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D'earvEducath: = . : L o Lo T o
_ . . i ) . ! [} . ) .

~ A changeover to the metric system appears to be inevitable in the United States. The International System .

‘of Measurement, Units (S1) is-a language that most of the world is already using. The transition is necessary -
in-order tq_maintain our nation’s competitive position in.world trade. In fact, many businesses and several
industries -aré already using the metric system to manufacture or measure their products. Others are

. developing plans for the changeover, or for new facilities for metric-based produttion. The metric system

also offers several advantages to the educational process. It is a decimal system compatible with the U.S.
monetary and base teri numeration systems. Furthermore, the units of length, mass, area and volume are . .
interrelated and therefore easy to learn. ! : ’ ‘
. . . ) . ot . . , . ° . i ’
In tesponse to projected needs of Qregon's students and the adult community, the Oregon State Board of
-Education has adopted a resolution directing the State Department of Education to develop’plans for the

" .changeover to the Metric System of Measurement as the primary system of: theasurement in-Oregon schools,

to be completely phased in by-1983. The guidelines for the new Oregon school graduation requirements
included the recommended metric measures () in the Personal Deleop_’mept Section under “Computa- |
tional Skills.” “Measurement with Metric” has been prepared to serve as’a guide for anyong planning to
. conduct metric edycation workﬂops for teachers, or for the general public. Suggestions to teachers include
measurement learning theory, technical - irformation about the metric. system, and many sample
measurement diagnostic-learning activities. T . o
. . I o . . 3 o
An ad hoc metric advisory committee, consisting ‘of representatives of “industry, teachers, and
administrators has provided valug'ble"assistance in developing plans for meétrication in Oregon. A
“Measurement with Metric” work &onference on- May 2, 1974, was attended by professional educators
representing kindergartenﬂ;h{ug); wuniversity in several disciplines, as well as leadegs of business, industry,
and toﬁgfkrs; The confereés provided the basic philosophy for-the handbook. We are indebted to both groups
for their contribution in devefoping plahs for assisting Oregon schools in making the transition to' metric *
measurement. - = ‘ ’ ‘

«

For additional copies of this field test version of “Measurement with Metric,””or for.assistance in organizing
workshgps on metric measurement, please contact the Metric Coordination Committee (Ray Thiess, Don,
hJ

Fineran and Ralph Li"ttle) at the State D/epartment of Education. ‘ :
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- "PURPOSE\ : “. .. This handbook for “Measurement with Metric* presents one épproach to the teaching of the .
- S , . metric system. It is designed to provide guidance in the development of the basic concepts of
. I - 7 measurement. The approach will lead to and include the use of the metric system. - :

<
-

BASIC ‘A basic premise of this handbook is that concrete experiences—the “hands-on” approach—is the
PREMISE. " . best way to Jearn measurement. The “hands-on"" activifies are to be child-centered experiences
" that regognize the level of competence {readiness) of each learner and build upon and expand .
. that Mtence. The use of appropriate experiences willgradually guide the learner to the
' discovery of measurement concepts while at the samé' t‘ime’exciting the learher’s interest and
enthusiasm. o . :

.. 4 * B ) . ' . B S Ny

.

- OVERVIEW . , The first section of this handbook explains the rationale for'adopting the metric system and the
{ " - philosophy on which the suggested approach to teaching/metric is P&ed. ‘ _ , -

s The second section offers a variety of activities for the jnstructor to use. These activities may. be’
A used td diagnose the learner’s understanding of' pre-measurement skills and measurement
concepts of length, mass, area, volume and temperature. . :
o B o . . §
The third section is designed to aid an instructor in planning and conducting workshops for © -~
' teaghing the metric system. . T ‘ X
C . - A A
« - Section four, lmplementatipn Decisions, includes information about the materials needed to 2
’ : . implement a decjgior to “go metric.” Minimum materials needed, their eost, the appropriate-
. ness of the materials and the use of homemade materials are considered. The preparation of ™ .
teachers through in-service sessions is also discussed. - 2 L
g : , S -~ : ' _ i e
. A glossary of measurement terms is given in Section. Five,sand Section Six provides a T
. bibliography of sources referred to throughout this handbook. Co . )

.

v . AY ‘ .‘
ACKNOW,l,E}Dj;EM.ENTS The State Department of Education'Meti'i'c Coordination Committee ‘Wishes to express its

appreciation for the aid and advice .received during the preparation of this handbook to the’
following: - : . "\

. I. Conferees of the “Measﬁ‘remént Wig Metric-Cdnferenc.:e" hosted by Linn-Benton Commu-
" nity College on May 2, 1974. This u}vs the “grassroots” input from individuals from
business, Industry, education and the lay public; .

! g 2. Sub-group chairpersons at the Ma;' 2 cgf\ferer{ce;

s 3. State Department of Education Ad Hoc Metric Education Committee;
. . , , .
. 4. Mr. jgsse Fasold, State"Superintendent» of Public Instruction, ? . ’
T Mr. Leonard Kunzman, Associate Superintendent, Instructional Programs, '
Mr. Monty Multanen, Director, Career Programs, 3 : -t
Mr. Maurice B Burchfield, Director of Basic Education,
and others at th\e%te Department of Education;

5. State Board of Education for their affirmative action in adoptipg a metric conversion policy;

' o ) - 6. State Textbook Commission for their endorsement of thg State Board’s metric conversion
: policy statement as it applies to textbook selection criteria; ’

’ !

b * N . - : » , o o o

o caa 7. Mrs. Marjorie Covey who served as conferepce reporter and assisted in development of the
v *  handbooK; .

AR .

-




ER

Aruitoxt provided by Eic

O

L oee e

. J ‘
p . . ¥ .-
A / 1 . . "‘ * "
f ¢ \ ‘\’\‘ Gﬁ .
* J N R a
\ R (3
. N . o ‘n ~ N - "
' 8. Jerald R. Brown, Publications EdltOI‘, and Ge\orge §amp\l'e, raphic Artiét“;lgoth of the SDE
Publications Staff ‘ . \\ .
. . ’ . “ \‘ o o '
9, Numerous contributors of metric information articles from both in-state apﬂ aut-of-state, -
?\ “ - ’ . o B
[ » “ . ~ . ) . )
v i ' SDE Metric Coordination Staff Committee
S . Ray Thiess (Chairman), Specialist Science
o . . E fon. - *
. Don Finera Specmllst Math Educatlon
Ralph thtle, Specialist, Constructlon/
.. . Metals
o July, 1974 o
Q
i
o L]
K ‘;ﬁ;)' .
; : "
/
p
o 2
, »
. 7
. . ‘ . &
»
. ~ )




RATIONALE -

v o=

. EXTERNAL
- ' ADVANTAGES:

INTERNAL ‘
ADVANTAGES ;'

i The i)‘it,ega\a\lladvantages of the inqtric_ system are:- oy o .
g AN . * " ) :

*

'FOR MEASURING WITH METRIC

v .

" THE RATIONALE AND AJ(mLosomY‘. T
AT
|

Lot : o . e Tt . .

St is a fact that the metric system is coming to the WUnited States. The present concern is .
“whether it will come in.a haphazard manner, by bits and.pieces, or if it will be implémented,.i?
an organized manner. The adoption of the metric system'in the Urited States can be justifie
by th¥ external advantages and the internal advantages of the system.- :

] . - . I .

. Some pf the external advantages of using the metric system are: - BN
[y . N K . . . v

**« 1. International .trade and business talk the same measurement language. v .

2. The United'States is the only major trading nation not now using or converting to the metric .
system as its primary measurement system. '

.

3. Major industries in the United States .are‘rapidly expanding fheir use of metric measurement.

.4. Maore than 85% of surveyed businesses and industrigs in Oregon support conversion to the
metric system. The favorable attitudes of Oregon businessmen were evident in their survey ,
. responses even though they recognized that increased costs would sometimes be incurred. -

3. {n Oregon the State Board of Education is committed to a ten-year conversion period, On
~ /june 6,.1974, they adopted a resalution that calls for a plan and procedure for conversion
' tg the metric system in all phases of,public-ﬁd:;oﬁl/ooperation‘ in Oregon by 1983; and that
# criteria for the selection of textbooks in November 1976 include metric measurement as the

/" prirhary system of measurement. : .
L

L]
1

6. The Oregon Stat{Textb‘oo‘k Commission has endorsed the State Board’s resolution. e

\ .
é

[ . A ' . L . . -, Lt
7. Oregon school . districts “are preparing graduation requirements that .include metric
understanding and usage. . ; '
. »

a

’ 4
* v

¥

I3 L AN . ’ C e . . )
1. The me,tﬁc,\system is developed on the same base ten'system as.bur numeration system.

[

3 . ¥ ’_.'". : . ,ﬁ.‘ i i . :
’ 2. The units of ‘metric measurement are a logical system with larger units formed by using a ‘
*multiple of 10 of the preceding unit. . E

S 3. The simplicity of metrics is démonstrated by the convenience of our monetary system which .

v

COST OF
‘CONVERSION

e

EXPECTATIONS
' .| OF THE ¢

.~ \CHANGEOVER .

PERIOD

A e providsa vy enic [

£ sysfem. However, some general comparisons will b¢ helpful. =~ - .

has the same decirgal base as the metric system. A
1
' ! ) ’ . i , \
‘4, All metric measurement units for mass, area and volume are based 6n metric units of length, _ -
»  The interrelationships ameng metric units promote egsier understanding and comprehension
of measurement concepts than the customary nonrelated measurements we now use..

-
v "

. " " LY
The cost to public school districts can. be kept to a minimum. It is recommended that
textbooks using metric measurement as a primary system of measurement be adopted in the
normal pattern of textbook adoption. Additional supplies for teaching metric measurements
can be minimal. Many instruments, such as meter sticks and centimeter sticks and balances are
already available in the school’s science supplie#. Other materials can be homemade. Homemade

learning tools are inexpenive, and making themi can serve as an effective learning activity.
During the years of transition from our customary system to the metric syst\éﬁl, the rate of
_changeover will vary in different sectors of society. Some competence with both systems will be
needed during this period. Probably the most efficient way to handle the ‘transition ‘will be to
have two separate systems of measurement. The advantage of having separate systems is that all
" students will learn to THINK METRIC. People should not be encouraged to rely on mental
conversions between systems, as this may hinder rather than facilitate the adoption of a new




hildrén in the primary grades should learn basic measurement concepts with metric units used ) :
as standard measurement. units, Children now in the upper elementary grades may be taught the -
metric system as the primary system of measurement S

SUGGESTED. -
" SCHOOL .. -
POLIGY

TEACHERS | hose teachers WIthwexpertlse in.teaching measurement are encouraged to share thelr knowledge s
AND . others to help\ them become familiar with the metric measurement system. They also can N
' _'COMMUNITY . * be of freat service by helping the adult communhity learn the metrlc system as well as the entlre .
AN " voc#ional—technical commumty ' oo /

V;PHILOSOPHY The method for teachlng measurement with. metrlc suggested in this handbook—the

ONTINUQUS NONGRADED MEASUREMENT LEARNING APPROACH—and the premise
that. conicrete experiences (“*hands-on) is the best way to teach measurement draws heavily on
the learning theories .of Jean Piaget, Barbel Inhelaer, Richard Copéland, Robert. Karplus, s
- Herbert Thigr and others. In the booklet “Diagnostic Learning Activities in Mathematics for ' :
R - 7 Children,” COpeland revrews Plaget S Ieamlng theories and polnts out teachmg implications. He S
Semescmcs ol ge o then” sta;es, I S g ) '

. This knowledge develops in stages and is Iargely an internal process. It is not an
acqulred knowledge in the sense so many think of, the familiar stimulus-response
sequence, This places the problem of ‘teaching’ logico-mathematical knowledge in a
whole new context. lohnny m<y not be able to learn certakfi ideas regardless of how he is » .
o stlmulatc\d until. a certain point in time when he has the necessary mental structures . ' R
R . . "+ .,Another important function of the teacher is to provide an envnronment which allows |

- L e fhe child to explore physically the objects around him.” .

Karplus and Thier in “A New Look at Elementary Sc’hool Scnence” refer to Plaget in the '_~
following passage: :

: “This school of thought.has two related central ideas: (1) Chll\dren S mtellectual capaclty - ot
T . passes through a.number of qualitatively contrasting stages before adulthood, and ¥2) a :

e _ child’s interaction with his environment plays avery srgnlf cant, role in his transmon from
., . ! : one state to the next.” . . " Vo S -

-

; : K./\ o ltisin this spirit that the strategles in thls handbook are offered i .

. Teachers are encouraged to.adopt prOgrams based on both the basic concepts students need and .

the student’s present level of readiriess by using the CONTINUOUS NONGRADED MEASURE Y
S L 4, MENT LEARNING APPROACH. This learning approh is nongmded 'because students ¢an '
-, ‘ ' N begm with co‘hcepts at whatever level'they are ready for and then continue through subsequent
A e . learning levels. in an orderly sequence. Because the background exgerience of each child gives
- - ~ him a varied amount of kngwledge in different measurement concepts, it is important for the
AR R - « teacher to discover and.build.wpon the student’s knowledge, choosing activities appropriate to
JE . each student in each measurement,concept. Activities presented |n the second section may be

used as diagnostic tools and/or as learning experiences.

© “ MEASUREMENT The following chart illustrates the nature of the CONTINUOUS NONGRADED' MEASURE-
i . LEARNING MENT LEARNING APPROACH. It presents four major measurement concepts: length, mags]
CHART -areéa and volume. A fifth concept, temperature, will be dealt with briefly later. The
L ’ measurement concepts of time, money, and angles also should be Jearned. However, since these

o - . _concepts are not directly related to the metrlc system, they are not presented in this handbook

oy
.

ey

‘ - THE CONTINUOUS NONGRADED ME/ EMENT LEARNING APPROACH' J
O, v ] Pre-Measurement . Measure- )
, - S Learning N Skills , ment Ap- \
5 s Levels Conser- | Compari-  plication
vation | son
{ Concept . N N N
‘ - . . N N
Length’ — ,\\ A\ s —a
| o ©ON N b :
= Mass . : X\ k\ o
Aré'a. . _ N\ . N _
. Volume. - - AN — = L
' " The honzontal axis represents the sequence of learning Ievels The vertical axis represents ‘
R + the ‘measurement concepts: (length; mass, area, and volume) to be learned. ;
. t i . ) ~

‘I
N

~,: . . b . . ' \
(L S 2. N\




e The concept of length should be introduced first, because all other measurement concepts are :
~ based on length. However, students do not need to master all learning levels in length before ©
-~ . being introduced to mass, area and volume. Many learning activities can involve two of more

_concepts. The activities will .often lead to student progress, represented horizontally and.

vertically across the chart.'Students begin with thé development of the premeasurement skills; ,
- .. progressing to the nonstandard and standard measurement learning levels. The student may

" progress at his own learning rate_through the five levels of measurement. Individual learners

ot o .

. : : _may be at different learning levels for each of the measurement concepts at any giveh.time. = -

 PRE-MEASUREMENT “The principle of conservation (constancy) of quani,ity states that length, mass, area and volime
“SKILLS: v

| L do not change under deformation, réarrangement or partitioning, This is a relatively advariced
SR . CONSERVATION . concept. It takes many “hands-on” experiences using manipulative materials before conserva-
o ‘ o tion of quantity is fully comprehended. Indeed, leading learning theorists generally agree that . .
« o understanding this concept involves several stages-of intellectual devefopment. - - -
Cod | s B | RECOGNIZING EQUAL QUANTITIES ' -
~' e | , L tall, slim
- - M - : - B N short, fat -~ -
- . [N § ] : ) ‘y v L =“ ‘ R . K . ) :
- . R . . R : ) k o . ) : é‘\,
q » ,‘ ' T : “ . = 1 = 1 ' I ——] = (3 - (- ) Al'—':] v .

- 3 s X

COMPARISOTNV L Measurement is a way of déscribing'-’things',‘ usually by comparing. them to other quectsg
- ' Recognizing similarities and differences between and among;&iicts is the foundation on which'&}~

’ol

unit measurement is built: Simple comparison begins at a very\early age and grows increasingly -
complex ‘as learners develop skill in this area. Comparing and\estimating can be related, One -
approach would havesa child estimate and then verify the estimations by making. actual

. . : - - _compai'isons of‘concre\te objects. . :
TU o e Qualitative Compal;isbn: identifying similar objects by one or more broperties; color,
7-, £ shape, texture, prettiness, hardness, flexibility, etc. - . )
T P = Lo abo 1 .
R . A0 A o o AoADO 3 -
o . _ ) - (Crolo_[)' ‘ (Shape) .. -(Shape)  {Texture) . -
‘ t ; ) - " : : 4 o :
. P R )] N ) . . . )
- o e Quantitative Comparison: “recognizing objects that are larger, smiller, shortef, longer, etc.
_ | o PURS ' (Size) ' (Nﬁmber)' ' .. (Size)
7‘ i o . 4 2. ) . . ’ , . ) A -
g Q - S . _ , \ _ L 1
ERIC - T
. - R . : ' + N )




: . . L’ ‘.‘ s’ '
, ® Mat;}l:ing: recognrznng objects that ,are the same in number, color, snze shape, texture,
weight, etc. .. . v

N

| ) ; : | : \ h Q | B A (O \l\ O O ‘(Size) . - e

} L4 .- i ' - i - . . B ,
* : . ° . v . - \ " i N A . . = ,
o ol e ) v A |
: o - - B . ¥
8 . R ’ . . . ) ¢ . ‘ '
. e ' R ~(No. Sides) LT (Color): Q : .
o . Orderlng being able to arrange various sized obrects in order from the shortest to fongest,
<. - largest to smallest, Irghtest to heaviest, etc. .

ol 0 = g

- e

. . . L
H . ‘ : uv?

-~ MEASUREMENT T'he Skl"S apd understandrngs of the first two, Iearnlng IeveIs can be consla ed measurément '
SKILLS: - « readiness. Upon acquiring competence at the first two levels, the learner is realjy to experience °
UNIT : - activities designed fo guide him to dlscoverlng the need for “unlts", i.e., the repkated use of the
CONCEPT : w Sane. quantrty for purposes of comparing a second and. third quantity. The learner will find that

o : "~ - _ while comparison -was done with the upaided senses, he now needs more sophisticated means of,

. ¥ measurement:to supplement his senses, iThus the Iearner will be Ied tq phoose arbrtrary\un,
5} N of meaSurement and also appropriate measurlng instruments. -, .
‘ . ) Start; W|th the use of nonstaridard umts, such as paper-chps (large size), pencils, ‘books, sticks,

- - . .. straws, floor tlles, flngers, hands, ete. : ’ N
INSTRUMENT :. - = _‘~Experiem:es Wlt,h a yarrety of measurlng mstruments (aII nonstandard) will demonstrate that

BEVELOPMENT _ /
o : - : 1. Ob;ects can be measured ina 'variety of. ways " . ’ . .
. .. 2. Efficiency ip measurlng comes from chooslng an instrument appropraate to the ob|ect to be
. : B _ measured., ‘ .o . \ ‘
T . * ‘ L s ) ! i
S , 3. Some instruments pr‘ovide a more accurate measure than others.

4, Units of various's slzes are needed (e g, paper clip un|ts are satrsfactory for measuring short >

: R dlstances but not so’good for longer distances). s
- STANDARD . ~ , Understandings acquired atevels »-2, and 3 provide the p[erequ|5|te foundat|0n from which
UNITS Ly the learner will discover the ne for standard units, not only to'obtain consistent results but”
=" alsoin order to communicate his findings. W|th others, A ,\—

N o a

) Esﬂjnatron and verifi catlon of estnmates«xt‘h the.nonstandard units (and later with metric
rié

! v - units) should be emphasized. Sucht g Ce brings the learner to, think in terms of -
. e appropriately sized units, instruments and the reasonableness of h|s results. i
by . Lo e
. INTRODUCTIONOF - - Havnng d|§covered the need.for’ stJldard units, the learner is ready to meet the metric system.
M’ETRI¢ SYSTEM ’ Here the teacher can develop the logic of a measurement system based,on ten that will
‘ corr@spond with our numeration system as wellas our monetary system. _

1 »

, 3 " e Metric units of length are the basis from" which units of mass, ared and volume ‘are derived.

. ' ' Therefore, units of fength should be’ |ntroduced first, wuth various prefixes being introduced as

. . - they are neéded , @ N \

, a L o - T P s ) ‘ ,




R METRIC
+ ¢ CHART.

BASE .
. UNITS

-

DEFINEp
N -

4
%]

~

[

tr

.

_ The units in boldface type are
there are only four commonly used units of length, two of v
o . -vu' . . o

[

i - [
, & Howeve

Thé following Metric

a

~

o~

r, for purpbsesp?cont’iﬁx_fi
“nature of the metric system, students need some
‘of the complete system must be developed, even
e stressed. .

L]

LAY

.

Chart is presentéd here for severxl
- metric system, (2) to.show the origin of prefixes, (3}
and (4) to emphasize the units that are commonly used..

i

(3

ty and completeness, and.also
work with all six comifion prefixes.
though only the commonly used prefixes will

)

7' . METRIC CHART

K +
"

e g

for iilﬁsﬁaﬁng the base ten. -
“The logic .-~

-a

reasons: (Uto shov} the Jogic of the
o show the accepted written symbols,‘_

~—

those tgt will be Iearn:éd early and used most
Qlutge and three of mass.

often. Note that

< R
*
N

. kilqgggm:‘f‘he mass of on
Note: Because the gram is rather small, the

Note: The symbol for liter shou
- form of the letter J, except when in combinatio_r}%

e liter of distilled water at 4°C.

Bast’ ' Added . Addéd - Resuits - Written  Written Commorily |
Unit Latin- Greek S . Used o
o Pr?ﬁ‘xk Itreflx N A g . |
| meter* milli ; millimeter . [ 0.001 m 1mm | Yes =
meter ceénti centimeter| 001 m_ Tcm Yes .
meter deci - -decimeter () 0.1 m 1dm - No. .}
“meter ' v meter aJ m- m . "
| metey - deka dekameter | 10m 1 dam
J . (deca) S X .
ter’ _hecto hectameter | 100m { .1h
‘meter kilo -} ,,'ki'lome'ter" 4 1000m- Akm
[ fiter* il " mittitier | 00011 . | 1mi
liter« centi * centiliter  |.0.011 - Tel .
liter * deci. 1 deciliter 011 1d!
liter. R “fiter oy -
litef .. deka® | idekaliter. . | 101  Tdal
e (deca} "} . " - , '
liter., hecto ‘Hectoliter | 1001 i 1hl
Niter kilo Yilokiter | 10007 | VK,
gram* milli milligram: 0.001g. 1mg
gram * centi /.| centigram | 0.01g. 1cg  } :
gram deci . decigram . | 0.1g tdg - No
gram o gram g - g ) P
gram X deka dekagram .| 10g ° 1 dag ~Ng
: ) (deca)_. - : ’ o
gram . hecto’ hectogram | 100¢ v 1hg '_ - No
kilogram#* kilo kilogram 10008 . Tkg . Yes X
¢ b
e meter: The metric base unit of length. A mete is defined as 1 650 763.73 wave lengths in
. vacuum of the orange-red line of the spéctrum ofkrypton 86. . - e
e liter:  The metric*base unit:of volume (capacity). A Iiter}deﬁned as 1000 cubic
. centimeters (1000 cm>). .

Id be signified through the use qf itatics or cursive

e}(llogram has become the basic unitof -

__mass in the metric system. Thé mass of 1 cgn= of distilled iater at 4°C is one gram.” .
» Btdae , _

-

|

p
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METRICS AND
NUMERATION

. DECIMAL *. . -
NATURE -, -

A

[

~*“The metric pr'efikes can be rélated to the ‘a'blp'ropriate"yalues of the U. S. mongtary system.

-
4

. Monetary VaIUes Métric Values™~, | - .
: « K7 , ) B ) C e ce
l L ! , . “ ; ) . . ) . v ’ I -
' dolfar $1 0w, - . - - ‘meter,  f 7
) dime . - 10 01 decimeter | -~ - 7.
T et .01, - 00f .- centimeteg |{ ¢ - T

A fmit o om < 0@0{1  millimeter \H o

The lnetnc prefrxes can a{lso be related to the\ﬁplace values of oyr’ base-ten numeratlon system. o
' A .: R "k S
- - - P - \, .“V et g »
Numeration System : ; _M_etrié System* -, '
(PlaceValues) . . : ST e, -
[ housanas © 1000 "+t L g0 T g 4 K
v¢. | Hundreds 100+ . 100 i He%i:: o
| Tens 10 °* oo b0 Ca Deca
Ones . L, . B Base
.,| Tenths- 01 . - 01 L “Deci. v
"| Hundredths  * -~ 0,01, | 0.01 Seocenti f
.| Thousandths ™. - 0.001 -0.001" ~ ini -}
' o L. v . . . : R -t ",, P

kS ’ . K

' 'The previous chart |mpI£es thdt a competency students need is, the ablllty to multrply and

. divide mentally by 10, 100, and 1000. This will facilitate changlng to smaller or. Iarger me’tnc
units,

-
. . ..
Y . . w
. -

Learners shouId be encourage'd to use decrmal notation (0, 5 as one-haIf) The Use of fract/lons in

-

metric measurement should be mmrmlzed S

, - - AN A

The ’proper notation (symbols) should be taught from the beggnnung Correct symbol usage is
|mportant as it is used rnternatfonally in all Ianguages . » R

K Some rules for the use of the Internatlonal System of Units (SI)*Jymhols are:

1. Symbolsofbaseumts v o v o B

4

‘meter m Lot < “Liter'l (not L) \ -
square meter m2 . ’ : _kilogram kg’ T v SN
cublc meter m3 ( degreeCeIsius °C + ' oy e
2. Metrlc symbols ‘should not bwcapttahzed nor foIIowed by a penod _ .
3. The symbol for the plural i is the same as for the smgular ~" B O" )
. . ] Y M A9

4 Umts of area and volume must be written wrth an exponent 2:nd 3 reSpectlver m2, km2,
m3 cm (The pharmaceutical “cc" is not‘hsed to nndlcate metnc volume or capacity. ) ’

5. An ordmary lower case ‘1" could ‘be niistaken: for the num‘éral 1; therefore, the

rsymbol
should be. Wrutten m italics or cursive. ; - ,
ea \ . ' )

.

- 6. There must be a space between thl: numerical yalue and the symbol of the unlt

" ‘(
7 If a numerrcaI/vaIue is less than ong (1), a zero must precede’ the dec‘m‘lal ponnt 0 5 |nstead

of .5. . ) . u
s Y
* t'_r_om the F rench spelling Systeme lnternational U@"‘«tes i >
o : . .o -6- - T
. [ K ! . . : o




MEASUREMENT

~ ', APPLICATION .

-~y “‘—“H
MAKING =
APPROPRIATE

CHOICES ~ .

- " APPROXIMATE
" NATURE -

(]

*

e

.r“

o

Py

a NO-NO!

0 -

A%

4

=« . . B K
. . . Rt - . L. ¢

A9 : '
. . : . Toe

- .

- « 8. The degree symbol ¢ is necessary with Celsius (°C)4n order to distinguish’ if from coulomb

*

\

. - ¢ . . ) . * N ; . P
7. @ Many activities should involve air_e;t measurement with metrically scaled instruments.

-

- accuracy in gheasurement. S ‘

(C)—A unit for measuring electrical current. Kelvin has.no dégree symbal, Although kelvin,
- is the basic SI unit for absqlute temperature, Celsius is the interfiationally current unit of
“temperature preferred for most practical - applications. Note: This was - previously called
- “centigrade” in the United States, but Celsius in most other places. = | '
o \ . . ’ - - / . )

Constant use and practice with the mgtric syvstem are fiecessary to develop full understanding.
Metric units should be used at ;/every opportunity in every subject matter field. - )

® All metric learning should continue to develop from “hands-on* activities and experiences.
o The importance of &timating angd then verifying the estimation should bestressed. © ~ ~ ¢
’ ' z 7. o ” v
¥ .

be used,not the scaled-down versions found in some commercial

o The a_ctual_szize units shoul
metric materials.

) . . ' . . | s ra T
* As students progress, emphasis should continiue fo be placed on choosirig appropriate units df

measuremeht (unit of length to measure length) along with appropriate instruments with which
to measure (e.g., the bajance to measure mass). E S

""""" i
»
. e |

The importange of using the appropriately sized unit, should be stressed, Small units for small
distances and/large units for .large distances help provide convenience or a.greater degree of

I ' . hd
E &)

. T . P ‘ . A " N . . .
"\ Learners have often been given the idea that measurement is an exact science. “Textbaok

measurements” like ‘0.37°1 sometimes create the impression -that this measurement is exact,

<7 < " bt "0:37” prebably means the quantity is somewhere between 0.365 and 0.375. Every now

° CONVERSIONS: ..

=

v

-

and again. learners should be reminded of the. approximate nature of measurement. (In the
.interest of brevity; this handbook does. not deal with precision, significan digits, greatest
“possible erfor and refative error.) - T ”Q' - ‘

; e de; .

iy B L’ . . .
. kY N . .

a

. There will be little need for conversiom exercises between systeérg‘s\_When necessary, conversion,

tables should be used rather than memorized conversion factors.
1Y i . - ) i

Some approximate comparisons are useful. N R

" A meter is a little longer than:';yard. C BN

A liter is-a little larger than aquart. .
A kilogram is a little heavier than two potnds. : ¢
An inch is about 22 centimeters. v .

Some common metric references may be helpful.
A \

1 white Cuisenair rod is a cubic céntimeter. :
.1500 m is approximately 1 mile. . . ,

2. 1 plumip raisin has.a mass of about 1 g.
-1 nickel has a mass of about 5. -

~

09C is the temperature at which water freezes. o

100°C is the temperature at which water boils ' ‘
379C is normal body temperature. ' : :

1.1 (about 1 quart) of water has a mass of 1 kg,

1 standard paper clip has a mass of about lg ‘ .

A large paper clip is about 5 ¢cm by 1 cm; a wire diameter of 1 mm and a mass of almost 2 g.

Students geed:to THINK METRIC and not be dependent on a translated measurement system. -
"Thinking metric fneans visualizing relative size in metric units. Students should be encouraged ~

-~ to use the ‘more common metric units even when doing conversions within the metric system. .

Other convérsion exercises (such as kmto dm) and the addition of unlike Units are generally
Jmpractical. Everyone ‘Should understand the relationships among metric units as revcalc€ by
the base ten nature of the metric system. ' : X

- 5 . . i

T

=B
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: > WORKSHOPS v
. : . : j ) : : ] -Jﬂ/
AIM = This sectiongs intended as a guide for instructors planning to conduct a metric \gofkshop.
. Workshops may be planned for either teacher or nonteacher participants. - : .
P . . =
" L . ‘ The aim of "the workshop will be to teach the metric system through a re-emphasis of basic
: ‘\ measurement concepts. The model presented in this handbook, the CONTINGQUS NON-
‘ /& GRADED MEASUREMENT LEARNING APPROACH, is a suggested methed for doing this.
~ - ‘ .
- FOCUS ) “Hands-on” activities should be featured—gencrally, taught as the participants will be using °
" them in the classroom andfor daily living. Often they will focus on the slogan “THINK
METRIC” by using metric estimation, then verifying the estimate with metrically scaled
* instruments. ‘ . / R . '

4 " ¢ . t ‘ ’ .
RESOURCE Many resource people are available Th Oregon who.can assist by serving as worksitop resource

PEOPLE _ personnek. Pedple from these jnstitutions and organizations may be available:

. - Community colleges (most likely the institution in your area}
i " Colleges and universities ‘ : - .
S Division of Continuing Education ' L
> . Intermediaté Egucation Districts -
* S . Oregon Science Teachers Assdciation
: . +Oregon Council of Teachers of Mathematics ’ » _ .o,
" 1 - QOregon Vocational Agsociation ‘ .
e Oregon System of Mathematics ucation project ©° " .
A ‘ ~ Local school distrigt Curriculum Specialists . . ‘ B
_ . : ‘ - Qregon.Museum of Science and Industry v
o, : & Business and industry representatives »
State and Federal Agencies : . .
Lacal experts : - :

e

o i ) .
% »If you desire assistancgn organizing a workshop or in obtaining a workshop leader, the State
/ Department -of Educdtion Metric Coordination Committee will be available to hslp. The
-~ members of the SDE Metric Coordination Committee are:. I '
Ray Thiess, Specialist, Science.Education \
Don Fineran, Specialist, Mathematics Education
g - Rhlph Little, Specialist, Vocational Education

¢ * ) - A ‘ \ e 14 ’ .-
FOUR : . The four majo \S(eps' listed below are suggested_as key considerations for devefoping metric
MAJOR . measurement workshops. ‘ '
STEPS -
‘ a. Preliminary~DeC‘i§ions . _

‘ . b. Organization : -
- : . ’ c. Procedures . :
d. Follow-up : o ) ,
? w ' . ’ -, ¢ ‘ ‘

- : s : . T
. PRELIMINARY ) Sgme decisions the instructor will need to make when planning the workshop might include: .
' DECISIONS : ‘ . , o
1. Will the background of the metric system be covered briefly? _
' 2. How will justification for going metric be handted? ' o
r B ' 3. What " learning approach will be ‘implemented—the CONTINUOUS NONGRADED -
’ ' ‘ M'EASURE‘MENT- LEARNING APPROACH an alternative? B
v 4. How will the factual content of the metric system be presented?
‘ : , ' 5. Will the workshop operate on a THINK METRIC basis? _
. T ;- 6. Will the workshap consider the implications that going’ metric will have on all curricular
o areas; in particular, mathematics, science, vocational-technical and social studies? o
7. Will the workshop consider ways in which general puplic metric awareness can be assisted?

A

=

»
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~ ORGANIZATION : The instructor will want to have /a general pian of action prcp'aire'd. Some items for

* constderation are:
1. Purposes of the workshop » - S }
+a. Should instructor and participants or a representative group of participants choose and’

develop workshop objectives?

2

. b. Should a brief assessment of participant’s knowledge of the present measurement ystem >

be administered? {See sample assessment instrusmett” at the end of this section on p.13)
- c.” Which levels of measurement learning should be stressed? « . ,
s d. Which concepts of measurement (length, mass; area, volume, tetperature) should be
; » doveloped? ' , * '}
At 1 ¢. How should the workshep be cvaluated? Which forin(s) of evaluation will be most
L‘ ' appropriate to tht workshop participants—demonstration [activities, questionnaires, -
- - discussion, pre-test—post-test, other? - 4
f.~Should provision be made for materials evaluatign? ™~ - .
g Is the instructor willing to share the gvaluation of the workshop with the SDE Metric .
Coordination Committee in arder that suggestions‘may be incorporated in the resource

f‘f‘ handbgook to be revised in the spring of 19757
2. Instructional Materials ot R T _ IR
o . ' a. Have a sufficRnt guantity to permit participants to work in groups of two. . - \\
I b. Use homemade materials or plap to have participants make them. N
C " c. Planavariety of materials that perrits working with different measurenfent units at
N . various le: hing levets. , A S .
/\/?; s e . : : ¢ ’ " i . € .
- - 3. Activities . ; . i . - . s
. ~a. Select activities that will be interesting to the participants. | .
. . b. Choose ap 'ropr;gte‘activities’ for the specific’group in the workshop (primary teachers,
o - elementary teachers, businessmen, homemakers, etc.) ) ; ‘, 3 oo o
{. . 7'¢. Use activities that participants can adapt for stheir own use (in their classrooms, at work,
' athome). -~ . . T ) : £
s L o . '
SR 4. Nitty-gritties: time, place, room, tables, number of participants, participant needs (teaching
- level, if appropriate). - . ) _ 0. . :
5. Additional resource personnel who may be needed. (See “Resource Pedple,” p. 9.)
. PROCEDURES ' Consideration of the workshep’ procedtrfé’s should include: + .
) . .. » N
1. Having every participant actively involved in all activities. (Groups of two are suggested.)
. 2. Providing sufficient time for all participants to discuss and evaluate the activities.
~* 3. Relating each activity to appropriate learning level(s). T ‘ ’
, - 4. Using somie humor throughout and planning “inférest’ getters,” such as door prizes for
' “meritorious metricating,"ten-cent fines for using customary units in conversation, etc.
FoLLow.up . - - Evaluation of the workshop may take the form of demonstration activities, questionnaires,
; . - discussion of the pre-test—post-test tecpniqu‘és. Lo ‘ N
1. A very useful workshop evaluation may be to ask participants-to demonstrate competence "
: by writing activities which are appropriate to their own teaching level and.which illustrate
. . the levels of the measurement learning approach on some measurement concept. This
o ~ approach should provide materials that. teachers may take back for use in their own
A classrooms. : v : @
. ﬁ? ¢ ) ) ] A . o R
. 2. The questionnaire might ask the participant. to raté himself on a graduated rating scale to
) show his level of understanding before and after the workshop It might also include rating.
R and comments on the effectiveness of the workshop. - _ B :
. L . e . . / - o
, . 3. If discussion is the method used, the class may be interested in helping to decide how well
, " the workshop met the objectives previously developed. Further discussion. may concern the
following points: = = - o , - . P
L, Y .. JLearning approach o . ‘ s
S . Advantages of the imetric system
-10-_
Q -

N
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; » v © ° . _ o N C%
Fadl Function of estimation * . ) 3
/ , * Metric units and prefixes® ~ * | , : fasy
’ Useful activities o . o
Do you “THINK METRIC?" . . ' 3 .
) . .
y 4. A pre-test and a follow-up post-test may be used to compare dgvels of competency cfore
. . ‘' and after the workshop. Learning theory as well as content should\be considered.
SAMPLE ' _ The following activity 'i's offereq‘ as one example-of the kind of * ands-on’’ experience that can -
ACTIVITY- . he used <Q tedc measurement.- It. is important to note that the series_of activity steps
- encompassep all five levels of the measurement learning approach while working only with the  *
concept &f Jengths~- _ - : .
we C o, - ' o R "'»,. » \ .
. ! ¢ ) . THE PAPER STRIP ACTIVETY -~ ‘ e
- ; ' e .. 'lﬁ . . Actfop‘for eams of Two - ' )
GETTING ~ Materials. ne_ed to be prepared in sufficient quantity to\su_pz‘qaewh workshop team of two
. R,EADY" - . people ‘with four strips of paper equal, in length: 2 red, 1 blue; nd 1 yeltow. One of the re&s,‘

the blue and th@yellowy{;ips will'be pre-marked in the folloWing manner:

-

: \j{. '],..Select 2 “unit” which is between 3 and 8 cm in length. Ma“rl{ enough sets of 14ed, 1 blue and
"1 yellow to supply about one-fourth of the teams. Mark the strips as in the dia'"grgp so thg

a Io‘riguest part is equal to 5 unitdzthe next Z,’énd') the shortest 1 of the chosen unitss

a . N W . e N ' . i -
SR I I I N
S - . 2. Do the same for all other teams éxcept the “L\?nit" must be different frdm aboVe, alNiifferent
’ from cach other, and each betiveen 3 and 8 cm. This ill result in cach team having strips
marked similarly but of different Jengths among the- teams. ’ o,

) . . - + ) -
CONSERVATION ' Activity A. Each team does the following: ’ : b
A ~ . : : o : o

Al 1. Place the two red strips side by side to show theirlengths are the same.
2. Move one red strip to a new Igcatior_\. Now what can be said about the lengths of the two'ted
striPS? . . - -0 > g.« )
3. Bend one red strip into the shape of a V. Now what can be said'abouyt the lengths of the two
~ ) - red strips? v P
s . 4. Form a circle, with one red strip. Now what-can be said about the lengths of the two red
, ’ strips? ' '

5. Cut the marked_red'strip on the marks. Now what can be said about thellength of the
“erain® formed when the cut red pieces are placed together end to’end? What can be said
about the length of the “train’ and the uncut red strip? : L.

o .

Activi'tva'. Each team does the following: BN

v ’ . Cut the yellow and blue strip§ on the marks. Now using ‘all the cut pieces of red, yqllpw and .

«  blue: Y o - ' “ .
COMPARISON N 1. Sort all pieces by color. ‘ ’
ot ‘ 2. Sort all pieces by length.

3. Take one piece of each length and make a new arrangement from longest to shortest. Label
)

the longest g, the next b, and the shortest c. )
4. Mix all cut pieces into one pile. Find the labeled pieces. Find all other picces whish are the
same length as the strip labeled o and label each with ana. Do the same for b and c, labeling -
. " \

o with b’s and c’s respectively. S




. o : . L - l\f\’
% ) [ Toa . *

\ ' ‘ ' ' "\Q.“‘a o . S
. T ' Activity C. Each team continues to use their materials from activities. A and B, o y A
- UNIT CONCEPT . - 1. Using the unmarked and uncut red strip, show how many a’s will équal its length. Haw many -
" b's? Can you shaw thisby using 5% only? Why? - : - :

2, Have teams determine if the a\lengfh ¢an be measured only in terms;o'f b, b lengthonlyin + . .70
, terms of ¢. Ask the team to demonstrate their conclusions. o ' o
3. Using the unmarked red strip, have team members discover the number of ways that this

B e . strip length can be represented by using combinations of: & angc;aand c;aand b,

P , ' 4. Instructor and teams idenitify as.many objects to be measured as there are teams. ldentify a.

-as the unit of measurement for this activity. Have each\team measure all of the ')jects by

using their own a. Record the results for compariSon with other team results.. Note: A -
/ ‘discussion should follow that would - reveal that some tehms have the same (hopefully)

IE

numerical results, while other teams do not, L A
] 5. Have each team measure a small, a medium and a farge object. Méasure those objects three -
L o times, once in terms of @, once with & and once with.c, Then discuss which unit,q, 6 or¢c, °
L ? a v %v:}y found to bexthe most convenient f&g méasuring the sma\ll 'obiect, the large object. ~ ~

n d AR ! .

Activity D, Tearhs continue from Activities A, B and C. ' . .

- O gt

DISCOVERING . . 1. Present the teams with a hypothetical situation in which an “order” for classroom carpetiJng
A NEED- ' T s to be placed with™a carpet supplier via a telephrone call. The teams will attempt ‘to
STANDARD UNITS . communicate tlae room size in terms of their preyiously chosen yb or ¢ units to the carpet’-

supplier. ) .

3%

. . . e,
2. When the teams discover, that commupications

‘ have broker down due to the use of their -
T -~ chosen units, lead then fo the standard unit concept. S g ) o
METRIC SYSTEM - 3. Introduce some:standardunits of length. (e.g.cm, m). . : L ~

® ~ . Activity E. (2 continuation of Activity D) - " ‘ . j

APPLICATION ... 1. Have the ;teams measure the room using amappropriate standardunit, A discussion should ! :
: e reveal that all teams (opiimisticglly!) have the same results. Teams will then complete their - .

' ©, carpeting "order” using the telephone and thereby discover that communication is now |
possfble. . : S ' TR - \ o
v . : : Ty . - AN
: . T [ ¢ .
» .
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,SAMPLE . Ye Olde Familiar (7) Measurement
* ASSESSMENT - System. ST
INSTRUMENTS , *
- | b
L Fill in the blanks with the appropriate numbers.
o v VOLUME .
. . ) &= R e v " 4 ‘
1.1 quart. = ———pints ° T - 7.1 fluid ounce
2.1 gallon = — quarts © - - 8,1 fluid- ounce
-3, 1.barrel = ——)— gallons - : .7 9.1 pint,
4.1 gallon = —k- cubic iriches - s 10. 1 cup
. 5. 1peck = quarts * 11. 1 tablespoon -
6. 1 buthel = pecks ' " -
| . ‘ LENGTH
g 12.1foot = —— inchés N 15. 1 mile’
. 13. 1 yard = ——— feet ' ' 16. 1 cha\ig
141 rod | = — yards * . Y
" WEIGHT . ,
17. 1 dram ='r;-—'grhins . - - 20. 1 ton (short)
b 18. 1 ounce = ~— drams , ] 21. j‘ton,(long) )
‘ 19. 1 pound = ———— oOUnNCeS ] STy R
e -t . ! ]’
. o S 2 g AREA °
. - 22. 1 squarg inch = ;‘auare foot . - - . 25.717acre
: 23. 1 square foot = ——— square”inches - 26.71 square mile
24, 1 square yard, = ————square inghes ’ . :
o e hes
.o Evaluation Criteria i

- Score- . C ' ’

24-26 Super génith. Any measurement system is your bag! -
21-23 _ _Above average. You probably remember anniversaries, birthdays.
18-20 Pretty good. You're ahead of the average beé_r(.f
17-°0 Surprised? Have you thought about switching? —— Or wou
— SN ANSWERS -
1.2 ’ : 8.8 o 15. °5,280.
2.4 - - 9,16 16. 100 or 66
3. 31-42 gallons 10. 8§ - 17. 27.344
a2 1.3 C © 18 16
- 5.8 - 12,12 19. 16 o
6. 4 13. 3 ) 20. 2,000 {bs. -
7.1.804 14. 5% "21. ..1.12 short tons

‘Note to instructor:
of the present systefh,

o

i

The above assessmént may permit participants to observ
and (2) yet they -have been able to function. Hence,

’ N \

- everyone to learn all of the metric system\’in_ order to function. Would

drams

—_— teaspoons’

Wononon i

)

-

you agree?

2 LR

= ——— feet
= ——— feet

LY
¢ *

———— pounds’
pounds

T m——

. . “\.
‘_-,4

= e . acreS

Id you rather fight than switch?

a

22. .007°
23. 144
24. 1,296
25. 43,560
26. 640

e that {1) they do not know all -
it will not_be necessary for

——— cubic inches

fluid ounces -
- fluid ourices

’ square feet -

.

¢
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DIAGNOSTIC |
AND/OR
LEARNING

£

METRIC:

~

R,

.

- © ) ’ Y ) v -

0 T . .)'. o \ ) } '
) y 'ACle>TIES e Co - )

This section_of the resource handbook has: been developed as a.series of sample pre-
measurement and measurement activities, The suggested activities at each of the learning levels ~

.- may be used as diagnostic.activities to determine the measurement concept uniderstanding level -

of the learner, or as learning activities selected to meet identified needs of the learner.

Thit:appro;‘i:h allows the teacher to preschibe the most “approptiate learning activities
- progp’éssing/ vertically (i.e., concept-to' concept on ggzgiverf “learning level) and/ar horizontally

/7 lie. tearning level to learning level within quiv'e(megsﬂureméntconéebt). (Seechartonp.2;) |

In somé -instances a teaching n;-@wm’ay rcpresent botho vertical” and hqﬂzonta!,progreiise

if\volv}ng-;'tw;:yme Ent concepts. v . , - e
1t should alsobe noted that this handbook does not spell out specific strategies for.introducing

- sthe'metric system. itself, except to indicate that this may océur at the learning lovel referred to .

respmse»toéd@overed_neeil for a%standardized unit. g | R B

~ RESPONSE—"" . as “standard unit.” This placement ‘suggests that introducing the metric system occurs asa
s anT . : .« 7 LI y .

, * 'Even then, it is'geherally.fecommended by many teachers Vthat',p‘hl'y_ thdsé,bart'sj:iof*the metric

: a'stem be introduced which are needed by’ the students at that point jn their development..
déve_lopirig the base ten nature of the metric system. ° L
. ! ) i ; / N ‘ .." oo oo . . ) ) . ‘ . . - ¢
Although;’ the;r‘_ec‘ommen(ded .approach to the: teaching of mieasurement- is: throughmany

. “hands-on’’ experiences, teachers will still nged'tq,m'ake some decisions regarding the extept of.
~* -memorization - (base units, Yystem of prefixes, symbols), drill and- practice. In general, the-

teaching of the metric system as a part of the more basic area of the teacfiing of measurement, . :

offers many options to teachers in choosing from. their petsonal collection of strategies, '
y } o . e ) . g !

. ‘materials and methods of evaluation. .

. The numbering system used. to identify the suggested activities is not important in using the |
activities, but may make jt easier to refer to specific activities when offering evaluation for the
SDE .Metric Coordination Committee. The Roman numeral refers to a measurement concept, -
the capital letter refers to one of the learning levels, and the number.refers to an activity. o
) ) : ) s 3

.

CONCEPT I: LENGTH ,
" LEARNING LEVEL A: ~ CONSERVATION
LEARNI RVA “

- 1. Sée “The Paper Strip Activity” in the Worksh'op Sectiorg,' pp. 11 for a series of activities.én
length involving all five learning levels. X : : v

“

P

2. Provide two strips (such as paper or string) which are about.the same fength. The learner is
asked if their lengths are the same (trim off, if necessary). Perform several experiments to see
how bending, curving, félding, etc., influence the length. Then cut one strip into three pieces
to determine how cutting influences the length. s L b

3, Provide two sticks of about the same length. Place one on top, of the other but shifted a little
“to one side. Compare the lengths. Place one stick farther from the viewer than the othef.
Compare the length. = T - - )

‘4, Determine which of two straight line segments represents a‘greater distance. Is the distance
between A and B the same if sfanted? If one is vertical and one horizontal?.1f:an object s

" placed “between” A-and B? ' . o ] g

b
N
L

hile ‘stressing only the commonly used prefixes, the entire set of prefixes will be useful in

O




-

5. Have the learner form two identical rows of 10-15 squares (pre-cut). He can establish that
the number of-squares in each row is the same through a one-to-one cdrrespondence. If the -

.. Squares in one'row are then placed in a pile, the fearner can be questioned 'with respect to
the number of squares ifi-the pile compared to the number of squares in the remaining row.

6. Mark-one edge of each square with short diagonal lines. Then have the student arrange the
squares with the colored margins to form a continuous straight line. The squares°could then
be rearranged sa that the line forms a zig-zag pattern. Has the total length of the colored line

« ghangéd through rearrangement of the squares? . . R e

4 N

-~ 0

7. Have léarners demonstrate, on é'ggo-b\oqrd a number of different shapes all having thé same
perimeter. (Strips, ribbon, string, etc., mily be substituted for .the rubber bapds usially
used.) -k ’ s o ' » t ! . ' ‘ L * . ’('! ! [

8. Have teams'build towers, all using the same aumber and size of blocks: Have different teams " .

. build, their towers on different levels (floor, tables, chairs, stairsteps, etc.) Discuss and

" compare'the heights of the towers. o ) e

=\ . -
1

. CONCEPT I:  LENGTH-

LEARNING LEVEL B:  COMPARISON

ST List some ﬁommon'prd;‘)ert’ies other than size that can:be used ,'tQ‘comp'a_r'e objects; e.g.,
prettiness, color, texture, smell, taste, etc. Compare objects by the degree of each property.
. “Example: rdse to a rose, daisy to a rose, d'og to a horse, beach ball to a golf'ball, a rock to a

“shell, etc.’

~ .

2..Find a ribbon long enough to make a belt for yourself. Will a ﬁbbdﬁ."[ong' enough to make
two  belts match your hefght?. Using ribbon, string, or ugimarked tape, find how many °
“heads” equal one waist? your height? one of your feet? how many “wrists” equal one
head? one waist? one ankle? . -,
. 3. Measure the height of each student. The. cut individual strips of paper equal to the height of
" each student, Tape the strips to a wal| with each starting from the floor to form a graph of
 heights of the students in the class. Rearrange strips in order from tallest to shortest. -
4 Keép a graphic 'record to show the inc’réasing height of plants as they érow.-Paper strips cut
\‘ to the plant’s height may be used as vertical bars on a graph.

. Prepare a graphic record to show how. tall everyone in .your family is. Who is the tallest?
Shortest? Where do’you fit in? Arrange the record to show your family in order from tallest

, -« toshortest. You might even inglude pets. B ‘ -
6. Measure animals (hamsters, gerbils, dogs, cats) to learn “if a “measuring string” or a
“measuring stick” is better to measure height, length, tail, around the tummy, etc. Which
animal is taller? jonger? fatter? Measure the animal’s cage. |s there room enough for him to

~ stand up? lie down? stretch out? hide in a corner? . .

i 7. Measure your shadow and measure your height using’string. Which is longer? (Try this at .
i 7. 7 different times of the day.) Teams of three students measure each other’s height, then
‘ drrange in order from shortest to tallest. Now measure their shadows. Arrange shadow

.. 2" lengths from shortest to longest. : "

‘ 16- .

a
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STV I .~ . 8, Make direct comparisons of twd abjects by placing them next to each other; longer, shorter,
Lo S "taller, fatter, thinner, etc. Compare threé objects by placing only two at d time next.to each
e e - other (transitivity). Make ztmparisons of two large objects which ¢annot be placed nextto °
, I . each other (e.g., door, and Window) by using a third object which is si It@r, such as4 sheet
e - - of paper, unsharperied pencil, c’nalkb‘oard eraser, etc. (This provides an introduction to the
Y S . . ﬂ,nit_concept.) c e E Py s P
i, [ . T ' . | . - : L)
RN ‘ ; A - L, ~.“'~‘ : . : e e
] i . ° . CONCEPTI: LENGTH = . = = =&, ,
| . LEARNING LEVEL C:. UNIT CONCEPT - \s -
. ‘&ﬁ . . . . - . T

1. Lrearners measure variouis distances by making lines (frains) of sticks, straws, Cuisengire rods,

paper clips, their own foot patterns, etc. (e.g.,seven straws placed erd to end). Then measure

T some distances by using oply one object counted repeatedly {e.g., one straw noved and
e . o cOunted"sevent‘imQS); o NG S o

4 - 2. By stepping off heel to tge to heel, etc., find your “foot” count for \xar'ious’obiects“br -

[ ‘ s . shadows, Cut out a paper pattern of your foot and uge this for measuring a.vatiety 'of

I ' P e objects. (A hand or a finger may also be used.) Compare results. As a follow-up activity,-have

’ (/ PV o .. - the class ghoose one person’s hand, finger or fo ot as a‘common unit, then follow the same.. .- -
' B ‘ ., prosedures.Compare results. . B AU
N . . s L i ) ¥ .

“pace? to measure a variety of obijetts and shadows. Learners compare

S . R : e L Co J a

.- +3. Each learner uses his
© coresults. .t '

. " ) S - . ) -
"4, l?lsing:avstrifé cut to match theif ‘height, ask students to find objects half as tall or twice as

- tall as themselves. Fold the string to. form: halves, each -*U” may ‘become a “unit”. for
- . measurihg other objects. . .t o e

. . 5: Estimate the length’ of the chalkboard in terms -of pencils, ‘sticks, paper clips, books, paper
S . v ‘ * . strips, sheets of paper, linoleum tiles, erasers, etc. Then measure and verify the estiniations.” ’
o . I Tell a friend. about the length of the chalkboard in face toface conversation, ot by
v L - .* telephone. Write a letter to someone telling them how. long the chalkboard is. B

‘ ' . ) 6. The learner makes his own measuring “stick”hand measuring “tape” by using his own choice
L , ' of units. The sticks may be made from unmarked molding (scraps from the local lumber
1’_ , T b yard), and tapes. may be m&de from adding machine tape (perhaps reinforced with a strip-of
b ‘ c masking tape)or two strips of masking tape put together. The learner may wish to name his’
: uynit or his instrument to honor himself. After making estimates, the student -yses’ these
: o~ . . sinstruments in a variety of measurement activities. Have the learner compare his rgsults to
[ : those of others. ' : : : S

, e _ 7. Make several sizes of chains from paper clips, and use each chain asa unit. Have students use
SR U S L one of their units to measure a pre-selected distance {known only by the teacher td be about :
R - 10 paper clips long). Measure the pré-selected distance in terms of the following ¢hainsasa v
unit: a chain of 2 paper clips, 2 chain of S, a chain of 8, a chain of 10, a.chain of 20.
Meastire objects of various sizes with different unjt chains. Which size unitisbest? Q0
LU , ’ 8. Measure large objects in-terms o>f a snwall basic unit and “discover” the need for a larger unit
T ~ ! . which may be formed by using/a multiple of the basic unit. Then measure between limits
_» " (ie., this.paper is “between two an’d three” pencils in length) and “discover” the need to
subdivide the basic unit when ‘smaller units will facilitate more accurate measurernent.
. . . | Develop background now for later understanding of the powers of ten (decimal) nature of
L . St _ the metric system.J§* . : : —_— , = S

- CONCEPT I: LENGTH T :

P LEARNING LEVEL D: STANDARD UNIT

. 1. Place two meter sticks end to end as in the diagram. Point A is at'zero on the meter stick to
» . the left and other labeled points are located as shown. Write the decimal form of each of tie-
- - following lengths in meters: AB, AC, AD, AE, AF, AG, AH Al (Try FH, GH, HI)

1
@ .
'

i Ae ,.




" (This illustratian is ot to scale)

(Use meter sticks or actual size drawings, riot scliled, down versions. The same activity may "

be done with the points chosen along the millimeger marks torutilize, “thousandths,” .
RPN L N - . . Tt b

2. Reﬁaining métric measurements; This acti

*

~discovery” exercises utilizing decimat-fraction notatidyp which, hopefully, takes advantage of

. previously ‘learned ‘mental short-cut.procedures for myltiplying or dividing decimals by 10,

100 and 1000. Sore well setgeted excicises maj lead the learner to observe two
: * generalizations; (1) to change a metric. measurement to smaller unigs, multiply by 10, 100 or

SR 1OQ0, and (2)'to change a metric measurement to larger un}t‘s,",diwdgz by 10, 100, or 1000.
After discovering this generalization, some follow-up exercises'may be désigned ytilizing the -

' 7 decimal nature of ‘the metric prefixes in order to guide learners to another general

'~ ‘conclusion; i.e., “To rename metric measurefnents, ‘write the digits so that the decimal point’

. Isjustto t.he/r.ight of the digit in the column ?(plfcekof the-unit names.”-Examples:
. Y o » . . . A 3 A : ] . .
B 2

(E < B . £

- e §§ E . e 8 5 E. o
3. 57 9 1 om=35791m 2 4°6°8 m=2 468 mm
E £E5 55k L

3 .4 546°7 8 9 mm= 3456789 cm = 3" 456,789 m = 3.456 789 km

. Teachers have_used several forms of “expanded notation” in various ways to reinforce the
" place value concept of decimal numeration; an analogous procedure may be used to bring
out the decimal feature of the metric system. '

W

-
-

Examples: 356 = 300+50+6 356 -cm = 3 m+5 dm+6 cm
- 2573 =20+5+.7+.03 25.73m = 2dam+5 m+7 dm+3 cm
. ) . \’ . . q
. 4. Mr. Boyd Henry* jllustrates the idea of decimal-point placement with a simple, mechanical
procedure for changing from one metric unit to another by utilizing a staircase chart.-L ocate

the original unit on one of the steps of the staircase. Count the steps to the new unit and

‘move the decimal point that many steps in the same direction. . .
. S L . .
kilo-. | o
unit ' ' : : K
hecto- " '
unit
' deka-
.o . unit i

base unit
(meter, liter, gram;

vity prokides an ‘opportunity for some “guided )

L - unit
345.67 cm = 3.4567 m —
oy e ) centi-
b ' . : unit
o " milli
unit
"+ * Teaching the Metric System, Boyd Henry, Weber Costello, Chicago, 1974 .
. | S s

A
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he learners make their own meéter or centimeter “stick” or “tape’’ by using, unmarked
molding, sdding .machine tape or ‘masking tape. They.may use their own instrument in'a.....
variety of eqsurememf:?ﬁities. Estimate first! Have the learners compare their results t¢
, that objafned. by otherd. Activities should eventually include some situations which create a.
weed-Tor sub-divisions. Perhaps @n “estimation contest” may be held with team points for

) ' \ ' ‘closest estimation, second closest; etc, e
4 .., v, conceRTn LENGTH . | s 5 S
.- .. LEARNING LEVEL/E:  APPLICATIONS - e '

"1, Draw straight fige segments of the following lengths, by estimatjon first, then using a ruler
L draw the actuatlength: 1 cm; 10 tm, 10 mm,- 100 mm, 0.0l meters, 0.l ieters, etc.
SN L (Outdoor activities may jnvolve the meter and kilometer.) An alternate activity might be to
ol give line segments of various lengths; students should (a) estimate their length, {b) verify the - -
- estimates by measuring: . . .. o ‘ J R
. " . 4 T R e ' C . .

W

i S Y . e e A TP

SR Estimate, then meg‘s’ur’e‘each of the following: length and width of your. forefinger, fength . =

o ., of your shoe, lengthof your stride, your height, length and width of a dollar bill, length.and ~ -

- width pf a door, diameter and, thickness of a quarter, length and width of a large pape[?}lipp -

" and the diameter of the wire. S R o e _

o el S ' . N 3.-: Measure_the““bouﬁéééheighff’ of sév:é?ahl d‘iffe_rent'b'all‘s when dropped from several'different
- - o . . . B heights. ) . o . . ' ‘ , - .' . Lo ,;7;‘ . l Vi B R

y -
v

) - ' . ‘. , . ' Y i . o \w . . )
. R " 4, Measure the heights of objects and their shadows to discover a relationship. Then determine. '

the height of_, other objects by mqasuring itsshadqw. . = ... . A T

g Lo . . o Voo : e T ;- R A :
AL S . 5. “Mystery Measurements” contest: First, ‘measure assorted objects in the room— boxes, .
R : o books, games, cards, furniture—include. some;St,an'dard-sized_itemS'—rec'ord-the dimensigns, .
s e o (Depending on the learning level of the student(s), area or'volume may be used.)qwri_tg,s"eié o

ol : ' * " of “Mystery Dimensions” on the chalkboard. Ask students’ to ‘use their’ measuring
T ) ' o instruments to measure objects until they can . identify. the mystery objects. (The next-..
: ' mystery contest may be played with stugents contrjbuting their own. mystery dimensions.) "

- ' 6. Determine perimeters: The ‘teacher needs to prepare a wworksheet” by drawing a number of
C ' geometrical shapes using actual metric Jengths. Thé directions are simply “Using your metric
LI _ ' - ruler, find the perimeter (distance around) each figure.” Teacher drawn shapes may include a
variety with' the degree of complication appropriate to the learner. Here are a few examples: *

Group1: =~ - ; - N v ‘ ’ E J

3 ' - RN P . -
. -

Group 2: Find the total perimeter of the letters.




" 7. Construct as many rédtangles'as,{lo.u_ <an, such that.the perimeter of each is 20 cm and the
S

2. 'Using a balance,

- Additional activities - <t Y L

[ ..

width is a'whole number (i.e., 1, 2,3,.=.)of centimeters. This may. be done on geoboards,_
. metric graph paper*, or plafie paper. ’ - . o
DN ° I3 sofi L o . ¥ . . : o .
Lo ] . [.“.'-‘,‘\ 'T., . . N A oo .
- 8. Aré model cars‘really models? P‘fgfer.ably using a foreign car, obtain a model of it and the

' new car brochure. Use your metricruler to measure the model’s wheel base, front track, rear
- . -track, length, width’and height, Determine the: scale, then calculate the dimensions of the

real car. Compare your results to the Speci_ﬂgations given in the new car brochure. a

. 3
PRI ot ' . LI y » . . 3
‘ . . i B Y ~ .
- R ~ . v . .t . -
. . - PRI RN . .
. - . - N . . v, -,
- L . ot a - : . . - .

. - . 'L_ L R .. . .

. , . . _ .\»
. CONCEPTJI: MASS" ) " o
¢ LEARNING LEVEL A: CONSERVATION - S

o T{ffiéce a"lu'mp\gf'niodelihg-;cl‘ay‘ in one pan of a balame_séafe. Add obiéCtgi'";’é—'t’he otherpan . . _
* *until the balance is even.

-Now roll the modeling clay ‘into a long; skinny snake. Does it still
. balance? Does it balance if. yOu break the snake into little pigces? Does it still balance if the
“clay is molded’ into\ the shape of some animal? Compare a ball 'of clay .with the clay

- sauashed intga pancake. . G oo S0 O SRR e e

e -

. small bag of. “goodies” {corn chips; potato chips, efc.) After the two objects have balanced, -,
iremave the bag of “/goodies” from the' bafynce and- crush the contents. {Careful. with the
bag!) Return the bag of “goqdies™ to-the balance. Does it-baldnce now?. What does this..

1 A
- 1.:Using popcorn, first balance a quantity of unpopped.popcorn with a chosen unit of mass. -
~ Then pop that quantity and return the popped pogjJ
- not pop to-the balance. Does it balance now? : S < -
2. Using ice cubes placed in-a container, balance the icé cubes with a chosen tinit of mass. -
~'Let ice cubes melt.; Return the container and its contents (now ‘water!) to the balance.
Daes it balance now? ' . . ’ :

w
A

. : ’-' BN ' 3 f .
:,""1 o » . ‘ . . a o . ) “
CONCEPT 11:  MASS — | L
LEARNING LEVEL B: COMPARISON -~ . . .

1. Provitjeﬁ each team of two students with a variety of small objects to be hefted and compared.'

'

he student "wi‘,l‘l,i:omparé theé mass of an' arbitrarily chosen unijt agdinst a-

orn including the kernels which did

- for mass (weight). Find ;obje_cts having about the same mass. By hefting, arrange the objects '

_-in order from lightest to-Heaviest. Verify the ordering by using a balance scale.

-

' 2.-First by "liftihg to estimate, then by using a baiance-scale, compare pairs of objects to
. determine which has greater mass. Some suggested pairs are: ten pennies and ten dimes; 200
.kernels of unpopped and 200 kernels of popped popcorn; a bottle of glue and a like bottle

" .with water; a chunk of metal and a bag of feathers; an apple and an orange; a banana and a .

v,

s £
24

“ ‘tdngarine; 5 potatoes and 5 onions;a baseball and a football; a softball and a basketball.

3. Make a balance scale: You will nesd one fod {piece of mbldiqg; stick or ruler about 40 cm
or more in length); two lids such as large size mason jar lids or ,gae lids from'cottage cheese

cartons, refrigerator plastic containers or cutoff milk cartons; sompe string and masking tape.
Cut the string into 40 cm lengths and tape three strings to eachTid. Tape the threc strings
from each lid to the rod at a point about 2'cm from the end of the rod. Suspend the rod and
.its two “pans” from a string and adjust the string back and forth until the rod is level, then
tape the string to the Jod in that position. Use your balance to compare the mass of many
different small objects being sure to'compare them by estimation first. ‘

“*Ask science teachers where they get metric (cm?2) graph paper ' b

A .

IToxt Provided by ERI

i’
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. . CONGEPTIE. MASS_ - - e
. .. " LEARNING LEVELC:  UNIT-CONCEPT - - o

.1, Use the soda-straw balance to compare the mass of Smalknbiects to some arbitrarily chosen
- " unit of mass. One quantitative measure learners may make, is determining the mass of each
o . . component part of a flower. (Other measurefnents such as fength of stem and area of leaves
S ' may also be dealt with.) For example, to determine the mass of the petal, place the petal on’
S S ' ‘the pan of the balance and then turn the scréw out until the straw is level. Then remove the - -
M v petal and substitute the chosen units of mass (e.g:, round cutouts madz by paper punch) on

, L ‘ the pan until the straw once again balances. Other examptes of items fofWhich masses may
e e ‘be ‘determinéd are seeds, piecés-of ‘cloth, pieces of styrofoam, metal staples or crystals .of

SODA STRAW BALANCE .

Y Plastic- microscope coverslip
v < . . l‘ St

,’SodaSFriw_’ e

‘B‘ioék of wood
S Screw ~ Rubber Batd

; o L T (fits snugly IR )
e : " insidé end
L - of straw)

»

« Glass microscope slide
/ s o 2. A collection of iron washers of several sizes and with a number of washers of each of

- St . ‘measure the mass of various smalljobjects in”terms’ of combinations of washers, Students.
: ’ v . may have more fun by m,a,k_ing guesses first. Rééord and compare your results. - S

oL ", 3. Problem: Determine the mass of a rock in terms of an arbitrarily chosen unit. Use a piece of . ’
e . clay as the mass unit. By using 2 balance, compare the. masses-of the rock and one chosen
o unit. 1f the rock has the gredter mass, more urjits will be needed. “Manufacture” another
o . unitof clay with a mass equal to the first uriit.“Compare them on the balance. Then place - |
o J : "~ the two units.on one pan and the rock on the other pan to see if the mass of the rock is the -
e T . .same as two units. Manufacture more units«if needed. It the rock when first measured was.
' e " Jess than one unit, or on further measurement is somewhere between whole units, subunits
ate needed. Keep. at least oné whole unit intact. Subdivide’ another unit into halves,
comparing them on the balance. If further subdividing is needed, prepare % units in the same
S R “manner; Continue subdividing " until the . mass of the rock can be measured with a -
e .. combjnation of units created, . ‘ SR o Lo

x
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ST " the sizes is needed. Some should be very- small, others quite large. Use a-balance-scale to.
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"4, Make a balance: Drill a hole in the exact center of a meter stick for a hook, Cut off two half

- gallon milk cartons at 103 mm so that each is about 1 liter. Attach strings to the corners, -

Tape these to the meter stick near each end and adjust them so that the stick wifl be level

~ when suspended.. “Caveman bartering days" may be enacted by teams of students
representing different’ “tribes.” Each tribe chooses a mass unit-examples are a marble, an

N eraser, a small book, selected stones, a box of thumb tacks, a pair of scissars, a block of
. woad, a measured volume of water or sand. {In all selections the' teams will_need to- have

available a number of their mass units.) On the “fair-trade” bartering market equaf values are

the following mass comparisons: 2 units of rice =3 units of beans = 4 units of potatoes = 1

‘unit of yellow apples=1% units of red apples = 2% units of bananas=3% units of. .

" roranges = 4% units of grapefruit. (Painted rocks of various colors will do.) Each tribe is given
' only one commodity (or rocks of only one color). Attempt to barter using the “equal values

b for different masses” concept (no-monetary systemt), Since' the tribes do not trust each .
other, each transaction is massed ‘on each tribe’s own balance using their own chosen units, -

When the tribes discover “world trade” js seriously hampéred, ask:a “council of the tribes”
%o choose an “international” unit. Provide supplies to all tribes which permit them to
- measure with the “international’” unit. After some transactions with the intefnational unit,

a discussion may bring cut advantages of having an “in tgrfya_tionall”’ unit:
CONCEPTI: MASS . . .,
. LEARNINGLEVELD: STANDARDUNIT - | |

1. Ask students. to pyt cut-ou’;s;gf the drawings ‘below- together to-ct_Brm a‘big\‘M.;’The edges
that go together are marked with equal measurements of mass, - o O ’

+

g IR N

-consTsts of measuring the mass of an empty graduated container. The combined mass of the
values gives a measuré of the water’s mass. By using the above procedure, determine the
- for arefationship.. . - ey,

- 3. Scavenger Hunt: Students are asked to find objects having a mass which-matches various
ng as :

", advance by measuring the mass of a variety of objects: - - .
kg (the ‘teikcher):(".n' o R ‘ L e
kg (the unabridged dictignary) - - = ‘. HUTRCE
 kglachairy . 0 T . R

. kgta -:_onqret_e block Which h‘a‘bper.ls“'tof ﬁg nearby)

- 2. The mass of water in a container may be determired by using a balance scale. The-first step -
s container and a measured valume of water is now determined. Stibtraction of these two
. number of grams for the following volumes of water: 25 mi; 11, 31, 250 ml, 1500 mi, -

© 600 mi,"40 cm3, 2000 cm3; An alternate approach to this activity would have thé student .
determining the vofume of the water from a given mass of water. Encourage students to look .

© masses in"a giverr list by using-a balance. Suggested list, which the teacher prepares in

. e




v 1. Esti}nate‘ﬁrst; then by-using a balaﬂbe scale_find the actu

- . L

. kg (a bottle with almost | [ of water)
g (a math book) R o B
g (a chalkboard eraser) IR T .
g (a spefling book) : '
g (the apple on the teacher's desk) .
g (a metric ruler) o ‘
g {an unsharpened pencil)

Co.

%

4. Ask students to find “story problems" in their’ aﬁthmetic_boo!?s which involve weight. Ask

the students to restate the problems using metric units of mass which make sense. (Students
are not-asked to solve the problemst) : [T

[ -

CONCEPT Il: MASS R |
LEARNING LEVEL E:- APPLICATION =

books, a set of potatoes, canned food, stomes, pieces of W
yourself, one liter of beans, rice, sand, water; etc., erasers,|n
estimation contest for teams. Teams estimate and record,\ then verify by using a balahce
scale. A scoring system may be devised such as “estimatey-within 1 kg.are worth 1 team

, pieces of metal, your shoes,

point, within 50C g worth 2 team - points, within 250 g Worth 3 team poings, etc.” {In"~

particular, call attention to the mass of 1 liter of water, 0.51,0.21, etc)

3
o o

2. Divide the class into teams. The teams choose ifems whose masges are to be determined.
" Each team records the names of the objects and, the team gstimat’e of each object's mass,
Then the teams use balance scales to determine the mass of each object which is recorded.

The difference between the actual and the estimated mass is calculated for each object, The .

~ team whose estimate was closest earns 5 points, next closest estimate eaths 4 points, and so

- on. Highest total of team points wins. (Winnérs do not have to help put all the“equipment -

away!) - .

3. Collect a-variety of dry cereals in unopened chntainers ds nearly equal in size as possible. B¢

sure to cover the part of the label which lists the net contents. Collect a set of the same
containers which are empty. Learners calculate the mass of the net contents by using a

may also be done »witholaundry detergents, c,annerd foad, boxed .can'ﬂy; ets.

Jbalance to measure the mass of each coritainer with contents and without contents. This -

4. Provide ong large bag of unpopped popc‘ofﬁ and one - small bag containing 20 kernels of

unpopped -popcorn. Estimate the number of kernels in the large bag. Measure. the mass-of

" both bags of popcorn and figyre out the number of kernels in the large bag without counting
;'them. ’ ’ » o . - ! : .

5.'Make billfold-size cards with a centimeter scale along the margin, On-one side of the card
some approximate comparisons between customary and metric units can be printed. {You
may wish to include length and mass.} On the other side might be approximate metric

measurements of several carefully selected common everyday objects. If the students plan -

. the card and choose items to be printed, ihie project will be more meaningful to them. Ifa

" nearby industrial arts department works Wwith plastics, the cards may be plasticized.

Laminating is another possibility. These cards may be for individual reference, gifts to
parents_on holidays, gifts to visitors on. Parent Night during the local schools, “Metric Week”
or at “Open House.” They could be sold as a money-making project. .

CONCEPT ILi: - AREA o ‘ o
: - - . . . . :

LEARNING LEVEL A: CONSERVATION

1. Have the student arrange 48 paper corigruent squares on a table so that they form two large
rectangles composed of. 24 squares -each. One rectangle could.then be. rearranged 50 thatall
the squares were spread out. Ask the studgnt which. group covered more of the table, the one
remaining in a rectangle or the one that w;is*re'ar'rangéd. '

@' - . ' . R B : . . R
A .23. . . \ o R .
N >

 mass of many objects; such as

marbles. This may be done as a0’
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2. Construct four different-shaped rectangular regions; each of which has the same grea.of“ﬂft
square units, This may be done on coordinate paper or on a geoboard, {To relateto length,-
 ask students to find the perimeter of each of their rectangles.) - .

” P
<]

3. Provide a student with 16 right triangles cut from paper all the‘sa‘t%e size afid shape. Ask the _ -
student to put them in two piles so that each pile has the same n“ur‘nber of triangles. Have the
student place the triangles froth one pile next to each othar on the table so that he builds
seme kind of “shape.” Ask him to build a different shape with the triangles from the other
pile. Do the two shapes have the same area? If the answer is “ye3,” ask (1] for an oral
explanation, and {2) show they are the same by rearranging the triangles in one of the shapes

- to match the other shape, or by putting the triangles from one shape on top of the triangles
- in the othér shape. o - ! . S ; .

]

4, The ‘-‘chlds 6fGrass" problem: . ‘ \ : ,. .;a_ I

| - Pasture A ) .-" PastureB St

.

N : ,A R - . i_ \ . .
i’astures~ A and B are the same area. The three equal barns on pasture A when placed * - R
together are the same area as the, one barn on pasture B, Which pasture fias more grassland? . o
(tllustrations. can be done withdrawings, cut-outs, felt board, etc.) What would you do to- [(
_prove yeur answer? . ’ " ‘ ' o o . .
i s

CONCEPT IlI: AREA o
'LEARNING LEVEL B: COMPARISON:

1. Have each student draw an outline around his hand or foot on a piecé of paper. Have him

~ compare the size of his hand with the size of a classmate’s hand. By holding the twio outlines -~

. against a window pane, placing one over the other, students can accurately compare size of S

0 their hands or feet with those of their classmates, - . N . o _ '

' o e o] TR ¥ ) N :
" 2. Distribyte a picture to°each student. On the picture have: the student°circle some specific
-items; e.g., the largest ball, smallest.person or a small house. Next, have the student find .
- larger or smallér items of the same k&r%in other pictures. Have the student explain the - : .
choices to the group. TN o - A o,

3. The following activity involves comparison of area by counting how many small squares {or ‘
 triangles) there are in the larger regions. The child should be given a-cardboard unit square ~ °
and a cardboard unit triangle. He will place the measuring unit on,the drawings, mark off the
area by tracing around it with a pencil, and count the number of units in each region. He .-
then can order these-thtree regions«from smallest to Iarges} or largest to smallest.

PR

8

Sample 1: A _ ' o

ool B -

3

J measuring unit .
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K c . CONCEPTINI: AREA o |
' LEARNINGLEVEL C: UNITCONCEPT EETE
1. Determine the afea of a table top in ferms of sheets of paper, linoleum, tiles,” erasers,
. newspapers, books, towels, notebooks, blankets, etc, Discuss the advantages and dis
o : ~ advantages of the various units used. v B S

P T
)

K g trapezoids, circles, pentagons, irregular shapes, etc, Discuss advantzges and disadvantages of
C the various units used. ‘ S R . ~

° ]
i

, &3, Detérmine the area of a table top, the floor, a notebook cover and.the school grounds in
o " 0 terms of ofi ¢
*disadvantages of the various units tsed. ,
o . _ " 4. How many sheets of newspaper would be needed to paper the floor, or -lhﬁ{valls of the
S - room? a football field? the school grounds? : - AR °

5. Supply students with ‘precut figures including various sizes, of shapes appropriate to the
 learners, such as squares, rectangles, triangles, parallelograms, trapezoids, circles and irregular -

at . . combinations of these. The figures may of .may not utilize whole number dimensions,
o - according to the needs of the group. The cut:outs may be of cardboard, tagboard, plastic,

h : o . “ etc. Students also need graph paper. Ask students to ¢hoose a unit of area and designate it .

L by outlining “src unit” on their graph paper. Place the cut-out figures on the graph paper,
: - : Zand draw around the various apes. Count the number of their chosen units enclosed by
N B ' ~* each boundary, This will probably create a problem for some discussion and decisions about

' _approximating and the need for.a common ‘unit. This also presents an opportunity for
- estimating, then counting. An alternate activity may be to ask students to outline or draw a
‘number of shapes all Raving the same area. - . . '

[y

- 6. Each team of students selects an arbiteary rionstandard unit to measuﬁé‘thé area of the floor - "
and the area of the teacher’s desk top. Teams will decide if they want to use the same size -
unit to measure batf areas.'After determining the two areas, each team will prepare a letters’

‘ ~ S0 - inwhich they place an order.to a supplier for.carpeting and formica: The letters
| read to the other teams to see ifs there is suitable Information to fill the orde
o Ca students discover a lack of communication®(the need to use standard units), the

o A .". . askedto develop-aplan fo“r meeting the (f:ommunication gap. P ‘ '

CONCEPT lIf: AREA | _
LEARNING LEVEL D: STANDARDUNIT

o e combinations of these. The figures may of may not utilize whole numb2r dimensions. The
‘ ‘ cut-guts may be-of cardboard, tagboard, plastic, etc. Students also need graph paper—

T -~ 2, Determine the area of a table top in terms of rectangular sheets of paper, squares, triangles, -

ttle squares, middle-size}squargs, large squares;D‘iscussme advantages and

R SUpply students with precut figures iincluding various size shapes appropriate to the learners i
- .such -as squares, rectagles, triangles, parallelograms; trapezdids, circles: and irregular -

centimeter scale. Ask studénts to outline 2 unit-of 1 cm2, Place the cut-out figures'on the '

)

. - 3

«
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. graph ‘paper and draw around the various shapes. Count the numberlof units enclosed by -~ < o -
each boundary. Students will be faced with some approximating. Encourage the students to : s ‘ '
estimate before measuring. A follow-up activity may . be-to ask students to develop - _ '

Ty mathematical expressions which express the area in terms of dimensions; e.g, A=lIxwfor - ! - ,
the area of arectangle. ., .- " o : e - -
. o . : _ o . ' co -
2. Centimeter graph paper will be ‘necded. Students trace the outiine of.their hand on the ) '
paper, then find out how many square centimeters are covered by theit hand. Discussion will

. bring o.utfgbme thinking about approximating. Trace around a cube on the graph paperand =~ S
determine the area of one face of the cube. Does it matter how you place the cube on the . ‘
-graph paper? What is the total area of all faces of the cube? T e B e
3. Students may édft;ttyct their own “area ruler” (area grid) to usyfo‘r measuring area. ., -
- Construct a centimeter scale grid on a-sheet of clear plastic. A unit is one of the squares, e

Tem .by 1cm. By placing this sheet on vatious drawings, the areas may be found by - o | |
“ counting the squares ‘within the boundary. The drawings may include squares, rectangles, R
‘triangles, farallelqgrams, trapeiojdgor combinations’of these which form irregular shapes. :

S B -

4. This aetivity involves Cuisenaire rods, but only 2 to 4 “teri rods” and only 5to 15 “one  * e
- rods™ should e provided. Use the rgds to discover a plan for finding the area of the bottom '
. - of severat boxes which are small ﬁnhgles or squares whose dimensions are cach 55 cm or
~ Tess. This activity may also be don cardboarq cutouts, Five to 15 squares Tem by 1cm
and 2 to 4 rectangles 1 cm by 10 cm are needed. The small boxes may be used again or -
drawings of rectangles and squares will serve. The more adventurous leaders may rise to the - : ST
challenge of developing a plan for determining the area of triangles, parallclograms, i
trapezoids, etc. ‘ . o : ‘ '

»
P)

ry " N .
o e

CONCEPT Ill: AREA . , L "‘I - R B
. . ( : - - - . A . .
'~ LEARNINGLEVEL E: APPLICATION . - /

.

1. Supply students with precut figures (or actual size drawings) including various sizes of shapes ,
" such-as squares, rectangles, triangles, parallelograms, trapezoids; circles and irregular .
‘ . combinations of. these. The figures may or may not utilize whole number dimensions, The .
. cut-outs may be cardboard, tagboard, plastic, etc. Students also need mettic rulers. A . - :

~ decision must be made as to whether to provide formulas to the students. Ask the'students - - R
to measure, the figures, then calculite the areas. A follow-up activig' may be to ask students .- . : . tos
to ,constnﬁ:’:s many rectangles as‘gossible having an area of 24 sm2 with a length which isa. T -

- whole number of centimeters. Deteriiine and compare. the pefimeters of these rectangles. . -

Another follow-up activity may be to construct rectangles of the greatest possible area and ' '
the least possible area, each having a perimeter of 16 cm. ' :

- 2. Play “Mystery Meisurements” game using area measurgments. See directions in. the A oo o
~ length/application activity number 5.(p. 19) T A L
. 3. Each team of students will develop- a redecorating plan for their classrogm. Choosing

appropriate metric measuring devices and units, cach team will measure and determine the
materials nceded to do the following:-1) carpet the floor, 2) paint the walls and ceiling,” T o

- 3) prepare drapes for the windows, and 4) cover the teacher’s desk and a classroom table IR ;

with forniica. Try. “telephoning” their order- for materials_to .another team fo sce if -
" commuypication is possible, : . . .- o

(i

-0
3 - td .

4. The stud?.'nt_is asked to determine the area of an irregularly shaped object such as feaves of ' "
. varlous trees or shrubs, Find the mass of a shicet of graph paper. Determine the number of '
" squares.on the page. Then caltulate the mass for one square. Trace the leaf patternop the - :
- graph paper and cut it out. Now find the mass of the cut-out and compare it to the mass of . . o
ane square Yo determine the number of squares covered by the'leaf, (Be ‘alert for possible :
-canfusion between the quantitics of mass and area whert mass measurements are being used

ta determine arca.}) Compare the results found by this methad to those determined by B o
* counting the squares inside the outline of the leafl. - T I S . : -
& . N & . B . - .26‘ ‘
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. * CONCEPTIV: VOLUME '
LEARNING LEVEL A: CONSERVATION

-

- 1. Balance one group of blocks agéinst a different group. Db the groups stilf balance if you
build one group into a house? . . o S

2, Pour a quantity of liquid or sand from a short wide glass into a taller, narrower glass to find

} E ~  that the volume does not charige. when the shape is changed. A half-gallon milk carton cut

- .. . « off at a lire about 10.3 cm from the bottom and a one-quart mitk carton cut off at the fold .

' T - can be used. (Each will contain about 1 liter.) Pour from one container into the other. jars -
* and cartons of various shapes and sizés could alsobeused.. R

v

- £ - . . B
_ Sl N 3. Pour about 650 ml of colared water into.each of two containers which are the same sizeand .
. R shape.  Four tall narraw glasses and four shoit wide glasses or Cups are also needed, '

C K * 1. Ask if the two containers contain the same amount of water. Adjust, if necessary, until
. _ ‘thelearner agrees they do. © - B s e '
’ 2. Pour alk the water from one of the containers into the four namow glasses. Ask which is
“more, the liquid in the four glasses or the liquid in the container. -, ) '

r S 3. Pour all the water: from the four narrow glasses back into the original container. Then
“ pour all of it frony that container into the four wide glasses. Ask which is more, the liquid
in the four glasse{or the liquid in the container. * = ' - :
o 4. Pour all the liquid from the other large container inso the four narrow glasses. Ask which *
K D - set of glasses has moré. Verify. by pouring from each set of glasses back into the ‘original
c. . R -containers ahd comparing again. S T ? e :

e 4 Ask me\stﬁdeﬁt-to predict whdt will happen when a sol%&.cylinder of aluminum |s submerged B
~__in.a container of water and then replaced with a solid cylinder made of another material.
“#{Reminder: 1. The cylinders must always be the same size and shape; 2. The cylinderscan’ .

Lo o " - be-cut from rods of different materials; e.g., aluminum, steel, plastic, wood, etc. These are

P . obtainable from local metal shops, lumber yards and craft stores.) Verify the predictions.
.. CONCEPTIV: VOLUME e L

. LEARNING LEVEL B: COMPARISON -~ -~ ~ h

° =, 1 Pgoyide sttdents with. a variety of containers’ of different shapes. Teachers may wish to
choose_sizes to include 250 ml, 500 md, 11, 1pint and 1 quart. The containers may be, *
_labeled‘.A, B, C, D and E respectiv I'y,, but the volumes should not be indicated. Using sand .
or water for repeated filling and pouring, a) order. these five containers from lafgest to .~ "
smallest, arid/or ) discover which containers are equal to muitiple aniounts of a smaller
container. ' LT ' - ,

’ v

2. Provide students with hollow models of cubes, rectangular prisms, triangular prisms, square: .-

| B I ‘ _base pyramids, cylinders, cones and spheres. (A funnel will also be helpful.}The cubes and
s L " square-base pyramids should have equal bases, and the length of their bases should equal the « - ]
' ~ diameters of the cylinder, cone and ‘sphere. Compare the volumes of the 3-D figures by -

filling with watér,”sand, beans, etc., and pouring inta the other containgrs. Some students .. -

.o ‘.-, may discover several specific volume relationships among themodels: - . .
v . w . 1 / . - i ” R .‘ v . Lo .
-4 = . CONCEPT1V: VOLUME ot
_ R B " . - -‘ . ".' L y ‘; P . 51" .
LEARNINGLEVEL C: UNIT CONCEPT - - DR
o 1. Shaw:the learner one container with z}\given amount of water (three to five vialfuls) and ask -
_ ‘him to determine how many vialfuls were poured in. First:start withi full vialfuls; then half. =~ o
. o vialfuls, and finally a number of various-sized containers ta pour into the larger container. o

2. :Determine the volume of a box in terms .of bgdks‘ bricks; candy- cartons, toy blocks, -~
S , Co 1Cuisenaire rods, cereal boxes, packing-cases for refrigerators, etc. Discuss advantages to be.
T - jained by a conveniént choice. . Lo~ e A

@ v




. 3. Determine the volume of a box in terms of toy blocks, golf or ping-pong baﬂs, c.ai'ls,.}ﬁilk»'

cartons, perfdme or pop bottles, cylindrical tile, etc. Discuss advantages. to be gained by a -
*  'convenientchoice. i S o

Yo
PPN AN

4

' . B

* 4. Determine the volume of several different sized boxes, the room, or 'thq‘gyrhnasibm:in terms -
.. of Cuisenaire rods, toy blocks, middle-sized cubes, and large cubes. Discuss the advantages to
2. ' begained by a convenient choice ingach case. | e S
. ’ - N . ’ L. :/’ N ) ) N
5. Provide - the following equipment: eye. drappér,: ong measuring sgoon, three containers -
(small, . medium, farge), source of water, Using the eye dropper, find how many drops of
water fill the measuring spoon. Calculate the number of drops ofiwater required to fill the
largest of e three containers.’ Pourings are permitted. Explain” Tiow=the answer was
+ Obtﬁined. . v ) . B ' ’ - . - A . ,‘
T . Ty . e - : .-
6 Formulas or ‘recipgs’g*iver'i in parts'einphaSize-me need to select units of measure"Students
. Mmeasure to mgke play-doh, bread dough, ggkies, punch, finger paipt, or papier-maché. Such
Cas , RN &
. qe . . o . . . . .

. . . " a
o .

‘N ~‘ ". -

- Chemical Garden Punch "
1 part household ammonia . v . -1 part fruit concengrate -
3parts watér . - , . 4partswater ¢ '
3 parts table salt T 1 part sugar
- 3 parts bluing - S S Ve
g . . . . ) D " e .t l‘ i Vo
'Mix together and pour over rocks, sand, ~How much will the pitcher hold? How many
sponges, wood, or bits of brick, Spread out little cans of concentrate can be used so the -
An a metal -tray. Let stand. Watch the - pitcher wiil be filled with punch? How many
= grystals grow. . © . <. .. ' cans of water will be needed? How much =
R . C punch is needed to serve the class? Suppose °
S T e everyone wants “seconds?”* Suppose half the
' ‘ a _ class wants “‘seconds?”’ o

“ 4
i

. CONCEPTIV: VOLUME

v

L]

" LEARNING LEVEL D: STANDARD UNIT * . SN
;‘ . . . M B

1. Provide each’ team with three or four bottles or jars of various sizes (100 m!to 1000 m #)and
- shapes and also throw-away. 1.V, bottles from the local hospital. (They are graduated one
' ,,ﬁg"buttlés.)'Ask‘students__ to observe the numbers and lines oni the’l.V, bottles. They should
. find numbers for 100, 200, 300,..". 1000, with a little mark between the hundred marks.
4 " Ask students what amounts are indicated by the fittle marks. Ask students what amgunts are
* % - dpproximated when the water level is’ halfway: between one of the little marks and the
number marks on either side of it. Have students.list some of the amounts ‘that can be
‘measured with the LV. bottle; e.g., 600, 625, 650, 675, 700. . . . What.metric tnit will be
involvel with the number 625? Now have the teams estimate, the volume ‘of their other
~bottles to the nearest 25 ml-After their estimations are recorded (to the nearest 25 mi),

- teams will use the I.V. bottles to verify. the estimates. This activity could be an estimation -
contest with points awarded; so many team points for estimates within 25 ml, fewer teamn

- paints for estimates within.50 ml, etc. - R o

P v

2. Estimate ‘tHe amount .of liquid in partially .filled containers of knawn volume. Give one -
v estimate in liters and one in milliliters for each contairier. After estimates are recorded;
. meastire by pouring into calibratéd: containers. This may be an estimation contest with team
puints . determined on ‘2 scale of so many points for estimates within 11, 500 ml,

. 100wl T0ml

o




a

N Thewental  omeESl 1soomiwhenfull
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5 ml'when full . _ . 3~Iiter‘swh,enfullv

200 mi when full
- 3, Determine the volume (in ml and in cm3) of obijects by noting the amount of water
disnlaced by. the object. The objects may be regular or.irregular. shapes-made of madeling
clay or other:small, sinkable objects. Estimate the volume of the objects in milliliters and in
cubic centimeters. Verify the estimates by immersing the objects in water in a graduated
container. Calculate the differehce in,the water level to .find. the object’s volume in
milliliters. Students may already know 1cm3 of water is 1 ml, but if they don't, some:
measurements of the regular objects may be used- to calculate ‘the capacity ift.cubic
centimeters. This result should be compared to the volume in: milliliters. After discovering
the relationship, the cubic centimeters in the irregular objects can be found easily.
Estimation Contest: A set of calibrated measurinig containers aid a collection of containers
of varyjing sizes and shapes will be needed. (Inclu_likxottlés that contained shampoo, mouth
wash, hand lotion, detergerits; ice box containers; jarg; syrup bottles; milk cartons, etc. Some
- should be decorative (irregular), but some should. have. a'sinipie, more common shape.’

- Arrange the contajners in pairs, so that within the pair the containers will fiave different
volumes, but not so different that it is obvious which is larger. By eéstimation students guess
which container in each p'air-,has the- greater volume. After recording their guesses, students
will use the calibrated measuring coritaimers to verify their guesses. A scoring system may be
used to determine the “Champion Guesstimater.” -~ -~ T T

5, Test Your-Eye Game:jMaterials include .one graduated container, a set of three glasses

. distinctly different in shape, a set of three bottles distinctly different in shape and an .
‘unmarked container capable of holding up to. two-thirds of the %apa_cit‘\," of thé graduated
container. Game procedure; (1) Put whatever amount of water you wish in the unmarked
container, (2) pour a/l of that water into, the three glasses so that each glass has the same
‘amount. Pouring back and forth to a’ditinst the amhount js permitted if the graduated container

_js not used. (3} Check your result by pouring the water, oné cup at a time, into the
graduated container. Record the results; next; play the same game using the set of three
‘bottles. N v — ' '

-
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3. $taide'nts may- indirectly measure volune of an irregular ‘solid }

4. _Ask'a teém.-'bf six students i‘tofdm

g CONCEPT v

~

o

6. Make a.cubic decimeter by cutting out six squares each 10.cm by 10 cm and taping the

- squares togéther to form a cube. What is another name for the capacity of the cubic

- decimeter? Verify by filling your. cube with a quantity of beans which have been measured

in a standard liter container. Ask students to find a way for measuring 100 cm3, 260 cm3,
etc.,nsi_ngt_heirutvndmi < T

o
1.

CONCEPT 1V: VOLUME o :
LEARNING LEVEL E; APPLICATION ' v

1..Supply students with & set of 3-D solids of various sizes and shapes such as cubes, 'recvtangmar ‘
prists, triangular prisms, spheres, cylinders, etc. Cardboard boxes of varying sizes and shapes

“tay also be used. Students need metric rulers. A décisionn must be made as to whether to~ -
-, provide formulas to the sfudents, Ask the students to measure the figures, then calculate the

“~volumes, (A review activity may be to ask students to determine the surface area. Another
approach may bé to ask students to draw on papera “cover” for the entire 3-D figure.)}

, 4.

2. Play- “Mystery Measurements” game using volume meastirements. See directions for the =

length/applications activity number 5. (p. 19) - Rt
, ; ck. Pour water to'a.
predgtermined point in a graduated cylinder. Record’the predetérmined level of the water.
Immerse the rock in the water. Note* the change in water-level and record the new/ fevel.*"

~ ‘Determine;the volume of the rock jh millifiters,

an unspecified quantity (approximately a half liter) of
fruit juice equally among the team membdrs. Provide the team with (clean): “(a) 100 ml

. graduated cylinder, (b) 10 m1 gradyated cylinder, (c) a dropper, and (d) six. cups of different ~

~sizes and shapes. Upon successful completion of the activity, permit the téam to drink the
juicel o oo EUC L R S

. e

'TEMPERATUR_E o S

1 Use an Ubgraduéted | iqhidfvimgla's“s thermémeter to make arbitrary units of temperature. The."
. ungraduated thermometer may be placed in-a mixture: of ice -and water and then in.a

- container of boiling water. The two “fixed” points should be marked on the thermometer
stem. with a gredse péncil. Subdivide the distance along the stem.into equal “uhits” between

- the two “fixed” points, Numbers may- be assigned to-specify points on the scale: Keep in

‘mind that number skills are needed here>the five- and six-year-olds may -use & color-coded
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. _ / . ' 2. Have the learner measure the témperature of two pans of water. The temperature of the two. :
o o pans should differ by about _10“C. Then give the child a third pan of water that is stifl !
anoether'—t_empera!# re, By feeling the water the learner estimates the temperature of the water .

in each pan. The learner will orfler the three pans of water ffom the coolest to the warmest.
Verification of the ordering is determined by the-use of the student-made thermometer.
3. Have students estimate the temperature by feeling, then by using a Celsius thermometer.
Al . . N k3 . -
R ., . . . . . . Lo B .
L _ . o - Group 1: . cold tap water, hot tap water, ice water, . o S
| - v L ice -water with salt =~~~ : o 4,
+ Group2: ' air, temperature in the classroom near the . : I
R : . celling, in the classroom near the floor, - = « . Y
o+ . . surface of a radiator, hallway, outside tempera- ‘ :
. o PR ture in the sun, outside temperature in the - o
\%1 . : shade, in a refrigerator, in a freezer. . o -
o , 4, Recording the daily :temperature could provide a use for the thermometer the student-has = *
e . - o , made. The Celsius thermometer coufd be used instead: - . ‘
5. Ask students to use a Celsius thermométer to measure the temperature: of water at five -
*minute intervals. Place boiling water in containers, such as goffee mug, styrdfoam cup, tin -
S cup, aluminum pan, thefmos jug, ordinary bowl, heavy soup bowl. Let the water stand, take 3
_ . . * readings at five minute intervals and recofd the results. Use equal quantities of water. Graph ~. -
. o 7 the results. Pf%ict the results if you were to start with ice water. o s
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I PROGRAM IMPLEMENTATION:
%3, . The decision to “Fo metric” is a major-decision that involves the total school district, T
success of a curriculum change of this scope depends on support and cooperation at all fevels

the district. : e ' L o

- ADMINISTRATIVE While‘si:hool._sy.stems have differing problems: related to the ibrri‘pl'vén‘l.entat_iorlb'of qﬁ'u‘ic uny. ’

* - 'DECISIONS " changes, there are ‘certain areas of concern that are common‘to all. The district superin t o
e : o is the person who has the legal status to make curri,cul'ﬂm'de(:isions,Therefore,' itisim :
. . 'that the superintendent and his adiinistrative staff have a real uriderstanding of the.

"including the demands on staff time and the cost:commitment involved: Some of the costsita:
. be considered are:- 1) compensation of release time and/or mongy to properly implemen
change; 2) needed consultant assi

‘material requirements.

stance; 3) appropriate’ in-sefvice education; and

¢

- STAFF -~ T . "Going metric” is a decision that will involve the total school staff: principals, supgrvisors,
: ,:/‘INVOLVE_MENT . custodidns, bus drivers and cooks, as'well as teachers and students. Common statforfented .
‘ R - “concerns are: 1] a lack of in-depth knowledge about curriculum goals; 2) apathy; 3).opposition -~ .
ot " to change usually because the need to ghange is not cleaf; 4) alack of process skill tlackof ~ r
coot U T exposure to exemplary models; and 6)a lack of involvement in the decision-makifig process.
oL Many of these concerns can be- alleviated by ‘involving administrators, local “curriculum
BT R  specialists and teachers from alt disciplines, K-12, on a curriculum committee that will develop -
ST - ~curriulum meeting local needs. This Kind of broad-based committee will ‘s ngthen the - -
R e T interdisciplinary approach within the schobl program as it uses this opportunity to look at the' & =
T .-~ pregent curriculum and to make needed changes at all | vels, " oo B L
COMMUNITY Community input may be gained through a district advisory .committee made.up of thelay. =+
INUT. . " -publi, school board members, parents and students. Such a eommittee will not only help plan .
e . the school curriculuri, but also assess the needs of the" general adult €0 munity znd"
i e ' recommend proglfams_fordevelopin“g awareness.and education. * . e s ‘
SUCCESSFUL - To make a curriculum: change like “going metric” successful, it seems essential not only to' AR

" {MPLEMENTATION® ' develop a curriculum that' meets- local -needs, but also to construct a specific strategy for
' implementing it. This could include identifying all groups that will'experience the impact of the
change, developing a hierarchy of responsibility- of -individuals . involved:in the change,
. : identifying the components of the program, constructing a timeline to be fGliowed, obtalning
‘ ' . all required guides, materials and equipment before beginning, and above all, insuring that the . - .~
A a philasopiry and objectives of the charge are understood by all concerned. S S

IN-SERVICE , An important part of the preparation for “going metric” will be to insure‘that all teachers are
o . . familiar with and confident in using the metric system. The aforementioned curriculum
5 . i committee can be of great assistance in anticipating in-service workshop_needs and helping plan .
AR LT “the workshop. (it is encouraging to note that the experience in some districts siiggests in-service
S . o ©programs on metrication do not need to be extensive in time or cost.)'Identified needs to be
T T , met by the workshops mdy include some background in learning measurement theory, teaching -
o \' ... measuremenit strategies, .choice of teaching materials and/or factual /information about the
L : International Metric System.. -~ o

. MATERIALS * . Teaching measurement with' metric can be done effectively with relatively low-cost materials, - .-
C - Some metric instruients are heéded, but one inherent advantage of thehands-on” approachis  *
the opportunity to have students make their own measuring instruments. Hence, two minimal -
" lists of materials are suggested here. (A few textbooks and- a greater-number of supplementary -
printed materials presenting the metric system gre available now. Those*used as references for -
this handbook are*listed in the bibliography. The Oregon State Textbook Commission has
adopted a-policy statemerit directing the revision of textbook seléction criteria to be effected -
S ' for the Novernber, 1976, adoptions. The revised criteria will call for textbaoks that present the ‘
RN I metrig system as the primarysmeasurement system.) ‘;‘ .

-

 COMMERCIAL ’.  S Sorﬁe commercial materials éssential for teaching measurement with metric are:
- MATERIALS ' ‘ - S

’

Meter sticks, metric rulers, metric tape measures,"me_tric trundle wheéls, calipers; ~ i _
Balance scale with set of metric weights (1 g to 1 kg), platform scale in.metric; * S o




B MATERIALS f I

o .T!uvrrmou-

" 'HOMEMADE,
" 'COLLECTED. .

. PILOT -
s ‘,PROIE,@S

-

. water glasses, cottage cheese containers or other refrigerator dishes, area pattern. blocks, "™
-~ ‘newspapers, sheets of noteBook or construction paper, floor tiles, linoleum blocks,, geoboards,_ L

S . - . RN . co o c e

Callbrated beakers, ﬂasks, vials, cylmders. Do : ey

- Set of hallow geometrical models with metnc dlmens:ons, . S ‘

- Set of blocks with metric dlmenswns. o k R R

. Celsius thermometer; = Ce e N

“Metric graph paper; - R o o

Cuisenaire rods; .~ ° T : «

Fupnels, .~ = o 0 T e -
5 R

Some homemadé or coﬂected materials for asmstlng teachmg measurement w;;h metnc ﬂum,gh

the "hands-on" approacfl might mclude o o . _

Strmv nbbou, addmg machme tape. maskmg tape, paper clups (large size p.'eferred), sticks,’ S
_ ...oldmg, dowels, straws, cups, bottles, jars, cans, tubes; toy biocks, milk cartons, ordinary . =

water (and slnlé), sand (and sand box), beans, rice, play doh modehnz clay, potatoes. .

The SDE Metric Coordmatnon Comm:ttee ant:cnpates the opportunity £ work cooperativdy on -

1974-75 pilot projects with Jocal district people in a manner that will be of mutual bensfit, This * -
handbook is a working paper and will be revised in the spring of 1975:The cooperztwe effort 7 ¢
~with- 2 number of pilot projects. will: provide assistance from the SDE.Métric Coordinatioﬁ SR
Commlttee to. thé-local district in carrying out the Oregon B'oard- of Edueation policy on the -

transition fo metsic by assisting in curncu!um development and planmng gamzing worksropsé Lo

.

" for teachers or: general adult groups, securing resource people tq assist with WOrkshops, and j"‘ ' 13-‘
cooperatwely ;.‘e'.clopmg new acuvmes oF. alternate approaches to teachmg measurement. ST

V

At the same time thls effort \mll gave the Yocal dictrict, an Opportumtv 1o’ ais ist with thel R
tub;

- evaluation of this workmg paper,.evaluate the suggested approach in teaching | measurcment, S

" evaluate the suggested activities, help-to develop new. activities, identify additional personswho -
“may” become. resource. personhel in other dnstrncts and assxst wcth local and statewsde metric '
awareness,_,. R R AT SRR

. ,\ -y N . . . . . .} .
To become a teammate in- thts type of cooperatwe-mutual benef' t pilqt projectkcontact any ,
member of the SDE Metnc Coordmatton Commuttee

. B RRETR VO A b




v GLOSSARY

A minimal glossary is presented The handbook was written with s ht technical termrnology
as possible. For the most part, metnc terms are def‘ ned in the sam ntext in which they are

/} . used - N .
. * . . a B N
k DIRECT . s A procedure far determnnmg the measure of an object, its length, area, volume or mass, by a. z
. MEASUREMENT o counting process to obtain the number of units of length, the units of area, the units of volume,
o S : or the units of mass, respectively; as opposed t6 obtaining a measure by an analogous medsure
o "~ such as nieasuring the length of the mercury column of a thermometer to determine
o = ' temperature. - ‘ . O , : .
INDIRECT A procedure for determining the measure of an object..rts Iength area, VOlume or mass, by
MEASUREMENT ~'measuring One property of one object to obtam the measure of a different property of a '

different.object;’s ssuchras an oﬁen1\e£er “counts” revolutrons to determine linear distance; also, 2
procédure for determining the ‘méastre.-of ; an ohjecg through the ‘use of formulas and

L -computatlonal procedures. . . . o . o
CONSERVA]’ION, . Preservahon of length, area, vo1ume or mass when objects are changed by deformatlon,
- ' rearrangement, or partmonmg, constancy of, a quantlty.l _ S
, : QUALITA'i'I'VE Y Classifying (c0mpar|ng) objects by notmg the degree of 2 common property, such as prettlness, )
e .COMPARlSON W . hardness, texture, color, taste, smell, gtc; premeasurement classrf‘ catlon. ' ,
_ QUANTITATIVE ' 'ClaSS|fy|ng (companng) ob;ectsby size. o .
" COMPARISON™"." . =% * - o I B |
ME’I‘_ER L “» " The basrc unit of'length in the metric system; defi ned as ] 650 763.73 wave lehgths in vacuum L
i T - of the orange-red line"of the spectrum of kryptonss A , o
: . < N o
. LITER ; ~ The basic unit of, volume_ (capaclty) ln.the metric system; defined as 1000 cubic centimeters.
- KILOGRAM ' . The standard basic unit of mass in the metric system; based on a cylinder of blatrum iridium
: o 0 alloy kept by the International Bureau of Werghts and Measures in Paris; the mass of one liter of
i_ . - distilled water at 4°c, A S
5-‘ METRIC' R - " In the metric system the value of the basic unit is changed by placing a prefix in front of |t
-~ PREFIXES . The relationship of-these quantities corresponds to the place values of the base ten numeratlon
: ¥ ‘ . . system. Some prefrxes are used more com-'."cnly than otlus .
o - .. tera S ' 10;2 S
L . o giga . 106 ‘¥ not commonly used
T ' : ; _ mega R © 103 Y .
1 Greek : kilo  (thousands . . . - 102 ) _
rf prefixes ? hecto  (hundreds - 101 not commonly used e
‘ . deka  (tens ‘ 10 ‘ " R
‘ Basic Unit - ‘no prefix (one i ' )
’ L I R deci  (tenths : , 10; " not commoniy used ' \§
‘ : .~ katin - centi s shundredths - A10-'3' p ) ’ -
. . o © prefixes - milli - (thousandths 10:6
‘ P © micror : 100 .
! : . » : . - hano N 10_12 o, :
S L A ' pico ’ o 10 15 not commonly used
T _ - femto : 10'l 3 R ' :
e S : S atto 7 S [ R

35- o
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YOUR VIEWS
+ Metric Coordination Committee of the State Departme

. TPLEASE ‘RESPOND so that your views can be considered as we plan
fold and mail it back to us.. We want to hear from you! :

¢« .

Did you read this publication?

Completely o

-_ ‘More than half
T Less than half . =~ -
Just skimmed

Does this publication fulfill its purpose
. as stated in the preface or introduction?

B - ) ' .
Completely.
‘Partly -

Not at all

N S

 Did you find this publication useful
in your work? . ‘

' - Often .

~ Sometimes
— . Seldom - - . v .
Neyer '

. What type of work do you do?

ARE IMPORTANT! After you read and examine
nt of Edycation.

~ at 378-3602'or 378-3594 in Salem. Or, for your convenierice, this response’
. extra copies of ““Measu rement with Metric" is available upon request.

1T
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Did you find the content to be stated clearly and
accurately? o N ..

T

Always yes
in general,.yes
I general, no

A .
Iways no ~

future publications. Simply cut out.the form,

Other

Weie the contents presented in a convenient format?
Very easy to use
Fairly easy

~ Fairly difficult .
Very difficult

Qt_her :
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Did You find this publication to be free of discrimination
‘or biased content towards racial, ethnic, cultural and
religious groups, or in terms of sex stereotyping?
~ Yes, without reservations

Yes, with reservations

i

this bublic:tion, please forward your comments to the '
If you would rather talk by telephone,call us
form is provided. ‘A limited number of ‘

oot «su&m:.ut-nsl

’ fé o No . ,
! _Classroom teacher Other :
- Consultant to classroom teachers ,
. School administrator What is your impression of the overall appearancg.of..........
_ —_— Other the publication (graphic art, style, type, etc.)? ‘
e _'Would you recommend this publication to _ Excellent
SR acolleg§ue? —_— Good -
;| o . 3 I . 5
i " . S - Fair .
L —_— Yes, without reservations — . Poor ' Co
S Yes, with reservations ! f
‘ No . ’ ’ V. ™Y
\ - Other o
: /
o | N : , e
3 . "Your evaluation of the suggested activities will be especially valuable in revising this handbook. Please refer to each
i © activity by number as you share comments regarding effectiveness, motivational value, appropriateness of suggested
. . -2 _ materials, contribution to one or more learning levels, other. You may wish to suggest alternate or new activities—we

hope!” .

. _ . o
“Your evaluation of this handbook as a guide for teacher workshops..”
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