
of clay with a mass’equal to the first unit. Compare them on the balance to verify that they are
equal. Then place the two units in one container and the rock in the other container to see if
the mass of the rock, is the same as two units. Make mare units, if needed.
If the rock is less than one unit, or on further measurement is somewhere between whole units,
. subunits are needed. 'l§gep at least one yhole unit intact. Have students subdivide another unit
into halves, cor:qparing the two on the balance. |f further subdividing is needed, prepare quarter

v ) units in the same manner. Continue subdividing until the mass of the rock can be measured -
. with a combination of the units created. . .
4.2.36 Have students make a balance. Start by drilling a hole in the exact center of a metre stick. Put a

hook through the hole. Cut off two half gallon milk cartons at a height of 103 mm so that each
carton kas a*capacity of about one litre. Attach strings to the upper corners. Tape these to the
ends of the metre stick, adjusting them so that the stick will be level when suspended.

Have teams or "tribes” of students barter for goods. Each tribe should ¢hoose a mass unit, for
. example, a marble, an eraser, a.small" book, selected stones, a box of thumb tacks, a pair of
scissors, a block of wood, a measured volume of water or sand. Each team will need to have a

- . number of their own unit available. . . v

. For this actiVlity, make the following units equal in value: two units or rice = three units of
beans = four urits of potatoes = one unit of yellow apples = one tnd one-half units of red
. apples = two and one-half units of bananas = three and one-half units of oranges = four and

. . . . .
. one-half units of grapefruit.(As an alternative, rocks painted“different colors for each com-
modity may represent units.) Give each tribe only one commodity.
v -
N Attempt “world trade” by using the equal combinations identified above. Since the tribes do T -
, not t{)ust each other, have them measure each transactioh in terms of their own units and their
4 own balance. When the tribes discover that ""world trade’ is seriously hampered, ask a “council
of the tribes” to choose an “international” unit. Provide new suppligs to all tribes so that they
can measure with the ‘‘international” unit. After some transactions with this “international”
* unit, have the tribes discuss its ad vantages. ,
4.24 'MASS: STANDARD UNIT ,
.
‘ . ’ < *
N 4241 ~~ Arrange for the class to view progrfm 12 of MéasureMetric and participate in appropriate
. - pre-program and post-program activities selected from MeasureMetric Teacher’s Guide and/or
the activities below. c ’
. N ' - )
. 4 ! -
4.24.2 A set of mass pieces contains the following units:
- . . }
. Bl

: 0
e ‘ ® '
s (85
A\ . 4
. .

, Show how the above mass. p\leces can be used to represent masses of, one g, two g, three
“ g .. 15 g. Have students find combinations of the pieces for each of t}me following: one g,

. ) two g, three g, fourg... 154 .
: . . 4243 Hold a scavenger hunt. Have students find objects with masses equal to those specified in a
) given list.- Prepare the list in advance hy measuring, with a balance, the mass of a variety of
~ objects ommon to legrners. Following are some examples:

.

B
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kg {the teacher) -

kg (the unabridged dictionary)
kg (a chair)

kg (a concrete block) ' .

. kg(abottle with about one I of water)

g (a math book) .
g (a chalkboard eraser) . .

g {a spelling book) - -

g (the apple on the teacher’s desk) '

g {a metric ruler)

g {an unsharpened pencil)

i .

The masé, in grams, of water in 3~container may be determined by using a ‘balance. Have
students measure the mass of the container when 'empty and when filled, then subtract to
determine the mass of the water alone. Have them use this procedure wnth measured volumes of
water: 26 ml, 11, 31, 250 m/, 1500 m/, 600 m/, 40 cm3, and 2000 cm3. Such experiences are
intended to help students discover a relatlonsﬁ'fp between volume and mass.

{

An alternate’ approach to this activity would have the student determining the volume of the
water from a given mass of water. Again, encourage students to look for a relationship.

» ‘ \

Have students estimate and record the mass, in grams, of one litre of water. Then have them
measure 100 m! of water into a graduated beaker. Use the balance to determine the mass, in
grams, of the water. Use the results to compute the thass of 1000 ml, or 1!, of water.
Emphasize the importance of this relationship in the metric system.

Ask students to find "‘story problems’ involving weith in their math books. Ask them to
restate the problems,;sing metric units of mass, so that the new problems make sense.

Give students a unit recognition test. Place five objects, the masses varying from each other by
about 15 percent, in front of the students. One object should have a mass of one kg. Have the
students select the mass of one kg by lifting rather theq using a balance. ,

1

Ask students to arrange cutouts of the drawings below so that they form a big ""M.” The edges
that go together are marked with equal measurements of mass.

/




426 MASS: APPLICATION - g
£
4.25.1 Have students use a balance and find the mass of many objects Try books, a bunth of potatoes,
. canned food, stones, pleces of wood, pieces of metal, 3xasers, shoes, themselves, one litre of
materials like beans, rice, sand, water or marbles. After some measuring experiences, learners
should be encouraged to estimate masses. Estimates should be verified with measuremepts
Extension: Hold an egtimation contest. Have teams estimate the mass of various objects and
then record the estimates. Verify them by using a balance. Devise a scoring system like
"estimates wnthp ne kg are worth one team point. Those within 500-g are worth two team
points. Those wWithin 250 g are worth three team points and so on.” Call particuldr attention to
. the mass of various quantities of water, for instance, 1.0 / and 0.5 /. .

.

4.25.2 _ Divide the class into teams. Have each team choose items whose masses it will determine. Then
have the teams record the names of the objects and their estimate of each object’s mass. Now
have ®ach team use a balance to determine the mass of each object. Teams may wish to measure
the opposing team's set of objects. The difference between the actual and the estimated roass is
calculated for each object. The team whose estimate was closest earns five points, next closest
earns four points, and so on. Highest total of team points wins. (Winners do not have to help
put all the equipment away|)

¢ “

4253 Hold a prediction contest. Put some popped popcorn in contdiner A, marbles in container B,
small stones in container C, beans in container D and similarly sized substances in other
containers. Have a student reach into a container with one hand to grab as much of that
substance as possible. Measure the mass in gtams with a balance, After sufficient practice, have

. egch participant predict his or_her “‘one-hand-grab” for each container. Record the predictions.

- Measure all performances with a balance and recofd results. Calculate each person’s score as the
dnfference between the predicted total and the actual total. Individuals or teams may compete,

. . alth0ugh a team approach will be more fun. Note that this activity may be tried at an earlier
learning level 11’ nonstandard units are used.

7: A e . .'*:ri)) . . N

4254 Collect unopened containers of a variety of dry cereals. Be sure to cover the part of the label

which lists the net contents. Collect a like set of empty containers. Have learners calculate the

mass of the net contents by using a me to measure the mass of each container. Have
students do the same with laundry detergents, canned food, boxed candy and other substances.

a . [l N

4255 Provide a balance with one-grarp mass pieces, a small postal or diet scale g‘raduated in grams an&‘
several envelopes stuffed with'different.amounts of paper: Have the student measure the mass of
each envelope, determine the Mimber of postage stamps needed, calculate the mailing cost apd
record the results on a worksheet for determining mailing costs. The teacher will need.to supply’
students with a chart showing mailing rates based on mass in grams. .

. . )

\ \
4,256 Have students determine the grams of mass in an apple and record. Then, have them take a bite,
determine the mass and record it. Students should repeat bites until they have finished the
s \ -apple. Are the bites all the same size? What was the largest? smallest? average? How much of
‘. . the apple was eaten? - - ' )
@ ' ! . . .
4 .
4257 Provide one large bag of unpopped popcorn and one.small bag/containing 20 kernels of-
unpopped popcorn. Have students estimate the number of kernelsAn the large bag. Have them
measure the mass of both bags of popcorn and figure out the number of kernels in the large bag

without having counted them.
. . b

-
> o

4.2,5.8 Make billfold-sized cards with a centimetre scale along thé margin. On one side of the card print
some approximate comparisons between customary and metric umts (Y ou may wnsh to include
both length and mass.} On the other side print some approxumate metric measirements of
several carefully sefected comphon objects. | f the students plan the card and choose the items,

o M;‘%\‘ng . ‘
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. the project will be more meaningful to them. Have ihe cards plasticized or laminated. The
™ students may use these cards themselugs or give them as gifts to parents or to visitors. The cards
could also be sold as a money-making project. . < ..
4259 Help students discover a relationship between mass and volume. Supply two solid cubes of the

same material, perhaps one whose edges are one cm and the other whose edges are three cm,

Have students measure the edge of each cube to the nearest centimetre and recdrd. Then have

. . them compute the numerical ratio of the lengths of the edges of the two cubes. Have them use
a balance to measure the mass of the smaller cube to the nearest gram and record. Instruct them

to lift both cubes and éstimate the mass of the larger cube in grams and record. Then have the

students use the balance to measure the mass of the larger cube to the nearest gram and record.

Tell them to compare this résult with their estimate. Finally, have them compute the numerical

- ratio of the masses of-the two cubes and record. Discuss their findings.

%
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" 43  CONCEPTINl: AREA .. - S I
’ . - .t oo .
- 43.1 AREA: CONSERVATION
43.1.1 Direct the student to arrange 48 congruent paper squares on a-table so that they form two large

rectangles of 24 squares each. Rearrange the squares of one rectangle so that space appears
around each square. Have the student décide which group of squares covers more of the table.
- ’ € ‘ B ‘
| 4.3.1.2 Have students construct four different rectangles such that each region has an area of 24 square
d units. This may be done with coordinate paper, with a geoboard or with square pieces of paper,
as in 4.3.1.1. To relate this activity to length, ask students to find the perimeter of each of their

o

- fectangles. - -
. B ' g
'Y LY
4.3.1.3 Provide students with 16 paper right triangles, all the same size and shape. Ask the students to

. put them in two equal piles. Have them place the triangles from one pile next to each other on
- ' the table so that some kind of shape is created. Then have the students build a different shape
with the triangles from the other pile. Do the two shapes have the same area? |f the answer is
. "'yes,” ask studentsfdr an oral explanation. Finally, show students the argas are the same,
either by rearranging one group of triangles to match the other or by putting the triangles from

one shape on top of the triangles-in the other., ,

43.14 The “Fields of Grass” problem: o - .
Pasture A '« Pasture B
- 1~ '
. Y ’ : s v
E) - ’ ‘
A < 1 -
i i - . )
' ) J .
. Pastures A and B have equal area. If the three barns on pasture A were placed together they
AR would just cover the'same area as the one barn on pasture B. Which pasture has more grassland?
- Have students prove-their answer, They may illustrate {t with drawings, cutouts, felt board or
lake and jsland board. ‘ - ’

’ \
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432 AREA: COMPARISON -

4.3.21 Have each student draw an outline on a piece of paper around his/her hand or foot. Have
classmates compare hand sizes. Then instruct students to hold two outlines against a wmdow
pane, place one ovef the other, and compare hand or foot sizes with those of their classmates.

t

4.3.2.2 Distribute a picture to each student. On the picture have the student circle some specimtems,
for instance, the largest ball or smallest person. Next, have the student find larger or smaller
items of the same kind in other pictures. This exercise will help students learn to compare sizes
of objects in pictures. It will also help develop their vocabulary.

Lt . ¢ .

4323 * Have students’ compare large. areas by counting off the Aumber of smaller units (squares or
triangles). in each. Give the students a unit square and a unit triangle. Haye them place the
measuring unit on the drawings and trace around it until the whole area has been covered. Then
count the number af units in gach region. Order the three regions from smallest to largast or
largest to smallest. For convenienge, this activity may be done on graph paper.

Sample 1:

. measuring unit ¢

. ) Sample 2: ) ) L/

:I measuring unit

» [l

433 - AREA: UNIT CONCEPT i

43.3.1 Arrange for the class to view Program 5 of MeasureMetric and participate in appropriate )
pre-progtam and post-program activities selected from MeasureMetric Teacher’s Guide and/or
the activities below. ¢ - 4 ' "
433.2 - Have students determine the area of a tabletop in terms_of sheets of paper, linoleum tiles, |
B erasers,  newspapers, books, towels, notebooks, -blankets and other objects. Discuss the
* v advantages and disadigntages of the varlous units used. Flave students try to communicate

! : Mmeasures via telephone of letter.

CERIC g,
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o 4333 Have students determine the area of a tabletop in }erms of rectangular sheets of paper, squares,
— triangles, trapezoids, circles, pentagons and irregular shapes., Discuss advantages and dis-
advantages of the various units used, Instruct tia s to try to communicate the measurements
by telephone or letter.

K

74334 Have the class determine the area of a tabjetop, & flbqt, a notebook cover and the school
grounds in terms of little squares, middle-SQW' large squares. Discuss the advantages
" and disadvantages of the varioas units ysed. LI

.

4335 ] Have the class measure a wall or floor or footbali fielgd in terms of sheets of newspaper. Try the
— measuring with different sized newspapers. ’

.

43.3.6 Supply students with precut figures of squaresfrectangles, triangles, parallelograms, trapezoids,
circles and irregular combinations of these sha'pes.‘ The figures may have whole number or
fractional dimensions, such as 3.2, 3.6 or 3.95, according to the needs and developmental levels
of students. The cutouts may be made of cardboard, tagboard, plastic or a similar substance.
Students also need graph paper.

— After the students have received their figures, ask them to choose an area unit and outline it on
their graph paplr. Place the precut figures on the graph paper and draw around the various
shapes. Have students count the number of their chosen units enclosed by each boundary. This
process will probably create problems related to approximating and to the lack of a common
- unit. It also presents an opportunity to practice estimating and then counting. ’

As an alternate activity, ask students to outline or draw a number of shapes which ali have the

i same area. .

.

433.7 Have each team of students select a nonstandard unit to measure the area of the floor and the
area of the teacher’s desk top. Have teams decide if they want to use the same size unit to
measure both areas. After the teams have determined the two areas, have each prepare a letter
in which it places an order with a supplier for carpeting and formica. Ask the teams to read the

-letters out loud to see if they contain sufficient information to fill the orders. When students
: . | have discovered a communication problem {a need for standard units), ask them to develop a

Ryt b plan for_solying this gap. s
K oy S 54;19 q
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434 AREA: STANDARD UNIT s
— . N ‘
4.3.4.1 Arrange #or the class to view program 6 of MeasureMetric and participate in appropriate

pre-program and post-progran? activities selected from MeasureMetric Teacher’s Guide and/or
_the activities below.

, 434.2 Supply students with precut figures of squares, rectangles, triangles, parallelograms, trapezoids,
. . circles and irregular combinations of these. The figures may or may not have whole number
2 dimensions. The cutouts may be of cardboard, tagboard, plastic or similar substances. Students

also need graph paper with a centimetre scale.

‘ - ‘, Ask students to outline a unit of one ¢cm2. Then have them place the cutout figures on the
———graph paper, draw around the various shapes and count the number of one cm units enclosed
- by each boundary. Students will have to do some approximating. Encourage them to estimate

o before measuring.
i R . . . 1
Extension: Have students develop mathematical expressions for the area of different shapes, for
; Ty - example, A = 1 x wfor the area of a rectangle.

ERIC . - | 2

28




AREA: APPLICATION

] —

Make centimetre graph paper available, Have students trace the outline of their hands or fevt
and calculate the number of square centimetres they cover. Lead a discussion about
approximating. Have the class trage around a cube and determine the area of one face of the
cube. Ask the class if it matters how the cube is placed on the graph paper. What is the total
area of all faces of the cube?}

Students may construct their own area ruler or grid with which to measure area. Construct a
centimetre scale grid on a sheet of clear plasnc A unit is a one-by-one cm square. Have students
place this sheet on various drawings ahd find the areas by counting the squares within the
boundary The drawings may include sequares, rectangles trlangleﬁ, parallelograms, trapezoids or
combinations forming |rregular shapes. _ |, o . .

)

s
.

Provide students with a partial set of Cuisenaire rods consisting of four ten-rods (orange) and 15
one-rods {white). Several boxes are also needed. The length of each must be more than 40 cm
but less than 55 cm. The width of each must be more than 15 crp but less than 40 cm. Each
length and width should be a whole number of centimetres, not a fractional ameunt.
»

Have students use the rods to discover a plan for finding the area of the bottom of each box.
Answers should be presented as a drawing which shows the learner’s plan rather than a
numerical answer. If Cuisenaire rods are not available, cardboard cutouts may be used.
Extension. Have-the more adventuroys students develop a plan for determmmg the area of
triangles, parallelograms, trapezoids and other shapes.

A

-
o
'S

-~

Arrange for the cIass to view program 7 of MeasureMetric and participate in appropriate
pre-program and post-program activities selected from MeasureMetric Teacher’s Guide and/or
the activities below. -

-

Supply students wath‘p\récut figures or actual-size drawings of squares, rectangles, triangles,
parallelograms, trapezoids, circles gnd irregular combmatnons of these. According Yo the negds
and learning levels of the studeri’tﬁ. he figures may have dimensions of whole numbers or
fractional parts, such as 3.5, Use cardf)dard tagboard or plasic for the cutouts. Supply students
with metric rulers. Decide whether to have the students use formulas or the plan developed in

4.3.4.5. Ask the students to measure the figures and determine the area of each. Use the area
ruler constructed in 4.3.4.4 for verification.

-

>

Supply students with centimetre graph paper. Have them construct, shade or draw as many
different rectangles as possible with an area of 24 cm? and a length which is a whble number of
centimetres. Have the class determine the perimeters of these rectangles. This activity may be
done on geoboards if the nails are at one cm distances. Have students construct rectangles of
the greatest possible area and the least possible area, each having a given perimeter, say 16 cm.
Extension: Instruct the class to tie a string in a loop of 24 cm and place 1t on graph paper to
determine the shape of the.. flgure having the gMatest area within the string. Find the
approximate area of that flgure’ . \f?“‘a

- Q

T +14

-

Play the ““mystery measurements’’ game, using area measurements. See directions in 4.1.5.8.

‘

Have teams of students develop a plan for redecorating their classrooms. After choosing

appropriate metric measuring devices and units, have each team measure and determine the
materials needed to carpet the floor, paint the walls and ceiling, prepare drapes for the
windows, and cover the teacher’s desk5and a classroom table with formica. Have teams write or
phone their orders for-materials to another team to see if communication is possible. ’
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435.6 | S/ Ask the students to determine. the area of .an irregularly shaped object, such as a leaf. Next,
havesthem find the mass of ,a'sheet of graph paper, determine the number of squares on the
“ ’ page and calculate the mass for one square. Now, instruct them to trace the leaf pattern on the
~ graph paper, cut it out and find the mass of the cutout. Compare its mass to that of one square
to determine the number of squares covered by the leaf. (Be alert for possible confusion
(_/ betweed the quantities of mass and .of arga when mass measurements are being used to
determine area.) Compare the results found by this method to those determined by counting
) the squares inside the outline of the leas. Students may prefer to use heavier material like
‘ > tagboard, railroad board or c?rdboard and then draw a metric grid on the material. ’

" \ , -~ . -

44 CONCEPT i1V: VOLUME . )

441 VOLUME: CONSERVATION :

- - .
.

. ° *
Have students balance one group of blocks with a dif?'éren't group. Do the groups still balance if
* you build one group into a house? - -

[

4411

¢ 44.1.2 Provid¢ five containers of about equal capacity but distinctly different shapes. Provide ) sixth
container with a capacity smaller than the smallest of the others. Use it as a standard.’*Pour
v . one “standard’’ of |iquig or granular substance into each of the five containers. Compare and

discuss the heights of the substance in the five containers.

44.1.3 Have students pour a quan_tityvof liquid or granular substance from a short, wide glass into a

. , ta|ler, narrower-glass. !f neceséary, pour the volume.back and forth several times to show that
the volume does not change when the shape changes. Use a half-gallon milk carton cut off at a
line about 10.3 cm from the bottom snd 3 one-quart milk carton cut off at the upper fold.
Each will contain about one litre. Have students pour from one container into the other. Jars
and cagtom of yafious shapes a\nd sizes can also b_e used/ ’

- R

. - -

T

44148 ..+ Have students pour about 650 ml of colored water into each of two containers which are the
’ ’ same size and shape. Label them A and B. Assemble four tall, narrow glasses and four short,
wide glasses or cups, 100. .

a, Ask if A and B contain the same amount of water. Adjust, if necessary, until the tearner
agrees that they do. . . -
b. Pour all the water from A into the four narrow glasses. Ask whether the liquid in the four
- glasses combined or the_liquid in B is greater in volume.

A ¢. Pour all the water from the four narrow glasses back.into container A. Then pour alf of it
from that container into the four wide glasses. Ask whether the liquid in the four glasses or
the liquid in B s greater in volume. )

_— , . .

' d. Pour all the liquid from B into the four narrow glasses. Ask which set of glasses contains a
greater volume. Verify by pouring from each set of glasses back into the original containers
and comparing again. -

®

'

. . ¢ . R
44.1.6 Ask the students to predict what will happen when a solid cylinder of alumin is placed in a
- container of water and then replaced with a solid cylinder made of another ma erial. Note tha
. . the cylinders must always be the same size and shape. They can be cut from rods of.differe(t
materials, for example, aluminum, steel, plastic and wood. These are obtainable from loc
metal shops, lumber yards and craft stores, Vérify the prediction's by measuring the mass of the
water displaced by each cylinder as it floats or submerges in the water. .

;

c. 34
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T " 443 VOLUME: UNIT CONCEPT N L. =l

VOLUME: COMPARISON ‘ \

Arrange for the class to view program 8 of MeasureMetric and participate in appropriate
pre-program and post-program activities selected from MeasureMetric Teacher’s Guide and/or
the activities below.

Provide five containers of various shapes as illustrated. Have students order them from largest to
smallest volume by guessing. Verify by using a liquid or *a granular substance which can be
poured.

. . ” .
. i ‘ I
Provide students with a variety of differently shaped containers. Teachers may wish to choose
sizes to include 250 m/, 500 m/, one /, one pint and one quart. Label the containers A, B, C, D
and E respectively, but do not indicate the vglumes. Have students use a granular substance or
water to fill the containers. Some pouring bdck and forth should be encouraged as part of the
process of comparing volumes.-Then hafe them order these. five containers from largest to
+ smallest. Extension. Help students discoveékc which containers are equal to multiple amounts of a
smaller container. :

-

Provnde stqdents with hotlow models of cubes, rectangular prisms, triangular prisms, square-base
pyramlds ‘cytinders, cones and spheres. A funnel will also be helpful. The cubes and square-base
pyramnds should have equal bases, and the length of their bases should equal the diameters of
the cylmder cone and sphere. Have students compare the vofumes of the three-dimensional
figures by-fjlling one with water, sand or beans and then pouring into the other containers
Extension: Help those students interested to discover specnflc volume relatlonshlps among the
models.

.
-

“ i - .

Arrange for the class to view prograin 9 of MeasureMetric and participate in dappropriate
pre-program and post-program activities selected from MeasureMétric Teacher’s Guide and/or
the activities below.

i

E]
- .

2 < t .
Show students one container holding a given amount of water,-three to five vialfuls. Ask them
to determine how many vialfuls were poured m. Begin with full vialfuls and then try half
vialfuls. Switchyto units other than a vial.

»

- v .

Ask students to determine the volqus of ‘books, bricks, candy cartons, toy,
bjocks, Cunsenalre rods, cereal boxes, packing cases for refrigerators and other units. Discuss
adyantages to be gained by choosing a convement _unit. Have the class communicate such
measures via telephone or letter to discover the comm‘unlcanon difficulty when such

~nonstandard units are used. Students, for example, may p|aoe orders for guantities of material
to be purchased,

N
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\ 4434 Ask students to determine the volume of a box in terms of toy blocks, golf or ping-pong balls,
} cans, milk cartons, perfume: or pop bottles, cylmdncal tiles and other units. Discuss advantages
to be gained by chioosing a convenlent unit. Have students communicate the measures via phone
or Ietter asin 4.4.3.3.

4435 Have the class determine the voliime of saveral’ different sized boxes, of the room or of the

. gymnasium in terms of Cuisenaire’ rods, toy blocks, middle-sized cubes and large cubes. Discuss
. . the advantages to be gained by a convenient choice of units in each case.’

p- ‘

. . 4436 . Provide an eye dropper, a measuring spdon, three containers (small, medium, large) and water.

f - Using the eye dropper, have students find how may drops of water fill the measuring spyon.

Then have them find how many spoonfuls are needed b fill the’small container. Pourings from

. . ! the small to large<ontainer are permitted. Calculate the drops required to fill the largest of the

T three containers. Explain how the answer was @btained.

44.3.7 Formulas or recipes given in “parts’’ emphasize the need to understand measuring units. Have
students become familiar with,this idea through making play-doh, bread dough, cookies, punch, ~
finger paint or papneramachefThe class might want t‘8 try the followmg recipes:

Chemical Garden
- .. N .
1 part household ammonia
. 3 parts water ’ .
§ 3 parts table'salt -
3 parts bluing,
L Mix together 'and pour over rocks, sand, sponges, wood or bits of brick. Spread the
. substance out on a metal tray. Let stand. Watch the crystals grow.
~ . . Punch
. - [d . ®
* . ’ 1'part fruit concentrate _ . Coe .
) @ 4 parts water -
. : . 1 part sugar ' ¢
. ’ _*., Ask students the following questions: C

.

How m‘uch will the pitcher hold? How many little cans of concent‘rate should be used so the
pitcher will be fitled with punch? How many’ cans of water will be needed? How much punch is
needed to serve the class? Suppose everyone wants “seconds”? Suppose half the class wants

seconds’? - .
. " 444 VOLUME: STANDARD UNIT ,
“ - r > 4 -
P , -
- ' 4447 - Arrange for the class to vnew program 10 of MgasureMetric ‘and participate in appropriate
%;; ’ . pre-program and post-program actwntles selected from MeasureMetric Teacher’s Guide and/or
. the activities below. °
- SUMMARY: MeasureMeétric *
. , j Concept and Level as .
Cax . ) . * found in MEASUREMENT - Page number
' ' AlT's MeasureMetric . with Metric where found
' - ’ \x * *
Program 1 . . troduction to Meaﬁhrement 18
w . Program 2 . Length, unit concept ‘ 19
S . Program 3 ( " Length, stgndard unit 20
: ¢ . Program 4 . Length, ar!plications ~22
> Program 5 Area, unit concept 31 ‘
*MeasureMetric, Agency for Instmctionql Television, Bloomington, Indiana, 1976. , Y
’; . ) . ) . - o \ L !
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Program 6 Area, standard unit 32
‘Program 7 Area, applications 33° .
. Program 8 Volume, comparison 35

Program’ & Volume, unit concept 35 ,

Program 10 Volume, standard unit - 36

Program 11 Mass, unit concept 26 -

Program 12 K Mass, standard unit ¢ 27

Provide each team with three or four bottles or jars of varioys shapes and sizes from 100$ml to
1000 mi. Throwaway 1.V. bottles from the local hospital may be used. Ask students to observe
the numbers and lines on the [.V. bottles. They should find numbers for 100, 200,
300, ... 1000 m/ with small marks between those designating the units of one hundred. Ask
students what the small marks indicate. Then ask students what amounts are agproximated
when the water level is ha_lfwafbetween two of the smaller marks. .
Have students list some of the amounts that can be measured with the 1.V. bottle, for instance,
600, 625, 650, 675 and 700. What metric unit will be involved with the number 625? Now have
the teams estimate the volume of their other bottles to the negrest 25 ml. After their
estimations are recorded to the nearest 25 ml, have teams use the I.V. bottles_fo verify the
estimates. This actwity could be done as an estimation contest with point/v‘avyarded for
estimates within 25 ml, 50 m/ and so on. /

Have the class estimate the amount of liquid ia partially filled containers,éf known capacity.
Get one estimate in terms of litres and one in terms of millilitres for each container. After the
estimates have been recorded, have students measure the liquid by pouring it into calibrated
containers. This activity may be done as an estimation contest. Award team points for estimates
within 117,500 m/, 190 ml and 10 ml. v .

Have students dete’rmineethe volume of objects in millilitres and in cubic centimetres by noting
the famount of water displaced by the object. The objects should be small, sinkable ones, of
either regular or irregular shapes. Have students estimate the volume of the objects in millilitres
and in cubic centimetres, then verify their estimates by immersing the objects in water in a
graduated caontainer. Have students calculate the difference in the water level to find the
object’s volume in millilitres. Students may already know one cm3 of water is one ml. If they
do not, use measurements of the regular objects to calculate the capacity in cubic centimetres.
Compare the result to the volume in millilitres. After students have discovered the relationship,
they can find the cubic centimetres in irregular objects easily.

’1’/;2{3%’ %,
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T 4445 “Hold an estimation_gontest. Obtain a set of calibrated measuring containers and a collection of
containers of varying sizes and shapes. Include shampoo, mouth wash, hand lotion, detergent
and syrup bottles, ice box containers, jars and milk cartons. Some containers should have
regular shapes and some-irregufar ones. Arrange the containers in pairs so that the volimes are
different, but not noticeably so. Have students estimate which container ih each pair has the -
greater volume. After students have recorded their guesses, instruct them to verify the guesses
with calibrated measuring containers. A scoring system may be used to determine the
“*champion guesstimater.”

4446 Hold a prediction contest, Place sg'veral sponges of various sizes in a bucket of water. Inserta
¢ funnel into a graduated cylinder. Have students grab a sppnge with one hand only, hold the
o . . sponge over the funnel and squeeze as much water as possible out of it using only one hand.
Read the amount of water in millilitres. After sufficient practice have the students predict the
v amount, record it, perform the event, record the actual amount and determine the differerice
J between the two amounts. Extension: If the class comprehends the displacement principles, try
’ another, more challenging prediction event, using sinkable objects of varying size and shape.
. Have the class estimate the volume of the objects and resord their estimates. Then verify the
estimates by measuring the amount of water each object displaces.
444.7 Conduct a unit recognition test. Obtain five cubes whose volumes vary from each other by
' about 15 percent. One should have a volume of one 1. Have students guess which cube that is.
Do this with cylinders, too. Use cylinders which vary only in diameter or in height, not both

dimensions. \ ‘

.
- .

. . 4448 Spopsof a test-your-eye game. Assemble one graduated coniainer, a set of three differently
shaped glasses, a set of three differently shaped bottles and a larger, irregularly shaped,

. unmarked container. Have studen® follow this game procedure: Put an amount of water in the

- large, unmarked container. Pour all of that water into the three glasses so that each glass has the

\ . , same amount. Pouring back and forth among the three glasses to try to adjust the amoSnt is
permitted so long a$ the graduated container is not used. Check the result by pouring the water,
one glass at-a time, into the graduated container. Record the results. Play the same game using
the set of three battles.

-

¥ L
. SCALE: Reduced 3.15 Times = e
« or 68% ’ N - -
] o B .
__l TTTTTTJ30
PR W ONE
-~ LITRE
> ~ N
: . . & 1,000 cm3
+ | 1,000,000 mm3
* - . .
. GLUE PATTERN TO HEAVY PAPER -
- WITH RUBBER CONTACT CEMENT.
- 2. CUT ALONG OUTSIDE LINES. ) ,
e 3. SCORE BEND LINES.
; 4. FORM BENDS WITH STRAIGHT EDGE. >
- -]

. 5. GLUE FLAPS TO COMPLETE CUBE.
}.‘ L d - ‘ + ) -
) ; 2
é’;. (S, ; . ~ 38 £ 4 ‘

ik

-FRIC . - -

o




4449 Have students make a cubic decimetre either by cutting out six squares, each 10 cm by 10 cm,
and taping them together to form a cube, or by laying six squares out on a single sheet of
material and then folding and taping the paper to form a cube. What is another name for the
capacity of the cubic decimetre? I the class does not kn0w have it fill the cube with a quantity,
of granular material whu}\ has been measured in a standard.litre container. Ask students to find’
a way to measure 100 cm3, 200 cm3, and so on, using their own cubic decimetre. The foregomg\
scaled-down drawing desugned by the Graphic Arts Department at Chemeketa Community
College shows one plan which fits nicely on a regular sized file folder. \

™ .
. \
444.10 Have class make a litre container from a two-quart milk box by cutting it off so the bottom |
. . . edge of the corner ““spout” is 10.3 cm from the bottom of the box. Students can also use a \
one-quart milk box if they cut it so the bottom edge of the corner “spout’’ is at the upper fold.
See drawings: ’ ' \\
“fold” from the original box \ o

.

- (from 2 quart box}

. * r
/-\ N \ . .

.
an

44.5 VOLUME: APPLICATION ) ' §

[ s . ry . . .
4.4.5.1 Supply students either with a set of three-dimensional solids of cubes, rectangular prisms,
triangular pgjsms, spheres, cylinders and other shapes or with cardboard boxes of varying sizes
and shapgs. (Mill ends from a sawmyill are excellent for this activity. ) Obtain meteic rulers for
. the class, Decide whether to provide formulas. Ask the students to measure he figures,
then calculate the volumes. For review, ask students to determine the surface area and/or
‘draw a “cover” for the erztlre three-dimehsional figure on paper.

4.45.2 Have the class play ‘‘mystery measurements,” using volume measurements. See‘gdirections in

. 4158.,

. ] ~ *
4.45.3 Have students indirectly measure the volume of an irregular, solid rock. First, have them pour
water into a graduated cylinder to a predetermined pomt and record the water level. Then have
¢ them immerse the rock in the water, note the change in water level and record the new level.

Determine the volume of the rock in millilitres and/or cubic centimetres. >

4454 Ask a team of six students to divide a quantity, (approximately a half litre) of fruit j ;unce equally
. . among the team members. Provide the team with a 100 m/ graduated cylinder, a 10ml
graduated cylinder, a dropper and six cups ofdifferent sizes and shapes When the group has

4 successfully completéd the activity, pérmit it to drink the juice.

-

N

3 4.45.5 Ask students to determine how many eyedropper drops of water are in one millilitre; then have
- * " them determine the number of mullllutres |n a teaspoon and in a tablespoon. Extension: By .
R using results from above, find how many eyedropper drops of water fill a tablespoon. Find how

many litres of water.are in one million drops of water.

' 4.4.5.6 Supply learners with an orange Cuisenaire rod and a graduated cylinder. Have them measure
. and compute the volume of the orange rod. After they have done so, have them submerge the

- “J
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- . rod in a me sur%)quantity of water in the graduated cylinder; have thedf note the new water
levél and colr\rtp te the volume of water displaced by the rod. Compare thissfigure with the

computed volume of the rod. Extension: Have the class determine the volume of a variety of
“ - small, sinkable objects by this method. Encourage students to estimate volumes as well. Hold an

.

estimation contest. {

' . . red
44.5.7 Have the class make one serving of Metric Fruit Punch by using the follow'ing recipe: Measure
’ five m/ of ‘orange, five m/ of lemonade and five m/ of cherry imitation soft drink mix in a-cup.
K Add 120 m/ of ice-cold water. Stir and enjoy. ¢ ,
N . ‘ - . o
4458 Have the class make one serving of Métric Hot Chocolate by using the following recipe: Measure

120 m/ of water into a pan ard-heat to aboutiOO‘?C. Measure 15 m/ of cocoa mix into a mug.
Add boiling water. Stir and ebjoy. - i .
N .
, . . . Y ) .
: 44.5.9 Have the class make Metric Marshmallow Krispies by using the following recipe: Melt 60 m/
' margarine over a low heat, add 720 m/ minature marshallows, stiguntil melted and blended,

remove from heat and.stirgn 1.25 / (1250 m/) Rice Krispies. Cool before cutting.

‘ » @

Many more recipes using metric:measurements are found in The Oregon Mathematics Teacher,
Special Edjtion Metric Cookbook issue, published by the Oregon Council of Teachers of

- . Mathematics. A timited number of copies is available for $1 each. Contact Don Fineran at the
. 8 o Department. , v
Iy N .
& ) j -
4.5 CONCEPT V: TEMPERATURE ot *
. &’ N ! v ﬂ
/ . - K .
. This unit on temperature h§§» not beep broken doqn into exercises on conservation,
comparison, etc., as the other units have. These concepts are implied in the order in which |
* exercises are presented In this unit. A, : L
‘ ‘ / )
. 4511 (a) Have students find pictures which sth the concepts hot and cold. Discuss the pictures
with them. » e A - ..
o : (b) Present several pictures which" show the concepts hot and cold. Ask the students to order (~

B A R \ .
them from hottest-to coldest. Discuss. \

’

.

(c) 'Have students draw pictures which show cold, cool, warm and hot.weather. Discuss. ‘

s »
.

. @ . .,
45.1.2 The following activity will help learners discover that an instrument is needed in order to obtain
», accurate temperatpr% readings. Provide cgntau'hers of water, A hot, B at room temperature, and
C cold. The. child feels the water in A, then immediately feels the water in B with the same
finger, then describes- the temperature of the water in B. Next the child feels the water in C,
then with the same finger immed‘iately feels the water in 8 and describes what seems to be the
temperature of the water in' B. Discuss whether feeling the water to determine its temperature is
) S -

reliable. . '

- - \\ H N
- Al
45.1.3 o Provide an ungraduated liquid-if-glass thermometer to make arbitrary units of terpperature_

c . *Have a student place the ungraduated thermometer in a mixture,of ice and water and then in‘a
- * container of boilind water. The freezing .and boiling. points should be marked on the
S . thermometer stem with a grease pencil. Have\a%tudent subdivide the distance along the stem
into equal ughs between-the two fixed points, Assign numbers to specific points on the scale.

. 2 . . .
- Keep T mind that number skills are needed forithe above, It«@be easier to use a color-coded

Looa . o s ), .

. temperature scale for five-and-six-yéar-olds. (Sge diagram.) -
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45.14 Have the learner measure the temperature of two pans of water. The temperature of the two

- pans should differ by at least 10°Q. Then give the student a third pan of water that 1s still

. another -temperature. Have the learner estimate the temperature of the water in each pan by
i . feeling it. Then have him or her order the three pans of water from the coolest to the warmest.
Verify the ordering with the student-made thermometer. ’ '
7 . _

B . s . - N .

45.15 Have students estimate temperature in the following situations, first, by feeling, then by using a
Celsius thermometer: \ )

’

a

Group 1: Cold tap water, hot tap water, ice water, ice water with salt.

Group 2: Air temperature in the classroom near the ceiling, in the classroom near the floor,
. near the surface of a radiator, hallway, outside temperature in the sun, outside
temperature in the shade, in a refrigerator, in a freezer. | )

N -
4 . ‘ ’ ]
. . R

.
’

45.1.6 Have students record the daily temperature either with the thermometers made in class or with
a Celsius thermometer. Extension: Graph the readings taken at the same time of day over a
period of time. ) ] »

£ ~. . a - ’ €

N
45.1.7 . Place equal quantities of boiling water- in containers such as coffee mugs, styrofoam cups, tin

. cups, aluminum pans, thermos jugs, ordinary bowls and heavy soup,bowls. Let the water stand

v . and have students take readings with a Celsius thermometer at five minute intervals and record .
the results. Use equal quantities of water. Extension: Graph the results as well: Have the class

* predict the results if it were to start with ice water. Verify. ’ R

[y

. , »

. 45.1.8 Help studenté make a'simple air thermométer. Have them put one end of a piece of clear tubing ,
’ in a jug and the other in ‘2 pan of colored water. Warm the air in the jug and let the water rise in )
the éubing as the air in the jug cools. Pastruct the class to niark water levels on the tubiing when
= the;water in the pan is at a.cold, a cool, a comfortable and a very hot room temperature.
L)
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. ' 5. TEACHER WORKSHOPS

5.1 AIM AND . This section is intended as a guide for instructors who are planning a metric workshop for either
FOCUS teacher or nonteacher participants. Generally speaking, teachers teach as they were taught.
Teacher workshops, therefore, should be cor\ducted in the same manner in which teachers will
. work with their students. The workshop activities should be of the kind which can be used in
classrooms. One way to assure that the workshop is useful is to include teachers in-the planning

step. I n addition, asking these five questions may be helpful:

* 1. Will the workshgp be measurement oriented?
- . R »

2. Will the,workshop stress “hands-on” activities?
s 3. Willthe woﬁ;shop emphasize the importance of estimation?

4. Will the workshop emphasize the importance of avoiding conversions while teaching
measurement?
- R :
5. Will the workshop demonstrate that an effective and |nterest|ng measurement program can
, be taught with low-cost equipment?
/

5.2 WORKSHOP Besides the five questions just listed, workshop planners should consider four major steps:
P PLANNING .
1. PPeliminary planning decisions {objectives)

=% s 3]

Y . 2. Workshop organization (agenda, materials, activities) . N

o 3. Workshop procedures

4. Follow.up (immediateevalu'ation, intermediate ‘evaluation, future needs)

. Preliminary Planning Decisions: . .

Following are some questlo ns the instructdr or workshop instruétion team will netd to)gonslder
in planning:

) B 1. Who should choose and develop the workshop’ ob]ectlves a) the instructor and partucnpants
or their representatlves or b) the instruction team and participants or thelr representatives?

! A

* 2. Who will be invited to attend the workshop? Is attendance voluntary?

3. Will the background of the metric system be covered, if o.nly briefly?

- . "

4. How will justification for the transition to the metric system be handled?

' 5. What learning approach will be implemented? s the CONTINUOUS NONGRADED
! . . MEASUREMENT LEARNING, APPROACH an alterpative?

6. How will the b %s and the vocabulary of the metric system be presented? What handouts
will be used?

rement learning should be stressed? Conservation? Comparison? Use

.7. Which |et/els of measg
‘Use’of standard units, namely SI? . .

of nonstan“dar d
' . T 8. Which concepts of measurement (Iength mass, area, volume, temperathre) should be
‘ * developed?

& B .
- R e N . o f
»

9. Will'the viorkshop help teachers to appreciate the simplicity of a decimalized measurement

- system? Will the base ten nature of the system be developed? Will the relatiohships among
’ length, volume and mass be”considered? Will the computational advantages of using
decimal fdactnons become evident? -

* ¥
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WORKSHOP

PLAN,
'
5.3.1
© 632
633 .

1.

12

13.

14.

15.

The instructor or team will want to have a genera! plan of action prepared! So

L

. How will workshop leaders develop an awareness of and the need for using manipulatives,
‘g E)

aids, games, etc., to teach measurement? = d

-

- . b
Will the workshop leaders operate on a THINK METRIC basis? Will they acquire a feel for
common metric units to the point of estimating in terms of those units? Will they
compréhend distances and quantities expressed with metric units?

Will the work‘shoﬁ agenda include time to copsider the implications that changing to a
metric system will have on all curricular areas, in particular, mathamatics, science, home *
economics, industrial arts‘, vocational-technical and social studies? For example, decimal
fractions may be introduced sooner than they are now. ’
. ‘ v
Will workshop leaders consider ways in which the general public can be made aware of the
‘metric system? Will leaders consider helping the general public learn to use the Sl units?

-

Will the workshop include time to begin planning metric information for parents?

What resource personnel may b:a needed? kSee *Resource People,”’ p. 48.)

#tems for

consideration are: .

Organization : . .

1.

o -

The instructor or team should work with representative participants in planning the major
- agenda and various activities.

A brief assessment of participants’ knowledge;df the present measurement system might be
made. (See sample assessment instrument at the end of this section, p. 47)

The following items should be considered: Time, place, room, tables, number and teaching
level of participants, participant needs (cooking and sewing for home economics teachers,
r’anuring shop construction projects for industrial arts teachers” and a Variety of
measurement applications for coaches and teachers of social studies, health, driver training, °
physical education, and so on). :

> . ‘
. . . ®

Instructional Materials .
1. Leaders should have a sufficient quantity on hand to permit participants to work in groups

oftwo. ’ ) B )
Z. - They should use homemade materials, made by themselves or by participants.

. . .

3. They should“pten a variety of materials for working with different measurement concepts

at various.learning tevels. ; / )
4. They should provide handouts on metric background, history, trends and current status.
Activities. - . . )
1. Leaders should seleet activities that will be fun for the participants to try.
2. “They should choose appropriate actwities for.the specific group in the workshop for

example, primary teachers, elementary teachers, businessmen or homemakers.

I -
3. They should use activities that participants can adapt for their own use in their classrooms,
. at work and at home. - ¥

w 44 * -
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54 WORKSHOP * Workshop procedures should include:  * - :

PROCEDURES L
" 1. Have every participant actively inyolved in all activities. Groups of two are suggested. Team
competition is popular. .
. 2. Provide sufficient time for all participantsto discuss and evaluate the activities.
3. Relate each activity to appropriate learning level(s).
. . ¢ M .
4, Include some humor and some ‘‘interest getters,” for example, door prizes for ““meritorious
" metricating,”” ten-cent fines for using customary units :2 conversation, awards for
enthusiastic performance. . -
\ 5.5 EVALUATION Evaluation of the workshop may take the form of demonstration activities, questionnaires or
AND discussion of pre-test/post-test techniques. Planners may want to consider the following poins:
-FOLLOW-UP ‘ ' ¢
Nt . . - .
1. The form of the workshop evaluation should make sensé articipants.An evaluation
might include demonstration of measyrement activities, dev#opment of actlvity lab cards,
\ questionnaires, discussions, pre-tests/post-tests. 1
\ * 2. Instructors or teams should decide whether they are willing to share t}e workshop
\ evaluation with the ODE Metric Coordination Committee. The committee would like to |
} incorporate ideas in plans for future workshops.
\ “ . ! 3. A very useful workshop evaluation exercise might be to ask participants to demonstrate
i .o competence by wrmng activities which are appropriate to their teaching levels and which
' ‘e 3 " illustrate consistency with the developmental learning levels of students. This approach
. »should provide materials that teachers May take back to their classrooms. ‘
, ' -
~ \ . 4. A questronnalre might ask th&arnc:pant 1o rate thenr understandmg of metric corfcepts on
. ) a gradugted ratlng scale before and after the workshop. It mrght also ask «participants to
j b . rate the effectiveness of the workshop Provision for rating the workshop materials should
. Tt be included: ) .
. i L. .
5. |f discyssiagt L§ the method used, participants may help decide how well the workshop met
t objectives previously. deve‘loped Further “discussion might focus on learning
‘ - ’ approaches, advantages of the metrlc system, functions of estrmatron “metric unlts and
. ’ preflxes useful measuremént activities and “thinking metric.”’
/ ‘ 6. A pre-test and a follow-up post- “?,ft might be used to compare levels of competency before
X and after the workshop. Understanding of learning stages as well as measurement congcepts
/' . should be gonsidered. : . ,
Al . ' * \
/ , 7. Teachers may run into problems as they begin teaching the metric system. Planners should
, . provide them with resofirce people who will be able to answer questions. News from both
. Canada and Australia and our own expenences indicate that a one-time metric workshop is
not sufficient. Follow-up services should be scheduled early. Has local Ieadershlp for metric
. measurement education been identified? . ‘-
5.6 SAMPLE The following activity is offered as one “hands-on’ workshop experience fof teaching measure-
ACTIVITY: THE ment based on developmental learning levels. This activity includes considerations at all f|ve
P R STRIP developmental fearning levels wh|Ie dealing only with the attrnbute of Iength '
,5.6.1 . " Material$ need to be prepared in advance,in sufficient quantity to supply each workshop team
GETTING of two people with four strips of paper equal in length: two red, one blue and one yellow. One
READY of the reds, the blue and the yellow strips will be premarked in the followmg manner:

1. Select a “unit” which is between three and eight cm in Iength. Mark enough sets of one
red, one blue and one yellow to supply about one-third of the teams. Mark the strips as in

‘-;,[ ' o ©® 50 :
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N . the diagram so the longest part of each strip is equal to five units, the next part to two and

2 the shortest to one of the chosen units.
. “ *
. . units ) units unit P

2. Do the same for all other teams, making the “unit” different in each case from all the
“others and somewhere between three and eight cm. The strips for two teams might look
like these: ’ :

~ B [ [ 111 S N R
O T ‘ ” L_s_J

-

o units . . units
‘ 5.6:2 Each team does the following: ’
. CONSERVATION i
-t e 1. Place the two red-stripsside-by side to show their lengths are the same.
A 2. It moves one red strip to a new location and compares the lengths of the two red strips.,

3." It bends one red strip in}o the shape of a V and compares the lengths of the two red strips
again. to.

- , [
.

4. it forms a circle with one red strip and compares the lengths of the two red strips.

e . B. It cuts the marked red strip on the marks. It examines the length of the “train’ formed i
‘ when the. cut red pieces are placedéend to end. It compares the length of the "train”’ and
B the length of.the uncut red strip. ’ .

)

6. It discusses'the ages at which youngsters perceive conservation of length.
f — R
- 56.3 The team cuts the yellow and blue strips on the marks, and using all the cut red, yellow and
COMPARISON blue pieces: n . )
‘ 1. [t sorts all pieces by color, thus showing that color is one characteristic for compfaring two

. objects. - ) -
7 .

» - .
2. It sorts all pieces by length. Size is anothef characteristic for comparing two objects.
3. . It takes ane piece of each length and makes a new arrangement from longest to shortest. It
\ labels the longest a, the next b and the shortest c.

.

4. It mixes all unlabeled pieces inta one pile and then finds.all other pieces which are the
same lendth as the strip labefed a. 1t labels each with an a. |t does the same forb and c. ’

g .
¢ 5. It discusses whether a child who does not yet perceive conservation of length can do such a
- matching exercise. — -
i 5.6.4 * Eathteam continues to use their materials from the above gctivities. ‘
N uNIT - : o
. | CONCEPT 1. Using the unmarked and uncut red strip, show how many.a’s will equal its length. How
§ ' many b's? Is it possible to represent the length of the uncut red strip by using only b's?
. Why or why noti N |

2. it determines if the a length can be measured.-only.in terms of b, b length only in terms of
7 ¢. The team demonstrates its conclusions. ) .

1
1

A

3

3., Using the unmarked red strip, it finds the number of ways that this strip length can be
- represented by ésing combinations of b and ¢, a and ¢, a and b.

7
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. . A discussion should foll

.

56.5-
DISCOVERING
A NEED-
STANDARD
UNITS

5.6.6

METRIC
SYSTEM AND
APPLICATION

.

- 5.6.7

+ -QUIZ'ON YE OLDE FAMILIAR (?) SYSTEM

Fi

1. Tquart’ .

2. 1 gallon
3. 1 barrel
4, 1 gallon
5. 1 peck

6

. 1bushel’

-

. 12. 1 foot
13, 1 yard
14. 1rod

~
. Y
»
L d
Il in the ‘blanks with Ye appropriate numbers. ) o ' .
. N ) ' '
o VOLUME . \
= ‘pints 7. 1 fluid ounce = cubic inches
= quarts 8 1f und ounce = drams
= gallons . 9. 1 pin = — fluid ounces |
- = cubic inches ’ 10, 1eu = fluid ounces
= quarts 1.1t ablespoon = teaspoons
= pecks - ’
‘ LENGTH . -
=__ "~ inches . 15. 1 mile = ______ feet
= ______ feet 16. 1 chain o= feet "
= ________vyards
. N .
47 . -

. S

4. Anstructor and teams identify as many objects to be measured as there are teams. They
|dent:fy a as the unit of measurement for this activity. Each team measures all of the.
objects by using its own a. Jt records the results for comparison with other team results. ~

, revealing that some teams -have the same (hopefullyl)

numerical results, while other teams do not.

5. Each team measures a small and a large object. It measures those objects three times, once
in terms of a, once in ter £ b and once in terms of ¢. |t then discusses which unit, a, b
or ¢, was found to be th& most convenient for measuring the small object and the large
object. . :

6. The team discusses those concepts which a child must'have to do these kinds of activities
and discovers the need for making appropriate unit choices.

e e

Teams continue from earlier activities.

1. The teams are given a hypothetical situation. They must order classroom carpeting from a
. supplier by phone. The teams will attempt to communicate the room size in terms of their .
previously chosen a, b or ¢ units. ’
2. -When the teams discover that communications have broken down they should be led to the
standard unit concept.

T

3. Teams should discuss creating situations in which students can discover a negd for standard
units, a y . 8
J * Y . .

\

Continue teams as before: The two exercises below are a contmuatnon of the three precedmg
exerciges. . . .

1. Workshop Ieaders should introduce some standard units of l&:,ngth, e.g.,, cm and m.

2. They should have the téams measure the room using an appropriate standard unit. A
discussion should reveal that all teams (optimisticallyl} have the same-results. Teams will
then-complete their carpeting order. Communication should now be possible.

Another workshop activity isa “quiz” on the old system of measurement. Try it. ,. .|

e

»
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- WEIGHT .
» »
17. 1dram = — grains . 20. 1 ton (short) = — pounds
18. 1 ounce = drams . ©21. 1 ton (lorig) = pounds
19. 1 pound = ounces ",
o ;
. AR
\ EA
22. 1 square inch = square foot 25. 1 acre = square feet
23. 1 square foot = square inches , 26. 1 square mile = acres
24, 1squareyard = square inches
. " Evaluation Criteria '
Score ’ .
24-26 Super genius. Any measurement system is your bag! fﬂ?
T . 2123 - Above average. You probably remember anniversaries, birthdays.
B . 18.20 °  Pretty good. You're ahead of the average bear! )
. 17.0 Surprised? Have you thought about switching? . . . Or would you rather fight than switch?
E ANSWERS. Y .
1.2 ' 8.8 15. 5280 22, 0.007
2.4 R 9. 16 16. 100 .or 66 23. 144
- 3. 31,42 or 55 . 10. 8 17. 27.344 24. 1,296
gallons 11.3 . 18. 16 . 25. 43560
4. 231 12. 12 19. 16 26 - 640
-5.8 13. 3 .20. 2,000 lbs.
A 6. 4" : 14, 5% 21. 1.12 short tons )
. 1.804 : 1 ad:
3 . Note to instructor: The above quiz may bé used % a workshop_activity provided 1t is presented as a

nonthreatening activity—"just for fun.” Participants should be encouraged to work together and discuss
questions as they work. The quiz may permit participants to observe that they do not know all of the
present system and yet they have been able ta‘do any nfeasuring they needed to do. Hence, 1t will not be
necessary for everyone to learn all of the metric system either. The conclusion should hold for students as
well as for adults. Teachers should take this into account as they decide what to teach.

had »

5.7 RESOURCE Many people in Oregon can serve as workshop resource personnel. A number have already made
PEOPLE . special preparatiohs for conducting metric workshops. People from these institutions and
organizations may be available: > :
) ¥ i
1. Community colleges (most likely the institution’in your area)
2. Colleges and universities ’ i
3. Division of Continuing Education ' )
—_— . 4. Intermedjate education districts -
) 5. Oregon Science Teachers Association .
6. Oregon Council.of Teachers of Mathematics . . —
Y 7. Oregon Vocational Association
. ’ ) 8. Math Learning Center -
9. Local school district curriculum specialists oL
» 10. Oregon Museum of Science and Industry
- 11. Oregon Horne Economics Association .
*12. Business and industry representatives '
. 13. State and federal agencies =~ . .
14. Local experts 4§ . -

+  If you desire assistange in plénning a workshop or in»ob'taming a workshop leader, the Oregon
Department of Education Metric Coordination Committee can help you. The members of the®
committee are Ray Thiess, Specialist, Science Education; Don Fineran, Specialist, Mathematics
Education; Ralph Little, Specialist, Trade and Industrial, Technical Education; and Jim Sanner,
Specialist, Radio and Television. : . o :

» +
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6.1

.

6.2

EDUCATOR’S
RESPONSIBILITY sons and daughters, i.e., subjects and teaching:methods. And, as consugrers, home owners and

METRICS FOR

14

ERIC

-

6. METRIC CONCERNS FOR PARENTS

3

Parents of today’s students want to learn about the school program being provided for their

producers, they also want to learn survival-level metric skills. The edugational community has
a respdnsibility to assist parents in meeting both of these needs.

Several approaches are suggested below. The best program is-tinddubtedly a combination of
several of thte following:

1. A series of written communications—news releases, hand-outs, f . samples of student

work, newsletters, articles for the local newspaper,‘ ’
2. A parent’s mght metric program-—open house demonstratlons by students or teachers,
metric games, student displays; .

3. A series of metric workshops for parents. One popular workshop has been the ““Mini-Metric
Olympics,” which introduces concepts but concentrates on "hands-on” measurlng and on
estimating with common metric units;

4. /A metric fair, metric week or metric night; -
/

5. Joint efforts with other community agencies, e.g., County Home Extenslon Service,
Community Schools Program, local media;
¥
6. Joint efforts of parents and youngsters in workshops, metric fairs and other activities.

2 .
Ag,ldcal educators assist in planning the metric information program for parents, a number of
addmonal suggestions may be helpful:

1. Educators should keep lessons simple. It is not'necessary to teach people the entire metric
system before they begin using it. Teachers should begin with whatever parents need to
meet their current needs. .

2. Metric workshops for parénts can be both popular qnd useful. In general, they should be
similar to those for teachers. Workshops should:

.

-

a. Provide "“hands-on measuring with metric units, usihg only the commonly used units;
‘b, Encburage estimation with the common metric units—a vital step toward the THINK
" METRICgoal; - .

c. Utilize a “"funyand garnes” approach; . , .

s A sl g .
d. Supplement activities with films, not the reverse!

e. Provide simple, straightforwaré handouts;

f. Respond to current needs in cookfng, sewing, the home shop and retail products.

IS e - . '
3. Educators should involve parents in*planning. They should schedule different activities at
various times, encourage parent participation in preparing materials and conductin
workshops and involve local media representatlves.

s
o >
T . * hd ) -

Meeting the two metrication needs of parents is essential to the long- term success of the metric
movement. It'is also an important part of each school district’$ public relations program. Local
administraters and teachers cah seek help from the resource people listed in 5.7, from local
resource people'and fro the ODE Metric Coordination Commnttee . LN
~" - A - N I
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. 7. METRIC PROGRAM IMPLEMENTATION ‘ r

.. ¢ ) , .
. The decision to ““go metric” is a major decision that involves the total school district. The
success of a curriculum change of this scope depends on support and cooperation at all Tavels.
» i - . A (‘ f -
7.1 ADMIN- While school systems have different ways of Amplementmg curriculum changes, there are certain

ISTRATIVE areas of common concern. The district superintendeRt is the person who has the legal status to
°  DECISIONS make curriculum decisions. It is imperative, therefore, that the superintendent and h\s/her
' ' adn;qmstratlve staff understand the demands of the project, |ncludmg the demands on staff
tlme Some of the costs to be considered are compensatlon for release time and/or n"noney to
properly implement the change, needed consultant assnjtance appropriate in-service 8ducation,

) and newmaterial requirements. N

\-

N

N ¢

7.2 STAFF ) .”Going metric” is a decision that willixnvolve the total school. $he foremost group to be
INVOLVEMENT influenced is the students. Principals, supervisors,.custodians, bus drivers, cooks and teachers
' ) ) are all involved. Common staff-oriented concerns include a fack of in-depth knowledge about

. curriculum goals, apathy, opposition to change, a lack of proces$ skills, a lack of exposure to

exemplary models and a lack of involvement in the decision-making process. Many of these
¢ concerns can be alleviated by involving administrators, local currictlum speciahists and teachers
S from all disciplines, K-12, and other representatives of the entire staff on a curriculum

commuttee that will develop curriculum meeting local needs. The group can look at the present

’ N curriculum and make needed changes at all Ie\k{s\

4
3 »

-

7.3 COMMUNITY * Commumty input may be gained through adistrict advisery committee made up of peoplekwho
INPUT, are not teachers, school board members, parents and students. Such acommittee will help plan
. ) the school curriculum; assess the needs.-of the general adult community and recommend

- " programs for adult awareness.

. . ~ N N

74 SUCCESSFUL To make 8 curriculum change hke "going metric” successful, it is essential to develop a *
. IMPLEMEN- currig:ulum that meets local needs and to construct a specific strategy for implementing it. This
TATION strategy could include |dentxfy|ng all groups that will experience the impact of the change,
o ’ . ) developing a hierarchy of. responsobmty for those involved in the change, identifying the

components of the program, constructing a timeline, obtaining all required guides, materials
. and equipment before beginning, and above all insuring that the phllosophy and objectives of
the change are understood by all concerned. ,

4 - .
n . - . -

S - - ‘

75 IN-SERVICE °~  An,important part Pf the preparatlon for * gomg metric”’ wnll be to insure that all teachers feel
T . comfortable using’ the metric system. A curncylum committee can anticipate in-service

workshop needs and help plat the workshop. Workshops cah be designed to include-
background in "learning "measurement theory, teaching measurement strategies, choice™of
.-teaching materials and information about the International System of Units, (The experience m
some districts suggests in-service programs on metrlcatlon do not need to be extenswe1n time

or gost.) -

e ’ .-

. ' .
7.6 TEACHING Teaching metric’ measurement can be done effectively and inexpensively. Some metric
* *MATERIALS : instrL'Jments‘are needed, but one advantage of the “hands-on’" approach is that students can
! . make their .own measuring instruments. Lists of materials, commercial and homemade, are
.suggested here. Some textbooks and supplementary printgd materials are available.*Those used
! as references for this handbook are listed in the bibliography. The State Board of Education’s
, _. metric education policy, which is endorsed by the State Textbook Commlssnon, assures that
r . . bas:c textbook matenals will be primarily metric, beginning with the 1976 adoptlon. The
revised . criteria will calt, for textbooks that ‘ present . the metric system as ‘the ylmary

measurement system. . » 2

. .. ‘,
. la , S .
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INVITATION
TO WORK
TOGETHER

TIMELINE FOR

METRIC
_EDUCATION
IN OREGON

t

s
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Commercial Materials: . . .

> .o

Some commercial materials essential for teaching measurement With metric are metre sticks,
metric rulers, metric tape measures, matric trundle wheels, calipers) a balance scale with set of
metric weights (1 g to 1 kg), a platform scale in metric, calibrated beakers, flasks, vials,
cylinders, aset of hollow, geometric:models with metric dimensions, 3 set of blocks with metric
dimensions, Celsius thermometer, metsic graph paper, Cuisenaire rods 3nd funnels. -

. .
.

Homemade, Collected Materials: . A

N

£.3
Some homemade or collectkd materials are string, ribbon, adding machine tape, rgasking tape,
paper clips (large size preferred), sticks, molding, dowels, straws, cups, bottles, jars, cans, tulzs,
toy blocks, milk cartons, ordinary water glasses, cottage cheese containers or other refrigerator
dishes, area pattern blocks, newspapers, sheets of ‘notebook or construction paper, floor 'tiles,
linoleum blocks, geoboards, water (and sink), sand (and sand box), beans, rice, play-doh,
modeling clay arid potatoes. . - ' .

»

T
°
N

. The ODE Metric Coordination Committee anticipates the opportunity to work cooperatively

with district people on matric education projegts. The committee can assist districts in
curriculum development and planning, in organizing workshops for teachers or general adult
groups, in securing resource people for workshops, and in developing new learning activities or
alternate approaches to teaching measurement. , . ‘

L33 B

Briefly, the Oregon Metric Education timeline is a follows:
1. June 1974 — Adoption of Metric Education Resolution by State Bo’érd of Education and
Swete Textbogk Commission. n

b4
2. 1974—1975 school year — Development of metric awareness-workshops and matenals for
teaching metric measurements.

. , .

3. 1975-—1976 school year — Continuation of metriE: awareness activities among educators,
beginning of metric awareness for parents, beginning of metric systgm concept develop-
ment, develgpmém of textbook selection criteria for the 1976 state textbook adoption,
(Al texts to be primarily metric beginning with the 1976 adoption.)

4.+ 1976—1977 school year — Beginning of series of metric programs on educational TV,
continued develapment of metric awareness for all elements of Oregon- sogiety;

v development of metric system concepts for all aspects of school curriculum; adoption of
. textbooks. (Metric workshops help to prepare a cadre of local district ‘metric education
leaders. These people conduct metric in-service workshops for educators -and metric
_g,ientations for oneducators.) ’ R

. N v

5. 1977-1978 school year — Repetition of metric television programs as needed; entrance of
new textbooks into the classrooms. ContinUation of metric in-service workshops for edu-
cators and metric orientations for noneducators presented by the cadre of Metric Edu-
cation Leaders. For:information, tontact the Oregon Department of Education Metric
Coordination Committee. = ’

.
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8. GLOSSARY

~

z

’ - -

A minimal glossary is presented. The handbook was written with as little technical terminology
as possible. ’

i

. >

Preservation of length, 3rea, volume or, mass when objects are changed by deformation,

« rearrangement, or partmonlng, constancy o‘f a quantity. -

. - N

A procedure for directly counting the units of length, ared, volume or mass associated with the
corresponding attribute of an object, as opposed to6 obtaining a measure by an analogous
measure which may involve a different object and a different attribute. One example of
measuring indirectly is to determlne temperature by noting the length of a thermometer’s
mercury column.

. - -
The massof 1 cm3 of distilled water<at 4°C.

A procedure for determining the meaere of one attribute of an object, such as its length, area,
_volume or mass, by measuring aff attribute of a second qbject, also, a procedure for determining
the measure of an attribute through the use of formulas and computational procedures. An
example is using odometer revolutions to determlne linear distance.

. . RN
The basic unit of mass in the metric system. Based on a cylinder of. platlnum{rldlum alloy kept
by the International Bureau of Weights and Measures in Paris. The mass of one litre of distilled
water at 4°C. Because the gram is quite small, the kilogram has become the commonly used-
basic unit of mass in the metric system. -

.

' -
-

The basic unit of vblume:+{capacity) in the metric system. Defined as one cubic decimetre. The
millilitre and the cubic centimetre are both equivalent to one thousandth of a litre. The symbol .
for litre 15 a lower casg, cursive or italic “*."

.

\
N Y

' - + . ’
The ‘terms “mass*’ and “‘weight’’ have been used as synonyms by some people. Mass is the

‘amount of matter in an object and is measured in grams or submultiples or multiples thereof,

Weight refers to the gravitational force ofi an object and is measured in newtons, a unit of force.

+ The basic unit of length in the metric system. Defined as 1 650 763.73 wave lengths in vacuum

~

of the orange-red line of the spe¢trum of kr'yptonse. The symbol for metre is “’'m."” -

+

.
.

In the metric systetn the value of the basic unit is changed by placing a prefix in-front of it. The.
relationship of these quantities corresponds to the ‘place values of the base ten numeration

.system.¢ " ) _ .

) exa " P 1018

\ peta * 108" -,
“tera * 1012 .
' . giga™” ‘ . 109
“ » ¥

Mega® 106

Greek - kilo (thousands) . 103 -

53
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QUALITATIVE
COMPARISON
QUANTITATIVE
. COMPARISON
LT~
. Sl {
‘ r
Fope LI *

N
6o

prefixes he(;to." (ht;ndreds)
. ‘deka * *
Basic Unit no prefix (one)
deci * (tenths)
Latin . centi (hundredths)
prefixes milli (thousandths)
3 micro *
nano *
pico "
., femto®

atto *

It

*Not commonly used in everyday measurements.

ERS

«Classifying (comparing) objects by noting the degree of a common property, for example,
prettiness, hardness, tegture,'color, taste and smell. A premeasurement classification because
A

sthese ‘properties al! deal with nonquantitative considerations,
&
Classifying {comparing) objects by size.

& N
.

Generally recognizéd symbol for the International System of Units {Le Systeme International
d’ Unites) which was developed by the tenth General Conference on Weights and Measures

(CGPM) in 1954 and adopted by that body in 1960.

. ) /

.

10-12

10-15
1018
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PYE RIS

1

A

. ’ « Some Metric References Relating to
Building Design, Praduction and Construction
-~

a) Report to the €ongress: A Metric America — A Decision Whose Time Has Come, Depértment of Commerce,
National Bureau of Standards Special Publication 345 (Washington, D.C.: U.S‘,«Government Printing Office), 1971.
b) U. S. Metric Study Interim Report, Testimony of Nationally Representative Groups, NBS SP 345-12 (Wash.: U. S.
Government Printing Office) 1971. {Chapter V1| Construction).
r
c) U. S. Metric Study Interim Report, Non- manufactur/ng Businesses, NBS SP 345.5 (Wash.: U. S. Government
Printing Offlce) 1974.

L4

These three reports include tlé Building/Construction responses to the U. S. metrii:‘study by DOC/NBS for Congres§.

2

3f

10.

11.

12,

.

'Building Research Journal Special lssue.'Wasnington, D. C.: Building Research Institute, National Research Council.
Volume 10, No. 1, Jan/Mar 1974. - 'y .

(A special issue which includes papers presented at the November 1973 Conference of the National Research Council on
the topic of building_design, production and construction. The Conference proceedings are also abstracted in Metric
Reporter — January 11 1974, American Natiohal Metric Council, 1625 Massachusetts Ave., N.W., Washington, D.C.
20036.)

Metric Handbook SAA MH1- 7972 Metric Conversion in Building and Construction, Standards Association of Australia,
1972, North Sydney, Australia. (A complete catalog of Australian standards in manufactdying construction trades is
available from the Standards Association of Qustralia.) ,

.
’ 3

VNR Metric Handbook, Fairweather and Sliwa, Van Nostrand Reinhold <Co., New York, N.Y., 1969. While ‘based
primarily on practices in Great Britain, it contains metric information of interest to archltects building surveyors, civil
engingers, interior and industrial designers, engineers and building product manufacturers and could help in deciding
what metric practices to establish in the U.S. Building and Construction I ndustry.
. Y. . : ‘8
a) Going Metric in the Construction Industry.,No. 2 — Dimensional Coordination, 1968, Department of the
Environment (Ministry of Public Building and Works), London. .
b) Also from same organization, Metritation in the Construction Industry
. No. 1 — Metricin Practice (1970)

No. 2 — Calculations in St Units (1970)

No. 3 — Craftsmen’s Pocket Book (1970) .

No. 4 — Metric Reference Book (1971)

a) Metric Housing — The Transitional Period, Th i ding Agency, London, Sfb Ba 4, 1968.

b) Also from this organization: Metric Housj g — What it Means 1 69 _ j

Architect Journal Metric Handbook — 3rdf Edition (1970, The Ar ltectural Press) 9Queen Anne s Gate, LondogSW1

-

Module and ‘Metric "( The
5 Cromwell Place, London,

v and Practice of Dimension.

Coordination in Metric), Crocker, Pall Mall Press,

%
Metritation and the Hougfing Industry, American Metric Journal, 2, 5: 15 {September/October 1974).

NAM’s Metrication ProgrSeries of five reports, 1973, National Association of Manufacturers, New York.

[ 4

Metric Lumber, Lytle, Metric N\ws, 1, No. 5: 20'(May-June‘1974).

Metric Material Standards (steel and iron) Edwards, Metrlc N-ews, . No. 5:16 (May-June 1974). ANSI B32 Metrication

Task Force is developing U.S. preferred series of metric sizes for Wr Ught metal m|II products.
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13. Modular Coordination — Basic Module, International Standard 1SO (1006 (1973). Available from American National
Standards Institute, New York. 1SO is strictly SI {modernized metric system). ISO technical committee TC59 on
Building Construction has_generated thirteen Standards/Recornmendations relating to modular coordination, drawings
-and projections, symbols, vocabulary, tqlerance, doors, and joints. . .

e, ) )

14. US. publications and periodicals on metrication, coverage includes current activities and special topics.

~
“

* a) American Metric Journa'/, AMJ Publishing Co.,‘D_rawer L, Tarzana, CA 91346. -

b) Metric News, Swani Publishing Co., Box 248, Roscoe, |i. 61075,

c . Metrg'cQReporter, American National Metric Council, 1625 Massachusetts Ave., N.W., Washington, D.C. 20036.

d) U.S. Metric Association Newsletter, U.S:Metric Association, Boulder, Colo. 80302. '

° - ,

e) . /nformation ort the Metric System and Related Fields, 6th Edition, 1974, Lange, Sokol and Antoine, U.S. Metric
Association, SugquoafStar Route, Boulder, Colo. 80302. This book li1sts numerous metric resources. *

»

15., The Optimum Metric Fastener System, Ellison, Metric News, 2 {(1). 9 (September-October 1974) A single international
fastener system proposed by the U.S. is receiving coqsldefatlon as an SO standard. %

16. Standards — The Key to Metric Change, Benedict, Metric News, Part1, 2(2).7 (N ovember-December 1974); Part I,
" 2(3):21 (January-F ebruary 1975). ) .

» 17. Preferred Metric Metal Standards American Standards B 32.3 and B 32:4, ANSI, New York, N.Y. Jtem 12 above refers to
wrought metais. ANSI Standards Committee B 32 standards, in_addition to steels, apply to alumn:um, aluminum alloys,
copper, copper alloys and all other metals. K A
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