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Abstract ’ N S

Typlcally, children are introduced Lo mathematlcs by
presenting them with an array of objects to be counted.
The method is pedagogically, if not mathematically wrong,
for the child 'will fail to gain a valid conceptionm of num-
ber, and in’ consequence, his undcrstandlng of unit-quantity
relations will be delayed: A different introductioh to
mathematics is possible which may avoid the above diffi-
cultices and, at the same, time, provide unique . learning
¢ opportunities. .The child can be taught the phy51ca1 opera-
tions of linear measurement so as to include practice in
addition, subtractlon, the tens number system, and other
‘ , concepts without® “departing from linear measurement activ-
L ity and with little or no pupor pencil arithmetic.. Such
. N measurement instructicn was given to.a sample of 161 chil-
.dren in the last half.of kindergarten and in, the’ first
'gradé, K comparison group made up from two adJacent and
. . ,. . compasable middle-classs'schools was taught.mathematics ‘
- ‘ ' without ihtervention into the mathematics content. Treat-
v ment and comparison groups did not differ 1n general con-
servation performance throughout the study " However, an
. anc111ary study demonstrated that litlear measurcment com:
petence is preliminary to linear conservation. After five
or six months of treatment, the measurement group. was
«astly superior in measur1ng competence. This group was .
slightly ipnferior in "typical” {first- grade mathcmat1cs.’] .
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This rnsvalch concerned the contont of mdthbmatlLQ
instruction for kindérgarten and first-grade chlldlen. The
-rationaie was complex, taking account of both what ought,
ang what ought not, to be a part otf the. first mathematics,
.lehrned by the ch11d Exercises in linear measurement fofmed
the basis of vhe treatment in order to establlsh in the
learner basic quantitative congept thought by the investi-

.

o ! - gator to have their ori in in such practice. Counting of
, objechs as ‘an element of didactic practice fails to provide
~the necessary quantitative oxperlcnge. S ¢
> e - " “The Problem

B s
. .

1 .mzne:-, late bog}_z

1. To nccomplish in a treatment samp]e of subjects the
concept of upit as a power, which requires -that the learner
demonstrate unlt—quantlty quatlons drawn {rom dntlnuous'
variables. ‘

2., To avoid the conception en the part of the 1edlne1‘

Llat numbers assign only to counted objects. - :

‘3, " To teach the, treatment sample the opcratlons of
addition and subtraction of measurcd linear quailtities as a
.generalization of the rule n + 1, S ’

.o A Y §

4. To accomplish the transfer of linear measure wcvt
~operations so that the learner is able to perform wcasu1c~
“ments under a wide range of condltlons ‘ .

5. To determine. from’ tests of conservation whothcr
C children trained as above &re superior in conserving and
¥ thereby give evidence of quantitative judgments, as opposed
to qualitative ones in the solution of conservation problems.

-

e

“A More Distant Goal . .
. By continuous instruction over a p01io< of nine to
twelvc months in linear wm¢asurement operations, it was the -
- ‘intehtion of the 1nvest1gator to detelmlne .the relative
! i » © matiematics competencies of the treatment 's¥inple and a com-
parison sample.. This comparison was made on twn bases.
Two measures were constructéd with the intention thag one

O o %
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measure would cover the subject matter taught to the.compari-
son group and tnc other the subject matter taught to the
trecatment group. Conpetente on both measures was deteruined
for both groups ‘of suojetts o : i

The content of instruction for thc comparison group was’
assumed to represent the range of subject matter commonly
taught to children. As such, achievement in these subject
mqttFrs was meant to represent an estimate of‘tprCal knowl] -
edge chl]dren ﬂk,qllll“e tIuou;,h t’l(, Stud) of sets and gountlng,--

\op01at10n9 - L ot ‘

¥

:

. The gontent of the treatment 1n<t1uct10n was 11mlted to
linear distancc measurement which wiil be given 1n greater’
detall in the method scction of this veport.

M T

A Rationale for Making Moaxﬁ(cm@nt
the Basis OfilntlodthOnyM@bﬁ wdatics o, -

' . “\

The adult has used intuition to guide him when intro-
ducing mathematics to the small-child, and he ha$ chosen to
teach the child to count. Numbers have heen "assigned to com-

"mon objects as the child was taught to count boxes, apples,
or pencils. The direct and easy way the child can be brought
to use numbers in counting accounts f{or the almost un1v01s1l
acce ptancc o{ counting as the introductory method. ‘

P’dqgov15ts and mathematicians have not often paused to
consider what should be the content of the child's first
mathematical learnings. Recently, however, interest in the

~content of mathematics has increased and cxtended backward
to early childhood as the well-known -arithmetic gave way to
modern matinematics. That mathematics is difficult to learn
is’ generally acknowledged and the more inglusive content of
the new mathematics W4s.increasced the learner's difficulties.
This paper analyzes commén practice and the difficulties
children encounter and outlines an. entré to mathematics
learninggwhich may make the child's task gasietr+’

>

The Prime Concept

First consideration should be given to the concept of
unit, for all numbers can be generated {rom it by the {formula.
n t 1. The rotion of unit can neither be cxplained to ‘the
child in relation to other numbers nor be based on other

.. )
P

i ' LN o ‘
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. refers to qualitative attributes and not to those that are '

T

mathematical.ideas, for 3
child. Nonethc*ess,.the
the unit concépt as his subsequent learning will bé based:

t. For some years, the hus>1an educatlonal psycholoq1st,
Ya. Gal'perin and his.associates, have studicd strategies
to introduce neophyte lecarners to language, matiematics, and
other subject matter (Reitman, 1962; Gal'perin,- 1969;
Galipcrin ¢ Georgicv, 196
workers that much in mathematics, educatlon depends on what,
unit concept is learneéd at the vcxy‘beglnnlng of instruction.
Gal'perin and Georglev (1969) have called attention to the
agreement methodologists unyYortunately hold that unit 'is best
explained by presenting groups of objects of which the indi-
vidual object is designated."1."' Teachers have dirvected
their pupils. to a group of things ahd 1eqn11Ld tne learner
to "bring me one ball (pencil, block,_ narble)." The practice
htS alternated between the above form and one roquiring the
esignation of many as when the teacher asked, "itlow many
book% have I here?" 0f t

on
P.

Lh

i

objects, the child mu

Since fonencss' cannot be
ho ‘is expected to grasp from thesc demonstrations that the
eparate objegt is one and that it gains that ‘canlng from
LtS individuality or sepa
asked rhetorically, “What
an' individual’ ObijL one,"
onc name with another."

belongs to one object no more than it belon«s to aggrecgates

th

at

are given other nymer

fault is that the unitica
discrete object the child

The individuu}ity or

oy N

s
&

#

3

uch ideas™do not pre-ex
learner must correctly awprchend

9). It. is the contention of thése

ne several pron;xtlcs possessed by

st in the

N,

]

5t Jistinguisi tlte property of “1."'

pararely expldined to the:learner

rateness. -Gal'perin dnd Georgiev
exdctly are we dOIng when we call
cand replleu. "We are rep'lacing

Then, too, they realized that unit

ral designations, ‘he. conceptual
nnot cor10ctlv be conceived 1n some
calls '"one ' '

S

uniqueness of the object "one"

'athemdtiéql or quantitative. Momentarily accepting such .an
nterpretation, on¢ can antlclpatc potential difficulties in
separating meanings fcr the child that have tHe germane math-
ecmatical content from tho
1s prescuted to theslgarner, its meaning will depend to sone
degree upon the idea of unit as the child understands it.
New learnings are likely to bear marks of distortion from
whatever mislearning the chil% alrecady ha%'acquired.

Y,

se¢ that do not. As new inforiation

A Correut Qonveptlon of Unit

gt

1s

Unit is appropriatel

an abstraction which

L
y conceived as the power of a. set.
applics to all members of the set

4

¥

{
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but to nene in particular. It can be agplied to*objects
that gre counted, byt "unit” also applies inia mor¢ complete
way to measuring. Beforce taking up the role which measure-
ment plays in defining unit, con51der wnat 1s theoxetlcally
necessary¢§or a proper unit concept. Sinclair-(1971) has
discussed what the unit ccncept requires when applied to -
counting operations.. Take the casc of a finite assembly of
objects. If these objects are used ,in teaching the learner
an appropriate meaning for the concept "unit," We must.-divest
the objects qf all of their quglities so thdt they become
o identical and interchangeable. The objects can then be
. arranged so that ofe is incitded in the other in tie serial
order, (1Y < (1 + 1) < (1 + 1 + 1):v = ).
: , S o :
' In a practical sense, the objeccts must be distinguished
so that a child can tell them apart and so they appear only
once but are not missed altoqethel The only way to kecp
them. dlStlngUIGhaDlG is by their spatial or temporal order.
' ilany adults intuitively sense the concept of unit, but the
chstract ideas are explicitly understood by only tnc mathe-
matically sophisticated. There is an obvious enigma in the
above for anyone who aspires to get the small child started
‘corrcctly in learning mathematics; namely, that the unit
concept’'is basic and essential, but also,that it is abstract
and hot easy<to conceive. How, then, can it be taught to tne
~child entering scLool with his limited repertoire? A set of
"tactics different Lyom those now used will be required. Th
counting of objects is by no.means the direct and adequate
method it appears, to be for starting the child toward mathe-
matical understandings. . The difficulties .in separating
idiosyncratic qualities ‘from the unit are apparent when
_— children are required to grasp the abstract concept of unit
+ from some concrete quantity. *» Sinclair (1971) has documented
“the difficulties in children as they attempted to.solve cev-.
tain probiems. Ampong the studies is one in which children
. counted poker chips (Greco, Inhelder, Matalon, '§ Piaget,
1963). , In' this study, the child was seated next to the
: e\perinente1 Before them-were two piles of chips, red and
‘bluc, with’ the blue pile being much larger than the red.s
, , The experimenter proceeded by taking a blue ciiip from the
i EE lﬂAge pile in front of him at the same time the- chldd took a
. red lone from the small pile. hxpellmentel and cn1]d repeated
the alaw four or five tlmes always drawing leu taneously.

H -

.,
p—

X Next, the expexiMentcr asked, "Do. we both have Just as
.~ many counters? We each took .our Counters at the same time--
: you, a red®one, and I, a blué one. Remember?" . The child's
/ responsc was not anticipated. A typical résponse was, ‘You

.

-
o .
% .




have more than 1 have. . four pile is biggey® than mine.' - Thé
child IQCOQHlZud tite red and blue attributes and bbnaved as
if- to say, ‘o matter what we do, there are more blues than
reds, dlftlﬁulty .1s that the learner's attention s been

< dllected toward the 1nd1v1duallt> of the objects (color),
“and he has not sensed ‘the necd for a dnit common to both
piles. . -

_ -/ \ o
‘The meaning of quantlty and tiie learher s dependence
upon it. Quantlty is best. underqtood.as a number based upon
a given ynit size: When a material veprvesenting the quantity
is transformbd, as it is in spreading-out a small pile of
rice so as to cover more space, the transformation does rnot
disturb thé number which represents the quantity. This is
tacit-to saying that the quantity has mot changed. An inter-
pretation. of a stable Quantlty is not generally true of chil-
dren, below age six or seven, Younb children do not ordinarily
consider the quantity in rclied
of material covering unequal \angfounts -of space are judged,by
the smal®l child to be unequal\following his visual inspection.
When a child is able to recognyze the constancy of a quantity
undergoing ‘traifs formation,, we say that tae child 'conderves"
the quantity. Gruch attention/has been given to conservation
o ip.the literature of mathematlics. learning (Copeland 1970,
Lovcll 1971 Ros:kopf Steffe, § Fqback 1971).
The failure in small Chlldrbn to conserve quantltleﬁ may
1epresent the absenct of certain prercquisite copsepts which
integrate more or less rapjdly at ages five and six, provided
thﬁt ‘the child ha% undergone certain experiences. _Au«053ump—
ytion underlying this paper is that the child must have at
“least an inthitive grasp of the relation of unit to quanti ty
! before he can conserve. By what other means can quantlta ive
_ determinations ‘be made? ° The more precise and complete is his
~understand1ng, the, more .centain that he will solve problems
~Trequiringrquantitative- ideds.  The developing learnwvy 1is not
i, ‘consistent; one time he may consorve by using.the idea of
oo unit, and the next time Vlsually conppare quantities and con-
i ‘sequcntlv fail to conserve. 'So it is in much' of human learn-
ing; varied experience w1th different forms of a <oncept is
. »lcqu1red before one will master it and. be dependably consis-
\‘tcnt [dee Ellis, *1965, on tlanﬁfer, and Dienes, 1959, 1960 on
, analytic and construct1Ve thinking). ‘When the child always
. ., /fesorts to the-selection of a unit of measure and proceeds
””»tol\orrectly heasure the- quantity, whether the problem is
- volume, weight, or distance, he has a basis for further
mathematics léarning. ‘Meqsuremént»has a special role in

- N . .

é
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o6n to the unit., Xqual amounts
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the rapid formation of number’ conggpts, How ‘this measurement
dlffcrq {rom countlng will now be considercd. -

. . . - . o . Ty “y
“035u1ement of Lontlnuoub Quantltlcq T

.

.- Measuroment ope atlons vary aLuﬂldlng to the dimension
one "has chosen to measure. Some ol thése. dimgnsions .as ,
weight, or distance, are specially favora able as thc gb]@xts
of didactic exercise. Accordlng to Nagel (1960), imeasure -
‘ment ‘is the correlation wich numbers of entities’ which are
~no£'numbers.”‘ Without intention, “this deflnltlon\gall o

- mind expository hdvantagcs in measurement actxvxty whlc}

are not ‘present in countinf. t- _ r

o - ) . pe
~ Llnear dlstangp myasurement is one “form of meaSUIPMGnt ¢
which, can ideally rcprescnt the basic mathematical concepts (
The advautqgc to the small child is that Jngmeasu1inp he .

will manipulate a anglble-dna}ogUL of the ideas we whnt hia
to appruhcnd and, in time, .the lecarner will associate math-
ematical abstractlons w:tn thq manipulanda. Then, too, -the
ph)slbal,opcratlons will provide a support for momOIy wh1ch
one expects from a symbolic mode)l well quttod to the subject

Y

“"matter. R 0T <

- » < * .
# | ' PR

As mcasurement exc1c1ses are undertaken, 'tie learner

'should first measule with some arbitrary but convenient unit,

“like a pencil or’his shoe. The unit of measure should Lh@nﬂc
frequently to help divest the phy51Cd1 measyriag- object of
unintended meaning that can. arlqe froy attention to its |
qualitatjve attribute Further, the operations at first
require that the measurinw object be positioned, a distance
marked, and the ob;cct Lzanspoztol forward for romarllnq L
while attention is given 'to’ accuracy of the wmcasurcment.
Accuracy 1s an important new concept for, .the child- - important
because he has unfortunately practiced ¢ gross visual Judﬁwnnts
of quantity which are now prepotent in h1 ‘behavior, “and
because acruracy depends on the particular use that is"made
of a unit of umecasure. Whenr continuous raynér than discxete
variables are expressed as quantities, adcuracgy.is always

an issue. Cne can ceunt but iot measure with complcte
accuvacy. It is on ‘he\p01nt of 'accuracy that a r¢lation

may be drawn between ‘measuring and conservation of quanti-
ties. Quantities must come to be recognized 1n teriis of

unit and number. feasuring is a form of prac.ice wirich sets
the relation of numb’r to’ quantity mn,awe "y practice trial.
thn the unlt—humo .relation is .recogni; cd, the ,h%ld_shOJ d

.



a » .
o, <
. L

,‘ ;
A .
-~ ~
P
L3
LY
N “
_'\
1
o
;
.i;
‘i
Lo
i ¢ X
i e
.
b
LI
.
v
-
» L
.
o .
-
’ - .
.
- \ .
i
<
: »
. ¢
‘s
ury o
[
Y
S
Y
- .
S
\
L]
f
-
o
-
‘Q
» A
i ]
3
v
»
&

. L]
0 - o
‘ . g " s 4 o 4
-t 3 . 3 » ~
" ¢ " g ) . . ~ ‘ )
. L ¢ . - .~ .
.- o N ' e . ¢ W
. ~ ; . ‘.‘ . . = ' . . . ..
be capable of. conserving and he should hold the rudiments *

necessary for understanding number systems. .Linear disfance
,leasurement is a more conplete representatién of quantjta-

by. the-child moye readily than- other gsutement dimensions.

There are a number of quantitative 'idea¥:that-the learner - .°
» must integrate before he can maké appropriate use of subse-
~—quent mathematics instruction. Couhting operations. #all .
" short: of these requirements., . , e O

. ' ] : © o,

. The meaning of quantity in relation to.measurenfent. Not
all number considerationy -are-quantitative. NdabeT may have
only a nominal use as_yMeh ddta procéssing cardss dxe punched
"1" vo represent "female," aud ™2" to represent. Ymale.", In
this case, arithmetic operations cannot be carried out. ..
betwgen thé classes, It is correct to .count only within the
Class.» Cértain scales of ‘measuremenf embody quéntitative '—x

attributes. Stevens leéO) has described four—scales:Of'

iportance of' thgse scales .to this discuseion is that the

.+ tive concepts than counting, including; for instance’ 'the e
-.. ¢ .concept of dontinibus quantity, and As propably comprehendgd ..

q

‘measuremént: nomihal, ordinal, ingerval, .,and ratio. y§The \\\;‘\1,

“scales are-progressive, wherein the ratio scale includes;
. all of the quantitative characteristics$of the other three,

«

- mathematically 1less comagete, scaless " Attributeg.of the - - _,.

cratio scale.of which. 1if@ar distance is ong, include-
transitivity of the numb®rs through a progﬁgssive‘order as
is 'the case when one measyres from unit to unit afyoss the
distance. The units ares§Qual and interchangeable. There,

~is a true zero point of origM™ for the numberd. One,can S

~ form ratios or.proportions within the scale, and "the units “
are infinitely divisible. -+ <~ |« o

~

- Transfer of Learning and the :
"Integration of Mathematical Concepts

.

4 ) T

Not all of these ideas Qf.quantgfy can be compréhended
by. the spalY child, and not evén all the easier ones at once.
When instruction forn the neophyte leainer is centgred on his
measur'ing dstivities and measurement continues to“be ‘the
basis 8f ‘teaching andYearning, there are repeated oppor-
tunities for the“teacher'topoint out .conceptual relations. "

A

g _ f instruction and the manipulanda of

" * instruction change onFy sligﬁtly\igpm_concept to concept
when measuring is the iﬂstructional‘med'um; The close rela-

tion between one set of measurement operations and the next

is the basis for concept integration or trangfér\oﬁxlearning.

N \ N ) .

The generaivfp}m
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AddltlQn in, measurement terms moans’ addlt10%{§f lige eeg-

‘ménts, not paper penc11 opérations. Subtractioi, llkeW1se, :
( means the Temoval of a line segment and’so ‘With each addi-
tional.mathematical idea--the Teferent is¢ the same.y,' Rapid
formation of’ complex concepts is only p0551ble when7the

%\d)\\ 1nd1v§dua1 associations 'the learner.will make are gbstrac-

tions from salient cdes. Other thlngs being equal, the cues *
. Will be strong if they are not contlnnously changed but . )
~“rather arc a part of a model of instruction that is used.

. continuously for a“lengthy pellod of time. There is rcason
“to think that»success-in the widely:refercenced Harlow-(1949)
study,‘"The]Formatlon of Learning Sets,' may have beon dno

to 'the way the probleps organlzc§ around'.the'samne set of
manipulanda. ‘Rhesds monkeys were confronted repeatedly
with- tlle same geomctric objects, i.e., a cube, a sphere, ,
as variations were brought about’ systematically ‘among the
discriminanda. .The learnlngtwnich tooktplace ‘was 01der1y ’
and’ progress1ve

*

N | . ’ . . - 3 . -

. . ” . ~
. &

3

Often the exp051tory statements in mathematlcs textbooks .
are cryptlc and the relations ‘to other mathematical concepts
.la§p underdeyeloped, or.for, that matter, not ‘developed at -

Then,étbo, teachers usually depend on these textbooks v

to determiné the sequénce of subject matter to be learned

and often permit a book to govern the amount of practice ' .

« , particular concepts W111 get. These c1ncumstances do not
favor mastery and consequent 1ntegrat10n of subject matter.
Chances- are that the reader 'will be able ta recount from his
own observations] formal 1earn1ng activities of children

‘that were too brief and-too devoid of related context pro-
.vVided by an immediately prior experience., The learning of
hlghly\conceptual subject matter such as-‘mathematics or
language is dépendent on a familiar .context., 'The dlsquml—

' nations and generallzatlons tHese’ sub;ects require are many
agg,they sometlmes arise out of subtle similarities-and
differences 'in the stimuli of %nstruction. Bllis' (1965) *
analysis of /the ‘research and theory on transfer .&f learning
. provigdes . ev%dence that: (a) the learner should have cxten-
.sive ‘experience with au orTIginal task if that task trapsfers’
to a next task;, (b) greater pupil effort early in a se 1e§\
of tasks is better .than later.ceffoft; and (c) 2 varnety o}
examples should be given to the learner and practice should
contlnue untll he has mastered tdL governing- principles., !

2
The concrete operatlons of Llnear measurement caﬁ/ae made -
the basis of original learning in mathematics so that the
learned elements associate together in the formation of .
o . . /

N

R
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, numerous concepts, eaLh of which is. referenccd to the same
concretia. A number of observers have retognized ‘measurement
‘. as an 1mportant aspect of -mathematics learning and some have
.given it considerable emphasis’ (Dienes § Golding, 1966G; '\
Lovell,~1971; Wohlwill, 1964). That measurement can torm
_ .- the sole b351s - mathemablrs learning for'a time, with
>_ ‘ - . .unusual transfet beénefits to the learner, is the thesis of
‘ this paper. LT T 3 e

o ) - f 'S * l'
A : - P .
. - : “ 5
] P Evidence that Leérnlng to Measurce Can Be the -
; ‘ o . * Core of Mathematlgs Instruction and’ that . e
‘ " It Contributes to the Learning af ‘ \}

. * Conservation of Quantities

-4 . 0

.a .
X \
\
. N

"
’

oo SequenC1ng of sugject mattey 1s done in the nope that
. early topics will bénefit the later ones an¥ that some opti- »
o mal sequence exists. A progression from less advanced sub- .
S Jject matter tosmore advaiced.rcan, undey appropriate condltlons

Ay

fit what Gagné (1962, 1965, 1963) has called ''learning
hierarchies" or "hierarchical learning segs." To be hjer-
archically ordered, two levels of 1nfqrmat10n, X and'Y, ‘must

a response cue, ,t learner must be.able to perform Y; and.

. ..T‘ ///Hbld che follow1nF relations: (a) knowing X and being given
. e .

(b) any léarner already able’ to perform Y nust necessarlly
be ab;e,,w1thout further training, to perform ,X. Gagné
(1962)'.has empirically validated a hierarchy qypothe51s
where elemepts of mathematics. learning were the subject
‘matters. The Gagné validation scheme is- laborious and for
that reason Phillips and Kane (1972): have studied alternative
« bases for determining, hierarchical knowledge. These inves- .
tigators used test data to compare seven different validation
schemes for hierarchically ordered informatyo 1&presenteg to .
children in grades: four through six. One 6f these sevé
schemgé for ordering information was Gagné's (1962) & prLor1
task analysis, which requires that subtasks be extrapolated
from a descrlptlpn of- the learner's terminal behavior. This'’
task analysis is not fo be cénfused with Gagné's method of

validatihg a hierarchy. Phillips and; Kane concluded that.
such a - . C ‘ S VI -
f A w ) ¢
careful task analysis of 1nstrudt10nd1!ob3ect1ves
can be a powerful tool in devising optlmal
fhstructional sequences. In fact, it-may mean
*that in terms of.ov:rall cost, that careful

analyses of 1nstruct10na1 ebjectives to reveal

-
Ly
4

.
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.the prerequlslte subtasks is an adejuate pro- ..
cedidre for developlnw a valid hierarchy.-

. . * " Which éomcs finst, measurement or conservat1on? Piagét,
' InheTdér, and Szeminska [1960) and Sawada and Nelson (1967) _
have asserted that' thg child should conserve before rearnlng
" to measure, - To these observels, it is a gnatfer of thn wdy .
the child has. ¢ome to view the pxoblem. If the learner
.y - thinks a quantity has changed wien f't is moved, as might, be ¥
: the case whenm rods of varying lengths -are used to meésufb '
with, then he is not ready to learn to.measure. Forging- Lo
- tQ; linear measurcment task early W111 make of it,a rote N
arid mechanicdl ‘operation. Gal'perin and lhis COWdékPTb .
(Reitman, 1960; ‘Gal'ferin § Georgiev, 1969) quité, obviously ’
have taken a contrary view.. They ﬁave argued that conserva-
L tion .results from learning. the unit-quantity relatio 0{
A Gal'perin and. beo;glev $1969) taught 50 kindewgarten cn11-
dront certainimeasuring exercises and ‘required them to perform
. 1s dlfferent problems desi ned to assess magstery of 'the, o
. . unlt quantity relation. THcugh-these investigators’ did ‘5 ®
: L not, use the term conservatlon, many of the problems will be
recOgnlged as conservation’ problems. ‘Following measurement - |
. S training, the children, itrained by Gal!pdrin and Georgiev B
: " solved almost,lOO parcent of the' probléms. Comparison .
’ . childreny who wete taught by the commgon, means of counting

O .. ¢ And making visual comparisonsy’ solved con§1derab1y fewer
than half- the problems. R N .
- . k. ‘ . L4 ‘ - . Y
‘ 3 ‘
* v ! :
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; e ) - Procedures . . (/

- - Subiects | . ‘ : _ .t BN
voe S i~ ' ’ - N

N The subjects were klndelgqrten,chlldfen at thleo n01gh~
, : . boring: schools of comparable socio-econofic status. The .
, ., treatment group consisted of the entire kindergarten class
at pne'school. The contxol group - .consisted of subjects
from the other two schools who were matcled with the. treat-
ment sample on the bdsis of. age and pertornance on orne of .
, " “the two entering measures..

’ [
. 2 i ) - -

¥

M . . . 13

Qg}ermihatibn.of Entering'and Leaving Bbhavior

g ‘

. " Prior to the beglnnlna of the mathematics 1nst1uct10n
~ the Goldschmid and Bentler, Concept Assc¥sment Klg--Lonserva“
_ . tion; Forms A and C and ths Mo trqgolltaq ‘Readiness fTest--
. ‘ Numbers wére administered to the treatment and coittrol "yroups.
S : Forty seven' palr of subjgcts weve matched on the’ basis of
- ageéand the conservation test; 51 pairs were matched on ‘age
. . and.the detrogolltah test. : (,
. re /f
{ (/ ) After thrée and onc-half months of 1nstruct1on to the
o treatment, group, ‘the ‘same two measures’ were admlnlster d
- again, : LN S ;e
' PR & ' . .

4

. . The Treatment : ;

®
v

' //’ ‘ The 1egular classroom teachers and thelr ildes were sup-

plied with the/instructlonal 'material.. The lessons to be |
presented were discussed with the tggchers in order to ¥ .
insure that they understood the ohy@ctlves of each partic-
\ uldr step ‘in the sequence of instruction. foUgOCStlonS made
- by’ the teachers for more etfective plosentation were incor-
\ (~ porated in the material, thus giving the "teachers an active
' role in the developmeﬁt of the materdal as Well as capitali-
zing q? their 1nteract1%?9 with tho subjects. r e ‘

Y, The instructional seéuence began with the development of.
the concept of a "unit' of measure' in the context of linear
measurement. The cliildren weré given a variety of cxperi-
ences in comparing an dssortment of cveryday objects with

an arbit?ary "unit of mcasure'" such as a pencil or blackboard
-erdser to determine if the object was longer than, shorter
than, or the samc as the unit of measure. S

. - .11
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[N

- ’01»1-:9\ tj concept of

established; »it fvas used as the basis of -
measur ; rcises b whlch tho quantitative concept of
number ‘'was delVeloped:, Jiaking u‘ehof arbitrary. units such
as paper ¢lips,’ 111p P sticks, -the subjects meﬁsu1ed )
objects such as tables’, books, long rods, and. their own

’ ;unlt\pt measure as a Stanﬂard of .
comparlson.Wa

i

- 4rms to determine the number ‘of units contained. ‘This-'was 7,

done in one of two Ways--u51ng multiple copies of the dnit-
LOr transperting a-single unit across the distances' to be
measured. . .

- » v < e

. \ ¢ \

The concept of ¢ne-to-one Lorlespondence was developed

~at first by. natcnln ‘units in two different objects and then

by 1epresent1ng gach unit measured with sfome irregular frag-
ment, as bits of styrofoam.or scraps:'of paper to be counted
‘to represent-a total distance. The nextynatural step :n the
progression, then, was thc symuoilc representation by nun-

bers of thc units measarcd. \ - ,
S1mple add3t101 of line segme :fts whose total was f&ve
or less was also introduced. A
\ o .
. . ~ .4 ‘ . \ ’ - _l i/,,
Ancillary Conscrvatlon Measurement Study : . N /
¥ - v [ - i ’ " ‘ .

In conjunction with the. klndelgarﬂén plouram, an®inves - ﬂﬂ
tigation of the relatloﬁ‘between linear .meagurement and .
ab111ty to donserve was carried.out. “iartin (1972) attempted
to'tdtablish which of two skills, lineer ireasurement or con-
servation of length, is the higher order skill. She first
completed a task analys1s of length’conservation through
whigh she identified six me@surement skills which appeared
to He constituent,subskill of conservation. ‘For each sub-
task of the hlclarchy, crgt011on uastery itewms were con-
structed }nd administered in randon Qld% to 42 kindergarten
children, half of whom had recently had toxnal 1n311uvt10n
in linear meaaulcment? To a particular point in the hier- '
rarchy, 80 percent of the subjeéts passed all Jtemns and failed
all after that point. These prelininury on svations pave
assurance, that a systematic study «w. b2 i varchical order
of moasug;ment and conservation could be unicrtaken.

[

- In the next step, 55 childven who cOu]d net conserve )
length were randomlv assigned to throe-groups. One group
. first received® tvaining in ppeasuremtar, (L In conservation;
a second group was trained in the inversce cvder, and a third °
gloUp had no training. .- 2
td r '
%}
12 ,
s \ : *
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'study-w111 "be dlscuased ‘in’the next aect1on #

-~

Sevelal days aftex the traln1ng sess1ons, a postteqt_

that was primarily,ar asseqsmgnt of mcasuremqht sk1lls,was oy

administcréed to allof the groups. The rcsults of this =
!

: Contlnued stud of}the tleatmﬁgt samplq»1nto the first
rhde.  As' the Sampie of children énterced first grade, ilo » °
%reatment group was expanded to include all the fi §t-grade

" classés in’ the school wliere the Jreatment was ?dmyhistered
The treatment group now includeg {pploXJmately 120 children.- J e
y

- follbwing topics: : .

The .same subjects as in klndexgalpen consﬁltuted a compaxl-
son gloug R : ‘ AN

4 “.’E.L .

The téachlng stqff involved in the: flr%; gladc proglam‘
consisted of four regular classroom tcachevs, four}teagho S
aldes, and schrQi student Qeachels : "

)
0

7 ’ .
th subject matter in the fltst»g ade tgtsiéted'oﬂ thes.

I
e Y *,

1. Review pt kihdefgarﬁen prqgram, S \\/’ o .

2. 1xpans1on of the concept oxr one- to-one. 1011espondence.

( »
3. - Adstlon and sub 1ac§10n of 11ne segmen s up to,10
T\
4) Commutatlve and as§ﬁc1at1ve p10pert1cs of .numbers. 4
* — 4 Le

5. Introductlon_of the congept of place ‘value.

LY . )
6. Simple addition of Z-place numbers. Sy
. All of the above' concepts were intruduted and. developed °*
through measurement of line segments. Once .the cohcepts
were establishea, *their. representation was generalized to
the traditional format such as 2 + 7 = 9'and 9 -.4'=’S.

B

y After three and one-haif months oi 1nst1uction, a meas—~

‘urement test, a test based on the content of a standard -

text used by the compar on group, and »conscrvatlon test,

were administered. This latter test wgs the Goldschmid-"
Bentler Conservation Test which had been glVen to the origi-

nal k1ndergalten sample?

Sample lesson plans and pages from the nea surement test
and the test based on the instruction given to the compar1-
son'group are included in the Appeni;x. ‘ . R

& . . ,
.
.
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. N . g Results = 7 o

T @
¥

Mncillary Conservation-ticasurement Sfudz ‘-

k 1\..,» \ / x}’; w

s - The taaL ana1y31s conducted by Martin (1972)° ide entified
six measurement skills whieh appeared to be constituént sub-
sk111§ of comservatién. The sequence of tralnlng was Valléd
onservation, theg meaqurenont training, ,or ‘measurement,
3hen LonservatloA t}a;nla5 Subjects first 1earn1n5 tnb
conservation fask, san order, not* favored by the task ana ySis,
averaged 19 trials-and sevel tralnlng errors: to reach ctri- |
\./terdon. Those. other. sub3°cts following the-scquence - favoled

by the task analvbls, measurenent, then conservation,
averaged lessy than eight grials and one trainlng errog
Ytrials B 1\9,3 df 1/30 P < .004 and errors ﬁ =, ;.11,\
df J o :

730 1). w

» Other ?v1aenco was obtaineu by Martin Whlhh also -favors
tHo interp

: failed-to meet thé conserV1tloh criteridn who hcgan tralnfng
- op&\ﬁ at topic 7x2%‘= 4,30, df 1, p < OS,. Sl

Kindergarten Programs- 5 : .

T {
B ¥ \
.

-/ Befqre beglnnlng the, instructional plo&lam " the *
Goldschmid-Bentler Chncept Assessment-Conservation Test and
~the Vetropolltan,ﬁcadlness Test--Numberg weref,given “to sub-
jects In the treatment and control‘glouls . Pairs were

B matched on the basis of ageznblthe score on“€ither the
CONSCdethD or the ‘ead1n0s> test, :

i A
\> . ' s"
y-seven pairs weré matched on the LOhS“lthlon ttst
" with a‘ycan of 6.68 and s.d. of 7.86 fer the treatiment, group
-~ and a mea§ of 6.77 ;and s.d. of 7.90 for the control group.
After app ox1marely thrce and onc-half manths;of Jnsthuctlon
a second conservation test was administered. Ihe mean for:
the treatment group was 10.85 with an s.d. of 8§:99. The
~mean for the control group was 10,74 ‘with an s. d of 8.23. 7
An analysis of variance for ‘the posttest rcevealed no signif-
icant differepce between the two groups

: ’ . . L4

l;.

- .
» kS S

Conscrvatlon Test

N4

~

ctation that tie hlelalch}CQ1 order of skilils 1s¢u_
_~. measurement,’- then cOnselvatlon. blgnlfgcant]y nore subJects‘ s

7
-
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An analysis of covatiance, using the pretest as the

~cévariate, was also-done to determine if there was a sig-

nificant<difference in the amoynt of change in the two .
gxoups. Agaln, no 51gp;flcance was obtained. .:° ¢

A third adganlstratlon of ‘the cons ervatxoﬁ tést was gI)Ln
after the subjdcts had, been in the first.grade for approxi-
mately four months. The size of the sample was reduced due ;'
to subject’s moving out‘of the disttict. The treatment group
(N = 39) obtained a mean of 14,15 with.an s.d. of 8.33. The
mean for the control gropp, (N = 32) -wds 13.78 with an s.d.
of 7.68. HoWever, there was a ceiling effect in these
results. with a number Jf subjects scoring at or near a per-,
fect score of 24.° ‘The" dlffqrenceabetween ‘the groups was
not 51gn1f1cant The means atid s.dy's for all administra-
tions appeers in Table 1 1n the Appéndlx, pa e 40.

Netropolltan Readiness Test‘ Fifty-ole pairs were
matched on the basis of the Numbers 3ubtest of the Metro-
Eg}ltan Readiness Test. The .meuns and s.d. for both groups
were 12.37 and 4,00 respectively. On’ the second administra-
tion,_ the treatment group had.'a meath of 14, 69 and an s.d. of
'3.25, while the control broup‘pad a mean of 15.59 and an.s.d.’

"l of 4‘52 There was 1no. significant difference between "the

RN
v

£

First-Grade P“ooram

two .groups of ‘the .posttest, 'An analysis of codariance us1ng
Pe pretest as the covariate also showed no significance. -
Tite restilts appear ;in Table 2 in the. Appondlx, page 40. ¢

A . R $ hoe S0 ‘

T

s
! 4
.

LY :
“After approxgmatgly three and one- half months of instruc-

tign,\two measures?of achievemént werec developed and admin-
1stc1ed One test, wids based on mathematics concepts derived
from the measurement instruction. It had 67 items. Another
test which had 48 items was tied closely to instruction '
carried ,out-in the’ comparison group.. The content of the

two tests was governed by what the teachers indicated as
material given the most practice and emphqsls in instruction.
The two 'measures werc adminisitered.to both thé treatment and
coMbarlson groups, but any onE subject had instruction appro-
‘priate for'ronly one of the tésts and dot the othér. The
means, standard deviations, and t-values are given in Table
-3 in the Appendix, page 41. On the measurement- -based test,
the trcatment group had g mean of 48.82, as compared to a
mean off 14.41 for the comparidon group (p < .001). On the
comparison-based test, the control group had a imean of 30. 36

‘while the treatment group had a mean of 32.54 (p < .001).

{
1
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Omega square values were computed. These values revealed

"that 73 percent of the variance was .accounted for by the

treatment effect on the measurement-based test but only 6
percent of the variance, was dccounted for by ‘the .treatment’
effect ,on the comparison-vased test. - P

e 4
1 . ri

2%



Conclusions . = ‘

A}

_ The Martin (107’) study has provided LV1denoe that i
~+ yationale is correct wlnch claims that measurcment knowl-
elige aids the conservation of linear, ¢ {uantltles. The evi- !
- dence "is centrary to Piaget's ‘contention that a child must -
. . L conserve be£01e learning to measure. - The reader should
../« _bear -in mind that both the measurenent task ang the cdnsel- .
. \ "vation task were limited to linear distance quantitie N
The significance of that realjzation is this: the Aartln
“scvidence cannot be used to supp01t general tran%fex cffects
from linear mcasurement practice’'to other forms of cons@rva-
tion such as area, volume, .or mass. Thc Goldschmid-Rentlel
measure of conservation includes items to cover conservation
of aumber, area, volume, linear distance, ctc. That test
~was repcatedly administered to the measurement-treatment and
comparison groups without reliable differences. appearing
between the groups on conservation ability. If plactlce\
lineay distance measurcment was to have- a gencral, large-
step transfer effect, such an effect would have been evi -
A denced in a progressive scparation betweea the groups in
’ ' hoidac1m1d Bentler conscfvation Which Lav01ed the measure-
ment”* plactlce group. '

s

a

Such txans{el is, absent in re%edrch 11teratUre» Transfer
of training studies as far back as those by. Inozndikc have
shown that transfer ocaur? in small steps across :closely .

N related tasks. The present study sheds no light on the
belief, some times expressed that large quantum jumps in
concept formation do occlur. (lowever, it was the hope of the
investigators thdt long-térm treatment would eventually
result in rapid integration of mathematical ideas. “Such an
cffect, if realized, could be called large-step transfer.

" No cv1dence was acquiled which demonstrated such transfer.

All that can be said is that perhaps after more treatment,

some neasure might be capable of showing unusually large

transfer effeccts, namely those which show tpat a child can
# sake broad application of onc or iore principles.

-

* - Concerning the achievement of treatment and comparison
groups on the ‘subject matters ‘to which, they were daily
exposed, namely a standard mathematics content (Kelly,
Dwight, Nelson, Schluet, § Anderson, 1970) and the S
measurement-based instruction, the following analysis scems
recasonable. The superior performance on a measurcment test
of measurement-trained subjects is to be cxpected and the
inferiority of this group on a standard subject matter test

.
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is 1150 reasonablc to cxpect lhat the pmega square values

show these. relative differences to be unequal, that*t;" .
stlongly tavor the treatment group, is important. Rerf{ornm-

Tance dn measurément activities part way intg the first grade

favered the treatmenyg by more than three to oanc and .73 of
the' variance wdas & treatment éffect. On the Lompazison,
mathematics, the treatment group was about 10 percent inferior
and. only 06 of the variance was a treatment effect’ ' Because
of the uniquencss of the measurement treatment, one wil
antic¢ipate that its effect’ will endure for some time, and 1if
continued, pgrhaps have lohg-term consgquences ‘in accord. -
with the rationale ol th1§ study !

In the fall of 19/3 a standardized dchleve“ent test will
be administered to entellng sccond-grade children: : A com-
parison of the performances of the two groups will be made
qt ‘that time. ~Since the content of standardized achievenent

sts .tend to relate ¢glosely to what is, usually taugat- in
classroomb, one should expect the comparison group to do
better. The investiZators anticipate, on the contrary, tiaat
if there is a differencé, it will favor the treatment group
for reasons related to, the.rationale of the study reported

.here and because thcre arc every day opportunities for tne
‘treatment sample to learn {nformally, some of what'is taupght

)

.in the typlcal first- grade wathematics. - ] T
- . 3 ’) "'
3 P ‘ !/ )
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Introduetion of Concept of Unit of Me sure
'(Single Copy) .

.

OBJECTIVES \ o o

1

The child understands the concept of a single unit of mecasure
when he: .

applxes the principles of prec1se measurs
compares lengths of 'objects using vary1ng sizes of
31ngle copies;

[e N @] oo
NN

N NN

manipulates a single unit to demonstrate the rules -
of precise measurement; ‘ :
{(c) solves problems“using the f%les cf measurement.

VOCABULARY

measurement C ‘ P ‘ | '
rulés of measurement | '

INTRODUCTION

’

Initially the teacher stresses the importance of precise meas-
urement. The following rules of precise mea:surement gmay be
introgduced as the steps to measuring with single copiles.

' “ N . .

&ules of Precise Measurement

1. Place the copy directly on pne end of the ob}ect to
be measured.

2., Put a finger on the copy and malk the point- at the
end of the copy.

3. Pick up the copy and place it next to the mark . and

- continue marking and mcasurlng r

A C

The teaciher may demonstrate the rules of precise measyrement}
on some classroom examples. It is important to avoid any
reference to standard units of measure, such as inch, foot,
etc. Instead, emphasis should be placed on the idea of the

«aunit and how it is used in measurement, The children will
. learn that they can use a single copy of the article that

represcnts the unit of mecasure to determine the lengths of -
obJects that are longer than the upit itself. During the
measuring, the children need not be encouraged to count the
units as they mark them off, It is essential that the chil-
dren understand that the measured item may contain more than
one unit of measure, yet it will remain a single item itself.

23 9

measures lengths using d1ffe*ent sizes of singie coplos'
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ACTIVITIES ‘

. & ‘ ’ ooy,
A.. The teacher denonstrates the use of a single copy by

drawing a line on the blackboard and agks how to measure
it with.only one unit. Children voluntecr answers., Tiae
teacher then demonstrates the caleful placemént of the’
unit each t1m¢ it is moved.

Review comparisons using, the "greater thanYOI longer than,-
,shorter thun or less than and same as concepts Use revicw
exercises-and dlttOS ' .

B. Ualng a: st1ck that - 1s about a foot in 1ength nake com- :
parisons between ‘it and several items in the classroom. *
Alterndte asKing which'of the two is shorter, longer,
and have the children express the compariaon To intro-
duce the day's 'lesson, place the stick (1') ‘on the narrow
end of the piano bench, as shown, %o that the behch
exceeds the length of the stick by just a few inches.

A small table can be used in place of a piano bench.
When the children have answered that the bench is longer,
place the stick on the- bench as shown anu ask again

- which is lolger. ‘

C#1 A/ #2 . ’ !

.

i ' I ‘ ’ * '
E . N L
» ‘ ' " ’
/ \ . .
s . e
- y
‘ .
) | . N
. .

+

. : . hY
C. Then say ilet's see how many sticks we'll need to go to
the end of the bench:'" Place the stick on t bench and
mark the end with a finger and pick up the stick and
place it,at the finger under the length of the bench
that has been measured

D. Place a piece of tape on each table and have the ch11— N
dren méasure using: ; . : - oo

L]

«. @. single copies .
b. various size units .-

Have one child measure and one child. mark the end of
each’unit--with a pencil mark and with a finger.

! . /

A3



E. For 2 flannelﬁoérd

Vo o 'ﬁ\

R

} ¢ . .
‘The children can tell that this shoe (the,unit) is as
.long as the boy's step is. How many steps will it take
, him to go home? (The teacher can add other figures-and -
ask who's .closer to home, etc.) )
F. Give ch}&dren a large unit a small unit and a piece of .
paper. " Ask the children, d'wou].d you rather have a piece
( vof candy as long as four of these (small Unit) or one as
\ : long as three of these (lopger unit)." Let the children
¢ mgasure and mark on the paper and decide.

INDIVIDUAL ,

:

\ < A. On the '"map,'" the child is asked if the figure is closer*
to Store A or Store B. He is provided with a unit for
“measuring. DR

\ N ) . .
B. The child is given the clown and is told to color three
; units red; two-units. blue, and one unit yellow.
' '
0 “.
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INSTRUCTION SHELT %

' '
One-to-One Correspondence

L On the tollowing workshcet:

¥

1. Measure and mark each rectangle with the unit.

2. Next match the units by connecting them with a line.

3. 'Then circle’the longest rcctangle.

4. Use the 1% inch measures.

-
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C | . INSTRUCTION SHEERT #4A

One-to-0One Correspondence

On the following worksheet:

"1. ileasure and mark each object‘in‘prdblems 1 and 2.

3
¢

2. ilatch the marked units by connecting them with a line. .

'l

5. For problem number 1, circle the shortest object.

4. For problem number 2, circle the two objects that
N .

are the same, ™ ) -

5. Use the 3/4 inch measures,

#
] g
Y
hﬁ 3
5\ :
rd .
y,
» ¥
é }Y
5 ~
. ' X
- L ..
’
»
?
( ' -

M




C

4
’
(/79 EEN . /)
i -
Q\\ ‘4‘\ T —————.
AN . \\ ,\\ . , -
. \\ .
# \-\ \‘\ ™~
. N -
N
. N \
\\ SN
. \,
: K . \_::"\\
- ) N \‘\\:\ .
o ‘\\\
" 7 .. \
. \\ \\":\\\'
b, \»\ M \\\ .\\.}
i e . RO rl
/‘::“"“"‘W. syt 5 e \\ k\\ ~
N ‘ M*“;\N“‘;-m*«m% e e T ™~ . ™~ "\ /

e T

_..——-«——*"'"“""



Ay

v INSTRUCTION SHEET
} Combination of Numbers
On the following worksheet:
1. Uéé yellow 3/4 inch units.
2. lbleasure eacﬁ length.
3. Writeﬁthe cor%ecg number under each unit.

S [ - - tv‘
4. Draw attention to the equation formed under each box.

se the term egquation without anv'direct teaching of .
the term. £ '

5. Point out that we are adding one more in each step.
“Try to bring out the relation that 2 is more tnan 1, '
3 is i more than 2, etc.
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crayon, and 3/4 inch yellow unit,

\ A
: . SAMPLE OF TEST ITEMS BASED ON
» ‘ . _ MEASUREMENT INSTRUCTION |
Materials: Worksheet with th&ee pairs of rectangles,

Instructions: After materials are handed out, have the
. , children measure the first pair of sticks
) . saying: '"Look at the two sticks in the box
T . ’ e with the ball (demonstrate). Please measure
: each of these with the yellow unit. For
each unit you measure draw a dot in thg
space below each stick, Now, next to the
dots, write the numberithat tells how many
dots- you drew under each stick."
[ ]
\ . “"Now. look at the little line'betwecn the
— , sticks. If the stjcks are the same length
' put an equal sign bobn the line. If the firgt
stick is longer put the sign that means
‘greater than' on the little line."

' e Repeat these 1hstruct10n< for the pair
S below these (star) and tHén with the pair
at the right (ice cream cone). Note on,
this last pair, the symbol is wrxtten between
the frggment groups
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Co SAMPLE OF TEST ITEMS BASED ON
: x COMPARISON INSTRUCTION

Instruction

Look at the 3Jsh in the corner of the paper. Please
/match each fish (apple, tree, butterfly) in this set with
~~a boat  (banana, candy cane, flower) from this set by

" drawing lines between them.

" Now wrlte the number in the square thdt tells how many
fisl (apples, trees, butierflles) are in that set.

In the 01rc1e write the number that tells how many boats
(bananas, candy canes, flowers) are in that set.

———

If one set has more membens, draw a c1rc1Q around that
set, If they are the same, do not draw any circlesy

38
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TABLE 1
Performance of Two Groups at Three Suqcessive
Adm1n15trat10ns of the Goldschmld Bentler -

Test. Concep; Assessment--Conservatlon

, . Trcatment =

Administration - Measurement Lomparison
M SD N M SD N
1-Pretreatment 6.68 7.86 47 6.77 7.90 47
2-During treatment 10. 85 8.99 47 10,34 8.23 47
3-During treatment ° 14.15 8.33 39 13.78 7.68 32

TABLE 2
Performance of Two Groups at Two Successive
Administrations of the Metropolitan
Readiness Test--Numberé

Treatment -

Administration Measurement ’ Comparison
g M oD N M. 5D N
1-Pretreatment 12.37 1+ 4.00 51 12.37 '4.00 " 51
51

2-Posttreatment  14.69 ° 3.25 51 15.59 = 4.00

40
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"TABLE 3
Mean Achievement in Mathematic&*ﬂefermined
' . - 4 from Tests of Meésurcmeﬁt Related
Concepts and Concepts Derived

from Comparison liathematics ’ g

T K LT A R T R Ny Yy it LY]

Competence Tests

. Comparison
Treatments _ Measurement Mathematics
X3 M . 5D M 5D
W
Measurement
Instruction 48.82 10.55 32,54 6.34
N = 115
AS
Comparison . ,
Instruction 14.41 5.41 36.36 7.02 .
N = 46
t-tests C21.14%*% 3.47%%
Omega Square
Comparisons .73 . .06
(--—
, **p < 001
’ 1




