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- Bwentenmal Horunms (_;oal
On Decem er 23 Y’197 "ecydem Ford sigmea the **Metric Conve-mn Blll »
questlon ao longer is*whs: ». " mezric. bu. wwen amd how. . ..

M 1973 the State Bua 1 > Zgweaton passe a resoluiwm stating that all
mathematics and sciente « xtogok. sorwoted after Suue. 1976, snowic contgin the S!

~ (metric sysiém) as the dominate : -stem o¢ measv~ o=~ that time. Department of
Edugation staff have been Working v as 'Mplunentaum of metic sducation in

.chhlgan schools beginnng witr the '9” s

school year. As a &rst step in the

_xmplementatlon procedure, the Derauren: sf Fducation distrdested minima’
performance objectives for metr  =aunatior #0 Mo gar school dsoxs.

+ The followlng document, prevarss and lsinbUtes as the ‘Bicemenmial Horizon:
Goal Project for the x=partmen: = ducaton. is intendé! 0 provide answers to tne

“*how- to~teach -metric’

questlor Tz Mlonal Hicentenmal dorzons Goal is e

" improve the quality ¢7 American 17 m fe [ orted States’ third cewpury, and &
“ program of quality metric_educatio: 1 Michigar - hools will helr acumnglish tna:
! goal for MlChlgan cmZ»ns ‘ : :
- 1 would . hke to thank the mem==r of (he Met:c Edu qtion Retzment Group for

‘. reallty
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thelr efforts in preparing this doct ~zpr L v« the' 2ducators in M.chigan wdl find
the -guidelines, S“gSESUO"Sv amd —: ours « wwncd dereir aelpful ir makmg:“,'Thmk
Metric in Mlchlgan ‘
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A Modei ior Devtloming Understanding

and Skills » Measurement o

“The lntematlona ~-stem .. s~=asureme: zradually replacing the c.. somary and fan iiar collection
of measures in Americ. _ :is imporzant that = -=.7 the implementation : orograms >f me-ic.education -
in Mlchlgan schools. T .« =2 is no leaeran gu .- yn abotj('whethér we should or should not .. metric, the
questions are "‘How s .ud w2 ¢+ o ighe should we start?” '

+ The irdividual cla--.00r teacmer ¢ o decision-maker fog curricuium. -Decisions s qivmag the
selection of lessons, ther <2quencin- and acant to .ndividual-learners. :he maferials avaiz~ie the time
allowance and a host ¢ .ither factor —.: -« @r<idered by the teacher as daily instructior .s - .anne.
These guidelines do not wrcitv a com-erc - @ <ries for all teachers svervwhere. Instead. _ fr. mewor

_ is suggested for developr~ - oractic:  rqiz.. activities for learning tc ~<asure using S1 i, Gow
and objectives wiil be cisw aered fo RIS ~ -pecific activities wiz ne described for zac: grac.
"The o]jer'student < neadu - _sea vt z.rned to measure man  guantities. For tnese lear--

N . . . . +* . - .
. metric education introdr.ces~ 1 nev w1 of Lait _an ‘ne conversion of old es: mation habits (o tme-.

units. For the younger lc..mer me. ¢ memt v + zwmg the SI units and objec 5 of appropnate dnmzn..
may be tauglit immediaie Wher b young earner encounters residua’ customary meusurs..

measures will be related  the Ic .1 mewig ize:. o 4

.. Preparing learners ©  zal < pvel - a metric’ world will requir= some changes in the «c.
‘measurement is taught. Ne “uer the :c.chin, -+ - ¢ learning will be difficult. and thé naflire of metr .- :s
i5 such that the teaching cz= e me+ vysten_. . nan with'the customary units. THINKING ME™ 1 IC is,
the aim of all programs. Ir selpin: ©  ouprs  sirner to think aBout measures in metric units, xt ~nst be
first recognized that.the cc=zern is . * teac=:. neasurement. From this poirt of view%t does n~ matter
which sets of standard uniz ire ac v L 4:€S maltér very much‘ that complicated convers:nn< from

: one system to another are Tt stre-«.cx e & sa cornsistent sequential program which teaches -.ildre

to measure and quantify maccv progert-es - thi: - in their environment. Further, after’instruction ¢ child
should be able to share he==s data « ith™iner  1d'to receive copmunications from others througnout the
world. N ‘ B

,

Older learners. in. uag cla. o & - . do need some ‘‘rule of thumb’’ conversion- 5 .begin to

relate to the new meas:.es. Onl: ‘ew zonacal specialists will ‘be required to use precise conversior
factors to translate olc me.sures - new cme:. The following table gives a few such values.
- s e a
#OME RULE OF THUMB" CONVERSIONS " ,
) FOR . ADULTS ONLY ' ‘ -
: LENGTH _ ’ l‘ LIQUID VOLUME:

A millimeter is aboul N nes  of a dimes ) Five m:lhluers is about one teaspoor

A centimeter is abou’ ** .- of _.ommen_ paper A.fler is a lmle‘larger than a quart. LI

¢ ‘clips hd R - ] :

A meter is a Jlftle lonee (P oy TEMPERATURE: .o

A kilometer is aboukls.. “fmxof  mile. _ To find degrees F. enhelt double °C  ax add 30.

: ' o . N 20 °C ‘is comfortgble in the. house. )

AREA o ) . 377°C is body temperature.

A heciare is about the .1izc “we fpotball 7 =ids. . “". 100 °C is boiling point for water.

(Twp andva ha’ acs- ) B - 0 °C is freezing point for water.

,. S ) . ) . “ - - . ’..
MASS (WEIGHT): _ & o .

“Five grams is about the -=igr _ nickel. . ) v

A kilogram is a listle mo : tha:. - - pounds. s : : ) .

. » ] ; :

Q
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A continuing goal in measuremen' is the ability 0 = njate. With-the moverhent to metrics. . 2 neec

i‘-“ractice in estimation as a part of the mathemdu: ~ r-ogram is intensified. U -til metric ‘measures
~«ae a. part of everyday life, students will not ha - Tie reinforcement outside the classroo

O wmecessary for skills-in estimating. - . ' i
" This extra sensitivity to estimation of metri. recasures builds awarenes: of the measures. For
example: suppose you wanted to learn t¢ measure temp+ ature in degrees Celsius. You could carry a smal;

o ?'"o'meter and measure he diffe~=nt :emperatur= ~ ‘encounteréd or - u could use a conversion-
iosmmla. A more effective iaea migh' e tc begin estine.. -~ as soon as possib:  Asx yoursélf, as you move

- thrrmgh the door, “What’s the temr  .ture in this roc— Jutdoors: ‘‘What - :2e temperature r:ght now?"”

G .he refirgerator? In the freeze #but in the hall — Then, each time. ifter you have estimated the
veggperature i degrees Ceisius, cnoek the thermom.-=- r see how close -u came. About a week of
practice and verification should gis 1 a.**feel” for 2z - Us readings anc in ability to use its scale in
esumating témperature. : ~ o

In 1973 the Micbigaz “ep. ment of Educatior subi~:=d -the Minime. Performance Objectives ;o1
Mathemtics Education ir 4 h- _:n. The **Measure—="t ~=ad”’ in this publication has been revised for
_ ~ meetricipits and is availdbe .+ eric Appendix. ) - S
- sabsequent publication: s opettives will., '
™\____ :mcorporate ‘this ‘materia.  # - measurement
abjectives are presente~ 4 ©  groups .in, the’
wetric appendix: Geonrt .. m'ﬁar‘ square ' and. ' :
cubi¢ units) and Non-=omeyge: temperature, : ?
mass and liquid). Me= rem ‘objecti\:és for *W Fﬂf . ;
angles and money were @t r> wwikten sirice’ there .
will be no change requir-- by - Bhift to mettic. ‘
, The Michigan obt~ - -es = - ~een reviewed
and revised by groups =~ ..issr:>m teachers and %
other ecucators, but th-  orige.. stem from®the
«ork of the Michigar / unc: f Teachers of,
Mathematics (MCTM his  :zanization is. a :
szate-wide group, prima&  m=m up of secondary ww’ .
and elementary teacher { mathematics. MCTM ‘

: a0 has prepared a - _sefui document for
=sementary teachers er=z.2a ‘fer-ic Measurem‘enl A L
s rtivity Cards, Monow=-uph #4 The‘:_materials in ni< monograph can be’ readily reproduced for

. ir:stmctiogal use. A similar Monograph'_#ll, Activities jor Teaching_'masuremen‘l is available Ior the
’ upper grades. v . E \ '

. The . nation-wide association ofy mathematics educators is the National Council of,Teachbs_'of
Mathematics (NCTM). T'heir. journdgs, The Arithmetic }Teac?ze_r and, The Mathematics Teacher, are
published by NCTM and both have been influential in plan'ning for metric education. For example, a set, of -
competency goals or objectivés for Lnetric education recently appeared in one of thesjournals.* - . ~ =

. There are some differences bdtween these two sels of gﬁal,s or objectives. However, the work of . .,
NCTM and MCTM generally is.consjstent. Mdst of the diffegefices are’ minar and involve only slight §hifts -
of content between grade levels. Ovédrall, the¢ NCTM goals are less detailed than the MCTM objectives
since they are restricted to metric measyre, wheréas the Michigan goals deal with medsgrement in general.’ _ ~
Teachers probably will want to read both.sets of goals or objectives and adjust soeciﬁc{_'\deas to their.own '
" situations. - R L ‘A : ' ( s 7
‘Why is the United States chdnging to the Metric Syste'm? Like most big, expensive adjustments thata * .
country makes, this change {s long overdue and the result of many forces. One significant factor is
economic. The UnitedStates Js.the lasi of the industriafized nations to adopt the SI units. Thus thgse to
whom it sells and those from whom it buys all cah deal with each other.more easiiy than they can with as.
{‘ * NCTM M;tric im'plementation Committee, **Metric Compe(éncy Goals™. Tl;e Arithmetic Teaclller. January. 1976.
o v o 2 ‘ ._,aé(‘ oy
\) ) . v : % . ) . '. - .' h “ . h - ’ . s ;
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Auother fac(or is mternatlonal commumcatlon O ly a hand}ul of smaller natlons remain on other systems -
R and sclenuf ic and engmeermg standards are needéd oy an international base. There are, of course. many

become one of the Metrjc countries, md fortunately

’

‘other pressunes at work to move the Umted/States

there are. some \/Fry. good things about the mefric system for teachers*and children.
N T b .. b

S Tlle syst m, thas a sensible structure She metrlc measurﬁs makq up a’ loglcally concei: =d s «tem that |
_+ " “has been desr for computatlonal simplicity. Measures Are related through/a factor of ter. Linear-

-_—

¢ measure, area ‘volume..capacnty, mass andforce

are all integrated. The -metric_system does not -_
‘employ thehfsortment of multlp‘les ln“;%&d in the

custéffnary u its. No longer will peopl

remember, th
feet, yards,

--"ounces, Troy
ndt to mention liqhid “pints, quarts.
+» compared with sdry pints,

_bushels!.

[

ave.'to
many muluples to relate irches,
ods, miles, -acres; = Avoirdupois
ounggs ~pounds, short'and long-tons;
and gallons -
pe"clfs and
I3

" qiarts.

r

Met:lc measures wrll be easier to learn and to
each. Elementary students learn to count money
- ‘/fand ,compare prices as an_application of the

R decrmal system—fbut they have had to tre other
’ Vmeasuremem,s as a separate topic. With tHe metric
" system,in use, problems about place value. mdney

T or metrlc%ﬂl reinforce skills |n_the other. . & P
\- | " L | |

L

.
;
-
\“
L.
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h Metrlc Mmsurement vU nits - - i{
_ - One of the important consideration: ‘n :n: national effort to ex't'end the use of the metric system ist
- . need for a consistent use of tefms and s\ nﬁr- 1 communication., Educators must-be aware of accepted
' practices in.the application of metrlc ‘units +m& b= alert to possible inaccuracies in the instructional materials
that'they plan to use.«Materials have beer-=sz:::2d and are on the market which coritain errors,"The metric:
system has e%olve over the'last 180 years .. _t1ails of the system are discussed at regular sessions of the
International Commission. The moderniz=: - stem adopted in 1960 as the Systeme lntemﬁonal or- Sl 1S
the basis of current practice. . _ : , .

n

3

' "_l'here'are seven basic SI units. -

v ) ’&. - N . " : ’ ‘- ' .
. - . o . - SEVEN FUNDAMENTAL UNITS - \
~ ' To Measure: - - " f " - Name of Unit . SI Symbol
Lengdh.............. ... .......c . . .Nmeter....... e, m
Lo Mass .{....... e ereeeeee kilogram ............... kg N
- ime ...... — PO second ..,..... R P
. ¢ . "‘Thermodynamlc Te-'perature Lol kelvinn Ll o K
- : Electric current.... ................. ampere ..... P A b
R Lumigous lntenslt) e e candela................ cd.
@« ” . . Amount qf substanc- ......... ..s-..ymole ..... - '\ ........... mol -
/ * For everyday usage, plan to use .deg;ees Ceis:us (°C)., which was prevnopsly referred td as ‘‘degrees Cenugrade -
N . oy -
L " Other unif$ are derived from these seven and. not 'even all the seven basic _units will be used in

_ Everyday ‘usage\will include a unit of length (meter), a unit of mass (kilogram), a unit of
hgund capac1t' (liter), a unit of temperature (degree Celsius), and.a unit. of time (yecond). Several of these
units do not-a@pear in the list of up -zy are derived from the basic SI-units. I'he liter measure is
of the meter an. . wus scale is derived from the Kelvin scale. .

' : Andther. i ortbﬂ aspect ‘of $i . the establishment of agreed upon)}re ces and symbols. Each
L meas;zlement has one unit assocnated with it and larger ang smaller quantmes are easured in a power of

-ten, tifmes that umt . , S <
- v
AR SRR - 3 ll,would not be Bppr iate to méasur'e the dlstan& from Marquette to Detroit in
[
. i meters Therefore, it is measured in. thousands of-meters or kllometers . ,
. . Nelther would it be appropriate t0 measure the length. of. pecson s nose in meters.
\ Jv . Itwould, however, be appropriate to measure \e length of b nose in hundredths ofa -
: *  meter or in centimeters.
- o
. r, . Two preﬁxes kilo (1 000 times) and centi (001 IIQ) have beén used - C
. P 5 -
Yoy T . : . °
- Y ‘ .
o > 7 — - .
. : . : . ) / <
> . . N .
~ 4 . [ < ‘ '; ' (
V] ‘ .- ¥ ' | - .
Joa .
- - 1o, =7 ~

ERIC: © - R
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More prcﬁxes have been defined than will ye m,general use. Children ShOU not be required todearn
those- preﬁxes which will not be in general usage. A partial. llst of preﬁxes is giyen below wnh ,thos€-used *
most frequently in italics.. . . : . -, '
3 .
L . , SI UNIT PREFIXES, RS H
-4+ Prefix Symbol . Kactor . Meaning, o L
A A L TR W Sl | : Lo .
. . ‘ ¥ . ] . 2 F 3 0 7 n < ‘
. ., mega- M - 1.000.000 . - one million times a — :
' kilo- k 1,000- one thousgnd times a — . A
~hEcto- “h ' . él()(ﬁ' ~ e, ON§ hundred tlmes a> ) .
deka- dag, o~ 7 04, - A ‘e ten times.a —- . ~ ‘
meter N — ) s + . . ) f i
!i.ter o . /\\ S } P ) (base_ _Uni‘h' 3
gram =’ . \ ' . .
deci- d B\ ' T tenth of a — d
, centiv c . .01 - one hundredth of a — M -
- nilli~ - Hh T _ . 0.001 - ' one thousandth of a —
.micrg=” . @ . - . 4T 0.000-001 ogem lionth of a — . “ ,
. :’I( L L , ¢
a ‘ The prefixes that.will haVe major, use have beeni familiar m words %uch as These .
B kilo- kilowatty =~ ° . - "
~ 77 centi- centipede © 2 S S
- ’ - milljg millipedé ’ : . S L
/ & - . \\" . . y . J o~
Yoo -~ . ‘S
> More complete descriptions of Sl termmology arg available. The Americag Natlonal"Metrlc Councd

the American Natlonal Standards Institute and our National Bureau-of S ddards_have provided technical .

publlcatlons that contain more complete listings of germinology and d¢scribes elell' proper use.
The following three publlcatlons currently’ are avallable ‘ - - : .
. 180 Recommendau@ RlOOO Rules for the U’se of Unlts of he Internatlonal System R
of Unis, 21 pp. , _ - , '
Amerlcan National Stanfards Institute | < /S IR
. " 1430 Broadway. New York. NY 10018 ‘ ' . ) ( Y
o " ANMC Metric <Edltorlal Guide — Interim Guide to AcceptedaMeth Practice, llpp o
* American National Metric-Council . C 4
1625 Mdssachusetts Av. N.W. Washmgten DC. 20036 _ e, -
LS V-
NBS Guidelines for Use of the Metric System, Nov., l974 Tooe s s . N
( Metric, Informatien Office, Nationat Bureau of Standards B . _—
Washmgton D.C. 20234, . - . « R - *
* . s < y N
* X L4 1 . *
£ - ~ ¢ R ! )
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-~ . ’ /o ) . :
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. w Al ] . ] ’ 4 /.’\/". i} e '
:4. ‘-., - L ;‘;.. _ - .v"‘ ‘ R II_I. K -'. . ~— - ‘i,‘ ) )
L . ‘' ~ b t
e o SI Do’s -.and, Don’t \ .
% P _ ' N B B
. T % v ' T ) > K )
o l Us; a space to group dlglts on elther slde f the &mal‘point. ¢ N AR |
. FXAMPLE_ 36000000 NOT 26000000 -+ T e oy
, - 3141 592 - - NOF- B.4iser. N , [
. ‘. . “ Eea) . - . : ‘ N - T - . ‘_—
}‘ 2. Follow unlt symhﬁl wrth a perldd only |f it ends a sentencea . . ) : -
o 'EXAMPLE 500\\/long - » 500 m:long. " . L
. AN o L LT . .C
L3 The same symbol is used* for smgular'or plural ; ’ T o _, =
. EXAMPLE: § kg or 500, kni “NOT -3 kgs, 500 kms e e
) » . ) ‘ ) . L, ‘.‘ o =~ . ,
o . v .o ~ : > .o
. _ ‘9 4. Values less than 1 Ware in declmal form, not fractional, use, a- zé'ro before the - declmal poinf. . . -
- N 5 .
T EX’AMPLE 025 mi™ NOT i, 257 - o K - - e
S . . | - {\‘ Ex 1 e
- 5. Use a space between the numerals and® mbol./"‘" E A .
: : xS - RENCIG S X
~ EXAMPLE 20 mrT\3 °C - NOT' 20mm, 3,C- - - T .
. - . Cife .. ’ .d. . -' » ‘ R &~ .V
/ ,id’Do not USe a preﬁx 3s a WOl'd T e . e ; N
. ) - ’ ) - - .
: “ . EXAMPLE A kllogra.m of ﬂour " NOT A kilo of flour, -~ ° v & . '
. .. ) ' \ - : - '( ’ T » ’ - - \ ’ ‘ "
) 7. Exponents 2 and 3 are used wnth symbols to'i dlcate square or .cubic measures. ) I
o ' EXAMPLE \jﬁquare meters: 5 ml NOT 5sq. m, w"_\; L e IR }-
. ” « 2 cubic céntimetérs:'2 cm® NQF '~ 2 cc - T s e o0 o
R ; C ’... “ ‘: o g, - | ) {; :Z_, T
. 8. Avoid mixjng units. T T . St C B ‘
. . EXAMPLE: .34 . C “ NOT , Im34cm . ° A '
100 cm by 30 cm - "NOT_' .1, m by 20 cm B

N . o . - .
S _— : '/ S L, / & Do | \

o

9 Uﬂ‘names are treated 45 COMmMON nouns. (E“xceptlop CeJ.srus lS capltall d)‘ R

-

A

bl

S

v

‘

f Us; a product dot to lndlcate compound umts formed by multlpllcatlon'

EXAMPLE m/s or‘m s-'

AN
* The December lO 1976 Fedcral Reglster Vol. 41 No. 239 contams a recommmdauon that * ‘L lLe us

) . l' \“ -
s : PR ) 6
SN ) A, e
. . ) ‘/\/
N . .
N .

EXAMPLE 5 mgm!ﬁpof force i measured by a..jkwto

12 U’nlts derlve(}by division are lnplcdted by a slash or by a product dot and a negatlve exponent

..

12

g

-

“

h‘\_

e E’XAMPLE,. kelvm ohm newton ’ I \"
10 Symbols derlved from proper names are wruten w1th the frst“ letter in upper case
EXAMPLE:- kelVln K " ' : v :
. newtor: N LT oo
e ~ degr'ees Celsius: °C )

»,

e

e% as thc symbol for- lrter

N m. NOTNm Lo~
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“this s a square
: cen’hmder o

ﬂar/wf is. .so/d by z%e m" R
L 0001 ha =im* 10 000 m*=tha
e 10 000 e’ -] m" (0.000 Tm*zcm*

| \W - 1m:1 1square me’ce/r |

A ha(be(’iare){‘ a (chue 5maLL6r JLhan 2 ,Lootbau FIQLCLS

éaﬂd /5 measwed’ h ﬁeozldfes
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5/)//7 Zoaa’s of gmm are meagixred';;
- in mezfr/c \zfaﬁs [ o

me‘crlc ton ({)

k/ﬂoqram (kg)
}qmm v | (9)

a persons wught is measured a leH&r |5 Welghcd
ERIC |
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and Learmng to Measure

Meas‘urement,? a tearned process, This stateme:n hds deﬁmte lmpllcatlons for your instructional
program in metric m Su]‘ement The fact that meQ rnm ;s a process says that measurlng is dynamlc not
static; that a child does not learn to ‘measure by look‘ln.w at a picture of a paper cllp lying beside -a\ryler.

;j“ - Child DéVelopnl\e

“tend of the clip at zero, notes the haek on.the measuring, stu;k closest to the point where the other end lies,

%nd learns ‘what value lo attach to that’ mark ThlS process is one of the necessary learning expglences and

processes are internalized & doing. S . . N /

e - _An individual deVelops physlcally aléng a contin um from random movementto hlghly coordmated
. obJect mampulatlon A &hild first’learns to control ovefAll body movements. Once the body movements are

b . coordmated the child learns to coordmate object. ¢ontrol with body movement. Along ‘with. physical
deVelo nt there is evidence to show that an individual develops. along an m:Zrlectual continuum that has

.. thmklng in simple, concrete terms, at.one end and complex reasonmg in abstract terms at the other.’The
== . child first learns mgellectually to, manipulate_objects. Once able tq process information about objects, the
S leamer may’ process lnformauon presented prctorlally and then symbolically. The intellectual. processes
;‘ use7 to process information also extends in a range from knowing to Judgmgt.
r'd

Awindividual also develops emotlonally along a contlnuum The emot'%nal contlnuum mcludes bemg‘

aware of ‘one’s own feelings at one end and: developlng a consistent value system.at the Dther A socuﬂ
_ . development continuum parallels the emotlonal one. The v
“a » .child. moves along the socnal and emotional contlnua from
 an awareness of the. fqellngs of others to consnstent and-;- v

. _'.eﬂ"ectlve functnonmg as a group member
¥
¥ . 7 What implications do these deveIOpmehtal sequences
© “have for instructional planning? In general, the-instruc-.
© . tional sequénce for metric measurement must be in
- harmony with the student’s developmental needs. Her/his
- intéllectual needs descnbe a curriculum that&beglns ‘with
* perceptual . observatlons and. the manipulation’ of . real
dobjectsg proceeds with estlmauons land countmg activities,
. - again, with real materlals and finally deals with numerical
: and other symbolic representatlons amd the user of
" » " measuring instrumentS. The actIVltles which are selected to -
.implement ‘this cyrriculum sequence should refl

-Dereb,bmmz‘ C'onz‘i/)uam
social and emotional development of* the childf

- activities lnvolvmg individua] nrapipulation and ploratlon of ‘propertles should be prov1ded as well as

¢

. opportunities for children to share their ﬁndlngs with others. Formal group projects involving cooperatlve \'.

+ effort or a division of labor should be introduced later. , . ) .

The developmental model prov1des guxde~ nes for the neecz=d curriculum for meacurement education.

' Rather, the chlld learns to measure when he/she'gandles :he ruler and the paper clip and learns to place one .

AN

" ' . A second kind of analysis originates Within thc -ontent itself. nat does it mean ‘‘to :easure’ and what

kind of an instructional sequence does this -—ply?

In the simplest form Measurement is the . mparison of some characterlstlc of an object to a referent:
“*As tall as the house *‘As long as my arm. The devele.pme"t of thl\ concépt proceeds from concrete
perceptual comparisons to more abstract r_me ical representatlons e begmmng iearner must first be
able to différentiate among the many characteri~iics of an object and to rocus upon one ln‘bartlcular before
any comparisons can be made. In measuremen:. we are interest=d in craracteristics such as length, area,
volume, mass (weight), time, temperature. force, speed (velacntv) anc angle. Other-characteristics with
which young children deal are shape, color. brlghtneis texture and pe pitch of sounds, but these are not
usually carried beyond perceptual comparvsons until much late: .

v

o . o R 8 .
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) A cOntent analysts oj;measurement has been done by Qagné and is lncorporated lnto the
» Scrence - A Process Approach** materlals Behavroral objectlves were prEpared sand sequenced with .
%% .7 learning’ actrv\mes for this ogram a metric measurement was ong of the process skills selﬁ ted. A more Sl
. recent andytical hethod devéloped by Eflward Smrth has alsq produced a detailed- seqiience applicable to S
C learmng_ metric measure (See appendix C). Smith.views measurement activities as examples of the more
- - pervasive quantlfcatlon concept in science and mathematlcs that is, th signment of values to pro rtles
following particular l'yles cyp'rocedures - ' o ‘ ' - T N
Follpwing Snrith, one can describe tasks or actions which en%ﬂ{le the learner to eﬂ'ectlvely carry out a \
measurement These actlvmes in turn, can be arranged in a developmental sequence for lnstruc!lon (Seé » ‘
- Table 1) and research on the sequence and the less'ons themselves can be-done to ascertain the Usefulness o
* of each lesghn aqd the appropriateness of the order. The sequence further provides a guide for constructing
ro objectives, e\(aluatlon items, and a variety of. |nstruct|onal activities. - R y
. . 4
The sequence given in'Table | is applicable to any additive measure including length, area, volume '

*~  and mass (weight). Terhperature requlres,a modlﬁed sequence. smce this property does not simply sum : -
"' " when materlals are conibined. » . . : X RN ',.
. Few measure\ ments. can ,be carried thro;fgh the entire sequence in any one grade leve The

: development of theYconcepts underlyipg the'tasks may .take longer than a school year. The teac ng of
‘measure is further complicated when one remembers that each ¢hild is at a unique place in her/his physical, .
soglal and emotiohal development There i ls however, a gradual change from very concrete.comparisons to : Q’ .
more abstract representations ag we déal with Slder learners. It is not that real objects and measure \{:,an CoTe

-~ ever be eliminated, but for the more mature learner her his previous experiencés allow s§ tlme to-be gi
to the early, activities. =~ N h . o T i ’
. $ . Voo, ,
- * See also Osbome Alan R. Metrlcatron Measure and Mathematlcs in A Metric Handbook For Teachers. National Council of
Teachers of Mathematics. 1974. . O L - e
** Science . . . A Process Approach. Xerox . v ,
TABLE | .
. A LEARNlNG SEQUENCE‘ FOR MEASUREMENT
A. Perceptual Obsermm)/u . ~ = T ",
.o Usmg estimation-and direct comparlsons of physrcal propertles (length, area, volume, liquid. measure, -mass
(weight), force, time. angle).. :
' " 1. Determine whether two measures are the same or dlﬂ"erent \ T ¢ ,I
- 2. Select two objects with the same or different measure from a set: i .
- 3. ldentify which of two objects has the greater measure. . i . :
4. Select the object with the greatest. measure from a set.. > o N
.5. Order a set of objects according to a given measure. C ' _
6. Describe an object in terms of another on a given measure. . .
~ 7. Match a set of objects to a larger measure. : o ’
. : ‘-} . ) L4 . . ‘ . - t L] |
- B. Numenca[ Meumrenwnn With Unit Objects : : ' : ‘ \ '_
' " Using estimation and by countmg the number of smaller ob_;ec\iequivalen't to a larger one.
- ‘, 8. Compare body units (head. thumb width, foot) to a’given measur '
. Compare sets of non-standard units to & given measure.
10. Compare “sets of arbitrary units to a given measure.
1. Compare combined sets of arbitrary units to a giver® measure. J
> 2. Compare sets of standard units to a given measure. ’ < e
13, Select an approprlate unit for a g|ven measuring prlem . l
C. Numerical Me’a.s'ure/rgents With lns!runients: ' ’ o ) .
t . B . - . N - R _ 4’
- . Using estimation and appropriate instruments. \ *
. " 14, Calibrate an ‘instrument to represent a set of- obJects .o o
15. Calibrate an instrument using standard units." .Y
"6, Use an mstrument to determine_a measurement. ) ) .
“17. Select. an appropriate instrumfent for a given measurement problem.' : e T - 1
18. Give an operational definition for measuring an obJect : i
13 @ - S (
o ) ,

ERIC
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b v Perceptual {Ohservations ) "~ .
ot & . o ’ , * * "ot . ] . N
' ~ The purpose of these first direct comparisons Is to provide an -ex riential basis for a meaningful ‘

. introductjon to Numerical valyes later. Rhe tasks include working with sgts of objects as well as simple
Comparison of ofiedobject 1o a referent. The: selection of an extreme value from a sef (Task 4) is one means
or strategy for leal"?in to artagge objects in % series. There are other seriation procedures, but the scheme
of first finding the [a ist'(or,lsmﬁllest), and after seiting it aside, again selécting the largest in the set is ap
easily learned strafegy. \_-,' o IR . - * Y

Veérbal deschiption is'Jincludeé by introducing comparitive terms (Task 3) and ‘by asking for anh

* Operational-definition. Operational definitions défine words in terms of somethi(r)f that must be done rather

-

- than merely in-femis of other words Inclusion of such an activity at this point facilitates a commonly
Understood {ﬁeamngiof.“meas%'e". helps 'the learner reatiZe the{e'ed for standardization and reinforces;the

. Procedures for megasuri reéViously learned,  ’
=~ Sevriation BEEEAREE L
. 3 : . .-w’-“'. " ) ‘k;:/’ T - o

A~
T v v ¢«

o A T g

o .. ~Fhe enclosed -areas
core ~ dre th¢ samie

- =+ Numerical Measurement

Estimation Can begin With direct comparisons, though unti} the child is capadle of conserving length as
well as otfier measures, the actual placement of objects next to each other is necessary to determine which
has more or if they are the same. As soon as the matching of a group of smaller objectsto a larger one can
be performed, counting and estimating the count should begin. Estimation is important in'learning to
Measure, as noted earlier, since it jelps the learner to relate perceptual and numerical measures and tp-gain
a “feel"™ for the'Size Of the value assigned to an object on some measure. Estimation practice also helps the

" learner avoid big errors not only in measurement, but in subsequent calculation éB})léms'. e

N

_ " Body units. non-siandard units. arbitrary units and finally standard metric ‘units are used to measure
~ Objects. The interrelationships among metric units can be illdstrated as a comparison, of a set of standard
Ty Units to.a larger Unit. For example, ten centicubes are as long as a one decimeter rod. An"opportunity to use
‘combined sets of objects of different sizes to equal a longer object.is also important in léarning more aboGt
‘Numbers afid-spms and Cuesindire rods are useful for this activity. The last task in this group is a practical
skill that represents the arbitrary decision abdut which unit fits a given situation. Any volume, for example,
could be measured in Cubic meters,.however it'is more practical at times to use cubic centimetefs or liters

or some other URits: o ‘ ’ Vs o

20 .

(A . ,14
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L N -'i -t Numencal Measurements Wlth Instruments . - "

A . The ﬁnal section of s sequence leads the learner through act?/tles which culminate in the use of an
* .+ instrument such as a rule- iength, a graduated container for liquld, a thekmometer for temperature or a’'
. ' ' scale for weight. The first activities in thjs section.
may be unfamiliar  in that' ‘they empha~ the
"calibration -or creat,tbn “of &n mstrumen,t g
_ sample of real measurements. This approf
designed to givé experiential support to the
as he/she later applies. an actual instru
measuring aciivities. Though instrumepts,s
.made for arbitrary units, it may only be te
to uSe standard units to maxumze' tr :
ordinary <nstruments. £ S
Perhaps ;he most strlkmg idea abput the use
of mstn!ments lis thgy, the: leai‘ngr needs many
experience, r;or to using them. When the learffer .~
can nﬁakeﬁmparrso S, estlmate equivalence in -
some, standar unit ltni‘late an abstract number .Of -

‘\r. umts tq a measure "and translate thls number to a mark on a scale tth ‘he/she cafn begin to apply

’

mstruments to her/hls measur1ng tasks. . : : .

D :
= CL some Do’s and Don’ts for Teaching T
N - I N ”x o .
- o ) . - - o
1. Do provide for a w ...: range of activities in the classroom including: different measures zn. different
levels from concreiz to dbstrac:. - _\' . "\ : . '
7. Don’ t introduce smz.. units (miliimeters. mxlhgmms) before the child can percelve or relaic these units
- to others. ) . :
’ ) '
»3. Do provide instruments calibrated in units :he child can relate to real ?nﬁeamﬂs and that can be _
manlpulated physncally b¥. the child. ,.,n .. . ' '

‘4, - Don’t provnde all practice measuring with piciures of objects and then expect the child to measure real
things successfully Conversely don’t --se onlv paper and pencll measuring tasks and pictures when

‘ 7 testing.” .+ - : _ N L -

-

5. Do become genuinely familar with S yourself, so you can estlmate measures and dlSCUSS them (;
conversationally. In other words, pra~ce “HINKING METRIC.
6. Don’t worry about convergio-s. if the -urne- can really measure he can adapt to different units. without
- much difficulty. . , o : .
7. Do relate metric umts, monev and th- decimai - /stem in 6ocial studies, histomy, language.‘ arts, art,
physical education, music ane. other .reas. :s + =il-as in mathematics and science lessons.
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’ x . :,1',, o . * 1‘.. . ' .
o O ~able II showsa reugh curriculum plan’for méasurement arrgnged accerding to the different - -5e¥ of
measures and grade. levelss Perhaps the most important idea apparent in this table is that ‘he izarning
sequence is essentially the ‘same for all of the different meastres. Whether we ara\dealing with 4 first 3. ,
gradet’s introduc;i‘o;{-,’p Tim?ar.a tlyglgrade'r‘s introduction to Force, the series of exp&riences remains
the same. Even lfx_an -adult fearner,"we nt{d. to begin with ol_)servations, movsa to~numbering. and ﬁnally/'\"
learn to use instr®ments. . . S .

. ¥ .

s ‘ . l"lleac.hgf_rs of ‘children in grades 3:vill be /dealing with the mqst complgx situations in t-aching -

g meq'§Qrement, Not only are they likgly t6 be invo;v'ed with sevgral types of measures:(length, area, *>lume, ]

/,u . liguid measure, lemperature, time*.and weight) ‘they also will find g_ﬁ‘ifqen at different places o-..each® . ,

R measurer'Gﬁod objectives or pe‘rfor;nanc&riteria and indiyiduai reeords will b€ most helpful to the teacher 2

* \dn planning activities. The énge dnd variety of laboratory materials .available. in"the classroom is also \ R
important.’ Dugable, attractive, ménipulatives covering. many mez:g‘.lrement activities should be easily U

acgessible fqr the child f'Q explore. Lessoms which include measure g\’t shouft be frequently included in _ '
eas outside of science and mathematics. Ast; history, social studies; language arts, physical education,

* outdoor ﬁro-g'?rams,-and ‘other suT)ject's' :GAm provide useful applications of measurement. Of course," most s

science lesson? inglude or.are based on measures ,ﬁxd q?amitaﬁ\/e_ observations. The intimate relationsHfPs

. > between our geasp of real hurgbers, Tational numbers, finite sets, mapping and other, concepts and our’

)"understanding of imple measurement processes brings ma”\hematic_:s into _the curriculum desi’gn,. L -

?Q R \ ] “ v s - -‘ ‘o
:: \ 0 .. . ‘ ) : N . - . o . - W
" Al ’ "\ ' j . 4 N . . ’. ’ ' V : 4 ’ “? t- -
r - L ~ Classr6m Activities by C -ade Levels o
,“K_indergartén - . v{! ) ‘ / o | . . ‘1\- . v ”-/\/'
' Comparisons wi;hout u.ni.ts'are' 'th\e'»earliest measuremer  activities. Taller-shorter, heavier-lighter,
7 - holds more-holds less, are more specific than bigger-smallér. The stlection of an extreme value should = |

follow next, tallest, shortest, holds most, etc. This type of comparison is impogtanf to' the instructional
strategy for acquiring the ability to seriate.” Rather than randomly selecting pairs te measure, the child can
select the longest, for example;-and then repeat the same .search for the (next longest. This proced: -2 or
strategy depends on--the chi}(i's development ‘of conservation of ength for s.ccess.

v - Specific topics can include length, ‘area, volume, mass (we:ght) and liquid measuré compar. )ns. »
Blocks, dowels, cut-out shapes of various sizes’ containers and pourable materials, along with the spzccto .
. work or play with the materials, are important. Plain, rather than colored, objects make such comparisons '
simpler. Objects of several sizes but the same celor permi: singie ‘property comparisons.

’

First Grade . - .
The use of reference objects and verbal statements about activities « '+ beginvalbng with cther first
grade units. In fact, these ideas fit nicely with early work in -eading. _ sunting activities arc us: illy .

" underway and th€ idea of nutherical measurement with unit of-=cts is a--ropriate. Naming v-it« nd
associations beween units presented .in concrete forms are me:-:ngful. Maxking personal mea: . are
important to the child.. Height; weight charts of these statistics a- - of the ourside temperature ir tegrees o
‘Celsius are activities which students enjoy discussing ‘and doing.  Materia.s should be in tae room
throughout the major part of the school year so that students recognize a ister; a meter, a kilogram. arid.

perhaps, a decimeter and centimeter as well. .

Major ‘attention in the first grade measurement curriculum is given to activities which enable the
students to perform activities matching lengths and to have preparatory work for thgse activities_with -
volume and area. Sets of small objects along with things to measure need to be available. (Paper clips, ]
toothpicks, tc_)ngu\e,‘depressc_)rs,,rods.\v,ubes, dowels, cardboarc squares. paper tape, large coniainers and
pourable materials are among the many. useful materials for activities). . : ‘

BN
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oy Second Gl’ﬂde L. - . : . . o~ . @; . :/ .
Instrumeqi‘&for measuring' length, using numerical measure‘s\for area, wergltt and llquld measure the
. . relatlonshlp ‘'of our monetary system to metrlc urits; and the use of* mQEarbltGary units ﬁnay be m,troduced
' in second grade I SO . : R
iy . ' e . id
= o &

iy . B
- chlldren to’ consérve weight and liquid volume since this K r,
igh 4 m : one md&.r- m; \

.- will affect their performance o thesc;e attivities. Sofhe - L \j/
. children may just be ready for/hle conservatlon “of length . - N
and they will néed to work wit seriation and counting @O D ~ :
activities- before ‘beginning-to work with rulers. (See 1l'lrst. - - ., — ! - ome square -
) gade) &Jﬁ ‘ A ne Liter-t c cmtnmctu.cm T

The amount o?fpractlce actrvrtles lnfeded; to work =
N - with calibrated rulers will'Vary from learner to learner. Itis
fut-if-the first rulers are nat ‘marked off in mllllmeters . -
' ulets” with® decimeters og))[or with cenimeters only are ) o ® K
' preferred These can be made in the.classroom. At this P d ~J. .
early level educators should try' to b? consistent w{/ S | ‘ S
measurements and'gvrthc réading to the nétrest whole unit:[Because the, metrac system is based on ten we °
~ can spend less time on halves, quaners elghths and sixteenths that were important 1g the customary -units.; *

~ The |dea of ¢ unvalencé among different sets, of,unlts lncludmg arbitrary and standard units ald .
again be emphasizéd. Since drea measure will probably be new. to all the children, coverlng a giverarea . -,
. with different sets of objects may be a good activity here. For-the more advanced learner the shift to grld
X péper and transparent grids for counting dtea can begln A Trelated activity in volurhe measure is- the
construction of a solid figure from unit objects which atches a grv‘en solid. The abstractlon of a picture ok \ '
_the SOlld to be built/may also be tried. T‘ :

L

- Partrcular atten#ton shouldfpe grven to the ablllty af ‘»J

Tlurd Grade : . g ' :
. . e
-~ The new variables which occupy this grade level are welght (mass) and temperature. A good deal of
"'COﬂSOllda(IOl'l“ of previous work on length, time and area will also take plac?'ﬁ‘nd since most children will -, * ‘ﬁ
recognize the ‘conservation of matter, the equivalence of solids, liquid containers or areas of unlike shapes .
cari l;é studied. Students can determine how many small coptainers of liquid it taKes to fill a large one and -

:fhow many’ small ones can be filled-from a large one, S

Longer {range experlments mvolvmg measurements can  be carried out by«the‘learners to galn needed

- -practice with rulers, meter st|c s. tape measures, centimeter grids. Mapping the playground, and’ making
,xscale drawings of their room ale examples of activities involving many measurements .

. Readlng a thermometer and measurlng temperatures indoors, outdoors; in water filled with ice cubes,.
_ -and at intervals-as the ice cubés melt; in the soil and at different places and helghts in the classroom are
activities that can be recorded ‘and dlscussed in relatlon to studies of environment, geography, health, and

science. T : .‘ . b -

At thls level students become " j\mlllar\wnh metric standards thr.ough using- them and gan identify
models of the liter, the centimeter, decimeter, meter and recognize whether a mass will be described in- \
- grams or kilograms. By using pan” balances-to compare Ob_]EC(S with model gram -and kilogramp masses,
students can begln to describe mass (weight) numerl&s.lly .

Time measure with water clocks. a candle, or a pendulum offer numerical measures of change and can
parallel telling time from ordmary clocks S I » : .

Fourth Grade B - I R ~

New measures that may be consrdcred in'the fourth grade are those of force and-of angle Aetlvmes
related to mass. temperature and volume shOuld be contlnued and advanced upon the basrs of” work lnf
prevnous grades ’ . o o .

'
' B P o

“ i8 S ;24 : - S N
o ‘ _ : ~
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l' outdbor\s mln-q'rs placement of a ladder and slmllar familiar ob_|ects

. are meamngful/at this level \

e o C L Ny .
S e, ;)‘:\)' Co . , / . -\ - ! ’ .. R 7
} . . .
units should lnplude those from the mill meter to the ‘kilometer. Actlvmes wath the
7added to those with the gram and kllogram and the Wnilliliter as’ well as the liter.

Appllcatrons of measurement i the community, in commerce, lndustry, scienct and he arts should be

mtroduc’ed Dlscuss10ns and reports abqut the development of the metric system and it nternatlonal,psage
<. . . - | 4] X .

The use of ll
mllhgram “should

L Actlvrtles which lead to the measurement of force chn begln WIth a strlng, a rubber banq a small bag,*
and a few marbles to put in the bag when it has been tidd, to the rubber band. Compare thé: lengths of the

rubber band as you add marbles.to the bag dangllng at thevend of the string. :Decide how these changing

lengths’ cor’d be measured,, and you have provided sem§ background for mvestlgatlng other forcés ¢ whether

pushes, pulls, or earth-pull measured by ‘the change in sprlngs or rubber bands. - /v ‘. & ¢
\

Angle meafuremen can involve the playground slldé‘ a nearby hlll shadows of a sf\ck or pole
C o~ .

. To work wrth greater quantitiés will require studeuts to haﬁ‘e experiences. in measurlng outside the

-
lassroom Estlmatlng distalces iR the 5 10~10 meter range can be done outside as well as foot races and .

< ¥
thpowing or punting contests with metric tape measurem;nts to 'determine the winners. Longeg dgsfances

such as'a kllometer five or ten kilometers can involve bicycles, cars and busses. One i lngenlous school has
already put krlometer markef along its bus' routes._m:D#'al hlghWﬁy signs are appearing Qn -our hlghwayy
These out-of-door activities chn be supplemented wi aps, county maps of the lmmedlate area agd state
A Y »

. L

. maps, and scale drawings of the playground arda. Lo \ ‘ - A
] : . L . .. . .

"

oo

* <N ) . - . - .
s . . . .0 ol - \ ‘ ) ! .
. T o -0 ¢ b - K ¥

I

A

N

Estimating and measurlng volumes of packlng boxes, wagons, rooms.ithe inside-of a- statlon wagon
and the first snowfall of any depth can follow the constructlon of a cubic meter with' twelve stlcks each one

.

Y - .
. . e

-meter in length. : : -

Students of fourth grade will have had enough experlences in measurlng ob_|ects of various sizes to

appreciate"the internal relationships among the units in-the metric system Beécause the system parallel

7

o

/e s

~

«

A

-

S

L)

¢

AN

. their lessons in place value  in our dec|mal system of numerals these relatlonshlps are- most lmportant .

. -
. .. .‘ . /) ) A
ﬁ:: . L 9 . :  4~ L
, . f T a

o - .
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j‘ / : _ . SOME | BASLC RELATIONSHIPS IN- METRIC UNlTS :
—— . 2 hdlPS _ : r\/ §
. 1 Linear L‘ . ' ‘ , L= , o .
' . v ‘% . : e » !
- 1@ mm =" 1 em 4 NN \ L . -
g - lOcm:(l'/m- ‘ N lOOmm—'ldm A 4| '
< . lOdm—&l-g_] - . ) lOOcm=lm 1 000 mm =<1 m I
Q’ 2 _ PRy, v 1000 m-= | km < ) / y\_
. Volumg o o “h ' ) o, o \T‘ S .
. <. reO mi =11~ - " _ " Y oy
e !Mass‘ Cs a",, AR | s - R .. N e
T 0 oo me 68 < '-_’”’ R
ol b s R TLEENY O Sl
o _ Fifth Grade . : v o 4 ' ' (T
Fpr 7 This is the %ear of thq declmal and ‘the first: lmenslve/use

of computations with met’nc measuremgnts.
" Two dlffereﬁt but: relatf\d idéas are mvolVed a measure multlpl:::}m/dl‘wded by a whole,number and-, the,
§|fm qr- difference of a set of measures. Expressmg the resultin a meanmgfulhmt is a thlrd skill,

a gpace in the yard to be used -as
-.- hedge” : -

(2) What s Your CIaSs Mass 7. .. : v 4 : i
Each student weighs in on ‘a kllogram scale and writes her/hls mass (welght) on a shp of
! paper. All entries are totalled and’ posted with the date. (You may- want. to compare this

' total\w1th a néw one in two months — or after a class picnic.)

(3) What would be the mass é;?lr schogl's “total student “body“” Should the total be'
expressed in grams" Kilog Metric tons? ) . .

"o

(1) A rope 40 m long was used.to mark off the. ed
a garden.- lf the space was square how lon

Examples

o
Activities involving measurement in and out of the classrodn will lead to square and cublc measures

aﬁnd the notations involving exponents Though the woids are replaced by the symbors the measures are
read in the same manner: cm’ - square centlmeter(s), éSquare peteﬂs), cm - cubic centlmeter(s)

Examplé Collect enough measurements ofoyeurself,> use meter-wide wrapping paper and draw a’
full-length-portrait of yourself,.complete it in llvmg color. When cut out and palced at the
artists’ desks or along one wall, a class portralt resu{ts. By using a transparent grld of
square centlmeters body area can be determlned olume can be estlmated and .a“
comparison wnth mass m,ade .

o proportlon area and related calculatlons
Sixth Grade 5 ’ - o .

Wlth-&h&background ofexperlence.s In measurement outllned for the prewous grades, students’ w1|l be
prepared for work involving abstractions that are related to measurements:* Greater use of estimation;

a

“ graphs and tables that report recorded measures and graphs that portray related variablés; applications .

) lnvolvmg two ™! mehsujes sugh as speed or*velocity, and density. .

Examples Apollo X traveled at 39 897 km/h or 11.08 km/s. Determine an ll km dlstance on the map
L of our state to; wsuaane the ground that would be passed over in a second at this rate.
T .Trace" the path that would be made in a minute. - :

“terms of -a ¢ubic decimeter? Check’jﬁhls computation against tap water weighed.in your
“classroom. What does.one liter of tag&water welgh" What would the Water weigh if you .
filled a vat that was one cublc ‘meter m SIZe" g Lo

L o . . <, v .'. .
,4 " - . . . . .
~ Lot K 2 . . o, .
t o v T ‘ b : "'. . : R

o o | '
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s L. . Water has a denSILy of about 1 OO(ﬂcng’ How could you express the density of water in T



D Students are cunous about names for greater and greater qua s as well as those that are

lcroscoplcally small. lntroducmg the prefixes mega-, giga-, tera-, micro-, nond- and pico-xan involve .
work with decimals, readmg numerals, place value and an apprecnatlon for the use of scientific notation.

L 10,00 =73 X 100 etc) [ < ! » »
‘ Wlth the tntroductlon of applications and ncreased famlllanty w1th callbratlon students will be ready
- to be mtroduced to additional instruments and thelr specigl uses: micrometers; callpers bow calipers, ‘depth . )
“ - gauges, clinometers, pmll‘actorg and range fnders D¢ monstratlons by people of the commumty who v
g ‘;f.'actually use them is ‘an ‘added motivator. : ) "
LU T[ansformmg actual measurements to a drawmg VIa'“bscale and readmg a scale drawmg as well as’
: “ explalnlhg it are other aspects- of abstract activities for students’ Formulas for area and volume should be
- 'more meaningful 'following’ activities with the concrete — - ) L .
o ) including those that mVolve the circle and . . R S
v _ gExample, Measure--an‘d record the.cnrcumference of 5 : '
L - — .several-circular disks (5 cm, 10 cm, 1Scm, - »‘_z_ .
ol - 720 cm, 25 cmr in diameter). é
This can 'be done by placing a string __~ é
S around the disk and then measuring the w
. length of the string used with ‘your meter, § ' '
. stick. Now construct a graph of "your = -
L : findings. Label the y-axis CIRCUMFER-. < e
.. - ENCE, the x-axis DIAMETER. Is the -—
! resu}tmg graph a strgight line? Divide the 1.
- w_.. °  the circumference by the diameter for each = S R LS
’ /point plotted. What is the quotient in eéach- A .10 ao - 25’ A
. . . case? How do the quotients compare with DIAMETER [N om . : hO
o T A ~ the value that you have learned’ for7l'" .. R ’ :
' 4
: - d
"-';m' B . ’ 4
. F . . B » '
e 0 ) ; . * " »
< ‘.
R i s
' - . 2 L]
N ) a-ﬁ\ = .
6, i i L] .‘J
N ) M © ¢ ‘.‘vr Y -
N \ 4 ~
v ) N a3 . 1]
Lot - ;
. . - » - ¢ ¢
R , | . B o ' )
. .
? R 5
. ' A,' : 4
. 3 ’ / . ’ : ’ BN . ) »
4 V ~ ! ] . . ‘:
-.J [] /H— - A > ? .l ) N
\ - 5] - ' ‘
2 < :
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al_and ?Eq'uipn'lent_ _'

'rement is best taught by measuring in SI -

Choosmg Instructﬁonal Mat

'~ Measurement is best taught by measuring. Metric.mea

* units. This i is an active,; **hands on’’ approach 4o learning. lnSt ctional resources are valuable assets to the
: mstructor ‘ ] 4.

BEWARE The market is being ‘deluged with mater|als and equrpment There are many/ ‘excellent

materials: However, ‘sonte are better than others and only the very best should be selected for purchase as | -

they will be used for many, many years. Prior to purchasing materials review them cr|t|cally ‘Concern for
good metric usage is utmost when anyone reviews materials that students and teachers will be using in the

) classroom. Copsiderations should be given (a) to the physical characteristics of the measuring devices to be
- used, (clarity, resilience, accuracy); (b) to the appropriateness of written explanations and exercises; (c) to

the precision of diagrams. Here-is a check' |ist for measuring the value of instructional materials and

~ programs. An equlpment check llst is |ncluded on page 23 h ST \

Materlals and Programs Check Llst

.

_ L “The materlals use standard 'Sk umts in a consrstent manner (See Tables on. prevrous pages)

2.. Metrication is integrated int6 lessons throughout the cumculum and wt presented as an |solated_
topic or limited to a single dIsC|pl|ne ) .

-

3. Metric measures are made basic to all gneasurement ‘activities. Converslon is de emphaS|zed in
later grades and non-existent in early grades. Where conversion ‘is necessary, it is' dealt with
from a metric basis. . ..

.

4tMeasurement activities follow a developmental sequence whlch reﬂects a genuine concern for
how and when children learn to measure. '
(See the continuum on page 16) -

" —— 5. The developmert of the concept of measurement is mcluded in the suggested classroom tools
7 and written max}lals J - : '
a. Non-numerical matching and comparison
- by Ordering e X
“ c. Appropriate language = v
- d. Estimation - - o

e. Numerical relations and mapping
f. Pictorial representation — use of scale drawmgs
g CallbratJon and use of instruments

“

) Books in the followmg l|st are g|ven as examples of materlals WhICh meet the criteria for selection.
They should serve as guides of- what to look for. oo S .

1. A Metric Handbook for-Teachers, Yack et. al., Wayne Westland Commumty Scho'ols 646N Wayne
Rd., Westland, M| 48185. _ e

2. Activities for Metric Measurement, MCTM Gu|del|nes Commlttee for Quallty Educaﬁon Monograph
"~ 11. H.L. Mourer, 2165 E. ‘Maple Rd., B|rm|ngham, Ml 48008 ‘Ready September, 1976.

3. Activities for Téaching the Metric System Vol. 1, 2, Rita Brey, 18750 Five Polnts, Detr0|t Ml 48240 )
1976, $3.75 ea. . .

4. Activities Handbook for Teaching the Metric System, G.G. Bitter, J. L.. Mlkesell K. G. Maurdeff ’
Allyn &‘B%mon lnc Longwood D|V|S|on Rockleigh, -N. J. 07647, 1976, $11.95. '

5. Amusements in DeveIOpmg Metric Skills, Alice Clack and. Carol Leltch Midwest Publications, P. O
Box 129, 'Troy, MI 48884, $4.25.

- o . o . y 22 v ‘,'/‘ e
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’

- 6. Cheap Memc Equtpment Actlwtles and Games Donald Buckeye, Mldwest Publlcatlons (address
~above), $3.95

7. Going Metric: Gutdelmesfor the Mathematlcs Teacher Grades K-8 W.W. Lefflin, National Councll
of Teachers of Mathematlcs 1906 Association Dr., Reston, VA 22091, 1975, 48 pp., $1.50.

'091

. . Happy - Memcs I (Prlmary) II (Intermediate), Blaine and Nelson, Scott. Resources Inc., 1900 E
N 'Llncoln, Box 2121; Fort Collins, Colorado 8052” $14.95 ea., $9.95 ea. without three-ring blnder
- 9.I'm OK, You re OK ‘Let’s Go Metric, D. Buckeye, Midwest Publications, (address in #5 above),
.. %4, 50 : v .

10. Let’s Play Games in Metrics, George L. Henderson L.D. Glunn Natlonal TextboOk Co 8259 Nlles :
Center Rd., Skokie, Ill. 60076, $6.50. _
- 1. Mathematrcs Geer & Geer, Modern Math Materials, 1658 Albemarle Way, Burllngame California
©94010.

_ 12. Metric Handbook for Teachers, J. L. Higgins, Natlonal Council of Teachers of Mathematics, 1906
Association Dr., Reston, YA 22091, 144 pp., $2.75. S : :

- 13, Metnc Measurement Activity Cards, "MCTM Guidelines. Committee for Quallty EdUCatlon
Monograph #4, (See address in #2 above), $2. 00 ‘
k9

14, Thmkt’ng Metric, Thomas and Marllyn Gllbert John Wlley and Sons, Inc., 605 Thlrd Ave Ne
NY 10016,1973, $2. 95

' l.é World of Metric, Odegard Sharon E., Gran & Co., 450 W Algongum Rd., Arllngton Helghts ILL.

. . 60005.
YES? . Equipment Checklist
2 1. Is the measuring dewce accurately calibrated? Many suppl|ers will have information avallable on
o the standards to which their equtpment is produced Compare calibrations.
' : Example: Place meter sticks of two different’ manufacturers side by side and check that both
L \ ¥ . _ beginning and ending calibrations agree. . ‘ _ :
—— 2. Are callbratlons permanent or are they apt to wear off (or get scratched off) in a short period of ‘
: ‘ttme" .
< 3. Is the device durable?” Can it wnthstand the rigors of child use? Drop it. Squeeze it. Test it.
k .
' ' Example Styrene although |nexpens|ve has a tendency to shatter. Some manufacturers have
N . N stopped using styrene for this reason.
4, Does the measurlng dewce flt the ‘use it is belng purchased for? A
- o . Example - Thermometers with a range of - 10°C to 50 °C cannot be used to ﬂnd the temperature
. . ~~ of boiling water. ‘ o ; _ Lt
“___.__.' 5. (L|qu1d ‘Containérs) Children hes|tate to fill containers to the top IW|th l|qU|ds Therefore
calibrations should not be made to the very top. - L . .
_' ) 6. Is the devtce approprlate for the ch|ldren who will be worklng with |t"

xample An analytical balance might not be approprlate for -early elementary ch|ldren
however a s1mple balance beam might be appropr|ate

—_ 7 Isit easﬂy repaired? Are parts ava|lable" -~
Example; One. of -the most expensl\ oieces of equipment districts will purchase is a pan
balance. Replacement pans 'n< oarts, which might be broken or lost should be easily-
replaced : T . ’ .

- I
A a

v —e——

L]
- 8. Is it attractlve" will children want to plck it up and play with it?,

— 9. Can it be used for many appl|cat|ons? Are instructions mclu_ded? .
» . " . : . . i 23 . . .
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e
A Mlmmal Llst of Metrlc Equipment and Materlals

' Quantity

- ' 8‘

.
—

23

The items in this list-have been Yetermined.to be minimal, based on the equipment necessary for instruction of the MDE Minimal
Metric Performance Objectives. Quantities are based on those quantities deemed necessax;y .for a unit contalmng a single

. Meter sticks scaled only in decimeters

' Me‘er sticks scaled only in centimeters

-

o Kmdergarten — Third Grades ,

Combination meter StCKS ... .. .. . ... te it e
Meter sticks scaled .only in meters
Flexible tapes (150 cm long, scaled in centimeters) ..................
Ten- meter tape scaled ln meters and centimeters

30 cm rulers scaled in centlmeters (Should measure

from the end of the TUlEL). e e e
 Celsius thermometers (range at least -30 °C to 110 °C).

(Calibrations should be in 2 °C 'divisionsl e
Metnc weights mcludmg a kllogram welght (Metal ' R '
plasuc or a combination of these). ..,............. R
‘Pan balances N S e T

ther. contalners (plasuc)

“kindergarten, st grade, 2nd grade, and 3rd .grade.

Ideas for the conslrucuon of home made equipment ‘h might be used can be found on pages 27-33 -

‘Quantity
" 15
30

30
1 000
gy

' Celsius Room Therm'ometer'(wood back preferred')l

Fourth — Sixth Gr'ades

[

Meter sticks' (sc%led in centimeters)

30 cm rulers 'scale¢ in.millimeters

Square c;entir_neter transparent grids (at least 10 cm x 10 em)
. . ‘

Cubic centimeter blocks — plastic, we_ighlng one gram..

N

30

24

- Home- Made -

Alternative

Page' #’s

27

27

27 .

7

27

27

n27

no alternative _

no alternative

29

30 -

"no alternative

i

Lz

" 31

"Home Made
:Alternative

" Page #’s

-~ 27

no alternative

" made of
transparenciés

no alternative

" no alternative




Quantity

o eget’

"3

10,

Ream

1 set

10

5
30
30

1 000 -

e

3

1
10

Celsnus dlppmg thermometers

Celsius therm0meters (range at least — 30 °C to 110 °C) t
Calibrations should be in 2 °C divisions. ............. T
Flexnble tapes (150 cm, scaled in oentlmeters and mllllmeters) .......
10 Meter tape scaled in centlmeters ............................. \ o
50 Mejter tape ,.scaled in centlmeters ................................
JPan Balances- e e '.'.; ......................................
Square c_entimeter _graph.paper ~ Or Duplicator Masters
for such paper. e e e '
‘ Mefric bathroom scale..'Metric only' preferred. ....... ...l
Contalners for liquids (17, 500 rnI, 250 m/ as a minimum) ......:...
Dissectlble Liter Cube (Cubic Decimeter) ... S
100 m/ graduated cylmders scaled in at least 10 m/ divisions.
(Soft plastlc preferred) R R F R R
Seventh — Ninth Grades
.. B
4.
Meter sticks scaled in CentimEters "..............oooonieeeeen. %
30 cm rulers scaled m‘ millimeters .. e Ve '-‘. . .‘ﬂ ..... .
Square cent,lmeter trahsparent gnds (at least 10 cm X 10, cm’) Sl :

CuﬁQ ic »centlmeter blc:%(s (plastlc onoQ that welgh .
one gxam preferre V A g

o .."'”..

Celsnus Roqrrl ‘

)

no alternative

[P

T

no alternative

27

27

27

30

30 .

31

no alternative

no alternati ve

Home Made .
Alternative -

- Page #°s

AR

27

2

" "made of
transparencies

]

no alternative |
- . AP

Jno_alterpative |

no alternauve

“ 6-8/ Flexrble tapes (150 cm scale 27
S
Square centrmeter graph paper or a- duplldabs

Contamers for llqulds (lI 500 m/, 250 mI as a mmlmum) o ' 31
Dissectible ther Cube (cublc decrmeter) e ." .......... EERRRERRED no altemative

100 m/ graduated cylmders (scaled in an least 10 m/ - . k o
. divisions) soft plastic preferred ............... R R RE R ik no';alte\rn‘atnve
25" T ‘



W o ' Kmdergarten — Thll‘d Grades \ ,
CQuantity . - R . SN
o . .2 Trundle wheel (with clicker, preferably free-turnihg in either dlrectlon) . L ‘

] Héight measuring device (a l"ancy‘ device). Should - be supplemented with a home-made or.
mexpenslvely prlnted height chart .in each classroom. "

."" ’ 1-2 50 Meter tape (scaled -in meters and -centimeters)
=t 23 Bucket balance ' '

‘1 set Cutsenatre Rods (classroom set, in sindividual contalners)

S " Fourth .—Sixth Grades

1 Cu}blc meter (could be just clips. in which to lnsert meter stlcks)
' 2-.3 plrlng scales (at least 1 kg with “at least 100 g dlvrslons)

‘1 Height measuring dev‘rce (a “‘fancy” device). Should be supplemented 'with a home-made or
" inexpensively printed’ height chart in each classroom “

" 2 each 500 m/ and 1 000 m/ graduated cyllnders (Soft plastlc)

. _" ‘ o Seventh — Nmth Grades . e
Quantity - , © . N\ e

’
1.

oo - e

2-3  Metric calipers'— inside and outside — with spring lock (Ascaled in centimeters and millimeters).’
1 Metric bow calipers (stale on bas%). '

b . . . )
1 Metric depth’ gauge. May be i‘ncorporated on calipers. ) : .

1. Survcyor s. chain. (Metrlc dlmens10ns) ¢ - D
30 Geoboards o - - .

a ' Other Useful Items
1. Sml plastlc spoons. ; -
2. Welghmlx scale, A kitchen scale whlch can be reset to zero. |
3 504ml medicine cups. Obtalnable__from a,hospltal supply house. P -
4, Self-adhesive tape marked in centimeters. ' ) s -
‘5.. Paper tape. Adding machine tape will- serve well.
' 6. AMetric spoon set. l,?Z, 5, 15, 25,‘ml spoons.

« “ 7. Geoboards. : < -

-
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,Metrlc Equlpment and Materlals Xgu Can Make

o
T o S Measurlng Stlcks ‘
/ . . .

: A school shop class can cut-strips. of wood (pine) which can be la\)elled approprlhtely
- b 3 n"‘, : A .
1P ‘ [ — 7

. L

| ldmf‘lmldm

Accuracy: Total length 2 n§m ‘at the k-3 level

s 2. Declmeter and- centimeter markings should be wnthm l ‘mm.

‘ Hlnt ’Use a commerclal meter stlck to determine the locatlons of the calibrations.

. ‘

4

© .y,

Dlstancé Measures

Metric tape meashres can be constructed of many materlals A llst of sqme of' the materlals Wl‘llCl‘I are -
frequently used follow: RS - L, . = . “

N Drapery tape: This material can be torn length"wise to -make several tapes.

‘/Adding machlne tape:

3. Scrap ends of window shades. - o o | o - .
.4 Summer lounge chair plastic webbm S ' '
o - The above materials can. be callbrated Purchase ‘one tape to use as a guide. If no intermediate
. callbratlons are necessary, string or rope knotted at the end points, may be all you w. .

-_—— \\\\\- - \m

L o ' ' B R

. ' z ,
) v
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N ",' 3 ,'% Trundle Wheel

*. Trundle wheels are fun tp make. and to use for measuring hallways, playgrounds; classrooms and-

" other big distances. Smee the distancesthe wheel rolls.is what is measured, the circumference ofithe wheel
" is important. To make g one,meter- trundle wheel the diameter should be 31.8 centimeters. Make a mark or
put a piece of tape on the wheel to.help in countmg Attach to a handle wnth a bolt; nut and washer.

.o 1
— - . . .
! h

) Surveyor s Cham

* An interesting metnc . surveyor s ¢hain’’ can be madé{pom large dlameter plastlc drinking straws
(obtained from hamburger stands, school cafeteria or supermarket). The straws should be trimmed in lgngth

o a usable metric length, usyally 20 centimeters and strung on stout cord until a handy length is reached
‘(say, 5 meters). Tie a short piece (2 cm) of the straw on each end to: prevent the cord from slipping through

and leave a little slack ir the cord so your ‘‘chain’ bends easily between straws. If.you leave enough extra -
* string, the whole thing can be folded into a very compact bundle and held with a ‘rubber band untll needed. -

This device is very nice for comparing pen?meters and enclosed areas, or measurmg lengths of arm span,
helght to’ the nearest 10 cm (by" markmg ach straw m “the mlddle) and other mtermedxate dlﬁtances

28 : -
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S P o Welghts
Larger welghts cagk be made quite successfully Use a gooq pan ba]ance and an accurate fset of

'welghts‘ With "the kn . weight of one pan fill a .
‘1. 35 qlm film contamer (up to 50 grams or so) or plll bott]e

’

S 2. znp lock ‘bag (up to a kllogram or -so0) or canvas bag
3. potato Chlp or coffee can (more than one kllogram) _ o ' ' .

with lead shot, dry sand, screws, nuts or bolts to make thé”ﬁ'cale balance. Most centicubes have a welght o
‘1 , gram. Many drug stores and film progessors will supaply you ‘with- containers. - %

¢
o Smaller welghts can also be made rather easlly from scraps of paper or plasUc milk’ cartons. Blts of oil
base clay (play doughs- lose water and change while dryifig) are also good. - -

The slrhplest pro?edure is to welgh a large plece. and then divide it mto smaller pieces. For example, a-
rectangle of plastic is trimmed with a scissors until it weighs five grams, cutting it irto five parts gives us

. some one gram welghts These can be cut again into still smallér bits to make 100, 200, or 500 milligram

2 welghts LABEL" your weights with a markmg pen and store in an empty film container or pill bottle.

L4




o Pan Balances { L -

' o Remembering that a pan balance cc';nsists of - ' _ <
S (a) 2 pans or buckets (ell;ch with three s‘uppnning strands) ' ‘ >
- (B) a balance beam (some allowance for adjustment should be made) T
S ©)"a pivot. e T . B A - )\

can design and construct your own balance. Three models are shown.
gesign § ur 0!

.

s .- M .
» ¥ . 4%
atyrials: : \ o ~ Materials: - SN
_coat hanger o S : drilled metric™ ruler
s-hooks ' s .. A bent paper cllgs
String . . A . ’ o . : . strmg o )
small dishes . Ca small dishes ST ,
VR - ' . . _ . C e B x <
AdJustment . by ,F - T * Adjustment: - _ : ’
adjust’by bendmg I o o e ~ adjust by placing”tape __
the hanger 3 T - T e on the ‘‘light’’ end of the ruler
» (-
?.
\ ' . t <
J . ‘:l B . . : ;
. N - . B I . . .- . :
* Materials: IR - lnstructlons : -
. L ;Nooden beam (hardwood) C " "1. Drill the balance beam just above its center *-
. ashes margarine. tubs. “Da;ry Queen" v for the pivot and near each end for smalll
dish . \ _ o _Screw eyes. :
ishes . . U . ) A -
3 3 '&laght chain : - 2. Insert the screw eyes and wrap two twists
Lo A ' ST ’ ~ of copper wire around the, balance beam. ..
4. Small bo'lt long enough to go !hrough she Attach the pomter dlrectly under the plvot
balance beam and the supporting board xQole .
5. iron wire or fnishing nail for the pointer f «3. Drill each dish and attach it to three pieces
« . of chaift (same length) with paper clips.
6. v copper - wire -for balance beam ad_]ustment "‘ Attach the chains to the screw eyes with
7. small screw eyes S 7 * paper clips. - . RN
. - 8. -lafge paper clips J ' . - 4. Mount the balance beam on the base wnh a
) : A . . _bolt through the beam and the base. Mount
. o “ . it as illustrated: :
Y 30
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Hlnts for better opcratlon

' (a) If the bolt is filed lnto a wedge where it contacts the beam, the balance is more sensrfve

.Ab) Be sul'e that the pivot hole is drllled above the center. , : S :

- (¢) Do not “plnch"'the balance’ beam

v

Easy Bathroom Scale Conversions . s

Scales are manufactured w1th dlals of several types.-The s1mplest one to convert is a flat-drsk type

W Ay ‘\\

1. Peel back or cut away the »nonsllp covering on top of the scale. UsuaNyyrrong springs hold tﬁe-tob in

place. Get somebody strong to pull . these p_and' release them_ fropi*their hold on .the. .top e
2. Lift off the top carefiiily and set it aside. ‘ ' ' »
3. " Remove the dlal plate and lf'l‘l're-back is plain white, turn it/Gver. l(you can "t use the back glue a clean
’ sheet of white paper over the.: old dial.- ' / : i : T
. L T e
-4, Recallbrate Since 2.2 pounds equal 1 kllograrlrﬂ:leven p unds is five kllograms Unless you can prmt.." -
. small you can callbrate wrth ﬁve kllogram marks, makmg a mark, over X, 22,33, 44 55 etc. pounds S
. ""',;: R Replace the‘top, threadmg those §tr g sprlngs loosely through the holes helps Or tie a léngtlr of strong ' o
o wlre to each spring to get it thr gh the top. L '
» .

.

\ ther Contamers

SeVeral contalners are very close to being one llter ‘Any container can be callbrated provrded a .
“marked llter container is available. You might use: :

1. lrter snzed soft drmk bottles

2. a half gallon mllk container cut oﬁ' at twelve centimeters and marked at eleven centlmeters

3
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5 . . S : :
r % .
R, | ’ ¢ . . B N B . .
3. a one pound coffee can . ) o S .»-,!— 2
4. a thlrty-two ‘ounce automoblle oil can (is smaller than one llter) A I - /'/
: v -
. s | ' P
T - o . 8 s st : ’ Al e
Area Measures
L Therg are many ways of famlllarlzmg chlldren with area measures The follownng are a few materlals
' that have been used successfully:
1. A square meter cut from plastic, oil cloth or kraft paper. ' . v ' . .
2. Square detimeters cut from lastic board, vinyl floor tile, ‘or masonlte;
3. S‘quare centimeter paper grlds or transparent grlds
4 Tape on, the floor or wall to illustrate the size of d square meter.
. R ][ . oo : .
v : b . . . .




- The Canc Declmeter( £ e
One Thousand Cubic Centlmeters o A . B

Use two stnps of oak’ tag, 10 cm wide and 42 cm long Measure, score and fold at 10 cm mtervals
~ Use theremammg 2 cm for’ aflap to glué or tape to the opposne end of t' strip to make a hollow box with
. no“top or bottom. - - .~ - /

N T e

LY e Oem [ - & .
. .\ ..
v «
o [N 7
‘ Flt one hollow box into.the other to make a six-faced cube that is one cubrc decuneter or the cabaony s
. of a liter in size. - . ) . ’ d .
) ' Use the model to compare with a cubic centimeter cube and a CUbIC meter made of meter sticks. /
. : When not is use, remove inner sleeve, flatten each one a.nd{store for future use.
Y .Optional: = = ' - ‘ \.' -
(l) Cut a ‘square 10 cm x 10 cm from centlmeter grld paper to cover one Or more of the six faces
(2) . Make one" hollow box. Fit the other strnp\msldhwnhout gluing the.flap. Tape or glue the inner 'box to e
‘ the couter one to make a box with a lid! . RN
(3) Line the box with a plastlc bag and use to measure the welght ot a liter of Water o \
Voo ~/" L T
- Dlameter Gauge e,
v ) The diameter gauge is used for measuring mternal dlameters of Ob_]eC(S up to 15 centlmeters
) :r . - ’ . . . . . e . : - A
° B < Y . B ’, . : » “.
l . . v- N - : W . -
. _ . . o
. c ' \ . )i
* ! L e
Q .
Q L .
_ . N K
AN
4 > *
i -
5 '
- R ‘ I"i, .
! T »
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- Metric Activities and Games

Ve

1

o .
. : .
B DR -
A A
. - . '
/. .
-

. . A Métric LD, Card

" ey

" Name:
© 'y

. Height:
. Head:
" Néck: __

———cm_ Waist: o~
Y - cm Wrist:

cm

¢ T
: Qot length:

cm  Weight: |

kg
cm
cm

34
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METRIC SAILING

Using a centimeter ruler measure each segment to the nearest 0.5.cm. Then

-

contains ah answer The first one is done.

Segment AB lS.

Segment BC is

4

Segmemt CDis -

‘ Segment DE is
_ Segment EF s
" Segment F_G is -
. Segment CJ is’

Segment JK . is
Segment KF is

Segmemnt /'AD is -

Segment HI .is
Segment LMis

“Segment HMis

.

3 cm

cm

cm

cm.

cm

cm

cm
cm
cm

cm

© .cm

35

 Gontributed by Dr, Donaid Buckeye and Midwest Publications
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MATCH-UP

: This is a game of challenge. It can be played by an individual or by two mdlvnduals workmg together
The game is played with 9, 16, or 25 cards. Each card has a unit and-a value on each.edge of the card.

m! and 1.21,

£
I> When the puzzle has been completed all edges must be OpPOSlte and equavalent

’

.

'MATCH-UP "contributed by Project Metric,_Wayhe-Westland Community Schools.

.
3

‘.

-
‘ 36

"2

#

The object of the game is to match edges which are equlvalent Examples l 2 kg and 1 200 g | 200
lmanleOcm,300mand3dm_ .

- - L l.2 m]
: . L 1.200 ml
: 14.290 g (1.2 kg m. 100 cm’
7 N S o 30 cm
.3 dm
L a
3.3 kg 5 cm 1 m
I-cm I m|100 cm 11| 1100 ml 0m| *
»'vv B Ne
50 mm 42'm 4 000 g
l 4.2 » 4
o~ 50 cm 3 moy kg
‘ I m 10 mm | 1 cm 3 m | 300 mm 0.3 m
" MIm . 33kg 3.2 dm
1 200 m 3300¢g . 32 cm
i . . - 4 Q ' .
14 cm 4 dm | 40 em "9 cm | 90 mm 10
10 mm I 100 cm ‘
| |
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+ 3. "Fold over along the dotted linge.

PR o 'FLEXAMATCH

This i$ a metric eqmvalence game for two or more-persons. It is very sumlar to MATCH UP. One ‘
player serves as the score keeper. The score keeper reads aloud a phrase for which the other players find an

o eqmvalent phrase which has been printed on their flexagon. The first player to find the equnvalent phrase.

earns | point. If an incorrect phrase is offered as an equivalent, | point is deducted from the person’s score.

Score Keeper's List
1L ‘ 8 '
1 km

l.dm’

37 °C

100 ‘.’C

20 °C — 40 °C,

0°C , -

30 °C o
32 cm #
Weight of 1/ of water at :

5pprox1mately 4 °C

-1 m? .

. Approximate mass of a nickel -
Approximate area of a postage stamp
Approximate diameter of an aspirin
. Approximate helght of a door
kilo- - : -
hecto ’ o
deci o

- centi
milli

x-\

FLEXAGON MODEL

1. "Fold adding machine tape as:

-

Equzvalents to Place on the Flexagon

lOOOmlorldm’orlOOOcm’

1 000 m or 10 000 dm

10:cm or 100 mm o
Body temperature
Water boils _
Room temperature
Water freezes .
Let’s go swimming '
320 mm or 3.2 dm or 0.32 m "~ - »

1 kg or 1-000 g

1 000 dm’ or 10° cm’ or 10° km’

5 grams d . : .
6 cm?
l cm

2 m-
17000

100 - <

. 0.1

0.01

© 0.001

" Fold along the dotten line and behind the other end trianglc./Gl_ixe the.two end triangles together.

The flexagon can be “‘flexed” by squeezing two adjacent triangles together and_pushing the opp”osne
vertex to form a 3-pointed star. 'Flexing the.flexagon reveals another set of six triangles. There are three
sets of six triangles,’ therefore, eighteen sets of equivalences can be used on each f!exagon

e L
- (‘4 S s
3 37
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Appendlx B . ’

. A Brlef Hrstory of Metrlc Measurement and Leglslatlon
‘A, Early Measorement

Early systems of measurement made use of arbltrary (but often descrlptlve) units of measure. Many. of
these, such as the cubit, hand, foot, pace, inch, were based on parts of the body. Others, such as the
pound, were based on common objects. As such, ‘these measurement ‘‘systems’ had no 'common
relationship connécting different units. In fact, at first everyone used her/his own foot as a measure. Trade
ultimately led to the need for standard units. To convert from standard units to other standard units one had
' to remember many special numbers or "convensngn factors’”.

-

x .

_B' quor Measurlng Systems ' -

< As civilization advanced, the crude early measures were mcorporated in measurmg systems.'In more
modern times there have been two measurement systems of major importance. The English (Imperial)
Syst.em developed in Britain. It was based on early English and Roman units and its use spread, with some
modifications, throughout the British Empire. The other major system, the Metric System, was invented by
French scientists to replace the large number of systems and local measures in France at the time of the
French Revolutmn y :

C.. Hlstory of the Metric. System : o S h
“ In 1670, Gabriel Mouton suggested a system of measure based on\ten with the basi¢ unit of length a

spec1f'ed fractlon of the length of a great circle on the earth ‘He called his fundamental unit of length a
metron.

In 1789-90 meetmgs the French Academy proposed the metric system based on Mouton’s ideas. The

_sysfem was based upon the meter which was defined as one ten-millionth of the"distance from the North
Pole to the Equator, on the méridian passing through Dunkirk, France and near Barcelona, Spam (The

- ‘'actual measurement was sightly in error.) :

The gram was established as the fundamental unit of mass. It was the wélght of one CUblC centimeter
of water at four degrees. Celsnus and at standard sea-level pressure.

<

, T.he metric system was introduced for use in France in 1797.. The people did not adopt it rapidly, and

_ Napoleon rejected it. The metric system was reintroduced into trade and commerce in 1837. In 1840 the

. French government -made the use of the metric system compulsory. Soon, use of the metric Vsysten;,
' - particularly for scientific. work, spread rapidly. In 1857 the Treaty of the Meter was adopted by seventeen

. nations, including the United States. This treaty set up international standards for the meter and kilogram,
- established The Internatiohal Bureau of Weights and Measures and prepared prototypes of the standard
: meter and standard kllogram

r

In 1960 the meter was redefined in terms of a particular wavelength of ionized krypton-86 gas, thus
providing an accurate and easily reproducible standard. Also at this time, the International System of Units
' (Systeme International d’Unites), or the SI metric system was established. The seven fundamental SI units
are: the meter, for length; the kilogram, for mass; the second, for time; the ampere, for electrical current;
the kelvin, for temperature the candela for lummous intensity; the mole, for amount of a.substance.

D ‘Metric Legislatlon in the United States o

In 1790 Thomas Jefferson recommended the adoption of a decimal system of measurement with the

fundamental unit the length of an iron rod which, when used as a pendulum, would take one full swing in

~ two seconds. He retamed the English nafes for units, but changed their sizes to conform with his system.
> However, Jefferson was unsuccessful in getting Congress to accept his plans.

-
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country continue to use English units. v ' o

1. To develop a broad program of planning and coordination'

In 1821 John Qumcy Adams actlfg on earlier suggestions from Pre'sident'Madison, published his
classic, Report Upon Weights and Meabures, in which he set forth the advantages and disadvantages of
both the English and metric systems'of measure. However, he recommended that for practlcal reasons, this

In 1866 Congress acted to allow the legal use of the ‘‘weights and measures of the metric system’’ in
the United States In 1875 the United States signed the Treaty of the Meter and, as a result, received
prototype kllogram masses and meter bars. In 1893 Congress acted fo make the metric" system the legal
standard for lerigth and mass. This meant that the yard would be def'ned in terms of the meter and the

- pound in terms of the kllogram

During the first half of the 20th Century there were several attempts to have metric measure used in
the Uhnited States. However, these attempts were futile. The first act of ¢ consequence was in 1968 when the
U.S. Congress authorized a three-year metric study which recommended, in 1971, that the U‘nlted States
set up a coordinated national program for change to the predommant use of the metric system. The mgst
recent legislative activity is the National Metric Conversion Act of 1975.

-

E. A summary of the Metric Conversion Act of 1975 S _ - ,

‘ President Ford, on December 23, 1975, signed into law **The Metric Conversion Act ofl975"~ (P.L.
94-168), thus ending twelve years of congressnonal debate as: to whether and how the United States should

convert to the metric system. .

The. Presxdent s action followed final congressnonal clearance of H R. 8674. This blll ‘which had
passed the House on September 5, 1975 was cleared by thé-Senate with amendments on December 8, 1975.
The House agreed to the Senate version without amendment or debate on December 11, 1975.

As signed, the Metrlc Conversion Act of 1975 declares a natlonal pollcy of coordinating the increasing
use of the metr‘lc system in the United States and establishes a U.S. Metric Board to coordlnate the
voluntary conversion to the metric system. The bill does nor make conversion to the metric system
compulsory, ner does it declare that the metric system shall be adopted as the sole system of measurement
in the"United States. Instead, the leglslatlon establishes a ‘mechanism for coordinating conversion and for
ass15t|ng those sectors of society or the-economy which voluntarily declde to convert.

A major. segment of the blll ‘establishes the U.S. Metric Board tp. devise and implement a.
comprehersive program of planning and coordinating the increased use of the-metric system. This Board is
to include seventeen members, appointed by the President with-the advice and consent of the Senate, and

. representing the groups especially affected by the metric conversion: industry, small businesses, organized

labor, standards-making organjzations, science, engineering, education, and the consumers.

The Metric Board has three major functions: .

2. To conduct research and submit recommendations to_the Congress and the Presndent on ways to
facilitate metric conversion; : : N . :

3. To conduct a progmm of publlc educatlon in the metric system at all levels to famlllarlze Americans
with the meaning and usé of metric terminology in their dally lives. o

»

‘ Among the public information and education programs to be supported, the bill specifies that the
Secretary of Health, Education and Welfare, the Administrator of the Small Business Administration, and
‘the Director of the National Science Foundation confer with educators and state and local education
‘agencies, to insure that the metric system is included in the curriculum of the, country's educational
institutions, and that teachers are’ properly trained to teach the metric system. ‘In addltlon the Board will
collect analyze, and publicize information about the extent to which the metric system'is being used. The -
Board is also to conduct reasearch on any-unresolved problems associated with the conversion. Subjects
that could be researched include the impact of metrication on workers who own their own tools on small -
business, or the national security. , V
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/ o - Appéndix C - L,
A Guide For Writing .
Learnlng Sequences in Measurement ©o

. - The followmg detailed sequences for learning to measure was developed by Dr. Edward Smlth JIn
- preparing spemﬁc lesson sequences and cuyhculum, the tasks and suggested activities should be helpful.

»

‘: Task’ Descnptlon R , : Sample Activity for Length
A, _ “ ‘ Perceptual Observation N .
1. Nonnumencal measurement . . Present the learner with a pair of objects (identical
lecn a pair of obJects - or differing only on length) and instructions for -
: an observation procedure observing length., Then ask, **Are these Ob_]eCtS the
: . . ' | : “Same” and udlﬁ-erentn . Same or dlﬁe t')” '
Required: a same/different o T &
’ - ot judgment ‘ _ :
T 2. Similarity subset formation Present the learner with a set ofﬂbjects dlﬁ'ermg
Given: a set of objects‘ only on length and instructions for observing
o ‘ . oo SRR
an observation procedure* length.* Then say, ‘‘Pick out some objects which
" “a variable name ; have the same/different lengths.”
<.~ a subset criterion ° T .
- (same/different) ‘ I g@
Required: a subset of objects D , @ _ -
meeting the given criterion ' )
3. Ordinal discrimination ' . R P i the learner with a pair of objects dlﬁ'enng
_ Given: a pair of objects - o’ ength Then ask “Whlch one is longer/
a comparative value . shokter? o .
' ( er) ' - ’
Required: the object described : . %
_ by the given - ‘ - : i g
' comparative value ‘ _ - .
> 4. Extreme value sglection ' Present the learner with a set of objects differing
Given: a set o objects on length. Then ask, ‘'‘Which one is longest/
~ an extreme value , _ shortest?” ’
(o ———est) '
Required: the object described
by the extreme value
5. Directed seriation ~ ¥ Present’ the I{amer with a set of objects differing
Given: a set of objects . on length. Then say, *Put these i ina row according
. ° : - . Y )
. a variable name ' to their length.
Required: the set spatially o
" * ordered according to . //i
o the wamed variable
/ . 7 * Each procedure, including reference objects, should be given initially but may be required after sulﬂ'lcie'm practice. -,
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Task Description \

Samplée Activity for Length.

~
6. Dlrectegdescnptlon I- Matchmg to
reference obJects .

Given: an ob
a varla €’ name
an observation pxocedure*

Required: a value of the :
" variable which, describes
the object (in terms of

the reference objects)

7. Operational definition

- Given: a variable name

Required: a’standard procedure for assign-
' ing values of the variable to
objects

Numerical Measurement with Unit Objects

8. Matching.to sets of, unit objects*

- Given: an object
_a variable name
a set of unit objects

Required: a subset of unit objects equiva-
- lent to the object of the named
- var'iable

. Dlrected degcrlptlon ll

Given: an object
_a variable name.
a measurement. procedure*

Required: a value of the variable deSCl‘lb-

ing the object

Proce&ure a — Matching to arbitrary unlt
: objects.

~Matching to combmegzs‘sets
of arbitrary- unit ebje

.Procedure b—

5

Procediire ¢ — Matching to%ets of stan-
¢ - dard unit objects

-

,J/. , .

) dlﬁ‘erent tlmes)

Present the learner with an object and a set of
reference objects. Then say, “Describe the length_
of this object using this reference object.” ’

Ask the learner to, ‘‘Describe a standard proce-
dure for - determining the length of an object.”
(Alternative ‘‘State an operational definition of
‘length’ ) ’

3

o

‘Present the learner with an object and a set of

toothpicks. Then say, “‘Find a set of toothplcks
which has the same length as this object.”
(Alternative unit objects should be used at

different times.)

So
Present the learner with an object and a ‘set of
toothpicks. Then say, *“Describe the length. of this
object using toothpick units. Flnd _out. how many
you :can line up beside it.”’ (Alternative unit
objects should be used at different times.)

,

Present the learner' with an object,. a set of
toothpicks, and a set of thumbtacks. Then'say,
‘*Describe the length of this object using toothpick -

. and thumbtack units. Use as many toothpicks as
" ydu can and then as many thumbtacks as you

need.’ (Alternatlve unit obJects should be used at
Present the learner with an object and a set of
“‘cubic centimeter blocks.”” Then say, ‘‘Describe
the length of this object using centimeter units.”

" (Alternative standard. unit objects should also be
.~used, e.g. decifffeter dowells or cuisenaire 10 rods.)

9———————0 o | )

* Each proceduré. including reference objects, should be giveh initially but may be required after sufficient practice.

v
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: . . Task Description Lt . s Saniple Activity for Length - ' _ 1
Procedure d — Matching to combined sets Present the learner. with an- object, a set ,of . \ '
of standard unit objects - decimeter dowells, and a set of cubic centimeter ./

’ I . ' “blocks. Then say, ‘‘Describe the length of this

T

r e C S object using decimeter and centimeter units.”

[»'b . . ” o : .
’ . : . , &
: . . Procedure e — Estimatien . ‘Present the learner with an object.. Then say,
‘| S _ ““Estimate the length of this object using centime-
. T o ' ’ o ter units'.v” o ~
: 10. Operational definition 11 - . Present ‘the learner with an object Then say,

“Descrlbe a standard procedure for. determining.
the length of an object.”’ (Alternative '*State an -
operatlonal def'nltlon of ‘lengfh’ ")

Giyen: a variable name
. an object (optional) - . .
Requlred a'standard prooedure for assign-
~ ing ‘values of the variable to- I o ,

obj _ : - ' . ¥
- ) Jects o~ | . ’
C. Numerical Measurement with Instruments o A , _
© "11. Relative comparison o Present the learner with a pair of ebjects differing

leen a pair of objects . on length and- an uncalibrated' ruler. Then say, }
a variable name “*‘Compare the lengths of theﬁobjects by labeling. -

" a measurement procedure (for an they.r lengths on this rulef.

uncalibrated instrument) R B -

Requlred a comparative value ( er)

- appropriately applied to the

s -

-~

objects _ e =1 . .
12. Instrument callbratlon - " . Present the learner with a set of cubic centimeter
blocks and an uncalibrated ruler. Then say,'(
Call@m]er in centimeters by labeling the
length of dlfferent numbers of centlmeter unit

. Given: a set of unit ob_|ects
o .. a’'measurement procedure (for an
funcallbrated lnstrument)

objecty.” ;
Requlred an instrument calibrated in g
S : units corresponding to the unit ’
' objects ‘ - » . ‘
13. Directed description I1I : . Present the learner with an object and a ruler
o _ " - Given: an object calibrated in centimeters  and millimeters. Then
-, - a variable name ) say, ‘‘Describe the length of this object in

centimeter and millimeter units using this ruler.”

T

a measurement procedure*

. Required: a \aule of the variabie o
describing the object & : V———— _ A .
14. Operational definition IlI o Present the learner with an object. Then say,

**Describe a standard procedure for determining
the length of an objeet.’”” (Alternative “State an
operatlonal definition for ‘length’ V) : -»

leen a variable name
an object (optional context)

/ ‘Rkquired: a stindard procedure for assign-
ing values of the variable .
. ob|ects .
. The task descrlptlons remain the same for the otlffr measures: area, volume, weight (mass) force,
‘hqurd measure, angle and time. Similag tasks can be developed for temperature, though temperatures do not
add in the same way as other measures. To generate a sample activity for another measure substrtute the
name of the measure, for example, ‘‘area’ for “‘length™ in the activities in the t.ablq. :

*A procedure lncludmg the instrument and units should be given initially. The units and selecuon of lnstru‘mem can be required atter
sufficient practrce ' ‘

) 42

Q '

ERIC & - .y

[AFuiTox provided by ERIC . . -




[

S Appendlx D
Act1v1tigs to Inveolve the Commumty

~ School personnel hayve an opportumty to assume- posltlons of leadershlp in acquainting the community

\ .

as a whole with the movement to metrics. We can cooperate with news media, busmess and industry to -

- develop understandmg and appreciation- of the system as it begins to play a greater part in each person’s

life. Teachers with training and teaching assignments in mathematics and- science are most apt to become
directly involved because of the nature of the subject matter.

- .80

. A telephone "'
. Cooperate with

A hst of suggested activities follows. No list can, be exhaustive but this may serve as a nucleus for

'planmng actrvmes unlque to your particular communlty s needs and interests.

»

. Actiyities L
. Provrde a sﬁgakers bureau prepared with presentatlons and materlals for local groups such as:
a. service clubs : ' d.. church/social g('oups N
-b professional orgamzatlons - e. .YMCA, YWCA, 4-H : -
. PTAs . L f Boy or Glrl Scouts . ' e

. Provide news releases, opportunities for plctures .fcatures and programs for the local papers ‘radio and

television.

a, Locally prepared, using staff and students .. \\
b. Materials distributed from national sources. o ' s \

. Arrange for metric displays atlocal stores and malls the llbrary, lObbleS of Board of Bducatlon court

lruse,‘clty,ha.l , city auditorium or hotels, air, train or bus terminals.

.

t-line”’ durmg Metric ‘Week to -answer questions concerning metrics. : .

entary and secondary physlcal educatlon departments tb provrde a Metnc Fleld
vents are measured metrically., ¢

7

Day in which all ‘ -
A -Metric Fair can comblne games, displays. and events with metnc awareness — Guess Your Weight -

(in lulograms) to Centlpede Races (m centlmeters)

Dunng these. 'years of trans ion, pr e a -consuimer. _protection service with volunteers acting as
*‘watch dogs to do some parative shopplng : . .

Examples “‘T\vo liters of milk cost me 82 cents ls that _a fair price if twd quarts cost 78 cents°"
2qts='1891 - v A ‘ o

-1.89 "= 78 or fair price = 2 x 78 -

— ——

2 ? 189 ..

or 82.5¢

“If one pound of hamburger sells for $1.27, wha\&uld I expect to pay for 500 grams?"' ('500 grams is
l 1 times a pound). . ‘* o ) .

A TN
v

-so a fair price would be 1.1 x 1.27 or $1.40

A nietric cooklng spree Make and Eat Workshop. With a gram scale, liter and milliliter measures,
Celsius thermometer for oven (if possible) convert some simple, qulckly made recipes into metric .
proportions. The people att*mg measure, mix and make, eat and enjoy! Cookles and punch make a

- _good combination.
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’ 9 Tool up metncally with a make-and take workshop for the handyman.. Measure, cut out boré holes, .
fasten, paint and take home.a bird feeder, shelf or bird house along with an mtroductlon to metrnc tools,
2 fnetnc slzmg and a blueprmt in metric measures. .

0. A senes of in-service lessons keyed to the needs of a parucular group: management level personnel of a
local mdustry, small business éssocmtnons product10n workers or trades &roup :

Sessnon T( The relationships of decimal systemy monetary system and metric system;
background, conversion factors "y : . v

Kl
(]

II. Production problems — calculatxons tools machmes packagmg, shnppmg

‘II1. Metrics for specifi ic occupatlons

S t 'IV. Sesslons for plan,hmg or practlce dependmg on. sntuatlon
A metnc sewmg bee Make and Wear Workshop '
'12. Use blllboards, theater marquees, and posters to present Thmk Metric Tips '

13. Same enterpnsmg(b&ng people in one school dnstrnct erected metnc sngn posts along bus routes

L . : . v -~ ‘
[ 4
N L .+ Metric Awareness Week A
' H ' ' A Proclamanon 4 i o .

WHEREAS The Unfted States and Canada.are now adopting the metric system of measurem?m and

> WHEREAS Today’s children, as adults, will live in a largely metric world and
WHEREAS It is the responsibility today of our sé‘hools to educate their students for me Sfuture; and
WHEREAS, Parents should have an awareness and an understanding of their schools’ memc program

NQW, THEREFORE BE»IT RESOLVED, by the Washtenaw. County Public School District of Ypsilanti
i and Eastern Michigan Umversuv s declarauon that 29 March - April 3, 1976 shaII be designated Memc
Awareness Week. . .

BE IT FURTHER RESOLVED that each person shall be encouraged to develop and- mauuam an
awareness of the metric system where applicable in all phases of darly life. . ..

IN WITNESS WHEREOF, we have hereunto set our hands this Iwenty-secgnd\day of March. in Ihe year
of our Lord nineteen hundred sev enly six. and of the Independence of the Unjred States ofAmenca the two.

. hundredth ’ . o -
. b ' : Hon.
. - President, - s Pgblic Schools
, ’ ' 2 s : ' ST
' . Hon. N
. 7 Superintendent, Public Schools
. 5 5 . s .
'\ B : Hon. [

Jresident.




Appendix E

‘Metric Resource People
'Detroit Area: Ron Moscow - o Ann Fields _, .
. 'L. h Beardsl . 1100 Surrey Heights _ 103 Human Ecology -
€a cardsiey & . Westland, Michigan 48185 - M.S.U. - ' .
11398 Minock - " 'E. Lansing, Michigan 48823
Detroit,- Michigan 48228 . Gail Nordmore C : g', .lC 1gan >
R ta Brey - 18975 Wildemere * Jean Grey o, .
! -_ Detroit, Michigan 48821 ' e
18750 Five Points - etroit, Michigan 488 ?;‘g"l‘\::‘l’la:’:b"i Schools - s
) . Sally Ross
P ,Detrbe‘)gt. _Mlci}lgan 48240 T . ";81}'2 C(Lserry' Hill : . ‘Sagmaw Michigan 48607 . 8
' Dohald Buckeye - 4 Dearborn Mighigan 48124 : Mary K fran :
Math Department .o . i .
' - South Inte medlate School
. Eastern Michigan- University Al Shuite 224 North El '
' Ypsnlantl Michigan 48]97 . Oakland 1.S.D. ’ S Mi r:‘ 48602
B~ 2100 Pontiac Lake ‘Road. - Saginaw, Michigan
_ Al Capoferi - . - Pontiac, Michigan 48054 ° - Dennis Kelly :
. 19720 Meier ' . "3943 Bauer Drive, #9 - -
* St Clair Shores Michlgan 48081 Tont Yack " . " Saginaw, Michigan 48604 :
; " s Choat . Westland Community Schools ~ Saginaw, Michigan
- §000 anHe d Lak D "~ 646. N. Waxne Road o Bruce Mitchell
amon e ‘Drive Westland, Michigan 48185 115 Erickson Hall

. Bloomfield Hills, Mlchlgan 48013 X
* Valerie Gniewek M.S.U.

Terry Sobul:n e 11030 Burlington E. Lansing, Michigan 48824
Oakland Scheols . : Southgate, Michigan 48195 : Frank Rogers :
- 2100 Pontiac Lake Road . Math Consultant oo
" Pontiac, Michigan 48054 - Kathy Savage > L Cedar-Holmes Buddmg
646 N. Wayne o )
Theresa Denman .~ Westland, Michigan 48185 - Lansing; Mlchlgan 48910
1862 Chipping Way n . Mark - Straubel
'\ Bloomfield H:lls, Michigan 48013 Charles Schioff 311 Bailey
_ 5870 Goldview Dr. East L &y hi 48823 .
Mary Dinger . Dearborn, Michigan 48127 ast Lansing, Michigan
3240 N. Range Road v . : _ Lauren Woodby ,
Port Huron, Michigan 48060 =~ . Math Department .
' LaBarbara Gragg - " M.S.U. S

' 1700 Kales Buyilding E. Lansing, Mlchlgan 48824

76 W Ada.m,s‘ s ' Perry Lanier
Detroit, Michigan 226./ ( , 201 Erickson
Petronella Hiehle i RS i MSU -
2815 Ridgecliffe - Mqu_‘::gan East Lansing, MI 48824,
Flint, Michigan 48504/ \ )
Julian Brandou Daryl Hl}&reth

Betty Hildebrand E- 37 McDonel Hall 2434 Straup Road

* Franklin Jr. High/$chool M.S.U  Jasper, Michigan 49248
33565 Annapoli . E. Lansing> Michigan 48823 - Richard Werstler
Wayne, ‘Michigan 48184 : 'Adrian College
' JPeg Brown -
Dave;(’h"‘fog Hc_ﬁt Public Schools - Adrian, Mlchlgan 49221
747 S z{;o Mn ¢ . 48]0 1874 Séhoolci‘aft . Carl Naegele
Ann Arbor, Mic lgan J . Holt, Michigan 48842 E37 McDonel Hall .
Otherie .Love =~ . - Rose Burleson . S M.S.U. ‘
18_562'Wex1.'0r<;1 ST 2513 Wood St.. o o E. Lansmg, Mlchlgan 48824
Detroit, Michigan 48234 Midland, Michigan 48640 - .
4 . .h . L . 45 . . | J
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. Western Portion:

_ . 4109-10 Crooked Tree Road

"

.Roberta Bannister

Wyoming, Michigan 49509
Kristine K. Clark

4243 Crooked Tree Road
Apt. 4

Wyoming, Michigan 49509

, Patncra Daresh

3131 Creek Drive, S.E. #3B
Kentwood, Michigan 49508

‘Elsa’ L. Geskus - o
249 Alger S.E.
Grand Rapids, Michigan 49507

John Grimberg

- 6711 Eastern Avenue, S.E.

Grand Raprds Mlchlgan 49508

Herb Hannon

Math Department '
Western Michigan University -
Kalamazoo, Michigan 49008

Lou Henkel- v
W. Ottawa Middle School
3700-140th Avenue

Holland, Michigan 49423

Phil ‘Larsen ,

Western Michigan- University

1105 Evert Tower - 0

Kalamazoo, Michigan 49001
[

John' Lindbeck ,
Center for Metric Education
Industrial Engmeermg Technology

- Bldg. Y

‘Western Michigan University

' Kalamazoo, Michigan 49001

Mlchael Meyer

- 1344 Banbury, N.E.

Grand Rapids, Michigan 49505

Jack Musch
Grand Valley Stare Collegq ~

Dept. of Math and Computer Science
Allendale, Michigan 49401

Vern Nyhoff” e
West Michigan Christian

1212 Kingsley . _
Muskegon, Michigan 49442

“

Bill Oosse ,
5020" Garfield Road
Coopersville, Michigan 49404

Brht_lbce‘Pearson
3949-168th Avenue .
Holland, Michigan 49423

*Mary Reed .

1070, McAllister g
Benton  Harbor, Michigan 49022

Jim Riley i
Western Michigan Umversrty
Everett Tower

Math Department *
Kalamazoo, Michigan 49001

Joe Ryan ,

1427 Hope St., S.E.

Grand Rapids, Michigarl 49506

Marlon Saylor. e '
2270 Mapleleaf Terr\NE“

Grand Rapids, Michigan 49505

Carole Smiley

6246 Pinta Ct., S.E.

'a " Grand Rapids, Michigan 49506

Don VanderJagt
" Grand Valley State College

Dept. of Math and Computer Science

Allendale, Michigan 49401
Gerald

| \oégltanski v
2300 Rusto Road = °

Kent City, Michigan 49330

‘

Al

Upper Portion
of the Lower Peninsula:
Roy Hajek -
319 Lee Point

~ Suttons Bay, Mlchrgari 49682

Larry Starr
Interlochen Arts Academy
lnterloc,hen Mphlgan 49623

, Don Strouf
Manistee Senior ngh School
. 550 Maple Street

Manistee, Michigan 49660

Dianne Hewitt
Box 243, Rt. 4 . . !
Traverse City, Michigan 49684

Upper Penj\nsula: :

, | John Van Beynen

Math Department
Northern Michigan University

'Marquet,te, Michigan 49855

Dennis Rolando

-'1701 Barber St.

Bessemeér, Michigan 49911 .

=
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MICHIGAN STATE BOARD OF EDUCATION * : .

STATEMENT OF ASSURANCE OF COMPLIANCE WITH FEDERAL LAW il

The Mlchlgan State Board of Education hereby agrees that it -will comply
with Federal laws prohibiting discrimination and with all requirements
_imposed by or pursuant to reduiations of the U.S. Department of Health,

Education and Welfare. Therefore, it shall be the policy of the Michigan - | V :

State Board of Education that po person on the basis of race, \gplor,

religion, national origin or ancestry," age. sex. or-marital status shall be - -
dlscnmlnal d against. excluded.from parncupanon in, be denied the benefits )

of; or be otherwise subjected to d|scrfmmanon under_any federally funded
*program or activity for which the Michigan State" Board of Education is’ .o
’ respon5|ble or for which it receives federar financial assistance from the
Department of

discrimination

individuals.

Health,. Education and’ Welfare. This policy .of non- . e S
shall also apply to  otherwise QUaIified)andicapped ) . /
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