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THE DEVELOPMENT OF -

MEASUREMENT SYSTEMS
. R Y I

Systems of measurement were developed by early cultures to meet the
need for a means of u)mmumcatlon for-a means of expressing specific
quantities, peniods of ‘ime -~ distances, and the like The systems of -,
weights and measures these cultures created were among their earliest
and most important tools Thefirst such standards were related.to famihar
things—{0 natural phenomeua such as the phases of the moon, and to
parts or charactenstics of the human body such as the lcngth of one’s -
stnde And because there was httle,exchange of goods and 1deas among

» early peoples, numerou’s discrete measurement systems evolved and
grew in complexity as the cultures developed

As contact between cultures increased, measurement systems were

« Mmodified and merged so that standards would be meamingful to larger
groups of peaple, éun facihtating the growing exchange of goods and -
knowledge Aradi and provincialism encouraged the prohferation of
systems of measurement, particularly in Europe This complexity was
further comphcated by the practice of creating many. units umique #the

_objects being measured, as hands, for example, were and still are used to
measure the height of a horse .

Among the systems that evolved in this-generally haphazard manner
waa‘the impenal systerh, formerly the pnimary system of welghts and -
measures in Great Britain Itancludes elements of the Babylonian, Egyp-
tian, Roman, Anglo-Saxon, arf{d Norman French systems which were
gradually standardized into a loosely related structure And it 1s this

¥ system that the United States largely adopted, as the customary system
(also referred to as the British, English, Brtish/ Amenican, or American
system) of inches, feet, pounds, dry and liquid quarts, and so on
- The metric {meaning ‘‘measuring’’) system—a-system of weights and

. measures based on the number 10—also has evolved and changed over .
the centuries, but in a much more dehiberate manner. Duning the sixteenth
century Simon Stevin, a Flemish mathematician, ﬁrst published a theory
of decimal fractions and propo¥ed a decimal measurement system,.thus.
laying the theoretical foundation for the development of the metric
system. *(1) Then 1n 1670 Gabriel Mouton of France suggested a decimal

¢

*Numbers mparcnthcscs appeaning in the text refer to Selected Research References whlcf\
begin on page 29 \
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“ system of welghts and measures uswng the meter. the basic unit of length
based on a physlcal constant, a section of the earth’s circumference By
1790 the French Academy had developedia coordimated, deciaily e
latéd system of measurement for length, area. volume, and rffass based on
* this fincnple using the metnc units of meters, hters and grams with the
prefixes milh-, centi-, and deci- indicating subdivisions of these units,
and deca'-. hecto:. and kilo- indicating multipleg
As the use of the metric system spread. there was need of greater
standard.gatlon, so1n 1875, the sepresentatives of -l 7 hations ' meeting 1n
Panig, sétdspecific standards for the meter and the kilogram. and estab-
lished the International Bureau of Weights and Measures Eventually a
General Conference of Weights and Measures was formed to control’this
Bureaw The Conference continues to meet every sixX years, and in 19601t
presented a modernized metric system called Le Systeme International
d’Unités (the International System of Units) or SI. redefining the meter in
terms of a wavelength of hght. ’”

]

-

o A METRIC WORLD .

International Cohversion
to the Metric System “ -

The adoption, or commitmeht to adoption, of the metric system 1s now
almost umiversal The French officially adopted 1t 1n 1795 following the
French Revolution—partially because of wide vanations 10 their existing
system, resulting 1n frauds and disagreements over errors. Another

- reason for the adoption may have been aritiroyalist sentiment againstany . -

rerqmde:s of the feudal system: the yard had been defined as ' the distance
from"Henn’s nose to his thumb. (30) But even then. the metric system
was not an immediate success, and France eventually had to make its use
""" compulsory in 1840 .
" Europedn and South Ameritan nations did grddually accept the metric
system, but .Gerardus Vervoort (106) indicates that adoption of the
systemmay have been hindered bythe enthusiasm of metri§ supporters 1n
. applying the system to areas other than weights and measures For
example, some suggested a new calendar, begmfg with the year one,
with 10-day weeks and no Sabbath, thus associ ing the metric system




with athersm. And afterthe Napoleonic wars, there existed a relugtance in ¥
.many countries to.accept anything French ,

Japan began its metric conversion in 1921, not fully completing 1t until
about 1962, and China converted after World War Il Then in 1965 Great
Bntain began its conversion or~*metncation,™ foHowed by South Afnda -
in 1966 and Australia, New Zealand, and Canada m 1970, ledwng the
United States as the only major mdustifahzed nation uncommitted to

L .

adopnon of the metnc system —

. ~ PO

The Metric Controuersy in the United States

Dunng this period of international conversion to metncs, the United -
States took no defimtive action—but certarnly not because of lack of
support for adoptton of the metnc system as qur primary s?stem of
weights and measures The controversy over whether or not to change to
the metric system has continued throsghout our history

In 1790 Secretary of State Thomas JeFferson prepared and presented to
“ Congress unified systems of weights and measures and of coinage—both
based on the decimal system The monetary system was adopted, and
although 1t was discussed over a period of siX years, no action was taken

; on Jefferson’s measurement system, which he based on an absdlute
standard foynd in the physical universe—the movement of a pendulum |
rod oveL-Z seconds “In this case, the standard length was to be a rod Bour \.
58 71ncheslong’, which would bedivided into 5 new feet, each consisting
of 10 new inches The standard mass, called an ounce, was to be one
cubic inch of raim water Each basic umit of length, mas<. and volume was
1o be related to the others, and all multiples and subdivisions were to be
decimally related )
'Thén 1n 1821 Secretary ot State John Quincy Adams 1ssued the Report
1 Upon Weights arld Measures 1n which he discussed the advantages and
p disadvantages of the metnic and customary systems He found the metric ]
> system to,have theoretical advantages, but concluded that its adoption X
was not practicable at the time—partly because of our commerce with
nonmetnc Great Bntain Instead he suggested standardization within the
Enghish framework . -

Leaders 1in pohtics, science, éducation, and busiess continued to
- suppott the metric system, gnd in 1866 1t was made legal, but not
mdnddtm'y to use metric measurements 1n the United States It was v
thought at the time that this step would bring about metric conversion but
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peoplerentained reluctant to change unless *‘everyone’” d’ln 1893, the
metric meter and kilogram, however, were made the s\tandards by whlckh
our customary yard and pound are respectively defined )

Congressional hearings on metnic conversion began once more 1n the
1920°s, again without resulting legislation, ahd vanous types of metnc
legislatiorrhave been introduced 1n every session ot.Congress'smce about
1960 ‘The Metnic Study bill, approved in 1968, called for an
investigation—the U § Metnc SYudy—of the, relative ments of " the
metnic system The final report of the three-year. $2 S-million study. 4
Metric America..A Decision Whose Time Has Come (277, was submtted
to Congress in 1971 by _Secrétary of Commerce Maurice H Stans This
repQR sypported metric conversion, recgmending deliberate and care-
ful voluntary change over a 10-year period Jwith a national program to be
coordinated by an official t;ody representative of all segments of the
economy The report further stated that conversion costs should “*lie
whete they fall”" with no government reimbursement, as dg incentive to*
keep costs down and as a means of ensuring.that those who would be
benefited would bé the ones to bear the costs It also recomnfended that an
immediate prionity be given to educating students tn schodl and the public
as a whole to think 1n metric terms

In spite of the report, legislation calling for voluntary conversion was
again defeated 1n 1972 and 1973 Then the passage of the Education
Amendments of 1974 finally gave impetus to conversions encouraging
educatiopal institutions to prepare students %o use the metric system To
facilitate this, the Coggnussioner of Education was authorized to spend
$10 million for each fial year ending before July 1, 1978, for contricts
and grants to educatjonal institutions, state and local education agencies,
and public’aﬁd pnivate nonprofit groups to carry out the intent of the

- legislation. And finally, in Décember 1975, legislation calling for a

O
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. gradual, voluntary conversion.and the eventual appointment by the Presi-

dent of a metric board was approved by Cangress. .
. .Why has the controversy over *'going metnc'" continued solong in the
Umited States? Why has the movement to metric conversion been so
cautious? Arguments for and against metnic: conversion gre discussed
more fully in many of the Suggested Readmgsjl but a summary of the
major points is presented below to indicate some of the probJems we will
face in learming to think metric.- y
People inthe United States have not been accustomed to adgpting to the

systems’ of other countries—whether languages, ‘customs, or

8 ) )
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measurements—so such a change may appear traumatic 1n nature. Sup-
- porters of the customary system conclude that:

"1 The cost of metric cohversion would be from $50-100 billion. (5)

2. Sucha fermudable change 1s not worth the great cost when the United
States has become nch, successful, and technologlcally,advanced
using customary measurements.

. Our export trade with metric countries is not significant enough to
warrant such a disruption of our economy. ,
Workers would have to be retrained, and those workers who own ¥
their own tools would have to replace many of them with metric
tools:
The nation would be handicapped dun ng thé trapsition by havmg to
be bilingual—i.e.., fafhar with both custemary and metric meas-
-ures, industry would have to maintain double inventories, and
cofisumers might not understand what they wereagemng in their
purchases.
. Since fomputers that would handle the more comphcated problems
" can wopk with any units, there would be no reason to change to
faciitate measurement-related computations. '
A change from measures based 6n natural, familiar charactensucs
such as the length of a pefson’s foot, to the artificiaFmetric measures
would cayse fear’ and anxiety among the public - .
. Having to work with unfarmhar umts might result in Tistakes that -
. would threaten healt&lor safety . ’ .
9 The customary systerh 1s easier to work with, betause it corfsists of
¥simple, orfe-syllablé terms
10. 1t1s actually often easier to do simple computatidns mentally with
customary umts than 1t would be whh metr® ones )
The argument that we need not change systems because Such z‘afor
trading partrigrs as Great Britain and Canada’are nonmetric is no ldnger
vahd as Gréat Britain nears completion of metrication and Canada 1s
committed to being fully metric by about 980.
Proponen(s of the metric system find that. v -
. Changing to the metric system is necessary to maintain a favorable
. balance of trade, and conversion would thus stimulate the economy.
Accordiag to Frances Lauer of the Metric Association, ‘‘Every
President has had a plan for switching to metrit. But for years ..
" Congress was dominated by agnicultural people *who ¢ould not see
that we were becoming a mghly technological nation.” (34)

.
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2 The metnic system 18 logically planned andeasy 10 leém becausc the
average person would use only about 10 basic umt (as comparqd B
with over-50 customary units). Once these units are {e ‘med sthey a,b -
also easier to remember and work - with because of the de&mdl
relauonshlp among umits and the coordination of measures for
length,.area, volume, apd mass ) . -

3 The metric system can be quickly and painlessly taught to the public
through product and -public service advertising, adult education
courses, etc ;

= 4 Because decimals are esier {0 learn and to compute with than

frictions, incréased accuracy tn all areas would result '

5. Conversion to metrics provides an opportunity to ehminate superflu-
ous product sizes and parts, and to create a more rational market-

- place. Price comparisons would be facihtated for cand@mers if "
packaging were rationalized into even decimat sizes

6 Using hiters dnd grams would ehminate existing confusion between
such units as dry and fluid eunces, pints, and quarts.

7. U.§ adopuon of thé metric system would allow our greater partici-
pation in estabhishing international engineenng standards and would
fac:lltate international cooperation 4mong scienysts 1n all fields - .

] 8 The actual costs of conversion are hard to 1dentify beforehand, so.

opponents’ esumates~may be total{j wrong. The United States 1s now
dnfung methic, so there will be convebsion costs anyway—but a ,
national, coordinated plan Would mean net savings (80)

9 Metnic conversion will employ the **rule of reason '*'It would not

- mean a sudden change (o the practice of cooking by weight used 1n

. many metrnc countries, and such familar things as the 100-yard

.+ foetball field would remain Also, exact conversion from customary
to metric uhits would notbe.made- For exal*gie car owners would
buy one liter of o1l rather than .946 liter, the e actconversmnfrom
on¢ quart. . '

- . ¢

.'S.

.

»

The major objgctions to metric conversion that specifically relate to.
education generally involve anucnpated costs’ . '
. I Changing textbooks and equlpment would cost $1 billion over three
to five years (27) .
2. Time and money would be involved 1n retraining teachers and .4
. revising cummcula . i
;3. Students would become confused by having to learn both customary

[ "\ ,
- e . :
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dnd metric units éunng. the transmon and suqh dual mstrucnon .
would take more class time.-
'Y " Butwhile there would be problems rélated to educauon none would be
1ﬂsurm ntable, according to metnc supporters:
"Revisten of the curnculum to ensure that'students learn to- think 1n
metric rather than customary terms would  provide an oppbrtumty. for
complete revition of, ll}e way ‘students are taught about measurement

‘ awell asb{\w they learn to use.
N\ certain amo me-savifig frgm réduced tréatment of fractions

"and the droppmg of conversion among measurement systems would
result” Authorities haygs also found that specific instruction og.con- -
version within the customary system 1s reﬁuu‘ed but time would not
haveto be.devoted to this if the metric system were Inuse. (83) Some
estimate that two yedrs of anthmeuc teaching’ timé could be saved at-
the elementary level; some say 10%, others 25%. (29) There avould
be little, if any, savink'durning the transition because as 1dng as there
is not complete conversion 1n the public area, students would haveto -
learn both measurement systems. There would be some saving- of
time 1n.upper- level scignce courses, however, since the metric sys-
tem would not have to be taught in secondary sehools

3."Because the metric system would save teathing time, it would aJso

*save money Some estimates place the savings at $30 pér pupil. (34)
Frank Donovan (29) quotes FredJ. Helgren of the Metnc Associa-
uon as ﬁndmg estimates made in tm s of $15-per-pupil-per-
year savings 1naccurate, because they do not accougisdr the fact that
some teaching of fractions must still take place. And i in reality; theré -
would not be 4 dollar savings since the timg and money gainéd would
be used elsewhere in the curnculum, perhbps glvmg students-more
time to explore mdmdual lnterests (90)

.. Extra costs for updated texts and equ1pmeMuid be mininal.in a
10-yearconversion. Textbooks are normally revised about every five
years; and refererce materials in libraries wéuld become dated and »
need replacement after 10 years anyway. And if equipment such as

 that in school shops could not be adapted to metric units, it could be
replaced as needed, with older equipment being replaced first, over
the 10-year cfcle, thus reducing additional cost and ‘préviding ‘a
school the chance to revamp the learning en.rdhment ‘ .

. Costs for retraiming teachets would aféo not be great because this
could be. done through regular.in-sgrvice and continuing education

°® % . L4
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o, prograrﬁs and workshops. And eventually there would be no need for
oy such training as those schooled in-the metric .system entered the
profession. ’ Lt ' ) '

6. There is less to learn'in the metnc system than in the customaty
system; the imal relationships of .multtples and subdivisions
simplify teadg and are easier for students to work ‘with than _
fractions and mixed numbers are " THis greater simphc:ty“results n
greater accuracy. i . .

. Slower students would be gble tolearn the metric system more easily
than they do the customary system, because they would be working
with whole numbers (However, Roxee W 'Joly“(SO) reports that
such claims hold far instruction in the €arly grades bat not in
se¢onddry-level sciences.) ) :

. Centainly the United States 1s not moving blincly into metric adoption
In addrtion to all the data gathered on metric conversion problems, needs,
attitudes,, goalé, ets , by the Metric Study, the expenences of .other ,
countnes can teach us about the possible successes and failures of
.conversion. In 1973 the National Institute of Education fundéd an Ameri-
" can Institutes of Research (AIR) study (20) of the educational problems®,
fated by Great Bntain, Australia, New Zealand, South Afnica, and
Canada. Ar’nong the things that have been learned from such studies 1s the
Tmpott fsc'hedl]lmg‘ Because Great Britain fell behind schedule
(gene[:wt the fault of the education system), students suffered the
consequences by having to become totally invelved in the metnc system
in school .while living 1n_a nonmetric society. And 1n Japan metnic
copversion Qegan in 1921 svhen the metnig system was intrgduced in the
.aprimary schools, butat was not completed until about 1962 because of the
; lack of a strong plan and a firm schedule. While the early introduction of
metries into the schools facilitated the final change, 1t was not enough by
" itself to bring about conversion. (27)
. Inlooking at cost factors, the AIR study (20) investigated claims of
——savings of up to 25% 1n timespent on arithmetic and dollar savings of up
to $500 million per year. No evidence was found to support or deny the3€
glaims. (19) But Donevin (29) reports that in India estimates of probable
costs ran far'ahead of actual expenditures Introduction of the metnc
system n [ndian schools was actually easier than expected, and students
Jlearned the system without difficulty, even though proper ®xts were hard
to obtain, ) . ' S ’

Another clear lesson concerns the impoftance of communication.

+
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Great Britain aghieved success earher in industry than in the consumer
sector. As a result, recommendations would include getting the ‘public
Mvolved and indoctrinated early in etrication to avoid the problems the
British faced living 1n a half-metnic, half-imperial environment (30) Asa
means of prometing eafly and extensive public awargness, Austraha and
Canada used such methods as employing metncs'ifsports and weather
reports ‘And in Japan the Metric System Promotron Commuttge distri-
buted pamphlets and posters and used mass media to educate consumers

. and workers " (27) . . ,

+
. '

" THE ROLE OF EoucATloNy

Expernence in the United States and abroad points to the education sysfem
as a key factor in successful metric conversion Surveys conducted as part
of the Metnic Stlidy showed that the more familiar people are with the
metric system, the more they favor its adoption as our primary form of
measurement. (27) . ' '
In Greaf Britain industry led metrication with the support of govern- -
ment, and education followed. In the United States most industnal firms
surveyed dunng the Metric Stydy saw metric convérsion to be i the .,
nafional interest, but few- were prepared to assume leadership in this
conversion. *'In this situation, 1t seems clear that education could play a

" much different role; and if a nationally coordinated program of going

metric were to be undertaken in the U.S., then it would be agpropriate for
education todead.’’ (90) o

As we consider the.role education will be expected to play 1n metric
conversion, we see that the areas df teacher preparation, a well-planned
cuMgulur}\, and adequate instructional @gerials will be crucial to the
success of the conversion .

- o\ T o

*

_In order to nstruct students adequately, teachers must be thorougfily

_ knowledgeable of and conversant with metrics,Nn, short, they mug be

comfortable enough with the system'to think metric. Educators agree that
some type of in-service tramng will be needed by teachers in, all
fields—with elementary teachers, especially those 1n self-contained
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classrooms, needing the most intensive instruction and secondgcyscience
*and mathematics teachers fieeding minimal refresher courses
Estimates on the amoun®™®f training vary Durning the970 Education
‘Conference of the Metric Study, John F Kourmadas of the National
Association of Secondary School Pi’mupals { NASSP‘ essnmated that 8-15
hours of gg-service traiming would be needed (90) and Joseph R
Caravelld (17) reports that preliminary results from a p110t metric educa-
tion program 1n Hawan confirmed the Metnc Study s estimate that
training can be done 1n 10-15 hours
Albert B Chalupsky and Jack J. Crawford (19) thmk the imtial
emphasis of such training should be on giving teachers an awdreness both
of the purpose of and the need for metric conversion and shgwjng them
. how such a change will affect their lives and those of their students ' They ~
/ _. also fild it essential to reassure teachers that metnics are not cult toff
learn and that a change to the metnc syStem 15 not threatem‘ng%ana} a
report of the Metnc Study (27) states that * "Educators are nearly undm-
mous 1n their endorsement of the-metricSystem, " that ** Virtually all vhg(
individuals 1n the educational system . make some use of thé meffic * -
system and are 1n favor of a planned conversion program- " ‘But
NEA finds that while many educators-have supported metnc’convers:on
this support has not been universal or **militantly aggressive ** (9NsBy
identifying and analyzing the redsons why teachers rmght resist metric
conversion (1 ¢ , they are *"tooold' “to learn a new system, o1 they worry ~ ~ °
about'makmg conversions between fneasurement systems'which are not
\ really neceésary if one thinks metric), Chalupsky and Crawford (19) <
conclude that more effecte teacher trammg strategies can be deslgneﬁ to
" overcome these problems
There 15 also agreement that teachers should-be’ taught as lhey will
teach their students and that only by actyally working With the metric ,
system 1n & laboratory or classroom situation ¢an they becorne farfliar -
with it In prépanng to go metnic 1n the public schools, Mary‘lai‘id
educators proposed a two-and-a-half to three-day concentrated workshop ; -
with half the time sperft on learming the system and half spent actually CE
using 1t (71) Plans for HaWair’s- pilot metnic program included 8}0 15
hours of condensed metnic training just prior to the actual teaching of thg
ﬁystcm with emphesis on teaching strategies for an afftivity apprbach
) After expenimental testing of the programy/ it was goncluded that
12-hour workshop actively involyving teac)z:cstlmaung and measur-
ing acuvmeﬂs adequate (54), and that workshops stressmg such acnvny
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st.rategles are the most successful (17) . .
" Some of the various in-service strategies suggested during the Metnc
Study's Education Conference (90) include . S
*. | 'A half-day,workshop on the advantages and disadvantages of the
metric, system a‘w‘{t.s‘basm units, followed by five to eight
téo-hour sessions Wrthfa master teacher to get practical experience in
using metncs . '
2 Broadcasts of four to six videotapes (20-30 minutes leng} based on
successful teaching experiments, each followed immediately by an
. hdur of measurement activities, and two meetings with an instructor
- to clanfy teaching st'ra{egles and provide further activities This
training would take place overtwo weeks and Souldbeéupplememed
. with monthly broadcasts 1n the same format
3 A gradual tspe of approach wyth workshops conducted half a chay
each week throughout the school yéar . -
Jon L Higgins (41) outhnes a plan for-teachers to le#n metrics that
directly parallels strategies suggested for students Teachdrs would begin
. working with arbitrasy, nonstandard mea§hiemem units to see the need
for standard measuremerits, and then move to multiples and subdivisions

of these arbitrary units, becomtng involved in selgcﬁng{he appropriate
umit fog the task at hand * Instruction on metrics utilizing units of length
and ‘area would then follow In this way, the teachers would become
famihar with the felatlonﬁ)s of the meter, decifneter, and centimeter

and then the millmeter afa'kilometer Finally. the teachers would move
to units of volume and mass, learning the nterrelationships ‘amonpg all
three types of metric measurement . .

But who 15 to provide this rnstruction to the individual teacher” The
National S&ence Teachers Association (NSTA) points,up the need for
leadership training to’be given to selected teachers. perhaps as part of
existing college’ programs for science teachers, who would in turn train
local in-service groups. (90) The 1dea of a teacher-of-teachers approgch -
1n such an ever-broadening pyrartud extending down to the local elemen-
tary school level 1s recurrent throughout the liteature '

Certainly, college and university departments of teacher education can
carry”out an’ important function n training individuals In a survey
reported by Edward Kabakjan (52) of 50industnal arts, 48 v onal
edl{canon. and 48 home ecqnomics teacher preparation depﬂnts."
‘respondents felt the respomblhty for'metric preservice and m-service
education should hie with the teacher education department.
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John R Lindbeck (567 outlines a number of recommendations relative
to industnal arts teacher education. but which could have application in
any other-field. : -

I' One person 1n the teachey education _department' should become a,
metric expert on all aspects of the systém. collecting metric mformaj
tion and .matenals, aqendmg_approp?iate conferences. and helping «

* other faculty*members become metncally competent )

2 Thedepartmentshould train itself and then provide preservic€ educa-

+ * tion for 1ts students. - .

3 The department sho'uld'assume regional leadershup for in-service
tramming . planning programs designed to meet teacher$” needs. Met-
ric awareness programs to make teachers cogmizant of impending

changes, tssues, and educational needs would be folloy/ed by actual

? in-service training.through workshops. summer programs. semi-
* + nars. and regular course offerings NG
. 4+ Jhe department should employ, qualified consultants abgeeded to
work with the faculty to be sure-the metric system i$ undersfood and
used properly” N o L

As an exz;mplé of how such a frogram would avork. [Jlnd‘beck de-
scribed the Center for Metnc Education and Studies at Westarh Michigan
" Umiversity . whictiorganjzed an advisory group of metri¢ educators from
many: fields To, prepare group members to: work, wyth teachers and
tIcher qd}rf‘atﬁrs In preservice and n-service trainiag’ programs, the
oup underwent six two-hour traimg seminars. Ther thembers wenton

to speak to €ducation groups, fold teacher education semindrs, work wrth M
-school distncts” model programs, and teach summet courses— while still
continuing to meet fo:share and evaluate experiences and mategrals and to

" " continue thér studies ~ . o . :

. Another 1important factor in teacher preparatien is the professtonal
assqciatign  Chalupsky and Crawford (19) see the education assqciation
. mnparticularas exerting apositive force 1n bringing about a smooth metric
- ' conversion. and Helgren (40) encourages teachers to join those organiza-
. Q .tions that lel‘prqvide them with mgtric information, sources$ of instruc-
- uondl ads. and news on teaching developmerts Of the résponding
. == _departments'in the survey reponed/tfy K abakjian52), 84% hoped that
professional associations would assume a leadershi, role 1mtraiaing
. ' teachers, leading 1o the author’s recommendation that associations
should develop guidelines for preservice and in-service tramihg. develop

. . - L. | =
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instruttional aids and matenals hs models for individual ‘depa_rtmenl's to *
duplicate, hold state anl national workshops for teacher educators, and
provide workshops for thelr state assocnau()ns As ap example, NEA is
commutted to help teachers go metnic through pubhishing articles in
Today's Educatron and participating 1n meeungs on‘metric pducatien.
v+ (24) . .

. ]
s

' -

Curriculum

- Before looking at necessary changes 1w the cumcu‘l}m résulting frorf
metric conversion, 1t1s helpful ta efamme firstthe cdrrent status Qf metnic,
education - x :
Apparently most stydents ae belhg exposed to metncs to some” ex{em
-Dunng the 1970 Educanon Conferehce "JSTA reported that few elemep-
tary science programs used only theQ cus;omary systen, Yhat fnost recemt
jumer high programs.used the memc system predommamly or.exclu-
syvely, and that thé“metnic system ?Vas used almost exchusively in high
school blology chemistfy 'and physics (90) Sifige that time, a pumber of |, .
_states haye begun metng edycation programs in the schools and a number .
of metric research pppjects hawe been, funded a oo
1972 the Hawau Staig Leglsldturc requested the Utiversity
Hawan N College of Education“to* desngn a_pilot prograin ‘for teacthng
metnos with the hope of complete conversion in the schools by 1978-79 ‘
(17, "54) And in 1973 the ylaryland State Board of Education adoptedithe
pohcy of complete conversion to metrics in'the schools between 1974 and
1980. (17471) By nild-1974] 49 states had some type. of $ormal metnc
1nstruction 1n the public’schools 6 states had laws directing action on
metric mstrucnon and» 13 -state bng_rds of educ'anon had adopted *go
metnié¢” resolutions (19) .
Among the metne research ptograms funded through the U S. Ofﬁce'
.of Education (USOE) are two gfrojects at the Center for Metnic Eduqzmon L
(later replaced by the Center for Metnic Education and Studies) at West- .
e Michigan Umiversity. one’ on conversion in vocational_education,
including development of bilingual packages and matenals for the Wapd-
icapped; and one to, dgvelop préservice and in-service tmmng maxenals
for industnal-vocational teachers The Ohio State-Unjversity was givena
three- yearUSOE contract to design Instrisctional matenals in vocational
and techmical education and to hold regional training workshops; and. the .
North Carohna Department of Public Instruction was' fun'ded through.
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I%EA to develop an overall plan and working model®for metric transi- *
~ ,Yon 1n such areas as curnculum and staff development and coordmation
with other sectors of society . o
In 1973 the National Scignce Foundation contracted w1th'tl3e Unmiver-
sity of Minnesota to study alternative strategies for metric instruction,
and the Mathematics Basic. Skills Development Project of the Min-
neapolis Public Schools has created imstructiohal matenals, objectives,

tests, and enfichment activities for grades 7 through 12

Of particular importance was the USOE-sponsored Interstate Consor-
tium on Metric Education, directed by the Mathematics Education Task
Force of the Califorma State Department of Education Begunn 1974,
the Consortium sought to gievelop'unlfonn policies and schedules.for
adoption of tgflts and instructional matenals, teacher training. and 1m-
plementation of metric programs through a senies of workshops for states
~ with céntral or.state-level text adoption laws or policies, Of the 27 states
and terntones pamCIp’atmg, allagreed to intrdduce supplementary rfietric
matenials in the schools by 1977 and to have texts and matenals with the
metrc system as the>primary system available 1n the schopls by .1979,

with the transiion virtually complete by 1980 _

Certainly these and othec current,programs shouldbe concerned with
correcting the shortcomings of previous metric nstrucion NEA has
pointed out such faults as the bgef and superficial coverage given métrcs
at the elementary level an treatment as a system **some people use.”"
(90) Helgren (40) also concludes that becausé the metri¢ system has not
been studied as’a system by 1tself, peo'ple are not learning to think 1n
metric terms. Many texts have provided only a single instructional umiton
metncs, usually involving enly conversion exercises. and since this unit
1s often at the end of the text, 1t 1s seldom taught. ' )

Conversionlto the metnc system gives educators a chance to look
carefally at the curnculiim as a whole $b that teaching and learning of
metric units will be combined with better ways of teaching and learmng
measurément. Higgms (43) reports thagresearch has shown that teaching
measurement 1s more complex than has commonly been assumed, and
that success requires certain prerequisite skills'and understandings 'on the
part of the students The cu'mculum,must be planned to-introduce approp-
nate concepts at the proper educatloﬂal levels apd to develop pecessary
background knowledge s students can move smogthly through. the
metric learming: process ‘

Based on Piagetian«type tests, participants 111 Haivau:s ptlot-metrics
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program concluded that students do not possess concepts necessary
* lo upderstand measurement unulﬁhe third grade. Thus, readiness
measurement activities should be used in kindergarten and first and
second grades, with fo al measurement instructioR beglpmng In the
‘tHird grade and operational understanding being achleved by the end of
fhe sikth grade. (54) Development of such concepts as ““more,"" "‘less,’
bxgger," “‘smaller,’” etc., and of the principles of transitivity, additiv-
ity, and,conservation, for example, must tdke place earlyto lay.a founda-
tion for later understanding of measurement and the metric system.
Another important curncular change will be the earlier introduction of
decimals. with reinforcement of the place value system, needed to work
with metrit umits Students must be able to understand and compute with
decnmals but until now décimals have usually been studied after common
rractmns\ As Alan R Osborne (83) points out, a curriculum that meves
directly from whole-pymber or integer concepts to decimals must be
created and evaluated @Because fractions would be used considerably
less, they would teceivé less treatm‘ However, they tould ndt be
eliminated completely beqause as Osborne states, students must undg¢r-
stand nondecimal fractions in order to understand fra‘btnonalaumbers n,~
all forms N
_ In NSTA’s report to tfxe Educauon Conference 1t was noted ‘that—
Lttle 1s known about the effectiveness ofvarious methods of teaching the
, metric system toanyone—teachers or students. There is a great need fora
program of research t3 deteymine the best ways of teaching the metric
system and ways of evaluating understanding and performance 1n the use
of it. In the absence of research findings, 1t 1s believed that the most
effective method for adults is to provide a concentrated period of ime in
which they ave.both extensive and intensive experence in the ptactical
use of the metric system in a wide vanety, of phystcal meafsurer‘nents and
1n problem solving (90) .

Application of the pnncnple ‘of actively thvolving the léarner 1n the metric
systemis emphasnz.ed by many educators. Because learning to measure 1s
a gradual process: that 1s directly related to the students’ experiences.
instructional activities in the theory and application of metncs should -
relate to coricrete exarples Marilyn N. Suydam (97) concludes that
- before students can undeggiand any system of.measure, they must have
experiences 1n measuriftg . and Osborne (83) calls for frequént application
of metnic concepts and skills in realistic problem situations, since many
teachers find this use factor hxghly motwanng Participants n Hawan 8




. .
pilot program also found students thoroughly enjoyed measurement ac-
tivities (54) George W Bright and Carolann Jones (15) also conclude
that metric knowledge develops from use of the umits. from repeated
practice over a ldng penod of ume, providing the necessary skill and

"confidence . ° ' y .

Completely Unvolving studerts in the metric system 1s particularly
important duning the transition period to develop what Osborne (83) calls
"‘metnc intuition "' As he points ollt, students require a perceptual base
for learmng because meaningful expefience stems in pag from famihanty
with the perceptual environment; the more famihar Ehegsumuh, the
greater the hkelihood that students will experience meaningful learming.
But because students may get hittle expenience with use of metrics outside

« the classroom until conversion 1s virtually complete throughout society,
the teacher gannot assume familianity with the system and must supple-
ment the students’ expenences by constant exposure’to metncs 1n all
subjectareas Asa number bf groups including NEA andNSTA (90) have
pointed out, the major difficulties students will face 1n leam,mg' and using
the metric system effectively will result from the fact that 1t 1s encoun- .

. tered only 1n the classroom and not 1n daily hving, wl}en the'metnc system
becomes orr pnimary system of measurement, students should experi-
ence no sigmficant problems with learming 1t.' Constant exposure %o
metrics will lead to the familiarity that allows for a smooth metrio

* transition. s :

* Perhaps the most important gdal of teaching the metnic system s to
‘orient students to think completely in metric terms and to de-emphasize
any type of conversion or relationship between the metric and customary
systems. It was noted at the Educatuon Conference that children in
erementary grades learned the metric system easily because they knew
hittle of the customary system and expenenced little of the *‘interference’’
that students familiar with customary units did. (90) in working with
fourth graders, Bright and Jonés (15) found conversion between systems

- created confusion and dishke of metrics. *

Chalupsky and Crawford (19) conclude that reliance on conversion
impedes instruction and that dual labeling of it¢ms 1n metric and custom-
ary units 1s a fals¢ comfort that canblock new learmng However, Larry
R Miller (69) finds dugl 'dimensnomn'g to be an acceptable instructional
technique to create awareness. While both metric and customary umts are
used duning the transition dents may need to become familiar with
some rule-of-thumb or aptximate Sonverslons,'but teachers should
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always avoid exact and Complexconversron factors that will generdll) be
used only by technicians - .

Related to this 1s the limiting of conversion wirhin the metric system to
commonly used units adjacent 1n” size As the National Council of
Teachers of Mathematics (NCTM) Metric Implementation Commuttee

(76) points out, 1t would not generally be useful, forexample, for students .

to convert millimeters to meters
One method proposed for getting students to think metric 15 the use of
activities’involving gstimation easurements Bright and Jones (15)
ﬁnd such activities motivate accuracy as students want to venfy their
guesses help develop concepts of multiples, and aid 1h developing spatial
visualization NCTM (76) sees estimating as'a means of . developmg
meaning and giving students a feeling for metric units
A final pnncﬁe of metric instruction 1s utihty Students should be
__tadght only what they are able to grasp and what they need to know—
whether for daily living, employment, or further schooling—at the ap-
propnate educational level According to NCTM (76), orily the com-
monly us ultiples and subdivisions with their prefixes should be
studied; 1t s better to learn the basic units thoroughly Units and their
preﬁxes.shduldbg.gt_roduced gradually at the point they will be used, and
students should not have to memorize cdmplete tables of units that as yet
have no meaning to themy A complete overview of all the metric units
should be presented only to older students to show the_orderliness of the
system and its relation tqg@meration. (97) ' .
All thése instructional principles can be employed in’the curnculum
through appropniate instructional activities. A number of wrnters—
.among them, Suydam (97) and Vincent J. Hawkins (39)—‘—Wc proposed
sequences of metric instruction, and the general aspects of these and other
sequences will now be related to actual instructional activifies.
. The first steps at the elementary level should be to expose students to
metnc units every day and to begin to foster'the skills and understandings
needed for later measurement instruction Students can be introduced to
concepts of size, for example, by. soggng and matching objects, pla}ging
them 1n order by size, and com g objects by iteratjpn to relate

measunpg to coynting (97) Higgins (43) also proposes comparisons of -

three objects to illustrate transitivity; making indirect comparisons Be-
tween two objects using a third, larger object; adding [éhgths, areas,
volumes, and masses to illustrate additivity; and transforming the shapes
df objects for comparison purposes to show consetvation,
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The next stép generally suggested 1s lhe extenston of the concepts of
njeasuremenj using nonstandard, atbrtrary umits (15, 76, 97) for estimat-

ing and measuring famihar objects to show' the need for a common
siandard and to learn to select umts appropnate to the objects being -
measured At this point, measuring between limits using drbltrary.umts
shows the apprgximate nature of measurement and the need for snfuller
units for increased accuracy. By showing the’logic and ease of calcula-
tions with units that relate to our decimal system. thedeacher 1s now ready
to intrbduce the metric system and the instruments used to measure each
type of umt. (43) 5.

Educators generally agree that metric linear measure should be tiught.
first because it is the basic unit from which unifs of volume and mass are
denived and because it 1s the qhsnest to understand and apply. (90) But
there appears to be dtsagreement over the basic umt to b used. Suydam

(97) prefers the centimeter over the meter at the pnmary level bécause
younger students do-not understand hundreds and find 1t dlfﬁp‘ult to .
handle a meter stick, Hawkins (39) would introduce meters and mjllimet-

s as early as the third grade; NCTM{76) would begin with the-centime-
ter-or decimeter at the primary tevel, although the, meter shlbuld be *
introduced® Tommie A West (110) recommends the decimgter for pni-
mary grades because of its convenient size and the avallabuny of
decimeter-length matenals.

Although the activities for teaching metnc length and area are vaned,
many educators believe that students should begm with estimating West
(110) suggests estimating by sorting objects into categonies, searching the
classroom for objects of given lengthy, and guessing body measurements.
Then such estimates would be verified, and actual bedy, measurements.
for example, might be recorded on a bar graph (54, 87) A possibihty 1n
addition to estimating and measuring common objects about the class-
room and playground would be 4 type of metric spelling bee: each child
would measure and label several items in advance and then teams would
attempt to estimate the metric measurements. (93) Students also might
measure the classroom or playground and then prepare a map on graph
paper, labeling the metnc dimensions. (54)

In introducing units of mass, students could develop their understand-
ing of lighter, heavier, and so on, by sorting objects according to weight
and then verifying with a metric balance, Actual estimation plays less of a
role with weight than with linear umits, because guessing weight is more
difficult and requires more maturity. (76) Suydam (97) suggests begin-
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. ning with the kilogram because it 1s easier to handle than the grdm
l NCTM (76) would use the kifogram in the upper primary grades and the
gram 1n the middle grades
Similar activities would be used 1n mtroducmg_. units of capdut) Here
there 1s generally more agreement that the hter would be the basic unit
(76,97, 110) with the milliliter introduced 1n the middle grades Students
would be given opportuntties to judge the capacity of containers, for
. example, - and then to venfy lhelr guesses by actually filling the
_ containers.
’ Also taught within™the metric system would be the concepts of ime,
using the hour and the minute, and" Celsius temperature, the latter of
« which NCTM (76) concludes can be introduced at any level Students
- could become familiar with Celsius temperature at an early age if.
WillamW K Freeman (33) suggests, teachers post the Celsius tempera-
ture daily together with a descriptive word such as hot, mild, bitter cold,
etc , based on a combination of temperature, hurmdity, and seasonal and
wind chill factors 5 .
AboiRhe elementary grades, the basic knowiedge of metncs 1s
,expanded and given wider applicatiort in specific subject areas Suydam
(97) presents the following as appropndte objectives through the second-

ary level: B %
v

| Developing relatfonships between measurements and between their
prefixes;and converting from one metrig measure to another, stress-
ing decimal relationships . . . >
2 Introducing metrjc symbols, stressing correct usage, and emphasiz-
ing those for area and volume having superscripts
3 Measuring objects to the nearest mllllmete>r mulliliter, and gram,
and developing the ndea of _measurement accuracy and significant
digits
4. Introducing computations with metric units, and working with these
units to sokve problems on area, perimeter, volume, time, tempera-
ture, etc.
5. Introducibg metric units for problems involving force, pressure
work- power, and so on as needed in mathemaucs science, and
* vocational cougses. <

~

Hawkins® (39) anstructional sequence generally follows the same pro-
gression of giving metrics more difficult applications 1n such subjects as
geometry, tngonomedry, chemistry, and physics.
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The metnc system can, and ‘should, be related to essenually every
~ subject area offered 1n jumor and senior high schools. As descnbed by
" Caravella (17):

I, Mathematics courses would be the primary source of metric knbwl-
edge to be employed in specific science courses '

: 2 - Bnghish and foreign language classes could discuss the vocabuldry .
and symbol$ of the SI 5

3 Social studies courses would/use metnics 1n statistics, and might
discuss the history of the system, metric legislation. and the system’s
intesnational use and impact. LY .

4 Home¢ ecanomics courses wolld begin cooking and sewing with
metric.measures (Althougrl cooking could still be done by voluime
rather than weight, Mananna Z. COChran(22)|nd|cates’thatcook|ng
by weight helps to illustrate the Value of working with whole num- _
bers and to foster. greater accuracy.)’

5 Vocational education courses would work with’metric umts (One
project described by Roy S. Hinnichs (4 S}—building a model racing

.
’

L. car after gppropnate metric nstructron—adds the motivation of
compeu%on to metric instruction ) .
6 Busines$zand art courses would use metric paper

b 4

7. Physical educauon classes would use metric units for weights dnd

. dlstances e n

An &xamplc ofr’all these activities mightbe coordinated i inamiddle .
schoq} ,program 1s presented by Thomas R Morehouse and Edwin
. Schoonmaker (70) In sggking an interdisciphnafy approach to giving
studenwa womn//nowledge of metnic units, 1t was decided to hold a
“‘mhetric’month,™ with each deparfment contnbuting: mathematics stu-
dents measured the entire school in metric umits, science students used
metrnics in all expennments and observations; English classes discussed
" metnc termimology @nd used these terms in creative writing; social
'studies classes studied the.history and sociopolitical aspegts of metrics
. and conversion; home economigs students used metrics 1n measunng and
cooking; art students made metric posters for local stores and decorated
school bulletin boards; music classes prepared metric verses for popular
songs; and physical education classes held a three-day olympics contest
using metric units. The authors concluded that the program not only gave
students famyliarity with metrics, but also, created much enthusiasm.
- Simar endeavors at all educational levels would undoubtedly Amal(;e
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*  students more comfortable®with metric umts untit conversion 1s complete
. throughout society. _ ' - -~ ) ¢ O .
Instructional Materials Io. .

‘To?érry out the instructjonal objectives of a metric curnculum certain
equipment and supplies will be needed (111) Expenditures are almost
inevitable, but teachers must kegp 1in mind instructionalras well as
monetary factors in deciding what must be purchased and what canbe ° .
improvised or made by teachers and,gudents from matenals on han& .

" Sinceitis not the purpose of this report to recommend specific instruc- -
tional matenals, some practical gurdelines. for selecting suth materials
are outlined for the clgssroom téacher. West (110) cautions agaipst using .
. commercial meter, sticks with younger children because they give too
much information, and Brbara Pottinger (87) finds many current mate-
nals too advanced for third graders. The advantage of using audiovisual
matenals, pamcilmy' until conversion 1s complete, 15 stressedii® Lottie
E Mackay (58) because they can be produced more quickly and in
smaller 1gstructional segments than complete text ks series, for exam-,
ple. and because they can be rented rather than purchased. ) ¥

Higgins (42) points out that metric materials will probably be more
expensive than Custordary materials for some time to come,. and hence, *
recommends that teachers purchase sofhe good-quality materials to use as -

‘. metnc standards and improvise to meet thé rest of their needs. Many '
? educators, however, wam of the importance of evaluating commercial
matérials carefully before purchase Chalupsky and Crawford (19) relate
the experience of Great Britain and other countries in «onverting to
=~ metrcs: -, . .

. f .

p
-
4

The intense demand for metmc matenals generates a fidod of naccurate .
‘ “and nadequate products. Matenals pgoduced under pressure to'meet the
new dmands frequently contain serious errors They are often unsuitable
for classroom use and are noj related to any explicit teacﬁmg/lezﬁ-ﬁing
objectives. A common oversight overseas was the faiture to pravide for
materials €valuation until classrooms were loaded with ineffective and’
error-laden junk. The U.S appears to be heading rapidly toward a similar
plight. There 1s a rising tide of new matenals but a“eneral lack of
evaluation efforts. As overseds staffs became expenenced 1 metric
mstruction, they discovered many ways to. produce inexpensive, '
teacher-made, #nd student-made materials. For mgn, it was a slow
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tnal-and-error process. U S. educators can capitalize on this achieve’
ment

Hawkins (3§Z§\concemed that matenals producers may become too
rushed 1n attempting to fill the increasmg demand for metnc aids and may
thus become careless, prowding inaccurate and incomplete materials that
might not be suitable for use with students. T. K. Muellap (71) advises
that ‘‘the purchase of very many.materials will bt necessary.

Danger exists in the acceptance’of the tme-honored pressure to buy

_expensive teaching aids of questionable value when items which we have .

around us 1n everyday, life are available.” ‘

As a means of -ensuning that purchased materials will readily aid the
teacher and the student, Chalapsky (18) suggests evaluaung them in-
terms of their technical accuracy, the quality, of theymaterials‘and their
construction, the instructional effectiveness d the validity and testing
of the matenals, the development of measur¢ment skills, the promotion

of metnc awareness and a favorable atitude toward the system, the

_nterest and difficulty levels, the freedom from reliance on conversion

Q
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between systems, and the adequacy of accompanying teaching guidés.

Donovan (29) reports that results in Great Bntain's primary grades
with student-made metric equipment’such as cardboard meter sticks were
favorable. The Suggested Readings contain numerous 1deas and instruc-
tions for creating the metric matenals needed, " particlarly at the elemen-
tary level. Among thiem are the following:

Length and area: Adding machine or cash reglste: tapes an be cut into
meter lengths and folded into 10 parts to make decimeters. A'meter board
ong centimeter thick, one-decimeter wide, and one meter long can be

fabricated and then 5plit into decimeter segments linked with magnets so

it can be stacked as a cibic decimeter or liter. Cuisenaire rods already n
many classrooms, are one centimeter square and one to ten centimeters
long, makuhem handy Measuring tools for younger students. Lottie
Viets (108) deseribes the.contents.of a kit of metri¢ units students can
collect ordnake including a stnng or ribbon one meter long, decimeter- .
long sodd Mraws strung on a meter-long piece of yam, and a cardboard

" meter stick. To help students es ‘mate area, thé teacher can take graph

paper with two-millimeter squares and rule off square centimeters so the
sheets can be placed over the objects to be estimated.

Weight and mass: Betause the - gram is a fairly small unit, many older
balances'may not be sensitive enough to weigh grams with aqcuracw
good metric balance cannot be borrowed from a sciencg. cla$sroom,

as
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Higgins (42) provides instructions for buildusg a simple and inexpensive
balance. and weights such as nickels, weighing five grams, and paper .
clips, weighing one gram, can be used. The classroom \abounds with
familiar objects that the' students can weigh, or items r_mght be_broughts
from home

Volume and capacity: Since the bottom of a half-gallon milk carton 1s a,
square decimeter, 1t can be cut to make a cubic decimeter or liter measure
Plasug jugs, buckets, or cups can be marked in deciliter units or hiter
umts, and test tubes can be calibrated 1n mulliliters far older students
Common matenals such as sand and nice can be used to fill fhe containers
as the students estimate and measure capacity.

Temperature Fahrenheit thermometers can be recalibrated to the Cel-
stus scale, although Higgins (42) cautions that this approach 1s useful but
naf completely accurate

Ron Fisher (32) suggests developing students’ investigative and obser-
vational as well as measurement skills by stocking a ‘‘measurgment
corner’’ of the classroom with such materials and suggested activities

One type of metric instructional aid deserving special attention 1s the
metric game Educational games, have increased in populanty because of
both effectiveness and motivation. Trueblood and Michael
Szabo (101) discuss seven steps developed by elementary teachers to be
followed in creating metric games.

1. Wnte down the skills the student is to learn, such as observmg

measuring, or classfying. -
2. Develop the matenals for the game, keeplng them simple and rela-
tvely sturdy v '

3. Wnite down the rules and procedures forthe game. (This is essential

to the self- mstructlonal nature of the game.) They should be srmple ¢

- and straightforward fo keep the game moving, : ~

4 Decide how feedback will be handled—a key feature 1n an educa-
7 . tional ?e because of its motivational as well as instructronal
’ impacte$ince the students want.to verify their answers. Also, decide
how students will record diagnostic information for-future evajua-
tion. ‘
5, Provide_an ‘element of chance to create suspenge for the players
. 6‘ Selecfﬁ:}nures that can be.altered easily to*vary the focus of the'
game. , ,
7. Fihd out how students react tothe game and evaluate the learming that
results from it ’

»
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As an example of the application of these procedur®s, the authors
"describe a_game designed, ) give, students practice with estimation,
measurement, and computation Equipment ingludes a game board with

- squares'on which the students advance their markerg by rolling dice three
A * sets of numbered task cards (one for each of the previously mentroned
skills) with answers and points to be awarded on the, back, a metnc
balance, common objects weighing between one and seven kilogfams,

and student record cards: Two to six players Foll-the di e, and advance _
play [ &

around the board, selecting a task cird from the stack indicated by the
square in which shey land If the task is dope correctly, the student enters
the number of the task, the answer, and the points recerved on her/his
record card. The first player to circle the bdard withrthe most paints wins.
Feedback 1s immediate since answers are provided ,on thestask cards.
-~ Record cards are given to the teacher to help her/him evaluate both the
progress of the players and the effectiveness of each of the tasks. Sus-
pense is added Since students get extra points, ose points, or_move
forward or backward when they land on certain squares.”The game also
can be altered by adding new task cards forestimation, measurenfent, and
computation with linear'and area Meaglrement ) .
Pottinger (87) also has made use of metric games as part of a metric
"“lab™* culminating an instructional umit on metrics; in fact, one of the
activities was ac‘tually,makmg"some of the games. Among the games used
were a card game involving memory to match metric equivalents and
’pictu'rﬂ)éard games with measurement activinegand problems to solve
POltil‘)§r found that such exercises helped students see the relatiohships
between units of measurement, improved their abihty to estimate, and
increased their enthusiasm

Ny
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