~

»  DOCUMENT RESUME

ED 221 343 . L ,':, . SE 035 013

AUTHOR , Kerr, Donald R., Jr.; ‘And Others
TITLE ' Measurement. Mathematics-Methods Program Unlt.{ ‘
INSTITUTION Indiana Univ., Bloomington. Mathemat1cs Educatlon

: ‘ Development Center.
SPONS-AGENCY = National Science Foundatlon, Washington, D.C.

' REPORT NO ISBN-0-201-14620-7
PUB DATE - 76 o a o
GRANT : NSF-GY-9293 .
§OTE 137p.; For related documents, see SE 035 006-018.
"EDRS PRICE MF0l Plus Postage. PC Not Avallable from EDRS.
DESCRIPTORS College Mathematics; Elementary Education;

*Elementary School Mathematics; Elementary School
Teachers; *Geometric Concepts; Higher Education;
*Instructional Materials; Learning Act1v1t1esk
Mathematical Concepts; Mathematics Instruction;
*Measurement; Metric System;.*Preservice Teacher -
Education; Problem Solving; Supplementary Reading
.  Materials; Textbooks; Workbooks .
IDENTIFIERS *Mathematics Methods Program

ABSTRACT : o T ' ¥
" This unit ‘is 1 of 12 developed for: the university
classroom_portlon of the Mathematics-Methods Program’ (MMP), created
by the Ind;ana ‘University Mathematics’ Edutation Development Center
(MEDC) as an “innovative program for the mathematics tra1n1ng of
prospectlve elementary school teachers (PSTs). Each unit is written
" in an activity format that-involves the. PST in do1ng mathematics with
an eye toward appllcatlon of that mathematlcs in'the elementary
.school. This document is one of four units that are devoted to
geometry instruction in the elementary school. In addition to an '
introduction. to the unit and an overview of . measurement in the
elementary school, the. text has sections on the measurement process,
: ?ertaln common measurements, and child learn1ng of measurement .
MP . . :

& -

S o X A . Lo

. \
. ~ . |
\ ~ * "

************************************************t}*********************

* Rep:oductlons supplled by EDRS are- the ‘best that can be made = *

* from the original document, *
********************************%********ﬁr****************************

)

- . C v 4

ERIC R T

PAruntext providea oy enic IR




DEPARTMENT OF EDUCATION
NATIONAL INSTITUTE OF EDUCATION
EDUCATIONAL RESOURCES INFORM/\HON

/ CENTER (ERIC)
This  document has h{_‘m\ reprotiuced as

recewved  from thegaperson o organization
ongINaling 1

Miror ('ldll()u‘ have been mud(' to mprove
Ieprodtiction quahty

. . “ . .
Points of vieRor opimons stated in this doty
ment do not ndfcessanly represent olfical NIE
pOSILION or pulicy

“PERMISSION TO REPRODWCE THI
MATERIAL [N MICROFICHE ONL
HAS BEEN GRANTED BY

TO THE EDUCATIONAL RESQURCES
INFORMATION CENTER (ERIC)." -




» . MATHEMATICS o
© EDUCATION DEVELOPMENT CENTER

-, INDIANA UNIVERSITY

JohnF LeBlanc Director , |
Donald R. Kerr, Jr. Asmstant Director . v

%
-

The following isa list of faculty and pro;ect assoclates who have contributed to the development |
of the Mathe matics-Methods Program. :

A : . ‘ .
- Mathematics Education = . o Mathematics Faculty
;o Faculy ' George Springer, o
, Frank K. Lester, Jr.’ . lCo-e[;iﬂnd‘zal ' _
" Sally H. Thomas ' . Investigator : ;
' Pausl’R; Trafton . _ . Billy E. Rhoades ' ‘
Ronald C. Welch R Maynard Thompson |
Project Associates — ' - . Project Assqdates —
Mathematics Education ) - Mathematics . !
- Gertrude R: Croke , - Glenn M. Carver
Carol A. Dodd-Thomton S A Carroll Delaney
‘ Nancy C. Fisher - - : Alfred L. LaTendresse
adia F. Harik T : , , Bernice K. O'Brien
athleen M. Hart " RobertF. Olin
mS. Hudson . , Susan M. Sanders
“alvin J. Irons o ' "~ . BarbaraD. Sehr
Graham A. Jones oo Karen R. Thelen
Charles E. Lamb . _ Richard D. Troxel
Richard A. Lesh . o Karen S. Wade
Barbara E. Moses o . Carter S. Warfield
Geraldine N. Rosst C . LynnetteO. Womble
Thomas L. Schroeder N
" Carol L. Wadsworth . Resource Teacher
e Barbara E. Weller Marilyn Hall Jacobson

Larry E. Whee)er

1 7’ _ Continued on inside back cover

3




MEASUREMENT * -

DONALD R. KERR, JR.

Substantial contrlbutors

- JOHN F LEBLANC

Carol A. Dodd-Thornton
- 'Kathleen M. Hart
¢ Calvin J. Irons

T

o

| W | |

' ADDISON-WESLEY PUBLISHING COMP@NY

‘Beading, ‘Massachusetts ¢« Menlo Park, California
Longion « Amsterdam ¢ Don Mills, Ontario « Sydney




This book is in the ' .

ADDISON-WESLEY SERIES IN MATHEMATICS

o

The -preparation of this book was supported by National Science
Foundation Grant #GY-9293. However, the opinions, findings,
conclusions or recommendations expressed herein are those of the
authors and do not necessarily reflect the views of the National
Science Foundation. Except for the rights to material reserved »

by others, the publisher and copyright owner will grant -permission

without charge for use of this work and related material in the

English language after December 31, 1981. For conditions of use

and permission to use materials contained herein for foreign s
publications in other than the English language, apply to either

the publisher or the copyright owner. Publication pursuant to

such permission shall contain the statement: "Some (al1) of the

materials incorporated in this work were developed with the ’
financial support of the National Science Foundation. Any opinions,
findings, conclusions or recommendations expressed herein do not
necessarily reflect the viéws of the National Science Foundation."

.
. ‘
LN s
L - , . . .
.

S

B

‘ Reprodudéd by Addison-Wesley from camera-ready copi supp]ied_by
the authors. : T .

Copyright © 1976 by Indiana University Foundation. Philippines
copyright 1976 by Indiana University Foundation.

. A1l rights reserved. No part of this publication may be reproduced,

stored in a retrieval system, or transmitted, in any form or by any

means, electronid’, mechanical, photocopying, recording, or otherwise,
without the prior written permission of the copyright owner or the
publisher. Printed in the United States of America. Published »
simultaneously in Canada. . ‘

I58N 0:701 14820 7
ABCOEFGHI) AL-708 705

1




The Mathemat{cs—Methods‘Program (MP) has been developed by the
Indiana University Mathematics Education Development Center (MEDC)

during the years 1971-75. The development of the MMP was funded by
the UPSTEP program of the National Science Foundation, with the goal’
of producing an 1nnovat1ve program for the mathematics training of
prospective elementary school teachers (PSTs).

The primary features of the MMP are: - .

. "

It combines the mathematics training and the methods training of
- PSTs.

It promotes a hands-qp, laboratory approach to teaching in which

PSTs learn ma;hematics and methods by doing rather than by lis-
" tening, taking notes or memorizing. ‘

It 1nvo1ves the PST in using techniques and materials that are

appropriate for use with' children.

It focuses on the real-world mathematical concerns of children

and the real-world mathematical and pedagogical concerns of
PSTs. '

The MMP, as developed at the ,MEDC, involves a university class-
room component and. a related public school teaching component.  The
university c1assroom“component combines the mathematics content

courses and methods courses norma11y taken by PSTs, while the public
school teaching component provides the PST with a chance to gain ex-
perience with children andninsight into their mathematical thinking.

w
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" A model ﬁa§_beén 5gve]oped for the 1mp1ementatibn g£~£bé public
sthool teaching component of the MMP. Materials have been developed
for the university classroom portion of the HMPu These include 12
instructional units with thé following titles: #

N
Numeration

4 Addition and Subtraction

Miltiplication and Division, =~ <

N Rational Numbers with Integers and Reals '

A

Awareness Geometry

TranSformationa1 Geometry

Ané]ysis of Shages '

Measurement

Number Theory

Probab111t149nd Statistics .
Graphs: the Picturing of Information . .

Experiences in Problem Solving

These uﬁ{ts are written in an activity formét that involves the PST
in doing mathematics with an eye toward the application of that math-
ematics in the elementary school. The units are almost entirely in-
dependent of one another, and any selection of them can be done, in
any order. It is worth nbting that the first four units listed per-
tain to the basic number work in the elementary school; the second
four to the geometry of the e1emeﬁtary school; and the final four to
mathematical topics for the elementary teacher. '

For purposes of formative evaluation and dissemination, the MMP
has been field-tested at over 40 co11éges and universities. The
field-implementation formats,have varied widely. They include the
following:

.

o Use in mathematics debartment as the mathemati¢s content pro-
gram, qr as.a- .portion of that program;

e Use in the educat1on school as the methods program, or as a por-
tion of that program,

e Combined mathematics content and mgthods program taught in

vi




‘format for the university ¢1assroom experience and an embhasis on the

'.‘_‘}
= either the mathematics department, or the education school, or
Jointly, : ¢

. Any of the above, with or without the pub]ic schoo] teaching ex-

-

- perience. . .

Common to most of -the fieﬁd implementations was a small-group

use of concrete @ﬁterials. The various centers that have implemented
all ‘or part of the MMP have made a number of suggestions for ghange,

" many of which are reflected in the final form of the program. It is

fair to say that there has been a general feeling of sat1sfact1on
with, and enthus1asm for, MMP. from those who have been 1nvolved in
field- test1ng :

- A list of the f1e1d test centers of the MMP is as follows:

©

ALVIN JUNIOR COLLEGE GRAMBL]NG STATE UNIVERSITY
Alvin, Texas ’ Grambling, Louisiana
BLUE MOUNTAIN COMMUNITY COLLEGE  ILLINOIS STATE UNIVERSITY
Pendleton, Oregon Normal, I11inois
BOISE STATE UNIVERSITY ’ INDIANA STATE(UNIVERSITY
Boise. Idaho EVANSVILLE
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Boulder, Colorado
N : UNIVERSLTY OF MAINE AT PORTLAND-
UNIVERSITY OF COLORADO AT GORHAM )
DENVER i ’

THE UNIVERSITY OF MANITOBA -
CONCQRDIA TEACHERS COLLEGE Winnipeg, Manitoba; CANADA
River Forest, 11linois : .
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MICHIGAN STATE UNIVERSITY
East Lansing, Michigan
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INTRODUCTION TO THE
~ GEOMETRY UNITS OF |
THE MATHEMATICS-METHODS PROGRAM

Q.

- -

.

Geometry to most people just means proving theorems about an§1es op-
pbsite equal sides, squares of hypotenuses. and such. This is patu-
ral since most people have their only exposure to geometry in high
school where thg traditional course has been built around such proofs.
Geometry has been gradually working its way into the elementary
school. Today's new textbooks contain a cons1dera§]e amount of geom-
etry.* Much of this material is- being ignored or badly taught sipce .
many teachers see 1ittle relevance of this geomegry to their own
1ives, to other aspects of the elementary school curriculum, or to
the Tives of their pupils. Moreover, some of the topics that are .
currently contained in textbooks were not taught when the teacher
‘went to school and, therefore, are not fully understood by the

teacher. - : A

The geometry units ef the Mathematics-Methods Program attempt to .

present geometry from a péint of ,view that yU11 bring out:the poten-
tial for géometry with children. Geometry 1s presented as the study
of space experiences. This point of view is net only consistent ’
with the historical-development of geometry, but it also keeps the
focus on the relationship between geometry and the objects and shapes

in our environment.

—

"*Paul R. Trafton and John . LeBlanc, "Informal Geometry in Grades
K-6," in The 36th Yearbook of the National Council of Teachers of
Mathematfcs, 1973: Geometry In the Mathematics Curriculum.

1
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The study of space exper1ences addresses 1tse1f ma1n1y to shapes

- Shapes are abstract1qns from the environment. They can be informally
1nvest1gated and ana]yzed One can also study the changes (or trans-
format1ons) that shapes, undergo. = - . R

To effect’ th1sh;xudy of space exper1ences four un1ts have been

developed. ~

° The Awareness Geometijun1t is designed to or1ent the prospec-
tive teacher to- ‘the informal study of geometry In this unit one
looks carefu]]y at the environments experiments with shapes that are
observed there, and 1nforma11y analyzes certain shapes At the end
of the unit, one is glven experience Q%th p]ann1ng for geometry 1es- P

« sons with children. . , * . ,

. The\Transformat1ona1 Geometnx_un1t studies cfanges that shapes S
can undergo. The unit is organ1zed into the study of rigid transfor-
mations, prOJect1ve transformat1ons and, topo]og1ca1 transformat1ons v |
The presentation is 1nforma1 “and the focus is on concrete real-world |

. examplds of -the concepts.




€]

. l‘ The Analys15 of Shapes un1t stud1es stra1ght lines," tr1ang1es
o ‘ and circles. The real- world occurrences and 1mportance of each shape
are 1nvest1gate ; each shape is 1nforma11y ana]yzed to determiine some ;
of its 1mportan propert1es and then the fruits of these analyses
are app11ed to rea] world problems. Many of the traditional: top1cs '
of Euclidean geometry, including coordinate geometry, are considered .

here from a nontraditional point 'of view. There is’ also .a section

5;,\,/ which dea15fw1tb problems of verification and places.into perspective
| the. 1nforma1 methods of elementary school geometry and the formal
AR epproach to high school geometry. =

0c- !

‘ oz Lo
\\ St ‘ o + 2
B T
. The Measurement unit provides experiences with identifying-at-

tributes, choosing unit quantities of attribUte;, and determining .
numbers through comparisons. The emphasis is on informal, concrete,

. conceptual activities. There is a separate section which'is deyoted
to child readiness and the planning of measurement act1vﬁ¢ies for _-
“children. Metric units are used throughout. While measurement
could have been 1nc1uded 1n the Analysis of Shapes unit, it has been
placed in a separate unit because of its importance in the elementary '
scHoo1'curricu1um and in order to provide flexibility in the use of
the units. # s '




The four geometry’units’of thé Mathematics-Methods Program-are_
independent of one another. Any number of them can bekused in any, ’
order. They can be used ™ separate geometry course; they can be
interspersed among other units of the Mathematics-Methods Program;
or they can be used in canjunction with other, materials. '

These geometry'unfts, like the other'units»of the Mathematic$-
Methods Program, involve one aé aﬁ adu}% learner in activities which
have 1mp1ication§ foruteaching children. One works with concepts

: thaf’chf]dren m{ght learn, with materials that chi]drén might use,
and on activities that might be modified for use with children. The
objective is to provide growth in understanding and enjdyment of ge-
ometry along with increased ab%]ity and desire-to teach geometry to
children. N . '
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' > Measurement is an ihportaéﬁdhuman activity. - It 1s&an éveryday skill.
It is an essential toal of science, and it  provides a useful .1ink be;
_ tween the real wof]d and pathematics. Measurements are as d1verse as
"// the length of a stra1ght ﬁgne the I.Q. of a human being, and the~
speed of 1ight. MeaSurement skills include simple dexterity, the
techniques o% calculus, and the ability to construct models of humah,
thought and behav1or « This unit concentrates on those aépects of
. measurement that are re]evant “to. the e]ementary schoo}-\ '

+,

From one point of view, measuring involves the following ‘steps:

0

e Identifying an attribute;
e Choosing a unit quantity of the attribute;. o

¢ (omparing a quanbiky of the attribute with the-unit quantity in

order to arrive at a number.

For example, if one'wishes';o measure-the attribute 1éngth of & peh-
~ ¢i1, one might chpose the.centimeter as a unit of length artd then .-
compare the length of thelbenc11 With the centimeter to arrive at a
' number, say 15. So the introduction of ‘measurement concepts to . ',
children must involve the recognition of attributes, compar1sQn of
qu@nt?ties of attr1butes, familiarization with the- systems of un‘ -

ey




quantities of attributes that are in common use, and e;heriencesiﬁith
measurements fnvolving these standard units. ’ a
There are many approaches that one cou]d take in 1ntroduc1ng
children to attributes, comparisons, and units. Section I of ‘this
unit is organ1zed around an instructional sequence that involves the
various aspects of the measurement process and takes into account the
'e1ementary child's lack of'exper1ence with attribqtes wi'th compari-
sons, and with units. The three steps of the 1nstruct10na1 sequence

'
L3

are:

Identify. attributes and compare
“amounts of the attribute

¥ t 7
‘Compare amounts of attribute

with nonstandard (child-chosen)
unit to arrive at numbers

- <

Introduce standard units and com-
- ‘pare amounts of attribute with |

standard units to arrive at
numbers

N ¢

The activities in Section I are presented at an adult level, but they
follow this. instructiona1 ‘sequence in order to provide you experience
with and 1n51ght into the sequence.
In the e1ementary school*a wide variety of measurement topics 1s
introduced. Children measure length, area, volume, weight, time,
angle, temperature, etc. You have had cons; erable experience with -
these measurements and certainly do not negzda compiete treatment in
each of them. Section II develops certain aspects of some of these

" measurements that are important in ghe'elementafy school and that
seem to be challenging for adult learners. Agafn, the presentation
is made with an eye toward the-teaching of children.

17
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Section iIl is concerned with §ome of the mea%urement problems
that ch11dren face. Measurement requires the recognition of attrib-
utes that may not yet have become conscious parts of ‘a child' § experi-
ence This frequently involves the introduction of new words in the
ch11d s vocabulary. It demands that the child gnasp certain physical
principles. ' Dexterity is also required to man1pu1a£e measurement 1n-
struments. anséquentny. children seem to requ1re both experience
and maturity to grasp measurement skills and concepts. In Section i1
you wi)1 be given an opportunity to take advantage of any insights
that you have gained in preparing some measurement 1essons for chil-
dren. k S ; . '
Before you start with Section.l &f this unit, you will be presen-
ted with an overview of measurement in adult 1ife and in the elemen-
tary school. This overview is designed to orient you to the goals
and content of this unit. 7

Throughout this unit, you w111 find several boxed-in puzz]es and
anecdotes entitled "Teacher Teasers" and "Historica) Highlights."
These are designed to provide you with interesting background and en-
richment in measurement and its history. The Teacher, Teasers are
meant to challenge you. You should try to do them qden you get a
chance. (Many kids love to be challenged with problems.) The Histar-
ical Highlights are meant to be read;?or jinterest and background.

Since a great deal of attention is currently being given to the
adoption of the metric’ system in the U.S.A., metric units are used
widely throughout the unit, and there are frequent boxed-in "Metrics
in Life" measurements to help increase your familiarity with the

metric system. :
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GMERVIEW | -

MEASUREMENT IN THE ELEMENTARY SCHOOL

FOCUS:

This overview is intended to provide you wjth an orientation to this
unit. To this end it provides perspective on: '

e The history of measurement,

e Current measurement practices,

e Methods of teaching measurement in the schools,
e Child preblems with learning measurement, and
e The move toward metrication in the U.S.A.

Tt

Each of these topics will be treated in greater depth in the rest of
the unit.

MATERIALS:

(Optional) The Mathematics-Methods Program slide-tape overview enti-
tled "Measurement in the Elementary School."

DIRECTIONS

Read the questions below before reading the essay entﬁt]ed "Measure-
ment in the Elementary Schoolf\(or watching the slide-tape cited
above). Then engage in a class discussion based on the questions.

1. How many different kinds of measurements can you name? Use your
1hagination. How many measuring instruments can you name?

2. Can you think of reasons Why measurement' would be a particularly

appropriate and appealing mathematical topic for children?

3. Take a simple measurement task, such as finding 'the length of a
table, and try to determine the~sk1115 .and concepts that a child
needs in order. to accomp115h a@b comprehend this measurement.

.
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MEASUREMENT IN THE.ELEMENTARY SCHoOL

L

For thousands &f years measurement has been an important human activ-

jty, and as socjety becomes more technically sophisticated humans

will be faced with greater demands for skill and precision in measure-

ments. This essay will give a brief glimpse of the history of mea-

surement, and will indicate some of the practices and problems of

preparing children to be adequate measurers. N
! The planets and the stars

e e e e e S@EM-t0_have .always held a fas- _ . |
cination for humans. For exam-
ple, the pyramids of Egypt, .
many of the Greek temples and v i
the calendars of various early
civilizations reflect a surpris-
ing amount of knowledge.of the o
heav'ens. .This knowledge was .
acquired throughlcareful obser-
vations and measurements. By
today's standards the measuriﬁg
instruments used before the
birth of Christ were not very
sophisticated. But it seems that the more precise measurements be-
come, the mpfe sophisticated our knowledge of the universe becomes;
and the mo£§;§ophist1cated that knowledge becomes, the greater our
demand for precision in measuring. This cycle has given rise to mod-
ern measur1ng instruments that can determine the size, eight compo-
sit1on, ‘and distance of heaven]y bodies with amazing accuracy

The passage of time is another attribute

thaf has been measured with increasing accuracy.
For most early civilizations tghe, both dafly

and yearly, was measured using the sun. The
sundial was an early, crude but fairly effective

10
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clock. Today, citizens wear watches that are accurate to within a .
' very small fraction of a second per.day.
Surveying is a form of measurement that-has been preserved since
ancient Egypt. As you can ‘imagine, surveying practices have become:
‘more precise; such‘aids as aerial photégraphs have added new dimen-
‘sions to cjvilization's ability to measure and describe portions of
land. Describing and predicting )

y " the weather requires many differ-
ent measurements. Today, cities
measure noise pollution, smog con-
tent, and pollen*density. 1In a
typical family auto tnere are in-
struments for measuring speed,
gasoline vo1ume, water tempe

ture, oil pressure, and e]ectri-
cal charge. Attitude, aptitude,
and achievement tests measure

. human abilities and traits. These
' measurements are used in psycho-
1ogica1 research as well as in
decisjon-making about individuals.
The 1list goes on and on. It in-
cludes the activities of the home-
maker in the kitchenﬁas_we11 as
the chemist in the lab. One has
no choice but to agree that mea-

surement is an important skill .
- for every citizen. '. . ‘

The increased measurement demands on citizens have resulted in
increased concern for the instruction of children in measurement At
times in the past, the schools have been content to. give ch11dren a
few simple measurement drills with a ruler, a few conversions between
measurement units, and a few basic formu]as. There is, among educa-
tors, a growing'feeling that measurement concepts shoy]d be acquired

i
.
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c .7 by achild thgbugh carefully developed

) . activities. If a child is to learn to . ‘
¥ measure length, he or she is first ’

given infonna]ﬁeXperiences comparing

actua]Jobjects to see which .is longer.

Then the child compares the lengths*-of

objects with a fixed'oﬁject to determine

relative length. It is only after the

concepts of length and of comparison of

. . lengths have been firmly established

that length measurements are made with respect to nonstandard and fi-

nally to standard units of measure.
Even such a carefu . :velopment as the one just described can
run into serious snags. Research into child learning of measurement
has established that young childrén [ackiibme'very important prerequi-
site understandings for measurement. For |
example, a child may fail to understand that .
changing the position of an object does not
change its length.. If you think about it
_for a rioment, you will see that a child who
-lacks this basic understanding may not see
much sense in the usé of a ruler for measur-

@

ing. One need not despair of teaching mea-
surement, but one must be most careful. In
teaching a child to measure an attribute,

one accepted procedure is to:

Teach the child to identify the attribute; . -

R 1 ~) ‘, . ',
e Give the child experience with compartng qhgngjtiesuof the at-
tribute; : : '

« Give the child experience with comparing the quantity of the at-
tribute with a nonstandard unit quantity of the attribute; and

e Give the child experience with comparing the quantity of the-at-
tribute with a standard unit quantity of the attribute. ’
12
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At each of these stages, care must be taken to see that the child has
the prerequisiie understandings to give meaning to the stage.
Among® the attributes that are measured in the elementary school

are:
e Length ’ . 'Temperature '
e Area : * Angle
e Volume . weight
o Time
‘ ’ Currently, there is a special concern for measurement instruction

in the U.S.A. We are one of thé last of the countries in the world
to-$hift to the use of metric units' of measure So for future genera-
tions of measurers, centimeters, decameters, and mefers will replace

i inches, feet, and yards as the standqrd un1§§ of length measurement.
Similar changes will come in the measurement of area; volume, capac-
ity, and weight. One reason for the change to the metric system from '
the English system can be inferred from the table be]ow

"

12 inches
3 feet

" )
1000 meters 1 foot
l yard

]

. "1 kilometer

L]

1 meter 100 centimeters

P

Each of the conversions within the metric system can be effected by
using some power of 10, while each conversign within the English sys-
tem has a different conversion factor. ’

‘ ‘ )
" AR e e e e e o e

’ ) 13
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) Because of the change in systems of standard units, there wivH

be a period of transition and confusion. It seems that during this . .
period it will~be most important for teachers to have a clear under-

standing of the ?nea’suremen_t proces$, .in order to provide proper per-

spective and instruction. So you, as a prospective teacher, are \ /

faced with the challenge of teaching measurement, a topic of histonic

and continuing importance to children. These children must 1eai‘n/

many prerequisite skills and have certain preréquisité und‘ér;starfé-

ings. . This unit {s designed to help you gain the skills and insights

required to meet the challenge. K v v L
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THE MEASUREMENT PROCESS

As was 1nd1cated in the Introduction. measurement ano]ves an attrib—_
ute, a unit, the comparison of a quantity of the attribute with the
unit, and the assignment of a number to the quantity of the attribute.
The design of measiirement experiences for children must take each of
these aspects into constderation. ‘ -

In this section the intent is for you to learn about the measure-
ment process. However, this process will be presented to you in’a
development that parallels a reasonable approach to child instruction.
Therefore, the section will folloW'the'ihstructioha]'sequence presen-
ted in the Introduction. '

-~ - . . .

Activity 1 Identify attributes and compare
amounts of the attribute;

Y

Activity 2 Compare amounts of the attribute
with nonstandard (child-chosen)
"+ unit to arrive at numbers.

¥

Activity 3° Introduce standard units and
compare amounts of attribute

! with standard units, to arrive

v “at numbers. e

¥

15
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lnlAct1v1ty 1 you will be asked to identify and compare attributes.

Because of your familiaritywith the usual attributes that are mea- .

sured 1n the elementary school, you will be asked to come up with-
some unusua1 attributes. Rather than Jumping direct]y into standard
units, Activity 2 provides exper1ence with nonstandard, personally
chosen, units. It also ledds you to see some of the problems that
such upits present, thus setting the stage for standard units. o,
Since therelis considerable current emphasis on the introduction
of the metric sysfem into the U.S.A., Activity 3 focuses on the stan-
“dard units of the metric system. , Some of the units are presented;
you are given experiences with these units, designed ta increase your
familiarity with them, and you are given experiences with making mea-
surements using metric units: o
, Throughout Section I you will be making different k1nds of mea-
syrements and not focusing in depth on any kind such as length, . - :
weight, volume, time, etcs Section I1 will provide in-depth experi-
ences with certain kinds of measurements.

MAJOR QUESTIONS .

m P

1. ldentify modern uses of nonstandard unfts and discuss the advan-
tages and disadvantages of the use of nonstandafd units in mea-
surement, o "

2. Discuss thé \ following issues regarding the adoption of the met-
ric system in.the U.S.A.

The rati#nale for the adgption,

The procedures being used in effecting the adoption;

The implications of the adogigton f?r individuals, for busi-
ness, and for the schools,

The cur;:jk extent of che adoption; ' “




ACTIVITY 1+ N
IDENTIFYING AND COMPARING ATTRIBUTES

L

FOCUS:

This act1v1ty focuses on ‘the first: of the three steps in our measure-'.f
ment instructional seqquee, that of 1dent1fy1ng attributes and com-, -
par1ng quantities of attributes. Th1s is an. important step for
‘ch11dren, since many- ch11dren are not familiar with even such common
attributes as length, area, volume, and we1gh; Because of your
_familiarity with common attributes, you will be asked to w

with uncommon ones. ' ‘

DIRECTIONS:

. [} .

As you work through this act1v1t¥, try to imagine thafacommon attr1b-
. utes may be: as nebulous and d1ff1cu1t for a ch11d as. 1ess common

’ .attr1butes are Tor you.

lf.'Each g?oup of stugents in class should s ecret]x dec1de on a human

‘attr1bute and on what it ‘means for a‘human to possess more “or
less’ of that attr1bute. THe group should .then decide which of
its members possesses the most, which the next most, hnd so on.
When all groups are ready, each group should present 1ts order-
ing to the rest of the class so”that they can try to guess: what .
attribute was used. (To be in. the spirit of th1s act1v1ty, you .

should try to choose an attr1bute that is clever or unusua] but
not qmposs1b1e to guess ), '

N ', . Color
Volume
Pain
Intelligence
Vafue _ ‘e
are all attributes that one might’want to measure. Determine’

(individuaT]y} in a small group, or as a{jjjj;): oo
EE R .o e .
- R A '
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a) How you would describe each attribute to someone who was not

familiar with it} ‘ : S . ‘ :

b) Some experiences you might give an individual to make him or

her better able to identify each attribute;, :

o

c) A procedure for each attr1bute to determ1ne wh1ch of* two ob-
jects possesses more of the attr1b&;e

3. Suppose tha £, you asked a child, "wh1ch is heav1er, a ‘brick or a
pillow?" and the ch11d responded, "The pillow."

) What attr1bute mfght the ch11d have focused onf

b) Describe some experiences that you could prov1de that w%rld
help a child grasp the concept of we1ght

© 4. Instructors are sometimes asked to compare students on the basis
of their work in a class.
a) Identify.-various attributes that are used ‘in sucH comparisons.

b) What techniques'are used in effectinngOmparisons with each
of these attributes? , ' o : . ‘

TEACHER TEASER

When asked theydistapce_from the
" house to the church, different
— " people in different situations
_ D = m X would answer with different dnits. -
Can you guess anything about the
o . people who gave the following

answers?

a. Four minutes
b. A 25¢ bus ride

¢. A good half-hour's wa1k

d. About 150 chains h

e. Far, far ’

f. What-time do you 1ntend td go7
g. It depends on the current.

18




ACTIVITY 2
NONSTANDARD UNITS

FOCUS: ' : '

L2

Having learned to identify an attribute and to compare different quan-
tities of that attribute, one wants to be ab]e to determine how much
of the attribute is present and to communicate that 1nformat1on to .
others. In this activity, you will work wifh the Second>step in our
instructional sequence, that of comp ing quant1t1es of attributes
with a nonstandard unit quantity in order to arr1ve at .a number and

you will explore the effectiveness of nonstandard units for communi- -
. -4 ' oL

cating "how much."
. |

DISCUSSION:

~ . ' @

A unit is a quantity of an attribute wh1ch is to be used as
a basis for compar1son in measurement. Once one has chosen
a unit, one makes a compar1son w1th an obJect to determine
a number. The number reflects the amount of the attribute =
possessed by the object as compared.with the unit.’ g

. - s

For example, you are quite familiar with the minute; whicn'is~a unit
of duration. If you wished to determine how long a time period was,
you might compare the time period with the minute, and determine a
number which represented the number .of minutes in tne time period.

It seems reasonable to believe that the base 10 numeration sys-
tem reflects the fact that we have 10 fingers and 10 toes. In a simi-
lar way, man's early attempts at measurement” employed bod?1y refer-
ences. The length of an arm, a foot, a fingervjoint: or a stride
were all used as units of length for measurement. Units such as
these, which may vary from one measurer to another, are called non-
standard units. ' -

1
¢




' Introducing ‘the concept o%’unit.to children through nonstandard
units may make* the development of measurement concepts and‘skiﬁ]s‘
"more personal and more natural. If a chi]d sees that units can be
chosen in many different ways and that the standard un1ts that are

widely used were chosen for reasons of history, conven1ence and com-
munication, then’ the child may.not be unduly mystified by the 1ntro-
duction of a new unit into his or her life. This understanding of
the arbitrariness of standard units may be of oarticu1ar importance
in the United States at th1s time. The country is adopting a new.
system of standard units, namely, the metric system. So children are
being brought up in a trans1t1ona1 period when both the metric system
and the traditional Eng]1sh system are in use. It seems reasonable
that. in this situatfon, alclear understanding”of the nature and role

, ‘of units im the measurement process would be most helpful.

DIRECTIONS: .

1. Each member of your group should determine the lTength of the

o

room in stridés.

a) Certainly the room did not change in Jength. Why do differ-
ent people get different.lengths for the measure of the room?

b) What does this exercise say about the use -of strides for or-
-dering a certain length of a product’ through the Sears cata-
log?. - . gl

¢) Despite the above problem, can you see advantages that the
stride has over'a meter stick and a tape measure for introduc-
ing 1éngth measurement to children? £

d).What are the standard units that are most-commonly used- to
~make a measurement of this kind? “Can you see that the use of
these standard units would enhance communication?

2: Repeat the procedures and questions in (1 » using the hand as a
unit of area for measuring your table.

Y
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Repeat the procedures and questions in {1); using a nonstandard
unit of your choice to measure some iject near at hand. (Choose
some attribute other than length and area.) ,

e

¥he fo]]oWing are some reasons for “introducing nonstandard units

to chi]dren. Choose the reasons that you feel are most valid, .

and justify your choiceS.

a) Historically, man used nonstandard units before estab11sh1ng

standard ones. ®
[ H

b) Nonstandard units are easier to use.

c) Aach11d's involvement is greater when he or she chooses a
unit than when a unit is imposed upon*him or her.

"Materials for nonstandard unit measurement are easier to ob-
tain. N . '
Using nonstandard units shows a ch11d that one can measure

_ anything with some obJect that one possesses a

Just as we use bases other than 10 in numerat1on, it is good
to give a child experience with unfam111ar systems of measure-
ment. . a ' ‘ ‘

| Nonstandard units do not have to be used as accurately as

standard ones.

A standard is a dhysdca]'embodiment of a unit. For exaﬁb]e, '
the National Bureau of Standards keeps a small cylinder of
platinum-iridium alloy as a standard of mass for the United
States. The standard of length in the U.S. was formerly a
platinum-iridium base. Now the standard*of"1engtn is the )

" wavelength of the orange-red light of Krypfon 86.;; -

21
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HISTORICAL HIGHLIGHT

A

. .
Standard Measures in Ancient Egypt

Crude ways of measuring, good enough ‘for
their forefathers, were not good enough
for these builders of great temples and
pyramids. The farmer who set out to
build a stone or wooden hut with his
own hands could say: "My hut will be
six paces long and four paces wide, the
roof will be a hand-span higher than
the crown of my head." The temple ar-
chitect 'could not give building instructions in paces and sbénsr
‘|- Every workman under him might #Mfave® a different pace and span.
' For large-scale buildin§ there thus had to be measures that
were always the same, no mafter who did the measuring. In the
beginning they were ¢ommonly based on.the proportions of ggg;mah”S*"
body, possibly a king's. These standard measures were marked on
rules of wood or metal. '

*Taken from Lancelot Hogben, The Wonderful World of Mathematics,
(Garden City, N.Y.: Doubleday and Co., 1968), p. 17.




ACTIVITY 3

‘ METRICS ARE COMING - ., -~

P

"

FOCUS : - ’ .

In Activity 2 you found some difficulty in communicating measurements
made with nonstandard units. In this activity you will be introduced
to standard units. Since you are most familiar with the English sys-
" tem of standard units (e.g., inch, pound, quart) and since the United

_States is changing to the metric system of standard units (e.g., cen-

timeter, kilogram, and 1iter), this activity emphasizes the metric
system. You will note that this activity represents the third step

in our instructional sequence, wihich started with identifying attri-
“butes and compariﬁg quantities of attributes, and then went to'compar-
ing quantities of attributes with nonstandard units to®™arrive at a
number . ' ' : ; ﬂ .

‘ MATERIALS: L
' -

'Metric measuring instruments, including meter sticks, balance scales,
and liter containers; an assortment of objects to be measured.

DISCUSSION: - ‘ . o

©

The English system of units has been used in this country since colo-
nial times. The metric system of units has spread throughout the
world since its birth in France in 1840. The United States and Great
Britain have been slow to abandon their traditional English units, !
but both countries are now moving to adopt the metric system. In fact
> the next generation of Americans will be brought up communicating

measurements in terms of meters and liters instead q{ in yards and
quarts. In not too many years, the English system will be of Tittle
more than historical interest.

In the first part of this activity, you will ggin experience with
estimating in the metric system. After all, many of the measurements

23
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that are communicated are estimations -such as, "He is about 6 feet
tall." So you will’want some skill with such estimations. , ‘
In the second part of this activity, you will Jearn certain fea-
tures of the metric system and will havgqgh opportunity to compare
the merits of the English and metric systems.
Finally, you will be asked to consider some of the imp]icationé -
of the switch to the metric system in the United States. In order to
further build your awareness, familiarity, and skill with the metric
“system, brief exercises and comments concerning metrics have been
inserted throughout the remainder of the unit.

r

HISTORICAL HIGHLIGHT

In his first message in 1790, President
Washington reminded ConQresS'that it ‘
was time to establish our own standards
of weights and measures. The matter

was referred to Secretary of State ‘ ‘
Thomas Jefferson who quickly proposed’
two plans. .

His first was to use the pendulum
as-a standard to "define and render uni-
‘ form\fnd stable" the weights and meas-
urese%?“fﬁgﬁknglish system. From this ;tandard, the units for
area, volume, weight, force, and other measurements would fo1lbw.
The second plan was to establish a new system of weights
and measures based on decimal ratios, which the U.S. had just
adopted for coins. He felt the size should be as close as possi-
ble to the old units and thus suggested that his new "foot" be
nearly as long as the old foot but divided into ten "inches."
"~ The report was accepted by Congress and di;éussed for the
next six years. Neither plan, however, was aéh@pted.




DIRECTIONS: . '

‘ " 1. 'In order to get an idea of the magnitude of certain of the mos‘t_
common metric units, do the following: ’

a) <Jnspect ‘the metric measuring instruments that are available
to you. ‘

b) Use each instrument to quickly measure some object that is
. tonvenient and easy to measure. (Pay attention to the results
that you get, so that you will start to build up your skill
at estimating metric measurements.)

2. In order/;o further .develop your skills with estimating in metric
units, do the following tasks: . V't

a) Select from the classroom an object which you think:
. Weighs one gram;

e Weighs one kilogram;

- - - - - — A ey S PR - - -t \
: e HAlds one liter;
‘ e Is one céntimeter long;

" e s one meter long.

Then measure each object that you have chosen to see how close
you were. You may want to repeat the selection and’measuring,
process to improve your skill.

b) Estimate and then measure your own weight in kiJograms and
your height in meters and centimeters.

c) Abaut how many kilometers did you travel to schoo) today?

3f‘ The table on the fo]]dwing page containé pairs of measurements
to be estimated and then actually carried out.

" a) Estimate the first measurement in the pair.

b) Actually make the measurement.

)

I_ : c) Compute the error, i.e., how far off your estimate was.
o -
' 25
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d) Repéat this procedure with the second measurement in the pair,

trying to reduce the error in your estimation. ‘
* Metric Metric ) .
| Estimate Measurement Error ‘
The length of your foot 5'
A

The length of a book

The length of the room ’
The width of the room
The capacgity of a coffee-
cup
" The capacity of a drink-
“ing glass : ' ' .
The weight of a 25¢ coin ' . ‘
The weight of a dqpr_key \

.The area of a sheet of
paper

The area of a dollar bill

DISCUSSION:

If the United States is going to the troublg~of'chang/ng to the metric
system, there must be some reasons. Ip order’to help you judge these

reasans, you will be provided with some facts about the English and

metric systems. , - F\




LENGTH UNITS

1 foot 10 millimeters

12 inches = = 1 centimeter
3 feet = = 1 yard . 10 centimeters'=vl decimeter
1760 yards, =1 mile 10 decimeters = 1 meter
10 meters = 1 decameter

s

1 hectometer

1

10 decameters

1t

10 hectometers = 1 kilqmeter

METRIC.LANGUAGE
Length
millimeter cggtimeter decimeter METER Decameter Hectometer Kilometer

-

Weight (Mass) .
milligram centigram decigram GRAM Decagram Hectogram Kilogram

Capacity (Volume)
milliliter centiliter deciliter LITER Decaliter Hectoliter Kiloliter

’

et ésereet ettt eceeetssr st tscrrsenn R R R I R R R LR R R R SRR R vee

DID YOU KNOW?

A cubic decimeter (1000 cubic centimeters) occupies the same
amount of space as a liter: The mass* of the water that'will

fi11 the decimeter cube is 1 kilogram (to an accuracy of 28

parts in 1 million). Thus the metric measurement of the attri-
but&s of length, volume and mass are conveniently linked.

-

* We use "mass" instead of "weight" in order to comply with the Inter-
national System of Units (S.I. units). Weight varies according to

the gravitational pull in various places. Mass, however, does not
vary. For example, a mass of 1 kg. of sand would not change on a
lunar journey even though the weight would change according to the
gravitational effect at the moment of measurement. The kilogram is a
recognized unit of mass. On the surface of tge earth, where the
gravitational effect is fairly.constant, one does not usually need to
worry about the distinction between weight and mass. o . :
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) ponvert each’ of the fol]ow1ng to the indicated unfts in the

[4

metric system . T
) : oy .
81 centimeters RY . decametersu

I3

375 meters : . “hectometers

.. 271.5 hectometers .. centimeters

1.31sk110meters decameters

440 meters i millimeters’

1
o

b) Convert each of the fo]]owfng to the 1n¢1cated units in the
Eng]ish system

[ -

81 feet . yards
375 yards - miles

271.5 miles ' feet

l.3f miles : yards -

440 yards = inches ' ‘

Compare the English and the metric systems of units according
to the following criteria. Feel free to introduce additional
criteria that you feel are'impgrtaﬁt.

Ease of convers1on w1thjn.the system

Ease of conversion into the other system '

e C(Convenience of size of units ' ’ .
e Ease with which ré]attonsh1ps between units are remembered "
. Ease of precise definition of the units

i e FEase of remembering unit name (Don't for et, a young child
& does not know the names in either system.g

] Compata5111ty of unit 1hterre]dtionsh1ps with our base 10 .
numeration system )

e Popular familiarity with units . ’ N ;
b .o » . ‘ ‘.

g




6.

. { .
A change in the standard system of units may have mofeﬂimplfcar
tions than you wquld guess at first. Tools, machines, and
habits need to be changed, not to mention measuring 1n5truments.
Congress regently rejected a metric tonvérsion bill, reportedly -
because this bill would have forced the U.S. Government to pay -
many of the costs of the change to the metric system.

a) Discuss the impact of the change to the fetric system on the
people in each -€f the following categories. }

e store clerk ' . e auto mechanic
e housewife’ oo : e manufacturer
o farmer - e school teacher

" b) What do you suppose will become of the standard weight, vol-

ume, or dimshsions of each of the following products?

¥

e sheet of paper” e carton of milk

"o basketball e package of bacon

¥

e large bottle of coke

cf New content in the school curriculum is a source of frustra-*.

tion to many parents. It is important for the teacher to
foster a positive attitude in the parents of pupils. Discuss
how you would respond to a parent who made the following !
statement during a parent teacher conference:

"The school s got me and my first child completely confused
with the new math. Now you're at it again with.my younger
child with this new metric math."

d) Measurement provides one gjfthe major- applications of frac-

tions. What impact do you expect the change to,tHe metric
: 4

system te have on the teaching of fractions?
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The Internatfonal Organization for Standardization (also v ‘
called the International Standards Organization or 150) has
set up recommended standards fé\"}he size of various products
The organization is a nongovernmenta1 body supported primarily
by 1ndustr1a1 trade groups in the member countries. Some of
the standards of this body apply to the fabrication of screws,
bricks, softwood lumber, hardwood, glass, pipe and tubing,
paper, and envelopes. Care has been -taken in formulating ,
~ these standardsﬂ\\For example;Athe envelopes were expressly . —\_,
designed to work with. certain sizes of paper or. to enclose L
other envelopes. '
seesssvessesheisensesnssssensbonssoesssssrressosssecssenssssssssssssesccsioccrencene
' . ,/, ' . . »
/ ) . ’

HISTORICAL HIGHLIGHT

" In 1790, Talleyrand received approval
to formulate a new system of weights
and measures. e Par{s Academy con- y ‘
stricted ‘the system based on the most
" scientific principles of the day.
' The meter was the keystone for the :
. entire system which has_hecome known | . ®
: , as the metric system, and was defined
as a- certain fraction of the earth's circumference..

Originally, every type of measurement possible was related
to the metric system, but the system was not an unqga]ified suc-
cess in all cases. Some units did not survive the test. The
decima1‘@atch the ten-month calendar, and the ten-day week are
some of the forgotten units. .

In 1837, France officially passed a ]aw which made the met- v
ric system compulsory throughout the country by January 1, 840.
After that, it spread internationally at a rapid pace. By 1900,
over 40 countries had officially adopted this new system.




L duc1ng youato geoboards and th. the use of geoboards in deve]op1ng

»

"; volumes is presented, as was area, from two different points of view.

e - ‘Section II o
- CERTAIN COMMON MEASUREMENTS

As an adult you have had congiderable exper1ence with measur1ng In
part1cu1ar, you have used a ruler or a tape measure to- measure the L
. Tength of many different obJects So we have chosen in this section -
-to present you with a selection of measurement topics which omits
length and wenght measurements and seyeraluother 1mportant top1cs.
The topics chosen, however, are important in the elementary school
and might be beneficial for you to investigate. .

Act1v1ty 4 introduces you,to the concept of area, from UNQ dif-
ferent po1nts of view. Act1v1t1es 5¥and 6 extend ‘Activity 4, intro-

certain formulas for area In Act1v1ty 7 that famous number T, is.
1ntroduced-1n the context of its role in the formula for the area
and circumference of circTes. "In Activity 8 the topic of measuring

~In Activity 9, measurement is reviewed in its entirety and some addi-
tional meas?rement top1cs are br1ef1y considered. Activity’lo departs N
\from usual 9easurement top1cs and consitlers the problems involved in
measuring human attributes and abilities." Finally, in Activity 11,
the nature and sources of error in measurement are cons1dered

Throughout the sect1on the focus is on your 1earn1ng measurement
in a way that is as much as possible analogous to a way that you
might use with ch11dren

-

"
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1. Compare and contrast two approaches to measuring area. Be sure

to indicate the circumstances in 'whicrh each is appropriate.

How do the-approaches to volumeand

area compare? , : I

2. Do as in (1) for volume..

3. 'Discyss how you'wou1d're1ate “1t to children's work with rational =

"and 1rrat1ona1 numbers. i . - ’
4. App]y the ‘error analysis procedure 1ntroduced dn Act1v1ty 11 to
‘analyze the” sources of error in approximating the area of an

"irregular shape as ‘introduced in Act1v1ty 4,

12
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HlsTORICAL HIGHLIGHT o o ’
I aiin . \
. " Even before the time of_,.)Newton: Tt had '
_ been computed to more decimal places of o '
(° accuracy than would ever be needed in )
(\‘\'/ any computation problem. With the ad- . -
DE] vent of the high-speed computers, the -,
D, _wl- @ —computation_of _m__continued. :The fol-
'g'g"" Towing is the. track record on computing [’
, - r"""" m, using computers: :
/ . . .
: Year Number -of Decimal.Places
1949 C T 2,09 |
' 1954-55 * 3,089
“ 1957 7,480
| 1959 . 16,167
‘ i 1961 100,000
1966 250,000 - ©
1967 500,000 ’
N 1972 1,000,000 .
- ' -/ : ‘ '




ACTIVITY 4 -

AREA . N

FOCUS:

:-The development of the measurement of'aree is épproaéhed in three
different ways: ‘ ' '

4

e Precisely covering a region with a certain number of unit
reg1ons, . o R

o Approximating the area of a region by determining numbers of
‘unit regions that are contained in it and comp]ete]y cover it;

e Using a formula to compute the area of a reg1on 1n terms of
. certain linear measurements

In this activity you Will have experience with the first two of these

approaches.
L}

 MATERIALS: | R -

Scissors and paper.

DISCUSSION:

You reca]] the 1nstruct1ona1 sequence for measurement introduced in
,Sect1on I: S ~

. Identify and confpare amounts of the attribute; - -«

e (ompare amounts ‘of attributes with’nonstandard units to arrive

at numbers;

o Introduce standard units and compare amounts of attributes with
standard units to arrive at numbers.

Since Section II is designed -to attend to your measurement learning
rather than that of children, the steps in this sequence will be
slighted. You should notice, though, that you are engaging.inveacH

3 43 ' _ B




of the steps involved in measuring:

’

Identifying an attribute; ° .

Choosing a unit quantity of the attribute;

Comparing a quantity of the attribute with the unit quantity, in
order to arrive at a number. oo

»

“ One part1cu1ar concept that ybu should note here ‘is approximation.

As you will discover .in Act1v1ty 11, every measurement is an approxi-

mation and is subject to error from several sources But .approxima-

tion will be more prominent and more important in the measurement of

areas of irregular shapes than in almost any other common measurement

1.

Qactivity.

DIRECTIONS:

The differentrmembers of your group should describe the attri-
bute area to each other. How Qou]d you decide which of two
objects possesses more of the attribute?

o

The names of the standard units for. area measurement have been a .

part of your vocabulary for years. "Square inches,” "square
feet," and “square yards" are common]ybused terms. "“Square cen-
timeters" and “"square meters" are going to become much more
common. There are a few specialized terms such as acre and
“section," but most units for area meaéurement'are called square '
suchi-and-so's. To gain some insights into why, consider these

three shapes as candidates for units of area.,

[N
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o

*Choose your favorite, taking the following three questions into

1]

account:’

o

e Does it cover well? That is:TERTWETT‘doﬂcop%eswofuitwiil;»;h,
together? ' :

e Is it common and easy to draw? o . -

e Is it easy to count how many copies have been used to cover
a shape? ' ’

You may want to experiment with a few copies of each shape.

3. For a number of reasons, some historica].'sdme practical and
some unknown, squares are ‘the most common units used for area
measurement. Most procedures for measuring area are designed to
determine how many squares of a certain size will cover a shape.
Determine how many square glops* like this ofe: '

. . s

°

[ P

’gre?fequired'to cover ealh of -the shapes below. Do not use for-
mulas. Use copies of this square glop to cover the shapes. Put
your answers in the table which follows the shapes.

l

Shape #1 -
\

A

S

* We use the nonstandard unit "square glops" to avoid your overreli-
ance on your previous experience with measurement.

545




3 Ve
If you have the time you mi§ht enjoy conjecturing on the use
of the "ljzard" as a unit of measure.

In addition to this lizard desibn, the late Dutch graphic art-
ist M. C. Escher designed birds, salamanders and even a man
on horseback that would qualify as units for area measurement.

14




: Shape #2

Shape #3




Shape #5

Shape #6

38
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‘J. Shape #7 &

Number of
Square Glops

Shape #1

Shape #2

Shape #3

Shape #4
Shape #5

Shape #6

Shape #7

Did you find yourself doing more approximating towarc?‘tﬁ& end? ,
As you will see, such approx1mat1ons,are a very important part

. of area measurement.
39
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DISCUSSION:

4

Lets focus for a moment on shape #7.and on the notion of approximat-
ing. Look at the 1llustration above and convince yourself that the
following statement is true.

2 square glops < Area of shape #7 < 12 square glops

That is, the area of shape #7 1ies somewhere between 2 and 12 glops.

So we can choose a number between 2 and 12.as our estimate to the
area of shape #7, in square g]éps. Suppose we choose 7 (it's
halfway between). We don't know how close we are to the exact area
except that we do know that we can't be off by more than 10 square
glops. Do you see why? Clearly this is not very helpful informa-
tion. But other grids than the, square glop grid’on this page may
help us get better estimates.




pa

W
On the pages following this activity you wﬂ"l find copies of:
. additional grids. The next question will help you détermine the-

properties of those grids before you go on to use the grids in ap-
proximating the area of shape #7. '

:METKICS Estimate the volume of a coke

. |N L|FEI can n milliliters.

4. a) Each square on grid #1 is what fraction of a square glop?
50 of these squares is how many square gldps?

b) - Each square on grid #2 is what fraction of a square 910p?‘
18 of these squares is how many square glops?.’

c) Each square on grid #3 is what fraction wf a square glop?
155 of these squares is how many glops?

. 5. Now use grids 1, 2, and 3 to answer the following questions:

a) The area of shape #7 is between and of the
squares on grid #1. So the area of shape #7 js between

and - square glops.
b) The area of shape #7 is between __ and of the .
squares on grid #2. So the area of shape #7 is between
and square glops.
¢) The area of shape #7 is bétween and of the

squares on grid #3. So*"the area of shape #7 is between

-and _ square glops. ° .

6. a) Summarize your findings from (5) in the first two columns of
the following table.

41




AREA ESTIMATES FOR SHAPE #7

'Lower Area | Upper Area | In-between | "Maximumi -

i Estimate | Estimate Estimate 'Possib'le Error
(square (square (square - (square
glops) | glops) glops) glops)

Grid #1
“Grid #2 e
Grid #3

b) For grid #1, choose a number”as your estimate of the area of
shape #7; place that in-between edtimate in column 3. Do t'he :

. same for grids #2 and #3.

c) On the basis of your lower and upper area estimates, using
grid #1 determine the maximum possible error in your in-
between estimate. Put it in the fourtr; column.
‘Ifor grids #2 and #3. .

4

d) Look over the completed table.

Do the same

Can you explain why your maxi- .
mum passible error gets smaller as your grid gets finer? Do

you think that you could make the grid fine enough so that

the maximum possible error would be zero? %

METK'CS Estimate the weight of a tennis
|N LlFEl shoe in grams.




. 7. Fill in the following table for the circles on page 45.
‘ 1f you find the counting with the finer grid to be too tedious,
try to find a system for counting which will make it easier.
AREA #ESTIMATES FOR CIRCLES .
(in one-inch square units) . ‘
) Lower Area | Upper Area | In-between| Maximum
g ) Estimate Estimate Estimate | Possible Error
v v s ] .
o Grid #1 . {. '
R ' . .
© Grid #2
QU
o
o Grid #3
-
Q Sy
S Grid #1
-
© Grid #2 C
‘© Grid #3 :
&

‘ SUMMARY COMMENTS

You can now guess that, with most shapes that one encounters, one
can use finer and finer grids in order to obtain increasingly accurate
approximations to the area of the shgpe. Is there no relied® Is one
‘doomed to a life of counting tiny squares?. In hany practical cases,

o such as in the measurement of irregutar land area, one is unlikely to
o | get relief. But then, in those cases the accuracy required may not
“demand too fine a grid. In some cases, such as with rectangles, tri-
angles, and circles, one does get relief in the form of formulas for
combuting?area in terms of linear dimensions. Fhese will be discussed
in Activities 7 and 8.

You may have heard of calculus. One of the épp]icatdons of ‘that
branch of mathematics is to compute areas of regions in a way that {is
similar to taking finer and finer grids. Calculus provides a tech-
nique for‘finding a numbg? that the upper and lower estimates approach

£

v




v & p

o

8. Suppose that you own the plot of Jand:wh1ch is shaded 1q‘thé.
drawing below. | o

Mooy, 121

'II
i

“umm"“

“‘1:‘ L
ﬂ" it |
il
*I’l“x";! ! X‘ NIk
b it Cd I i

You are anxious to sell your lot, so you contact a realtor.

a) How much land do you own? (Use grid #3.) Just in case the
realtor asks you, figure out by how much you might be off in
your estimate of the area of the Tot.

b) The realtor finds a buyer for you who'says that he will pur—{

the 1ot that is within 1% of being correct. How fine a grid

_ would you need? Or, at least, how would you proceed to pro-
vide the potential buyer with a sufficiently accurate esti-
mate?

44

chase the lot if you can give him an estimate of the area of-







N

) R

7

| )
. % . . .
' . . -
P, . 1]
° =3 : . * -
= 3 . : . . W
g : - .
. '— . oo . N
- . T ‘ .
R N o Y, .
3 b ' . |- ) . . . . . .

Grid #1

46




Pl

Grid #2

47

dn
2




Grid #3 ‘ ‘

, .48




Grid #1

49
ERIC

Aruitoxt provided by Eic:

1




o )
I'd
4\ B CE
)
L4 *
.
r .
R
R
-
T
.
=
Ed
. . H
. MR . o
. . L
"
.. ¢ "
- ' ¢
[ * A
£ ' )
.
,
N
s
.
* - .
e
]
e . * N
' -
.
. L -
) =
.
.
.
- Grid #2
‘ . . .
v
' 50 . . .
t . .
o ‘e .

ERIC 60 LT

A et provided by ERic

N




Grid #3




ACTIVITY 5 ) |
GEOBOARDS _ } ‘ y

°

FOCUS: .

. There are thousands of instructional aids that have been devised to
help motivate, i]]ustfate, or embody mathematical. concepts. Cer;ain _
of:.these have become popular and are available commercially. Cuisen-
aire rods and Dienes blocks are widely used‘fok work in numeration
and early work with the basic operations. Geoboards have become a
popular aid in measurement instruction, especially in area work,'This
activity will give you some problem-solving experiences with geo- '
boards, and will attempt to raise some issues coﬂcérn1ng'the1r'va1ue
and appropriate use. 4

MATERIALS: : ' .

Geoboards and/or dot paper, rubber bands.

DIRECTIONS:

The stanthard geoboard looks like this.

’ L] L] L] L] L]
AN
. [ ] L] [ ] [ ] [ ]
) -
[ ] ] L] * .
L] L] L] ] * ‘
.
L] L] ] [ ] L]
b

¥ “

There are variants, but most consist of a plywood square With a square
array of 25 nails around which rqpber bands. can be placed. Teachers

and children have found geoboards fun to work with and not too diffi-

[

cult to make.

X H




a

*You should note that in most of your work with the geoboard you..
will be working with "ideal" regions. That is, you will be assuming
‘ that }Iour regions are perfz_apt squares, rectangles, triangles, etc.,
and you will be determining the exact area of the ideal fegion:lnot
necéssari1y of the actual region on the geobogrd). v

1. Suppose that we define the unit of area to be the smallest square

on the geoboard whose vertices are at nails.

¢

Can you find squares with areas 1, 2, 3, and 4 on your geoboard?

2. VUsing the smallest square as unit, find the area of the four fig-
ures that follow. (You could form each figure on the geoboard,
and use extra rubber bands to decompose the figure into uni{

/ squares. Then'you could count squares--or half squares--to find
the area. In some cases, you may find it easjer to enc]o§e a

‘ figure in a 1érger one whose area you know and then subtract any

excess area.) ' ' '

5

“

Area of above pentagon Area of above polygon (heptagon)
= ___units of area = ___‘units of area
M 53 .




Area of above octagon ) Area of above quadrilateral

= units of area iy units of area /,—\\\;\\

3. Can the following rectangles be formed? Place a check {/) in
the last colum beside each rectangle that you can construct on
your geoboard, and actually draw the rectangle on the dot paper
provided you after page 59. ’

Area (Units of area) | Perimeter (Units of |Check (/) those 4 ‘
of Rectangle length) of Rectangle | that can be formed
a) 1 \ , » ’ 4 —
ST T _
. c) 4 8 .
9 4 Sl w0 '

v 4. Construct the following figures, if possible, Bn your geoboard.
Place a check (/) on the 1ine beside any you were able to
form, and draw the figure on dot paper.

a) A triangle--area 3 units _ o

b) A parallelogram--area 4 units

> ¢) A trapezoid--area 5 units

54 ¢ 5 .
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d) A pentagon--area 8 units . ' . }‘Pﬁlv

e) A hexagon--area 8 units

f) An octagon--area 8 uUnits
5. Form the octagon shown below on your geoboard. What is the 1ar9¢‘
est possible square that can be constructed ﬁnside'fhe octagon?
(The square may touch the boundary, but may not go outside the
octagon.) When you have found the square, draw it in below, and’
calculate its area. (Note that similar problems can be posed
, using figures other than an octagon.‘ : e

t

[} ° [} ° ° . "
o Area of "largest possible square"
is ‘ _ units.

. ‘ . . ’ .
6, One variation in area probTems 1s to use diffefent shapes and

sizes for the unit of area. A simple unit, for example, might
be the triangle, enclosed by placing a rubber band around three
‘adjacent nails or pegs:

a




Ty

’

If we adopt this as our unit of measure (for-this problem only),

_then: d ‘
"a) What is the area of the figures below, jn triangle units of
area? - ‘ ' '
. ,
[ ] [ ] @ o o [ ] [ ] [ ]
10 ' :
. . - . .
[ ] [ ] ) o [ ] [ ] [ ] [ ]
[ ] [ ] [ ] o [ ] .'
. . A ' . ..
[ ]
- Area of: 1 = [}; upits
* a : 2 = _ [l units
o | | 3 = [\ units
. g = ____;dtix units
., N 1
b) Is 1t possible to construct a
pentagon with an area .of 11 N i ° ° °
- ,L » N ; N . .
~ triangle units? (Iﬁ\ii, draw v e e e e
it on the grid to theN\right.) - ‘
[ ] [ ] [ ] [ ] L




v
' .

@

7.

AN

.~

Two figures are congruent' if ﬁhey have the same size and shape.

AN

ARE congruenf ARE NOT congruent o ARE-ﬂQI'congruent

84

a) Do congruent figures always have fhé same area?
Aye f1gures with the same area always congruent?

Record on dot paper any fwgures that you formed 1n arriv1ng at
your answer ’ ’ g

You may want to explore with your geoboard or on dbt-paper in
order to answer the following questions. -

a) Do two poTygonaI«figures with the same area always have the
-same perimeter? ) -
i .
b) Do two polygonal figures with the same perimeter always have
the same area? . I

jc) If you answered "no" to either question above, sketch figures
on dot paper to prove your point.

Here is & cha11eng1ng problem which is solved by discover1ng a

pattern with the help of a geoboard. N

"

HOW CAN THE NUMBER OF NAILS ENCLOSED BY A RUBLER BAND
BE RELATED TO THE AREA OF THE FIGURE THAT IS FORMED?

You may want to make a table like the following one. As you

~gather more data, can you derive a formula which expresses this

relationship? Theresis such a formula, and it is called Pick's
Formula.

57 (;:7
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Number of Nails in

.‘Ngwbggr?;eggl]s Inténior of Figure Area of Figure.
: .
8, 0 - 3 units
10 2 =6 units
. e 4 0 2 ugifs'
| 12 2 7 units
) N |

10.

11

¥

¢

>

Area (Ay =

OPTIONAL: On dot papen...

_ (Pick's Formuia)

[+]

al 18 4t possible to have a shape with five boundary dots: and

an area 0f 77

b). Can you represent %- using

as 17 (T_haua

(Ough_oﬁe. You can make shapes whose ventides are not at
dots; see_(11) betow.) ’ o :
. \q ¢

~

c] What {8 the Largest area 0f a trdlangle ;hat can be con-
staueted with two {nterloh dets? (These ventices do not
have to be at dots elthea.) '

you have not needed to this point.

o

Can you find the area of the square region below? This problem
is a challenging one and will require you to Use techniques that

©
°




You have now had an opportun1ty to ga1n some-fam111ar1ty w1th
geoboards - You have probab]y seen some potent1a1 in, them for
1nvo1v1ng ch11dren Jn prof1tab1edand enJoyab1e act1v1t1es Geo-
boards can be helpful ‘and fun; but, as with any. a1d " they. should.
be used w1th pJann1ng and ‘caution. Some. educators fee] that
geoboards are 1nappropr1ate for 1ntroductory area work because
they do net focus on the cover1ng aspect of area. Some educa—
.tors have found that geoboards can be used in'a myr1ad of s1tua—
_tions, 1nc1ud1ng the mu1t1p11cat1on of fractionss", .
There fo]]ows a Tist of statements about geoboards that -

'might be made. D1scuss each one to determ1ne to what extént you
«do or do not. agree with 1t ’

“'q W1th a geoboard the Ffocus is on per1meter rather than area.

‘ -aﬁGeoboards are 11m1t1ng . Can’ you form a c1rc1e on a geo— :
board? ‘ B

B ,f” " : . .
Kids-love geoboards. - They should. be used at every oppor-

tunity _ o » -

"Geoboakds are not worth the’ rubber band fights that they N
generate R T

Geoboards are'good beCause they force a kid to distinguish
‘VrbetWeen 1 and VZ . :

,Every ch11d shou]d make his own geoboard and should have 1t‘
readily available.

Y] oy

4.The geoboard pnomotes the notion that every shape is a
po]ygon '

The geoboard can become a crutch—=a fepTacement for 1earn¥"
ing graphic skills and us1ng one's 1mag1nat1on S

The transition to areas on the geoboard should be effected
through covering shapes on dot paper with cut Qut squares.

-
~
'

,“‘ ‘\,\

»
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ACTIVITY 6 , :
FAMILIAR FORMULAS FOR AREA . , p

FOCUS: ~

-
[

Once the concept of area in terms of covering has been firmly estab-‘»-
" lished, and ohce it is recognized that the area of a rectangle is 4
equa] to %ts Tength times its width, the formulas for the -areas of
other shapes can be‘derived. In this‘activity the geoboard is used -
as a vehicle for the discovery of the formulas for the. areas of paré]-_
lelograms and triangles in terms of their linear dimensions. There

is also an opportunity to develop a strategy for he]ping‘childreh
discover these formulas. ‘

MATERIALS: - :

Geoboards, rubber bands, construction paper, and scissors.

DISCUSSION:

It 1:Ghb§t important that student§ first visualize area in terms of
covering a region with copies of a unit area. We emphasize this

since there is-a tendency for children to latch onto formulas and to
ignore the meaning of the nuibers. denerated by the formulas. However,
once the éovering concept is established one can start to do the ac-
tual computation of area by formulas. The fir§t step in developing
formulas for children is usually to establish that if A is the number' ~
of square units of area in a rectangle, then A = & x w (where the

" Tength £ and the width w are given in the same units). This for-

mula can be derived by giving children experiences counting, w rogs , |

of unit squares,,each of which contains & squares, and then by
helping children see that the counting process can be expedited by
using this formula.




A= 0xw= 40

Then one can discover foF561;;\¥6F¥EHE*EFEEE—S?‘ﬁiFETTETﬁg?ams‘and-—‘-—~——~—‘;“‘,
triangles using this formula for the area of avrectangle.

The :geoboard is one convenient tool for work with area formulas.
However, since on a geoboard the vertices and edges of ‘a figure are
more prominent than its interior, a teacher has to be sure that chil-
dren are focusing on area. This drawback is probably outweighed by
the ease of experimentation with the géoboard.

METRICS Estimate thé weight of a
|NL|FEI + nickel in grams.

OTRECTIONS:

-t T

1.

o - -

The picture above suggests how any parallelogram can be trans-
formed into a rectangle with the same area. -

a) Practice making this transformation on your geoboard or on

dot paper.

b) Use this transformation and the formula fon the area of a
rectangle to derive a formula for the area of a parallelogram,




The above picture suggests how any triangle cah be made a part

of a parallelogram.

a) Practice making this transformation on a geoboard or on dot
paper. ‘

b) Use this transfofmation and a formula for the area of a para]-'

1e1og:am to derive a formula for the area of a triangle.

* Answer—the—following questions in order te check your understand-

ing and to provide you with some ideas for fégéﬁ7hgﬁ’;ﬂ

a) Find the area of'eaph of the following parallelograms by de-
termining how many unit squares are contained in each. - EX-
plain your findings in terms of the formula-for the area of
the parallelograni. '

., o * . . * * e *
. . . . . 1 . .
. . . 4:7 . . .
s
. . e * o . ¢ o ¢ o L) . ¢« o o
. . . * o . . . ¢ o . ¢ o *
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1 t -

' c) Determine the area of these two regions:. Can you see how a )
child might think that they have the same area? What could - ‘
you do to he]p such a child see the error? . '

7 7 .
4
4. Assuming that you had convinced your fifth-grade class of the - . :
formula for the area of a rectangle, devise a sequence of ques-, °

i o,

tions that you would ask in order to he]p them discover on geo- - o
boards the formulas for the areas of para]]e]ogr,ams and triangles. + *

2 . v

5. In some ways paper cutouts ofvreg'i"ions pro;r1vde~a— better embodiment

&

of the area concept than geoboards. * oot

a
[

a) Do (la) using paper cutouts rather than a. geoboard or dot ' ,
paper. . _ 4 .

Fu ]
b) Discuss relative advantages and disadvantages of paper cutouts ‘

[

and geoboards for work on area. . , -

c) How would you change your questions in (3) if you were gofRg
to have children work with paper cutouts? ;

6. Explain how you have been using the following formula in much. of
your work with area. C

a(AUB) = a(A) + a(B) 1f ANB =" P. L
Here a(A) stands for the area of the region {\',;and, ANB = P ’
means that the regions A and B do not overtap. '

¥

’ .
. t
.......0.........................

:METK'CS - Estimate t'he length of a
E lN L'FE[ cigarette An centimeters.

h ‘
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ACTIVITY 7
w AND CIRCLES

FOCUS:

Circles are very easy to draw. They have aesthetic and structural

merit. They have been valued by civilization since the first time

that the wheel was invented. w, on the other hand, is a Greek letter
that stands for a very unusual and important number. Mathematicians

have unearthed = in the solution of many different problems. In this ~
activity you will do some experiments that will provide insights into
the formulas that relate the circumference and area of a circle and m.

MATERIALS >

Grids from ActiVity 4, several circular objects, string, rulers.

DIRECTIONS:

1. Find several circles in yqyr environment. Measure the circumfer-

‘ence (distance around) and the diameter (distance across) of
each circle and fi11 out this table and the graph on page 68.

Circle | C1rcuTé§rence D1?g§ter C/D

67




* fin carafuly
units which are the length of one side of a square g1op
paper can also be used for this

0

‘Analyze the data that you haVe‘cQ11écted in (1). Is there any
pattern? What can you say about C/D? Compute C/D for some more

circles if you. feel the need.

Now let's compute the areas of some circles. Use the areas of
the circles that you computed in Activity 4 and some more compu-
ted in this activity (use grid #3) to complete the table below
and the graph on page 69. (Since counting the squares in grid #3
can be tnd1ou9, d1fferent members of the c1ass may want to do

different circles.)

. Radius , Area
erc]n (R)* : RE (A)* A/Rg
—
L 2P

)

-l

come attention will need to be given to computing R in
The grid

purpose.
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2

. - R o
4. What seems ‘to be true about A/R ? Is there a pattern? How does
it compare w1th C/07 '

5. What can you say about the slopes of the graphs in ( ) and (3)
above? ' 3

e

HISTORICAL HIGHLIGHT ' ' .

Archimedes (ca. 287-212 B.C.), by using
inscribed and circumseribed polygons of
96 sides, nested 1 between 3.14084
and 3.142858. He accomplished these

" calculations without the benefit of
trigonometry, decimal (or any other
positional) notation, and without com-
puters.

01$CUSSION: \ ’

You may have guessed that A/R2 and C/D have the same value for all ’
circles. Your experiments have probably suggested this fact, but tHey
have not proved it. One needs to be willing to devote some time to '
the study of integration in elementary calculus in order to understand
a proof. SR

69 ’75)




“Since’ A/R2 and ¢/D - do actua]]y have the same va]de we can
- give, that value a single name. The name that 1s commonly gWen is .

"r." Heénce we have: : o o

)

e-. S :
A/R = - K ,
and “ C/b =‘n/3 5 _ o S : .: ;
You may be us\edh‘to seeing these written in the fdrm:_ ‘ . : , ' ?x
| A = k%, o S
and C=mD or 2nR |

Y
Do you see how to. get from the first pa1r of equations to the gecond )
pair? . : s _ o e

O N AL ER

.« 6. "0.K.," you say, "you.:have g1ven the name 7r' to ¢/ and A/R

‘ What does that accomplish? What is 7?" Look back at your tables
and graphs in (1) and (3) to make an -estimate- of m. Can you get
any idea of how accurate your estimate might be, by ]ookmg at | - g  ~
your” tables* in Act1v1ty 47 : o . -

L&
D

n is an 1rrat1ona1 number This means that = cannot be ex-
pressed as a fraction. That is, = # 2 p "o matter which , __
integers a and ‘b you-choose. It also means that = 15 .
not equal to any finite decjmal. 1 has, however. been com-
puted to 1,000,000 decimal places using a'ﬂﬁgh -speed com-
puter An approximation that you .can_uge 1n(1s activity .
s . " T |
3.1415 < w < 3.1416

L] »

[ 7 y .- ]
«
Ly

7. a) Compute the areas of circles with diameters 2% cm and 0.75 m.

)

"’ R . T . . .
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) ) . ._ '

b) If you were told that the radius of a circle was within .01 cm
of 2 cm and 1f you used 3.14 as an approximation for m, what
- could you say about the maximum possible error in your compu—
tation of the area of the circle using the formula A = wR ?

¥

8. Because of the inconvenience of working with such numbers as
" 3.1416 and for other 1ess clear reasons, there have been. attempts
to declare that = = —7- or some other convenient number. Ex-
plain what is wrong with such.a declaration._ Nhat wou]d happen
if an entire civilization adopted the conVentiop T = ~7' .

-~

TEACHER TEASER

The Egyptians computed the ar;a
of a c1rc1e by diminishing the.
diameter by 9 of its length .'
and then squaring.

a. What value were they inadver -
tently -giving to =n? -

b. How much wera the Egyptians _
off in their inadvertent es-
timate of 7? How much would
you be off {f you used g%

- o for m?

+ .
CCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCCC

:METKICS Estimate the weight of a new-
%IN LIFE/  born baby fn kilograms.

71
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ACTIVITY 8 |
VOLUME MEASUREMENTS

Focus:

) In this activity you are 1ntrodUCed to two approaches to measuring
volume. For each approach you are given .experiences that might be
useful in helping upper eTementary children understand the concept of

- ~
volume. \ : : : S

MATERIALS -

A quantity of. cubes, such as the units from.Dienes blocks or Cuisen-
aire rods; caps or jars; assorted transparent conta1ners, a pourable
substance such as water, sand, rice, or beans; rectangular containers.

3

. DISCUSSTON: " .

Have you ever been confused by volume measuremqnts? At the grocery
store you purchase ]1quids by the gallon, quart, pint, cup or ounce.
Yet if you are measuring volumes in a scientific.setting, or-1f you
are using ahy of the many volume formu]as'SUCh as’” £ x WX h (rgctan-
gular solid), %ﬁur3 (sphere), or area of base Fimes altitude (eylin-
der), your answer will be in cubic units such as cubic inches, cubic
fqgt, and cubic yards. The differences in"the two sets of units re-
flect two different approacﬁés to meéasuring volume, each of whidh 1is
more’ convenient than the other in certain situations. The_gubic
units Yeflect an ingyrpretation of Ylume that is 1ike the interpreta- -
tiéns of area in Activity 4. That is, the volume .of a solid is the
number of unit cubes that the solid contains.

~If you count the cubic units in the figure on page 73, you will
see that the rectangular s01id has a volume(of 24 cubic units. Just
as with area), if a solid hastn irregular shipe, you can get better
estimates for its volume by using successively smaller cubes.

.
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In mgny.measurement'situations,va dfffere%t aPprQach'to volume

is more convenient. If one wants to measure the volumé of a substance’
that can be poured, e.g,, a 1iquid,jone‘éan pour the substance into a
containek-énd determine what portjoh:of ;he.gqntgingf_it;fillgi»ﬂln;::vﬁ»m
that case the total capgcity of S .
‘the container can be used as the-

“unit of volume.* This is, for ‘ -
example, the role of a measuring :
cup. The .cup's capacity is the’ v )

~unit of volume. - The %LUni; 1ine .

' is determined by finding an amount - )
which, if poured in twice, wolld ’
give the whole-unit, and so on. ‘ R -

- The two'aﬁbroaches?méntioned hefelare Cbmbatiéﬁe_in th sense
that one can express measurements from one in terms of the other. For
example, one cup is1appr0§ﬁmate]y iG;B'CUbjC inches,’and.bné Titer is
iOQQ cubic centimeiers.m o A ‘
’ L o . o . L e

.' "\ . : !
* Vouﬂme measured -in. this way is .sometimes referred to as capactey.
“ | " e




~ The rema1nder of this act1v1ty is des1gned to g1ve you experi-
”ences with the two approaches to- vo1ume measurement described above.
Since metrics are coming, and s1ncg you will probab)y be able tQ prof-
it from further experiences with the metric system, most of the ques-
tiong will be phrased ‘in terms of *cubic centlmeters, cubic meters,
11tersh and m111111ters, 1nstead of cubic inches, cubic yards, quarts,

~

and f1u1d Qunces

“ DIRECTIONS:

‘ 1. Use the cubicrcentimeter as the unit of volume here.

[ . . 0,

) - ) ' .

o Count the number of cubic centimeters in the following solid

shapes. Try to resist‘using any‘formuiaé that you know. “Try to
find systematic ways of counting. If ybu have some cubes to work
with, determine the answer by building these shapes out of them.
a) b | !
y . A 2 cm
, '\\ ’ o ’ .
A \ }
\ 4em
b) _ 4 cm )
1 cm
> 2 cm
2 cm : o/ o e
s ) "
lcm| e o . : !
o 4.5 cm




c) Us1ng cubes such as the units. from Cu1sena1re rods or D1enes
" blocks, estimate the volume of a can or jar. (As you can
‘see, th1s kind of estimation is much more ﬂ1ff1cu1t for vol-
ume than for area. )

DISCUSSION:

In order to give context to the'work on ‘volume, we will relate back -

for a moment to our earlier work on area.-

- the number of squares and determine that the area is 20 square centi-

K

N

I
I
|
I
[
f
I
[
S
:
!
|
i

In f1nd1ng the area of. this rectang]e, one can directly cotint

meters. ~Or one can note that eaeh row has 5 squares and that there
are 4 rows so that theré are 4'x 5 squares Also, one can see. that
the 1ength of the rectang]e is 5.cm and the width is 4 cm. From this
one can conclude that ‘there w111 be 4 rows of 5 squares. where each
square has one-centimeter sides; that is, there are 4 x5 squares
Most peop]e abbreviate this last approach by saying that the area of
a rectangle equals the width times the length, or by saying that the :
?ormu]a for area is A = wx £ (more commonly A = £ x w). ‘They mean:

If ohe measures. the 1ength (£) and the width (w) of a rect-
‘angle, 1n the same 11near unit, the area (A) is given'by
Lxw | square uriits, where the square un1ts are squares
whose s1des are the length of the Tinear un1t

“ L

Now back to working with volumes.




<

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQv

: L4 B
METKICS v Estimate the volume of a SN(/
*IN LIFE/  bottle cap in miltiliters. 3
*
*

QQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQQ

'

2. Go through a dis;ussioﬁ analogous to the above in order- to®estab-
Tish a formula for the volume of a rectangular so1id in terms of
its length, width, and height. Apply your formula to seVerql‘
examples of your ovj choosing.

.

3. Suppose that you gavé a sixth-grade class a rectangular solid
v . and told them 1ts length, width, and height were 10 cm, 3 in. 3
and 2 cm. What answer do you suppose that most of the ch11dren
would come up w1th for the volume? Is the answer wrong? How
might you attempt to determine if the children understand what
they are doing?

4. Turning to- the capacity model for measuring volume:"

a) Take any transparent container and designate its capacity as
your unit of volume. 'Then using any\other unmarked container
and a pourable substance such as water, sand, rice, or beans,

. .determ1ne and mark on the side of your unit container: %—un1t

%—uﬁ1t, and z unit. /
b) Use any rectangular container such as w
. the lower section of a milk carton to T
determine how many cubic centimeters\ "

your unit of volume in (a) is. Mark\

‘the centimeter equivalents on your

unit container.

c) Given that fhe liter is 1000 cubic‘tenkimeters, determine the

number of JTiters in your unit ofdvo1um%.
: |

5. What about the volumes of various 1rregu1a¥ushapes that one
meets? Fortunately, one can almost a]ways)pet a fairly good -

\
\

estimate. . x\

76 - \
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a) Devise a stratégy for. finding theacapécity of any container
‘ | in liters. - l
b) Devise a strategy for determining the volume of any quantity
of liquid in cubic meters. ~(Think of several strategies, if
you can, that .would be usefu1 for'different kinds and amounts
of 1iquid stored in different ways.) . "

¢) Devise a strategy for finding the volume in any unit of-any
< {manageably small) solid object. (Archimedes is credited
with a discovery in this direction when he was faking a Bath.)

6. There are some shapes other than rectangular solids for which
théhe are formulas that give volume in terms of linear measure-
ments. For example, the volume of a sphere whose radius is R
' units long . is g wR3

establish this formula at an elementary level. There are a few

cubic units. Unfortunately, it is hard to

activities that one can do with children tofmake such formulas

Seem reasonable.

a) Devise an activity analogous to the area activity for circles
‘ in“Activity 4 that might help to convince sixth-graders of
4

the validity of the formula V = §-HR3 for spheres.

b) A city council decided that its city should have at least
115 000 cubic meters of drinking water in storage at all
times. The local construction company said that the only
type of storage tower that they build is spherical with radi-
us no greater than 12 meters. How many storage tanks will A
they.have to build in order to meet the council's specifica-
tions?

7. You are probably used to using the term -
"eylinder" to desgfibe the shape of the

typical tin You may also be famil-
iar with the fact that a fonnu]a for the
volume of such a cylinder is:

Volume = (Area of base) x (Height)

87 -
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‘no matter where you slice. For ex-

o -

There-are many other shapes that can bé called cylinders. For
example, '

N,

. ’

c—-----/--

1]
£TTTTIEINT

What makes each of these a cylinder is
their parallel sides and the fact that
if you "slice" a figure parallel to,

the base you get the same plane shape

ample, no matter where you slice this

" cylinder you get a triangTe that is

congruent to the base triangle. The
formula for the volume of any cylinder -
is . .

Volume = (Area of base) x (Height)

where the height is measured perben-

dicular to the base. N : Base

'

8

7
. é;é}




a)\Rectangu]ar solids are cylinders. Explain how the faormula
on the preceding page is consistent with the one that you
~..\cﬂr*eady know for the volume of a rectangular®solid. ’

b) Devise an activity using stacks of coins, decks of cards,
etc., to‘help convince sixth-graders of the formula: for the

volume of a cylinder.
-~

“c) You are planning tb build an addition to your home, and you
kdow two things: ’ : :

e The ceiling mustfbe 3.1 meters high td match the rest
of your house; o

. ‘

¢ Your furnace is adequate to heat only another 200 cubic
" meters of space. '

What can the floor space of your new room be? (Assume that V
the walls are at-least paralle} if not vertical.) What as-7
sumptions have you made about the shape of the floor? Did

you need to make these assumptions?

5

d) In the stairwell pictured below, each step is 0.3 meters high
- and 0.3 meters deep and one meter wide,.and the doorways are
3 meters high. Whagxis the volume of the ;jairwell? '

o
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- MORE ABOUT MEASUREMENT . , : .

ACTIVITY 9

FOCus:

The measurement activities of this section are put in the context of
the entire subject of measurement, and a few questions are asked con-
cerning several measurement ‘topics that are important in the elemen-\\'
tary school but have not yet been considered in this section.

y

DISCUSSION: . -

In this section you have worked mostly with @rea and volume measure-

ment with a little attention to linear measurement (circumference of
circles). Area and Wlume measures are examples of a family of meas-

" ures that can be called geometric measures. The geometric measures

include linear measures, angle measures, area measures, and volume
measures. Another category of measures is the common physical meas-

ures, which include temperature, time, weight, and velocity. -Other
measures, including some of the Tess common physical measures, in-
clude atmospheric pressure, i.Q., and economic growfh} Even monéy
is sometimes considered a part of measurement.

-

-

Common Physical

Geometric Measures __Measures. ’ Other Measures
Length " Temperature . Money )
Angle ‘ ~ Time Atmospheric
Area: * Weight pressure

o o Economic .
Volume ; Velocity growth
-
- ) 1.Q.

» .

In this activity we will'proyide you--through a few question§ about
each--with a glimpse of some of these additional measurement topics.
The ones that we have chosen aré among those that are important for,
the elementary classroom. @In the next activity we will consider a

80" o
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~ family of measures that are not commonly -dealt with by childrem, but
‘ which are relevant to an elementary teacher. T

Fa

. L] N .
. EMETKICS Estimate the circumference of
. |N L|FE! your neck in centimeters.

.

. i
- 1

DIRECTIONS: ' a

o __”Dl'_gcy_ss' answers to the questions raised about each measurement topic.

One or several activities.could be built around each topic if time
permits. '

1. Linear measures ' ’ ' -

a) What is meant by length? How are length and distance related?

b) Suppose that this curve represents a driveway.

i) Describe how you.could measure its length using a long
rope; then a short rope. i

i) Describe how you could measure its length using a board.

. Ljii) Suppose you wanted greater accuracy in your méasurement !
. " than you got with your board in (ii). How could you
modify the board to improve your accuracy? Do you see
an analogy between your ap;p’r‘oach here and the app.rprach'
used in Activity 4 to abproximate the aﬁ?‘ea of irregular
shapes? .

2. Angle measures . S,

£

a) What is an angle? 'When we say that the measure of an angle .
is 30°, what does that mean? That is, what qt§r1bute is being
‘ measured when you measure an angle? ' ’

81' ’ . . 91
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b) What is the rationale for choosing each of - the fo]]owing as a

- : unit- for angle measurement? " ‘

N ovdegfee

e radian

=

e "whole turn"

Which of these would you use “first witﬁ'!hi1dren. and why?

c) Can you see why a child would have difficulty understanding
" that the two angles represented below have the same m&asure? "

-

What experiences would you give a child who was having diffi- ‘ :
culties with this concept? :

@

3. Money measures

a) What’is the relationship be;Weén money and measurement? Is
money a unit of measure, a measurement instrument, or what?

b) How can work with money be used to enhance learning in various

parts of the school curriculum? s Co
4. Time measures ) ' .

a) How would you explain to a child what a clock measures?

b) Could we change our time measurement units to a base 10 sys-
tem 1ike the metric systeﬁ? Which time units are natural

Yy

and which are arbitrary?

¢) Brainstorm a number of different ways to measure time that

could bgvexp1ored by ch11dren.




Speed measures :

a) Describe several ways in which speed can be measured. In
particular, discuss the relationship between distance, time
and speed. '

b) What is the difference between velocity and speed?

c)' Can you think of some interesting activities that would get
children 1nvolved with measuring speed?

»

Temperature measures

a) Can you guess how thermometers are made? ‘What physical
principle is fundamental to the operation of standard glass
tube thermometecs?

A . ’
b) Which systém seems most natural and why:- Fahrenheit or
Centigrade?

Neighi measures

a) What is weight? What is the difference between weight and
‘mass? What instrument do wou need to measure each?

b) « What is the:relationship between weight, volume and density?v

If a child wants to throw a rock a long way, describe how :
weight and density should enter into his choice of a rock.

c) .Describe common ways to measure weight. Which.are best for
what purposes? Which also measure mass?

83 - 9"3



ACTIVITY 10
MEASURING MINDS *

“ ~,

’)

Everything that exists exists to some degnee and can be
measuned.

-- Ashley Horace Thorndike
(1871-1933)

PE

R . . ~
. S
v *

We are shodked by the calfow empinicism which conferns hon-
onany validity on whatever measurement techniques 4Lt ha

~ managed to devise, and confers hohorany nonexistence on .
all asperts of the human psyche that have not- yet been -
explained to an 1BM punching maching.

-- The Report of the Cambridge
Conference on School
Mathematics, 1963

\ox
FOCUS: ' _ a

There is a whole aspect of measurement, namely, the meaS%reﬁént of
human abilities and performance, that is frequently not thought of
as measurement. This activity has the limited objeétiva of bringing
this aspect of measurement to your attention and of evoking some
thought concerning the po§sib1e sources and magnitudes of error in
these'measﬁrements. “A11" of these measurements fall in the category
of "other measures" discussed in the previous activity. '

DISCUSSION: o

The two quotations preceding this activity were choser’ to reflect the
existence of a strong difference of opinion between educators concern-
ing the methods, the importance, and the usefulness of measuring

human ability and achievement. As a teathér you will administer
tests, and you will make a number of decisions concerning the lives

of students. In some cases these decisions may, in part, be based on
the outcome of tests. This activity is designed to raise questions,

Lg .. 84
. 59‘1.

4




‘ small-group or wﬁo]e-class discussion.

¢

not to answer them. Courses or books‘enfitied "Tests'and Measure-
ment" are potential sources of further 1nformat10n con@@rning the

i

measurement of human capacity and performance..

.g.....................‘.....’.....

METR]CQ ‘Estimate the weight of the | sy

[

N [ ]

world's weight-1ifting . f
[

[

[ 2

o’ 4

lN L|FE record '1n' kildgrams

DIRECTIONS:

. - ‘ C | Ceoa .
The questions raised here are intended to-bé used aSJQHE*SEETs.fon .
‘1.. Below is a list'of meqsurements that are common in our society -

and.a 1ist of questions. Answer the questions for each of the

. measurements. f_'ﬁ. V%E& ot

MEASUREMENTS

Schoo] grades ‘ .
Attitude score

Standardized arithmetic test score-
S.A.T" score

Nielsen rating

a
b
C
d
e
f
9
h Ga]]up Pol1 outcome

) 1
)
)
) Vocational preference score
)
)
),
)

DISCUSSION QUESTIONS

e What attribute(s) is being measured?

4

* Do the instruments used adequately measure that attribute? Q

" e What seem to be potential dangers in applying the results of
the measurement to an individual? To a group?




List some other measurements of human abi}fty and ﬁérformdﬁte - .
that seem to be less. difficult and Ness subject to error-ghan ‘
those above. Can you characterize the difference?; Tpét id, can
you determine what kind of human attribute§‘tend to be easier to

-

measure? ?,

Choose an attribute that is difficult to measure and spend a
few minutes discu®sing how you would go about measuring ‘the
attribute. ‘

TEACHER TEASER .
T h ' \

Find the measurement of B recfiﬁsﬁEJ |
which is such that, when folded in .
half, a similar (same ratio of length ‘
and width) rectangle results. The -
neWspapers.in some countries have the ‘ ~
appropriate dimensions. Does your ,/‘
newspaper? . V

86
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_ ACTIVITY 11
: ‘ _MEASUREMENT VERSUS THE REAL .WORLD

7
LN

FOCUS: -, . . L w : L -
We‘cunc1ude this section with the consideration of the relationship -
between - -th€ number that arises in the meastirement process and the
actual guantity of the attr1bute be1ng measured. You have already .
sgen that the number is not exact Hére you will discuss sources of

' 1nexactness “For example, if you measure a table to‘be three feet
wide, -i5s it actua]]y three feet_‘y;bﬂ'e9 "If Joe's 1.Q. is 10 points
higher than Jim's, is Joe actually smarter than Jim?" . r

MATERIALS: 1

A variety of Tinear measuring instruments.
. o

- DISCUSSION:

-~

- ‘ This act1v1ty is 1ntended for you. You \would be un11ke1y to teach

much of this content d1rect1y to ch11dren,\but an understand1ng of

this® content”™ may provide you with useful 1insights for teaching mea-

surement to ch11dren Vo - :
" Each measurement begins with the 1dent1f1cat10n of ‘an attr1bute

’ F0110w1ng that are four steps, each of which may 1ntroduce error into,

the measurement. These steps are:

I. The choice of a model

IT. The choice of.a measuring instrument

I11. The application of the measur'ing instrument

1
. L
1V. The performance of computations Q

. ' ) ' \ y . :
For example, in determining the area of a 6§?ke¢ba11 court in ordér to
purchase varnish to ref1n1sh it, one wou]d robably go through steps .

like the f011OW1ng o




“ 1. Assume that the court is flat and rectangular.

I1. Choose a tape rmeasure. - R . . )
[, Measure the 1engths of two sides of the court, in terms of - j
e the same unit. T . ) !

Iv. Mu1tip1y|the numbers of 1ength'uhits of ‘the two sides to
determine the area of the court. L

V ' - - - ‘Sés

In each step there is-a potential for .error. .

I. The court may be neither perfectly flat nor exactly rectan-

gular. .

1. The tape measure w111 not be exactly constructed, its mark-
ings are not perfect]y fine, nor are they dense on the
Jape so that estimates w111 have to be made:

fhe ‘tdpe will be imperfectly applied to the sides of the
", court; the mark1ngs may .be read inaccurately; error is in-

-

- evitable 1n est1mat1ng
[ 3

2.

. IV. Round-off error may resu]t from computations; human“arith-
y metlc errors may -be made.
In this act1v1ty you will have an opportunity to analyze a few mea-
surement situations to determine the four steps described above. Then
' some extra attention will be given to the estimation of error due to
."step II. In Activity 12 a source of step I} error will'be “investi=-
gated L. . .

DIRECTIONS

1. a) Measure the length.of a wa]] in your c]assroom as carefully

and accurate]y as you can. J

b) Compare the result of your measurement w1th that of a class-

-

¢ mate. y . T

c) Discuss with your classmate what you did for each of the four
steps (model, instrument, use of instrument, computation) in
' measuring the léngth of the wall.

88
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d) Discuss why your measurements differ if they do. Discuss.
what you.fee]’to be the major source of error in your measure-

ments.

Choose at least one of the following attributes, devise a strate-

. gy for measurifg it, indicate which steps in your strategy cor-
respond to each of the four steps outlined above, and indicate.

the possible-sources of error in each step.
i

a) The vo]ume-of water in a glass.

2

‘b) The w e1gh of one gra1n,of sand.

e,

¢) The likelihood of drawing a pair of kings in a hand of five -
" cards. . ) - e

d) The ability of a child to learn new information (1.Q. tests
- are sometimes used for this purpose). '

The speed of a car that you are driving.

. MCE Estimate the height of the
METK'CS world's pole-vault record
DINLFED e

in meters.

....................‘a...........

DISCUSSION

As you can see, measurement is a fairly, complex human activity, which
is Jtomed to inaccuracy. Fortunately, in real situations one does

not'need exact measurements.. One needs pn]y measurements that are
accurate within certain tolerances. For example, a stopwatch for
timing a track meet need only measure time intervals as short as
i 10 of a second, while a quartz-crystal oscillator is capab]e of méa-
suring to within one microsecond per day. (A m1croseqond is a mil-
11onth of a second.) -One can, in certain,heasuremenq situations, es-
- timate the greatest boséib1e error due }o the measuring instrument,

'I-.er., Step II error.
ca‘ ‘ |
.
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EXAMPLE

|
3

» Centimeter Ruler,

"
J

'Tl\l»
7

I
5 6 8

' LI

Half-Centimeter Ruler

/

If one follows the rule of "rounding off" to the nearest mark,
one's maximum error in measuring the line with the centimeter ruler
would be % centimeter. For theﬁhalf—éentimeter ruler it would be %
centimeter. Can you see why? So in measuring this 1ine with either
of these rulers one can predfct the largest %ossib1e error . introduced
by the instrument. We. have not accounted here for possible inaccura-
cies in the construction of the rulers. Moreover, we have only dis-
cussed the error dye to the instrument, i.e., step II error. " If the
11ne is not exactly straight the model will introduce additional
step I error. If the ruler is not used carefully in step III, addt-
tional huian error will be introduced. In this case there is not a
step IV computation. ‘

3. Estimate’the maximum possible error introduced by the measuring
instrument (i.e., step II error) in each of the following situa-
tions: ‘ -

a) Measuring a straight 1ine with a ruler that has ten marks per
centimeter.




]
"
I

b) Measuring the area of a table.with the ruler from (a) abovep

‘ i / (ﬁe careful, you have to consider step IV to make your esti-
T mate.) . ‘ 1 -

c) Measuring a volume of liquid with a measuring cup that has
two marks per fluid ounce. o . i

‘ . o, )

d) Measuring a one-hour time interval with a clock whose dial s

mark;d in seconds and which loses one minute per day.

In the 1ight of your expefiences with this aétivity discuss the
statement: Every measurement is an approximation. Can you think
of a measurement which is exact? '

t -
In the light of your experiences with this activity and of any
experiences that you have had with children, discuss:
. .

. o

a) Which'aspects of accusacy in measurement you would introduce
to third-graders; to° sixth-graders.

b) How much emphasis you would be inclined to put on accuracy
in measurement with third-graders; sixth-graders.

c) Any, situations that would motivate children to analyze the
" error in certain measurements. )

d) Any situations where inaccuracy in measurement mightesconfuse

young children and interfere with their'learning of another

«
concept. o

A




. , Section Ill -

CHILD LEARNING OF . MEASUREMENT
. L

13

+

In §Ect10ns I and II the eﬁphasis was on you} learning about measure-
ment.* There was, of course; a'constant eye on the elementary ch1ld;

but the primary objectjive was adu]t'measdrement learning. In Sectiom
ITT you will focus directly on child learning. You wi1l still be in-

, 4
volved and you will still.be the learner, but you will be learning

about activities, teghniques, and problems associated with child
learning of measurement. A o

In Activity 12 some issues are raised concern1ﬁg child readiness
for measurement activities. You will see that certain concepts that
seem very obvious and natural to you are<ne1%her obvious nor natural
to children at early stages in,their development. A

In Activity 13 yOU w11l analyze certain anecdotes related to
child measurement, in order to gain furthér insights 1nfo the problems
that-children encounter when measuring. ‘

Activity 14 should prov1dé you'with some useful ideas for doing

measurement work with children. Through your own experience with mea- __

surement activities, you will become aware of the great potential for
measurement in the elementary school and of some of the problems that
children will encounter in measuring.

In Activity 15 you will be asked to do some long-range and some

be asked to write some actual measurement act1v1t}es for chi}dcenf‘

¢

o 102

'short-range planning for measurement work. Most«importantly, you will i
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v e 2

Két1v1t§ 16 1% desiﬁﬁed to relate your experiences with the en- .

tird unit to standard elementary mathematics curricula. ??’fﬁis ac- - A
ﬂtivity ybu will amalyze what is done in e]emen't?ary. texts, and you will ‘

plan how you would take advantage of your experiences with this uhit,
to build on the measurement material in the texts. -

Actipity 17 is a summary saniﬁar, in which the entire class can
consider selected measurement topics)from the points of giew of de-
veloping the topic with children and analyzing proBlems that children
may encounter in the development.

Y

MAJOR QUESTIONS

v

1., Choose-a specific measurement objective for a child, such as
jearning to measure time. Bescribe a short sequence of activi- s
“ties that would help the child achieve the objective. Describe '
one of the activities in detail, indicating what knowledge aad
skill a child should bring to the activity, what demands the

' activity might make on the child's grasp of conservation} and -

what difficulties seem most 1ikely with the activi ty. ' - .

2. Compare your perception of the goals and procedures of measure- ’ ;
ment instruction before and after your experience with this"unit.




ACTIVITY 12 ' .
CHILD READINESS FOR,MEASUREMENT.

)

‘/ ’ ) )
FOCUs:
An interesting phenomenon that one obgerVes when teaching’young chil-
dren is that they understand many measurement tasks in a much differ-
ent way. than adults do. This activity focuses on some very important
problems that children hate with the concept of the conservation:of -

the quantity of an atgp(gute during certain measuring processes. It

is also brought olt that there are many situations where adults have

ot

trouble determining if conservation occurs.

_DISCUSSION:

You may have d1ff1ch1ty concejving of yourself_on_the older end of a
generation gap. This is, however, a real danger in measurement work

~with children. Not only are certain words that you use meaningless

or vague to children, but also certain assumpfions that seem obvious
to you may either not occur to children or may seem false to them.
* The Swiss psychologist Jean Piaget has spent over forty years

- talking with.children and lisfbning to them. His keen insight into

children's thinking has provided a basis for his theory on how chil-
dren grow ‘in their abjlity to learn and to handle new information and
new situations. In particular, Piaget has placed warning flags over
certain aspects of the measurement process. - . ‘

~ In every measurement situation there comes a.moment when you
actually perform the measurement, Frequently, this involves doing
something to the object being measured. For example, you may move
the object; you may change its container, or you may shine a 1ight on
it, Usually, you- assume that this change does not affect the quanti-
ty of the attribute present. Otheruise, you are not measuring what
you set out to measure. Piaget refers to this assumption by saying
that the attribute is conserved. He has found that 'many ySung chil-
dren do not share our assumption of conservatien in some Ve}y basic
measurement sftuations. . '

% ., 104




Here you w111rhaVe a brief opportunity to explore the concept
of conservation both for children and for adults. .

DIRECTIONS:,

1. Read the following 1nterv1ew between a teacher and a child hamed N
Billy. Then answer the questions which are posed at the end of
the interview. It should be noted that this 1nterv1ew is typi-
cal of many that have been reported by P1aget

Bi1ly had been having some trouble with measurement act1v1-
ties in his first-grade class, so his teacher decided to trxla
1ittle experiment with him. She placed two glasses of water in
front of him. The glasses were jdentical, and they were filled
to the same level.

{
BaLLY WHICH GLASS - NEITHER, THEY PoTH

CONTAINS MORE WATER? CONTAIN THE SAME..
) M ’
e '

BILLY, NOW WHICH GLASS
CONTAINS MORE WATER?

WATER FRoM ONE of
THESE TwWO

GLASSES INTO
THIS GLASS.




THETALL, | ~ (\__f:‘wéom BEcsAus?
KINNY ONE. “ ! . IT)
> .N ‘ THAT ONE? HIGHER.

v

fiih

b) What sense would the use of a measuring cup make to Bi1jy?

QUESTIONS
a) What is Billy's problem?

. ¢) Could you rephrase the question to Billy so that yod might be
reasonably sure that his answers reflected the intended idea
of "more"? a )

According to Piaget's definition, Bi1ly does not conserve
volhme. ‘Explain what this means in the 1ight of the above
interview.

Suppose you had shown two 1dent1cal balls of clay to Billy
_and then flattened one of them. Do you ‘think that Billy
would agree that the flattened ball contained the same amount

of clay as the nonflattened one? If not, would he say that

it contained more or less?

A child may answer that the lower rod 1is ]6nger when two rods
are changed from this configuration: '




to this~one.

What aré the implications of this misunderstanding of conser-
vation for measurement learning?

4) On the adult level

+ o Why do you suppose that bott]es of 1iquor that have dif-
ferent volumes have different shapes?

e Why might a storékeeper sell, as a special offer, 100 ’ -
sheets of paper at 25¢ when his regular 1ine of 500 '
’ sheets is usually $1.00? - _ .
'(5 - * Why, when knitting“a sweater on circular needles, 15 one .
surprised at how heavy ft 157 !

2. 1If you4h~ave an opportunity, pérform the above experiment with'a ,
young child, e.g., age 4.0or 5. (Ages 6, 7, and 8 are 07K., too; .'\
but you are somewhat less 1ikely to get responses Tike Billy's.)

~ Be very careful only to ask ques-tions. Most of us have a strong
urge to lead a child (or an adult for that matter) to say what

. we want said. You may want to get some help from your instruc-
tor in preparing for this. :

“
lll...l...ll.....ll...l......ll.

METK'CS Estimate %he weight of a basket- E
|N L|FEI ball in grams. .
*

lll...l.\(l.ll...(..l....l...ll..

+

DISCUSSION:. : ‘ ' 8

Piaget has found that many preschool children fail, as Billy did, to

understand. the conservation of volume or substa'nce.,‘ In the early '
98

. | 10y




grades (1, 2, and 3), a teacher is likely to encounter some children
who sti11 lack this understanding. Clearly, one can eXbect these
children to have some problems with measuring volume.

Research literature is not conclusive as to whether a3 child can
be taught conservation of volume, or whether he or she will just come-
t9 it, A teacher would probably QO'Best to give 8111y exploratory
activities involving.relative vo]umesf The most important message
to you is to be sensitive to this and other possible gaps in a child's
understanding. ’ N C
, In your teaching, you should be making frequent iqforma] checks
to determine the level of readiness of children. If a child lacks.
certain. prerequisite understandfngs, you may or may ‘not want him to
engage in a certain activity.” But you should definitely be forewarred
against expecting the child to master the concepts involved.

If you are interested in reading further about-child readiness
for measurement, you are encouraged to look at any of fhe'followfng
references that are avaflable to you.

Copeland, Richard W. How Children Learn Mathematics. Néw York: Mac-
millan, 1970.

Harrison, D.-B. "Piagetian Studies and Mathematical Learning." In
Studies in Mathematics, Vol. 18, pp. 93-127. Stanford, Calif.:
School Mathematics Study Group, 1969. :

Wadsworth, Barry. Piaget's Theory of Cognitive Development: An Intro-
duction_for Students of PsychoTogy and Fducation. New York:

McKay, 1971. .

Jiley & Sons, Inc., 1970 and 1972. '

-------------------------- P R R R R NN R R R A NI R

ggggﬁggﬁ Up, I and II, (Nuffiefd Mathematics Project). New Y;Zk: .
ohn

3, For Eﬁe moment think of measuremént as a game played with attri-
_butes -that are possessed by objects, unit quantities of the at-
tributes, and measurement instruments. One &f the rules of the
game is that you can make any change in an object that does not
change that quantity of the relevant attribute possessed by the

99 108 _
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'obJect For .example, if the relevant attr1bute of ‘a g]ass of .
* water is vo]u[ne 'you can pour the wa'ter into a measurmg cup, g ‘ .
' but you ‘cannot freeze it (it expands. by 10%) On: page 101 is a
.table 11st1ng objects,,attributes, and changes in ‘the obJects 'T )
With your group”'you are to dec1de Whether the change 1nd1cated
is a legal one in the "gqme“ of measurement

4.  Discuss ‘your answers in (3). In part1cu1ar-d1scuss the fo]]ow-

y o . . M hd ~ . s
g in oints: . -
gp 7

a) Was your personal exper1ence 1mgprtant in your cho1ce of-
answers? ‘
. . ' . . . .
b) Did yOu learn thd answers in sch0017 . _ ' Y
c) Would a six=year-old ch11d have been able to answer them a11
correctly? ‘ fe S

d) What effect would it have on one's ability to measure the

1
attribute in question if one did not know whether on\cot the
change was "legal"?*. '

P

. 5. Is an“?ndiyidual's ability to answer questions onoan 1.Q. test ‘
©  the Eame under testing conditions as it is under everyday condi- Ce

tions? Is any behavior attribute in a claSsroom the same with

o an observer in the room as it is when only the teacher is pres-
ent? These are important conservation questions that have no
simple answers. Yet one makes an assumption about the answer to |
these questionvaheﬁ one infekpret; an 1.Q. score or the results . s
of a classroom observation.

"a) Discuss other situations whére we make conservation assump-
T tions that may or may not be warranted.

kY

" E:.;pP) Discuss where in the four steps. of measurement presented in
ST Act1v1ty 11 ,the error.resulting from such conservation
‘ “y; assumpt1ons fa]]s '




= RELEVANT | ~ LEGAL S -
OBJECT ATTRIBUTE CHANGE YES OR N | -  COMMENTS -
Quan\tity of liguid in | | . - ; , | Volume conserved withwany
a glass . Vo]umi Pour into mfasurmg cup Yes change of container
i J Area A / ’ .
5 . i R 5 N _‘/ ‘."‘ )
Rectangle ? Area (}ut-inJZ triangles ‘
X i . . o~
, Monetary . iy . u :
A $5 bill Exch for 5 $1 bill : : -
$5 bi ) value xchange fo $1 bills y (‘ . “ 1
A 35 bill - Weight Exchange for.5 $1 bills
. Self- o , .
) Stum dweller concept Gw:e him a job P
Ingredients for a cake | Weight - | Bake N |
Ingredients for a cake | Volupe Mix -
- Two sticks Relative Chénde f‘el,ative position ¢ {
leéngth ’ _ : e ° a .
. i — * .

E

r

FullToxt Provided by ERI
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OBJECT~ -

RELEVANT

;| ATTRIBUTE

- CHANGE

« LEGAL

* COMMENTS

| Quantity of 1iquid’

.|Temperature

" Turn on intehse'figﬁt

o

YES OR NO

'A'space sh?p

Duration of
time '

o,

Set ship into motion’at
speed near speed. of. 1ight|
A

3
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ACTIVITY ;3 ’ S
‘ CHILD PROBLEMS WITH MEASUREMENT
il

o 0

° .

a E

° » ¢ }3 &
@

Focus: L,
- CIn the previous activity you considered. the problem of child readi-
ness for measurement In particu]ar,,youoconsidered the;prbb1em of
’ conseryat1on There are many other problems that children run into .
in measurement situatiofis. Some of them have to do with dexterity;
. some have to do with m1s1nter retation of words.  This activity pre-
‘sents you with several anecdotes about child prob]ems w1th measure-

3
. )

ment, which you will be asked to analyze.

1 "/’ 1. . In order to focus your éitention on some of the problems that a .
' . child might have wfth'measurement. you should djscuss the ques- °
tions that accompany the following measurement anecdotes, situa-
tions, and examp]eS\ - ‘

‘. J n N ( . . -./
‘ ' | ANECDOTES - |

a) An illustration in a book: ”

i n
S ‘Whith is heavier? . ,//
What would you expect a child to answer? :
Is that answer necessar11y correct7 ) “4 TN

How could you make a ‘child aware of the problem w1th the ques-

’

t1on as it is posed? \ . ' pt

How would you pose the question to avoid ambiguity?

‘ ' ) ’ i *
A




-
2. John sorts several objects into sma}l and large objects.

| .
- *

™




A fourth-grader's answer to a question: ~\

‘ "I cannot tell you wh‘e,ther".the table is longer than, the bookcase;
"I don't have a ruler." B
What kind of experiences seem to bé lacking “in the child's back-
ground? “What would you do.if a child said that to you?

-

4. Man to shop owner: a ,‘ ' ) o

"My wife has left me a'ﬁote that "'the yard is 120 paces long and
40 paces wide. How much fence do I need to enclose the yard?"

What would you say if'ydu were the shop owner? Is there ény way.
that the man and the shop owner coqu decide how much fencing is
needed? :

5. Teacher: Can 'you give me the aréa of figures A and B? ~

« Pupil: The area of A is 2 x 3 = 6, but I don't have any for-
" mula for the area of B.

What is m15§ing 1n the pup11 S concept of area? Nhat experiences
would you prov1de to: he]p? Have you ever fallen into such an .

' . overre11ance On formu]as?

6. Child to teacher..

-~

" "Why did they make sundials?’ Why didn't they just look at their
watches to tell,the time?" .

t

Is it important for a child to have an historical perspective?
Why? ' '




7.

10.

@ b
te

Eirst-grade child, mea

o
‘v !

.

-

MAFewthgre any problems, other than conceptual onds, which enter

into. measurement? What kind of measurement readiness might
this child lack? - ‘ :
Thild in dismay;%
"These two piecesiaf ribbon are both marked 12%-1nches; but
they are not the same length."

Is'it possible that the markings and the child are both correct?
What might you have thg child do in order to give insight into
the situation? : vl

I don't have time to

1

"The only ruler that we have is 6 inches.
measure the perimeter of the back yard."

Can you help this person out? How would you promote measurement _

flexibility in children? ‘

"1f 1 can pour water into a measdring cup without changing its
volume, why can't I use the same formula for the area of this
parallelogram and this rectangle?" .

~

wl

L

, L ,
What do you say to that? Do you see any justification for the,

_doubt in the child's mind?

1

a >

suring the length of a table with a ruler: "

oy




i
» R

) i . ) !
Summarize the discussions that you have had concerning anecdotes,
1 through 10. Are there any generalozations that you can make

concerning ghe kinds of problems that children might have with.
measufemegt?

METK'CS Estimate the length of a ngw E
o |N L|FEI pencil in centimeters. .

‘e

In 1960 the General Conference on Weights angd Meaﬁures
adopted the symbo]g SI (Systéme Internationale d'Unités) to
designate the system of units 1nvo]v1ng the meter, kilogram,
second, and related unpits. The SI system is currently based
on the following ‘seven base—units*:)‘

Base-quantity ‘ ’ Base-unit
Length.......ooiiiiiiiiiiinininei, Meter

Mass. .o e +....Kilogram
Time...ovun...... e a.. Second ’
Electric current ......ooovvevnnnnen.. 7 Ampere
Temperature............ T PRI Kelvin

Luminous intensity........ SECITTTITPRRRS Candela N

~Amount of substance ................... Mole Cot

- ‘-
*Chester H. Page and Paul Vigoureux (ed.), The Interhational
System of Units (SI), Natijonal Bureau of Standards Special

PubTication 330 (Washington, D. C U.S. Government Printing
Office, 1974), p. 6. d ;
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ACTIVITY 14 | | .
" DOING AND ANALYZING MEASUREMENT ACTIVITIES - . / ‘
’ !
i

¥
¥ ) .
i ~ £l
. B
“
"

¥

Focus: H

A child's 1ife and environment are full of opportunitieé to measyre.
The concrete nature 6f many measurement activitjes~ﬁékes them partic-

» ularly appropriate for primary childrep. However, as-you have seen,
the sophisticated nature of certain measurement concepts necessitates .
.that caution be exercised in assigning measurement tasks and in defin-
ing expectations. In this activity you will have an oppgrtun1ty to
take part in several measurement activities. These activities are
chosen to provide you with a repertoire of measurement act1v1t1es for
yse with.children, and to make you aWare bf some of the. prdb]ems that
you and children m1ght have with measurement. .

MATERTALS:

A central supply table of equipment fncluding: scissors, square- '
centimeter graph paper, large sheets of plain paper, a supply of _
e water and of sand, liter cubes, metric tape measures, metric bathroom T
sca]es, masking tape, string, balance with metric weights, postal .
scale, kitchen scale, plastic beakers,’ co1ored chalk. In additjon, ) .
each of the measurement experiments requires certain equipment that

~

is 1isted in parentheses below ‘the experiment.

DISCUSS 10N ; ' : .

In this activity you will be.assigned measurement experiments to do.
The purpose of the experiments is to provide you with practical ex-
periences with measurement that are analogous to appropriate experi-
ences for children. Ea experiment presents you with a task. You
will need to devise a/strategy for comp]éting the task. Different

-

groups are 1ikely. t6 devise different strategies for the same task,
"so it will be interesting to share your experiences with other groups
that have done the same task. Also, different groups are likely to - ‘ |

K

*108 : ' |
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do diffefent taéks,“sofyou may want to share your experiences with
i ’ the entire elass. In reporting your experiences to the class, make _
' note of any difficulty that you encountered or that you feel a\chi]q
) might encounter in doing the same experiﬁent. You should draw ‘'on any
'1nsiqhﬁs gained in the previous two activities. \

Your work with this étti:ity is summarized in the fo1low1ng
diagram.

ey

»

Do measurement activities
with your group.

fl
L

Prepare a report on your
| measurement experiences that

reflects any probleps that a’
child might bave.w i‘ .

n - Present report to class or
’ hand it in.

< DIRECTIONS:

1. Proceed'on the following experiments as d1;ected by your instruc-

0

tor.

-

- - EXPERIMENTS . -~

a

A, Place the 8 bottles in order of capacity.

’

Guess first. - %*ﬁ

-

(Eight bottles labeled A through H-in
random order; supply of water or sand)

<




[

~B, Orop a ball f
height of-the bounce.
any, between these two heights?

i ith the
ship vary with ' ;
ball of different size or elasticity.

. (Ta'pe measure) \

*

rom differént height's Pnd measure the.
What is the relationship, if
Does the relation-

bal1? Repeat the task with a

D, What is the.effect on the
volume of a cube if you double
the length of the sides? How
about if you triple the Tength
of each side? What is the ef-
fect on the volume of a sphere
if you double or triple {its
radfus?

(Could use blocks or water and
clay) ’




F, Find"10 measures that ﬁ;gkt answer th quest1on, "How big
are you’" Co]lect the data for each faeasure from the mem-
bers of your group. Do any two measures seem to correlate

~(i.e., @ person who has a large measuremeht in one measure
tends to have a large measurement in the other)?  Plot the
data for two correlated measwfes on graph paper. (You
might want to get these measures from other members of the '

) class in order to have more data. ) Does your graph have

. an finteresting shape?

H. Find the surface
area of the ‘tennis

ball.

I. Find the vb]ume and
weight of water wasted

In 24 hours by o drip-
ping tap.

(Water ‘%p) ‘

(chalk and paper)




jons of the rectangle
that has the greatest
Use” your string and graph paper to
_1f you are not restricted to
hape of perimeter 36 em

J, Determine the "dimensi

of perimeter 36 cm

area..
experiment.

rectang\es,,what s

would you say has the greetest area?

Do the
rea? Do,

Yume of each ball.

K. Find the VO
' ba\]s have ‘the same surface a

the balls have the same weight? DO ;

al} objects with the same surface area |
-have the samé vo]ume? : o
water, two balls)

’

(Measuring,jar,
R

L, Find the sa1l1ng d1stance from - N |
; r:Jew :or‘: to Saigon via the Cepe of Good Hope | | ‘
ew York to Saigon via th
e Sue
. the Canal is open)” : Cina] pesuntrs
111
) San Francisco to Saigon via theePacific Ocean

. A
ssume that™ the shortest route from New York t
Orleans is 1000 mi]és Tong. o e

°

3. You have done s
ome measur1ng .and you h
o - u have discussed some -
Lo ;:wadu1ts or children ﬁ*ght have in measurement sierb
. u -
. $;epare sa report (in a form specjfied by your i a
is report should describ .

e your measurement expei
ences, i e -
et ]ncluding any d1ff1cu]t1es that you encountered :xperi

c a
ulties that you feel that a child might e i
ing similar measurements. peounter i ek

. ‘ 22,




. ACTIVITY 15 :
‘ WRITING MEASUREMENT ACTIVITIES

.

FOCUS:

The first segtion-of this unit was designed to provide you with some
gzncepts afd skills, Activity 12 raised the issue of
chi]d readiness for certain measurement concepts, AétiVity 13 raised
some additional child measurement problems. and Activity 14 gave you
'some idea of the kinds of measurement activities that can be’ done
with children. This act1v1ty aii;h:e next two will he]p you learn
to take advantagé of these experieMees with measurement in planning
measurement activities for children, In this actiyityAyou will have
an opportunity to plan for a child's long-term (six-year) experience
with a measurement topic, e. 9. ]ength. area, volume, or time, You
will also have an opportunity to write deta1]ed activities for a

measurement

short-term sequence of activities. :

MATERIALS:

- Elementary school mathematfcs textbook series,
»

DISCUSSION: - : T

It 1s important wnen you plan instruction for children on any topic
that you have agpicture of how that.instruction fits into the child's
- . long-term experjence with the tdpic; It 1s also important in’p1ann4n§\ﬁ
instruction -that you p1an each-Tesson as part of a short-term sequence
that accomplishes certain objectives. In order to help prepare you
for planning ‘instruction, we present you with an example of a "six-
year outline of a child's experience,) ”“ﬁhthe topic of Tength. We
also present you with specific acttyt&fes for an fintroduction ‘to
Jength using standard units. You w111 be asked to analyze these, and

" then’ to prepare an outline and act1v1t1es of your Own on 3 different

‘ topic.

113
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" A DEVELOPMENT OF'TLENGTH"-THROQGHOUT THE ELEMENTARY. SCHOOL

o The attributé, length; vocabulary; conservation; units (nonstan-

o

dard). .
— .+ Standard units in the English or metric system (not bdth),'cbn-

nect1ons between the units in that system (not conversion from
one system to the other) S '

. \Measyr1ng length in centimeters to nearest 0.5 centimeter, in-
cluding perimeter and circumference
. Experiences with larger distances (miles or kilometers)
4 - .
. Record1ng measurements 1n decimal notation.
e Length connected with scale drawings; e.g:, represent1ng a meter
‘by a cent1meter graphs and mapsp - , "~ LA

. Length.connected with time and speed;'the meaning of "constant
rate"

. Lenéth on a sphere; distances on a globe; 1ongifudé and latitude

- - . » . .
e Conversion between Eng]ish and metric systems’éf measure -
[}

7 SAMPLE SEQUENCE OF INTRODUCTORY ACTIVITIES ON LENGTH _ ,

-

Ndle" The child who is ready for the introduction of standard un1ts

(e.qg., QQ# meter) may be able to do the first Aew cards easily. If

the child has d1ff1cu1ty with cards 1 through 5, he or she shouTd be"
prov;ded with more activities at this Tevel before proceeding to the
use of the,meter stick. For each card, the teacher would providé the
child with the indicated materials. They are listed for your conven-
ﬁeq;e. The child-would not pe‘given_the 1ist of materia]s. 7

...O‘_................Q.‘..........

. )
EMETKlCSJEstima;:e the distance record for
. IN LlFE! a Frisbee throw in meters.

°
°
...........}.................’...

o000 00ve 0
«

-
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3 pieces of ribbon, refd, blu‘e, yeHdw, in that order of size.

A

GARD 1 , - RN

Is the ved ribbon longer than Yhe bloe vibbon ?
15 the Hue. HH:OV\ ]onse.\- 'Hnam 'Hw, lja“ow beol/\ ?
Is Phe ved vibbon longer fhan the 3dlow wibbow 7
Which' vibbow is shovter Jr\wa e blue vibbow ?
How many vibbows ave dwovker fhan ke yellow v\b\)q« 1

Which vibbous ave 'Hw.g 7,
| /

3 pieces of ribb.on,.' blue, red, green, in that order in size.

‘ ' CARD 2 - ‘
N Is the Hue, vibbon Io»\gw ‘}'kavx H\a, W-J VlH?OV\ ?
ls the ved vibbon louger than the geeon vibbow ?
1 1s *he blue vibbon longer thaw the grean vibbow- 7
Which vibbow is the }owy,s-\- ?. )
Which “yibbon is -\-\,}a, shovtest ? 
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- A feather which is shorter but wider than a pencil, a piece of string
1onger than the pencil, a can which has a pefimeter longer than the

string;

e

GARD 3 R

Is +he fa.a-}-l«w longew -foav\ o skov-[-u' +‘/\av\ 'Hrw
‘Pmml ? .
Is the piece of string “longew _+)av\ v sl,\owfv_v_s
fhan the pencil ? - S
]s the d(s-hv\c.e, avound -’rka. can lohsu\ Haan
v.ug'“« of 'Hw, j:m\-\'kcv- ?

~

{

~4

Tablg, chair, and book.

How many handspans in width is the fable .2
How wany handspans in width is the chaiv ? |
How wany hawdspains in widdh is the book 777
How  mary Hoombwidths s dhe  book 7 |
How, wany thowmbwiddhs is tue chain- 2
How wany {thombwidths i a hawdspan. 2 -
| How many fhumbwidths tn the lewgth of The
 fable ? g ' \ T

M GUESS FIRST —:THEN MEASURE -

‘[KC

Aruitoxt provided by Eic:
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) A pencil, a Cuisenaire rod or. similar wood or plastic "brick" (about
‘ 5 cm ]'dng)', collection of objects with straight edges (e.‘-g., books of
~‘/d1’,fferent sizes), desk, pieces of card, ribbon, .tirinki»ng,stfaw.

I

C-ARD 5 Measure Tue 10.1«’341; of eadh of
the o -q_c:l-s, Us_iV\S Me Pa.v\cﬂ and
| also the brick (Make 2 guess
| , | fiv'd-..) - I
» REGORD VOUR RESULTS LIKE THIS.
: Objc.c."' | Guess - '\ Le.hg'u\ l Errow
o Boqk 1 3 'Fe.v\c.'x_\s 2 'Pa.v\‘ci\s' -1 pe.v;cil
R 5 bricks | 3 bricks | 2 bricks
l o .“ . ' ' .
l
f
|

Wb\\j do Yau M\Lg. ’Aif:*j:e.i;'zh-" v-;.su.Hs when "" A

' ’ You weasuve ? ' . ’ o

CARD 6 | o A
How hll\ahl:, paces i 10.143'”/\ is +his voom ?
How wmany- of your friewds paces in length
Cis fhis voow 70 .

| | Why do you have diffevent auswews ?

oo How M&V\ogl,?)aczs' in M{QH\ is the cowridow ?
| Would "you «.xpe.c* your: j"v-vz-hd’s’ answer o

be wove or-less than youws ?
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A stick, unmarked and about 80 cm long.

S ¢ GARD 7  Take the s+lcl< I eadhs ‘
- R qUe.S'}'lovx guess wka—} your ' :
_AaMswew s\aou\c\ be bz.fovz, |

You weasuve.
How ((amj stick \e.wg-H«s ave +\'\e,v-co in -Wuz". '
\Q.V\_q"“r\ of 'Hr\a. voowm ? "
H’ow Wxahg s-hc.k e.v\g-l-\«s avre . -Hm.v-c. M 'H/\b
UJ\Q'H'\ of the coeridov ?
How Muc‘/\ longav is +\mz. c_ovmc\ov 'H»\qv\ 'H/Ltb
v~oow\ ?
Measuve  four -H\w\ss wvH'\ the s-hc.k Guoss.

j'-w-s-l' Wag fjouv- Swzss coWre.G“ ?

Meter stick, not marKed in centimetgrs. ‘ ‘

GARD 8  Toke the mekr shick L
_ (quz,agm.ss first.) .

How many wmetewrs \ohg is ‘H\c class\roow\ ?

How wmany wmeters lowg s e <:ov-v~1c\ov' - ?

What is the diffevence in lenghha oj’ -Hw

w | voowm awo\ e coveidow ? T
What o\o you bug iy\\/hg.L-{»q,v-s ?

| Measove 5 things in metders, Make =

N guess f:ws-}-. What was youe ewwov ?

EKC

Aruitoxt provided by Eic:
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Meter trundle wheel.

-

Ca‘sRD 9 Take fhe toudle wheel.

What is the distanee all avound: 'Hw rondle
whee| ?

Place -Hw, ‘ick” om the wheel -co -H/\ai' it is Josi'
a-i)ou-i' '{‘o ci{c‘c. Now 'i‘uv-vi ‘H'\a, Polw}'Ur' Ulf\'i’xi~ l+

. veaches Hae wooden block aga'm.' How Fav
has the ponter Iravelled ? | '
How wmanhy ) ‘i-cks" 4 v L\e.a.in when yov wLw.v_[
along the line o the floow 7 (Stact wifh
-Hmz. Poiv\'i'vr awl WOodUA uoc\( '{'ogcuu.\')
 How lo\'\_g is the ‘W\b ‘. o

Mc,asuv-c, Pae voowm with the wheel.

« “
) . R ) . ’

DIRECTIONS: *

1. Read .through "A Deveiopment of Length Throughout the Elementary °
School," and discuss the following' with your group.

a) Can you see a "logic" to the sequence?

o Progressively greater sophistication?

e Attribute —~>compari son —» nonstandard uni ts -—»standard

L ‘
units—»mathematics? o T {

. Progressively greater dexterity required?

b) Car?‘you see a good reason for introducing metric units first
and not engaging in conversions to English units until much

’ “later? .
3 . P 128 -
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¢) The "Development" is pot exhaustive. What other length

topics might you include? R ' - ‘ .

. \d) Can you bra1nstorm one or two. act1v1t1es that you might do at
] each stage in the development?

2. Read tﬁrough "Sample Sequence -of Introductbry Activities on -
Length,” and discuss the following with your group.

a) Do you see the deve]opmenf of the concept of length in these

s
[

lessons?
b) Why not start with Card 42 .

' ¢) Can you see advantages to writing activities on separate
cards? -

e Flexibility? You can insert extra cards for a struggling
child, or you can omit some cards for an advanced child.
& *

e Freedom? You, as teacher, can give cards to small groups
of children, and you can focus on helping the children

- rather than talking to the entire class. ‘

“

- o

d) Is there enough on each card to keep a first- or secohd-gradef ’
interested for a few minutes?. Is there sufficiently little
to do on each card that the child w11l maintain a sense of

progress?

e).Wh?tf

f) What would you do differently and why?

are the objectives of each card? C e

"'g) Judging from your experiences in the previous activity, do
you anticipate that children will have serious probiems with

N any of the cards? . ///

129 | 3 ‘
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3. As a group choose a measurement topic, such as area, volume, or
. time, that s dealt with in the elementary school.

a) Using any references or help that you need, brainstorm an
outline of a "Development” of that 'topic for the elementary

e
: school experience of a child. You may want to look at some
e]ementary mathematics texts. Be sure that there is a "logic"
' or rationale to your development, so that you coq[% tell some-
. one why you did things the way you did.
b) Choose a stage in your "Development" qulwrite‘a “Sequencef
of activities for that stage. Be sure to:
T e Specify fhe'knowledge prerequisite.

e State the objectives of each activity. - -

e Make each activity intelligible for chﬂdren at the spe-
cified stage of. development

s Make each activity of an appropriate‘ lenfgth and scope.

.“ A good strategy for (b) *s for your group to decide on the -
) sequence of activities. Have each member of the group write
a couple of activity cards. Then exchange cards in order to

criticize and Fefine.

4. As your 1nstructor prescribes, hand in or present to your class
cg;tel.l.:.)ﬁtﬁ:velopment" and your "Sequence " ‘ )

METKlCS Estimate the volume of a basket-
. 'N L|FE! ball in cubic 'ce'ntimeters.

®




ACTIVITY 16
BUILDING ON TEXTBOOKS

FOCUS:

v

You haVe'géined some experience planning your own measurement activ-
jties. HoweVer, as a teacher, you are likely to use a commercially
published textbook as the basis for your mathematics instruction. In
this activity, you will consider how to use the information and skills
gained in previous activities to enhanée your use of a textbook.

»

MATERIALS: P

Several sets of popular, current elementary mathematics ‘text series.

DIRECTIONS: , f”
L

1. Each group should choose a measurement topicﬂ The topic should
be selected so that each one is chosen by at Jeast two groups.

2. ,Your group should select a textbook series. Each member of your
group should select a text from the series, carefully read the

pages related to the chosen topic, and engage in a disucssion of
' ¥

_the following questions. wr v S ot

“\‘
a), Do you see a "logic" to the “Development” of the topic over
the different grade levels? Are there any gaps. redundancies,

or 1ncongruit1es?

b) Is each individual lesson going to communicate with children?
Is there a need for accompanying experiences? Will some chil-
dren need additional experiences to keep up with the class?

c) Is ihere adequate.real—WOrid experience bui]t into the les-

sons?
d) Is there any stress on estimation?

e) Wi11 the child gain the everyday measurement skills that are
needed?

Q ‘ 12_21, 31




Choose a sequence of lessons from a text. Plan how you would,

introduce, motivate, and enrfch the iessons, in the light of

your experience in thig unit,
Engage in a c]ass discussion on how to p]an measurement exper1—

ences for elementary school children. N : r

[ ]
METK'CS Estimate the diameter oﬁ; é E
lN L'FE, Frisbee in centimeters. s

[ ]

[ ]

. )
................................

HISTORICAL HIGHLIGHT
The 1875 Treaty of the Meter was signed by about
20 countries, including the United ‘States. It
created a permanent body (the General,Conference
on Weights and Measures) to pass upon matters
involving international weights and measures.
The treaty also provided jpr the construction of
new and improved standards for metric weights and
measures. The General Conferencé {s headquartered at-S&vres,

France, near Paris. ; .
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ACTIVITY 17 | ‘ s
SEMINAR ON CHILD MEASUREMENT | o ‘

FOCUS:

You have considered measurement activities that children can do, and
you have considered problems that they may encounter in doing them.
This activity provides for & class discussion on measurement which

_ should serve to synthesize and summarize the 1nsights gained in this
unit. T

DIRECTIONS: . .

Engage in a class discussion on questions éhosen‘from the following
1ist. . —_ ’

* How are the Cbncepts and skills of length meaSOrement developed
in children, and what are the key problems that children are
1ikely to encounter in this deve1opment?

o How are the concepts and skills of area measurement developed in
children, and what are the key problems that children are 1ikely
to encounter in this development? '

* How are the concepts and skills: of volume measurement developed
in ch11dren, and what are the key problems that children are
1ikely to encounter in this development? :

e How are the concepts and skills of angle measurement deve]oped in
‘ children, and what are the key problems that children are likely ,

»

to encounter in this deve]opment?‘ :

-

, ,
o How are the concepts and skills of fime measurement developed in
children, and what are the key prbb]ems that children are 1fke1y

. to encounter in this development? ’

¢ How are the concepts and skills of weight measurement deve]oped
in children, and what‘are the key problems that children are
likely to encounter in this development? : o ’

{
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- B : REQUIRED MATERIALS
N ) . . - ) .

' ACTIVITY.- MANTPULATIVE AIDS ’ SUPPLIES AUDIO—VISUAL AND OTHER
Slide-tape, "Meésureﬁent in
the Elementary School," cas-

Overview sette recorder, projector.
(Optional) '
Metric measuring instruments,| ;. - ‘
including meter’sticks, bal- .
3 sance scales, and liter con-
" tainers; an assortment of .
— . \ objects to be measured. -
. 4 . , - | Scissors, paper. .
5 Geoboards and/or dot.baper. Rubber bands.’ ' “
RIS . . ) .
- , - " - T
6 Geoboards and/or dot paper. Rubber bands, construction | .
paper, scissors. . .
A\
7 Severa) circufgrﬂobjeccs. | String, rulers. )
Q ‘ .. . .' ' - 1\,34 ‘ ) ! ) )




ACTIVITY MANIPULATIVE AIDS : SUPPLIES AUDIO-VIiPAL AND OTHER
: A quantity of 1 cm. cubes ‘| A pourable substance such
* (such as the units from Dienes [ as water, sand, rice .or
8 . blocks or Cuisenaire rods), beans.
cans or jars, assorted trans- . |
parent containers, rectangular ; . . !
_ containers. : - :
1 A variety of linear measuring : '
instruments. : , R
v Liter cubes, metric tape mea- Scissors, square centime-
> sures, metric bathroom scales, | ter graph paper, large
balance with metric weights, sheets of plain paper, a : |
14 postal scale, kitchen.scale, supply of water and of -
plastic beakers. (See Instruc- sand, masking tape, string, .
tor's Manual for additional colored chalk. (See In- '
required materials.) , structor's Manual for addi-
' - : tional required materials.)
15 Elementary school mathe-
matics textbook series. -
: o Several/sets of popular,
16 . cyrrent elementary text-
‘ book s?ries.

g
kS » ‘ - . '
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-~
This unit integrates the content and methgds componénts of
‘the mathemaﬁcal trainmg of prospective elementary school
teachers Itfocuses on an area of mathematics contentand on -
the methods.of teaching that content to children. The format
of the unit prorpotes a small-group, activity approach to leam-'
ing. The titles of other units areNumeraﬁon, Addition and
Subtraction, Multlplicaﬁon and Division, Rational Numbers
with Integers and Reals, Awareness Geometry, Transforma-
tlonal Geometry, Analysis of Shapes, Graphs: The Picturing of
Informatlon Number Theory, Probability and Statlstlcs a-nd
Expenences in Problem Solving. :
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